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Foreword and Disclaimer 

For the BMW owner with basic mechanical skills and for independent auto service professionals, this 
manual includes many of the specifications and procedures that were available in an authorized 
BMW dealer service department as this manual went to press. The BMW owner with no intention of 
working on his or her car will find that owning and referring to this manual will make it possible to be 
better informed and to more knowledgeably discuss repairs with a professional automotive 
technician. 

The BMW owner intending to do maintenance and repair should have screwdrivers, a set of metric 
wrenches and sockets, and metric Allen and Torx wrenches, since these basic hand tools are needed 
for most of the work described in this manual. Many procedures will also require a torque wrench to 
ensure that fasteners are tightened properly and in accordance with specifications. Additional 
information on basic tools and other tips can be found in 1 Fundamentals. In some cases, the text 
refers to special tools that are recommended or required to accomplish adjustments or repairs. These 
tools are usually identified by their BMW special tool number and illustrated. 

Disclaimer 

We have endeavored to ensure the accuracy of the information in this manual. When the vast 
array of data presented in the manual is taken into account, however, no claim to infallibility can 
be made. We therefore cannot be responsible for the result of any errors that may have crept into 
the text. Please also read the Important Safety Notice on the copyright page at the beginning of 
this book. 

A thorough pre-reading of each procedure, and WARNINGS and CAUTIONS at the front of the 
book and those that accompany the procedure is essential. Reading a procedure before beginning 
work will help you determine in advance the need for specific skills, identify hazards, prepare for 
appropriate capture and handling of hazardous materials, and the need for particular tools and 
replacement parts such as gaskets. 

Bentley Publishers encourages comments from the readers of this manual with regard to errors, 
and/or suggestions for improvement of our product. These communications have been and will be 
carefully considered in the preparation of this and other manuals. If you identify inconsistencies in 
the manual, you may have found an error. Please contact the publisher and we will endeavor to 
post applicable corrections on our website. Posted corrections (errata) should be reviewed before 
beginning work. Please see the following web address: 

http://www.BentleyPublishers.com/errata/ 

BMW offers extensive warranties, especially on components of the fuel delivery and emission 
control systems. Therefore, before deciding to repair a BMW that may be covered wholly or in part 
by any warranties issued by BMW of North America, LLC, consult your authorized BMW dealer. 
You may find that the dealer can make the repair either free or at minimum cost. Regardless of its 
age, or whether it is under warranty, your BMW is both an easy car to service and an easy car to 
get serviced. So if at any time a repair is needed that you feel is too difficult to do yourself, a trained 
BMW technician is ready to do the job for you. 

Bentley Publishers 
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Vehicle Identification and 
VIN Decoder 

Vehicle Identification Number (VIN), decoding 
Some of the information in this manual applies only to cars of a particular model year or range of years. For example, 1984 
refers to the 1984 model year but does not necessarily match the calendar year in which the car was manufactured or sold. 
To be sure of the model year of a particular car, check the Vehicle Identification Number (VIN) on the car. 

The VIN is a unique sequence of 17 characters assigned by BMW to identify each individual car. When decoded, the VIN tells 
the country and year of manufacture; make, model and serial number; assembly plant and even some equipment 
specifications. 

The BMW VIN is on a plate mounted on the top of the dashboard, on the driver's side where the number can be seen through 
the windshield. The 10th character is the model year code. The letters I, 0, Q and U are not used for model year designation 
for US cars. Examples: E for 1984, F for 1985, G for 1986, H for 1987, etc. The table below explains some of the codes in the 
VIN for E30 cars. 

Sample VIN :  

VIN Description Decoding information 
position 

1 Country of W Germany 
Manufacture 

2 Manufacturer B BMWAG 

3 Manufacturing A BMW 
division S BMW Motorsport 

4-7 Series, model AK74 318i, 4-cylinder 1.8 liter (M1 0) 
AK84 318iA, 4-cylinder 1.8 liter (M 10) 
AJ93 318i, 4-cylinder 1.8 liter (M42) 
AF93 318is, 4-cylinder 1.8 liter (M42) 
BA73 318i, Convertible, 4-cylinder (M42) 
AA13 325i, 6-cylinder 2.5 liter (M20) 
AA23 325iA, 6-cylinder 2.5 liter (M20) 
AD13 325is, 6-cylinder 2.5 liter (M20) 
AD23 325isA, 6-cylinder 2.5 liter (M20) 
AB54 325ele5, 6-cylinder 2.7 liter (M20) 
AB64 325eNesA, 6-cylinder 2.7 liter (M20) 
AE54 325, 6-cylinder 2.7 liter (M20) 
AE64 325A, 6-cylinder 2.7 liter (M20) 
BB13 325i Convertible, 6-cylinder 2.5 liter (M20) 
BB23 325iA Convertible, 6-cylinder 2.5 liter (M20) 
AK03 M3, 4-cylinder 2.3 liter (S14) 
AB93 325ix, 6-cylinder 2.5 liter (M20) 
AB03 325ixA, 6-cylinder 2.5 liter (M20) 
AE93 325ix 4-door, 6-cylinder 2.5 liter (M20) 
AE03 325ixA 4-door, 6-cylinder 2.5 liter (M20) 

8 Restraint system 0 Manual belts 
1 Manual belts with supplemental restraint 
2 Manual belts with dual SRS airbags 

9 Check digit o - 9 or X, calculated by NHTSA 

10 Model year E 1984 
F 1985 
G 1986 
H 1987 
J 1988 
K 1989 
L 1990 
0 European model 

11 Assembly plant A, F,G, K Munich, Germany 
B,C,D Dingolfing, Germany 
E,J Regensburg, Germany 

12-17 Serial number Sequential production number for specific vehicle 



Please read these warnings and cautions 
before proceeding with maintenance and repair work. 

WARNINGS-
See also CAUTIONS on next page. 

• Read the important safety notice on the copyright page at the 
beginning of the book. 

• Some repairs may be beyond your capability. If you lack the 
skills, tools and equipment, or a suitable workplace for any proce
dure described in this manual, we suggest you leave such repairs 
to an authorized BMW dealer service department or other quali
fied shop. 

e A thorough pre-reading of each procedure, and the WARNINGS 
and CAUTIONS that accompany the procedure is essential. Posted 
corrections (errata) should also be reviewed before beginning work. 
Please see www.BentleyPublishers.com/errata/ 

«; BMW is constantly improving its cars. Sometimes these 
changes, both in parts and specifications, are made applicable to 
earlier models. Therefore, before starting any major jobs or repairs 
to components on which passenger safety may depend, consult 
your authorized BMW dealer about Technical Bulletins that may 
have been issued. 

• Do not re-use any fasteners that are worn or deformed in nor
mal use. Many fasteners are designed to be used only once and 
become unreliable and may fail when used a second time. This 
includes, but is not limited to, nuts, bolts, washers, self-locking 
nuts or bolts, circlips and cotter pins. Always replace these fasten
ers with new parts. 

e Never work under a lifted car unless it is solidly supported on 
stands deSigned for the purpose. Do not support a car on cinder 
blocks, hollow tiles or other props that may crumble under contin
uous load. Never work under a car that is supported solely by a 
jack. Never work under the car while the engine is running. 

o If you are going to work under a car on the ground, make sure 
that the ground is level. Block the wheels to keep the car from roil
ing. Disconnect the battery negative (-) terminal (ground strap) to 
prevent others from starting the car while you are under it. 

@) Never run the engine unless the work area is well ventilated. 
Carbon monoxide kills. 

Ii!} Finger rings, bracelets and other jewelry should be removed so 
that they cannot cause electrical shorts, get caught in running 
machinery, or be crushed by heavy parts. 

� Tie long hair behind your head. Do not wear a necktie, a scarf, 
loose clothing, or a necklace when you work near machine tools 
or running engines. If your hair, clothing, or jewelry were to get 
caught in the machinery, severe injury could result. 

• Do not attempt to work on your car if you do not feel well. You 
increase the danger of injury to yourself and others if you are tired, 
upset or have taken medication or any other substance that may 
keep you from being fully alert. 

• Illuminate your work area adequately but safely. Use a portable 
safety light for working inside or under the car. Make sure the bulb 
is enclosed by a wire cage. The hot filament of an accidentally bro
ken bulb can ignite spilled fuel, vapors or oil. 

• Catch draining fuel, oil, or brake fluid in suitable containers. Do 
not use food orheverage containers that might mislead someone 
into drinking from them. Store flammable fluids away from fire haz
ards. Wipe up spills at once, but do not store the oily rags, which 
can ignite and burn spontaneously. 

• Always observe good workshop practices. Wear goggles when 
you operate machine tools or work with battery acid. Gloves or 
other protective clothing should be worn whenever the job 
requires working with harmful substances. 

® Greases, lubricants and other automotive chemicals contain 
toxic substances, many of which are absorbed directly through the 
skin. Read the manufacturer's instructions and warnings carefully. 
Use hand and eye protection. Avoid direct skin contact. 

• Disconnect the battery negative (-) terminal (ground strap) 
whenever you work on the fuel system or the electrical system. Do 
not smoke or work near heaters or other fire hazards. Keep an 
approved fire extinguisher handy. 

• Friction materials (such as brake pads or shoes or clutch discs) 
contain asbestos fibers or other friction materials. Do not create 
dust by grinding, sanding, or by cleaning with compressed air. 
Avoid breathing dust. Breathing any friction material dust can lead 
to serious diseases and may result in death. 

@ Batteries give off explosive hydrogen gas during charging. 
Keep sparks, lighted matches and open flame away from the top 
of the battery. If hydrogen gas escaping from the cap vents is 
ignited, it will ignite gas trapped in the cells and cause the battery 
to explode. 

• Battery acid (electrolyte) can cause severe burns. Flush contact 
area with water, seek medical attention. 

• Connect and disconnect battery cables, jumper cables or a bat
tery charger only with the ignition switched off. Do not disconnect 
the battery while the engine is running. 

s Do not quick-charge the battery (for boost starting) for longer 
than one minute. Wait at least one minute before boosting the bat
tery a second time. 

$ Do not allow battery charging voltage to exceed 16.5 volts. If the 
battery begins producing gas or boiling violently, reduce the charg
ing rate. Boosting a sulfated battery at a high rate can cause an 
explosion. 

• The air conditioning system is filled with chemical refrigerant, 
which is hazardous. The AlC system should be serviced only by 
trained technicians using approved refrigerant recovery/recycling 
equipment, trained in related safety precautions, and familiar with 
regulations governing the discharging and disposal of automotive 
chemical refrigerants. 

continued on next page 
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Please read these warnings and .cautions before proceeding 
with maintenance and repair work. 

WARNINGS- (continued) 

® Do not expose any part of the AlC system to high temperatures 
such as open flame. Excessive heat will increase system pressure 
and may cause the system to burst. 

,. Some aerosol tire inflators are highly flammable. Be extremely 
cautious when repairing atire that may have been inflated using an 
aerosol tire inflator. Keep sparks, open flame or other sources of 
ignition away from the tire repair area. Inflate and deflate the tire at 
least four times before breaking the bead from the rim. Completely 
remove the tire from the rim before attempting any repair. 

@ Connect and disconnect a battery charger only with the battery 
charger switched off. 

® Sealed or "maintenance free" batteries should be slow-charged 
only, at an amperage rate that is approximately 10% of the battery's 
ampere-hour (Ah) rating. 

CAUTIONS-
See also WARNINGS on previous page. 

@ If you lack the skills, tools and equipment, or a suitable workshop 
for any procedure described in this manual, we suggest you leave 
such repairs to an authorized BMW dealer or other qualified shop. 

e BMW is constantly improving its cars and sometimes these 
changes, both in parts and specifications, are made applicable to 
earlier models. Therefore, part numbers listed in this manual are for 
reference only. Always check with your authorized BMW dealer parts 
department for the latest information. 

e Before starting a job, make certain that you have all the necessary 
tools and parts on hand. Read all the instructions thoroughly, and do 
not attempt shortcuts. Use tools appropriate to the work and use only 
replacement parts meeting BMW specifications. Makeshift tools, 
parts and procedures will not make good repairs 

e Use pneumatic and electric tools only to loosen threaded parts 
and fasteners. Never use these tools to tighten fasteners, especially 
on light alloy parts. Always use a torque wrench to tighten fasteners 
to the tightening torque specification listed. 

® Be mindful of the environment and ecology. Before you drain the 
crankcase, find out the proper way to dispose of the oil. Do not pour 
oil onto the ground, down a drain, or into a stream, pond or lake. Dis
pose of in accordance with Federal, State and Local laws. 

@ The control module for the anti-lock brake system (ABS) cannot 
withstand temperatures from a paint-drying booth or a heat lamp in 
excess of 203°F (95°C) and should not be subjected to temperatures 
in excess of 185°F (85°C) for more than two hours. 

It Do not allow battery charging voltage to exceed 16.5 volts. If the 
battery begins producing gas or bOiling violently, reduce the charg
ing rate. Boosting a sulfated battery at a high charging rate can 
cause an explosion. 

• The ignition system produces high voltages that can be fatal. 
Avoid contact with exposed terminals and use extreme care when 
working on a car with the engine running or the ignition switched on. 

e Place jack stands only at locations specified by manufacturer. 
The vehicle lifting jack supplied with the vehicle is intended for tire 
changes only. A heavy duty floor jack should be used to lift vehicle 
before installing jack stands. See 2 lubrication and 
Maintenance. 

@ Aerosol cleaners and solvents may contain hazardous or deadly 
vapors and are highly flammable. Use only in a well ventilated area. 
Do not use on hot surfaces (engines, brakes, etc.). 

o Do not remove coolant reservoir or radiator cap with the engine 
hot. Danger of burns and engine damage. 

® Before doing any electrical welding on cars equipped with ABS, 
disconnect the battery negative (-) terminal (ground strap) and the 
ABS control module connector. 

Cl Always make sure ignition is off before disconnecting battery. 

\!!) Label battery cables before disconnecting. On some models, 
battery cables are not color coded. 

e Disconnecting the battery may erase fault code(s) stored in 
control module memory. Using special BMW diagnostic equip
ment, check for fault codes prior to disconnecting the battery 
cables. 

e If a normal or rapid charger is used to charge battery, the battery 
must be disconnected and removed from the vehicle in order to 
avoid damaging paint and upholstery. 

® Do not quick-charge the battery (for boost starting) for longer 
than one minute. Wait at least one minute before boosting the bat
tery a second time. 

@ Connect and disconnect a battery charger only with the battery 
charger switched off. 

e Sealed or "maintenance free" batteries should be slow-charged 
only, at an amperage rate that is approximately 10% of the battery's 
ampere-hour (Ah) rating. 

e Do not allow battery charging voltage to exceed 16.5 volts. If the 
battery begins producing gas or bOiling violently, reduce the charg
ing rate. Boosting a sulfated battery at a high charging rate can 
cause an explosion. 
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Fundamentals 

Introduction 

Although BMWs are sophisticated and complex machines, nearly all basic maintenance and 
most repairs can be accomplished by any interested owner with basic mechanical ski l ls and 
the right i nformation. While some of the repairs covered i n  this manual are complicated and 
require special knowledge and equipment, most of the care that is required i n  the l ifetime of 
the average BMW is wel l  withi n  the capabi lities of the do-it-yourselfer. 

This section of the manual is dedicated to helping the beginner get started smartly and 
safely with BMW maintenance and repair. The section begins with a Generai Description of 
the car, broken down into its individual systems, and a d iscussion on How To Use This 
Manual. It is a simple d irectory of the kind of i nformation you can expect to find,  and where to 
find it.  

Safety and General Advice For The Beginner, include tips on mechanic's skil ls and 
workshop techniques that can help the beginner do a faster, complete, and more thorough job. 
Tools describes the basic tools needed to do 90% of the procedures in this manual , and 
i ncludes advice on how to buy tools wisely and use them effectively. 

Finally, and once again of i nterest to any owner, this section ends with a quick reference 
guide to emergencies-what to do when the car won't start or when a warning l ight comes on, 
including basic troubleshooting and information on how to gauge the seriousness of a 
problem. 



4 FUNDAMENTALS 

1. GENERAL DESCRIPTION 

BMWs are sophisticated examples of today's automotive 
engineering,  blending advanced design and manufacturing to 
provide an outstanding combination of performance, road hold
ing, and reliability. In spite of this sophistication, much of the 
necessary maintenance and repair can be accomplished by 
the average owner using this man ual . While the complexity of 
the car may seem to make this a d ifficult challenge for the 
novice mechanic, it can be simplified and more easily under
stood by viewing the car as an assembly of simpler systems, 
each performing its own independent functions. 

1.1 Body 

The body is the basic bui lding block. All of the BMW models 
covered in this manual feature un itized body construction,  
meaning that they do not have a separate frame. 

A complex body shell ,  shown in Fig. 1-1 , is the main struc
tural platform to which all the other systems are attached. 
Subassemblies attach engine, drivetrain ,  suspension, and 
steering systems to the basic body structure. 

The doors, the instrument panel,  the seats, and other i nte
rior trim pieces are also added to the body shell .  Other parts of 
the body shel l  function as mounting points for the other major 
and minor subsystems. For more i nformation,  see BODY AND 
INTERIOR. 
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Fig. 1-1. BMW unitized body 

1.2 Engine 

The engine produces the power to move the car. It burns a 
precise mixture of fuel and air, converting the fuel's stored 
energy into mechanical work, and delivering that mechanical 
work in a useful form. 

All of the BMW engines covered in this manual are of 
reciprocating-piston design and operate on the four-stroke 
cycle. The combustion of the air!fuel mixture creates tremen
dous pressure i n  a closed space above a piston. This pressure 
forces the piston downward in its cyl inder, translating the en
ergy of combustion into mechanical force. 

The crankshaft converts ea.ch piston's up and down motion 
into rotating motion, in much the same way that the up-and
down motion of a person's legs rotates the pedals of a bicycle. 
The power transmitted in this rotary form can then be used to 
move the car. The four-stroke cycle, the heart of how and why 
this all happens, is i l lustrated in Fig. 1 -2. 

1 .  I ntake 2. Compression 

3 .  Combustion/Power 4. Exhaust 

Fig. 1-2. The four-stroke cycle. 

Intake Stroke. The piston,  travel ing downward, creates low 
pressure inside the cyl inder. With the intake valve open, this 
low pressure causes the fresh air/fuel mixture to rush in. When 
the piston is near the bottom of its travel ,  the intake valve 
closes, sealing the air and vaporized fuel in the cylinder. 

Compression Stroke. As the piston begins its u pward 
travel in the sealed cyl inder, the air/fuel m ixture is compressed 
to a small percentage of its original volume, creating a very 
flammable mixture in a very small space. This space is referred 
to as the combustion chamber. Just before the piston reaches 
the top of its travel ,  the air/fuel mixture is ignited by a precisely 
timed spark, and burns very rapidly. 



Combustion or Power Stroke. As the confined air/fuel 
mixtu re burns, temperature and pressure rise very rapidly, 
forcing the piston downward, turning combustion energy i nto 
work. Generally, the faster an engine runs and the more often 
this combustion cycle happens, the more power is produced. 

Exhaust Stroke. At the end of the power stroke, the piston 
is near the bottom of its travel and the cylinder is fi l led with the 
waste products of combustion. The exhaust valve opens and 
the piston, now· travel ing back upward, pushes the burned 
gasses out into the exhaust system .  Near the top of the piston's 
travel ,  the exhaust valve closes, the intake valve opens, and the 
process begins anew with another i ntake stroke. 

Engine Systems 

The engine, which seems so complex, is a collection of 
simpler systems whose sole purpose is to effiCiently convert 
energy into mechanical force and motion. Virtually all automo
bile engines are multi-cylinder designs, in which a number of 
individual pistons and cyli nders are joined together in a com
mon housing or cyl inder block, transmitting their power to a 
common crankshaft. 

A camshaft, driven by the crankshaft, opens and closes the 
intake and exhaust valves in a precisely timed sequence. Since 
each valve must cycle open and closed once for every two 
turns of the crankshaft, camshafts always turn at one-half 
crankshaft speed. 

Ignition coil 

Electronic 
ignition 
control 
unit 
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The rest ofthe engine assembly is made up of systems that 
supply the essential fuel, air, ignition ,  and l ubrication to provide 
continuous operation of the pistons, crankshaft, and valves. For 
more i nformation, see ENGINE. 

The ignition system creates the high-voltage spark neces
sary to ignite the combustible air/fuel mixture in the cylinders. 
The ignition coil boosts the voltage so that the spark wil l  be hot 
enough to ignite the air/fuel mixture. The electronic control un it 
and the distributor control the timing of the spark. 

The ignition distributor, synchronized to the rotation of the 
engine, delivers the spark to the right cyl inder at precisely the 
right time. Since each cylinder has to have a spark once for 
every two revolutions of the crankshaft, the distributor always 
turns at one-half crankshaft speed. The basic system is shown 
schematically in Fig. 1 -3. For more i nformation, see IGNITION. 

Fuel System 

To run smoothly and produce power most efficiently, the 
engine requires the proper mixture of air and fuel . Depending 
on conditions, the optimum ratio for gasol ine-fueled engines is 
about 1 4: 1 ,  fourteen parts of air  for every one part of fuel. The 
throttle controls the amount of air entering the engine. The fuel 
system's job is to deliver and d isperse fuel in  the proper ratio to 
the i ncoming air. 
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Fig. 1-3. Schematic representation of basic ignition system. 
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Traditionally, the job of fuel delivery has been handled by a 
carburetor, a d evice carefully calibrated to dispense and atom
ize fuel in proportion to the amount of air passing through it. To 
meet the increasing demand for performance with economy 
and reduced exhaust emissions, many modern engines, i n
cluding the BMW engines covered in this manual, use a more 
sophisticated fuel  injection system. 

The fuel i njection system· measures the.incoming air more 
precisely than a carburetor, and in turn meters fuel· more 
precisely for better control of the air/fuel ratio. This precise 
control means greater efficiency over a wider variety of oper
ating conditions. In spite of all this sophistication, the funda
mental task of the fuel injection system is to control the mixture 
of air and fuel entering the engine's combustion chambers. 

The fuel system also includes a means of fuel storage. The 
fuel tank and a network of pump and .I ines transfer the fuel from 
the tank to the i njection system. For more information on the 
fuel system, see FUEL SYSTEM. 

Coo l i ng System 

Even the most advanced engines lose some of their com
bustion energy as heat, which m ust be dissipated to prevent 
damage to the engine parts. Some heat is carried away in the 
exhaust, but much of it is absorbed by the valves, the pistons, 
and the rest of the combustion chamber. Most modern auto
mobile engines are l iquid-cooled, using a network of passages 
around the cylinders and combustion chambers, filled with 
circulating water-based coolant, to carry away heat. 

Coolant is circulated by an engine-driven pump, often called 
the water pump. The heat which the coolant absorbs from the 
hot engine is eventually diSSipated to the surrounding atmo
sphere by the radiator at the front of the car. 

A smaller radiator-l ike heater core, located near the i nterior 
of the car, radiates heat to warm the passenger compartment. 
A basic cooling system layout, similar to that used on cars 
covered by this manual, is shown in Fig.  i -4. 

Since some heat is necessary for the engine to run most 
efficiently, a thermostat in the cooling system restricts the flow 
of coolant through the radiator u ntil the engine has reached 
normal operating temperature. For mOre information on the 
entire engine cooling system, see COOLING SYSTEM. 

lubrication System 

The crankshaft and camshaft rotate at speeds up to several 
thousand revolutions per m inute (rpm) . Valves and pistons 
accelerate at tremendous rates, abruptly changing direction 
between velocities of hundreds of feet per second. 

Engine 

Overflow 
reservoir 

Coolant 
pump 

Heater core ---..r--...... ---, 

Radiator 

Fig. 1-4. Cooling system. Heat from engine is absorbed by 
coolant which is circulated by coolant pump and 
cooled by radiator. 

In order to endure these harsh conditions, engine parts are 
manufactured to exact dimensions, assembled with precision 
clearances, and lubricated by a pressurized oi l ing system. The 
moving parts ride on a cushion of oil instead of each other. An 
engine-driven oil pump supplies oil under pressure to the 
engine where it is routed through a network of small passages 
that deliver it to each critical bearing surface. 

The oi l  system includes a fi lter to clean the oil and a system 
to warn the driver of low oi l  pressure. A secondary function of 
the lubricating oil  is to help carry away excess heat. Some 
lubrication systems include an oil cooler for reducing oil tem
perature before it is recirculated to the engine. More informa
tion on the lubrication system is found in ENGINE. For infor
mation on oi l  and oil filter replacement i ntervals, see 
LUBR!CATION AND MAINTENANCE. 

Exhaust System 

The exhaust system serves several functions, but the pri
mary one is to carry spent combustion gasses from the engine 
and route them safely away from the passenger compartment. 
Modern exhaust systems i nclude m ufflers to reduce noise, 
chemically reactive components (catalytic converters) to re
d uce harmful emissions, and sensors exposed to the exhaust 
gasses that provide feedback to the fuel i njection system about 
engine efficiency. Fig. 1 -5 shows a typical BMW exhaust sys
tem. For more i nformation, see EXHAUST SYSTEM AND 
EMISSION CONTROLS. 



Exhaust 
manifold 

Front pipe 

Oxygen sensor 

Fig. 1·5. Typical exhaust system. 

1.3 Drivetrain 
The drivetrain is a series of mechanisms that take the power 

developed by the engine and del iver it to the wheels in order to 
move the car. It consists of the clutch or torque converter, the 
transmission, the final drive, the drive axles, and the wheels and 
tires. 

Clutch or Torque Converter 

In a car with manual transmission, the clutch provides a way 
to connect and d isconnect the engine from the drivetrain .  The 
clutch assem bly includes the spring-loaded pressure plate, the 
friction d isc or clutch disc, and the engine flywheel. 

The clutch d isc, attached to the input shaft of the transmis
sion, gets squeezed between the heavily spring-loaded pres
sure plate and the flywheel, both attached to the engine. The 
friction between pressure plate, clutch d isc and flywheel , 
boosted by the heavy spring force, makes the transmission 
input shaft turn at the same speed as the engine. 

For stopping, starting, and shifting gears, depressing the 
clutch pedal works against the spring force, relieving the friction 
bond and d isconnecting the engine from the drivetrain .  In 
normal use the clutch and flywheel wear, much l ike brakes, and 
need periodic maintenance or replacement. More information 
on the clutch is found in MANUAL TRANSMISSION AND 
CLU TCH. 
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converter 
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In a car with automatic transmission, the friction clutch is 
replaced by a sophisticated fluid clutch called a torque con
verter. One part is attached to the engine and another to the 
transmission. As one part turns, power is transmitted to the 
other by a viscous fluid (automatic transmission fluid) . 

The design of the torque converter allows the engine to turn 
at idle speeds without transmitting much driving force to the 
transmission . A slight forward tug may be noticed when the car 
is in a forward gear, but at idle speed it is barely enough to drive 
the car. Above idle, the torque converter becomes increasingly 
resistant to sl ip, and transmits power through the f luid coupling 
to the transmission ,  delivering power through the rest of the 
drivetrain to the wheels. For more information, see AUTO· 
MATIC TRANSMISSION. 

Transmission 

Although the engine develops a substantial amount of 
power, it does so best at relatively h igh revolutions per minute 
(rpm) . To handle all driving conditions, it is necessary to use 
gearing to change the ratio of engine rpm to vehicle speed. A 
manual transmission arranges several sets of gears in a com
mon housing. 

A set of two gears determines a gear ratio, each suited to a 
particular range of driving speeds. A shifting mechanism allows 
the driver to change from one gear ratio to the next to match 
vehicle speed. For i nformation on manual transmission main
tenance and adjustments, see MANUAL TRANSMISSION 
AND CLUTCH. 
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In an automatic transmission, hydraulic f luid under pressure 
in a complex network of passages, valves and control mecha
n isms engage and disengage constantly meshed planetary 
gear sets� Hydraul ic controls responding to vehicle speed, 
engine load, throttle position and gear shift position select the 
appropriate gear ratio. For information on automatic transmis
sion maintenance and adjustments, see AUTOMATIC TRANS
MISSION. 

D riveshaft and Final  Drive 

The driveshaft transmits power from the engine and trans
mission to the final drive. The final drive is a gearset which 
transmits power to the drive axles. 

When a car turns, the wheels on the outside of the turn have 
to turn slightly faster than those on the inside, since they have 
to travel a larger arc in an equal amount of time. The drivetrain 
must be able to transmit power to the wheels and stil l  allow for 

r�7)::lP��-Strut, upper mount 

these variations in wheel speed when cornering.  The final drive 
i ncludes a device called the d ifferential, which allows wheels on 
opposite sides of the car to turn at different speeds. For more 
information see DRIVESHAFT AND FINAL DRIVE. 

Drive Axles 

The final step in the transfer of power from the engine to the 
wheels is the drive axles, which provide a connection between 
the d ifferential and the wheel hubs. Information on the drive 
axles is found in SUSPENSION AND STEERING. 

1.4 Suspension and Steering 

Fig .  1 -6 shows a typical front suspension and steering 
system, and their proximity to other systems in the car. 

The suspension and steering systems are what allow the 
wheels to move and turn for a smooth ride, stabi l ity and 
directional control .  

Subframe 
Wheel 
bearing 
housing 

brake 
caliper 
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Fig. 1-6. Typical front suspension and steering system .  



The suspension system is the combination of springs, 
shock absorbers, and other stabi lizing devices that support the 
weight of the car and cushion the effects of bumps. For added 
control, the suspension system also i ncludes dampers, or 
shock absorbers, which resist excessive movement of the 
springs. Stabi l izer bars aid stability by transferring some of the 
cornering force acting on the suspension .  

BMW's strut-type front suspension, l ike  that of many mod
ern cars, combines the spring and shock absorber i nto a single 
unit, performing the same jobs in  less space and with fewer 
individual components. 

The remainder of the suspension system are the parts that 
l ink it all together, designed with bushings, bearings, and joints 
which purposely allow or restrict movement. 

The steering system is an assembly of gearbox mecha
n isms and l inkages which translate the rotating motion of the 
steering wheel i nto the side-to-side motion of the front wheels. 
Cars covered by this manual use a rack-and-pinion type steer
ing mechanism. A pinion gear, connected to the steering 
column, moves a toothed rack from side to side. The racK can 
be thought of as a long, straight geaL The entire assembly is 
also referred to as the steering rack. Power-assisted steering 
uses hydraul ic fluid u nder pressure to do some of the work 
normally done by the driver turning the steering wheel . 

For more information, see SUSPENSION AND STEERING. 

1 .5 Brakes 

The system for slowing and stopping the car is, not surpris
ingly, completely independent of the systems which make it go. 
Although the brakes are located at the wheels where they can 
act most d irectly, and they mount to parts of the suspension 
system, the brakes and suspension are completely separate 
systems. 

The brakes act to s low or stop the car by causing friction. 
Since cars are relatively heavy, the friction required to stop it 
safely and effectively is quite high, and generating it requires 
considerable force. Virtually all modern cars use a system of 
hydraulics to multiply the force applied to the brake pedal and 
to distribute it un iformly to the four  wheels. 

The brake pedal is connected by a mechanical l inkage to 
the first major hydraul ic component, the master cylinder, usu
ally mounted on the f irewall at the back of the engine compart
ment. A piston in the master cylinder creates hydraulic pres
sure in the brake l ines going to the wheels. Because the brakes 
are located at the wheels and move relative to the body, the 
final length of brake l ine at each wheel is f lexible, so that it 
follows that movement. 

At each wheel, the hydraulic pressure acts on the brake 
mechanism to cause friction and slow the wheel.  The sizes of 
the hydraul ic components are such that the driver'S force 
applied to the brake pedal is multiplied many times by the time 
it acts on the wheels. 
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Two types of brake mechanisms are in common use in  
modern cars. Both create braking friction by forcing a stationary 
friction material against a larger, rotating member attached to 
the wheel .  A drum brake forces semi-circular shoes, l ined with 
friction material, against the inside of a round brake drum. A 
disc brake squeezes pads l ined with friction material against 
both sides of a flat, round brake d isc, called a rotor. Both types 
are shown below in Fig. 1 -7 and Fig. 1 -8. 

�+-;"4p- Brake 
pads 
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Fig. 1 -7. Disc brake assembly showing disc, cal iper, and 
splash shield. Caliper assembly holds pads with 
friction material . 

Brake shoes with 

Fig. 1 -8. Drum brake assembly with brake drum removed to 
show brake shoes. 
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A disc brake is generally capable of generating higher 
braking forces for a g iven size, is self-adjusting and self
cleaning,  and d issipates heat more easily. Heat is a major 
enemy of brake efficiency. It affects the friction materials abi l ity 
to grip, and under extreme conditions, excess heat from re
peated heavy braking can cause the brake fluid to boil, result
i ng in severely diminished braking capability, called brake fade. 
Disc brakes, because of their. greater abi lity to dissipate heat, 
are more resistant to brake fade.  

Anti-lock Braking System (ABS) 

1 986 and later models covered in this manual are equipped 
with an anti-lock braking system ,  widely referred to as ABS. As 
the name impl ies, the purpose of this system is to prevent the 
wheels from locking during hard braking.  Speed sensors at 
each wheel sense when the wheel is about to lock, and an 
electronic system modulates the braking force to that wheel. 

Contrary to popular belief, research and testing have shown 
that the tires brake most effectively just before the paint of 
locking u p  and skidding. Preventing the wheels from locking 
helps maintain d irectional control in  emergencies, and is es
pecially beneficial on slippery roads. 

1 .6 Electrical  System 

Many components, i ncluding accessory items, are powered 
by the car's e lectrical system. The electrical system uses a 
battery to store energy, an engine-driven alternator to generate 
electricity and recharge the battery, and various wiring har
nesses and other circuits to d istribute electric power to the rest 
of the car. The electrical system is represented in Fig.  1 -9. 

Battery 

Almost every electrical component in the car operates from 
1 2-volt d irect-current (VDC) . The battery converts electrical 
energy into chemical energy for storage, and converts its 
stored chemical energy back into electrical energy on demand. 

Alternator 

Left alone to meet all the electrical demands of an automo
bile, the battery would soon be completely d ischarged, so the 
electrical system i ncludes a charging system. 

The main component of the charging system is the alterna
tor. Turned by the engine via a V-belt, the alternator takes over 
from the battery to supply electrical energy to the various 
electrical components. When the alternator generates more 
power than is needed, as it usually does at driving speeds, the 
extra energy recharges the battery. 

Alternator 
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Electrical consumers 

Fig. 1 -9. I n  e lectrical system, alternator generates electricity 
to recharge batte� and power other electrical con
sumers. 

Wiring Harness and C ircuits 

The flow of electricity depends upon a closed-loop path-a 
complete circuit. Electrical current flows through wires to the 
consumer, a l ight bulb for example, and back to the battery in 
a . complete circuit. The e lectrical route back to the source, 
which completes the circuit, is called a path to g round. Every 
consumer of electrical power in the car must have a source of 
power and a path to ground in order to operate. 

Commonly, the electrically conductive metal structure of the 
automobile is used as a ground path. The negative ( - ) termi
nal of the battery connects to the car body, and all  of the 
electrical consumers in the car make a ground connection to 
the car body, thus eliminating the need for many feet of addi
tional wire. 

Electrical components near the engine are often grounded 
directly to the engine, which is then grounded to the body. 
Some components are grounded through their housings which 
are bolted to a ground. Electrically, the effect is  the same. 



2. How To USE THIS MANUAL 

The manual is d ivided i nto 1 5  sections, FUNDAMEN TALS, 
LUBRICATION AND MAINTENANCE, ENGINE MANAGE
MENT-DRIVEABILI TY, and 1 2  repair sections, each covering a 
particular system or portion of the car. Thumb-tabs on the page 
margins help locate each section. A page l isting section titles 
and showirig their thumb-tab locations is near the front of the 
manual. An index is located atthe back of the manual . 

Each section has a Table of Contents l isting the major 
subject headings withi n  the section, and the pages on which 
they begin.  Page numbers in the Table of Contents always refer 
to pages within  that section. References to other numbered 
headings always refer to headings in the same section.  Refer
ence to a procedure in another section is by section title only, 
which wil l  be in BOLD TYPE. 

2.1 Fundamentals 

This first section is FUNDAMENTALS. I t  contains basic 
information on equipment and safety which is important to any 
do-it-yourselfer, regardless of experience, as wel l as i nforma
tion on getting started and helpful suggestions for the novice. 
Anyone can use this manual. This section helps show how. 

2.2 lubrication and Maintenance 

LUBRICATION AND MAIN TENANCE is the section dedi
cated to taking care of the car and preventing future problems. 
BMW specifies certain periodic maintenance to prevent trouble 
and keep the car at its best. This section describes those 
maintenance tasks, shows how they are done, and tells what is 
needed to do them. 

2.3 Engine Management- Driveability 

I n  today's modern engines, the functions of the ignition 
system, the fuel delivery system, and the exhaust and emission 
control · systems are closely related. On some of the models 
covered by this manual, these subsystems are all controlled by 
one electronic control u nit. It manages the related functions 
together to deliver the best possible combination of perfor
mance, fuel economy and clean exhaust, hence the term 
"engine management" . 

"Driveability" is a term used to describe the overall perfor
mance of the car, its abil ity to start quickly, run and accelerate 
smoothly, and deliver fuel economy and low exhaust emissions 
as wel l  as power. Because engine management functions are 
so interrelated, it is often difficult to isolate the cause of a 
driveability problem. 
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The ENGINE MANAGEMENT -DRIVEABILI TY section is 
intended to help the reader d iagnose and remedy d riveabi l ity 
problems using a logical, systematic approach. In other words, 
this section is a combined troubleshooting section for the 
engine and the subsystems responsible for driveability. 

2.4 Repair Sections 

The repair sections contain the more involved and more 
detailed information about system function, troubleshooting, 
and repair. For clarity and ease of use, each repair section 
begins with 1 .  General Description, 2. Maintenance, and 3. 
Troubleshooting. 

G eneral Description 

The General Description is an overview of the system's 
technical features. It describes the general layout and function 
of the system, d iscusses unique aspects of d ifferent versions, 
and givesinformation on identifying each version and the repair 
information which applies to it. 

Maintenance 

Maintenance is a brief checklist of all routine maintenance 
specified by BMW for the system (s) being discussed. The l isted 
maintenance items also include references to parts of the 
manual where particular maintenance procedures are de
scribed in detai l .  

Troubleshooting 

A systematic approach t o  problem solving, based on care
fully observing symptoms and isolating their causes, is called 
troubleshooting.  Troubleshooting in each repair section begins 
with a d iscussion of the system's basic operating principles. 
Fol lowing that general d iscussion is a more specific l ist of 
symptoms-particular problems which may affect the car
and their probable causes. Suggested corrective actions i n
clude references to the numbered heading or section where 
the repair information can be found.  

2.5 I ndex 

A comprehensive i ndex is found at the back of the manual . 
Each i ndex entry is followed by a page reference g iving the 
section and the section page number. For example, 4:1 6 refers 
to section four, ENGINE, page 1 6. 
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2.6 Notes, Cautions, and Warnings 

Throughout this manual are many passages with the head
ings NOTE, CAUTION, or WARNING. These very important 
headings have different meani ngs. 

WARNING -
A warning is the most serious of the three. It warns 
of unsafe practices that are very likely to cause 
injury, either by direct threat to the person(s) doing 
the work or by increased risk of accident or me
chanical failure while driving. 

CAUTOON = 
A caution calls attention to important precau
tions to be obseNed during the repair work that 
will help prevent accidently damaging the car. 

NOTE -
A note contains helpful information ,  tips which 
wi l l  help i n  doing a better job and completin g  it 
more easily. 

Please read every NOTE, CAUTION, and WARNING at the 
front of the manual and as they appear in repair procedures. 
They are very i mportant. Read them before you begin any 
maintenance or repair job. 

Some CAUTIONs and WARNINGs are repeated wherever 
they apply. Read them all. Do not skip any. These messages 
are important, even to the owner who never i ntends to work on 
the car. 

3. GETTiNG STARTED 

Most of the necessary maintenance and minor repair that a 
BMW will need can be done with ordinary tools, even by 
owners with l ittle or no experience in car repair. Below is some 
important information on how to work safely, a discussion of 
what tools will be needed and how to use them, and a series of 
mechanic's tips on methods and workmanship. 

3.1 Safety 

Although an automobile presents many hazards, common 
sense and good equipment can ensure safety. Accidents hap
pen because of carelessness. Pay attention and stick to these 
few i mportant safety rules. 

WARNING -
0> Never run the engine in the work area unless it 
is well-ventilated. The exhaust should be ducted 
to the outside. Carbon Monoxide (CO) in the ex
haust kills. 

'" Remove all neckties, scarfs, loose clothing, or 
jewelry when working near running engines or 
power tools. Tuck in shirts. Tie long hair and 
secure it under a cap. Severe injury can result 
from these things being caught in rotating parts. 

C!> Remove rings, watches, and bracelets. Aside 
from the dangers of moving parts, metallic jewelry 
conducts electriCity and may cause shorts, 
sparks, burns, or damage to the electrical system 
when accidently contacting the battery or other 
electrical terminals. 

G Disconnect the battery negative ( -) terminal 
whenever working on the fuel system or anything 
that is electrically powered. Accidental electrical 
contact may damage the electrical system or 
cause fire. 

e Never work under a lifted car unless it is solidly 
supported on jack stands which are intended for 
that purpose. Do not support a car on cinder 
blocks, bricks, or other objects which may shift or 
crumble under continuous load. Never work un
der a car that is supported only by the lifting jack. 

\11 The fuel system is designed to retain pressure 
even when the ignition is off. When working with 
the fuel system, loosen the fuel lines very slowly to 
allow the residual pressure to dissipate gradually. 
Avoid spraying fuel. 

C) Fuel is highly flammable. When working around 
fuel, do not smoke or work near heaters or other 
fire hazards. Keep an approved fire extinguisher 
handy. 

e Illuminate the work area adequately and safely. 
Use a portable safety light for working inside or 
under the car. A fluorescent type is best because 
it gives off less heat. If using a light with a normal 
incandescent bulb, use rough seNice bulbs to 
avoid breakage. The hot filament of an accidently 
broken bulb can ignite spilled fuel or oil. 

® Keep sparks, lighted matches, and open flame 
away from the top of the battery. Hydrogen gas 
emitted by the battery is highly flammable. Any 
nearby source of ignition may cause the battery to 
explode. 

Gl Never lay tools or parts in the engine compart
ment or on top of the battery. They may fall into 
confined spaces and be difficult to retrieve, be
come caught in belts or other rotating parts when 
the engine is started, or cause electrical shorts 
and damage to the electrical system. 



lifting The Car 

For those repairs that require raising the car, the proper 
jacking pOints should be used to raise the car safely and avoid 
damage. To use the jack supplied with the car by BMW for 
changing wheels, there are four jacking pOints-two on each 
side of the car -just behind the front wheel or just in front of the 
rear wheel. See Fig. 3-1 . Use the same jacking points to l ift the 
car with a floor jack or hydraul ic l ift. 

CAUTION -

• When raising the car at the rear jacking points 
using a floor jack or a hydraulic lift, carefully 
position the jack pad so that it does not contact 
the fuel tank. A suitable liner (wood, rubber. etc.) 
should be placed between the jack and the car so 
that the underbody will not be damaged 

• Operating the car in gear while the rear wheels 
are suspended will cause damage to the axle 
shafts. 

D 
Fig. 3-1 . Jacking points for use with BMW-supplied jack. 

To raise the car safely: 

1 .  Park the car on a flat, level surface. 

2. Place the jack in position. Make sure the jack is resting 
on flat, solid ground. Use a board or other support to 
provide a firm surface for the jack, if necessary. 

3. Raise the car slowly. 

WARNING -

Watch the jack closely. Make sure that it stays 
stable and does not shift or tip. As the car is 
raised, the car will want to roll slightly and the jack 
will want to shift. 
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4. Once the car is raised, block the wheel that is opposite 
and farthest from the jack to prevent the car from unex
pectedly roll ing. 

WARN/NG -

,. Do not rely on the transmission or the emer· 

gency brake to keep the car from rolling. While 

they will help, they are not a substitute for posi
tively blocking the opposite . wheel. 

• Never work under a car tha t  is supported only 
by a jack. Use jack stands which are properly 
designed to support the car. See 4. Tools. 

To work safely under a car: 

1 .  Disconnect the battery negative ( - )  terminal so that no 
one else can start the car. Let others know what you wil l  
be doing. 

CAUTION -

BMW anti-theft radios can be rendered useless 
by disconnecting the battery. If power to the 

radio is interrupted, a protection circuit en
gages and disables the radio. For the radio to 
operate, a code must be entered into the radio 

after power is restored. Make sure you know the 
correct code before disconnecting the battery. 

For more information, see the BMW owner's 
manual. 

2. Use at least two jack stands to support the car. A jack is 
a temporary l ifting device and should not be used alone 
to support the car while you are under it. Use positively 
locking jack stands which are deSigned for the purpose 
of supporting a car. For more information on jack stands, 
see 4. Tools. 

WARNING -

Do not use wood, concrete blocks, or bricks to 
support a car. Wood may split. Blocks or bricks, 
while strong, are not designed for that kind of 
load, and may break or collapse. 

3. Place jack stands on a firm ,  solid surface,  just l ike the 
jack. I f  necessary, . use a flat board or simi lar solid object 
to provide a f irm footing. 

4. After placing the jack stands, l ower the car slowly u ntil its 
weight is ful ly supported by the jack stands. Watch to 
make sure that the jack stands do not tip or lean as the 
car settles on them, and that they are p laced solidly and 
will not move. 

5. Observe all jacking precautions again when raisi ng the 
car to remove the jack stands. 



14 FUNDAMENTALS 

3.2 General Advice For The B.eginner 

The tips i n  the paragraphs which follow are general advice 
to help any do-it-yourself BMW owner perform repairs and 
maintenance tasks more easi ly and more professionally. 

Planning Ahead 

Most of the repairs and maintenance tasks described. in this 
manual can be successfully completed by anyone with basic 
tools and abilities. Some cannot. To prevent getting in too deep, 
know what the whole job requires before start ing. Read the 
procedure thoroughly, from beginning to end, in order to know 
just what to expect and what parts wil l  have to be replaced. 

Cleanl iness 

Keeping things organized, neat, and Clean is essential to 
doing a good job, and a more satisfying way to work. When 
working under the hood, fender covers wil l  protect the finish 
from scratches and other damage. Make sure the car is rela
tively clean so that dirt u nder the cover does not scratch .  

Avoid getting tools o r  clothing near . the battery. Battery 
electrolyte is a corrosive acid .  

Be careful with brake flu id,  a s  i t  can cause permanent 
damage to the car's paint. 

Finally, keep rubber parts such as hoses and belts free from 
oi l  or gasoline, as they wil l  cause the material to soften and fail 
prematurely. 

Tightening Bolts 

When tightening the bolts or nuts that attach a component, 
it is always good practice to tighten the bolts gradually and 
evenly to avoid misalignment or overstressing any one portion 
of the component. For components sealed with gaskets, this 
method helps to ensure that the gasket will seal properly and 
completely. 

Where there are several fasteners, tighten them in a se
quence alternating between opposite sides of the component. 
Fig. 3-2 shows such a sequence for tightening six bolts attach
ing a typical component. Repeat the sequence u ntil all the bolts 
are evenly tightened to the proper specification. 

For some repairs a specifiC tightening sequence is neces
sary, or a particular order of assembly is required . Such special 
conditions are noted in the text, and the necessary sequence 
is described or i l lustrated. 
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Fig. 3-2. Sequence for alternately tightening rnultiple fasten
ers. 

Bolt Torque 

Tightening fasteners to a specified torque value using a 
torque wrench is a good way to ensure that bolts are correctly 
tightened. If a torque wrench is not used there is a danger of 
going too far and damaging the fastener or the threads i n  the 
mating part. 

Too l ittle torque on a fastener can also cause problems. 
Vibration of assembled parts can subject fasteners to stress 
alternating in opposite d irections that wil l  eventually cause 
them to loosen. To counter this loosening, fasteners are tight
ened more, and actually stretched, in order to pre-stress them. 
When tightened this way they are always stressed in  one 
d irection and are much less l ikely to work loose in  spite of 
vibration.  

The proper torque for a fastener is related to the amount of 
stretch necessary to prevent the fastener from working loose in  
normal use. Always use a torque wrench and follow BMW's 
torque specifications. See 4. Tools for more information on 
torque wrenches. 

Gaskets 

The smoothest metal mating surfaces stil l  have imperfec
tions that can allow leakage. To prevent leakage at critical joints, 
gaskets of soft, form-fitting material are used to fi l l in the 
imperfections. 

To be most effective, gaskets are designed to "crush " ,  to 
become thinner as they are pressed together between mating 
parts. Once a gasket has been used and crushed, it is no 
longer capable of making as good a seal as when new, and is 
much more l ikely to leak. For this reason ,  gaskets should not 
be reused. Always plan to use new gaskets for any reassembly. 

This same logic applies to any part used for sealing,  i nclud
ing rubber O-rings and copper sealing washers. 



Seals 

I n  places where a shaft must pass through a housing, 
flexible lip seals are used to keep the lubricating oi l  or grease 
from leaking out past the rotating shaft. 

Seals are d esigned to be instal led in the housing only once 
and should never be reused. As long as they are not removed 
from the housing and not leaking, they need not be replaced. 
Seals, however, do age and deteriorate, and there is no easier 
time to replace them than when the car is already apart for 
some other repair. 

When doing repairs that require removing a seal, be very 
careful not to scratch or otherwise damage the metal surfaces. 
Even minor damage to sealing surfaces can cause seal dam
age and leakage. 

The key to seal installation is to get the seal in straight 
without damaging it. Use an object that is the same. d iameter as 
the seal housing to gently and evenly drive it i nto place. If a 
proper size seal driver is not available, a socket of the right size 
will do. 

Coat the entire seal with a l ittle grease or oil to help it go in  
more easily. Seals are directional . Make sure that i t  is being 
installed with the l ip facing the correct way. Normally the l ip 
faces the inside. Notice the installation direction of the old seal 
before removing it. 

Wi re Repairs 

Repairs to a wiring harness to reconnect broken wires or 
correct shorts to ground deserve special care to make the 
repair permanent. 

The wire ends must be clean. If frayed or otherwise dam
aged, cut off the end. If necessary, to maintain proper length, 
splice in a new piece of wire of the same size and make two 
con nections. 

Use connectors which are designed for the purpose. 
Crimped-on or soldered-on connectors are best. Crimp con
nectors and special crimping pliers are widely available. If 
soldering, use a needlenose pliers to hold the wire near the 
solder joint and create a "heat dam". This keeps the solder 
from "wicking" up the wire. 

Always use a solder made specifically for electrical work, 
without the usual acid flux which wil l promote corrosion. Twist
ing Wires together is a temporary repair at best, since corrosion 
and vibration will eventually spoil the connection. 

I nsulate the finished connection. Electronics stores can 
supply heat-shrinkable insulating tubing that can be placed 
onto the wire before connecting, sl id over the finished joint, and 
shrunk to a tight fit with a heat gun or hair dryer. The next best 
alternative is e lectrical tape. Make sure the wire is clean and 
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free of solder flux or other contamination.  Wrap the joint tightly 
and completely to seal out moisture. 

WARNING -

If the main ABS wiring harness is damaged in any 
way, it must be replaced. Do not attempt to repair 
the wiring harness. TheABS system is sensitive to 
very small changes in resistance. Repairing the 
wiring harness could alter resistance values and 
cause the system to malfunction. 

Cleaning 

Any repair job wi l l  be less troublesome if  the parts are clean . 
For cleaning old parts, there are any number of solvents and 
parts cleaners available commercially. 

For cleaning parts prior to assembly, commercially available 
aerosol cans of carburetor cleaner or brake cleaner are handy 
to use, and the cleaner wil l  evaporate completely, leaving no 
residue. 

WARNING -

Virtually all solvents used for cleaning parts are 
highly flammable, especially in aerosol form. Use 
with extreme cate. Do not smoke. Do not use 
these products near any source of sparks or 
flame. 

Let any solvent or cleaning product dry completely. Low
pressure, dry compressed air is helpful if available. Also, use 
only l int-free rags for cleaning and drying.  

WARNING -

When drying roller or ball bearings with com
pressed air, do not allow them to spin. Unlubri
cated, they may fail and come apart, causing 
injury. 

Electrical Testing 

A g reat many electrical problems can be understood and 
solved with only a l ittle fundamental knowledge of how electri
cal circuits function. 

E lectric current only flows in  a complete circuit. To operate, 
every electrical device in the car requires a complete circuit 
including a voltage source and a path to ground. The positive 
( + )  side of the battery is the original voltage source, and 
ground is any return path to the negative ( - ) side of the 
battery, whether through the wiring harness or the car body. 
Except for portions of the charging system, all e lectrical current 
in the car is d irect current (DC) and flows from positive ( + ) to 
negative ( - ) . 
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Switches are used to turn · cornponents on or off by com
pleting or interrupting the circuit. A switch is "open" when the 
circuit is interrupted, and "closed" when the circuit is com
pleted. Fig.  3-3 shows a complete circuit schematically. 

Ignition 
switch 
(closed) 

Direction 
of current flow 

Car body 
(ground) 

Fuse box and 
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Fig. 3-3. Schematic representation of simple circuit for l ight 
bulb. Switch is shown closed, making circuit com
plete. 

The first step in  tracing an electrical system problem is to 
check with a test l ight, a voltmeter, or a multimeter (DC volts 
scale) to see that voltage is reaching the component. If so, then 
the circuit is sound as far as that point. 

If voltage is not reaching the component, the circuit is open 
(interrupted), or shorted to ground, somewhere between the 
battery positive ( + )  terminal and the component. Look for a 
blown fuse, an open switch, a broken wire, or a failed compo
nent earlier in the same circuit. 

Isolate the location of the problem by doing more voltage 
measurements at different points in the circuit. Voltage indi
cated by a test l ight or voltmeter at any point in  the circuit 
means that the circuit is good at least up to that point. Look for 
problems after the last point in the circuit where voltage is 
indicated. 

To test vor voltage: 

1 .  Start with an electrical connection closest to the compo
nent in q uestion. If necessary, remove the terminal cover 
or disconnect the harness connector. 

2. Connect the cl ip lead of a test l ight or the black ( - )  
probe of a voltmeter o r  multimeter to ground (any clean , 
unpainted metal part of the engine or car) . 

3. Touch the probe of the test l ight or the red ( + )  probe of 
the meter to the termi nal being tested . A meter reading or 
the test l ight l ighting indicates that voltage is present in 
the circuit up to that point. 

4. If no voltage is indicated, double check it by wiggling the 
probes and connections to make sure adequate contact 
is being made. 

Once it is confirmed that voltage is reaching the component, 
check the remainder of the circuit by testing for continuity to 
ground: If the component is grounded through its mounting, 
make ' sure that the contact area is clean, dry, and free of 
corrosion. 

NOTE -

Always make sure the circuit is turned off before 
making continuity checks. Voltage to the circuit 
may damage the ohmmeter. 

To test for ground: 

1 .  If the component is grounded through the wiring harness 
(usually a brown or brown striped wire), d isconnect the 
harness connector or the ground wire. Connect the clip 
lead of a test l ight or the black ( - ) probe of a meter to the 
removed ground terminal . 

2. If the component is grounded by its mounting to the car, 
connect one end of a test l ight or the black ( - ) probe of 
a meter to the clean metal surface of the component. 

3. Briefly touch the remaining probe to a known source of 
battery voltage. 

4. A meter reading or the test l ight l ighting i ndicates current 
flow in a complete circuit and, therefore, a good connec
tion to ground. 

A continuity test, performed with an ohmmeter, is a univer
sal test of any wire, connection, or component that wil l  tel l  if 
current can flow through it. It can be used to check wires for 
breaks, to find out whether switches are open or closed, to find 
poor connections, and many other things. Continuity is a mea
sure of resistance. A complete circuit has continuity-resis
tance is nearly zero. An open circuit due to a broken wire or an 
open switch has no continuity-there is infinite resistance. 

To test the continuity of any conductor between any two 
pOints, connect one ohmmeter probe to each test point. If the 
circuit between points is u n interrupted, the ohmmeter should 
read nearly zero. If it reads significantly above zero, there may 
be a component in the circuit which is supposed to have some 
resistance. If not, there may be a poor connection or a dam
aged wire somewhere between the test points. 



M akin g  An LED Test Light 

Many of the electrical tests i n  this manual require the use of 
a special LED test l ight, s ince the use of a more conventional 
test l ight with incandescent bulb can damage sensitive elec
tronic circuits i n  the ignition, fuel i njection, and emission control 
systems. 

A low cost LED test l ight can be made using parts available 
from an electronics supply outlet. Assemble the components 
as shown i n  Fig. 3-4. Use a needlenose plier to hold the parts 
and to act as a heat dam while soldering, as described above 
in Wire Repairs. Insulate all connections with heat-shrinkable 
tubing or electrical tape. 

V. watt, 
330 ohm 

Alligator cl ips 

fig. 3-4. Do-it-yourself LED test l ight for safe testing of igni
t ion, fuel i njection, and emission control circuits. 

Parts 

1 .  (1 ) LED. 

2. (1 ) % watt, 330 ohm resistor. 

3. Wire and two alligator clips. (Purchase a jumper wire with 
an all igator clip on each end, and cut it in half) . 

4. Solder and soldering i ron . 

5. Heat-shrinkable tubing or electrical tape. 

Disconnecting Wiring Harness Connectors 

BMW harness connectors used throughout the car are 
designed to positively lock i nto place to prevent them from 
coming loose. One common type of connector is equ ipped 
with an easy disconnect feature. To d isconnect this type of 
connector, press on the wire clip to release the lock and 
carefully pull the connector loose. The other common type 
requires that a locking clip be pried from the connector before 
it can be removed. See Fig. 3-5. 
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CAUTION -

Always pull only on the connector body to dis
connect it. Never pull on the wires themselves. 

88'7!FUN8 

fig. 3-5. Common versions of hamess connectors. Harness 
connector with quick disconnect feature (top) . Har
ness connector with retain ing cl ip (bottom). 

3.3 Buyin g  Parts 

Many of the maintenance and repair tasks i n  this manual call 
for the i nstallation of new parts, or the use of new gaskets and 
other materials when reinstall ing parts. Most often, the parts 
that wil l  be needed should be on hand before beginning the 
job. Read the i ntroductory text and the complete procedure to 
determine which parts will be needed. 

NOTE -=-
For some bigger jobs, partial d isassembly and 
inspection are required to d etermine a com
plete parts l ist. Read the p rocedure careful ly 
and,  if necessary, make othe r  arrangements to 
g et the necessary parts whi le your car is d isas
sembled . 

Genuine BMW Parts 

Genuine BMW replacement parts from an authorized BMW 
dealer are designed and manufactured to the same high stan
dards as the original parts. They wi l l  be the correct material, 
manufactured to the same specifications, and guaranteed to fit 
and work as i ntended by the engineers who designed the car. 
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Many independent repair shops make a point of using 
genuine BMW parts, even though they may be more expen
sive. They know the value of doing the job right with the right 
parts. Parts from other sources can be as good, particularly if 
manufactured by one of BMWs original equipment suppliers, 
but it is often d ifficult to know. 

BMW is constantly u pdating and i mproving their cars, often 
making improvements during a given model year. BMW may 
recommend a newer,  i mproved part as a replacement, and 
your authorized dealer's parts department will know about it 
and provide it. The BMW parts organization is best equipped to 
deal with any BMW parts needs. 

Some caution is appropriate when buying parts. Parts that 
fit are not necessarily the same as parts that work. If someone 
else is buying parts for your BMW, make sure they are genuine 
BMW parts from an authorized BMW dealer or the equivalent 
from a quality supplier. 

Non-returnable Parts 

Some parts cannot be returned for credit, even if they are 
the wrong parts for the car. The best example is electrical parts, 
which are almost universally considered non-returnable be
cause they are so easily damaged internally. 

Buy electrical parts carefully, and be as sure as possible that 
a replacement is needed, especially for expensive parts such 
as control un its. It may be wise to let an authorized BMW dealer 
or other qualified shop confirm your d iagnosis before replacing 
an expensive part which cannot be returned. 

I nformation You N eed To Know 

Model.when ordering parts it is i mportant that you know the 
correct model designation for your car. Models covered in this 
manual are 3 1 8i,  325, 325e, 325es, 325i ,  325is, and 325i 
Convertible. 

Model Year. This is not necessarily the same as date of 
manufacture or date of sale. A 1 986 model may have been 
manufactured in late 1 985, and perhaps not sold until early 
1 987. It is stil l  a 1 986 model. 

Date of Manufacture. This information is helpful when 
ordering replacement parts or determining if any of the war
ranty recalls are applicable to your car. The label on the drivers 
door below the door latch will specify the month and year that 
the car was b uilt. 

Vehicle Identification Number (VIN). This is a combination 
of letters and n umbers which identify the particular car. The VIN 
appears on the state registration document, and on the car 
itself. One location, shown in F ig.  3-6, is on the dash near the 
middle of the windshield. It is most easily viewed from outside 
the car. 

Fig. 3-6. Location (arrow) of vehicle identification number 
(VIN) on 1 984-1 990 BMW cars. 

Copy down the VIN and date of manufacture and have it 
along whenever buying parts. If there was a mid-year change 
in specifications which affects replacement parts, the change 
will often be defined in terms of VIN. 

Beginning i n  1 987, a rul ing by the National Highway and 
Traffic Safety Administration (NHTSA) requires passenger cars 
with a high theft rate to have the VIN marked on specific parts 
of the car when manufactured. On BMW cars so affected, these 
parts are identified by an adhesive label. 

Original parts installed during manufacture are identified by 
a label bearing the VIN and two BMW roundel logos. The 
replacement parts will have a s imilar label, bearing one BMW 
rou ndel logo and the letters DOT-R. See Fig. 3-7. Parts or 
assemblies bearing the label are the engine, transmission, front 
and . rear bumpers, front fenders, rear quarter panels, hood, 
trunk l id and doors. These labels should not be removed as 
they will tear apart. 

. , 
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Fig. 3-7. Labels used to  identify parts. Original equipment 
label with VIN number and roundel logos (top) and 
replacement part label with one roundel logo. 



Engine. BMWs covered in this manual are powered by one 
of three different engines. 1 984-1 985 3 1 8i models have a 
4-cylinder, 1 .8 l iter engine. 325, 325e, and 325es models have 
a 6-cylinder, 2.7 l iter engine. 325i , 325is, and 325i Convertible 
models have a 6-cyli nder, 2.5 l iter engine. For more i nformation 
see ENGINE. 

Transmission Number. Although most internal repairs to 
the transmission are beyond the scope of this manual, the 
transmission number with its identifying code may be impor
tant when buying clutch parts, seals, gaskets, and other 
transmission-related parts for repairs which are covered. 

Manual transmissions are identified by a manufacturers 
stamp and code numbers and letters. The manufacturers 
stamp is located on the case, just in front of the clutch slave 
cyli nder mounting as shown in Fig. 3-8. The code numbers and 
letters are located on top of the bell housing as shown in Fig. 
3-9. More information on manual transmission codes and their 
meanings can be found in  MANUAL TRANSMISSION AND 
CLUTCH. 

Automatic transmissions are identified by code letters and 
type numbers, located on a data plate behind the manual valve 
lever, as shown in Fig. 3-1 0. More i nformation on automatic 
transmission codes and their meanings can be found in AU
TOMATIC TRANSMISSION. 

Fig. 3-8. Manufacturers stamp for Getrag manual transmis
sions. ZF transmissions are s imilar. 
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Fig. 3-9. Location (arrow) of transmission identification code 
for 5-speed manual transmission. 

111''''''1'1111/'11" 
,\1 11'/11,,,,11' 
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Fig. 3-1 0. Location of data plate on automatic transmission. 

BMW dealers are uniquely qual ified to provide service for 
BMW cars. Their relationship with the large BMW service or
ganization means that they are constantly receiving new tools 
and equipment, together with the latest and most accurate 
repair information. 

The BMW dealer's service technicians are highly trained 
and very capable. Unlike most independent repair shops, au
thorized BMW dealers are intensely committed to supporting 
the BMW product. They share every owner's interest in  BMW 
value, performance, and reliabi l ity. 
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4. TOOLS 

Most maintenance can be accomplished with a small se
lection of the right tools. Tools range in quality from inexpensive 
junk, which may break at first use, to very expensive and 
well-made tools which, to the professional, are worth every bit 
of their high cost. The best tools for most do-it-yourself BMW 
owners lie somewhere in between. 

Cheap tools are not a bargain. They often do not hold up to 
even casual use, and they present a greater risk of personal 
injury. If they fit poorly, they can actually damage the fasteners 
they are intended to remove, making it that much harder to use 
a good tool the next time around. 

Many reputable tool manufacturers offer good quality, mod
erately priced tools with a lifetime guarantee. A broken tool can 
be exchanged for a new one, for the life of the tool. These are 
your best buy. They cost a little more, but they are good quality 
tools which will do what is expected of them. Sears' Craftsman@ 
line is one such source of good quality, reasonably priced, and 
guaranteed tools. 

Basi c  Tool Requirements 

NOTE -

BMWs are delivered with a tool kit mounted to 
the underside of the trunk l id.  The kit contains a 
basic selection of tools that may fulfi l l  some of 
the requirements l isted i n  this section.  

The basic hand tools described below can be used to 
accomplish most of the simple maintenance and repair tasks. 

Screwdrivers. Two types, the common flat-blade type and 
the Phillips type, will handle 99% of all screws used on BMWs. 
Two or three different sizes of each type will be best, since a 
screwdriver. of the wrong size will damage the screw head. 

Screwdrivers are for screws. Do not use them for anything 
else, such as prying or chiseling. A complete set of screwdriv
ers can often be purchased for about the same money as the 
four or six individual ones that are really necessary. See Fig. 
4-1 . 

For a more complete tool box, include "stubby" screwdriv
ers or offset screwdrivers for use in tight spots where a normal 
length screwdriver will not easily fit. 

Wrenches. Wrenches come in different styles for different 
uses. Fig. 4-2 shows several. The basic open-end wrench is the 
most widely used, but grips on only two sides. It can spread 
apart and slip off more easily. The box-end wrench has better 
grip, on all six sides of a nut or bolt, and is much less prone to slip. 

A 1 2-point box-end can loosen a nut or bolt where there is 
less room for movement, while a 6-point box-end provides 
better grip. For hex fasteners on fluid l ines, l ike brake l ines and 
fuel l ines, a flare-nut wrench offers the advantages of a box-end 
wrench with a slot that allows it to fit over the l ine. 

The combination wrench, shown in  Fig. 4-3, is the most 
universal. It has one open-end and one 1 2-point box-end. 
For BMWs, 1 0mm and 1 3mm wrenches are the most com
mon sizes needed. A 1 7mm wrench is needed to loosen 
and tighten the engine oil drain plug. A complete set should 
also i nclude 6mm, 7mm, 8mm, 9mm, 1 1 mm, 1 2mm, 1 4mm, 
and 1 5mm. 
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Fig. 4-1 . Common flat-blade (top) and Phillips (bottom) 
screwdrivers. Offset screwdriver (right) is used for 
screws with limited access. 
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Fig. 4-2. Types of wrench heads. From left, open-end, 1 2-
point box-end, 6-point box-end, flare nut. 
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fig. 4-3. Combination wrenches with one open-end and one 
1 2-point box-end.  

Sockets. Sockets perform the same job as box-end 
wrenches, but offer g reater flexib i l ity. They are normally used 
with a ratchet handle for speed and convenience, and can be 
combined with extensions to reach fasteners more easily. 

Standard sockets come in 6-point and 1 2-point styles. For 
use with a ratchet the 6-point offers a better grip on tight nuts 
and bolts. As with wrenches, 6mm to 1 5mm, 1 7mm, and 1 9mm 
are the most needed sizes. See Fig. 4-4. 

Sockets come with different size connections to drive han
dles or extensions, called the drive size. The most common 
drive sizes are % i n . ,  3fa i n .  and '12 i n .  

As  a start, 6-point sockets with a 3fa i n .  square drive, two or  
three 3fa i n .  extensions of  different lengths, and a 3fa i n .  drive 
ratchet handle wi l l  be suitable for most jobs. 
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fig. 4-4. Sockets, extensions, and rachet handle. 
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For a more complete tool box, add deep sockets and a 
greater variety of handles and extensions. A universal joint 
extension can allow access from an angle where a straight 
extension wi l l  not quite fit. 

Spark Plug Socket. A special socket for spark plugs is the 
correct size, is deep enough to accommodate a spark plug's 
length, and includes a rubber insert to both protect the spark 
plug from damage and grip it for easier removal. A typical spark 
plug socket is shown in Fig. 4-5. 
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Fig. 4-5. Spark plug socket. 

The spark plugs used in all BMW engines require a 1 3;16  i n .  
socket. Get one with the drive size to match your ratchet handle 
and extensions. 

Pliers. A few of the many types of pl iers are shown in  Fig. 
4-6. Most are used for holding i rregular objects, bending,  or 
crimping. Some have special applications. 
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Fig. 4-6. Pliers. From left, snap-ring ,  needlenose, channel 
lock, common,  locking .  

A needlenose pl ier is used for gr ipping smal l  and poorly 
accessible objects, and is useful for wiring and other electrical 
work. A locking plier such as the well-known Vise-Grip® is 
useful because of its tight grip. 



22 FUNDAMENTALS 

Snap-ring pl iers with special tipped jaws are used to remove 
and i nstall snap-rings or circlips. A channel lock or water pump 
plier has adjustable jaws which can be quickly changed to 
match the size of the object being held to g ive greater leverage.  

There are many different types and sizes of pliers. Start with 
a small selection of different types of medium size. 

Adjustable wrench. An adjustable wrench, shown in Fig . 
4-7, can be a useful addition to a small tool kit. It can substitute 
in a pinch, if two wrenches of the same size are needed to 
remove a nut and bolt. Use extra care with adjustable 
wrenches, as they especially tend to loosen, sl ip, and damage 
fasteners. 

Compared to a wrench of the correct size, an adjustable 
wrench is always second best. They should only be used when 
the correct size wrench is not available. Choose one of average 
size range, about 6 to 8 i nches in length. 
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Fig. 4-8. Jack stand for safely supporting car to work under
neath. 

Oil Change Equipment 

Changing oil requires a box-end wrench or  socket to loosen 
and tighten the drain plug ( 1 7mm), a drain pan (at least 5 qt. 
capacity), and an oil filte r  wrench. These items are shown in 
F ig .  4-9. A wide, low drain pan wi l l  fit more easi ly under the 
car. Use a funnel to pour the new oil i nto the engine. 

An oi l  fi lter wrench is used to remove the oi l  filter. Be sure to 
'--___________________ BO_08_FN---IG get a filter wrench which wil l  grip the BMW oi l  fi lter tightly. 

fig. 4-7. Adjustable wrench. 

Jack Stands 

Strong jack stands are extremely important for any work that 
is done under the car. Jacks are designed only for short term 
use and are not solid enough to support the car for a long 
period. A jack should never be used alone to support the car 
while working u nderneath . 

Use only jack stands which are designed for the purpose. 
Blocks of wood, concrete, bricks, etc. are not safe or suitable 
substitutes. 

Jack stands are available in several styles. A typical jack 
stand is shown in Fig. 4-8. The best ones are made of heavy 
material for strength, have a wide base for stabi l ity, and are 
equipped to positively lock in their raised positions. Get the 
best ones available. 
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Fig .  4-9. Oil change equipment includes drain plug 

wrench (1 7mm), 5 qt. drain pan, oil filter wrench, 
and funnel. 

Torque Wrench 

A torque wrench is used to precisely tighten threaded fas
teners to a predetermi ned value. N early all of the repair proce
dures in this manual include BMW-specified torque values i n  
Newton-meters (Nm) and t h e  equivalent val ues i n  foot-pounds 
(ft. lb.) . 

Several types of torque wrenches are widely available. They 
all do the same job, but offer different convenience features at 
different prices. Two typical torque wrenches are shown in Fig. 



4-1 0. The most convenient ones have a built- in ratchet, and can 
be preset to indicate when a specific torque value has been 
reached. Fol low the wrench manufacturer's d i rections for use 
to achieve the g reatest accuracy. 

A torque wrench with a range up to about 250 Nm (1 85 ft. 
lb.) has adequate capacity for most of the repairs covered in  
this manual. For recommended torque values of  10  Nm or  
below, the Engl ish system equivalent is g iven i n  inch-pounds 
(in. l b.) . These small values may be most easi ly reached using 
a torque wrench calibrated in  i nch-pounds. To convert foot
pounds to inch-pounds, multiply by 1 2. To convert i nch-pounds 
to foot-pounds, divide by 1 2. 

Fig . .10-1 01. Torque wrenches. Inexpensive beam-type (top) is  
adequate but must be read visually. Ratchet-type 
(bottom) can be preset to indicate when torque 
value has been reached. 

Timing Light 

A timing l ight connects to the battery and to the #1 spark 
plug wire to check ign ition timing. A bright strobe l ight flashes 
i n  sequence with the firing of the # 1  spark plug. One example 
is shown in Fig. 4-1 1 .  Avoid less expensive models with l ights 
which are too d im to be seen i n  daylight. 
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fig. .10-1 1 .  Timing l ight a.nd e lectrical connections, including 
inductive pickup. Dial shown is found on sophis
ticated adjustable timing l ights. 
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An attractive feature of the more ' expensive models is an 
inductive pickup which just clamps on over the spark plug wire 
to get its signal, rather than needing a more positive connec
tion .  

An adjustable timing l ight is a more sophisticated i nstrument 
used fo actually measure the timing and the advance and 
retard characteristics in engine crankshaft degrees. This type is 
only necessary for detailed analysis of the ignition system's 
function. 

Tachometer 

An external tachometer is used to precisely measure engine 
speed (rpm) for various tests and adjustments. Most tachom
eters are powered by connection to the battery, and measure 
engine rpm through a connection to terminal 1 of the ignition 
coi l .  To locate terminal 1 ,  see IGNITION. 

Feeler Gauges 

Feeler gauges are thin metal strips of precise thickness, 
used to measure small clearances. They are normally available 
as a set, covering a range of s izes. For BMWs, metric feeler 
gauges (in mi l l imeters) are the best choice. Fig. 4-1 2  shows a 
set of feeler gauges. 
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Fig. 4-1 2. Feeler gauge set, used for precise measurement 
of clearances between parts. 

Micrometers 

Precision measurements of i nternal engine parts and other 
critical d imensions are made with m icrometers, some of which 
can accurately measure to within  thousandths of a mi l l imeter. 
These are expensive instruments, and are only recommended 
for those who plan to be repeatedly involved in  engine over
hauls or other similar work requir ing detailed measurement. If 
such measurements are necessary on a one-time basis, a 
qualified machine shop can be called upon to make these 
measurements, particularly if they are also going to be doing 
the necessary machine work. 
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Test Light 

A test l ight, shown in Fig. 4"1 3, is  a simple tool used to check 
electrical circuits for voltage or continuity to ground when actual 
voltage values are unimportant. A bulb in the handle wi l l  l ight 
whenever current is flowing through the circuit. The use of a 
test l ight is described in 3.2 General Advice For The Begin
ner. 

CAUTION -

Ignition, fuel injection, emission controls and 
other electronic systems may be damaged by 
the high current draw of a test light with a normal 
incandescent bulb. For these applications, use 
a low"current LED tester as described in 3.2 
General Advice For The Beginner under Mak
ing An LED Test light. 

fig. 4-1 3. Test l ight with al l igator clip test lead. 

Volt-Ohm Meter (VOM) or Multime'ter 

Many of the electrical tests in this manual call for the mea
surement of resistance (ohms) or voltage values. For safe and 
accurate tests of ignition, fuel injection, and emission control 
systems, the multimeter should be digital , with high (at least 
1 0,000 ohms) i nput impedance. See Fig. 4-1 4. 

Jumper Wires 

Some of the electrical tests in this manual require the use of 
extra jumper wires to bypass a component or a portion of the 
wiring harness. For most basic electrical tests, jumper wires 
with an in- l ine fuse and all igator cl ips at each end (made or 
purchased) are sufficient. 

For tests i nvolving harness connectors, hookup of jumper 
wires may damage the connector and cause i nferior connec
tions later on. To avoid this damage, jumper connections to 
harness connectors should be made using a small ,  flat-blade 
(spade) terminal that wi l l  mate properly with the connector. See 
Fig. 4-1 5. 
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Fig. 4-1 4. Multimeter with test probes. 

Fig. 4-1 5. Jumper wires with all igator cl ips. Flat connectors 
shown are for electrical testing at hamess con
nectors. 

BMW Specia! Tools 

Some of the more chal lenging repairs covered in  this man
ual call for the use of BMW special tools. This, however, does 
not automatically mean that the job is too compl icated or out of 
reach of the novice. 



Many of the BMW special tools mentioned in this manual are 
inexpensive and are simply the best thing to use to do the Job 
correctly. In these cases, the tool is identified with a BMW part 
number. See your authorized BMW dealer parts department 
for information on how to order special tools. 

There are some jobs for which expensive special tools are 
essential ,  and not a cost-effective purchase for one-time repair 
by the do-it-yourself owner. This manual includes such repairs 
for the benefit of those. with the necessary experience and 
access to tools. For the do-it-yourselfer, the need for special 
tools is noted in the text, and BMW dealer service is recom
mended. 

5. TROUBLESHOOTING FUNDAMENTALS 

Troubleshooting is a systematic approach to identifying and 
solving a problem. The exact approach depends on the indi
vidual circumstances, but usually relies on careful ly observing 
the symptoms. Paying attention to exactly what is happening, 
and under what conditions, is the most powerful tool available 
to get to the cause of a problem. 

The basic rule for troubleshooting is to never overlook the 
obvious. Always start with the basics and work toward the more 
complex. Lots of time and money can be wasted on exotic 
testing only to find,  eventually, that the problem is a loose wire 
or an empty fuel tank .  

Fol lowing are some tips to  in itial analysis of common prob
lems, and direction to other section or sections of this manual 
for more detailed troubleshooting i nformation. 

5.1 Starting 

There are three main requirements for starting the engine: 

1 .  The starting system (battery and starter) must provide 
adequate engine cranking speed. 

2. The ignition system must provide adequate spark at the 
proper time. 

3.  The fuel system must deliver the proper amount of fuel at 
the proper time. 

Observing the symptoms of a starting problem wil l  g ive 
clues to its cause. Slow cranking speed i ndicates problems 
with the e lectrical system-probably the battery Or starter. 
Further troubleshooting should focus on the electrical sys
tem-tests of the ignition or fuel systems at this point would be 
meaningless. See ELECTRICAL SYSTEM. 
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An engine that cranks normally i ndicates that the battery 
and starter are fine, so other starting problems suggest an 
ignition or fuel system problem. If there is no sign whatsoever 
of starting, make sure there is adequate fuel in the tank. Check 
for loose wir'es a.round the coil and .distributor. Check to see 
thatthe distributor cap and spark plug wires are dry. 

Unless this basic i nspection turns up a cause, the cause 
could be in e ither the ignition system or the fuel system.  The 
ignition .system is the more likely culprit and is also easier to 
evaluate. The · condition and function of the · ignition system 
should always be confirmed before suspecting the fuel  system, 
See ENGINE MANAGEMENT -DRIVEABILTY for more i nfor
mation on troubleshooting starting problems. 

5.2 Driveabil ity 

Problems with the way the engine runs, also known as 
driveabi l ity, may be caused by faults in either the ignition 
system or the fuel system. The ignition system should be 
investigated and its good condition confirmed before begin
ning any WOrk on the fuel system .  

The fuel injection system is far more l ikely to be  influenced 
by temperature. Symptoms which are present only when the 
engine is cold,  or only when it is warm, tend to suggest fuel 
system problems. 

For an engine with high mileage, the general mechanical 
condition of the engine may also be a factor. Particularly in  
cases where driveabil ity problems have developed slowly over 
time, troubleshooting should i nclude evaluation of the engine's 
mechanical condition with a compression test. See ENGINE. 

When attempting to evaluate · noise or vibrations which oc
cur when the engine is running, try to el iminate other possible 
causes. With a manual transmission, symptoms that change 
depending on whether or not the clutch is engaged suggest 
that the problem may be in the clutch d isc, the clutch release 
mechanism, or the transmission. See MANUAL TRANSMIS
SION AND CLUTCH. With an automatic transmission, check 
the symptoms in d ifferent shifter positions. If the symptoms 
d iffer, the problem may be in the torque converter or the 
transmission. See AUTOMATIC TRANSMISSION. 

5.3 Driving 

To track down noise and vibrations that occur whi le driving, 
first try to learn more about the symptom. Does it occur al l the 
t ime, or only at certain speeds? Does the symptom change 
depending on engine speed or vehicle speed? 
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Compare d riving in different gears at the same approximate 
engine speed (rpm). A symptom which persists at a certain 
engine speed or , speed range regardless of gear selection 
suggests an engine or exhaust system problem. See ENGINE 

or EXHAUST SYSTEM AND EMISSION CONTROLS. 

For more analysis try driving the car at the speed where the 
symptom is most noticeable, then briefly shift into neutral and 
coast. If the symptom continues unchanged, then it is the car's 
speed which is a factor, and not engine speed. Symptoms that 
vary only with the car's speed suggest problems with running 
gear. See SUSPENSION AND STEERING for more detailed 
troubleshooting information. 

. 

6. EMERGENCIES 

6.1 Changing a Tire 
H the tire goes flat while driving,  pul l  well off. the road. 

Changing a tire on a busy street or h ighway is very dangerous. 
If necessary, drive a short distance on the flat tire to get to a safe 
place. It is much better to ruin a tire or rim than to risk being h it. 

Stop the car on as flat a surface as possible, in  a place 
where you can be easi ly seen by other drivers. Avoid stopping 
just over the crest of a hi l l .  Turn on the emergency flashers, and 
set out flares or emergency markers well behind the car. 
Passengers should get out of the car and stand well away from 
the road. Take the jack, tools, and spare wheel from the trunk. 
Chock the wheel diagonally opposite to the one being 
changed. 

Loosen the wheel bolts while the car is  on the ground, but 
leave them a l ittle snug. Place the jack u nder the l ifting point 
nearest the wheel being changed (lifting points are described 
in 3.1 Safety) . Use a board to provide a firm footing for the jack 
if the ground is soft. 

Raise the jack until it is just touching the l ifting point, and 
adjust the jack so that its base is slightly under the car. Raise 
the car only far enough so that the wheel is off the ground, and 
then remove the wheel bolts and the wheel. 

To i nstall the spare wheel and tire, i nsert the centering pin 
into one of the holes, put the wheel on the centering pin,  install 
one wheel bolt and remove the pin.  I nstall the remaining wheel 
bolts and tighten them by hand, then lower the car. With all 
wheels on the ground, fully tighten the bolts in a cross-wise 
pattern. 

Torque the wheel bolts to 1 1 0 Nm (81 ft. lb.) , when i nstall ing 
the wheel if possible. If not, tighten them as much as possible, 
then loosen and retorque the bolts to the proper specification 
at the earliest opportunity. Check the i nflation pressure of the 
spare tire. Inflation pressures are g iven in LUBRICATION AND 
MAINTENANCE. 

6.2 Car Will Not Start 
Ifthe engine turns over s lowly or not at all ,  especial ly on cold 

mornings, the battery may not be SUfficiently charged. Jump
starting the battery from another car may help. Jump-starting is 
described below i n  6.3 Jump-Starting. 

If the starter seems to be operating but the engine does not 
turn over (indicated by a h igh-pitched whine or grinding when 
the ignition key is turned to STARn , then there is a problem 
with the starter. In this case jump starting will not help. 

NOTE -

Be sure to read the cautions under 6.3 Jump 
Starting prior to jump starting a low battery. Fail
ure to follow the cautions may result in damage to 
the electronic control units for the On-board com
puter or the Anti-lock Braking System (ABS) . 

Push starting (or tow starting) a car with an insufficiently 
charged battery is another option. To push start the car, turn on 
the ignition, put the car in third gear and push in the clutch 
pedal. Push the car. When the car is moving at a fair speed, 
release the clutch pedal. After the engine has started, push the 
clutch pedal back in and allow the engine to idle. 

WARNING -

Use extreme caution when push starting a car. Be 
aware of other traffic. Use the emergency flashers. 

NOTE -

On cars with automatic transmission, the design 
of the transmission makes it impossible to push 
start the engine. 

If the engine is turning over at normal speed, the battery and 
starter are fine. Check to make sure that there is fuel in the tank. 
Don't rely on the fuel gauge, it may be faulty. I nstead, remove 
the gas fi l ler cap and rock the car. If there is gas in the tank, you 
should hear a sloshing sound from the fi l ler neck. If so, turn the 
ignition on and l isten for the sound of the fuel pump. It should 
run for a few seconds, then stop. If it doesn't, fuel may not be 
reaching the engine. 

The engine also may have d ifficulty starting because it has 
too much fuel ,  because the fuel system is vapor-locked on a 
hot day, or because the ignition system is wet on a very damp 
day. There wil l  probably be a strong smell of gas if the engine 
has too much fuel (referred to as "flooded") . 



The common remedy of repeatedly cranking the engine 
with the gas pedal floored to clear a flooded engine may 
damage the catalytic converter. I nstead, wait for a few minutes, 
and then try starting the engine again .  If you suspect vapor
lock, raise the hood, let the engine cool ,  and then try to start the 
engine. 

On damp days, check the distributor cap and spark plug 
wires for condensation .  If they are wet, remove and replace the 
wires one at a t ime and dry them off with a clean dry cloth, then 
remove the distributor cap and wipe it dry inside and out. 

6.3 Jump-Starting 

Cars with partially d ischarged or completely dead batteries 
can be jump-started using the good battery from another car. 
When jump-starting the engine, always heed the following 
warnings and cautions. 

WARIVING -

G Battery acid (electrolyte) can cause severe 
burns, and will damage the car and clothing. If 
electrolyte is spilled, wash the surface with large 
quantities of water. If it gets into eyes, flush them 
with water for several minutes and call a doctor. 

<II Batteries produce explosive gasses. Keep 
sparks and flames away. Do not smoke near bat
teries. 

o Do not jump-start the engine if you suspect that 
the battery is frozen. Trapped gas may explode. 
Allow the battery to thaw first. 

CAUTlON -

e On models equipped with on-board computers, 
remove the computer fuses (fuse no. 10, 12, 21, 
and 27) prior to quick-charging to prevent dam
aging the computer. 

'" Do not quick-charge the battery (for boost start
ing) for longer than one minute, and do not ex
ceed 16.5 volts at the battery with the boosting 
cables attached. Wait at least one minute before 
boosting the battery a second time. 

To jump-start the engine, p lace the cars close together, but 
do not allow them to touch. Turn off the engine of the car with 
the good battery. Connect the jumper cables as shown in Fig. 
6-1 . 

On cars with the battery mounted i n  the engine compart
ment, connect the end of one cable to the positive post of the 
good battery, and the other end of the same cable to the 
positive post of the dead battery. The positive post is the fatter 
of the two posts and is usually marked with a plus ( + ) sign. On 
models with a trunk mounted battery, connect the positive 
terminal of the jumper cable to the wiring junction on the right 
side of the heater bulkhead, as shown in  Fig . 6-2. 
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Connect one end of the other cable to the negative ( - ) post 
of the good battery, and connect the other end of the same 
cable to the engine block of the car with the dead battery. Make 
the connection as far away from the battery as pOSSible, as 
there may be sparks. 

To ground 
on engine block 

/ 

o 

Dead battery 

Good battery 

B320.FUN.B 

fig. 6·1 . Battery jumper cables connections. Numbers indi
cate correct sequence for cable attachment 

fig. 6·2. Positive terminal jumper cable connection (arrow) 
for car with trunk mounted battery. 

Have a helper start the car with the good battery and race 
the engine sl ightly, then start the car with the dead battery. 
Leave the cars running and d isconnect the cables in the re
verse order in which they were installed. The car with the dead 
battery will need to run for at least % hour to recharge the 
battery. 
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6.4 Overheati ng 

If the coolant temperature is too h igh,  find a safe place to 
stop and turn the engine off. Open the hood and allow the 
engine to cool unti l  the temperature gauge needle is at the 
lower third of the scale. Continuing to drive an overheated car 
can cause expensive damage. 

WARNING -

Do not remove the coolant reseNoir or radiator 
cap with the engine hot. Undoing either could 
spray hot coolant, and cause burns, or damage 
the engine. 

NOTE -
If the engine cannot be safely turned off, make 
sure the air conditioner is off and turn the heater 
to h igh.  This will help cool the engine until a safe 
stopping place can be reached . 

Overheating may be caused by the driving conditions, such 
as operating the air conditioner in slow traffic, or by low coolant 
level or a damaged V-belt. Turn off the air conditioner. Check 
the coolant level and V-belts as described in LUBRICATION 
AND MAINTENANCE. If coolant is lost, check the f i l ler cap, 
hoses, clamps and radiator for signs of leakage. 

If no leaks are found, add coolant after the engine has 
cooled. The car can be driven, but have the cooling system 
thoroughly checked as soon as possible. If replacement cool
ant is not available, then plain water can be used, but the 
coolant should later be drained and refi l led with the proper 
mixture of anti-freeze and water. 

CAUTION -

Do not add cold water or coolant to a hot en
gine. Severe engine damage could result from 
the sudden temperature change. 

If steam is coming from the engine compartment then there 
is most l ikely a burst coolant hose or a large leak in the cooling 
system. To find the leak, look for s igns of coolant leakage on 
hoses, at hose connections, or on the radiator. Let the engine 
cool thoroughly, then add coolant or water to fi l l the system and 
start the engine. If a great deal of water or coolant flows out of 
the hole, then the car should not be driven unti l repairs are 
made. If there is a sl ight seepage, then it may be possible to 
drive a short distance, adding coolant as needed. 

6.5 Oii Pressure Warning ligh� 
If the oil pressure warning l ight does not go out immediately 

after the engine starts or if it comes on while d riving the car, 
stop the engine immediately to prevent severe engine damage. 

Check the oi l level as described in LUBRICATION AND 
MAINTENANCE. If the level is low, add oil to the correct level 
and start the engine. If the l ight is sti l l  on, do not run the car at 
all .  Have it towed. 

6.6 Brake Fluid level Warning Light 

The red brake fluid level warning l ight is an indicator of brake 
fluid loss. Problems with the brake system should be checked 
and repaired immediately. See BRAKES for more information. 

6.7 Anti-lock Brake System Warning I n d icator 

If the anti-lock brake system warning indicator comes on at 
normal d riving speeds, the anti-lock braking system is out of 
service. Under normal conditions, there wil l  be no change in 
the effectiveness of the brakes. I n  an emergency situation, 
however, the normal anti-lock function is lost and the brakes 
could lock. Check the system as described in BRAKES. 

6.8 D i m  lights 

Headl ights that are d im or gradually getting d immer gener
ally indicate a problem with the battery or charging system .  The 
battery charge indicator l ight may come on as the l ights are 
dimming. In e ither case, the engine and accessories are run
ning off of the battery alone, and wil l soon d ischarge it alto
gether. 

If pOSSible, do not stop the engine unless you have the 
capabil ity to jump start it. There may not be enough power in  
the starting system to restart the engine. I nstead, turn off as 
many electrical consumers as possible. This wi l l  reduce the 
current drain and wil l allow the car to be driven further before 
you lose all battery power. 

With the engine and ignition off, check to see if the battery 
cables are firmly attached, or if there are any loose wires 
leading to the battery or to the alternator. Look for heavily 
corroded (covered by fluffy white deposits) wires and connec
tors. 

Disconnecting, cleaning,  and reinstall ing corroded wires 
and connectors may solve the problem. Also check V-belt 
tension as described in LUBRICATION AND MAINTENANCE. 

6.9 Towing 

The cars covered by this manual can be towed either flat, on 
al l  four  wheels, or by a tow truck using wheel l ift or flat bed 
equipment. 



NOTE -
Do not tow with sling-type equipment. 

If flat-towing the car, use the towing eyes at the front of the 
car under the bumper. See Fig. 6-3. On some models, the front 
towing eye is a screw on type, as shown in Fig. 6-4, and is 
stored in  the tool kit .  Set the transmission i n  neutral . BMW 
recommends using nylon tow ropes. 

WARNING -

Never use the screw-on towing eye unless it is 
fully tightened. 

!liOTIE � 
Installation of certain front spoilers may prevent 
access to the front towing eyes. 

Fig. 6-3. Front towing eyes (arrows) used when flat-towing 
cars. 

Fig. 6-4. Screw-on type front towing eye. 

Towing a BMW with an automatic transmission while the 
rear wheels are on the ground can cause damage due to lack 
of lubrication . BMW recommends that cars with automatic 
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transmission be towed with the rear wheels on the ground for 
no more than 30 m iles (50 km) , at no more than 30 mph (50 
km/h) . If the d istance wil l be greater than 30 miles (50 km) , 
either remove the driveshaft (See DRIVESHAFT AND FINAL 
DRIVE) or add 1 .05 quarts ( 1  l iter) of ATF to the transmission. 
Reduce the fluid level to normal before driving the car. 

NOTE -
There are no speed or d istance restrictions 
when towing a car with a manual transmission,  
provided the transmission lubricant is fi l led to 
the correct level. 

6.10 Spare Parts Kit 

Carrying a basic set of spare parts can prevent a minor 
breakdown from turning into a major annoyance. Many of the 
fol lowing items won't allow you to do major repair work on the 
car, but they wil l  help i n  the event of the fai lure of something 
which can d isable the car or compromise its safety. 

Spare Parts Kit - Basic Contents: 

1 .  V-belt for the alternator and water pump. 

2. one or two quarts of engine oi l  

3 .  a gallon container of engine coolant (pre-mixed anti
freeze and water) 

4. spare fuel pump relay, (for 6-cyli nder engine, also spare 
main relay) 

5. a new, unopened bottle of brake fluid 

6. 1 0  amp, 1 5  amp, and 20 amp fuses 

7. upper and lower radiator hoses 

Spare Parts Kit - Additional Contents: 

1 .  replacement headl ight (sealed beam or bulb) 

2. brake l ight, turn signal l ight, and tai l l ight bulbs 

3. other relays such as headl ight, turn signal , or load re
duction 

4. wiper blades 

5.  distributor cap and rotor 
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Lubrication and 
Mai ntenance 

i ntroduction 

The useful l ife of any car depends on the kind of maintenance it receives. The procedures 
described in this section of the manual i nclude all of the routine checks and maintenance steps 
that are both required by BMW under the terms of their warranty protection and recommended 
by BMW to ensure long and reliable operation of your  car. Also included are some instructions 
and recommendations for more basic car care. 

BMW has taken a unique approach to establ ishing maintenance intervals for the cars 
covered by this manual . Most other manufacturers specify maintenance intervals strictly 
according to the number of m iles driven or the number of months that have elapsed since the 
car's last service. It is wel l  known, however, that m ileage and time are not the only relevant 
factors that determine maintenance intervals. Aggressive driving, short trips, and frequent 
stops and starts are all harder on a car, and ideally call for more frequent maintenance. On the 
other hand, a more relaxed dr iving style, longer trips with the car fully warmed up, and mostly 
h ighway driving are easier on the car and can justify less frequent maintenance. 

BMW's Service I ndicator System computes maintenance intervals based not only on 
elapsed mileage, but also on such i nputs as engine speed, engine temperature, number of 
starts, and lengths of trips. At the appropriate time, the system indicates that the next routine 
maintenance is due, based on the type of use experienced by that particular car. 

BMW is constantly updating their recommended maintenance procedures and require
ments. The i nformation contained here is as accurate as possible at the time of publ ication.  If 
there is any doubt about what procedures apply to a specific model or model year, or what 
intervals should be fol lowed, remember that an authorized BMW dealer always has the latest 
information on factory-recommended maintenance. 

Some maintenance procedures, such as oil change service, requ i re no special tools and 
can be carried out by almost any i nterested BMW owner, regardless of his or her previous 
mechanical experience. Certain other diagnostic and maintenance tasks require special tools 
and equipment. Cylinder compression tests, idle speed and idle m ixture (% CO) checks, wheel 
al ignment, and ignition timing are some examples. If you lack the tools or a suitable workplace 
for doing any of the maintenance described in this section,  we suggest you leave this work to 
an authorized BMW dealer or other qualified shop. We especially urge you to consult an 
authorized BMW dealer before beginning any repairs on a car sti l l  covered by the manufac
turer's warranty. 

All of the maintenance work described here is important and should be carried out promptly 
and correctly. Your BMW should not be thought of as a maintenance-free machine.  Correct 
care wil l  protect your  investment and help you to get many years of driving rel iabil ity and 
enjoyment from your BMW. 
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1 .  GENERAL DESCRIPTION 

Lubrication and maintenance refers to those routine proce
dures that are necessary to keep a car operating at its peak and 
to maintain the service requirements for fu l l  warranty coverage.  

Th is section of the manual contains i nformation about a l l  of 
the routine maintenance that is specified by BMW for the cars 
covered by this manual. 

Maintenance Tables 

These tables l ist all of the routine maintenance tasks for a 
particular model or model year that should be done at partic
ular maintenance intervals. All of the applicable tables can be 
found u nder 2. Maintenance Tables. 

flu i d  and lubricant Specifications 

The f lu ids and lubricants recommended for use i n  BMWs 
have been carefully chosen for their abi l ity to perform under a 
wide range of conditions and to adequately protect your car. To 
maintain these high standards of performance, and to ensure 
that ful l  warranty coverage remains in effect, use only the fluids 
and lubricants that meet the standards set forth by BMW and 
listed under 3. Fluid and lubricant Specifications. 

Eng i ne Oi l  Change 

Regular changing of the engine lubricating oi l  and the en
gine oi l  filter is perhaps the single most important maintenance 
that a car can receive. It is also simple and easy. 

The heading 4. Engine Oil Change covers the basic details 
of checking and adding oil, as well as changing the oi l  and filter. 

TUI1EH..IlP 

Much of what has traditionally been considered part of a 
tune-up has been rendered obsolete by sophisticated engine 
management technology. Therefore, tune-ups have become a 
less frequent and simpler part of maintenance. 

The heading 5. Tune-up covers those tasks that have tra
d itionally been thought of as tune-up tasks, and that are stil l  
included by BMW as periodic routine maintenance. 

Routine Maintenance - Engine Compartment 

Many of the most important routine maintenance tasks are 
done under the hood within  easy reach. They are grouped 
together so that more thorough maintenance can be planned 
and carried out most effiCiently. See S. Engine Compartment 

Maintenance for more information. 

Routine Maintenance - C hassis and Drivetrai n  

Thorough maintenance requires periodic i nspection and 
serviCing of parts that are only accessible by raising the car. 
Since this requires a suitable level workspace and the proper 
equipment to raise the Car, a l ittle more planning is required. As 
a convenient alternative, you may wish to leave these items to 
an authOrized BMW dealer or other qualified and suitably 
equipped repair shop. See 7. Under-Car Maintenance for 
more i nformation. 

Routine Maintenance - Body and I nterior 

Periodic service and i nspection of certain safety-related 
body and interior equipment is specified by BMW and covered 
under 8. Body and I nterior Maintenance. 

Cleaning and Preserving 

Aside from improving the car's appearance, cleaning and 
preserving can reduce the harmful effects of d i rt and other 
contaminants which attack the fin ish. I nformation on recom
mended cleaning materials and methods can be found under 
9. Cleaning and Preserving. 

2. MAINTENANCE TABLES 

The tables that follow l ist the routine maintenance tasks 
specified by BMW. As described in the i ntroduction, the i nter
vals for most of these tasks are determined by the BMW 
Service Indicator System .  The intervals vary from car to car, 
depending on the way the car is used. 

The maintenance intervals for a few additional items are 
based only on elapsed mi leage or time only, and these intervals 
are clearly indicated in separate tables. 

2.1 BMW Service Indicator 

The BMW Service I ndicator notifies the driver when main
tenance is required . The i ndicator, shown in Fig.  2-1 , consists 
of nine l ight emitting d iodes (LEOs) -five green,  one yellow, 
and three red-as well as "Oil Service" and " Inspection" indi
cators. 

When the ignition is turned on,  the green LEOs come on. 
They go out when the engine is started. I mmediately after a 
maintenance service, all five LEOs wil l be i l luminated. As the car 
is driven in normal use, fewer and fewer green LEOs will be 
i l luminated before start-up, indicating that the next mainte
nance i nterval is approaching. 



Fig. 2-1 . Service indicator display in instrument panel (ar� 
row) . 

When the car has accumulated sufficient use to require the 
next maintenance i nterval , the yellow LED will come on along 
with either the "Oil Service" i ndicator or the " Inspection" indi
cator. These wil l  stay on after the engine is started .  If mainte
nance service is delayed, the red LEDs wil l  also i l luminate, one 
by one, as a reminder that maintenance service is overdue. 

An oi l  service interval wi l l  always be fol lowed by an inspec
tion interval, which wil l  then be fol lowed by an oi l  service 
interval, and so on. Further explanations of these intervals are 
g iven below in 2.2 Oil Service and 2.3 Inspection. 

Resettin g  Service Indicator 

When the specified maintenance has been carried out, the 
service indicator memory needs to be reset. Resetting the 
service indicator turns out the l ights. 

The service indicator is reset using a special electronic tool .  
The tool is p lugged into the d iagnostic connector in  the engine 
compartment, which is electrically connected to the service 
indicator circuit. See Fig. 2-2. 

BMW specifies two individual tools, one for resetting the oi l  
service memory (BMW tool no. 62 1 1 20) and one for resetting 
the inspection memory (BMW tool no. 62 1 1 00) . On some 
1 987 models and on al l  1 988 through 1 990 models, an addi
tional adapter (BMW tool no. 62 1 1 40) is required . These tools 
are available from an authorized BMW dealer. 

CAUTUON == 
Follow the manufacturer's directions when reset
ting the service indicator. If the reset procedures 
are done incorrectly, the reset tool or the elec
tronic control unit may be damaged. 
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Fig. 2-2. Diagnostic connector in engine compartment (ar
row) . 

NOTE ........ 
1 984 through 1 987 models (except 1 987 325i 
models) are equipped with a 1 5-pin connector. 
1 987 325i and all 1 988 through 1 990 models are 
equipped with a 20-pin connector. Check with the 
tool manufacturer for the correct reset tool appli
cation . 

As an alternative, a single tool that resets both the i nspection 
and o i l  service memory can be purchased from one of the 
fol lowing manufacturers: 

Assenmacher Specialty Tools 
6440 Odell P lace 

Bou lder, CO 80301 
(303) 530-2424 

or 

Peake Research, Automotive P roducts D ivision 
P.O. Box 28776 

San Jose, CA 951 59-8776 
1 -800-231 -6861 

Table a l ists the maintenance tasks that need to be done at 
the intervals indicated by the BMW Service I ndicator. The 
additional maintenance tasks that are specified at particular 
time or mileage intervals are l isted in Table b. 
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Table a .  Routine Maintenance - Service I ndicator I ntervals 

Maintenance item 

Oil ·  change service 

Change oil and oil filter 4.1  

Tune-up 

Check and adjust valve clearance 5.6 
Replace spark plugs 5.2 

Replace air filter 5.1 

Replace main fuel filter 5.4 
Inspect ignition distributor cap, rotor and spark plug 
wires, and replace as necessary** 5.3 

C heck idle mixture and adjust, if applicable 
(recommended for California models) *** 

Engine compartment maintenance 

Check brake fluid level 7.2 

Check clutch fluid level 7.4 

Check automatic transmission fluid level and correct as 
necessary 7.5 

Check battery acid level and correct as necessary 6.1  

Check engine coolant level and anti-freeze protection 
and add as necessary. I nspect for cooling system 
leaks 6.4 

Lubricate accelerator l inkage and throttle l inkage with 
oi l .  Lubricate bearing of throttle plate with grease 6.2 
I nspect V-belt tension and condition , and adjust or 
replace as necessary 6.3 

Under car maintenance 

Check manual transmission oil level and add as 
necessary 7.4 

Replace manual transmission oil  7.4 

Replace automatic transmission fluid 7.5 

Check final drive fluid level 7.7 

Replace final drive oi l  7.7 

Check fuel tank ,  fuel l ines, and all  connections for 
leaks 7.8 

I nspect exhaust system 7.3 

Check power steering system for leaks. Check fluid 
level 7.S 

Check brake calipers and dust boots for leaks 7.2 

I nspect brake system for damaged hoses and l ines, 
leaks or damage 7.2 

Check brake pad and shoe wear 7.2 

* 
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* *  Maintenance recommended by the publisher that meets or exceeds B MW's requirements 
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* * *  Some California models covered by this manual have non-adjustable idle m ixture. See FUEL SYSTEM for more i nformation 
continued on next page 
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Table a. Routine Maintenance - Service I ndicator i ntervals (continued) 

� 
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0 0 � � � QI 
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Under Car Maintenance (cont'd) 

I nspect parking brake cable,  adjust as necessary 7.2 * * 

I nspect front suspension and steering for play 7.6 * * 

Inspect rear drive axle joint boots 7.7 * * 

Check front wheel bearing play 7.6 * 

I nspect wheels and tires, check tire pressure and * * 

condition 7.1  

I nspect clutch for wear 7.4 * * 

Body and Interior Maintenance 

Lubricate door h inges 8.3 * * 

Check headl ight and driving l ight aiming and adjust as * * * 
necessary. See BODY AND I NTERIOR 

Check operation of headlights, parking l ights, back-up * * 
l ights, l icense plate l ights, interior l ights, glove box l ight, 
engine compartment l ight, trun k  l ight, instrument panel 
l ights, turn signals, emergency flashers, stop l ights, 
horns, headlight flasher and dimmer switch 

Check active check control panel. See ELECTRICAL * * 

SYSTEM 

Sliding sunroof, clean and lubricate slide rail .  See * 
BODY AND !NTERIOR 

Check function of air conditioning and refrigerant * * * 
charge. See BODY AND I NTERIOR 

Check function of seat belts 8.3 * * 

Check windshield washer fluid level and add as * * 
necessary. Check operation of washer system. Check 
condition of wiper b lades 8.1  

Road Test 

Check braking performance, steering, h eating and * * 

ventilation,  automatic transmission ,  and mirrors 

** Maintenance recommended by the publisher that meets or exceeds BMW's requirements 

* * *  S'Jme California models covered by this manual have non-adjustable idle m ixture .  See FUEL SYSTEM for more i nformation 

Except where noted, the maintenance items l isted apply to 
all models covered by this manual . The boldface numbers after 
each l isting are the headings in this section where the mainte
nance procedure is discussed. The columns on the right side 
of each table g ive qu ick-reference information about the job
whether tools are needed, whether the procedure requires new 
parts, whether the car should be warmed-up to normal oper
ating temperature and, in some cases, a recommendation that 
the job be turned over to an authorized BMW dealer because 
of the need for special eqUipment or expertise. 

NOTE -

For reference, BMW's inspection requirements 
are approximately equivalent to the maintenance 
requirements that other European manufacturers 
specify. I nspection I is normally due at intervals 
with a maximum of 1 5,000 miles or 1 2  months. 
I nspection II is normally due at intervals with a 
maximum of 30,000 miles or 24 month intervals. 
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Table b .  Routine Maintenance - Time a n d  M ileage fintervals 

Maintenance item 

Replace oxygen sensor 

1 984 models with 4-cylinder engine 

1 985 models with 4-cylinder engine and al l  
models with 6-cylinder engine 

Replace brake fluid 

Drain and flush cooling system and replace 
coolant 

� III 
» =  ... c: 
CII 0 � E 

* 

III � - :::I o 0-
� � 

* * * * 
* * * * 

* * 

* * 

Note: The camshaft timing belt should be replaced every 60,000 miles (1 00,000 km) , every 4 years (48 months) , or every 
second inspection I I ,  whichever comes first 

2.2 Oil  Service 

The "Oil Service" indicator signals the need for the most 
basic level of routine maintenance. BMW's required oil service 
specifies changing the engine lubricating oil and the engine oi l  
fi lter after the engine has been warmed up. BMW
recommended additional maintenance for this same interval is 
also l isted under oi l  service in  Table a above. 

NOTE -
For reference, BMW's "Oil Service" requirements 
are approximately equivalent to the maintenance 
that other European manufacturers specify at in
tervals with a maximum of every 7,500 miles or 6 
months. 

2.3 inspection 

The " Inspection" indicator signals the need for more com
prehensive maintenance and inspection. There are two sets of 
inspection requirements-Inspection I and Inspection I I .  These 
inspections alternate throughout a car's maintenance history. If 
the last inspection i nterval was I nspection I, the next i nspection 
interval (following an oi l service interval) wil l be I nspection I I ,  the 
next after that wil l be I nspection I , and so on. 

Inspection I I  includes most of the tasks from I nspection I 
with additional I nspection I I  tasks. All are h ighl ighted under the 
" Inspection I I" heading in  Table a above. 

NOTE -
It Aside from keeping your car in the best possi
ble condition, proper maintenance plays a role in 
maintaining full protection under BMW's new-car 
warranty coverage. If in doubt about the terms 
and conditions of your car's warranty, an autho
rized BMW dealer should be able to explain them. 

• BMW specifies a one-time 1 ,200 mi le i nspec
tion for all the cars covered by this manual. For 
more information on this i nspection and on the 
BMW maintenance system, see your g love box 
information or an authorized BMW dealer. 



3. FLUI D  AND LUBRICANT SPECIFICATIONS 

The flu ids and lubricants specified by BMW for use in the 
cars covered by this manual are l isted below. Table c g ives 
engine oi l  viscosity (SAE grade) vs. operating temperature 
range for the al l  BMW engine types covered in this manual. 
Table d l ists flu id and lubricant specifications. 

CAUTION -

s The use of fluids that do not meet BMW's spec
ifications may impair performance and reliability, 
and may void warranty coverage. 

<lI Avoid high-speed long distance driving when 
using SAE 5W-20 or SAE 10W oil, especially if the 
outside temperature rises above the indicated 
limits. If maximum loads on the engine or contin
uous speeds above 60 mph (100 km/h) are ex
pected, use an oil with the next higher viscosity 
rating. 

Table c. Oi l  Viscosity Requirement vs. Temperature 
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Table d. Fluids and Lubricants 

Fluid Approximate Specification 
capacity 

Engine oil 
3 1 8i 3 .75 .L (4.0 US qt.) API service SE or 

SF 
with filter change add .25 L 

(.26 US qt.) 
325, 325e, 325i 4.0 L (4.2 US qt.) API service SE or 

SF 
with filter change add .25 L 

(.26 US qt.) 

Manual 
transmission oil 

3 1 8i 1 . 1 5  L ( 1 .2 US qt.) SAE 80, API GL-4, 
MIL-L-21 05 
(non-hypoid type) 
For alternate oi ls 
see text 

325, 325e, 325i 1 .25 L SAE 80, API GL-4, 
(1 .32 US qt.) MIL-L-21 05 

(non,hypoid type) 
For alternate oils 
see text 

Automatic 
transmission fluid 
(ATF) (drain and fi l l) 

3 1 8i 2.0 L (2. 1  US qt.) Dexron® or Dexron 
I \® ATF 

325, 325e, 325i 3 .0 L (3 .2 US qt.) Dexron® or Dexron 
I \® ATF 

Final drive 
(drain and fil l) 

3 1 8i .9 ( 1 .3**) L SAE 90, GL-5 
(.95 ( 1 .4)** US qt.) (see text) 

325, 325e, 325i 1 .7 L ( 1 .9 US qt.) SAE 90, GL-5 
(see text) 

Power steering permanently Dexron or  Dexron 
fluid sealed, no drain I \® ATF 

plug 

Brake fluid as necessary Dot 4 

Engine coolant 50% phosphate-
free ethylene 
glycol anti-freeze 

3 1 8i 7.0 L (7.4 US qt.) 
325, 325e 1 2.0 L 

( 1 2.7 US qt.) 
325i 1 0.5 L ( 1 1 .0 US 

qt.) 

** Additional flu id required when install ing a rebui lt final 
drive. See 7.7 Final Drive and Rear Drive Axles 
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Engine O i l  

Engine o i l  provides a lubricating fi lm between all moving 
parts, and also helps cool the engine. Maintain ing an adequate 
supply of clean oil is one of the best ways of making an engine 
last. Some engine oi l  is consumed during normal operation, 
making it necessary to regularly check and "top up" the oi l  
supply. Since oi l becomes contaminated and breaks down 
over time, regular oil changes are necessary. 

Engine oi l  requirements are defined by the oil 's American 
Petroleum Institute (API) service rating and by the Society of 
Automotive Engineers (SAE) viscosity rating. This i nformation 
can be found on the oil can or bottle, often on a standard label .  

The API service rating designates the type of use suited for 
the oi l .  The rating is based on the additives that are used to 
resist break-down and carbon formation, inhibit corrosion, re
sist foaming, neutralize acids, and help remove deposits and 
keep contaminants suspended in the oi l .  Although SE rated oi l  
can be used in  the engines covered by this manual , BMW 
recommends using SF rated oi ls. 

The SAE viscosity rating indicates resistance to flow. An oi l  
designated SAE 40 has a higher viscosity (greater resistance to 
flow) than an oi l  designated SAE30. While higher viscosity oils 
wil l generally offer greater engine protection, they may be too 
thick and resistant to flow and may inhibit starting in cold 
weather. 

The correct engine oi l  viscosity depends on the operating 
temperature range. See the viscosity vs. temperature table 
above. Select a viscosity rating for the lowest anticipated tem
perature at which the engine must start. 

Multi-viscosity oils have additives that make them suitable 
for use over a wider range of temperatures. For example, an oi l  
rated SAE 1 OW-30 offers the flow characteristics of SAE 1 0 at 
low temperatures, but the protection capabi l ity of SAE 30 at 
engine operating temperature. The "W" in  the SAE rating 
indicates that the oi l  is suitable for winter use. 

Oils of d ifferent viscosity ratings can be mixed , but mixing 
oils . of d ifferent API service ratings or brands is not recom
mended. 

Manual Transmission Gear Oi l  

Gear o i l  requ irements are also defined by  AP I  service rating 
and SAE viscosity rating, as described in  Engine Oil above. For 
most driving conditions, a SAE 80, GL-4 rated non-hypoid gear 
oi l is recommended by BMW for use in the manual transmis
sion. In areas where cold temperatures are encountered, a 
BMW-approved straight weight engine oi l  or ATF can be used 
to help reduce the amount of effort required to shift the trans
mission . 

Table e l ists manual transmission oi l viscosity (SAE grade) 
vs. operating temperature range. Using engine oi l or ATF in the 
manual transmission wil l not affect the service life of the trans
mission, although BMW recommends that the heavier gear oi l  
should be used during warmer temperatures. 

Table e. Manual Transmission Oi l  vs. 
Temperature 

°c 

50 1 20 

0 40 
... 1 00 w « en 

30 
80 

0 20 M 
W 60 « en 

1 0  

40 

0 0 
N 
W 

20 « en - 1 0 

-20 
0 

-30 -20 

-40 -40 

B41 5.LUB .B  

CAUTlON -

Multi-viscosity engine oils should not be used in 
the manual transmission. Use of such an oil could 
shorten the service life of the transmission. 

NOTE -

• Changing the manual transmission gear oi l  to a 
less viscous engine oi l  (lower SAE viscosity rat
ing) or ATF may increase the level of gear noise in  
the passenger compartment. 

• On some 1 984 325e models, the manual trans
mission was delivered from the factory fil led with 
Mobil SHC 630 synthetic gear lubricant. These 
transmissions are identified with a green sticker 
on the case. These transmissions can be refi l led 
using the guidel ines above. However, if refi l l ing 
the transmission with synthetic lubricant, use only 
Mobil SHC 630. 

• Some other transmissions may be compatible 
with the use of synthetic lubricants. For informa
tion on BMW-approved synthetic l ubricants, con
tact an authorized BMW service department. 
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Final Drive Gear Oi l 

Owing to the demanding requirements of the final drive 
lubricant, BMW recommends using only a specially formulated 
gear oi l  that is avai lable through an authorized BMW dealer 
parts department. For additional i nformation on this lubricant 
and · any other lubricant that may be compatible, contact an 
authorized B MW dealer service department. 

Brake Flu id 

Brake fluid deserves special consideration. It absorbs mois
ture easily, and moisture in  the fluid affects brake performance 
and reliabil ity. When replacing or adding brake fluid, use only 
new fluid from previously unopened containers. Do not use 
brake fluid that has been bled from the system, even if it is 
brand new. 

Engine Coolant 
(AntHreeze) 

BMW recommends coolant that is a mixture of water and 
phosphate-free anti-freeze containing ethylene glycol . Anti
freeze raises the boi l ing point and lowers the freezing pOint of 
the coolant. It also contains additives that help prevent cool ing 
system corrosion . 

Power Steering Fluid 

The power steering flu id is Dexron® or Dexron I I®  ATE The 
system is permanently fi l led and does not have a drain .  Rou
tinely adding ATF is not required unless the system is leaking. 

Gasol ine Add itive 

Many gasol ines do not contain the necessary additives to 
help prevent deposits on the fuel injectors and i ntake valves. 
For this reason, BMW recommends the periodic use of BMW 
Gasoline Additive (BMW Part No. 88 88 6 900 31 4) .  The 
additive is avai lable from an authorized BMW dealer. 

CAUTION -
Follow all label directions. Do not use a gasoline 
additive more than the manufacturer recom
mends. Fuel additiveS should not be used in con
junction with high-detergency fuel. Exceeding the 
recommended amount of fuel additive can lead to 
oil dilution and possible engine damage. 

In extreme cases where clogged injectors and carbon de
posits are severe, more comprehensive work may be requ ired 
to completely solve the problem. For complete i nformation on 
approved methods on i njector cleaning and intake valve de
carbonizing, consult an authorized BMW dealer. 

Greases 

Two d ifferent types of grease are used for lubrication of drive 
train and brake components. Mu ltipurpose grease (lithium 
grease) has a wider temperature tolerance range than ordinary 
grease and should be used for most general lubrication pur
poses, including roller bearings. 

Molybdenum grease is l ithium grease with a friction
reducing molybdenum disulfide additive. This grease is rec
ommended for certain applications i ncluding lubrication of the 
drive axle joints. 

4. ENGINE Oil CHANGE 

The engine o i l  level is checked with a d ipstick located in  the 
engine block behind the alternator. Check the level by pul l ing 
out the d ipstick and wiping it clean . Reinsert it all the way and 
withdraw it again .  The oi l  level is correct if it is between the two 
marks near the end of the stick. The location of the d ipstick and 
the level marks are shown in  Fig . 4-1 . The upper (MAX) mark 
indicates ful l ,  the highest acceptable oi l  level .  The lower mark 
(MIN) indicates the minimum acceptable level .  

Fig.  4-1 . Maximum (MAX) and min imum (MIN) oi l  level 
marks on dipstick. 

Always check the oil with the car on a level surface, after the 
engine has been stopped .for at least a few minutes. For the 
most accurate check, wait a few hours. 

Add oil through the filler cap on the top of the cyl inder head 
cover shown in Fig. 4-2. Add only the amount needed to bring 
the oi l  level to the MAX mark on the d ipstick, using an oi l  of the 
correct viscosity and grade as described above in  3. Fluid and 
lubricant Specifications. Too much oi l  can be just as harmful 
as too l ittle .  
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Table f. Engine O i l  Change Parts 

Engine oil filter 
3 1 8i 
325, 325e, 325i 

Oil pan drain plug sealing 
washer (all engines) 

BMW Part No. 1 1 42 1 278 059 
BMW Part No. 1 1 42 1 266 773 

BMW Part No,01 1 1  9 963 1 30 

To change oi l  and filter: 

Fig. 4-2. Location .of oil f i l ler cap. Remove and install by 
turning (arrows) . 

The amount of oi l  that needs to be added between oi l  
changes varies from one engine to another. Generally, a new 
engine or an engine operated routinely at h igh speeds wil l  
consume more oi l .  It is helpful to become fami liar with the rate 
at which a particular engine requires oi l .  A sudden increase 
may be an early waming of engine mechanical problems. 

4.1 Changing Engine Oi l  and Fi lter 

The oi l  service l ight in the service interval indicator should 
bethe basic guide to schedul ing oi l  changes. Do not rely on the 
color of the oi l  on the d ipstick to indicate when a change is 
needed. Because of the detergent additives in the oil , fresh oil 
can look dark after only a few hundred miles. 

The oil service l ight should come on at or before 7,500 
miles. If the car is used primarily for short trips in s low moving 
traffic, or routinely operated aggressively, the oi l  service l ight 
should come on earlier. In general , changing the oi l  at more 
frequent intervals will help better protect the engine and pro
mote longer engine l ife. 

A complete oi l  change requires approximately 5 qt. of new 
oil (see 3. Fluid and Lubricant Specifications) , a new oi l fi lter, 
and a new drain plug seal ing washer. Oil fi lter and sealing 
washer part numbers are l isted in  Table f. The tools needed-a 
drain plug socket or box wrench ( 1 7 mm) ,  a drain pan of at least 
6 US qt. (5.6 L) capacity, and an oil fi lter wrench-are described 
in FUNDAMEN TALS. 

1 .  Run the car for a few minutes to sl ightly warm the engine 
and the oi l ,  then shut the engine off. 

2. With the car on level ground, place a drain pan under the 
oi l  d rain plug shown in Fig. 4-3. 

Fig. 4-3. Engine oi l  d rain plug (arrow) in oi l  pan underneath 
engine (6-cyli nder engine shown) . Drain plug on 
4-cylinder engine is s imi lar. 

NOTE -
The car will not need to be raised if a shallow drain 
pan is used. 

3. Using a socket or box wrench, loosen the drain plug. By 
hand, remove the plug and let the oi l  drain i nto the pan. 

CAUTION -

Pull the loose plug away from the hole quickly to 
avoid being burned by the hot oil. It will run out 
quickly when the plug is removed. 



LUBRICATION AN D MAINTENANCE 1 3  

4. When the oi l  flow has diminished to an occasional drip, 
reinstal l  the drain plug with a new metal sealing washer 
and torque the plug to 33 + 3 Nm (24 + 2 ft. lb.) . 

5. Position the drain pan d irectly under the oil fi lter. See Fig. 
4-4. Using an oi l  filter wrench, loosen the filterby turning 
it counterclockwise, then remove it by hand. 

Fig. 4-4. Engine oi l  fi lter located in left-hand (driver's) side of 
engine. Air F i lter housing shown removed from car. 

6. After the oil stops dripping, wipe clean the oil fi lter gasket 
surface on the filter mounting flange. Lubricate the rub
ber gasket of the new oi l  filter with a l ight coating of clean 
engine oi l .  

7. I nstall the filter by hand until the gasket contacts the 
mounting flange, then turn the filter another 1 /2 turn to 
tighten it. 

CAUTlON � 
Overtightening the oil filter will make the next 
change much more difficult, and may deform the 
gasket, causing leaks. 

8. Refil l  the crankcase with oi l .  Approximate oi l  capacity is 
l isted in  Table d.  above. Use the d ipstick to check for the 
correct oi l  level .  Oi l  specifications are found in 3. Fluid 
and lubricant Specifications. 

9. Start the engine and check that the oi l pressure warning 
l ight immediately goes out. Allow the engine to run for a 
few minutes to circulate the new oi l ,  then check for leaks 
at the drain plug and around the oi l  filter. Stop the engine 
and recheck the oi l  level .  

CAUT/ON -

If the oil pressure warning light does not immedi
ately go out after the engine is started, quiCkly turn 
the engine off. Loosen the oil filter approximately 
1/4 turn (90°) and restart the engine. As soon as oil 
begins to run out of the filter, turn the engine off 
and tighten the filter. This will release any trapped 
air that is blocking oil flow. 

NOTE -

Dispose ofthe used oil properly. Use tight-sealing 
containers and mark them clearly. Check with the 
place of purchase about d isposal . 

5. TUN E-UP 

A tune-up is regular maintenance of the ignition and fuel 
systems to compensate for normal wear. Modern BMW elec
tronic ignition and fuel i njection systems have el iminated rnuch 
of the work i nvolved in  a tune-up. For the BMWs covered by this 
manual, only l imited tune-up ' maintenance is necessary to 
maintain peak performance and economy. 

5.1 Air  F i lter 

The specified maintenance i ntervals for the air filter are 
based on normal use. If the car is operated primarily in dusty 
conditions, the air fi lter should be serviced more frequently. A 
dirty air fi lter starves the engine for air , reducing power output 
and i ncreasing fuel consumption.  Fig. 5-1 shows the location of 
the ai r  fi lter housing for the engines covered by this manual . 

Fig. 5·1 . Air filter housing in front left (driver's) side of engine 
compartment. loosen nuts and uncl ip spring cl ips 
(arrows) to remove air filter. 
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The upper and lower parts of the air fi lter housing are 
fastened together with spring clips around the outside edge. To 
replace the air fi lter element, loosen the upper air filter housing 
mounting nuts and unfasten the clips. See Fig. 5-1 above. 
Separate the upper air fi lter housing from the lower housing just 
enough to remove the fi lter element. See Fig. 5-2. Take note of 
the filter's installed position . Wipe the i nside of the air fi lter 
housing using a l int-free cloth and install the new fi lter. Reinstall 
the upper air fi lter housing, making sure that the two halves are 
mated correctly. Refasten the spring-clips and tighten the 
mounting nuts. 

CAUTlON -

If a used air filter element is to be reinstalled, it is 
important to reinstall the filter in the same position 
that it was in before removal. Reversed installation 
will allow accumulated dirt to be drawn into the 
engine. 

NOTE __ 

4-cylinder engines and most 6-cylinder engines 
have 4 spring clips. Some early 6-cylinder en
gines only have two spring clips. 

Fig. 5-2. Air filter being removed from air fi lter housing . Air 
fi lter housing will vary sl ightly between models. 

5.2 Spark Plugs 
High temperature and high-voltage sparks eventually wear 

out the spark plug electrodes, and the spark plugs must be 
replaced. To replace a spark plug, gently remove the spark 
plug wire by pul l ing on the protective boot, and b low or brush 
away any dirt from around the base of the plug to prevent it 
from entering the engine when the plug is removed. 

CAUTION -

Spark plugs should be replaced one at a time so 
that the spark plug wires do not get mixed up. If al/ 
of the wires need to be removed together, label 
each wire so that they can be reinstalled on the 
correct spark plug. 

Use a 1 311 6  in .  spark plug socket to remove spark p lugs. The 
correct spark plugs for the d ifferent engines covered by this 
manua.l are l isted in Table g. Use a spark plug gap gauge to 
check the gap. If necessary, bendthe outer electrode sl ightly to 
adjust the gap to meet the specification. Do not bend or file the 
center electrode. 

Table g.  Spark Plug Specifications 

Model Spark plug Electrode gap 
Bosch Beru 

3 1 8i WR9DS RS 33 0.8 ± 0. 1  mm 
(.032 ± .004 in.) 

1 984-1 987 325, WR9LS 1 4  Rl9 LS 0.7 ± 0. 1  mm 
325e, 325es (.027 ± .004 in .) 

325i , 325is, W8LCR - 0.7 ± 0. 1  mm 
1 988-1 990 325 (.027 ± .004 in . )  

Lightly l ubricate the new spark plug threads with a l ittle oi l  or 
grease. Thread the plugs i nto the cyl inder head by hand to 
prevent cross-threading. Torque the spark plugs to 20 to 30 Nm 
(1 5 to 22 ft. lb.) . I nspect the o ld plugs, as the condition of the 
spark plug is a good indicator of combustion qual ity that can 
help diagnose engine faults. Fig. 5-3 shows some examples of 
spark plug condition and what they mean. 

NOTE -

Any of the abnormal spark plug conditions de
scribed below could also result from spark plugs 
of the wrong specification being installed. Check 
replacement plugs carefully and follow the spark 
plug manufacturer's recommendations. 

Lightly-fouled spark plugs can be cleaned with a l ight wire 
brush.  Remove all debris from around the electrode. Do not 
chip the ceramic insulator. Badly fou led spark plugs should be 
replaced and the cause of the foul ing should be i nvestigated 
and corrected. 

· 5.3 Distributor Cap, Rotor, and Spark Plug Wires 

The distributor cap, the rotor, and the spark plug wires 
deliver a high-voltage spark to the spark plugs. They are sub
ject to i nsulation breakdown, corrosion foul ing,  and electrode 
wear and damage. The components should be check and 
replaced as necessary at the i ntervals listed under 2. Mainte
nance Tables to ensure maximum ignition system efficiency. 
Guidelines for visual inspection and testing,  and instructions for 
replacement are found in IGNITION. 
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Normal 

Normal spark plug has gray or l ight 
tan color that indicates proper 
combustion 

Carbon-fouled 

Carbon-fouled spark plug has dry, 
sooty black deposits caused by 
too much fuel that may indicate 
fuel injection or ignition problems, 

Oi l-fouled 

Oi l-fouled spark plug has wet, oily 
black deposits caused by excess 
engine oil getting i nto combustion 
chamber, probably due to worn 
piston rings or valve guide oi l  
seals, 

Worn out 

Worn out spark plug may have 
correct gray or l ight tan color, 
but shows physical deterioration 
(enlarged gasp, eroded electrodes) , 

Fig. 5-3. Spark plug appearance that may indicate engine 
condition , For more information on interpreting 
spark plug condition, see ENGINE. Photos cour
tesy of Champion Spark Plug Co, 

Firing Order 

Each spark plug wire leads from a specific terminal on the 
distributor cap to a specific spark plug. This order is known as 
the ignition firing order. When removing the wires, label their 
positions so that they can be reinstalled in  the proper places. If 
the wires get mixed up, see IGNITION SYSTEM for more 
information. 

5.4 Main Fuel Fi lter 

Because of varying qual ity of available gasoline, the fuel 
fi lter may become clogged enough to restrict fuel flow. To 
prevent any such problems, and to guarantee continued good 
performance, the fi lter should be replaced at the specified 
i nterval. The main fuel filter is located beneath the left rear of the 
car, just in  front of the gas tank.  

When replacing the fuel fi lter, d isconnect the battery nega
tive ( - ) cable and clamp the fi lter in let and outlet hoses to 
lessen fuel spi l lage. Loosen the center mounting bracket and 
the two hose clamps on either end of the fi lter. See Fig. 5-4. 
Note . the arrow indicating d i rection . of flow on the new fi lter. 
I nstall the fi lter and use new hose clamps. 

WARNING -

Fuel will be expelled when the filter is removed. 
Do not smoke or work near heaters or other fire 
hazards. Keep a fire extinguisher handy. 

CAUTlON -

Clean thoroughly around the filter connections 
before removing them, and make sure that no dirt 
gets into the fuel lines. 

Fig. 5-4. Main fuel fi lter beneath car near left rear whee l .  

5.5 Id le  Speed 

Direction of f low is indicated by arrow on filter 
housing, Loosen clamping bracket at filter center 
(A) and two hose clamps (B) , 

Engine idle speed can change due to a number of factors, 
including normal wear of engine and fuel i njection compo
nents. On most of the models covered in this manual, a check 
of idle speed simply confirms that the electronic idle speed 
stabi l ization system is functioning correctly. See FUEL SYS
TEM for detailed information on checking engine idle speed . 

5.6 Valve Adjustment 

All of the engines covered by this manual may require 
periodic valve clearance adjustment. The complete valve ad
justment procedure is covered in ENGINE. 
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6.  ENG I N E  COMPARTMENT MAINTENANCE 

The i nformation under this heading describes the routine 
maintenance-other than oi l  change and tune-up-that is 
done in  the engine compartment. It is  not necessary that the 
car be raised and supported off the ground. For information on 
oi l  change and tune-up, see 4. Engine Oil Change and 5. 
Tune-up. 

6.1 Battery 

Simple maintenance of the battery and its terminal connec
tions wil l ensure maximum starting performance, especially i n  
winter when colder temperatures reduce battery power. For a 
more detai led discussion of the battery and charg ing system ,  
see ELECTRICAL SYSTEM. 

Checking and Cleani ng Battery 

Battery cable damps should be tight. The terminals, the 
cable clamps, and the battery case should be clean and free of 
the white deposits that ind icate corrosion and acid salts. Even 
a thin layer of dust containing conductive acid salts can ca[Jse 
the battery to d ischarge. 

To remove battery corrosion , begin by disconnecting the 
cables. Disconnect the negative ( - )  cable first. On 6-cylinder 
models with the battery mounted in the trunk, remove the 
battery from the. car. Clean the terminal posts and the cable 
clamps with a wire brush.  Corrosion can be washed away with 
a baking soda and water solution that wil l  neutralize the acid.  
Apply the solution careful ly, though,  s ince it will also neutralize 
the acid inside the battery. Avoid getting the solution into the 
battery cells through vent holes. Reconnect the cable clamps� 
positive ( + ) cable first Lightly coat the outsides ofthe terminals 
and clamps with petroleum jelly, g rease, or a commercial 
battery terminal corrosion inh ibitor. 

WARNING -
Battery acid is extremely dangerous. Take care to 
keep it from contacting eyes, skin, or clothing. 
Wear eye protection. Extinguish all smoking ma
terials and do not work near any open flames. 

CAUTlON -

� Disconnecting the battery cables with the en
gine running, or reconnecting the cables to the 
incorrect posts will damage the electrical system. 

@ BMW Anti-theft radios can be rendered useless 
by disconnecting battery cables. See your own
er's manual for more information. 

Battery electrolyte should be maintained at the correct level 
j ust above the battery plates and their separators. The correct 
level is approximately 5 mm (V4 in . )  above the top of battery 
plates or to the top of the i ndicator marks (if applicable) .  The 
battery piates and thejndicator marks can be seen once the 
fi l ler caps are removed. If the electrolyte level is low, replenish 
it by adding disti l led water only. 

. . The fi l ler caps are removed by screwing them off. For 
add itional information on batteries, see ELECTRICAL . SYS
TEM. 

Replacing Battery 

Batteries are rated by ampere hours (Ah) , the number of 
hours they can sustain a specific current drain before complete 
discharge, or by cold cranking amps (CCA) , the number of 
amps they produce to crank the engine i n  cold weather con
ditions. They may be rated according to European (DIN) stan
dards, by Society of Automotive Engineers (SAE) standards, or 
both. I n  general , replacement batteries should always be rated 
equal or higher than the original battery. 

The battery is held i n  place by a single hold-down bolt and 
plate. A secure battery hold-down is important in order to 
prevent vibrations and road shock from damaging the plates. 

NOTE -
GI Always disconnect the negative ( - ) cable first, 
and connect it last While changing batteries, 
clean away any corrosion in or around the battery 
tray using a baking soda and water solution. 

• On trunk-mounted batteries, a degassing tank 
for collecting overflowing battery acid is located 
beneath the. battery tray. The tank does not re
quire any maintenance. If the tank is damaged, it 
should be replaced immediately, as battery acid is 
highly corrosive. 

C harging Battery 

A d ischarged battery is not necessarily faulty. It  may be 
restored by recharging, using a battery charger. There are 
some l imitations on the rate at which low-maintenance batteries 
may be charged. Frozen batteries should be recharged only 
after they have thawed. For complete information on battery 
charging and appl icable cautions and warnings, see ELECTRI
CAL SYSTEM. 

CAUTlON -
Do not jump start the car without first removing the 
fUses for the on-board computer. If the fuses are 
not removed, the internal fuse in the on-board 
computer module may blow due to excessive 
Voltage. See ELECTRICAL SYSTEM or FUNDA
MENTALS for more i nformation. 
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6.2 Accelerator and Throttle Linkage 

The accelerator and throttle l inkage should be lubricated at 
the intervals described under 2. Maintenance Tables. Use a 
general purpose oi l  on the joints and bearings of the l inkage. 
Use a multipurpose grease on the bearing pOints of the throttle 
plate. 

6.3 V-Belts 

V-belts and pul leys transfer power from the engine crank
shaft to various accessories. Cars covered by this manual have 
at least one V-belt, and may have as many as three, depending 
on the accessories installed. 

I nspecting and Adjusting V-Belts 

I ncorrect V-belt tension can decrease the l ife of the belt and 
the component it drives. Inspect belts with the engine off. Twist 
the belt to inspect its sidewalls and bottom. Belt structural 
damage, g lazed Or shiny sidewalls caused by a loose belt, or 
separation caused by oi l  contamination are all reasons to 
replace a belt. Some of these faults are i l lustrated in Fig. 6-1 . 

Glazing 

Fig. 6·1 . Examples of belt fai lure .  

V-belt squealing is normally caused by incorrect belt tension 
(too loose) or by contamination between the belt and pul ley. 
Extremely loud squealing may only be corrected by replacing 
the belt. Belt d ressings should not be used to correct the 
problem. Many dressings contain oi l-based compounds that 
can soften the rubber and reduce belt l ife. 

The drive belt tension for the alternator and the power 
steering pump is adjusted through a toothed-rack mechanism. 
To accurately tension the drive belt for the air conditioning 
compressor, a special drive belt tensioning tool should be 
used. 

Adjust the alternator or the power steering belt by first 
loosening all of the mounting nuts unti l  the unit is able to move 
freely. USing a torquewrench and a crowfoot wrench, turn the 
tensioning gear bolt until the torque wrench reads? Nm (62 in .  
lb . )  for the alternator or 8 to  8 .5 N m  (71 to  76 in .  lb.) for the 
power steering pump. See Fig. 6-2. Hold the wrench steady 
and tighten the nut on the rear of the tensioning gear bolt. 
Tighten all other mounting nuts. 

Fig. 6·2. Altemator mounting bolts (A and B) , and pivot bolt 
(C) . Four-cyl inder engine shown. Six-cyl inder en
gine simi lar. 

The air conditioning compressor V-belt is adjusted one of 
two ways. On 4-cylinder engines, four  bolts on the top of the 
compressor mounting bracket adjust the position of the com
pressor. On 6-cylinder engines, a toothed-rack adjusting mech
anism similar to that for the power steering pump and alternator 
is used . In general , the air conditioning compressor drive belt 
can be adjusted by loosening the compressor's mounting bolts 
and pivoting the compre'ssor. Check the belt tension using a 
V-belt tension gauge. 

NOTE -
When using a belt tension gauge on V-rib type 
belts, make sure the gauge's pul l ing hook is on 
the tip of a V-rib and not between ribs. Otherwise, 
inaccurate readings may result. 
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Replacing V-Belts 

To reduce the chance of V-belt fai lure while driving, replace
ment of the belts every four years is recommended. Loosen the 
mounting bolts and adjust until the belt tension is very loose, 
then remove the belt by slipping it over the pul leys. In some 
cases it may be necessary to remove one V-belt to replace 
another. Cross section and length determine beltsize. Use the 
old belt for comparison, or make sure that the new belt fits i nto 
the pulley groove as shown . in Fig. 6-3. 

Correct Too low Too high 

Fig. 6-3. Cross-section of correct V-belt position in  pul ley. 

With the belt off, clean the pul leys using a suitable solvent. 
Inspect the pulleys for wear or damage that may cause early 
fai lure of the new belt. A straight edge on either side of pulley 
is good way to check for wear. See Fig. 6-4. This is also a good 
opportunity to inspect the belt-driven accessory, checking for 
bearing wear and excess play, for example. When install ing the 
new belt, gently pry it over the pul leys . .  Too much force may 
damage the belt or the accessory. Tension the belt(s) , run the 
engine for a few minutes (at least 1 500 rpm) , then recheck the 
belt tension. 

Fig. 6-4. V-belt pulley beiQg checked for wear us ing a 
straight edge. A worn pul ley rnay be the cause of a 
noisy belt, especially if the belt is new. 

6.4 Cooling System 

Cooling system maintenance consists of maintaining the 
coolant level and i nspecting the hoses. Because the coolant's 
anti-corrosion and anti-freeze additives gradually lose their 
effectiveness, replacement of the coolant every 2 years is 
recommended. As a preventive measure, replacement of the 
cooling system hoses every 4 years is also recommended. 

CAUTlON -

Use only BMW-approved phosphate-free anti
freeze . when filling the cooling system. Use of 
anti-freeze containing phosphates is considered 
to be harmful to the cooling system and may void 
warranty coverage. 

Checking Coolant Level 

On 4-cylinder engines, the coolant level is checked by 
removing the radiator cap. On 6-cylinder engines, a translucent 
expansion tank,  or overflow reservoir, provides easy monitor
ing of coolant level .  Because the expansion tank is translucent, 
the coolant level can be checked visually without opening the 
system. 

Always check the coolant level with the engine cold. On 
4-cylinder engines, the coolant level should be approximately 
20 mm (% in . )  below the top of the radiator. On 6-cylinder 
engines, the coolant level should be at the maximum mark on 
the expansion tank, as shown in Fig. 6-5. 

Fig. 6-5. Fil l rnark on coolant expansion tank on 1 984 
through 1 987 6-cylinder engine (arrow) . Expansion 
tank on 1 988 and later rnodels i s  sl ightly different 
Coolant level should be at rnark when engine is 
cold . 
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I nspecting Hoses 

Connections should be tight and dry. Coolant seepage 
indicates either that the hose clamp is loose, that the hose is 
damaged, or that the connection is d irty or corroded. Hoses 
should be firm and springy. Replace any hose that is cracked, 
that has bec:ome soft and l imp, or has been contaminated by 
oi l .  See Fig. 6-6. 

Abrasion damage 

Oi l  damage 

Ozone damage 

, 
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Heat damage 

Fig. 6-6. Examples of damage to coolant hoses. Any of 
conditions shown is cause for replacement. 

6.5 Power Steering 

Check the power steering f lu id level in  the fluid reservoir, 
just to the right of the battery. See Fig. 6-7. Park the car on level 
ground and start the engine. The flu id level is correct if it is 
between the MAX and MIN marks on the reservoir. If the level 
is below the MIN mark, start the engine and add fluid to the 
reservoir to bring the level up. Hand-tighten the reservoir cap. 

Fig. 6-7. Power steering fluid dipstick showing MIN and 
MAX marks. 

NOTE -

If fluid is added to the correct level with the engine 
running and then rechecked after the engine is 
stopped, the level may be slightly above the MAX 
mark. This condition is normal . 

6.6 Oxygen Sensor 

The oxygen sensor monitors engine combustion efficiency 
by measuring the oxygen content of the exhaust gasses. That 
information in turn is used to control the fuel injection system 
and reduce exhaust emissions. Any problems with the oxygen 
sensor wil l  d irectly affect exhaust emissions and the way the 
engine runs. 

Replacement of the oxygen sensor at the specified interval 
ensures that the engine and emission control system wil l  con
tinue to operate as designed. Extending the replacement in
terval may void the emission control warranty coverage. 

On 1 984 3 1 8i models, the sensor is mounted in the exhaust 
manifold and is accessible from inside the engine compart
ment. See Fig. 6-8. On 1 984 though 1 987 325, 325e, and 
325es models the sensor is mounted beneath the car at the 
inlet to the catalytic converter. On 1 985 3 1 8i models, 1 988 325, 
and al l  325i models, the sensor is mounted in the front exhaust 
pipe. See EXHAUST SYSTEM AND EMISSION CONTROLS 
for more information on the oxygen sensor system. 

Fig. 6-8. Oxygen sensor mounted i n  exhaust manifold (ar
row) on 1 984 31 8i model as viewed from beneath 
car. Location of sensor varies between models. 
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Replacing Oxygen Sensor 

The sensor is threaded into place. Trace the sensor wiring 
back from the sensor and disconnect the electrical connector. 
When install ing a new sensor, apply a l ight coat of anti-seize 
compound to the sensor threads. Torque the sensor to 55 ± 5 
Nm (41 ± 3  ft. lb.) and reconnect the wiring. 

CAUTION -

Do not get any anti-seize compound on the sen
sor tip or in the sensor slits. The anti-seize com
pound will quickly foul the sensor element and 
render the sensor inoperative. 

NOTE -
Special sockets for replacing the. oxygen sensor 
are available from most automotive parts stores. 
The socket has a groove cut down one side to 
allow the sensor to be installed without damaging 
the wire harness. 

Removing OXS Warning Light 
(1 984 31 8i models only) 

On 1 984 3 1 8i models with a 30,000 mi le (48,000 km) oxy
gen sensor, a warning l ight on the i nstrument panel wil l i l lumi
nate once this mileage is reached to indicate that the sensor 
needs replacing. The l ight is designed to come on only once. 
After that time, the bulb terminals should be d isconnected or 
the bulb itself should be removed. 

To d isconnect the bulb, remove the mounting screw on the 
right side of the warning l ight housing and remove the housing. 
Bend the bu lb back and forth until the bulb is separated from 
the housing. Reinstall the housing. See Fig. 6-9. 

Fig. 6-9. Disconnected bulb terminal (arrow) of oxygen sen
sor warning l ight. 

7. UNDER-CAR MAINTENANCE 

7.1 Tires and Wheels 

For stabi l ity and car control ,  the wheels and tires must be of 
the correct size and in  good condition. Tires must be i nflated to 
the recommended air pressures and the wheels must . be i n  
proper al ignment. For maximum safety and best all-around 
handl ing,  always install replacement radial tires having the 
same specifications .. When possible, al l four tires should be 
replaced at once, or at least in pairs on the front or rear. New 
tires do not provide maximum traction, and should be broken 
in gently for the first 1 00 miles (1 60 kilometers) or so. 

Tire I nflation Pressure 

Correct tire i nflation pressures are important to handl ing 
and stability, fuel economy, and tire wear. Tire pressures 
change with temperature. Pressures should be checked often 
during seasonal temperature changes. The correct inflation 
pressures for cars covered by this manual are l isted in Table h .  
Notice that the pressures should be h igher when the car is  
more heavi ly loaded. 

All i nflation pressures are for cold inflation. That is, when the 
car has not been driven for at least three hours, or for more than 
one mi le after sitting for at least three hours. 

WARN8NG -
Do not inflate any tire to a higher pressure than the 
tire 's maximum inflation pressure listed on the 
sidewall. Use care when adding air to warm tires. 
Warm tire pressures can increase as much as 4 
psi (0.3 bar) over their cold pressures. 

Tire Rotation 

BMW does not recommend t ire rotation.  Owing to the car's 
suspension design, the front tires begin to wear first at the outer 
shoulder and the rear tires begin to wear first at the m iddle of 
the tread or inner shoulder. Rotating the tires may adversely 
affect road handl ing and tire grip. 

NOTE -
The main purpose of tire rotation is to promote 
even wear and maximum tire l ife. Tire life may be 
decreased sl ightly if the tires are not rotated .  

Wheel Al ignment 

BMW recommends checking the front and rear al ignment 
once a year and whenever new tires are instal led . See SUS
PENSION AND STEERING for a more detailed d iscussion of 
alignment requ irements and specifications. 
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Table h .  Recommended Wheel and Tire Specifications 

Model Wheels Tires Tires pressures psi, cold 

Max. 4 persons (2 persons for Heavier load (4 persons max. for 
convertible) convertible) 

front rear front rear 

3 1 8i 5 VzJ x 1 4  H2 1 75/70 H R  1 4  26 29 29 35 
82H 

1 75/70 SR 1 4  
820 M + S  

1 95/60 H R  1 4  
85H 

1 95/60 SR 1 4  
850 M + S  

6J x 1 4  H2 1 95/60 H R  1 4  26 29 29 35 
85H 

1 95/60 SR 1 4  
850 M + S  

325, 325e(es) 5 VzJ x 1 4  H2 1 95/60 HR 1 4  31  32 32 36 
( 1 984-1 988) 6J x 1 4  H2 85H 

1 95/60 SR 1 4  31  3 1  3 1  36 
850 M + S  

1 95/65 H R  1 4  
89H 

1 95/65 SR 1 4  
890 M + S  

1 95/65 R 890 29 32 31 36 
M + S  

1 95/65 R 1 4  89H 

6 VzJ x H2 1 95/65 R 1 4 890 29 32 31 36 
M + S  

1 95/65 R 1 4  89H 

1 50 TO 365 200/60 SR 365 31  31  31  36 
880 M + S  

TO 
200/60 HR 365 
88H TD 

325i (is, iC) 5 VzJ x 1 4  H2 1 95/65 VR 1 4  32 32 33 41 
1 987-1 988 

6J x 1 4  H2 

6 1f2J x 1 4  H2 

1 95/65 R 1 4 890 32 32 33 36 
M + S  

325i(is, iC) 5 1f2J x 1 4  H2 1 95/65 VR 1 4  29 32 32 41 
1 989-1 990 

6J x 1 4  H2 1 95/65 R 1 4 890 
M + S 

6 1f2J x 1 4  H2 
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7.2 Brakes 

Routine maintenance of the brake system includes main
tain ing an adequate level of brake fluid in the reservoir, check
ing brake pads and brake shoes for wear, and inspecting the 
system for fluid leaks or other damage. 

WARN/NG -
(t Friction materials such as brake linings may 
contain asbestos fibers. Do not create dust by 
grinding, sanding, or cleaning the pads with com
pressed air. Avoid breathing asbestos fibers and 
asbestos dust, as it may result in serious diseases 
such as asbestosis and cancer, or in death. 

(!) Brake fluid is poisonous. Do not siphon brake 
fluid by mouth. Wear gloves when working with 
brake fluid to prevent contamination of cuts. 

Checking Brake Fluid Level 

The level of the brake fluid wi l l  drop sl ightly as the brakes 
wear. Check the flu id level at the brake flu id reservoir, located 
to the left of the coolant reservoir. See Fig. 7-1 . When fi l l ing the 
reservoir, use only new brake fluid from previously unopened 
containers. See 3. Fluid and Lubricant Specifications for 
brake flu id specifications. 

Fig. 7-1 . Level indicators on brake fluid reservoir .  Correct 
level is between MIN and MAX marks. 

I nspecting Brake Hoses and Lines 

Gently bend the hoses to check for cracks. Check that al l  
hoses are correctly routed to avoid chafing or kinking. I nspect 
the unions and the brake cal ipers for signs of fluid leaks. 
I nspect the l ines for corrosion, dents, or other damage. Re
place faulty hoses or l ines as described in BRAKES. 

WARN/NG -
Incorrect installation or overtightening hoses, 
lines, and unions may cause chafing or leakage. 
This can lead to partial or complete brake system 
failure. 

Checking Disc Brake Pad Wear 

Although the cars covered by th is  manual are equ ipped with 
a brake pad warning system,  the system only monitors one 
wheel per axle. There can be sl ight variations in brake pad wear 
at each wheel , so brake pad thickness should be checked 
whenever the wheels are off or brake work is being done. 

Brake pad thickness can be inspected by looking through a 
hole in the cal iper after removing the wheel .  See Fig. 7-2. Table 
i l ists minimum brake pad thickness. 

Fig. 7-2. Disc brake pad wear being checked through open
ing in caliper. Min imum brake pad thickness shown 
by dimension A. 
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Table i .  Brake Pad and lining M inimum Thickness 
(not i ncluding brake pad backing plate or  

brake shoe) 

Front disc brake pads 2.0 mm (0.08 in.)  

Rear d isc brake pads 2.0 mm (0.08 in . )  

Rear drum brake l in ings 1 .5 mm (0.06 in.) 

Checking Rear Drum Brake lin i n g  Wear 
(31 8i models) 

On 31 8i models, the brake pad warning system does not 
monitor the rear drum brake l in ings. Rear brake l inings can be 
inspected after the wheel and brake drum are removed as 
described in BRAKES. See Fig. 7-3. M inimum thickness·spec
ifications are l isted in Table i above. 

NOTE -

For parking brake l in ing wear, see Parking Brake 
below. 

Fig. 7-3. Rear brake l ining thickness being checked after 
brake drum is removed. Dimension A shows min
imum brake l ining thickness. 

Replacing Brake Flu id 

BMW strictly recommends replacing the brake fluid every 
year. Doing this wil l  help protect against corrosion and the 
effects of moisture in the flu id.  The procedure is described in 
detail i n  BRAKES. 

Parking Brake 

On models with 4-cyl inder engine, adjusting the parking 
brake is normally not necessary owing to the self-adjusting rear 
brakes. On models with 6-cylinder engine, the parking brake 
system is independent of the main braking system and may 
require periodic adjustment depending on use. Adjust the 
parking brake if the brake lever can be pu lled up  more than 8 
clicks on the ratchet mechanism. Check that the cable moves 
freely in its housing. A complete description of the parking 
brake and parking brake adjustment are described in 
BRAKES. 

NOTE -

On models with 6-cylinder engine, the parking 
brake may loose some · of its effectiveness over 
time if it is not used frequently. This is due to 
corrosion bui ld-up on the brake drum. To remove 
corrosion and restore the brake to normal, apply 
the brake just until it begins to grip, then pull the 
lever up one more stop (cl ick) . Drive the car ap
proximately 400 meters ( 1 ,300 ft.) and release the 
brake. Recheck the adjustment of the parking 
brake as described BRAKES. 

7.3 Exhaust System 

Exhaust system life varies widely according to driving habits 
and environmental conditions. If short-distance driving pre
dominates, the moisture and condensation in the system wil l  
not fully d ry out. This wil l  lead to early corrosion damage and 
more frequent replacement. 

Scheduled maintenance of the exhaust system is l imited to 
inspection . Check for restrictions due to dents or k inks. Check 
for weakness or perforation due to rust. Check to see that all 
the hangers are in  place and properly supporting the system 
and that the system does not strike the body. Alignment of the 
system and the location of the hangers are described i n  EX
HAUST SYSTEM AND EMISSION CONTROLS. 
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7.4 Manual Transmission Service 

Manual transmission service consists of i nspecting for 
leaks, checking and changing the gear oil, and checking the 
clutch d isc for wear. 

Evidence of transmission leaks is most l ikely . to be seen 
around the drive shaft mounting flange and at the bottom of the 
bellhousing, between the transmission and the engine. For 
more i nformation on identifying oil leaks and their causes, see 
MANUAL TRANSMISSION. 

Checkin g  a n d  F i l l ing  Manual Transmission O i l  

BMW recommends checking the manual transmission oi l  
level at every first inspection interval and changing the oi l  at 
every second inspection interval . Check and fi l l  the trans
mission with the car on a level surface. 

To check the oil level, remove the filler plug on the side of the 
transmission and carefully insert a finger into the hole. See Fig. 
7-4. The oil level should be just flush with the bottom edge of 
the fil ler plug threads. I n  other words, if more oil is added, it 
would run out of the filler hole. 

Fig. 7-4. Remove oi l  f i l ler plug (A) to check transmission 
lubricant level .  Remove o i l  drain plug (8) to replace 
lubricant. Use 1 7  mm hex wrench to remove plugs. 

When changing the oil , drive the car for few miles to warm 
up transmission oil . Place a drain pan under the oil drain plug 
on the bottom of the transmission. Remove both the filler plug 
and the drain plug. Reinstall and torque the drain plug to 40 to 
60 Nm (29 to 43 ft. lb.) when the oil is completely drained. Add 
oil through the fil ler unti l it begins to run out of the hole. When 
no more oil can be added, reinstall and torque the oil filler plug 
to 40 to 60 Nm (29 to 43 ft. lb.) . 

NOTE -

On 1 984 3 1 8i models with ZF transmissions, the 
fill and drain plugs may be seized due to electro
lytic corrosion. The affected plugs are coated with 
a yellow chromate sealer. If these yellow-colored 
plugs are installed, . they should be replaced with 
black phosphated plugs (BMW Part No. 23 1 1  9 
057). This procedure should be covered under 
special warranty. Check with an authorized BMW 
dealer for more information. 

Checking Clutch Disc Wear 

The clutch disc can be checked for wear using a special tool 
(BMW tool no. 21 2 060) . Insert the tool in the opening between 
the transmission bell housing and the clutch slave cylinder so 
that the tool touches the slave-cylinder pushrod. See Fig. 7-5. 
The slave cylinder is mounted to the driver's side of the trans
mission. If the tool stop (stepped portion) is more than 5 mm 
(0.2 in .) away from the slave cylinder, the clutch disc is worn 
and should be replaced. See MANUAL TRANSMISSION. 

13416.LUB B 

Fig. 7-5. Clutch disc being checked for wear using special 
tool . If gap of more than 5 mm (0.2 in.) exists 
(dimension A) , the clutch disc is excessively wom 
and should be replaced. 
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7.5 Automatic Transmission Service 

Smooth and efficient operation of the .automatic transmis
sion rel ies on the automatic transmission fluid (ATF) . Many 
automatic transmission problems can be traced to an incorrect 
fluid level, a clogged ATF strainer, or contaminated fluid. With 
regular preventative maintenance, expensive and unnecessary 
automatic transmission repair may be avoided. 

Before checking the ATF level ,  i nspect for leaks. ATF leaks 
are most l ikely to be seen around the ATF oil sump gasket and 
at the bottom of the bel l  housing, where the transmission joins 
the engine. All leaks should be corrected to avoid costly re
pairs. If necessary, replace a leaky ATF oil sump gasket as 
described below. For more information,  see AUTOMATIC 
TRANSMISSION. 

CAUTlON -
Extreme cleanliness is important when working 
on the automatic transmission. Use lint-free rags 
to check the level, and use a clean funnel when 
adding fluid. 

Checking and Fi l l ing ATF 

The location of the d ipstick for checking the ATF is shown in  
F ig .  7-6. Two dipsticks are installed on cars covered by this 
manual, a short and a long version . See Fig. 7-7. Models 
produced before February 1 985 are equipped with the short 
d ipstick. All models produced after this date are equipped with 
the longer d ipstick. The longer d ipstick (BMW Part No. 24 1 1  1 
207 767) can be fitted retroactively to al l  earlier models to 
ensure more accurate fluid checks. 

Fig. 7-6. ATF d ipstick location (arrow) . 

Short 

MAX (with ATF 
temperature at X 
1 76°F (80°C)) 

MIN (with ATF 
� 

temperature at 
1 76°F (80oG)) 

B41 7.LUB.B 

Long 

�MAX (with ATF 
temperature at 
1 76°F (80oG)) 

1I"t .... - MIN (with ATF 
temperature at 
1 7SOF (80°C)) 

MIN (with ATF 
temperature at 
1 04°F (40°C)) 

Fig. 7-7. Two versions of automatic transmission d ipsticks 
installed on cars covered by this manual. 

CAUT/ON -

Use care when adding fluid to models equipped 
with the short dipstick. Unless the transmission 
fluid is fully warmed (ATF temperature above 
1 75°F (BooG)), the ATF level may appear to be too 
low when checked. If too much ATF is added, it 
will escape from the transmission filler tube or the 
transmission vent under heavy engine load or 
cruising. 

NOTE -

The area between the MIN mark and the MAX 
mark on the d ipstick is represents approximately 
0.6 p ints (0.3 liter) of ATF on models with 4-speed 
automatic transmissions, and approximately 0.8 
pints (0.4 liters) of ATF on models with 3-speed 
automatic transmissions. See AUTOMATIC 
TRANSMISSION for information on transmission 
applications. 
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The ATF level should be checked with the car on a level 
surface with the engine idl ing and the transmission fully 
warmed. Firmly set the parking brake and place the transmis
sion selector lever in park or neutral and remove the ATF 
dipstick. The ATF level is correct if it is between the MIN and 
MAX marks on the dipstick. 

NOTE -

Driving the car for five to ten mill utes around 
town, or approximately 1 2  mi. (20 km) on the 
highway wil l ensure a fully warmed transmission. 

If the level is too low, use a clean funnel to add ATF through 
the d ipstick/fi l ler tube as specified in  3. Fluid and Lubricant 
Specifications until the fluid level is between the two marks on 
the d ipstick. 

Check the condition of the ATF by rubbing some between 
your fingers and sniffing it. The ATF should not be foamy, gritty, 
or have a burnt odor. Contaminated ATF should be drained and 
replaced to prevent further damage, but doing so will not repair 
any i nternal transmission damage that has already occurred. 

NOTE -

Because Dexron I I® ATF is a red/brown color that 
d iscolors to black/brown during normal use, ATF 
color may not be a good indicator of its condition. 

Draining and Replacing ATF, and Cleaning ATF 
Strainer 

With the car raised and supported securely on jack stands, 
place a drain pan of at least 5.6 L (6 US qt.) capacity under the 
transmission and remove the transmission drain bolt. See Fig. 
7-8. Remove the d ipstick/fil ler tube mounting nut from the front 
of the sump and remove the tube. See Fig. 7-9. Remove the 
sump mounting bolts and clamping brackets. See Fig. 7-1 0. 
Remove the oi l  sump and the gasket. Pour out any fluid 
remaining from the sump. 

CAUTlON -

Towing the car or running the engine without ATF 
in the transmission will ruin the transmission bear
ings. 

NOTE -

Two types of sump mounting brackets are used 
on the 4-speed automatic transmission (4 HP22) . 
Four  rounded brackets are installed at each cor
ner of the sump and two flat brackets are installed 
at the sump's side. Be sure the brackets are 
positioned correctly during installation. 

Fig. 7-8. Automat ic transmission fluid drain bolt (arrow) . 

Fig. 7·9: Automatic transmission 
mounting nut (arrow). 
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Fig. 7-1 0. Automatic transmission sump mounting bolts and 
clamping brackets (arrows) . 

Remove and clean the magnets in the o i l  sump. Note the 
position of the magnets. Remove and clean the transmission 
strainer. On models with 3-speed transmission , the strainer is 
held in place with twelve Torx® bolts of unequal length . On 
models with 4-speed transmission, the strainer is held in  place 
with three Torx® bolts. See Fig. 7-1 1 .  On models with 4-speed 
transmission , remove the strainer O-ring. 

\; @ @ 
, If 
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Fig. 7-1 1 .  Transmission fluid strainer mounting bolts (ar
rows) for 3-speed transmission (3 HP 22) (top) , 
and 4-speed transmission (4 HP 22) (bottom) . 

CAUTION -

The strainer can be cleaned if it is dirty or 
clogged. The strainer should be · replaced if a 
brown gummy residue has accumulated on the 
screen, if it cannot be thoroughly cleaned, or if it 
is in any way damaged. Using a damaged or 
partially plugged strainer may cause serious 
transmission damage. 

NOTE -

See AUTOMATIC TRANSMISSION for more inc 
formation on how to identify a particular transmis
sion. 

Clean the sump and install the sump magnets. Make sure 
the sump is completely dry. Remount the strainer using a new 
O-ring (if applicable) and · tighten the mounting bolts to the 
torque l isted in  Table j .  Using a new sump gasket without any 
sealer, .instal l the ATF sump. I nstall the clamping brackets so 
that the. short leg of the bracket is contacting the sump. Tighten 
the bolts to the torque l isted below. Instal l  and tighten the oi l  
fi l ler tube. Refil l  the transmission with f lu id according to the type 
and amount specified in 3. Fluid and Lubricant Specifica
tions and check the fluid level as described earlier. 

Table j .  Automatic Transmission Tightening Torques 

ATF strainer to transmission 1 0- 1 1 Nm (7-8 ft. l b.) 

ATF sump to transmission 
3 HP 22 8-9 Nm (6-7 ft. lb.) 
4 HP 22 6-7 Nm (4-5 ft. lb.) 

ATF sump drain plug 1 5- 1 7 Nm (1 1 -1 3  ft. lb.) 

ATF fi l ler tube to oi l  sump 
3 HP 22 1 00-1 1 5  Nm (73-84 ft. l b.) 
4 HP 22 98 Nm (72 ft. lb.) 

7.6 Front Suspension and Steering 

I nspection of  the front suspension and steering i ncludes a 
check of all moving parts for wear and excessive play. Also 
inspect the rubber seals and boots for cracks or tears that 
could allow the entry of dirt, water, and other contaminants. 
Complete front suspension inspection and troubleshooting 
information can be found in  SUSPENSION AND STEERING. 

7.7 Final  Drive and Rear Drive Axles 

Final d rive and drive axle service consists of checking and 
changing the gear oil , inspecting for leaks, and checking the 
rear drive axle protective boots for damage. 

The areas where leaks are most l ikely to occur are around 
the drive shaft and drive axle mounting flanges. For more 
information on identifying oil leaks and their causes, see 
DRIVESHAFT AND FINAL DRIVE. 
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Checking a n d  F i l l i n g  Final Drive lubricant 

Check the l ubricant level with the car level. Remove the oi l  
fi l ler plug, shown i n  Fig. 7-1 2. The level is correct when the f luid 
just reaches the edge of the fi l ler hole. See 3. Fluid and 
lubricant Specifications. Torque the oi l  fi l ler plug to 55 Nm 
(41 ft. lb.) . 

Fig. 7-1 2. Final drive oi l  f i l ler plug (A) and oi l  drain plug (8) . 

NOTE -

When install ing a BMW remanufactured final drive 
un it, an additional amount of "running-in" oil is 
required for the first 1 ,200 mi. (2,000 km) . After 
this period , the final drive is d rained and fil led as 
described below. The additional oi l  should be 
added prior to instal l ing the un it because the oil 
level rises above the oi l  fi l ler hole when the un it is 
installed . 

To replace the final drive gear oi l ,  drive the car for a few mi les 
to warm up the lubricant. With the car on a level surface, 
Remove the fi l ler and drain plug as shown above. When the oi l  
is fully drained, install and torque the drain plug to 55 N m  (41 
ft. lb.) . Add oi l  though the fi l ler plug unti l it begins to run out of 
the fi l ler hole. I nstall and torque the fi l ler plug to 55 Nm (41 ft. 
lb.) . 

Drive Axle Joint Boots 

The protective boots must be closely inspected for cracks 
and any other damage that wil l  allow contaminants to get into 
the joint. If the rubber boots fail ,  the water and dirt that enter the 
joint will quickly damage it. Replacement of the drive axle joint 
boots and inspection of the joints are described in SUSPEN
SiON AND STEERING. 

1.8 Fue l  Tank and Fuel lines 

Inspect the fuel tank, fue l  l ines, and fuel system for damage 
or leaks. If fuel odors are detected in the passenger compart
ment, the fuel-pump cover O-ring (beneath the rear seat bot
tom) may be faulty. See FUEL SYSTEM for replacement of the 
O-ring.  

Check for fuel leaks in  the engine compartment. Check for 
faulty fuel l ines by bending them. If any leaks are present, fuel 
should be expelled. Check for a damaged fuel tank. Incorrectly 
raising the car can damage the tank. Check for any evaporative 
emissions hoses that may have become d isconnected, check
ing carefully atthe charcoal canister and evaporative emissions 
purge valve. See FUEL SYSTEM for component locations. 

WARNING -

When checking for fuel leaks, the engine must be 
cold. A hot exhaust manifold or exhaust system 
could cause the fuel to ignite or explode causing 
serious personal injury. Clean up spilled fuel im
mediately. 

8. BODY AND I NTERIOR MAINTENANCE 

8.1  Windshield Wiper Blades 

Common problems with the windshield wipers include 
streaking or sheeting,  water d rops after wiping,  and blade 
chatter. Streaking is usually caused when wiper blades are 
coated with road film or car wash wax. Clean the blades using 
soapy water. If cleaning the blades does not cure the problem 
then they should be replaced. BMW recommends replacing 
the wipers blades twice a year, before and after the cold 
season. 

Drops that remain behind after wiping are caused by oi l ,  
road fi lm,  or diesel exhaust coating the windshield. Use an 
alcohol or ammonia solution , or a non-abrasive cleanser to 
clean the windshield. 

Wiper blade chatter may be caused by d i rty or worn blades, 
by a d irty windshield, or by bent or twisted wiper arms. Clean 
the blades and windshield as described above. Adjust the 
wiper arm so that there is even pressure along the blade, and 
so that the blade is perpendicular to the windshield at rest. If the 
problem perSists, the blades are excessively aged or worn and 
should be replaced. 

8.2 Body lubrication 

The door locks and lock cylinders can be lubricated with an 
oi l  that contains graphite. The body and door h inges, the hood 
latch, and the door check rods should be l ubricated with SAE 
30 or SAE 40 engine oi l .  Lubricate the seat runners with 
multipurpose grease. Do not apply any oil to rubber parts. 
Lubricate the sunroof guide rai ls. with s i l icone spray. If door 
weatherstrips are sticking, lubricate them with si l icone spray or 
talcum powder. 



LUBRICATION AND MAINTENANCE 29 

8.3 Seat Belts 

Dirt and other abrasive particles will damage seat belt web
bing. If it is necessary to clean seat belts, use a mild soap 
solution. Bleach and other strong cleaning agents may weaken 
the belt webbing. 

WARNING -

Do not clean the seat belt webbing using dry 
cleaning or other chemicals. Allow wet belts to dry 
before allowing them to retract. 

The condition of the belt webbing and the function of the 
retractor mechanisms should be inspected . See BODY AND 
iNTERIOR for seat belt inspection information. 

9. CLEANiNG AND PRESERVING 

9.1 Care of  Exterior Finish 

The longer dirt is left on the paint, the greater the risk of 
damaging the glossy finish, either by scratching or by the 
chemical effect d i rt particles may have on the painted surface. 

Washing 

Do not wash the car in  d irect sunl ight. I f  the engine hood is  
warm, allow i t  to  cool .  Beads of water not only leave spots when 
dried rapidly by the sun or heat from the engine, but also act as 
tiny magnifying glasses that can burn spots into the finish.  
Wash the car with a m ixture of lukewarm water and a mild soap 
made expressly for washing cars. Using general detergents, 
even ones that claim to be gentle, can cause damage to the 
paint over time. Rinse using plenty of clear water under as l ittle 
pressure as possible. Wipe the body dry with a soft terry-cloth 
towel or chamois to prevent water-spotting. BMW recommends 
washing the car once a week. 

On convertible models, spraying water over the top is nor
mally all that is needed to clean the top. If it is heavily soiled , use 
a weak concentration of a mi ld, non-alkaline soap. Gently rub 
the top with a sponge or soft bristle brush and rinse l iberally 
with clean water. 

Waxing 

For a long-lasting, protective, and glossy finish, apply a hard 
wax after the car has been washed and dried. Use carnauba or 
synthetic based products. Waxing is not needed after every 
washing. You can tell when waxing is required by looking at the 
finish when it is wet. If the water coats the paint in  smooth 
sheets instead of forming beads that roll off, a new coat of wax 
is needed. 

Pol ishing 

Use paint polish only i f  the  finish assumes a du l l  look after 
long service. Polish can be used to remove tar spots and 
tarnish, but afterwards a coat of wax should be applied to 
protect the clean finish. Do not use abrasive polish or cleaners 
on aluminum trim or accessories. 

Washing ChaSSis 

Periodic washing of the underside of the car, especially in  
winter, wil l  he lp  prevent accumulation of road salt and rust. The 
best time to wash the underside is just after the car has been 
driven in wet conditions. Spray the chassis with a powerful jet 
of water. Commercial or self-service car washes may not be 
best for this, as they may recycle the salt-contaminated water. 

Special C leani ng 

Tar spots can be removed with a bug and tar remover. 
Never use gasoline, kerosene, nail polish remover, or other 
unsuitable solvents. I nsect spots also respond to tar remover. 
A bit of baking soda dissolved in the wash water will facil itate 
their removal . This method can also be used to remove spot
ting from tree sap. 

9.2 Care of i nterior 
Dirt spots can usually be removed with lukewarm soapy 

water. Use spot remover for grease and oil spots. Do not pour 
the l iquid d irectly on the carpet, but dampen a clean cloth and 
rub carefully, starting at the edge of the spot and working 
inward. Do not use gasoline, naptha, or other flammable sub
stances to clean the carpeting. 

Vinyl and Cloth Upholstery and Trim 

Use a dry foam cleaner. Grease or  paint spots can be 
removed by wiping with a cloth soaked with this cleaner. Use 
the same cleaner, applied with a soft cloth or brush,  on the 
headl iner and side trim panels. For cloth-covered seat areas, 
use the techniques described previously for cleaning the car
peting. 

Leather Upholstery and Tri m  

Leather upholstery and trim should be  periodically cleaned 
using a sl ightly damp cotton or wool cloth. The idea is to get rid 
of the dirt in the creases and pores that can cause brittleness 
and premature aging. On heavily soi led areas, use a miid 
detergent (such as Woolite®) . Use two tablespoons to one 
quart of cold water. Dry the trim and upholstery completely 
using a soft cloth . Regular use of a good qual ity leather con
d itioner will reduce drying and cracking of the leather. 
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Engine 
Management
Driveabil ity 

I ntroduction 

Driveabi l ity-the overall performance of the car, its abil ity to start quickly, run and accelerate 
smoothly, and deliver fuel economy as wel l  as power-can only be achieved when all of the 
engine's major systems are working properly. This is even more true for today's cars with strict 

exhaust emission control. 

One problem in troubleshooting an engine that performs poorly is knowing where to begin 
looking for the problem. There may be an ignition fault, a fuel delivery problem, a faulty 
emission control system,  or a mechanical problem with the engine itself. A fault in any of these 
systems might cause poor driveabi lity symptoms. Because top engine performance depends 
on the integrated functions of several systems, effective troubleshooting must i nclude checking 

all these systems together. 

This section offers advice for simple maintenance that can help prevent driveabil ity prob
lems. It also includes basic troubleshooting information that addresses symptoms of poor 
driveabi lity and can help isolate problems to a specific system. It is a guide to problem solving, 
intended to be used in  conjunction with the other sections in  this manual . 
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1. GENERAL DESCRIPTION 

Engine management is a term widely used to describe the 
control of all the functions that affect how the engine runs. While 
this obviously i ncludes the fuel system and the ignition system ,  
i t  may also i nclude emission control systems and auxil iary 
functions such as idle speed control. 

On the 3 1 8i model, engine management is a function 
shared by the L-Jetronic fuel i njection system ,  the ignition 
system, and various auxi liary controls. For all  3-Ser!es m

.
odels 

with 6-cylinder engines, these functions are combined In  the 
single Bosch Motronic engine management system. 

Whether the systems are separate or combined, i t  is  impor
tant to consider all of the engine management functions when 
troubleshooting.  This section describes some l ikely causes of 
general driveabi lity problems, and suggests ways of !�olating 
other problems to faults i n  a particular system.  Specific tests 
and repairs are covered in FUEL SYSTEM, IGNITION, EX
HAUST SYSTEM AND EMISSION CONTROLS, and ENGINE. 

Fuel tank 

Spark Fuel 
i njector 

Fig. 1 -1 .  Schematic of L-Jetronic System used on the 4-
cyl inder (31 8i) engines. Courtesy Robert Bosch 
Corp. 

Cold-

1 . 1 L-Jetronic Fuel I njection System 

The 4-cylinder engines covered in this manual are equipped 
with the Bosch L-Jetronic fuel injection system and a transis
torized ignition system .  The two systems are completely i nde
pendent, each controlled by its own electronic control un it 
(ECU) . 

Basic ignition timing is determined by the mechanical ad
justment or position of the distributor. During engine �per

.
ation,  

ignition timing is advanced . and retarded by a combination of 
mechanisms. A centrifugal advance mechanism adjusts igni
tion timing according to engine rpm. A vacuum advance mech
anism adjusts ignition timing according to manifold pressure. 

The L-Jetronic fuel i njection system is an electronic system 
using electrical Signals from an air flow sensor, air and coolant 
temperature sensors, the ignition system, and an exhaust
mounted oxygen sensor to calculate and del iver the preCise 
amount of fuel required by the engine. Fuel under pressure is 
i njected via electronically controlled solenoid-type fuel i njec
tors. The ECU electrically controls the opening and closing of 
the i njectors by switching the ground side of each i njector 
circuit. The exact amount of fuel i njected is determined by the 
amount of time the i njectors are open. Fig. 1 -1 shows a sche
matic of the L-Jetronic fuel i njection system. 

stabi lizer 
valve 

BOSCH 

Electronic 
control 
unit 

relay 

screw 

Battery 
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1 .2 Motronic Engine Management System 

All 6-cylinder engines covered by this manual are equipped 
with a Bosch Motronic engine management system.  Fuel in
jection, ignition, and other functions are combined under the 
control of one ECU. See Fig. 1 -2.  

The ignition distributor is an integral part of the cyl inder 
head, driven d irectly by the camshaft. It contains no mechan
ical timing-advance components, and basic ignition timing is 
non-adjustable. All ignition timing is determined by the 
Motronic ECU, interpreting signals from sensors that indicate 
engine crankshaft position. Ignition timing is advanced and 
retarded electronically. 

The fuel injection functions of the Motronic system are very 
simi lar to those of the L-Jetronic fuel injection system described 
above. The amount of fuel i njected is determined by the ECU. 
It responds to various sensor inputs, and controls the opening 
and closing of the solenoid-type fuel injectors. 

Fuel 
pump 
(electric) 

Fuel 
tank 

Ignition 
coil ---.,-;t=----k 

Oxygen 

1 .3 M otronic 1 . 1 Engine Management System 

A second generation Motronic system,  Motronic 1 . 1 ,  was 
i ntroduced i n  1 987 on the 325i and later in 1 988 on the 325 
models. It is a more sophisticated version of the "basic" 
Motronic system.  The differences between the two systems are 
mainly i n  the electronic circuitry. 

Both systems have adaptive abil ities that actually adjUst the 
system to compensate for things such as engine wear and 
vacuum leaks. On Motronic 1 . 1 ,  the system has additional 
adaptive features that enable the system . to change the sys
tem's base settings in the control un it's memory over time. For 
a more detai led explanation of the Motronic 1 . 1 engine man
agement system, see FUEL SYSTEM. 

NOTE -
All of the information in this section labeled 
" Motronic" applies to both Motronic systems, un
less Motronic 1 . 1 is specifically mentioned as an 
exception. 

Fuel pressure 
regulator o;1llL ....... ...-- Electronic 

valve adjusting screw 

control 
un it 

I ntake air 
temperature 
sensor 

Thermo-time switch (ex. 325i and 1 988 325 models) 
Coolant 
temperature sensor 

Reference sensor 

Fig. 1 -2.  Schematic of Motronic engine management sys
tem used on all 6-cyl inder engines covered in this 
manual . Courtesy Robert Bosch Corp. 

BOSCH 

Battery Ignition 
switch 
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2. MAINTENANCE 

Carrying out maintenance at the specified i nterval i s  the key 
to 

.
preventing .engine ·performance and driveabi l ity problems. 

The BMW service i nterval system has been precisely designed 
to provide optimum maintenance requirements based on per
sonal driving habits. 

Extending the specified service . intervals will only I
.
ead to 

driveability problems later on.  As . an eXCimple, extending the 
replacement of the tune-up c9mponents can

. 
cause clogged 

fuel i njectors, a damaged oxygen sensor, or even a damagt3d 
catalytic converter. A worn out oxygen sensor will cause poor 
idle characteristics and higher than normal fuel consumption. 
Di luted engine oi l  or oi l  that has reached its "break down" point 
can lead to engine wear on the cyl inder walls and other friction 
surfaces, such as bearings and bushings. Therefore, it is good 
insurance to service the car promptly when the maintenance 
reminder l ights come. 

For information on BMW's recommended maintenance per
taining to engine management and driveabi lity, see FUEL SyS
TEM, IGNITION, and EXHAUST SYSTEM AND EMISSION 
CONTROLS. 

3. TROUBLESHOOTING - BASIC 
REQUIREMENTS 

This heading covers general engine management princi
ples and the basic requirements that allow an engine to run 
smoothly. Therefore, effective troubleshooting of specific run
ning conditions can only take place after all of the common 
problem areas l isted below have been el iminated as a source 
of trouble. 

Most d riveabilty problems are complex in nature. A logical 
method needs to be used to isolate the trouble area. Always 
begin with the simplest and most fUndamental engine man
agement basics. Jumping to conclusions or searching aim
lessly for the problem can be time consuming and frustrating. 

As with any troubleshooting, careful observation of symp
toms is the key to identifying and isolating driveabil ity prob
lems. A test d rive can help by demonstrating when the problem 
is most pronounced, such as a hesitation which occurs only 
when accelerating, or a steady miss at high speed. 

How has the symptom developed? A symptom that devel
ops quickly is probably caused by a problem that can be 
corrected by simple maintenance or repair. A symptom that 
has developed gradually over time, especially after sixty or 
seventy thousand m iles is more I ikt3ly an indication of general 
wear and the need for more comprehensive work. 

Warnings and Cautions 

For general safety, and to protect the sensitive electronic 
components, the fol lowing warnings and cautions should be 
adhered to during any troubleshooting, maintenance, or repair 
work. Always follow the propeut3pair and working procedures 
in the sections that are referenced. 

WARNING ---
ID The ignition systems used on the carscovered 
by this manual are high-energy systems operating 
in a dangerous voltage range that coi.J/dprove to 
be fatal if exposed terminals or live parts are 
contacted. Use extreme caution when workingon 
a car with the ignition on or the engine running. 

• Do not touch or disconnect any of the high 
tension cables from the coil, distribptor, or spark 
plugs . •  while . •  the engine is running or being 
cranked by the starter. 

• Connect and disconnect ignition system wires, 
multiple connectors, and ignition test equipment 
leads only while the ignition is switched off. 

• Before operating the starter without starting the 
engine (as when making a compression test), 
disable the ignition. See IGNITION for more in
formation. 

• Do not disconnect terminal 4 (center terminal) 
from the coil or remove the distributor cap to 
disable the ignition. 

• During any test where fuel is discharged, do not 
smoke or work near heaters or other fire hazards. 
Have a fire extinguisher handy. 

CAUTlON -

... Do not connect test instruments with a 12-volt 
power supply to terminal 15 (+) of the ignition 
coil. The current flow will damage the ignition 
control unit. In general, make test connections 
only as specified by BMW, as described in this 
manual, or as described by the test instrument's 
manufacturer. 

• Do not disconnect the battery while the engine 
is running. 

Ii) Do not exceed 1 6.5 volts at the battery with 
boosting cables attached, and do not quick
charge the battery (for boost starting) for longer 
than one minute. Wait at least one minute before 
boosting the battery a second time. On models 
equipped with on-board computers, the com
puter fuses (no. 10, no. 12, no. 21, no. 23, no. 27) 
should be removed prior to quick-charging to 
prevent darnaging the computer. 

• Do not connect terminal 1 (-) of the ignition coil 
to ground as a means of preventing the engine 
from starting. 

GRunning the engine with a spark plug wire dis
connected may damage the catalytiC converter. 

Il Cleanliness is essential when working with fuel 
circuit components. Before disconnecting any 
fuel lines, thoroughly clean the unions. Use clean 
tools. 
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3.1 Engine 

Before troubleshooting a poorly running engine or an en
gine that will not start, determine the general condition of the 
engine, especially if it has high mi leage. If the engine is se
verely worn or has mechanical problems, the only remedy is 
overhaul or repair. If a tune-up or scheduled maintenance is 
due, it should be done before proceeding to other areas of this 
section. 

Mechanical Condition 

Only a few basic functions are required of the engine. The 
parts must f it together properly, operate smoothly, and seal well 
enough to create and maintain  compression, and keep pistons, 
valve train ,  and ignition properly timed.  

General engine condition can be easily assessed by per
forming a few simple d iagnostic tests. Make sure that the valves 
are correctly adjusted before making these tests. If the engine 
cannot be started ,  perform a compression test. If the engine 
runs and can idle, perform a vacuum gauge test. These tests 
are covered in ENGINE. 

NOTE -

Compression and vacuum gauge tests requi re 
special test equipment. If the equipment is not 
available, most automotive repair shops can do 
these tests quickly and at a reasonable cost. 

Carbon Deposits 

Carbon deposits on the fuel injectors and the intake valves 
wil l  affect the way the engine idles and runs. See Fig. 3-1 . Even 
a ten percent decrease in the amount of fuel that the injectors 
del iver wil l  cause driveabi l ity problems. These deposits nor
mally form during the "hot soak" period immediately after the 
engine is turned off, at which point the engine temperature 
rises sl ightly for a short period. 

Fig. 3-1 . Examples . of carbon depos its on fuel injector (left) 
�nd intake valve (right). Carbon deposits can cause 
a rough idle, hard cold starting, and overall poor 

performanCe . 

Driving style is thought to be the main contributor to the 
problem. A car that is predominantly driven on short trips 
around town or in  city traffic seems to i ncrease the l ikel ihood of 
deposits forming. 

Carbon deposits on the intake valves and i njectors should 
be removed prior to troubleshooting driveabil ity problems. 
Special fuel  i njector test equipment is requ i red to accurately 
check for clogged i njectors. If the injectors are severely 
clogged, they can be removed and visually inspected. I nspect
ing the intake valves is more difficult because the i ntake man
ifold needs to first be removed. Check with an authorized BMW 
dealer for the latest information on carbon deposits and the 
best methods used to remove them. 

CAUTlON -

Always follow the manufacturer's directions when 
using fuel tank additives designed to remove car
bon deposits and clean injectors. It is recom
mended that high detergency fuels should not be 
used together with fuel tank additives. The excess 
amount of cleaner in the fuel can dilute engine oil 
and accelerate engine wear. Always check with 
an authorized BMW dealer before using fuel ad
ditives with high detergency fuel. 

Tune-up and Preventive Maintenance 

The condition of the tune-up and emission control compo
nents can affect engine performance and driveabi l ity. Extend
ing tune-up and maintenance schedules beyond those recom
mended by the manufacturer can adversely affect the way the 
engine runs. When experiencing driveabi l ity problems, a good 
starting point is to do a tune-up, especially if schedu led main
tenance is overdue. Many driveability problems are el iminated 
by s imply replacing these components. 

A tune-up is regu lar maintenance of the ignition and fuel 
system components for normal wear and contamination. The 
ignition components all carry high voltage to deliver a precisely 
timed spark to ignite the airifuel m ixture. If any of these com
ponents are faulty or worn, the intenSity and timing of the spark 
will be affected. Extending the replacement intervals of fuel 
system and emission control components can adversely affect 
fuel delivery and air/fuel mixture. 

Replacement schedules and procedures for the spark 
plugs, spark plug wires, distributor cap, ignition rotor, fuel filter, 
air fi lter, oxygen sensor, and oil and oil fi lter are g iven in  
LUBRICATION AND MAINTENANCE. 
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NOTE -

For information on inspecting ignition compo
nents, see IGNITION. For information on testing 
the oxygen sensor, see EXHAUST SYSTEM AND 
EMISSION CONTROLS. 

Valve Adjustment 

Correctly adjusted valves are necessary for efficient engine 
operation.  If the valve clearances are too smal l ,  the valves may 
not close all the way, resulting in low compression and a loss 
in power. If the valve clearances are too large, the valves may 
not fully open, causing a reduction in engine efficiency. Proce
dures for checking and adjusting valve clearances are de
scribed in !ENGINE. 

3.2 Basic Adjustments 
In add ition to tune-up component replacement, it is impor

tant that all of the basic adjustments that can be made are 
correctly set. Check ignition timing, idle speed, and idle mixture 
(%CO) to be sure they are all within  the specified l imits. All of the 
models covered by this manual are equipped with a non
adjustable or self-correcting, e lectronically controlled idle 
speed. I n  addition, some other models have non-adjustable 
ignition timing and idle m ixture. See Table a. 

NOTE � 

All of the basic adjustments require the use of 
specialized test equipment. In addition, setting 
idle mixture on the 3 1 8i model is done through 
the use of a special BMW electronic idle mixture 
test unit (BMW tool no. 1 2 6 400) . If any of the test 
equipment is not available, it is recommended 
that the adjustments be done by an authorized 
BMW dealer or other qualified repair shop. These 
adjustments can be made quickly and at a rea
sonable cost. 

The systems that adapt idle mixture, idle speed, and ignition 
timing can only correct engine operation within a l imited range. 
Once these l imits are exceeded, driveabi lity problems wil l be
come noticeable. For example, the oxygen sensor can adapt 
idle mixture for things such as a small vacuum leak or minor 
engine wear. A large vacuum leak or a severely worn engine 
may exceed the operating range of the sensor, causing the 
engine to run lean . The same conditions are true for the 
electronic idle stabi l ization system. Keep in  mind that if large 
adjustments are necessary, the faults that are causing these 
incorrect settings should be corrected prior to making any 
adjustments. 

Table a. Basic Adjustment I nformation 

Model Ignition Idle speed Idle 
timing mixture(©O) 

1 984-1 985 adjustable non- adjustable 
3 1 8i adjustable 

1 984-1 987 non- non- adjustable 
325, 325e, adjustable adjustable 
325es 

1 987-1 990 non- non- non-adjustable 
325i , 1 988 adjustable adjustable 
325 

Oxygen Sensor 

The oxygen sensor adapts the air/fuel mixture by sending a 
varying voltage signal to the fuel injection control unit. The 
sensor is positioned in the exhaust stream and actually mea
sures the amount of oxygen in the exhaust gas so that the fuel 
injection system can correctly adjust the air/fuel m ixture. A h igh 
concentration of oxygen i n  the exhaust gas indicates a lean 
mixture and a low content indicates a rich mixture. Thus, the 
signal from the oxygen sensor plays a major role in engine 
performance and driveabil ity. 

NOTE -

The signal from the oxygen sensor is ignored by 
the fuel injection coritrol un it until the engine 
reaches a specified temperature. Therefore, 
when troubleshooting cold engine driveabil ity 
problems, the oxygen sensor can be ruled out as 
a possible cause. 

As the sensor grows old, it loses its abil ity to react quickly to 
changing conditions and it may eventually cease to produce 
any signal at all .  When this happens, fluctuations in idle speed 
and increased fuel consumption may be noticed. The oxygen 
sensor should be replaced at the specified mileage interval as 
described in LUBRICATION AND MAINTENANCE 

3.3 Air Flow Measurement and Vacuum leaks 

The fuel injection system or engine management system 
uses an air flow sensor to precisely measure i ncoming air. The 
sensor sends an electrical s ignal proportional to the measured 
air flow to the control un it, which uses this signal to determine 
the amount of fuel the engine needs. 

Because proper fuel metering depends on accurately sens
ing or measuring the i ntake air, any unmeasured air entering 
the system will cause a lean fuel m ixture and poor running.  To 
see how air leaks can affect engine running, remove the oi l  fi l ler 
cap while the engine is running. 

There are many possible places for unmeasured air to enter 
the engine. Carefully inspect all hoses, fittings, duct work, and 
seals and gaskets. Fig. 3-2 through Fig. 3-5 show some of the 
common areas where leaks develop. For a thorough inspec
tion, it may be necessary to remove hoses and ducts that 
cannot be completely checked in their installed pOSitions. 
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Fig. 3-2. Oil d ipstick seal and oi l  f i l ler cap seal (arrows) 
should be inspected and replaced if found to be 
faulty. 4-cylinder engine shown, 6-cylinder engine is 
s imi lar. 

Fig. 3-3. I ntake air duct (arrow) can crack or become loose . 
Be sure to check bottom side of duct. Air bypass 
hoses and hose fitt ings are also suspect. Bend air 
duct and hoses to detect cracks. 6-cylinder engine 
shown , 4-cylinder is similar. 

Fig. 3-4. A leaking cyl inder head cover gasket or cracked or 
brittle pev hose (arrows) should be replaced. Also 
check the small vacuum hose to distributor on 
models with 4-cyl inder engine. 

Fig. 3-5. I njector seals or O-rings (arrow) are a common 
source of air leaks, especially on high mi leage 
engines.  I njectors must fi rst be removed to replace 
seals. 
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3.4 Electrical System 

All the cars covered by this manual. use engine manage
ment systems that rely on precise electrical signals for proper 
operation. If any of these signals are distorted, incorrect, or 
missing, the car · can develop major driveability problems. 

Battery Voltage 

One of thE) most fundamental requirements in troubleshoot
ing engine performance · problems is lo make sure the battery 
is fully charged and i n  good condition. Many of the sophisti
cated electronics used on the cars covered by this manual 
require a specified operating voltage to function correctly. 

Battery voltage can be measured across its terminals with all 
cables attached. Do not eliminate the battery as a possible 
source of trouble until a load test. has been . performed, espe
cially if starting problems are encountered. See ELECTRICAL 
SYSTEM for battery testing information. 

NOTE -

A digital voltmeter should be used to measure 
battery Voltage. A fully charged battery will mea
sure 1 2.6 volts as compared to a battery only 25% 
charged that measures 1 2. 1 5  volts. Using an an
alog meter may result in inaccurate results. 

For the battery to maintain its proper voltage level,  the 
charging system must be functioning correctly. If in  doubt 
about the condition of the charging system ,  have the system 
checked. Most automotive repair shops can test the system 
quickly and at a reasonable cost. 

Wiring and · Harness Connectors 

The cars covered by this manual are equipped with elec
tronicfuel injection and ignition systems that are controlled by 
central electronic control u nits. Many of the circuits operate on 
very !ow current and are very sensitive to i ncreased resistance 
due to faulty wiring or connectors. 

NOTE -

In most cases, faulty electronic control units are 
not the cause ()f driveability problems. These 
units are extremely durable and reliable and ac
tual failures are very rare. Driveability problems 
are more often caused by missing or incorrect 
signals to the control unit, or other faulty compo
nents. 

The electrical system is subject to corrosion, vibration, road
way elements and general wear. Because of this, the integrity 
and freedom from corrosion in the connections, wires, and 
switches, including all ground connections, is one of the most 
important conditions for trouble-free operation of the engine 
management systems. 

Always make a thorough visual inspection of all Wires and 
connectors, switches and fuses. Loose or damaged . connec
tors can be the cause of intermittent problems, especially at the 
small terminals in each control unit connector. In most cases, a 
visual inspection will detect any faults .• If a connector shows no 
visible faults, but .is stil l  suspect, perform avoltage drop test at 
the connector. Even a small amount of corrosion in a connector 
can cause a large voltage drop to the circuit's load. See ELEC
TRICAL SYSTEM for more troubleshooting information. 

Ground Connections 

For any electrical circuit to work, it must make a complete 
path, beginning at the negative ( - ) battery terminal and end
ing at the positive ( +  ) terminal. The negative { - ) battery cable 
runs d irectly to the car's chassiS. Therefore, connecting a wire 
to the chassis or any metal part bolted to the chassis provides 
a good g round source or path back to the negative ( - ) side of 
the battery. 

Poor ground connections are one of the major sources of 
driveability problems. There are only a few major g round con
nections or points for the engine management systems. These 
ground points are a grouping of many wires crimped or welded 
into an eyelet that is then bolted to the car's chassis or metal 
parts. If any of these g round points are faulty, the voltage to the 
affected circuit will be reduced or even el iminated. 

When checking ground wires, g round points, or g round 
straps, begin with a thorough visual inspection.  Ground con
nections and wires can corrode,  become loose, or break in  
areas that are not visible.  To thoroughly check a circuit g round, 
check the voltage d rop between the connector and a good 
ground source. Large voltage drops i ndicate toO much resis
tance�that the connection is corroded, dirty or otherwise 
damaged. Clean or repair the connection and retest. Also 
check both battery terminals. and all ground straps between the 
engine and the body for voltage d rops. 

NOTE -

For voltage drop tests and other general electrical 
troubleshooting information, see ELECTRICAL 
SYSTEM. 

Fig. 3-6 through Fig. 3-1 3 show the main ground points for 
the engine management systems used on the cars covered by 
this manual. 
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Fig. 3-6. Ground G1 01 (arrow) for fuel injection system on 
1 984 and most early 1 985 31 8i models (next to cold 
start valve) . 

Fig. 3-7. Ground point G 1 02 (arrow) for fuel i njection system 
on all 3 1 8i models (rear of engine, below no. 4 fuel 
injector) . 

Fig. 3-8. Ground point G300 (arrow) for fuel pumps beneath 
rear seat bottom on d river's side. Ground pOint 
G202 (not shown), used on convertible model only, 
is also beneath rear seat on passenger's side. 

Fig. 3-9. Ground pOint G200 (above brake pedal) for ignition 
switch, on-board computer, and start relay (arrow) . 
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Fig. 3-1 0 .. Ground poin( G 1 03 (arrow) on 325, 325e, and 
325es models with. 2.7 eta engine (left side of 
engine, beneath d iagnostic connector) . 

Fig. 3-1 1 .  Ground pOint G 1 03 (arrow) on 325i models with 
2.5i engine (on right shock tower) . 

Fig. 3-1 2. Ground point G 1 00 (arrow) from battery to chassis 
on all 325 models with battery i n  left side of trunk. 

Fig. 3-1 3. Ground point G1 00 (arrow) from battery to chassis 
on all models with battery in  engine compartment. 
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3.5 Fuel  System 

For the engine to start quickly when cold or hot, run cor
rectly throughout all operating conditions, and accelerate 
smoothly without hesitation, the fuel system must del iver a 
precise amount of fuel i n  relation to the amount of air that is 
drawn in by the engine. 

Fuel Supply 

To start and run ,  the engine needs an adequate supply of 
fuel . Fuel from the tank is suppl ied to the engine via an electric 
fuel pump, a fuel fi lter, and the connecting fuel l ines. If either the 
filter or a fuel l ine is restricted, the engine may not run properly. 
If the restriction is severe, or the main fuel pump is faulty, the 
engine may not start at all .  

Power to  run  the fuel pump is controlled by  a fuel pump 
relay mounted i n  the engine compartment. In order for the 
pump to run ,  the relay must be functioning correctly. 

To check for a clogged fuel fi lter or a restricted fuel l ine, 
perform a fuel delivery rate test to check that the fuel pump is 
del ivering enough fuel to the fuel injection system.  For fuel 
pump, fuel pump relay, and fuel pump delivery rate tests, see 
FUEL SYSTEM. 

Fuel Delivery Rate 

The fuel i njection system has the main function of delivering 
an optimum fuel/air m ixture for all engine operating conditions. 
Basic fuel delivery is dependent on fuel pressure and the 
correctly functioning i njectors. Fuel pressure is often over
looked when d iagnosing driveabi l ity problems. 

The fuel pressure from the fuel pump is controlled by a 
pressure regulator by allowing surplus fuel to return back to the 
fuel tank. The amount of fuel delivered to the engine is varied 
by changing the amount of time the electric pulsed-type fuel 
injectors remain open. A change in fuel pressure results in a 
change in the arnount of fuel (or fuel mixture) that is delivered 
to the engine. Fuel pressure and fuel pressure regulator tests 
are described under FUEL SYSTEM. 

NOTE -=-

Fuel pressure tests require the use of a pressure 
gauge. If this equipment is not available, fuel 
pressure tests can be performed by an autho
rized BMW dealer or other qual ified shop. 

Correctly operating fuel injectors play a major role in fuel 
delivery. The i njectors are switched on and off at the ground 
side of the connector. Positive ( + )  battery voltage is always 
present at the connector when the car is running. An injector 
can become clogged, it can completely fail or lose power and 
refuse to open, or it can short to ground and remain open 
whenever the engine is running. Checking if an injector is 
fundamentally working can be accomplished easily; checking 
an injector's spray pattern is more d ifficult. See FUEL SYSTEM 
for additional i nformation. 

NOTE -

High or low fuel pressure or a faulty injector wil l 
result in  an incorrect fuel mixture and overall poor 
driveabi lity. A lean mixture (too little fuel) can 
cause the engine to run poorly when cold or 
stumble upon acceleration.  A rich mixture (too 
much fuel) can di lute the engine oi l ,  fou l  the spark 
plugs, and cause a rough idle. 

4. STARTING TROUBLESHOOTING 

Starting d ifficulties can usually be grouped i nto one of  two 
categories based on engine operating temperature. A cold 
engine that is d ifficult to start has d ifferent causes and remedies 
than an engine that is hard to start when warm. A third category, 
an engine starts but wil l not keep running, also has its own 
causes and remedies. Careful observation of the symptoms is  
the key to isolating and identifying starting problems. 

4.1 No start 

Only a few requirements are necessary for an engine to 
start. An engine should start if it has fuel ,  a properly timed spark 
and sufficient compression. Make sure the battery is fully 
charged before troubleshooting an engine that wil l not start. 

When an engine refuses to start, the first thing to check is 
the ignition system.  See IGNITION for procedures on making 
an ignition system quick-test. If the ign ition system is producing 
a spark, then the most l ikely causes are fuel related . 

Check that the fuel pump is operating. Turn the key on or 
actuate the starter whi le l istening for the fuel pump to come on. 
If the fuel  pump is operating, check that the fuel i njectors are 
getting fuel by making a fuel delivery test. Fuel pump checks 
and fuel rate del ivery tests are described in detail in FUEL 
SYSTEM. If no problems have been found up  to this point, go 
to 4.2 Hard to Start (cold) below for further troubleshooting. 

4.2 Hard to Start (cold) 

Starting a cold engine has d ifferent fuel and air require
ments than those of a warm engine. When the engine is cold , 
additional fuel and air are needed to maintain a steady idle and 
to overcome cold engine friction.  On most models, ignition 
timing is also adapted for cold starting. Late 1 985 31 8i models 
and al l 6-cylinder models retard ignition timing to aid in  starting.  
If these systems used to adapt the fuel  and ignition systems for 
cold starting are not operating, excessively long cranking times 
wil l result or the engine may not start at all. 

Table b l ists probable causes and corrective actions for cold 
starting problems. The boldface type indicates the section of 
the manual where the applicable test and repair procedures are 
found. 
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Table b. Cold Starting Troubleshooting 

Symptom Probable cause 

1 .  Engine hard to start a. Cold start system not operating 
when cold b. Fuel injectors clogged or not 

opening 

c. Fuel pressure too low 

d.  Air  flow sensor flap binding or stuck 
in open position 

e. Coolant temperature sensor faulty or 
faulty sensor wiring 

f. Reference signal missing (6-cylinder 
engines only) 

g .  Throttle switch incorrectly adjusted or  
faulty 

h. Large intake air leaks 

i. Wiring installed incorrectly at junction 
block (models with battery in trunk) 

j. Wiring i ncorrectly routed at ignition 
coil 

k. Idle speed control system faulty 

I .  I ncorrect ignition timing 

m. Poor fuel quality. Water in  fuel . 

n .  Faulty L-Jetronic or Motronic control 
unit 

4.3 Hard! To Start (warm) 

If the engine starts and idles well when cold, but is d ifficult 
or refuses to start when warm, the most probable cause is fuel 
related. Although the basic ignition system function can be 
el iminated as a source of trouble, the components that adapt 
ignition t iming for varying operating conditions should not be 
overlooked. 

Check the systems that adapt the engine to its cold running 
settings. If additional cold-start fuel is supplied to a warm 
engine, it wil l  become flooded. When the engine reaches 
operating temperature, these systems should no longer be 
adapting the fuel system.  Table . c l ists probable causes and 
corrective actions for warm starting problems. The boldface 
type indicates the section of the manual where the applicable 
test and repair procedures are found. 

4.4 Starts But Will Not Keep Running 

An engine that starts but then immediately stops is most 
l ikely due to one of three reasons. 

The most common ofthese is a fuel pump that quits after the 
key is removed from the start position. In order for the fuel 
pump to continue to run after the key is removed from the start 
position, the fuel system needs an engine speed signal. On 
models with 4-cylinder engines, this signal is supplied to the 
fuel pump relay from the ignition system.  On models with 
6-cylinder engines, this signal is supplied to the Motronic con
trol unit from .the speed sensor. Check the fuel pump relay 
electrical circuit as described in fUEl.. SYSTEM 

Corrective action 

a. Test cold start system. See FUEL SYSTEM 

b. Test fuel injectors and fuel injector wiring. See FUEL SYSTEM 

c. Test fuel pressure. See FUEL SYSTEM 

d. I nspect air flow sensor flap for free movement. See FUEL 
SYSTEM 

e. Test coolant temperature sensor. See FUEL SYSTEM 

f. Faulty reference sensor or reference wheel or flywheel 
damaged. Reference pin missing (2.7 eta engine only) 

g. Check throttle switch. See FUEL SYSTEM 

h. Make thorough inspection of hoses, connections, duct work, 
and oil fil ler cap seal and oi l  d ipstick seal. 

i .  Check wire routing at junction block. See ELECTRICAL 
SYSTEM 

j. Check wire routing at coi l .  See IGNITION 

k. Test idle speed control system components. See FUEL SYSTEM 

I .  Check ignition t iming. Check vacuum advance system 
(4-cylinder engines only) . See iGNITION 

m. Replace fuel i n  tank. See FUEL SYSTEM 

n.  Test control unit inputs. See FUEL SYSTEM 

The second most common fault is caused by vacuum or air 
leaks. This unmeasured air can cause the air/fuel m ixture to 
lean out to the point where the engine cannot maintain a steady 
idle. See 3.3 Air Flow Measurement and Vacuum leaks 
above for common sources of air leaks. 

The last common fault is that the engine is relying on the 
additional fuel from the cold start system to keep running. Once 
this fuel is bumed, the engine quits. Check for clogged fuel 
injectors that are not opening or low fuel pressure. On 4-
cyl inder engines, the injectors are controlled together as a set. 
On 6-cylinder engines, the i njectors are controlled in two sets 
of three. Check the wiring to the i njectors. Special LED testers 
are available from foreign automobile supply outlets to check 
for the presence of injector signals from the control un it. 

NOTE -

D See LUBRICATION AND MAINTENANCE for 
information on fuel additives and clogged injec
tors. 

® On models with the Motronic 1 . 1 engine man
agement system,  air leaks are not usually a cause 
of hard starting. The Motronic 1 . 1 engine man
agement system is adaptive to the pOint where 
any air leaks would have to be very large (and 
easily visible) for the system not to adapt. 

As a lastresort, review the probable causes shown i n  Table 
b and Table c. If present i n  a lesser degree, many of these 
l isted causes could also cause an engine to stop running 
immediately after starting. 
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Table c. Warm Starting Troubleshooting 

Symptom Probable cause 

1 .  Engine hard to start a. Fuel pump not operating when warm 
when warm or hot 

b. Fuel injector(s) leaking or stuck open 

c. Cold start system operating when 
warm 

d. Fuel pressure incorrect 

e. Coolant temperature sensor faulty 

f. Vapor lock (usually on hot days only) 

g. Evaporative emission system faulty. 

h. Id le speed control system faulty 

i. Air flow sensor flap binding or stuck 
in open position 

j. Incorrect ignition timing 

k. Faulty L-Jetronic or Motronic control 
unit 

5. COLD RUNNING AND WARM-UP 

TROUBLESHOOTING 

During engine warm-up, the engine requires a sl ightly richer 
mixture and a higher idle speed. This helps to overcome cold 
engine friction and also g ives the engine extra torque to pre
vent stall ing during take off or when selecting a drive position 
on models with automatic transmission. 

A cold engine that accelerates poorly, hesitates or has poor 
off-idle characteristics can be fuel ,  ignition ,  or even emission 
controls related. Some of the most common causes are due to 
a lean air/fuel m ixture such as intake air leaks or clogged fuel 
injectors; Although these are some of most probable causes, 
poor driveabil ity during warm-up can have many other causes, 
including those that lead to an overly rich air/fuel mixture. 

NOTE -

For an engine that idles poorly when cold , see S. 
Idle Speed Troubleshooting . 

To ensure smooth running, good off-idle and acceleration 
characteristics, and overall d riveability while the engine warms 
up, both fuel mixture and basic ignition timing need to be 
modified for cold engine operation. 

Additional fuel is supplied to the engine by increasing the 
opening or pulse time of the injectors based on inputs from the 
coolant temperature sensor. See Fig. 5-1 . To improve drive
abi lity, ignition timing is adapted for cold running based on 
inputs from the intake-air temperature sensor and the coolant 
temperature sensor. 

a. 

b. 

c. 

d. 

e.  

f. 
g.  

h .  

i .  

j . 

k. 

Corrective action 

Check for worn fuel pump by making fuel delivery test with 
pump at operating temperature. See FUEL SYSTEM 

Test fuel injectors. See FUEL SYSTEM 

Test cold start system. See FUEL SYSTEM 

Test fuel pressure. Inspect for leaks. See FUEL SYSTEM 

Test coolant temperature sensor. See FUEL SYSTEM 

Check fuel pressure. See FUEL SYSTEM 

Test evaporative emission system. See FUEL SYSTEM 

Test idle speed control system components. See FUEL SYSTEM 

Inspect air flow sensor flap for free movement. See FUEL 
SYSTEM 

Check ignition timing. Check vacuum advance system 
(4-cylinder engines only) . See IGNITION 

Test electronic control un it inputs. See FUEL SYSTEM 

NOTE -

For 4-cylinder engines, ignition timing adjust
ments for cold running conditions are controlled 
by the vacuum advance relay. For 6-cylinder en
gines, the Motronic control unit adjusts ignition 
timing. 

Table d l ists probable causes and corrective actions for 
cold-running and warm-up problems. The boldface type indi
cates the section of the manual where the applicable test and 
repair procedures are found. 

Coolant 
temperature 

Fuel i njectors 

Control 
un it 

Fig. 5·1 . Schematic of coolant temperature sensor used to 
adapt fuel system for warm-up enrichment I njec
tors stay open longer when engine is cold based on 
cold engine signal from sensor. 
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Table d. Cold-Running and Warm-up Driveability Troubleshooting 

Symptom Probable cause 

1 .  Engine runs poorly a. Intake air leaks 
during warm-up, has 
poor acceleration, b. Fuel injector(s) clogged or not 
off-idle hesitation, opening 
and backfires c. Fuel pressure too low. 

d. Air flow sensor flap binding . 

e. Coolant temperature sensor faulty or 
faulty sensor wiring 

1. Throttle switch . incorrectly adjusted or 
faulty 

g. Idle mixture incorrectly adjusted 

h. Idle speed control system faulty 

i .  Incorrect ignition timing 

j. Poor fuel quality. Water in  fuel. 

k. Cold start system operating all the 
time. 

I .  Faulty L-Jetronic or Motronic control 
unit 

6. I DLE SPEED TROUBLESHOOTING 

Erratic idle speed is one  of  the  most common driveabi l ity 
problems encountered on the cars covered by this manual . An 
electronic . idle speed system controls the idle speed for al l  
engine operating · conditions. The idle · a i r  stabi l izer valve con
stantly adjusts the amount of air allowed to bypass the throttle 
plate to either increase or decrease engine speed. Idle speed 
is adapted based on various inputs from engine sensors and 
components. See Fig. 6-1 . 

AfT park/neutral signal 

Engine temperature 

Throttle switch 
(closed throttle) 

Ale on signal 

Fig. 6-1 . Schematic of idle speed control system. 

Corrective action 

a. Make thorough inspection of hoses, connections, ductwork, 
and oil fil ler cap seal and oil d ipstick seal. 

b. Test fuel injectors and fuel injector wiring. See FUEL SYSTEM 

c. Test fuel pressure. See FUEL SYSTEM 

d. I nspect air  flow sensor flap for free movement. See FUEL 
SYSTEM 

e. Test coolant temperature sensor. See IGNITION 

f. Check throttle switch. See FUEL SYSTEM 

g. Adjust idle mixture (except 325i and 1 988 325 models) . See 
FUEL SYSTEM 

h.  Test id le  speed control system components. See FUEL SYSTEM 

i .  Check ignition timing. Check vacuum advance system 
(4-cylinder engines only) .  See IGNITION 

j. Replace fuel in  tank. See FUEL SYSTEM 

k. Test cold start system .  See FUEL SYSTEM 

I. Test control unit inputs. See FUEL SYSTEM 

NOTE -

On all 31 8i models and on 1 984 through 1 987 
325 and 325e models, idle speed is controlled by 
a separate idle speed control unit. On al l  325i 
models and 1 988 325 models, idle speed is con
trolled by the Motronic 1 . 1 control unit. 

I n .addition to the idle speed control system,  3 1 8i models are 
equipped with an electroriic vacuum advance relay and, on late 
1 985 models, an idle speed stabi l ization relay. These relays 
modify ignition timing and the fuel delivery rate, which affect 
idle speed. See IGNITION for more i nformation on the vacuum 
advance relay. See FUEL SYSTEM for more information on the 
idle speed stabilization relay. 

6.1 idle Speed Basics 

Begin  troubleshOoting idle problems by visually i nspecting 
for faulty wiring,  especially checking the connectors at the idle 
air stabil izer valve, the coolant temperature switch (except 1 988 
325 and all 325i models) , the injectors, the throttle switch, and 
the oxygen sensor. On models with 6-cylinder engine, also 
check the connector at the coolant temperature sensor. 

Careful ly inspect for any air leaks, especially checking .tor 
cracks in the hoses at the idle air stabi l izer valve, the large 
i ntake air duct, and the small hose between the i ntake manifold 
and the pressure regulator. Make sure the oi l  f i l ler cap and the 
d ipstick are installed correctly. Check that the throttle switch 
and the throttle valve are correctly adjusted as described in 
FUELSYSTEM. 
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The engine management systems that control idle speed 
rely on two key inputs-a closed-throttle signal and an engine 
temperature signal. See Fig. 6-1 above. In addition to these 
signals, idle speed is further adapted based on engine loads, 
intake air temperature, and on models with automatic trans
mission, outside air temperature. 

NOTE -

If the test equipment is available, check that idle 
mixture (% CO) and ignition timing are withil:1 
specifications. I n  addition, troubleshoot warm idle 
problems prior to working on cold idle problems. 
Cold idle is adjusted based on warm engine set
tings. Therefore, it is important to troubleshoot 
idle problems in this order. 

Analysis of the observed symptoms is the key to isolating 
and identifying idle problems. Pay close attention to engine 
conditions whenever idle problems occur. For example, if the 
idle speed steadi ly i ncreases as the engine warms up, check 
the sensors that g ive the idle speed control system its temper
ature i nformation. 

6.2 Cold Idle 

I f  the engine idles poorly when cold but  maintains a steady 
idle when warm, the most probable cause is that the air/fuel 
m ixture is too lean for a cold engine. A lean m ixture is caused 
by one of two conditions ; either too much air or too l ittle fuel . 
Excess air is main ly caused by intake air leaks. I nsufficient fuel 
has many causes, such as clogged fuel injectors or incorrect 
fuel pressure. 

NOTE -

The oxygen sensor can be ruled out as a source 
of cold idle problems. Until the engine reaches a 
specified temperature, the signal from the oxygen 
sensor is ignored. 

As opposed to a lean mixture, an excessively rich m ixture 
can also be the cause cold idle problems. If too much fuel is 
delivered to the engine, the spark plugs wil l  not be able to burn 
the excess fuel. If the condition is severe enough, the engine 
wil l  eventually stall as it warms up and refuse to start unti l it 
cools down. Table e l ists some of the more common causes of 
cold idle problems. 

NOTE -

Be sure the idle switch is correctly functioning as 
described in FUEL SYSTEM before performing 
any idle speed troubleshooting .  

To help determine if the idle mixture is lean or rich, observe 
the engine's idl ing characteristics. An engine that runs lean is 
normally hard to start or stalls immediately after start ing, is 
unresponsive with off-idle hesitation,  and has poor acceleration 
characteristics. An engine that is running rich will have a steady 
stumbl ing or gallop when idl ing and may possibly stall after 
running for a minute or so due to fouled spark plugs. Another 
sure sign of a rich mixture is black exhaust smoke and strong 
fuel odors. As a quick check, b l ip the accelerator pedal to 
quickly raise the idle speed. If the idle speed fal ls below 
specifications when the pedal is released and then returns to 
normal , the engine is running too rich. If the engine hesitates or 
stalls as it tries to speed up, the mixture is too lean. 

NOTE -

The condition of the spark plugs is a good indi
cator of combustion quality that can help to d iag
nose idle faults. See LUBRICATION AND MAIN
TENANCE for more specifics on spark plug 
appearance. 

Table e. Cold Idle Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Engine idles poorly a. Faulty fuel injector seals (O-rings) a. Replace injector seals. See FUEL SYSTEM 
when cold (lean b. Faulty or cracked air hoses, vacuum b. Replace any faulty hoses or duct work. Tighten any loose 
air/fuel mixture) hoses, air duct, and connections connectiofls. 

c. Clogged or faulty fuel injectors c. Test injectors. See FUEL SYSTEM 

d. Fuel pressure too low d. Check fuel pressure and fuel del ivery rate. See FUEL SYSTEM 

e. Coolant temperature sensor or e. Test coolant temperature sensor. See FUEL SYSTEM. 
switch faulty Test coolant temperature switch. See IGNITION 

f. Id le air stabilizer valve faulty or out of f. Test idle air stabi l izer valve. See FUEL SYSTEM 
adjustment 

g.  Valve cover gasket, front or rear g.  Check for leaking or damaged gaskets or o i l  seals. See ENGINE 
crankshaft oil seal leaking or 
damaged. 

continued on next page 
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Table e. Cold Idle Troubleshooting (continued) 

Symptom Probable cause 

2. Engine id les poorly a. Injectors leaking or sticking open 
when cold (rich b. Cold start system operating 
air/fuel mixture) continuously. 

c. Coolant temperature sensor or 
switch faulty 

d. Fuel pressure too high 

e. Intake air flow restricted 

f. Ignition timing incorrect or weak 
spark 

5.3 Warm-up Idle 
When the engine is  cold,  the fuel  system supplies the 

engine with additional fuel .  As the engine warms up, this fuel  is  
slowly cut back u ntil the engine is  at operating temperature. 
Engine temperature is the primary i nformation that handles this 
warm-up enrichment. Engine temperature i nformation is  sup
pl ied by a coolant temperature sensor, and on most models, a 
coolant temperature switch. Test these components first when 
experiencing warm-up driveabilty problems. The coolant tem
perature sensor is  covered in FUEL SYSTEM. The coolant 
temperature switch is covered in iGNiTION 

If no faults are found with the coolant temperature sensor or 
switch, check to see when the oxygen sensor was last re
placed. If the sensor is old, the sensor's signal may be i ncorrect 
during warm-up. See 3.2 Basic Adjustments for more i nfor
mation on the oxygen sensor. Checking the accuracy of the 
oxygen sensor requires special test equipment. As a general 
rule, replace the sensor if replacement is due. See LUBRICA
TION AND MAINTENANCE for B MW's recommended main
tenance schedules. 

Corrective action 

a. Test injectors. See FUEL SYSTEM 

b. Test cold start system. See FUEL SYSTEM 

c. Test coolant temperature sensor. See FUEL SYSTEM 
Test coolant temperature switch. See IGNITION 

d. Check fuel pressure. See FUEL SYSTEM 

e. Check air flow path for obstructions. Replace d irty air filter. See 

f. 
LUBRICATION AND MAINTENANCE 

Check ignition timing and spark intensity. See IGNITION 

Other possible causes of poor idle during engine warm-up 
are clogged i njectors and i ntake valve carbon deposits, al
though these problems wil l  usually show up first during cold 
starting and cold idle. See 3.1 Engine for more on clogged 
i njectors and carbon deposits. 

Lastly, 31 8i  models use an electronic vacuum advance 
system to adapt ignition t iming based on i ntake air temperature 
and coolant temperature. Check this system as a possible 
cause of poor warm-up idle as described in IGNITION. 

6.4 Idle at Operating Temperature 

Warm idle speed problems can have n umerous causes. 
The problems can range from a faulty coolant temperature 
sensor to a faulty fuel  i njection control u n it. Table f l ists prob
able causes and corrective actions for warm idle problems. 
Trou bleshoot warm idle problems in  the order l isted in table.  
The boldface type indicates the section of the manual where 
the applicable test and repair procedures are found.  

Table 1. Warm Idle Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Engine idles poorly a. Coolant temperature switch faulty a. Test coolant temperature switch/sender (4-cylinder engine) or 
when warm coolant temperature switch (6-cylinder 2.7 eta engine) .  See 

IGNITION 

b. Throttle switch incorrectly adjusted or b. Check throttle switch adjustment. See FUEL SYSTEM 
faulty 

c. Throttle plate incorrectly adjusted c. Check throttle plate basic adjustment. See FUEL SYSTEM 

d. Coolant temperature sensor faulty d. Test coolant temperature sensor. See FUEL SYSTEM 

e. Coolant level incorrect e. Check coolant level .  See COOLING SYSTEM 

continued on next page 
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Table f. Warm Idle Troubleshooting (continued) 

Symptom Probable cause 

1 .  Engine idles poorly f. Fuel injector(s) clogged, leaking or 
when w;:mn faulty 
(cont'd) g.  Idle a i r  stabilizer valve out of 

adjustment or idle speed control 
system faulty 

h. Vacuum advance system faulty (31 8i 
models only) 

i. Oxygen sensor faulty 

j. Cold start system operating 
continuously 

k. Id le speed stabilization relay faulty 
(late 1 985 3 1 8i models only) 

i. Charcoal canister purge valve faulty 

m. Intake air leaks 

n. Incorrect ignition timing 

o. Fuel pressure regulator faulty or 
hose to regulator leaking or faulty 

p. Motronic 1 . 1 control unit or L-Jetronic 
control unit faulty 

7. NORMAL WARM RUNNING 
TROUBLESHOOTING 

The problems of normal warm running are very similar to 
those of warm idle. I n  most cases, warm engine driveabi l ity 
problems also affect warm engine idle. Add itional causes of 
normal warm running that do not manifest themselves at idle 
are those of the more demanding operating conditions. Be 
sure the engine idles properly before troubleshooting the en
gine management systems for warm running conditions. 

7.1 Rough Running/Misfiring 
Begin troubleshooting an engine that runs poorly or misfires 

under all operating conditions and speeds by checking the 
main grounds and the electrical connections for the control 
units as described above under 3.4 Electrical System. Make 
sure the throttle switch is correctly adjusted and properly func
tioning. Check that the air flow sensor flap is not binding and 
that there are no faults in the air flow sensor's potentiometer. 

Remove the distributor cap and look for any oi l-fouled or 
moisture-laden components. On models with 6-cylinder en
gine, a faulty dust shield a-ring wil l allow engine oi l  to seep into 
the distributor. On h igh mi leage 4-cyl inder engines, check for 
worn d istributor shaft bushings. Worn bushings could cause 
the air gap for the impulse generator to vary, resulting in  
i ntermittent ignition misfires and rough running. See IGNITION 
for more troubleshooting information. 

If no faults can be found and all of the causes l isted in Table 
f above have been el iminated, carbon deposits on the intake 
valves or injectors may be the cause of the problem. See 3.1 
Engine for more i nformation on carbon deposits. 

Corrective action 

f. Test fuel injectors and fuel injector wiring .  See FUEL SYSTEM 

g .  Test i d le  speed control system components. See FUEL SYSTEM 

h.  Test inputs to vacuum advance relay. See IGNITION 

i. Test oxygen sensor output. See EXHAUST SYSTEM AND 
EMISSION CONTROLS 

j. Test cold start system. See FUEL SYSTEM 

k. Test inputs to idle speed stabilization relay. See FUEL SYSTEM 

I .  Test evaporative emission system. See FUEL SYSTEM 

m. Make thorough inspection of hoses, connections, duct work, 
and oil filler cap seal and oi l d ipstick seal . 

n.  Check ignition timing . Check vacuum advance system 
(4-cylinder engines only) . See IGNITION 

o. Test fuel pressure. See FUEL SYSTEM 

p. Test control unit inputs. See FUEL SYSTEM 

7.2 Poor Accel eration 

During acceleration, the fuel mixture needs to be quickly 
enriched and the ignition timing needs to be adapted to pre
vent detonation and engine damage. 

Three fuel system components handle fuel enrichment; the 
air flow sensor, the fuel pressure regulator, and the throttle 
switch. When the throttle is quickly opened, the sudden rush of 
air past the air flow sensor causes the sensor flap to open 
quickly and over swing, sending a proportional electrical s ignal 
to the control un it. As the throttle plate is opened, the vacuum 
supplied to the top of the fuel pressure regulator is reduced and 
fuel pressure rises. If the pedal is  fully depressed, the ful l  
throttle switch closes and the fuel system sends additional 
signals to the injectors to increase fuel flow. Check these three 
fuel system components careful ly when experiencing acceler
ation problems. 

NOTE -

If no fuel system components are found to be 
faulty, the injectors may be clogged. Although 
clogged injectors are most pronounced during 
cold acceleration, sl ightly clogged injectors can 
cause flat spots and poor acceleration. See LU
BRICATION AND MAINTENANCE for advice on 
clogged injectors. 
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If any ignition system components are faulty or worn, their 
abi l ity to deliver a strong, precisely timed spark wil l  be reduced. 
The engine may idle fine but miss and skip during acceleration 
due to a weak spark. Poor spark intensity at the plugs can be 
caused by worn or fou led plugs, old or faulty plug wires, or a 
faulty ignition coil ,  rotor, or distributor cap. I nspect the ignition 
components carefully and replace any that are worn. 

NOTE -

On 3 1 8i models, ignition timing is adapted for 
acceleration via the vacuum advance system and 
the electronic ignition control unit. On all 325 
models, ignition timing is fully controlled by the 
Motronic control unit and gets its engine load 
signal from the air flow sensor. 

7.3 Poor fuel Economy 
High fuel consumption results when the air/fuel mixture is 

too rich. As a first step in  d iagnosing high fuel consumption, 
check the idle mixture and ignition timing. If the idle mixture 
cannot be adjusted to within  specifications, check the compo
nents that adapt the air/fuel m ixture for varying operating con
d itions. 

The one component that constantly adjusts fuel mixture is 
the oxygen sensor. See Fig. 7-1. As an oxygen sensor ages, it 
loses its abil ity to accurately and q uickly adjust fuel mixture. An 
oxygen sensor that fails will usually cause the engine to run 
rich. I n  addition, check the coolant temperature sensor and the 
coolant temperature switch as described in FUEL SYSTEM. 
Check for a restricted air fi lter element. 

NOTE -
Oxygen sensor testing procedures are covered in 
EXHAUST SYSTEM AND EMISSiON 
CONTROLS. 

Fig. 7-1 . Schematic of oxygen sensor circuit. 

7.4 High Exhaust Emissions 

Exhaust emission levels that are out of specification usually 
indicate an engine that is running poorly or is out ottune. For 
example, an engine that runs lean (lOW %CO) will usually exhibit 
cold starting and running problems. An engine that runs rich 
(high %CO) wil l usually show up as an increase in fuel . con
sumption . •  A rich fuel mixture can also cause starting and 
running problems when the ambient air temperatures are high. 
Therefore, correcting engine driveabi l ity problems wil l  usually 
return the exhaust emissions to with in  specifications. 

Low exhaust emissions or a low %CO reading results when 
the basic air/fuel mixture is too lean. A lean fuel m ixture will 
normally cause poor driveabi l ity and engine performance. 
Some of the side effects of a lean mixture are increased 
operating temperature and reduced spark plug l ife. The most 
common causes of low exhaust emissions are i ntake air leaks 
and clogged injectors. Review the i nformation u nder the above 
headings to troubleshooting lean air/fuel m ixtures. 

High exhaust emissions or a high %CO reading results 
when the basic air/fue l  mixture is too rich. Unless the ambient 
air temperatures are high, rich mixtures usual ly do not cause 
major engine driveabi l ity problems unless the mixture is exces
sively rich. I n  severe cases, the engine wil l run and then d ie 
once the spark plugs become fouled, and the engine wi l l  refuse 
to restart. 

A rich mixture can cause serious engine damage if allowed 
to continue. A rich mixture wi l l  d i lute the engine oi l  and wash 
the oi l  from the cylinder walls and friction surfaces, causing 
rapid engine wear. The catalytic converter could also be dam
aged due to the excess fuel . High exhaust emission should be 
corrected as soon as possible. The most common cause of 
high exhaust emissions are fai led fuel delivery components, 
such as a stuck-open cold start valve or i njector or a faulty 
coolant temperature sensor. Review the troubleshooting infor
mation under the above headings when troubleshooting rich 
air/fuel mixtures. 
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Engine 

Introduction 

This section of the manual covers the 4-cylinder engine used i n  the 3 1 8i model and the two 
6-cylinder engines used in the 325.models. All of the 3-series engines covered by this manual 
are front-mounted and water-cooled. The valves are operated by an overhead camshaft. 

The 4-cylinder engine in the 1 984-1 985 31 8i has a displacement of 1 766 cc ( 1 07.8 cu.  in . ) ,  
commonly referred to as 1 .8 l iters. It is rated at 1 01 horsepower (SAE net) . 

The 6-cylinder engine in the 325, 325e and 325es has a displacement of 2693 cc ( 1 64 cu.  
in . ) ,  commonly referred to as 2.7 l iters. The 1 984 through 1 987 325, 325e, and 325es models 
are rated at 1 21 horsepower (SAE net) . The 1 988 325 model is rated at 1 27 horsepower 
(SAE net) . 

The 6-cylinder engine in the 325i, 325is and 325i Convertible has a displacement of 2492 
cc ( 1 52 cu. in . ) ,  commonly referred to as 2.5 l iters. It is rated at 1 68 horsepower (SAE net) . 

The in-l ine engine is bolted to a bell housing on the transmission and is inclined toward the 
left side of the engine compartment. This permits a lower hood line and lower center of gravity. 
The engine and the transmission are supported as a single un it by bonded rubber mounts that 
reduce the transfer of noise and vibration to the rest of the car. 

The i nformation in this section of the manual is a guide both to car owners and to 
professional mechanics. Some of the operations may requi re special equipment and experi
ence. If you lack the ski l ls, tools, or a suitable workplace for servicing or repairing the engine, 
we suggest you leave these repairs to an authorized BMW dealer or other qual ified shop. We 
especially u rge you to consult an authorized BMW dealer before beginning any work on a car 
that may be el igible for repair under the manufacturer'S warranty. 
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1 .  GENERAL IDESCIFUPTION 

The in-l ine overhead cam engine is water-cooled and trans
mits power through a piston-driven crankshaft. The cylinder 
block is made of cast i ron with i ntegral cylinders completely 
exposed on all sides to the coolant that circulates through the 
water jacket. A separate cast aluminum alloy cyl inder head 
contains the camshaft and the entire valve train .  

1 .1 Engine Components 

Crankshaft and Bearings 

The fully counterweighted crankshaft rotates in  replaceable 
split-shel l main bearings. A 2-piece center main bearing con
trols crankshaft end thrust. Flexible lip seals, pressed into l ight 
alloy seal carriers, are installed at both ends of the crankshaft 
to prevent oi l  leakage. 

Connecting Rods and Pistons 

The connecting rods are steel forgings. Replaceable spl it
shell bearings are installed at the crankshaft end and solid 
bushings at the piston pin end. The pistons are of the three-ring 
type with two upper compression rings and a lower one-piece 
oil scraper ring .  Ful l-floating piston pins are retained at each 
end by circl ips. 

Cyli nder Head 

The cylinder head is an aluminum alloy casting . Replace
able valve guides are press-fit, while the bearing surfaces for 
the overhead camshaft and the rocker arm shafts are ma
chined d irectly i nto the cylinder head casting . See Fig . 1 - 1 .  

fW3'I £./l1:i E>  

Fig. 1 -1 .  Cyl inder head and valve train for models with 4-
cyl inder engine. Cyl inder head for models with 6-
cyl inder engine is simi lar. 

Valve Trai n  

A n  overhead camshaft, chain-driven o n  4-cylinder engines 
and belt driven on 6-cyl inder engines, operates the valves 
through rocker arms. One end of each rocker serves as a cam 
fol lower and the other end contains the valve adjusting eccen
tric and its locknut. 

I ntermediate Shaft (6-cylinder engines only) 

The intermediate shaft, turning in  the cylinder block, is 
located above and paral lel to the crankshaft. It is gear-driven by 
the crankshaft and its only purpose is to drive the oil pump. 

lubrication System 

The oil pump draws oil through a strainer in the bottom of 
the oil pan and forces it through a spin-on replaceable filter and 
into the engine's oil passages. A pressure relief valve l imits the 
pressure in the system,  and a fi lter bypass valve assures 
lubrication even if the fi lter is plugged. 4-cylinder engines have 
a rotor-type pump that is chain-driven off the crankshaft and 
6-cylinder engines have a gear-type pump that is shaft-driven 
off the intermediate shaft. 

All models covered by this manual have a low oil pressure 
warning system. Models with 6-cyl inder engines have an ad
ditional oil level warning system.  This system warns the driver 
when the oil level falls below a safe level , whether the engine is 
stopped or running. 325i (is) and 325i Convertible models fea
ture an oi l  cooler attached to the front of the car through which 
engine oi l  circulates to help moderate oi l  temperature. 

1 .2 Engine Specifications 

Table a l ists the major specifications for the engines cov
ered by this manual . Some of this information may be useful 
when buying parts or making repairs. 

2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or m ileage intervals for proper mainte
nance of the engine. A number in bold type indicates that the 
procedure is covered in  this section, under that numbered 
heading. I nformation on other engine maintenance and on the 
prescribed maintenance intervals can be found in LUBRICA
TION AND MAINTENANCE. 

1 .  Checking engine oi l  level 

2 .  Changing engine oil and fi lter 

3. Replacing spark plugs 

4. Checking compression pressure 3.2 
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Table a. Engine Specifications 

Model 1 984-1 985 
31 8i 

No. of cylinders 4 

Bore mm ( in.)  89.0 (3.504) 

Stroke mm ( in.)  7 1 .0  (2.795) 

Displacement cc (cu. in . )  1 766 (1 07.8) 

Compression ratio 9.0:1  

Horsepower SAE net @rpm 1 01 @5800 

Torque Ibs.-ft. @rpm SAE net 1 03@4500 

Fuel injection system Bosch L-Jetronic 

Fuel required 

I 
unleaded 91 RON 
(87 AKI) 

5. Adjusting valve clearance 4.4 

6. Replacing cyl inder head cover gasket (with valve adjust
ment above) 4.1 

3. TROUBLESHOOTING 

This troubleshooting section appl ies to  problems affecting 
the basic engine assembly-the cylinder block, cylinder head, 
and their internal moving parts. 

Only a few basic functions are required of the engine. The 
block, cyl inder head, and their moving parts must fit together 
properly, operate smoothly, seal well enough to create and 
maintain compression, and keep pistons, valve train ,  and igni
t ion properly timed. The problems d iscussed in  this trouble
shooting section are those that affect one or more of these 
functions. 

Troubleshooting specifically for the l ubrication system can 
be found in this section under 7. lubrication System. To 
troubleshoot overheating and other cooling system problems, 
see COOLING SYSTEM . Troubleshooting for other general 
starting and running problems can be found in ENGINE 
MANAGEMENT-DRIVEABILITY. 

3.1 Basic Troubleshooting Principles 

As with any troubleshooting, analysis of the observed symp
toms is the key to isolating and identifying engine problems. 
Begin  with careful observation, keeping in mind the following 
questions: 

1 984-1 987 1 988 1 987-1 990 
325 325 325i 

325e 325is 
325es 325i Convertible 

6 6 6 

84.0 (3.307) 84.0 (3.307) 84.0 (3 .307) 

8 1 .0 (3. 1 89) 81 .0 (3. 1 89) 75.0 (2.953) 

2693 ( 1 64) 2693 (1 64) 2492 ( 1 52) 

9 .0 : 1  8 .5 : 1  8 .8 :1  

1 21 @4250 1 27@4800 1 68@5800 

1 70@3250 1 70@3200 1 64@4300 

Bosch Motronic Bosch Motronic 1 . 1 Bosch Motronic 1 . 1 

u nleaded 91 RON unleaded 91 RON unleaded 91  RON 
(87 AKI) (87 AKI) (87 AKI) 

How has the symptom developed? A symptom that devel
ops quickly is probably caused by a problem that can be 
corrected by simple maintenance or repair. A symptom that 
has developed gradually over t ime, especially after fifty or sixty 
thousand mi les, is more l ikely an indication of general wear and 
the need for more comprehensive overhaul work. 

Is the symptom engine speed-dependent? A noise that is 
caused by an engine mechanical problem wil l be dependent 
main ly on engine speed, with similar symptoms regardless of 
changes in car speed. Noises that repeatedly occur only in a 
certain rpm range suggest a vibration problem. Noises that 
change with car speed are more l ikely due to drivetrain or 
running gear problems. 

Is the symptom load dependent? Forces at work inside a 
running engine vary as the demand for power varies. Symp
toms that are more severe during hard acceleration indicate 
certain kinds of problems. Symptoms that are more apparent at 
no load or h igh vacuum (example: coasting at h igh rpm) point 
to other problems. Note that higher engine loads also affect the 
fuel and ignition systems, which may be responsible for h igh
load performance problems. 

Is the symptom temperature dependent? Does it on ly occur 
when the engine is cold? Does it change as the engine warms 
up? How? Metal parts expand and contract with changes in  
temperature. Clearances change. Oi l  viscosity and cool ing 
system pressure change. In troubleshooting symptoms that 
change as the engine gets warm, look for an engine charac
teristic that changes with temperature. 
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Noise 

In order to run reliably and smoothly under harsh conditions, 
the i nternal engine parts are manufactured to precise d imen
Sions, assembled with precision clearances between moving 
parts, and lubricated by a pressurized oi l ing system .  

Most unidentified engine noises result.from clearances that 
have become too large due to worn or failed parts, lack of 
adequate lubrication, · or both . .The importance of lubrication 
cannot be over-emphasized. For l:l

.
est results, troubleshooting 

engine noises should only be done when the oil and filter have 
been recently changed and the o i l  level is correct. 

High-pitched rnetall ic tapping noises are caused by rela
tively smal l ,  l ightweight parts and are most l ikely an indication 
of excessive clearances in the valve train .  Valve train noise 
accompanied by burning oi l  (blue-gr�y .smoke in the exhaust) , 
particularly at startup or when decelerating from high rpm, is an 
indication of worn valve guides . that can only be remedied by 
overhaul or replacement of the cyl inder head. 

In a h igh-mileage engine, a l ight metallic rattle or chatter 
under acceleration , accompanied by i nCreased oil consump
tion and smoking , may indicate severely worn or broken piston 
rings. Since this diagnosis means overhaul or  replacement of 
the engine, the problem should be further i nvestigated with a 
compression or cylinder leakage test. A vacuum gauge is also 
helpful when d iagnosing engine mechanical faults. See 3.2 
Diagnostic Testing. 

Deep, metall ic  knocking sounds are caused by excessive 
clearances between heavier components. Closer analysis of 
the noise wil l  often help identify the problem, Piston slap, 
caused by excessive piston skirtJo cylinder wall clearance, is 
worse when the engine is  cold and may be accompanied by 
increased oil consumption and reduced compression due to 
accelerated piston ring wear. A double knock, most pro
nounced at id le or low load,  is due to excessive clearance at the 
piston pin and u pper connecting rod bushing.  

Crankshaft bearing problems produce a deep, hollow 
knock that is worst when the engine is  warm . A noise that is  
very pronounced u nder load, perhaps louder during the tran
sition from acceleration to coasting, is most l ikely caused by a 
damaged connecting rod bearing. Crankshaft main bearings 
produce a lower, du ll knock. An intermittent knock, which may 
be most apparent when depressi ng or releasing the clutch, indi
cates excessive crankshaft end play. These problems seldom 
occur as isolated failures. They are almost always an indication 
of the overall engine condition that can only be properly cor
rected by complete engine overhaul or replacement. 

Rumbling or groaning from the engine compartment may 
not indicate engine problems at al l ,  but rather a wom bearing 
or bushing i n  an engine-driven accessory. They i nclude the 

coolant pump, alternator, and may i nclude a power steering 
pump and air conditioning compressor. The air  conditioning 
compressor is  equipped with an electrically-switched clutch
type pulley, so a bad compressor wi l l  only be noisy when the air 
conditioning is on. To check other accessories, run the engine 
briefly with the drive belt disconnected and see if  the noise has 
stopped. Once the.drive beltis removed, turning the pulleyand 
shaft by hand may also. reveal a bad bearing or bushing. A 
properly functioning accessory should turn smoothly. 

Fluid Leaks 

Fluid leaking from and around the engine is  most l i kely 
either o i l ,  coolant, or brake flu id.  Look for wet spots on the 
engine to help pinpoint the source. It may be helpful to start by 
cleaning the suspected area. 

The most l ikely sources of engine oil leaks are the oil fi lter 
gasket, the crankcase oi l  seals, the cyl inder head cover gas
kets, or the o i l  pan gaskets. See 6. Cylinder Block and Pis
tons for more information on the gaskets and seals. Because 
the crankcase is u nder s l ight vacuum when the engine i s  
running,  some oi l  leaks may not b e  apparent u nti l  the engine is  
turned off. 

The power steering system is another possible source of oi l  
leaks near the engine. For repairs to the power steering sys
tem, see SUSPENSION AND STEERING. 

Coolant is  a mixture of water and anti-freeze, yellow-green in 
color or perhaps brown if the coolant is  old. A p ressure test of 
the cooling system is the best way to d iscover and p inpoint 
leaks. See COOLING SYSTEM. 

Brake fluid is clear, perhaps sl ightly purple, and a l ittle 
s l ippery. Look for wet spots around the master . cyl inder or 
brake l ines. Especial ly check the flexible hoses near the 
wheels. See BRAKES for repair i nformation.  

Smoking 

Smoke that is visible under the hood is usually either blue
gray smoke from burning o i l ,  or white steam from the cool ing 
system .  Both symptoms i ndicate a leak. See . Fluid Leaks 
above. 

Smoke in the exhaust indicates something getting  i nto the 
combustion chamber and being burned that does not belong 
there. The color of the smoke identifies the contaminant. 

Blue-gray smoke is  from oiL Oil smoke, probably accompa
nied by i ncreased oi l  consumption and oi l  residue on spark 
p lugs, i ndicates that engine o i l  is getting past piston rings, valve 
guides, the cyli nder head gasket, or some combination of the 
three. Use a compression test for d iagnosis. See 3.2 Diagnos
tic. Testing. 



In an older engine, compression pressures that are even 
but below specifications suggest worn piston rings and cylin
der walls, and the need to overhaul or replace the engine. If 
smoking is most obvious under h igh engine vacuum, such as 
while coasting at h igh rpm, and compression pressures are 
within  specifications, leaking valve guide oi l  seals or worn valve 
guides are a probable cause. See 4. Cylinder Head for repair 
information. 

Oi l  smoke or steam appearing suddenly i n  the exhaust, 
along with low compression pressure in one cyl inder or two 
adjoining cylinders, is very probably due to a fai led cyl inder 
head gasket. Look also for coolant loss, oil i n  the radiator, or 
water in the oil (that turns the oil an opaque, creamy brown) . 
See 4.8 Removing and install ing Cylinder Head for repair 
procedures. 

B.lack smoke is caused by the engine getting too much fuel .  
See ENGINE MANAGEMENT-DRIVEABIUTY for more trou
bleshooting information. 

Excessive Oil  Consumption 

Some oi l  consumption is normal and indicates healthy flow 
and d istribution of the vital lubricant in the engine. BMW states 
that the maximum al lowable oi l  consumption for the engines 
covered by this manual is 1 quart per 390 miles. This is why the 
oi l  level must be checked, and occasionally corrected, be
tween oi l  changes. Aside from leaks, increased oil consump
tion wil l  usually be accompanied by some smoking, however 
sl ight, and the causes of excessive oi l  consumption are the 
same as those for oil smoke in the exhaust. As with smoking 
symptoms, gradual increases are caused by worn piston rings 
and/or valve guides. Sudden h igh oil consumption suggests 
broken rings or a failed cylinder head gasket. See Smoking 
above for more troubleshooting i nformation.  
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Poor FlLle l  Consumption and low Power 

Poor fuel consumption and low power can suggest prob
lems with the fuel or ignition systems, particularly on a low
mileage engine. On an engine with h igh mi leage, suffering the 
effects of wear, low compression may be the cause. 

Normal wear of the valves, piston rings, and cylinder walls 
decreases their abil ity to seal. The i ntake and compression of 
the air/fuel mixture becomes less efficient, and the engine has 
to work harder, using more fuel, to produce the same amount 
of power. Engine condition can be evaluated with a compres
sion test. See 3.2 Diagnostic Testing . 

Engine N ot R u n n i ng 

An engine problem that affects timing may prevent the 
engine from starting or running. The camshaft drive belt (6-
cyl inder engines) or timing chain (4-cylinder engines) and 
sprockets are responsible for t iming the actions of the valves 
and the ignition system relative to the pistons and crankshaft. 
A worn camshaft drive belt or t iming chain may jump teeth, 
throwing off al l the engine's timing functions, and stil l  appear to 
be perfectly normal . 

To check camshaft timing, see 4.2 Camshaft Drive Belt 
(6-cylinder engines) or 4.3 .Camshaft Timing Chain (4-
cylinder engines) .  Other troubleshooting information for an 
engine that fails to start can be found in ENGINE MANAGE
MENT -DRiVEABiliTY. 

Table b l ists symptoms of engine problems, their probable 
causes, and suggested corrective actions. The boldface num
bers in  the corrective action column indicate the heading i n  this 
section of the manual where the appl icable test and repair 
procedures can be found. 

Table b. Engine Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Pinging or rattl ing a. Ignition t iming incorrect (too a. Check ignition timing. See IGNITION 
noise under load, advanced) 
uphi l l  or b. Fuel does not meet manufacturer's b. Switch to higher octane fuel. See FUEL SYSTEM for fuel octane 
accelerating, octane requirements requirements 
especially from low 
speeds. Indicates 

c. Overheating c. See COOLING SYSTEM 

detonation or d. Spark plugs damaged or wrong heat d. Replace spark plugs. See iGNITION 

pre-ignition range 

e. Airlfuel mixture too lean e. See FUEL SYSTEM 

2. Screeching or a. Loose, wom,  or damaged V-belt(s) a. I nspect, replace, or tighten belt(s) . See LUBRICATION AND 
squealing noise MAINTENANCE 
under load. Goes 
away when coasting. b. Excessive belt loads due to failed b. Locate and replace failed component. 3.2 
I ndicates slipping engine-driven component 
V-belt 

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

Symptom Probable cause 

3. Growling or a. Coolant pump 
rumbling, varies with b. Altemator 
engine rpm. Bad c. Power steering pump 
bearing or bushing 

d.  Camshaft drive belt tensioner in  an engine-driven 
accessory bearing 

e. Air conditioning compressor 

4. Light metall ic a. Low oil pressure and defective 
tapping noise, varies waming l ight circuit 
d irectly with engine b. Valve clearance out of adjustment 
speed. Oil waming c. Defective rocker arm(s) or rocker arm 
l ight not i l luminated shaft(s) 

5. Light metall ic knock, a. Low oil level 
varies d irectly with 
engine speed. Oi l  
waming l ight blinking 
or fully i l luminated b. Restricted (dirty) oil filter 
(may be most 
noticeable after hard 
stops or during hard 
comering) I ndicates c. I nsufficient oil pressure 
lack of sufficient oi l  
supply 

6. Blue-gray exhaust a. Leaking valve stem oil seals 
smoke, oily spark roo Wom valve guides 
plugs. I ndicates oil 
buming in c. Wom, broken, or incorrectly installed 

combustion chamber pistons or piston rings 

7. Blue-gray smoke a. Failed cylinder head gasket 
and/or white steam (probably accompanied by low 
in exhaust compression readings) See 3.2 

Diagnostic Testing 

b. Warped or cracked cylinder head 
(probably accompanied by low 
compression readings) See 3.2 
Diagnostic Testing 

c. Cracked cylinder block 

8. Black exhaust a. Rich air/fuel mixture 
smoke 

9. Engine runs badly, a. Spark plug wires installed incorrectly 
pops and backfires b. Incorrect valve timing 

1 0. Engine wil l not start a. Failed ignition system 
or ru n. Starter b. Broken camshaft d rive belt or timing 
operates, engine chain 
turns over at c. Incorrect camshaft timing due to 
normal speed jumped or incorrectly installed belt or 

chain 

3.2 Diagnostic Testing 

The tests that fol low can be used to help isolate engine 
problems, to better understand a problem before starting ex
pensive repairs, or just to periodically check engine condition. 

Corrective action 

a. See COOLING SYSTEM 

b. See ELECTRICAL SYSTEM 

c. See SUSPENSION AND STEERING 

d. Replace belt tensioner and drive belt. 4.2 

e. Replace compressor 

a. Check oil pressure. 7 

b. Adjust valve clearance. 4.4 

c. Check rocker arms/shafts and replace as requ ired. 4.6 

a. Check and correct oil level .  See LUBRICATION AND 
MAINTENANCE 

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

c. Check oil pressure. 7 

a. Replace valve stem oi l  seals. 4.7 

b. Overhaul or replace cylinder head. 4. 

c. Overhaul or replace engine 

a. Replace cylinder head gasket. 4.8 

b. Resurface cyl inder head or replace gasket. 4.8 

c. Replace engine or short block. To remove engine see 5 

a. See FUEL SYSTEM 

a. I nstall wires correctly. See IGNITION 

b. Check camshaft drive belt or camshaft timing chain and 
camshaft timing. 4.2 or 4.3 

a. See IGNITION 

b. Check camshaft rotation as engine turns over. Install new 

c. 

camshaft drive belt or timing chain as necessary. 4.2 or 4.3 

Check camshaft timing. Replace belt or chain and sprockets as 
necessary. 4.2 or 4.3 

Compression Test 

A test of compression pressures in the i ndividual cyl inders 
wi l l  tel l a lot about the condition of the engine without the need 
for taking it apart. The test is relatively simple. It requires a 
compression tester, a spark plug wrench, and a screwdriver. 



To obtain accurate results, the battery and starter must be 
capable of turning the engine at normal cranking speed . The 
area around the spark plugs or injectors should be clean, to 
avoid getting debris i nside the engine when they are removed. 
Because engine temperature may affect compression , the 
most accurate results are obtained when the engine is at 
normal operating temperature. 

To test .compression: 

1 .  Make sure the ignition is turned off. 

2. On 4-cylinder engines, remove the fuel pump relay from 
the auxi l iary relay panel .  See Fig. 3-1 . Disconnect the 
harness connector(s) from the ignition control unit on the 
firewall .  

Fig. 3-1 . Auxil iary relay panel near left shock tower o n  4-
cyl inder engine. Remove cover from panel and 
remove fuel pump relay (arrow) . 

3. On 6-cylinder engines, remove the main relay from the 
auxil iary relay panel near the left (driver's) side shock 
tower. See Fig. 3-2. 

CAUTION -

The main relay may be located in an adjacent 
position. To check if the main relay has been 
correctly identified, inspect the wires leading to 
the relay socket. There should be two large (4 
mm) wires leading to the main relay socket. 

4. Remove and label the spark plug wires from the spark 
plugs. Use care to pul l  only on the boot to avoid damage 
to the connectors. 

5. Remove the spark plugs and set them aside, in order 
corresponding to the cylinders from which they were 
removed. 
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Fig. 3-2. Auxil iary relay panel near left shock tower on 6-
cyl inder engine, Remove cover from panel and 
remove main relay (arrow) . 

6. Thread the compression tester into the first cylinder's 
spark plug hole, just tight enough to seal around the 
spark plug hole. Use care not to damage the seal on the 
gauge l ine. 

7. With the transmission in neutral and the throttle held wide 
open, crank the engine with the starter. The gauge 
reading should increase with each engine revolution. 
Crank the engine about 4 to 5 revolutions. Record the 
value shown on the gauge. 

NOTE -

The engine should be cranked an equal number 
of revolutions at each cylinder to obtain the most 
accurate readings. 

8. Release the pressure, either with the gauge valve or by 
slowly removing the gauge, al lowing the pressure to 
bleed off while threading it out of the spark plug hole. 

9.  Repeat the test for each of the other cyl inders. Record 
the data and compare with Table c .  

Table c. Compression Pressure Specifications 

Engine Compression pressure 

All 1 o� 1 1  bar ( 1 42� 1 56 psi) 

1 0. Reinstall the spark plugs and the spark plug wires in their 
orig inal locations. Reconnect all electrical harness con
nectors and reinstall the relay. 
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Low compression i s  evidence of poorly sealed combustion 
chambers. The characteristics of the test results help isolate the 
cause or causes. Generally, compression pressures that are 
relatively even but below acceptable specifications indicate 
worn piston rings and/or cylinder walls. Low but erratic values 
tend to indicate valve leakage. Dramatic differences, such as 
acceptable values in some cylinders and very low values in one 
or two cylinders are the sign of a localized failure, probably of 
a head gasket. There are three more tests that can further 
isolate the problem. 

Wet Compression Test 

To analyze poor compression and further identify the source 
of the leakage, repeat the compression test, this time with 
about a teaspoon of oil squirted into each cyl inder. The oil wi l l  
temporarily help seal between the piston r ings and the cylinder 
wall ,  practically el iminating leakage past the rings for a short 
time. If this test yields h igher compression readings than the 
"dry" compression test, the d ifference can be attributed to 
leakage between the piston rings and cylinder wal ls, due either 
to wear or to broken piston rings. Little or no change in com
pression readings indicates other leakage, probably from the 
valves or a fai led cyl inder head gasket. 

Leak-down Test 

The most conclusive diagnosis of low compression symp
toms requ ires a leak-down test. Using a special tester and a 
supply of compressed air, each cylinder is pressurized . The 
rate at which the air leaks out of the cyl inder, as well as where 
the air leaks out, can more accurately pinpoint the magnitude 
and source ofthe leakage. Any engine compression d iagnosis 
that will require major disassembly should first be confirmed by 
the more accurate leak-down test. Because the test requ ires 
special equipment and experience, it may be desirable to have 
it done by a BMW dealer or other qualified repair shop. 

Vacuum Gauge Test 

A vacuum gauge can be a useful tool when d iagnosing 
engine problems. Care must be taken in  interpreting the read
ings and the movements of the gauge needle. In many in
stances, the readings may indicate several problems and fur
ther testing may be requ ired to isolate the exact problem. The 
vacuum gauge should be connected to a vacuum source on 
the intake manifold and the engine should be at operating 
temperature. 

The engine vacuum gauge measures manifold vacuum. 
Manifold vacuum varies with different engine operating condi
tions and also with different engine problems. The manner in 
which the vacuum reading varies from the normal reading can 
indicate the type of engine problem. Table d l ists vacuum 
gauge readings, their probable causes, and corrective actions. 

Table d. Vacuum Gauge Readings 

Vacuum gauge Probable cause Corrective action 
reading 

1. High and steady a. Normal performance. Engine in  good a. No corrective action required 
reading ( 1 5-22 condition 
in ./Hg.) 

2. Low and steady a. Incorrect ignition timing (retarded) a. Check ignition timing. See IGNITION 
reading(1 0- 1 5 b. Incorrect valve timing b. I nspect camshaft timing. 4.2 or 4.3 
in ./Hg.) c. Low compression c. Test compression as described above 

d. Throttle valve sticking d. Remove intake a i r  boot and check throttle movement. See FUEL 
SYSTEM 

e. Leaking intake manifold gasket or e. Inspect intake manifold gasket. Remove injectors and check 
fuel injector seals O-rings. See FUEL SYSTEM 

3. Very low but steady a. Large intake air leak a. Visually inspect for faulty gaskets, hoses, or connections. Check 
reading at idle the oi l d ipstick seal , the oi l  fi l ler cap and the cyl inder head cover 
(below 1 0  in ./Hg.) gasket carefully 
Engine idles very b. Ignition timing severely retarded or b. Check ignition timing. See IGNITION 
rough and stalls advanced 

continued on next page 
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Table d .  Vacuum Gauge Readi ngs (continued) 

Vacuum gauge Probable cause 
reading 

4. Gauge reading drifts a. Minor intake air leak 
or  floats at idle b. Air!fuel mixture incorrect (rich) 

5. Gauge reading fairly a. Worn (weak) valve springs 
steady at idle but 

b. Ignition miss vibrates rapidly when 
engine speed is 

c. Faulty cylinder head gasket 
increased 

6. Gauge reading a. Sticking or faulty valve or incorrect 
steady at idle but valve clearance. (Needle drops when 
drops regularly faulty valve operates) 

b. One or more spark plugs not firing 

c. Faulty head gasket 

7. Gauge reading a. Worn valve guides 
vibrates rapidly at 
idle but steadies 
when engine speed 
is increased 

8. Gauge reading a. Plugged or restricted exhaust system 
gradually drops to 0 
in./Hg at idle 

4. CYLINDER HEAD 

The cyl inder head can be removed from the cyl inder block 
for repairs with the engine in the car. Since the camshaft 
bearing bores are integral with the head and are not split with 
removable caps, it is necessary to remove the cylinder head for 
most cylinder head repairs. 

Reconditioning the cyl inder head is not overly complicated, 
but requires time and an extensive tool selection . If good 
machine shop services are not available in your area, or time is 
a factor, installation of a remanufactured cyl inder head is a 
good alternative. Remanufactured cyl inder heads are avai lable 
from an authorized BMW dealer. 

4.1 Cyli nder Head Cover and Gasket 

Because the cyli nder head cover gasket is deformed during 
installation, it is not reusable. It should be replaced anytime the 
cylinder head cover is removed and anytime there is evidence 
of leaks. A faulty gasket can also be the source of vacuum leaks 
and erratic idle caused by a lean mixture. 

Corrective action 

a. Visually inspect for intake air leaks 

b. Check air!fuel mixture. See FUEL SYSTEM 

a. Replace valve springs 4.9 

b. Test ignition system. See IGNITION 

c. Test compression as described above 

a. Adjust valve clearance 4.4 If valve clearance is correct, inspect 
valves 4.9 

b. Replace faulty spark plugs or spark plug wires. See IGNITION 

c. Test compression as described above 

a. Check valve guides and repair or replace as necessary. 4.9 

a. Check exhaust system for restrictions, especially check for a 
plugged catalytic converter 

To remove and instal l  cyl inder head cover gasket: 

1 .  On 4-cylinder engines, remove the six nuts, one bolt and 
the breather hose as shown in Fig . 4- 1 . Disconnect the 
breather hose from the cover. 

Fig. 4-1 . Cyl inder head cover mounting nuts, bolt, and 
breather hose (arrows) . 
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2. On 6-cyli nder engines, remove the intake manifold sup
port bracket and the idle air stabi l izer valve support 
bracket as shown i n  Fig. 4-2. Remove the electrical 
connectors from the idle air stabil izer valve and, if appli
cable, the cold-start valve. 

NOTE-
The 325i(is) , 325i Convertible and 1 988 325 mod
els are not equipped with cold-start valves. 

Fig. 4-2. Intake manifold and id le a i r  stabi l izer valve support 
brackets (arrows) on 325e engine. Brackets on 
other engines are s imi lar. 

3. On 1984 and 1985 6-cyli nder engines, remove the ref
erence point sensor and the speed sensor connectors 
from the mounting bracket on the cylinder head cover. 
See Fig. 4-3. 

NOTE� 
Mark the wires so they can be reinstal led in the 
correct location . The engine wi l l  not start if they 
are incorrectly installed. 

4. On 6-cyl inder engines, d isconnect the breather hose 
from the cover. Remove the eight mounting nuts and the 
g round strap. See Fig.  4-4. Lift off the large ignition wire 
cover and place it out of the. way. 

5. Careful ly l ift off the cyl inder head cOver and its gasket If 
the gasket is  stuck to the cyli nder head, use a gasket 
removing tool or a dul l  knife to separate the gasket from 
the head. 

CAUTION -

Use care when removing a stuck gasket. Damage 
to eithe r surface can cause vacuum and oil leaks. 

Fig. 4-3. Reference point sensor and speed sensor connec
tor on 1 984 and 1 985 6-cyl inder head cover. 

Fig. 4-4. Breather hose and cyl inder head cover mounting 
nuts on 325e engine (arrows) . 

6. Instal l  a new gasket and the cylinder head cover. 

7. On 4-cyl inder engines, instal l  the spark plug wire 
bracket 

8. On 6-cylinder engines, i nstall the support bracket(s) . 
Reconnect the hamess con nectors. Attach the ground 
strap under the no. 6 mounting nut 

9. I nstall and tighten the mounting nuts to 1 5 ± 1 .5 N m  
(1 1 ± 1 ft .  lb.) i n  the sequence shown i n  Fig. 4-5. Recon
nect the breather hose. 
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Fig. 4-5. Cylinder head cover mounting nut tightening se
quence on 4-cyl inder engines (top) and 6-cylinder 
engines (bottom) . 

4.2 Camshaft Drive Belt (6-cyl inder engines) 

The camshaft on the 6-cylinder engines covered by this 
manual are actuated by a toothed Gi lmer-type rubber belt. See 
Fig. 4-6. Due to belt composition and high u nder-hood tem
peratures, the belt is subject to wear. BMW recommends that 
the belt be replaced at least every 60,000 mi les, every four 
years, or anytime belt tension is relieved. 

CAUTION -

Reusing a camshaft drive belt could result in 
overstretching of the belt, which can cause de
creased belt life and possible engine damage. 

Fig. 4-6. Camshaft drive belt configuration with tensioner 
and sprockets. Arrow shows engine rotation d irec
tion. 
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Various versions of drive belt tensioner pulleys, belts and 
sprockets were i nstalled on the 6-cylinder engines covered by 
this manual. Some of the earlier versions of tensioner pulleys 
and belts are no longer available. During drive belt replacement 
only parts contain ing the Z 127 markings should be installed. 
See Fig. 4-7. If an earlier version belt is being replaced, the 
tensioner pulley must also be replaced. Consult your autho
rized BMW dealer parts department for latest parts i nformation. 

Fig. 4-7. Camshaft drive belt tensioner with stamp "Z 127" 
(arrow) . 

NOTE-
Models with 6-cylinder engines bui lt betw een Ju ly 
1 986 and Septemb er 1 986 have a camshaft d rive 
belt sprocket that may break. See the bui ld date 
on the driver' s door p il lar. Sprockets th at hav e  
been replaced under warranty wil l b e  so noted by 
a blue paint dot on the thermo stat housing and a 
round label affix ed to the driver' s  door pi l lar with 
th e n umber "1 4" punch ed out. If this repair has 
not been done, the sp rocket sh ould be inspected 
by an authorized BMW d ealer. All sprockets with 
stamped markings "w + P 2 86" must be re
placed. 

To remove: 

1. With the engine cold, drain the coolant as described i n  
COOLING SYSTEM. 

2. Remove the radiator cool ing fan and the radiator as 
described in COOLING SYSTEM. 

NOTE � 

A lth ough it is possib le to rep lg ce the camshaft 
driv e  belt without remo ving the r adiator, th e re
moval of th e radiator greatly simpl ifies the task. 

3. Remove the distributor cap and ign ition rotor as de
scribed in  IGNITION. Place the cap and wires out of the 
way. 

NOTE -

Label the sp ark plug wires so that they can be 
rein stalled in t heir o rig inal locatio ns. 



14 ENGINE 

4. Remove the alternator V-belt, the air conditioning com
pressor V-belt, and the power steering pump V-belt as 
described in LUBRICATION AND MAINTENANCE. 

5. Remove the two mounting bolts from the upper camshaft 
drive belt cover. Remove the cover and the engine hoist
ing bracket. See Fig. 4-8. 

Fig. 4-8. Upper camshaft drive belt cover mounting bolts 
(arrows) . 

6. Remove the u pper alternator bracket by removing the 
mounting nut and bolt. See Fig. 4-9. 

Fig. 4-9;· Upper alternator bracket and mounting nut and bolt 
(arrows) .. 

7. Using a socket wrench on the center vibration damper 
(crankshaft pul ley) bolt, rotate the crankshaft clockwise 
until the engine is at Top Dead Center (TOC or OfT) of the 
No. 1 cylinder. 

NOTE-
At TDC on the compression stroke of the No. 1 
cy linder, the "OfT" mark on the vibration damper 
wil l  alig n w ith the notch on the lower cam sh aft 
drive b elt cover. The arrow and notch on the 
camshaft drive belt sprocket wil l al ign with the 
mark stamped on the cyli nder head. See Fig. 
4-1 0 .  

Fig. 4-1 0. Top Dead Center (TDC) mark on vibration damper 
aligned with mark on lower drive belt cover (left) 
and camshaft sprocket al igned with mark on cyl
inder head (right) . 

8. On 325e(es) models, remove the Top Dead Center (TOG) 
sensor from its clip as shown in Fig. 4-11. 

Fig. 4--11. Top Dead Center (TOC) sensor and cl ip. 



9. On 325i (is) and 325i Convertible models, remove the 
reference sensor mounting bolt. Remove the sensor with 
the wiring from the mounting clips on the camshaft drive 
belt cover. See Fig .  4-1 2. 

Fig. 4-12. Reference sensor mounting bolt on 325i model 
(arrow) . 

1 0. Remove the lower camshaft drive belt cover mounting 
bolt together with the cover. 

1 1 .  Remove the six bolts that hold the lower drive belt pu lley 
and the vibration damper to the front of the crankshaft. 

NOTE -

It may be necessar y  to immobilize the cranksh aft 
with a combin ation wrench. 

1 2. Remove the pulley and the damper. It may be necessary 
to pry gently with a screwdriver to free the pul ley and the 
damper from the crankshaft. 

13 . On early models with a two-piece crankshaft hub, hold 
the hub stationary and remove the hub's center mount
ing bolt. Then using a suitable pul ler remove the hub 
from the crankshaft. 

NOTE� 
al On models with a two-piece crankshaft hub, 
removal of the hub is necessary to remove the 
bel t  from the crankshaft sprocket. On models with 
a one-piece hub, there is enough clearance to 
sl ide the belt over the h ub-therefore removal of 
the hu b is not necessar y. 

e Th e cr ankshaft sprocket and h ub mounting bolt 
is tightened to a torque of approx imately 41 0 Nm 
(302 ft. lb.) . A heavy-duty holding device, such as 
BMW T oo l  No. 11 2 1 50 ,  should b e  used to hold 
the sprocket. U se a heavy-duty 3/. -inch d riv e 
socket and breaker bar to bre ak the bolt free. 
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1 4. Loosen the upper bolt that secures the belt tensioner 
pul ley. See Fig. 4-1 3. Loosen the lower nut that is at the 
base of the long stud that also secures the lower cam
shaft drive belt cover and the alternator bracket. 

Fig. 4-13. Upper mounting bolt for camshaft d rive belt ten
sioner (arrow) . 

1 5. USing a long screwdriver, rel ieve the belt tension by 
rotating the belt tensioner pul ley counterclockwise (to
ward the passenger side of the car) as far as it wi l l  go, 
then tighten the upper bolt. Peel the belt from the cam
shaft, the i ntermediate shaft and the crankshaft sprock
ets, and the belt tensioner pul ley. 

CAUTION-
Tools should not be used to assist in removing the 
belt. Once the belt is removed, do not disturb the 
camshaft or crankshaft position. Rotation of either 
shaft could result in engine damage. 

1 6. I nspect the camshaft belt tensioner pulley. If the pulley 
catches, is noisy, or has radial (side-to-side) or axial 
( in-and-out) play, or does not spin freely, it is faulty and 
must be replaced as described below in Replacing 
Camshaft Drive Belt Tensioner Pulley. 

NOTE � 

1 986 and later cars have belt tensioner pul leys 
that are marked with "Z 1 27." 1 985 and earlier 
cars may be equipp ed with an earlier version 
pul ley. If there is no "Z 1 27" stamp on the base of 
the b elt tensioner pulley, it m ust b e  replaced wit h  
on e so marked. 
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To i nstall: 

1 .  Check that both the crankshaft and camshaft t iming 
marks are correctly al igned as shown above in  Fig. 4-1 0. 
Check the crankshaft position by loosely instal l ing the 
lower camshaft drive belt cover and the vibration damper 
so that the alignment of the crankshaft OIT mark can be 
inspected. 

2. Instal l the belt beginning at the crankshaft sprocket. 
Install the camshaft drive belt in a counterclockwise 
d irection, s l ipping the belt over the intermediate shaft 
and the camshaft sprockets, and the camshaft belt ten
sioner pul ley. 

CAUTION -

Do not use any tools to force the camshaft drive 
belt onto the pulleys. 

3. With the belt correctly pqsitioned on the sprockets, 
slowly loosen the camshaft belt tensioner pul ley upper 
retain ing bolt so that the beltis tensioned. 

4. Using a socket wrench on the center crankshaft bolt, 
slowly rotate the engine clockwise through two complete 
revolutions (720°) unti l  the t iming marks are aligned 
again .  

CAUTION -

If either the crankshaft or the camshaft are not 
perfectly aligned, it is necessary to release ten
sion on the camshaft drive belt, carefully peel the 
belt from the camshaft drive gear, and repeat the 
above steps. It is permissible to rotate the cam
shaft drive gear by hand by one or two teeth in 
either direction to ensure proper alignment. 

5. Once the al ignment of crankshaft and camshaft t iming 
marks are correct, torque fi rst the upper and then the 
lower tensioner mounting bolts to 22 ± 2 Nm ( 1 6 ± 1 ft. 
lb.) . 

The remainder of the installation is the reverse of removal. 
On models with a two-piece crankshaft hub, install the hub 
al igning the keyway with the key. Hold the crankshaft stil l  using 
a holding device while tightening the mounting bolt to 4 1  0 ± 20 
Nm (297 ± 1 4  ft. l b. ) . Tighten the bolts on the vibration damper 
to 22±2 Nm ( 1 6±1 ft. lb.) . Tighten the smaller M6 nuts and 
bolts on the upper and lower aluminum camshaft drive belt 
covers to 9 to 1 1  Nm (7 to 8 ft. lb. ) .  Tighten the larger M8 nuts 
and bolts on the upper and lower aluminum camshaft drive belt 
covers to 22 ± 2Nm ( 1 6 ± 1 ft. lb.). Tighten the reference sensor 
mounting bolt to 7 ± 1 Nm (5 ± 0.5 ft. lb.) . 

Instal l  the V�belts removed earlier. Adjust V-belt tensions as 
described i n  LUBRICATION AND MAINTENANCE. Place a 
label i n  the engine compartment noting camshaft drive belt 
replacement date and odometer reading. Refil l  the cooling 
system as described inCOOUNG SYSTEM. 

Replacing Camshaft Drive Belt Tensioner Pulley 

The camshaft drive belt tensioner pulley should be careful ly 
inspected whenever the drive belt is replaced. Prior tq inspect
ing the tensioner, the drive belt should be removed as de
scribed above in 4.2 Camshaft Drive Belt. (6-cylinder en
gines). 

'NOTE-

1986 and la ter cars have'b elt tension e(p ul ley s 
that are mark ed with "Z 1 27." 1 985 and earl ier 
car s  may be equipp ed w ith an earlier v ersion 
p ul ley. If there is no "Z 1 27" stamp on the b as e  of 
th e belt tensioner pul ley, it mu st be rep laced with 
one so marked. 

With the drive belt tension rel ieved ,  loosen the upper ten
sioner pul leybolt. Careful ly remove the bolt while  applying l ight 
sideways pressure on the pulley to prevent the guide pin and 
the spring from flying out. Remove the spring and the pin.  
Removethe lower bolt with the pulley. Place the new pul ley i nto 
position and hand start the lower bolt. Install the guide pin with 
the spring into the notch of the coolant pump. See Fig. 4-1 4. 
Rotate the pul ley counterclockwise until the p in engages the 
hole in the tensioner arm . Apply a sl ight sideways pressure until 
the upper tensioner pul ley retain ing bolt can be installed . With 
a long screwdriver apply pressure to compress the spring fully, 
then tighten the retain ing bolt. 

Fig. 4-1 4. Relationship of camshaft belt tensioner pul ley, ten
sioner spring and p in, and coolant pump. 

4.3 Camshaft Timing Chain (4-cylinder engines) 

A single-row camshaft tim ing chain actuates the camshaft. 
The chain is driven by a sprocket on the front of the crankshaft. 
The timing chain is lubricated by engine oi l  and does not 
require maintenance. On high mi leage engines, a timing chain 



can wear, causing it to stretch unti l the tensioner system no 
longer provides proper valve timing. A worn timing chain can 
be noisy and can cause erratic valve timing, lead ing to loss of 
performance. A noisy timing chain can also be caused by a 
faulty timing chain tensioner piston. 

To remove: 

1 .  Disconnect the negative ( - ) battery cable. 

CAUTlON-

BMW Anti-theft radios can be rendered useless by 
disconnecting battery cables. See your owner's 
manual for more information. 

2. Remove the cyl inder head cover as described i n  4.1 
Cylinder Head Cover and Gasket. 

3. Using a 30 mm socket on the center vibration damper 
(crankshaft pulley) bolt, rotate the crankshaft clockwise 
until the engine is at Top Dead Genter (TOG or OfT) on 
the compression stroke of the No. 1 cyl i nder. At TOG, the 
notch i n  the vibration damper wil l al ign with the cast boss 
on the camshaft timing chain cover. See Fig.  4-1 5 .  

Fig. 4-15. Top Dead Center (TOC) mark on vibration damper 
al igned with mark on timing chain cover. 

4. Drain and remove the radiator, the radiator hoses and 
the fan shroud as described in COOLING SYSTEM. 

5. Remove all V-belts as described i n  LUBRICATION AND 
MAINTENANCE. 

6. Remove the bracket for the d iagnostic connector. 

7. Remove the alternator and its bracket as described in 
ELECTRICAL SYSTEM. 
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8. Remove the power steering pump and its brackets as 
described in SUSPENSION AND STEERING. Using a 
stiff wire,  support the power steering pump. 

CAUTION -

Do not allow the power steering pump to hang 
from its hoses, as damage to the hoses, the fit
tings, or the pump may occur. 

9. Remove the air conditioning compressor from its brack
ets by removing the mounting bolts. 

WARNING� 

Under no circumstances should you attempt to 
remove the hoses from the air conditioner com
pressor. Doing so can lead to the expUlsion of 
refrigerant under high pressure, leading to possi
ble eye damage or frostbite. 

CAUTlON -

Be careful not to damage the compressor body 
while prying it free from the bracket. Be ready to 
catch the compressor as it separates from the 
bracket. Support the compressor using stiff wire. 

1 0. Remove the bolts that hold the air conditioning compres
sor bracket to the cylinder block and remove the bracket. 

1 1 .  Remove the coolant pump as described in COOLING 
SYSTEM .  

1 2 . Remove the eight bolts that secure the upper camshaft 
timing chain cover to the cyl inder head and to the lower 
camshaft t iming chain cover. Gently pry the upper timing 
chain cover from the cyl inder head, taking care not to 
tear the cyl inder head gasket. 

13. Secure the damper or the flywheel to prevent the crank
shaft from turning. Using a 30 mm socket, loosen the nut 
that holds the vibration damper to the crankshaft. See 
Fig.  4-1 6 .  

NOTE -

II> T he vi brati on damper n ut i s  ti ghtened to a 
torq ue of approxi mately 1 90 Nm (1 40 ft. lb.) . Use 
a large breaker bar to break the bolt free. 

<1) A speci al BMW servi ce tool (BMW Tool No. 11 2 
100) i s  avai lable to hold the flywheel stati onary 
whi le the vi brati on damper mounti ng nut i s  re
moved . As an al ternati ve ,  a large wrench can be 
used to hold the rear part of the damper statio n
ary. If the alternate method i s  used, a thi ck stri p  of 
leather or other materi al shoul d  be u sed to pre
vent sl ippage and damage to the vi brati on 
damper. 



18 ENGINE 

fig. 4-16. Vibration damper secured with wrench while 
mounting nut is  loosened . 

1 4. Using a 2-jaw or 3-jaw gear puller, remove the vibration 
damper as shown in Fig. 4-17. 

fig. 4-17. Vibration damper being removed from crankshaft 
with pu l ler and wrench. 

1 5. Slowly loosen the nut that secures the t iming chain 
tensioner piston and its spring. See Fig. 4-18. Be ready 
to catch the spring as the nut is removed. Pull the piston 
from its bore. 

16. Check the piston for free movement of the check ball by 
shaking the piston. If the ball cannot be heard to rattle 
freely i n  the piston,  the unit should be d isassembled and 
cleaned. 

17. 

fig. 4-1 8. Camshaft t iming chain tensioner piston being re
moved. 

Check the function of the piston check ball by blowing air 
i nto the closed end of the piston. No air should pass. 
Blow air i nto the slotted gu ide end of the piston. Air 
should pass freely. If either of the test conditions are not 
met, d isassemble and clean the piston. See Fig.  4-1 9 .  I f  
the piston cannot be made to  operate correctly, i t  should 
be replaced. 

fig. 4-1 9. Timing chain tensioner piston assembly shown 
disassembled . 

18. Remove the five bolts from the lower timing chain cover. 
See Fig. 4-20. 

1 9. Working beneath the car, remove the three bolts that 
attach the oil pan to the bottom of the timing chain cover. 
Loosen the three forward oil pan bolts on either side of 
the engine. Using a sharp knife, separate the cover from 
the oil pan gasket and remove the cover. 



Fig. 4-20. Lower timing chain cover mounting bolts (arrows). 

20. Remove the bolts from the camshaft sprocket and pry 
the sprocket from the camshaft. See Fig. 4-21 . 

Fig. 4-21 .  Camshaft drive sprocket mounting bolts (arrows) . 
Sprocket shown with locking tabs. 

CAUTlON -

Do not rotate the crankshaft or the camshaft while 
the timing chain is removed, as bent valves may 
result. 

NOTE-

So me models may be equipped with camshaft 
sprocket bolt locking tabs. T he locking tabs are 
no longer av ailable from BMW and do not have to 
be reinstalled. 
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21. Inspect the timing chain sprockets. Sprockets that have 
worn or missing teeth should be replaced. The chain 
should also be replaced if the sprockets are excessively 
worn. 

22. 

NOTE-
If the crank shaft sprocket requ ires r eplac em en t, 
the oi l  pan and the oi l  pump drive sprocket must 
be removed as described under 7. Lubrication 
System. Th e crankS haft sp rock et can be re
moved from t he crankshaft u sing a p uller. Prior to 
i nsta ll ing the rep lacement sprocket, it must first 
b e  heated in an oil bath to a max imum temp era
ture of 390°F (200°C) . At th is tem perature, the 
sp rock et can b e  driven o nto the cr ank sh aft while 
aligning the woodruff keyway. D ue to th e h igh 
temperatures required, we recommen d  tha t  this 
b e  don e  by an authorized BMW dealer or other 
qualified shop. 

I nspect the guide rail and tensioner rai l for deep grooves 
caused by chain contact. The rails can' be replaced after 
removing the circlips from the mounting pins. See Fig. 
4-22. Always use new circlips. 

Fig. 4-22. Camshaft t iming chain guide rail mounting c i r
c l ips. Remove circl ips in d i rection of arrows. 

23. I nspect the crankshaft oil seal in the front of the lower 
timing chain cover. If the oil seal is hard , cracked, or 
otherwise damaged, it should be replaced as described 
in 6.1 Cylinder Block Oil Seals. 
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To instail : 

1 .  Check that both the camshaft and the crankshaft are set 
at Top Dead Center (TOC). At Top Dead Center (TOC or 
O/T), the notch i n  the camshaft flange should be aligned 
with the cast mark on the cyl inder head as shown in  Fig. 
4-23 and the woodruff key on the crankshaft should point 
straight up. Also see Fig .  4-15 above. 

Fig. 4-23. Notch in camshaft flange al igned with mark on 
cyl inder head (arrow) . 

2. Make sure the chain is properly engaged on the crank
shaft sprocket. I nstall the camshaft sprocket to the chain 
so that the guide pin on the camshaft flange and its hole 
on the rear of the sprocket pOint straight down. 

3. Install the sprocket onto the camshaft and torque the 
mounting bolts to 7 Nm (5 ft. l b.) . Check that the TOC 
marks are sti l l  al igned. 

4. Instal l  the timing chain guide rail and tensioner rail .  

5.  Apply a light coat of gasket sealer to the lower camshaft 
timing chain cover gaskets. Instal l  the gaskets on the 
cylinder block. Apply a l ight coating of sealant to the 
exposed portion of the oi l  pan gasket, using extra sealer 
at the rear corners. See Fig. 4-24. 

6. Apply a l ight coat of engine oi l  to the l ip of the crankshaft 
oil seal in the lower timing chain . cover and place the 
cover i nto position .  Loosely i nstall the cover mounting 
bolts and the oi l  pan mounting bolts. 

7. Loosely instal l  the power steering bracket and the air 
conditioning bracket with their mounting bolts. 

Fig. 4-24. Area of o i l  pan gasket requir ing extra gasket 
sealer (arrows) . 

8. When all brackets and bolts are i nstalled, tighten al l  the 
smaller M6 bolts to 9 to 11 Nm (7 to 8 ft. lb.) and all the 
larger M8 bolts to 22 ± 2  Nm ( 1 6 ± 1 ft. l b.) . Tighten the 
bolts in  an alternating pattern. Tighten the oi l  pan bolts to 
9 to 11 Nm (7 to 8 ft. lb.) . 

9. Install the camshaft chain tensioner piston ,  the spring, a 
new seal , and the chain tensioner securing n ut. Be sure 
that the tapered end of the spring faces the nut when 
reinstall ing the piston.  

10. Bleedthe camshaft chain tensioner piston by moving the 
tensioner rail back and forth s lowly unti l oil runs out past 
the securing nut and resistance can be felt. Tighten the 
securing nut to 35±5 Nm (26±4 ft. lb. ) .  

11. Install the vibration damper to  the crankshaft. While hold
ing either the damper or the flywheel stationary, tighten 
the nut to a torque of 190± 10 Nm (140±7 ft. l b. ) .  See 
Fig. 4-25. 

12. Apply a l ight coat of sealer to the two upper camshaft 
timing chain cover gaskets. Set the gaskets i nto position 
on the cover. Apply a brush-on gasket sealer using 
enough around the small bores to fi l l  them. See Fig. 
4-26. 

NOTIE-
T he gasket s  are not ident ical and wi l l  only fit i n  
o n e  posit ion .  

13 . Install the bracket for the d iagnostic connector onto the 
upper t iming chain cover. 

1 4. Install the upper t iming chain cover and hand-tighten the 
mounting bolts. First tighten the six bolts on the front of 
the cover then the two lower bolts, torqueing the smaller 
M6 bolts to 9 to 11 Nm (7 to 8 ft. lb.) and the larger M8 
bolts to 22±2 Nm (16 ± 1 ft. lb.) . 



Fig. 4-25. Vibration damper secured with wrench while 
mounting nut is tightened. 

Fig. 4-26. Apply enough sealer to f i l l  bores (arrows) . 
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15. Instal l  the cyl inder head cover as described in 4.1 Cyl
inder Head Cover and Gasket . 

16. I nstal l the coolant pump as described in COOLING SyS
TEM.  

17. I nstal l  the a i r  conditioning compressor. 

18. Instal l  the power steering pump as .described in SUS
PENSION AND STEERING. 

19. Instal l  the alternator as described in ELECTRICAL SYS
TEM. 

20. Install all belts as described in lUBRICATION AND 
MAINTENANCE. 

21 . I nstall the radiator, fan shroud, coolant hoses and refi l l  
the cool ing system as described in  COOLING SYSTEM. 

22. Reconnect the battery. 

4.4 Valve Adjustment 

Valve adjustment should be done as part of schedu led 
maintenance. For a l isting of recommended adjustment i nter
vals, see LUBRICATION AND MAINTENANCE. 

A special tool (BMW Tool No. 11 3 070) is available to aid in  
the adjustment of the eccentric that is used to set the valve 
clearance. As an alternative, a tool can be easily fabricated from 
stiff wire (approximate diameter of %2 i n .) . The valves can be 
adjusted with the engine hot or cold. 

To adjust valve clearance: 

1. Remove the cyl inder head cover as described in 4.1 
Cylinder Head Cover and Gasket 

2. Using a socket wrench on the vibration damper bolt, 
hand-turn the crankshaft clockwise until the No. 1 cyl in
der 's camshaft lobes are pointing approximately down
ward (valves fully closed) . 

NOTE-

C!l The No. 1 cyl inder i s  t he one closest to the 
radiator end of the engine. 

o Crankshaf t rotation can be done more easily if 
the sparks plugs are first removed as described i n  
LUBRICATIO N A ND MAI NTENA NCE. 
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3. Measure the valve clearances of the i ntake and exhaust 
valves using a feeler gauge. See Fig. 4-27. Compare the 
measured clearance values with the specifications l isted 
in Table e. 

Fig. 4-27. Valve clearance being measured. Feeler gauge is  
i nserted between rocker arm eccentric and valve. 

Table e. Valve Clearance Specifications 

Engine warm 
(coolant temperature above 1 76°F (80°C) 

4-cy linder . . . . . . . . . . . . . . . . . .  0.25 mm (0.01 0 in . )  
6-cylinder . . . . . . . . . . ... . . . . .  0 .30 mm (0.01 2 in . )  

Engine cold 
(coolant temperature below 95°F (35°C) 

4-cylinder . . . . . . . . . . . . . . . . . .0.20 mm (0.008 in . )  
6-cylinder . . . . • . . . . • . . . . . . . . 0 .25 mm (0.01 0 in . )  

NOTE-

Valve cle arance specifications for both the intake 
valves and th e exhaust valv es are the same. 

4. If the valve clearance is not within specifications, adjust 
the eccentric by loosening the setscrew nut (locknut) 
with a 1 0  mm box-end wrench. Rotate the eccentric with 
a stiff wire hook until the specified clearance is obtained. 
See Fig. 4-28. Tighten the nut to 1 0  ± 1 Nm (89 ± 9 i n .  
lb.). 

CAUTION -

Avoid using an open-end wrench to loosen the 
adjusting nut, as a slip of the wrench can round off 
the nut's edges. 

Fig. 4-28. Valve clearance being adjusted . Stiff wire hook 
inserted into hole i n  eccentric (arrow) . 

5. Repeat the adjusting procedure for each pair of valves. 
Fol low the sequence l isted in Table f. Rotate the crank
shaft unti l  the camshaft lobes for the next cyli nder are 
pointing approximately downward (valves ful ly closed) . 

Engine 

NOTE ....... 

O n  4-c y l inder engines, rotate the c ranksh aft 1f2 
turn. (app roximat ely 1 80°) between adjustments. 
O n  6-cy linder engines, rotate t h e crankshaft Yo 
turn (approximately 1 20°) betw een adju st ments. 

Table 1. Valve Adjustment Sequence 

Crankshaft Adjustment 
rotation between sequence 
adjustments 

4-cylinder 1f2 turn 1 -3�4-2 
(approx. 1 80°) 

6-cy linder Yo turn 1 -5-3-6-2-4 
(approx. 1 20°) 

6. Recheck all clearances before install ing the cyl inder 
head cover as described in  4. 1  Cylinder Head Cover 
and Gasket. 

4.5 Removing and installing Camshaft 
The cyli nder head must be removed before the camshaft 

can be removed. Special BMW tools are available to compress 
the valve springs so that the camshaft can be withdrawn from 
the head. If the special tools are not avai lable, an alternative is 
to remove the cyli nder head and have the camshaft removed 
by an authorized BMW dealer or other qualified shop. 



To remove and install (4-cylinderengines) :  

1 .  Remove the cyl inder head as described below i n  4.8 
Removing and I nstal l ing Cyl inder Head. 

2. Removethe oil supply tube from the top of the cylinder 
head. Note the orientation of the spacer washers on the 
retaining bolt. 

3. Adjustallyalveclearances sothatthe hole in the eccen
tric .• ·cam points inward (maximum clearance) .. as de
scribed in 4.4 Valve Adju!)tment. 

4. Remove the mounting bolts for the camshaft thrust plate. 
Slide the plate down to remove. See Fig .  4-29. 

Fig. 4-2�. Camshaft thrust plate (arrow) . 

5. Rotate the camshaft u nti l only three of the eight rocker 
arms are exerting pressure on the camshaft lobes. De
press the three rocker arms and remove the camshaft. 
Rotating the camshaft as it is withdrawn wil l  facil itate 
passage of camshaft lobes through the journal bores. 

WARNING -

The valves are under considerable presslJ(e from 
the valve springs. Use extreme care when de
pressing the valve springs. Wear hand and eye 
protectiOn. 

NOTIE-

The rocker arms and valve springs can be de
pressed using standard screwdrivers or  a forked 
tool fabricated from steel .  See Fig. 4-30. 

I nstallation is the reverse of removal . The camshaft lobes 
and journals should be lubricated prior to installation. Rotate 
the camshaft unti l the mark i n  the camshaft flange is al igned 
with the cast mark in the cylinder head as shown in Fig. 4-31. 
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Be sure the spacers on the oi l  supply tube bolt are correctly 
positioned on either side of the tube. Tighten the supply tube 
mounting bolt to 11  to 13 Nm (8 to 10ft. lb.) . Install the cyl inder 
head as described under 4.8 Removing and I nstalling Cyl
inder Head. Adjust the valve clearance as described in 4.4 
Valve Adjustment. 

Fig. 4-30. No. 1 i ntake valve rocker arm being depressed 
with screwdriver .  
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To remove and instal l  (S-cylinder engines) : 

1 .  Remove the cylinder head as described in 4.8 Remov
ing and I nstalling Cylinder Head. 

2. Remove the rocker arm shafts as described in 4.6 Re
moving and Install ing Rocker Arm Shafts and Rocker 
Arms . 

. 3. Remove the socket head bolt from the camshaft 
sprocket using a 7mm hex wrench. See Fig. 4-32. 
Remove the camshaft drive belt sprocket from the cam
shaft along with the distributor rotor adaptor. 

NOTE-

It  may be necessary to  immobil iz e  the cam shaft . 

d rive belt sprocket whi le breaking th e bolt loose. 
The old camshaft drive b elt, w hich m ust be re
placed, may be wrapp ed around the camshaft 
drive belt sprocket, then clamped w ith a pair of 
locking pliers. 

Fig. 4-32. Distributor rotor adaptor and camshaft sprocket 
mounting bolt being removed. Sprocket is  being 
held stationary with a strip of leather and locking 
pl iers. 

4. Remove the two camshaft oil seal housing mounting 
bolts. Remove the housing by rotating it off the camshaft. 
See Fig. 4-33. 

NOTE � 

Inspec t th e cam shaft oi l  seal and the D- ring on 
the seal h ousing for signs of leakage. Check for 
oil leaks around th e h ousing. A fau lty seal or 
D-ring sho uld b e  replaced. Th e cam sh aft oil seal 
is pressed into the oil seal housing. If  the seal 
requires replacement, a service press or its eq uiv
alent sh ould be used to r e m ove th e old seal and 
inst all the new seal . 

Fig. 4-33. Camshaft oil seal housing being removed from 
cyl inder head. Rotate housing back and forth as it 
is  removed (arrow) . 

5. Pull the camshaft out of the cyl inder head, supporting 
both ends in  order to prevent damage to the camshaft 
bearing bores in the cyli nder head. 

Installation is the reverse of removal. Before instal l ing the 
camshaft, it should be thoroughly lubricated . Coat the cam
shaft oil seal l ip and the housing O-ring with motor oil before 
installation. To prevent damaging the oi l  seal, wrap the front of 
the camshaft with tape. If the oi l  supply tube was removed, 
tighten the fittings to 6 to 8 Nm (4.5 to 5 .5  ft. lb.) . I nstall the 
camshaft sprocket and the distributor rotor adaptor so the 
guide pin correctly aligns with the guide hole in the sprocket 
and adaptor. Tighten the mounting bolt to 65 to 70 N m  (48 to 
52 ft. lb.) . 

Instal l the cylinder head rocker arms and rocker arm shaft as 
described under 4.6 Removing and Instal l ing Rocker Arm 
Shafts and Rocker Arms. Install the cyl inder head as de
scribed in 4.8 Removing and Install ing Cyl inder Head. 

4.6 Removing and Insta l l ing Rocker Arm Shafts 
and Rocker Arms 

Removing and instal l ing the rockers arms and rocker arm 
shafts requires that the cyl inder head be removed from the 
cyli nder b lock. 



Inspecting Rocker Arms and Rocker Arm Shafts 

Rocker arms and rocker arm shafts are components that 
wear and may become noisy due to excessive clearances. 
Although valve train noise may i ndicate worn rocker arms or 
rocker arm shafts, valve train noise may also be caused by 
incorrect valve clearances or other engine wear. Valve clear
ance adjustment is described in 4.4 Valve Adjustment. Addi
tional cyl inder head i nspection is described in 4.9 Disassem
bly, Assembly, and Reconditioning Cylinder Head . 

Checking the rocker arm assembl ies for wear requ ires us
ing a d ial indicator setup to measure the radial (side-to-side) 
play of the rocker arm on the shaft. See Fig. 4-34. Play should 
be between 0.01 6 mm and 0.052 mm (0.0006 and 0.0020 in . ) .  
If the radial play is excessive, the rocker arm or shaft should be 
replaced as described below. 

NO TE -

On models with 6-cyli nder engines, remove the 
rocker arm retain ing clips (shown below in Fig. 
4-38) from the rocker arm shaft before checking 
rocker arm radial play. 

Fig. 4-34. Dial indicator being used to check rocker arm 
wear. 

To remove and instal l  (4-cylinder engines): 

1 .  Remove the cyli nder head as described under 4.8 Re
moving and install ing Cylinder Head. 

2. Remove the camshaft as described under 4.5 Remov
ing and Install ing Camshaft. 

3. Remove the distributor housing by removing the five 
mounting bolts from the rear of the cylinder head .  
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CAUTlON -

The distributor housing is sealed in place. Tap the 
distributor housing lightly to break the housing 
free. Do not pry on the mating surfaces. 

4. Remove the rocker arm retainers by sliding the rocker 
arm and the thrust ring to the side and removing the 
snap ring. See Fig. 4-35. 

NO TE -

I n  case of excessive bui ldup of material on the 
rocker arm shaft it may be necessary to clean the 
shaft before removing it. 

Fig. 4-35. Remove rocker arm retainer (snap ring) by sl id ing 
rocker arm and thrust r ing in  (arrow) and prying off 
snap r ing. 

5. Using a long drift, careful ly drive the rocker arm shafts 
out working from the rear of the cylinder head. Remove 
each spring,  washer, rocker arm, and thrust r ing from the 
shaft as it is  removed. Label each assembly so they can 
be in  reinstalled in  their original positions. 

CAUTlON -

Care must be taken not to damage the sealing 
plug on the end of the exhaust-side rocker arm 
shaft. Do not hammer directly on the end of the 
shaft. 

NOTE-

A BMW special tool (BMW Tool No. 1 1  3 040) is 
available tei drive the rocker arm shafts from the 
cylinder head . As an alternative, a V2 inch d iam
eter by 2 feet long bar can be used. The shafts are 
tightly fitted to the cylinder head and must be 
tapped out. 
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Instal lation i s  the reverse of removal . Prior to instal lation, 
visually check all components for wear. Check the rocker arm 
adjusting eccentrics and the camshaft contact area of the 
rocker arm. If  any flat spots are found,  the rocker arm should be 
replaced. Inspect the rocker arm shafts for any wear or scoring 
and replace any that are worn .  

NOTE -
If replacing damaged or wom rocker arm springs, 
BMW supplies only short springs that replace the 
older, longer springs. Al l springs may be used 
interchangeably. 

Be sure all parts are installed in their original positions. The 
rear end of the i ntake rocker arm shaft is hollow to allow oi l  to 
reach the distributor and the oil-pressure switch. The rear end 
of the exhaust rocker arm shaft is  plugged. If the plug is loose 
or missing, the plug must be replaced and sealed with Loctite® 
No. 270 or an equivalent sealant Make sure the notches for the 
thrust plate are facing down and the cutouts for the head bolts 
are correctly positioned before starting · the shafts · i nto the 
cyli nder head. See · Fig .  4c36 . .  

Install the camshaft as described u nder 4.5 Removing and 
Installing Camshaft. Install the cylinder head as described 
under 4.8 Removing and installing Cylinder Head. 

Fig. 4-36. Removed rocker arm shafts showing notches for 
front guide plate and cylinder head bolts (arrows). 

To remove and insta!1 (S-cyii nder engines) : 

1 .  Remove the cyl inder head as described under 4.8 Re
moving and! installing Cylinder Head. 

2. Adjust the valves to maximum clearance by loosening 
the adjusting eccentric locknut Rotate the eccentric u nti l  
the adjusting hole is facing i nward. See Fig. 4-37. 

Fig. 4-37. Valves being adjusted to maximum clearance. 
Adjusting hole in eccentric should face inward 
(arrow) . 

3. Remove the rocker arm retainers. Lift the retainers 
straight off, noting that the straight leg of the clamp fits 
i nto the slot i n the rocker arm shaft. Lift off the rocker arm 
shaft guide plate. See Fig. 4-38. 

Fig. 4-38. Rocker arm retainer (1 ) and rocker arm shaft 
guide plate (2) on 6-cyl inder engine. Note orien
tation of retainer. 

4. Remove the four rubber plugsfrom the front and rear of 
the cyl inder head. See Fig. A-39. 



Fig. 4-39. Rubber retaining plug being removed from cyl in
der head . 

5. Temporarily mount the distributor rotor adaptor to the 
front of the camshaft. 

6. Using the rotor adaptor mounting bolt, rotate the cam
shaft clockwise unti l the no. 6 i ntake and exhaust valves 
are both open. Sl ide the no. 1 exhaust-side rocker arm 
off the top of the valve. See Fig . 4-40. 

NOTE """""" 

Label each rocker arm assembly as it is removed. 
Rocker arm assembl ies should always be rein
stalled in their original locations. 

7. Slowly rotate the camshaft relieving the valve spring 
tension on the exhaust-side rocker arms and sliding the 
rocker arms off the top of their valves. Remove the 
exhaustcside rocker arm shaft from the front of the cyl
inder head. Label  all rocker arm assembly parts as they 
are removed. 

8. Remove the intake-side rocker arm shaft using the 
above procedure. 

Instal lation is  the reverse of removal. Prior to i nstallation, 
visually check al l  components for wear. Check the rocker arm 
adjusting eccentrics and the camshaft contact area of the 
rocker arm. If any flat spots are found, the rocker arm should be 
replaced. I nspect the rocker arm shafts for any wear or scoring 
and replace any that are worn . 

NOTE � 

If replacing damaged or wom rocker arm springs, 
BMW supplies only short springs that replace the 
older, longer springs. All springs may be used 
interchangeably. 
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Fig. 4-40. Rocker arm positioned (arrow) for removal of 
exhaust -side rocker arm shaft. 

Be sure all parts are instal led in their original positions. The 
notches for the guide plate and the small oil bores must face in  
and the  large o i l  bores must face down towards the  valve 
guides. See Fig. 4-41 . Instal l  the cylinder head as described 
under 4.8 Removing and Instal l ing Cylinder Head. 

Fig. 4-41 . Rocker arm shafts showing notches for front 
guide plate and o i l  bores. 
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4.7 Valve Stem Oi l Seals 

The valve stem oi l  seals are fitted over the top of each valve 
guide. The purpose of the oil seal is to prevent excess oi l  from 
entering the combustion chamber. The sign offaulty valve stem 
oil seals are excessive oil consumption and blue-gray smoke 
from the exhaust after starting and during sudden deceleration. 
For more information on excessive oi l  consumption and smok
ing, see 3. Troubleshooting. 

Valve stem oi l  seal replacement requires that the cyli nder 
head be removed and disassembled. This work requires using 
spe.cial tools such as a valve spring compressor. · Using an 
additional BMW special tool ,  as described below, is highly 
recommended to instal l the new oi l seals. If the tools are not 
avai lable, an alternative is to remove the cyl inder head and 
have the valve removal and oi l  seal replacement done by an 
authorized BMW dealer or other qualified shop. 

To replace valve stem oil seals: 

1. Remove the cyl inder head as described in  4.8 Remov
ing and I nstall ing Cyl inder Head . 

2. Remove the camshaft as described in Removing and 
Instal l ing Camshaft. 

3. Remove the rocker arm shafts as described under 4.6 
Removing and Install ing Rocker Arms and Rocker 
Arm Shafts. 

4. Use a valve spring compressor to remove the valves. 

NOTE-

Label al l  valves as they are removed. Valves must 
be reinstalled in their original positions. 

5.  Using a valve stem oil seal removal tool such as the one 
shown in  Fig. 4-42 , remove the valve stem oi l seals. 

CAUTlON -

Be careful not to scratch the machined cylinder 
head. A wooden board or a cloth cover on a metal 
work bench will prevent damage to the cylinder 
head. 

NOTE-

A BMW special tool (BMW Tool No. 1 1  1 250) is 
available to remove the valve stem oi l  seals. As 
the seals wi l l  not be reused, it is also possible to 
careful ly remove the valve stem seals with locking 
pl iers. Do not over tighten locking pl iers, as dam
age to valve guide may occur. 

6. Install the valve spring seat. Instal l the new oil seals onto 
the valve guides using the special instal lation tool (BMW 
Tool No. 1 1  1 200) . Press the valve stem seal onto the 
valve guide using hand . pressure only. 

NOTE -

As an altemative to the special o i l  seal instal lation 
tool ,  an 1 1  mm deepwel l  socket wi l l  properly fit 
the valve stem oil seals for installation . 

Fig. 4-42. Valve stem oi l  seal being removed from valve 
guide using special removal tool . 

7. Lubricate the new oi l  seals with engine oi l .  Place the 
valve stem oil seal protector (BMW Tool No. 11 1 340) 
over the valve stem notches to prevent tearing of the 
valve stem oil seal . 

NOTE -

If the special protector is not avai lable, smooth 
plastic tape may be wrapped around the valve 
stem notches. A damaged oil seal can lead to 
excessive oil consumption .  

8. Referring to the numbers marked on the valves during 
removal, insert the valves into their original valve guides. 
Remove the oil seal protector from the valve stem. The 
remainder of the procedure is the reverse of removal . 

IIIOTE-

A shop rag i n  the combustion chamber or tape 
over the valves can be used to hold the valves in .  



4.8 Removing and Insta l l ing Cylinder Head 

The cylinder head can be removed with the engine installed. 
Special tools are necessary to torque the cyl inder head bolts to 
a specified torque angle during installation. On models with 
6-cyl inder engines, BMW recommends replacing all hex-head 
type cyl inder head bolts with the new Torx-head "ASA 1 4" 
bolts. The Torx-head bolts should be retrofitted whenever the 
cylinder head is removed or if a bolt is found to be damaged. 
The Torx-head bolt has been used in production of 6-cyli nder 
engines starting in  April 1 989. 

If a fai led cylinder head gasket or warped head is sus
pected, a compression test, as described in 3. Troubleshoot
ing should be done before removing the cyl inder head.  A fai led 
head gasket may be caused by a warped cyl inder head. 
Overheating due to i nsufficient cooling is a major cause of 
cyl inder head warpage. When replacing the cyl inder head 
gasket, always check the cyl inder head for straightness. The 
procedure for checking for warpage can be found in 4.9 Dis
assembly, Assembly, and Reconditioning Cylinder Head. 

CAUTION -

To prevent the cylinder head from warping, the car 
should be allowed to cool down for at least six 
hours, and preferably overnight before removing 
the cylinder head. 

To remove (4-cyl inder engines) : 

1 .  Disconnect the negative ( - ) terminal of the battery. 

CAUTlON -

BMW anti-theft radios can be rendered useless by 
disconnecting the battery. See your owner's man
ual for more information. 

2. Drain the engine coolant as described under COOliNG 
SYSTEM. Remove the coolant hoses from the front of the 
cyl inder head. 

3. Remove the front exhaust pipe from the manifold. See 
Fig. 4-43. Discard the mounting nuts. Disconnect the 
oxygen sensor connector, which is located near the 
battery tray (green wire) . 

CAUTION -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 
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Fig. 4-43. Front pipe to exhaust manifold mounting nuts 
(arrows) and oxygen sensor. 

4. Disconnect the harness connectors from the idle air 
stabi l izer valve, the thermo-time switch,  the coolant tem
perature sender, the engine temperature sensor, and the 
cold-start valve. See Fig. 4-44. 

NOTE -

Label al l wires and hoses before removing them 
to aid i n  reinstal l ing them in the correct place. 

Fig. 4-44. Harness connectors that need to be d iscon
nected. Idle air stabilizer valve connector ( 1 ) ,  
thermo-time switch (2) , coolant temperature 
sender (3) , engine temperature sensor (4) , and 
cold-start valve (5) . 
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5 .  Disconnect the connector from the air temperature sen
sor. Loosen the large hose clamps from the rubber boot 
connecting the air flow sensor to the throttle housing and 
remove the boot. 

NOTE -

The air temperature sensor is in the intake air duct 
behind the driver's side headl ight assembly. 

6. Disconnect the harness connector from the air flow sen
sor. Remove the two bolts from the side of the air fi lter 
housing and remove the housing. See Fig. 4-45. 

NOTE -

Some hoses may be secured with one-time hose 
clamps that are crimped with special pl iers. The 
clamps may be pried loose with a small screw
driver. Replace the clamps with standard screw
type clamps. 

7. Remove the brake booster vacuum hose from the i ntake 
manifold. Remove the air bypass hose from the idle air 
stabil izer valve. Pry off the d iagnostic plug retaining clip 
and remove the plug from the bracket. See Fig. 4-45. 

8. Disconnect the accelerator cable from the throttle lever. 
If applicable, d isconnect the cruise control cable and the 
automatic transmission throttle cable from the lever. 

Fig. 4-45. Air f low senSOr connector ( 1 ) ,  air f i lter housing 
mounting bolts (2) , brake vacuum booster hose 
(3) , idle air bypass hose (4) , and diagnostic plug 
(5) . 

9. Remove the distributor cap, spark plugs, and the d istrib
utor as described in IGNITION.  

NOTE -

Label the spark plug wires so that they can be 
reinstal led in their original locations. 

1 0. Disconnect the two heater hoses from the heater core. 
The hoses are located on the driver's side firewall in the 
rear of the engine compartment. 

1 1 .  Disconnect the wires from the alternator and from the 
starter motor as described in  ELECTRICAL SYSTEM. 

1 2. Disconnect the two coolant hoses and the vacuum hose 
from the throttle housing.  Disconnect the throttle switch 
harness connector from the throttle switch .  

1 3. Disconnect the vacuum hoses from the vacuum advance 
solenoid on the firewall .  

1 4 . Disconnect the harness connectors from the four fuel 
injectors. Cut the wire ties so the wiring harness can be 
placed aside. Remove the ground wire from the intake 
manifold near the cold-start valve. 

1 5 . Remove the fuel supply l ine from the fuel rai l .  Remove 
the fuel return l ine from the pressure regulator. See Fig. 
4-46. 

Fig. 4-46. Fuel supply l ine (6) and fuel retum l ine (7) . 

1 6. Remove the three bolts that attach the i ntake manifold to 
the rear support bracket. Remove the two nuts that 
secure the transmission accelerator cable bracket to the 
intake manifold. Remove the bolt that secures the oil 
d ipstick to the intake manifold. 

1 7. Using a socket wrench on the center vibration damper 
(crankshaft pul ley) bolt, rotate the crankshaft clockwise 
until the engine is at Top Dead Center (TDC or OfT) of the 
No. 1 cylinder. See Fig. 4-47. 



Fig. 4-47. Top Dead Center (TOC) mark on vibration damper 
aligned with boss on lower timing chain cover 
(arrow) . 

1 8. Remove the cyli nder head cover as described in 4.1 
Cylinder Head Cover and Gasket. 

1 9 . Remove the upper camshaft timing chain cover, the 
camshaft timing chain tensioner piston,  and the cam
shaft sprocket as described in 4.3 Camshaft Timing 
Chain (4-cylinder engine) .  

CAUTlON -

Use care when removing the upper timing chain 
cover. The upper cover may be stuck to the cyl
inder head gasket. 

20. Gradually and evenly loosen the cyli nder head bolts 
USing the sequence shown in Fig. 4-48. Carefully remove 
the cyl inder head ,  making sure all wires, hoseS, and 
fittings are free and clear of the cyl inder head. If the head 
is stuck, use a soft-faced mal let or pry gently with a 
wooden stick. 

• 3 @5 @9 @7 

• 2 @a @10 @6 

� Front /33/8.3Nci./3 

Fig. 4-48. Cyl inder head be IlJosening sequence for 4-
cyl inder engine. 
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To i nstal l  (4-cylinder engines) :  

1 .  Clean the cyli nder head and the gasket surface of the 
cyl inder block. Clean the threads of the head bolts and 
bolt holes with a thread chaser and remove al l  foreign 
matter and oi l  from the bolt holes. Avoid letting debris i nto 
the cyl inders or oi l  passages in the cylinder block. 

CAur/ON -

Do not use a metal scraper or wire brush to clean 
the aluminum cylinder head or pistons. These 
tools may damage the cylinder head and pistons. 
Instead, use a solvent to soften carbon deposits 
and old sealing materials. If necessary, use a hard 
wooden or plastic scraper. 

2. Check the gasket surface of the cyli nder head and the 
cyl inder block for warpage as described under 4.9 Dis
assembly, Assembly, and Reconditioning Cyl inder 
Head. 

3. Place a new cyl inder head gasket on the surface of the 
cylinder b lock. The cylinder head gasket wi l l  fit correctly 
in only one orientation. The word "OBEN" found printed 
on the gasket, should face up. 

CAUlION -

Cylinder head gaskets will make a reliable seal 
only once. Always use a new cylinder head gasket 
that has not been previously compressed by tight
ening the cylinder head bolts. 

4. Place the cylinder head in  position on the cyl inder block. 
Loosely install the head bolts and their washers, then 
thread them in  unti l they are finger tight. 

NOTE -

To help i nstall the cylinder head, i nsert two 8 in .  
long by 3/a i n .  round wooden dowels i nto two of 
the outermost head bolt holes. The dowels wi l l  
hold the gasket i n  position as the cylinder head is 
instal led. Thread i n  several bolts, then remove the 
dowels and i nstall the remain ing bolts. 

5. Tighten the cyl inder head bolts in the sequence shown i n  
Fig.  4-49. The bolts should b e  tightened in  three stages 
as l isted in Table g. The final stages require using a 
special tool (BMW Tool No. 1 1  2 1 1 0) or a suitable 
protractor to tighten the bolts to a specified torque angle. 

CAUTlON � 

The cylinder head bolt torque is critical to proper 
engine operation. Tighten the bolts in the stages 
listed in Table g. 
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@s 

/33/8.=A4./3 

Fig. 4-49. Cyl inder head bolt t ightening sequence for 4-
cyl inder engine. 

Tabie g.  Cylinder Head Tightening Torques 
(4-cYl i nder engines) 

Hex-head bolts 

Stage 1 Stage 2 Stage 3 
60 ± 2  Nm 33 ± 3° 25 ± 5° 
(44 ± 1 ft. lb.) after waiting 1 5  after running 

minutes engine for 25 
minutes 

Instal lation of the remaining parts is the reverse of removal. 
Adjust the valve clearances as described under 4.4 Valve 
Adjustment I nstal l  the front pipe to the exhaust manifold with 
CRC® copper paste or equivalent on the mounting studs. 
Replace the gasket if necessary. Refi l l  the cool ing system as 
described in  COOLING SYSTEM. Change the engine oil and 
fi lter as described in LUBRICATION AND MAINTENANCE. 
Check and adjust ignition timing as described in  IGNITION. 
Adjust id le speed and idle mixture as described under FUEL 
SYSTEM . Adjust the accelerator cable as described in  FUEL 
SYSTEM.  Adjust the transmission throttle cable as described in  
AUTOMATIC TRANSMISSiON. 

To remove (6-cy�inder engines) :  

1. Disconnect the negative ( - ) terminal of the battery. 

CAUTlON -

BMW anti-theft radios can be rendered useless by 
disconnecting the battery. Make sure you know 
the correct code before disconnecting the battery. 
See your owner's manual for more information. 

2. Drain the engine coolant as described under COOLING 
SYSTEM. Remove the coolant hoses from the front of the 
cyl inder head as shown in  Fig. 4-50. 

Fig. 4-50. Coolant hoses to be removed from cyl inder head 
(arrows) . 

3. Remove the front exhaust pipe from the manifold. See 
Fig. 4-51 . D iscard the mounting nuts. Disconnect the 
oxygen sensor on cars equipped with one. 

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

Fig. 4-51 . Front p ipe to exhaust manifold mounting nuts 
(arrows) . 

4. Disconnect the accelerator cable from the throttle lever. 
If applicable ,  disconnect the automatic transmission 
throttle cable and the cruise control cable .  See Fig . 4-52. 



NOTE -

Label cables, wires and hoses before removing 
them to aid i n  reinstall ing them in the correct 
p lace.  

Fig.  4-52. Accelerator cable ( 1 ) ,  automatic transmission 
throttle cable (2) , and cruise control cable (3) . 

5, On 1 984-1 987 325 and 325e(es) models, d isconnect the 
harness connectors from the cold-start valve and the 
thermo-time switch, 

6. Remove the idle air stabi l izer valve from its mounting 
bracket. Remove the connectors from the coolant tem
perature sensor and the engine temperature sensor near 
the thermostat housing, 

7, Disconnect the harness connector from the air flow sen
sor, Remove the small hose from the side of the large 
rubber air duct and remove the air duct. 

NOTE = 

Some hoses may be secured with one-time hose 
clamps that are crimped with special pl iers, The 
clamps may be pried loose using a small screw
driver. Replace the clamps with standard screw
type clamps, 

8. Loosen the mounting bolts for the air fi lter assembly and 
remove the assembly from the car. On 325 and 325e(es) 
models, d isconnect the connector from the altitude com
pensator. 

9.  Remove the harness connector from the throttle switch 
on the bottom of the throttle housing. On models with 
Motronic 1 . 1  , d isconnect the harness connectorfrom the 
charcoal canister purge valve that is also mounted be
neath the throttle housing.  Remove the brake booster 
vacuum hose from the i ntake manifold. See Fig. 4-53. 
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Fig. 4-53. Throttle switch connector (1 ) ,  purge valve connec
tor (2) , and brake booster vacuum hose (3) on 
325i models .  Other  models are s imi lar. 

1 0. Remove the two coolant hoses from the throttle housing. 

1 1 .  Remove the two nuts from the wire harness retaining 
bracket beneath the i ntake manifold. Pull the bracket 
from the mounting studs. RemovElthe oil d ipstick bracket 
retaining nut. Separate the harness connector for the fuel 
injectors' wiring harness. See Fig. 4-54. 

Fig. 4-54. Mounting nuts for wire harness retain ing bracket 
( 1 ) ,  fuel injector harness connector (2) , and o i l  
d ipstick rnounting bracket (3) 

1 2. Disconnect the two heater hoses . from the heater core. 
Hoses are located at rElar firewali. See Fig . 4"55. 
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Fig. 4-55. Heater hoses for heater core (arrows) . 

1 3 . Remove the cover from the auxil iary relay panel .  Sl ide 
the relay panel assembly from its bracket and set aside. 
See Fig .  4-56. 

Fig. 4-56. Auxi l iary relay panel (arrow) near left (driver's side) 
shock tower. 

1 4. Remove the diagnostic connector from its mounting 
bracket. On 325e(es) models, pry off the retain ing cl ip to 
remove. On 325i (is) and 325i Convertible models, un
screw the locking ring to remove. See Fig . 4-57. 

1 5 . Remove the distributor cap and remove the spark plug 
wires from the plugs. See IGNITiON. 

NOTE -

Label the spark plug wires so that they can be 
reinstalled in their original locations. 

Fig. 4-57. Diagnostic connector installed on 325e model .  
Pry off cl ip (arrow) to remove Connector from 
bracket. Connector on late models have locking 
ring. 

1 6. Disconnect the harness connectors from the six fuel 
i njectors. Cut any wire ties so that the wiring harness can 
be removed from the engine. 

1 7. On 325i (is) ,  325i Convertible and 1 988 325 models, 
d isconnect the reference point and speed sensor con
nectors and remove them from the bracket. See Fig. 
4-58 . 

NOTE -

Mark the wires so they can be reinstal led in the 
correct location. The engine wi l l  not start if they 
are incorrectly instal led. 

Fig. 4-58. Reference point sensor and speed sensor con
nectors (arrows) . 



1 8. Remove the coolant reservoir from its mountings without 
d isconnecting any of the hoses. On 1 984 through 1 987 
models, remove the two mounting bolts. See Fig. 4-59. 
On 1 988 and later models, carefu lly pull the reservoir 
from its mountings. Set the reservoir out .of the way. 

Fig. 4-59. Mounting bolts on coolant reservoir installed on 
1 984 through 1 987 models (arrows) . 

1 9 . On 1 988 and later models, remove the two mounting 
bolts from the plastic coolant pipe that passes i n  front of 
the engine. D isconnect the hoses from each end of the 
pipe and remove the pipe. 

20. Disconnect · the fuel return l ine from the fuel pressure 
regulator. See Fig .  4-60. Disconnect the fuel supply l ine 
at the u nion beneath the intake manifold. 

WARNING �  

Fuel will be expelled when the fuel lines are re
moved. 00 not smoke or work near heaters or 
other fire hazards. Have a fire extinguisher handy. 

21 . Using a socket wrench on the center vibration damper 
(crankshaft pu l ley) bolt, rotate the crankshaft clockwise 
unti l the engine is at Top Dead Center (TDC or OIT) of the 
No. 1 cyl inder. See Fig. 4-61 . 

22. Remove the cyl inder head cover as described under 4.1 
Cylinder Heaci Cover and Gasket. 

23. Remove the camshaft d rive belt as described under 4.2 
Camshaft Drive Belt (S-cylinder engine) .  
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Fig. 4-60. Fuel retum hose at fuel pressure regulator (arrow) . 

Fig. 4-61 . Top Dead Center (TDC or OfT) mark (1 ) on vibra
tion damper should be al igned with mark on d rive 
belt cover (2) . 

24. Gradually and evenly loosen and remove the cyli nder 
head bolts using the sequence shown in  Fig. 4-62. 
Careful ly remove the cyl inder head, making sure al l 
wires, hoses, and fittings are free and clear of the cyl inder 
head . If the head is stuck, use a soft-faced mallet or pry 
gently with a wooden stick. 

NOTE """'" 
A crankcase ventilation tube is connected be
tween the intake manifold and the crankcase 
breather assembly. The vent tube is spring 
loaded. A special tool is available from BMW 
(BMW Tool No.  1 1  1 290) to compress the spring 
and hold the tube in  position while the cyl inder 
head is removed. 
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3 5 1 1  1 3  9 7 1 

!��?c:::�� �\ 
2 8 10 14 1 2  !3�1 . Et{Ci ·b 

Fig. 4-62. Cyl inder head bolt loosening sequence. 

To install (6-cylinder engines) : 

1 .  Clean the cyl inder head and the gasket surface of the 
cyl inder block. Clean the threads of the head bolts and 
bolt holes with a thread chaser and remove all oi l  and 
foreign matter from the bolt holes. Avoid letting debris 
i nto the cyl inders or oi l passages in the cyl inder block. 

CAUTION -
Do not use a metal scraper or wire brush to clean 
the aluminum cylinder head or pistons. These 
tools may damage the cylinder head. Instead, use 
a solvent to soften carbon deposits and old seal
ing materials. If necessary, use a hard wooden or 
plastic scraper. 

2. Check the gasket surface of the cyl i nder head and the 
cyl inder block for warpage as described u nder 4.9 Dis
assembly, Assembly, and Reconditioning Cylinder 
Head. 

3. Place a new cyl inder head gasket on the surface of the 
cyl i nder block. The cyl inder head gasket wil l fit correctly 
in only one orientation.  The word "OBEN " ,  found printed 
on the gasket, should face up. 

CAUTlON � 
Cylinder head gaskets will make a reliable seal 
only once. Always use a new cylinder head gasket 
that has not been previously compressed by tight
ening the cylinder head bolts. 

NOTE -
Head gaskets on some early 6-cyl inder en

gines may h ave th e engine d isplacement  code 

stamped o n  th e gaske t  flange as shown in Fig.  

4-63 .  On 325 . 325e. a n d  325es models.  the 

code n u m b e r  i s  2.7. O n  325 i .  325is and 325i 

Convertib le models.  the code n u mber is 2 . 5 .  

Replacement gaskets supp l ied by BMW n o  

lo nger have th e code n u mber. 

4. Place the cyl inder head in position on the cyli nder block. 
Check that the vent tube is correctly positioned. Loosely 
install the head bolts and thei r  washers, then thread them 
in unti l they are finger tight Guide the vent tube i nto its 
opening as the cylinder head bolts are tightened. 

CAUTION -
BMW recommends . replacing hex-head cylinder 
head bolts with the Torx-head bolts whenever the 
cylinder head is removed or if any bolts are found 
to be faulty (such as a broken off bolt head). When 
replacing bolts with the head installed, remove 
and install one bolt at a time until all 14 are 
replaced. The hex-head bolt was originally in
stalled in all 6-cylinder 3-series engines up to April 
1989. All 3-series engines produced after this 
date use the new Torx-head bolt. 

NOTE -
To help install the cyl inder head. insert two 8 in .  
long by 3fa in .  round wooden dowels into two of 
the outermost head bolt holes. The dowels wi l l  
hold the gasket in  position as the cyl inder head is 
installed . Thread in several bolts, then remove the 
dowels and i nstall the remaining bolts. 

00°00°0°0 0 0  0 o .  0 0 0 0 0 0 0 0 0  0 0 0  0 °  
o 0 0 0 0 0 z.7 

Fig. 4-63. Engine displacement code stamp on cylinder 

head gasket flange.  

5. Tighten the cyl inder head bolts in  the sequence shown in 
F ig .  4-64. The bolts should be tightened in  three stages 
as l isted in Table h. The final stage(s) requires using a 
special tool (BMW Tool No. 1 1  2 1 1 0) or a suitable 
protractor to tighten the bolts to a specified torque angle. 



CAUTION -
The cylinder head bolt torque is critical to proper 
engine operation. Tighten the bolts in the stages 
listed in the Table h. 

NOTE -

On engines with Torx®head bolts. the torque an
gles can be done with engine cold . There is no 
specified waiting time or engine temperature. 

12 10 4 2 6 8 14 

Q C) (,) Q (i) Q Q 

Fig. 4-154. Cyl inder head bolt t ightening sequence for 6-
cyl inder engine. 

Table h. Cylinder Head Tightening Torques 
(6-cylinder engines) 

Stage 1 Stage 2 Stage 3 

Torx®head 30 N m  90° 90° 
bolts (22 ft.  lb.) 

Hex-head 40 +5 Nm ·0 60 + 5  Nm ·0 25 + 50 after ·0 
bolts (30 .�4 ft. lb.) (44 .�4 ft . lb.) running 

after waiting engine for 25 
1 5  minutes minutes 

I nstal latio n  of the remain ing parts is the reverse of 
removal .  Adjust the valve clearances as described under  
4.4 Valve Adj ustment. I nsta l l  the camshaft d rive be l t  as 
described under 4.2 Camshaft Drive Belt  (6-cyl i nder 

engi nes). I nsta l l  the front p ipe to the exhaust manifol d  with 

C R C® copper paste or equ ivalent on  the mount ing studs. 
Replace the gasket if necessary. Refi l l  and bleed the cool
ing system as described i n  COOLING SYSTEM . Change 
the engine oi l  and fi lter as described i n  LUBRiCATION 
AND MAINTENANCE. Adjust id le speed and id le m ixtu re 
as described in FUEL SYSTEM. Adjust the accelerator 
cable as described in FU E L  SYSTEM. Adjust the transmis
sion thrott le cable as described in AUTOM ATIC TRANS

M ISSION. 
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4.9 Disassembly, Assembly, and Reconditioning 
Cylinder H ead 

Disassembly. assembly, and reconditioning procedures for 
the BMW cylinder heads covered in this manual are similar to 
those for most other modern water-cooled engines. For anyone 
with the proper tools and equipment and basic experience in 
cyl inder head reconditioning, this section provides the specifi
c"ltions and special reconditioning i nformation necessary to 
repair the cyl inder heads covered by this manual . 

If machine shop services are not readily available, one 
alternative is  to i nstall a remanufactu red cyl inder head. Reman
ufactured cylinder heads are available from an authorized 
BMW dealer parts department. 

Cylinder Head Assembly 

The cyl inder head should be careful ly i nspected for 
warpage and cracks. Always decarbonize and clean the head 
before inspecting it. A high q uality straight edge can be used to 
check for warpage. See Fig . 4-65. Visually inspect the cylinder 
head for cracks. If a cracked cyl inder head is suspected and no 
cracks are detected through the visual inspection , have the 
head further tested for cracks by an authorized BMW dealer. A 
cracked cyl inder head should be replaced. 

Fig. 4-65. Straight edge and feeler gauge be ing used to 
check straightness of cylinder head gasket sur
face . 

A warped cylinder head can be machined provided no more 
than 0.3 mm (0.01 2 in .) of material is removed. if further 
machining is required, the head should be replaced. Removing 
more than th is  amount will reduce the size of  the combustion 
chamber and adversely affect engine performance. 

NOTE = 

A special gasket is available from an authorized 
BMW parts department for machined heads. The 
special gasket is 0.3 mm thicker than the original 
standard gasket. 
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Before machining the head to correct for warpage, measure 
the total height of the cyl inder head as shown in  Fig. 4-66. 
Table i l ists the minimum resurfacing height specifications. If 
the cylinder head height wil l not meet the minimum height 
dimension after machining, the cyl inder head should be re
placed. 

NOTE -

When machining cylinder heads on 4-cylinder 
engines, the upper camshaft chain cover must be 
bolted to the cyli nder head so that an identical 
amount of material is removed from each. Other
wise the upper camshaft chain cover would pro
trude below the cylinder head, preventing the 
cylinder head gasket from sealing properly. 

Fig. 4-66. Front view of cyl inder head showing min imum 
resurfacing dimension (A) . 6-cyl i nder engine 
shown . 

Table j, Cylinder Head Resurfacing Specificaiions 

Engine Minimum permissible height 
(dimension a) 

new after machining 
6-cylinder 1 25.1 ± 0.1 mm 1 24.7 mm 

(4.925 ± .004 in . )  (4.909 in .) 

4-cylinder 1 29.0 ± 0.1 mm 1 28.6 mm 
(5.079 ± .004 in . )  (5.063 in . )  

Valve Guides 

Special tools and a press are required to replace valve 
guides. It is also necessary to heat the cyli nder head and to chi l l  
the valve guides. Check valve guide wear with a new valve as 
shown in Fig. 4-67. I nspect the valve seats to ensure that the 
cyli nder head can be reconditioned before instal l ing new valve 
guides. 

NOTE -

ell If valve guide wear is g reater than 0.8 mm 
(0.031 in.) , but less than 1 .0 mm (0.039 in. ) ,  the 
valve guide may be reamed out to accept valves 
with oversized stems as l isted in Table j .  

e If the radial clearance exceeds 1 .0 mm (0.039 
in . ) ,  the valve guide should be replaced. 

/I If valves with oversized stems are instal led ,  the 
valve seat must also be machined to accept the 
new valve. 

Fig. 4-67. Valve guide wear being checked with d ial indica
tor. I nsert new valve until stem end is f lush with 
end of guide (white arrow) . Play should not exceed 
0.8 mm (0.031 i n . ) .  

Worn valve guides are d riven out from the camshaft s ide of 
the cyl inder head. The valve gu ides should be removed at 
room temperature. I nstall new valve guides from the camshaft 
side of the cylinder head with the stepped end of the valve 
guide facing the camshaft. Valve guide specifications, including 
correct installation temperatures, are l isted in Table j .  



Table j. Valve Guide Specifications 

Specifications 4-cylinder engine 6-cylinder engine 

Valve guide wear, 0.8 mm (0.031 in . )  0.8 mm (0.031 in . )  
maximum 
(measured with 
new valve) 

Valve stem 
diameter 

standard 8.0 mm (0.31 5 in .) 7.0 mm (0.275 in . )  
oversize 1 8 . 1  mm (0.31 9 in .) 7 . 1  mm (0.279 in . )  
oversize 2 8.2 mm (0.323 in . )  7.2 mm (0.283 in . )  

Valve guide 
inside d iameter 
(tolerance per 
ISO allowance 
H7) 

standard 8.0 mm (0.3 1 5  in . )  7.0 mm (0.275 in : )  
oversize 1 8 . 1  mm (0.3 1 9  in . )  7 . 1  mm (0.279 in . )  
oversize 2 8.2 mm (0.323 in . )  7.2 mm (0.283 in . )  

Valve guide 
outside diameter 
(tolerance per 
ISO allowance 
u6) 

standard 
old version 1 4.0 mm (.55 1 2  in .) 1 3.0 mm (.51 1 8  in .) 
new version NA 1 3.2 mm (.51 97 in . )  

oversize 1 
old version 1 4. 1  mm (.5551 in . )  1 3. 1  mm (.5 1 57 in . )  
new version NA 1 3.3 mm (.5236 in . )  

oversize 2 
old version 1 4.2 mm (.5590 in . )  1 3 .2 mm (.5 1 97 in .) 
new version NA 1 3 .4 mm (.5276 in . )  

oversize 3 1 4.3 mm (.5630 in . )  1 3.3 mm (.5236 in . )  

continued 
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Table j .  Valve Guide Specifications (continued) 

Specifications 4-cylinder engine 6-cylinder engine 

Valve guide bore 
diameter in 
cylinder head 
(tolerance per 
ISO allowance 
M7) 

standard 
old version 1 4.0 mm (.551 2 in . )  1 3 .0 mm (.51 1 8  in . )  
new version NA 1 3.2 mm (.51 97 i n .) 

oversize 1 
old version 1 4. 1  mm (.5551 in . )  1 3. 1  mm ( .51 57 in . )  
new version NA 1 3 .3 mm (.5236 in . )  

oversize 2 
old version 1 4.2 mm (.5590 in . )  1 3 .2 mm (.51 97 in . )  
new version NA 1 3 .4 mm (.5276 in .) 

oversize 3 1 4.3 mm (.5630 in . )  1 3.3 mm (.5236 in . )  

Special tools 
removal BMW Tool BMW Tool 

No. 1 1  1 1 00 No. 1 1  1 330 
installation BMW Tool BMW Tool 

No. 1 1  1 1 60 No. 1 1  1 320 

Valve guide 
installation 
temperature 

cylinder head 1 22°F (50°C) 1 22°F (50°C) 
valve guide - 238°F ( - 1 50°C) - 238°F ( - 1 50°C) 

Instal led depth 1 5.0 mm 1 4.5 mm 
(height above (0.59 1 0  in . )  (0.5709 i n.) 
cylinder head 
surface) 

Valve Seats 

The valve seats should be resurfaced whenever new valves 
or valve guides are i nstalled. Cutters or stones of 1 5°,  45°, and 
75° are required to resurface the seats. Table k l ists valve seat 
dimensions. Table I l ists valve seat replacement specifications, 
including correct i nstallation temperatures. As with valve 
guides, replacing the valve seats requ ires heating the cyl inder 
head, and chi l l ing the valve seat. 
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Table k .  Valve Seat Dimensions 

�-- b -----lI>! 

1 984-1 987 325, 325e, 325es 1 988 325 and all 325i 1 984 and 1 985 3 1 8i 

Valve seat 
width (a) 

intake 1 .65 ± 0.35 mm (0.065 ± 0.01 4 in . )  1 .65 ± 0.35 mm (0.065 ± 0.0 1 4  in . )  1 .3-2.0 mm (0.051 -0.079 in . )  

exhaust 1 .65 ± 0 .35 mm (0.065 ± 0.01 4 in.)  1 .65 ± 0 .35 mm (0.065 ± 0.01 4 in .) 1 .3-2.0 mm (0.051 -0.079 in .) 

Valve seat 
d iameter (b) 

intake 38.6 mm ( 1 .520 in . )  40.6 mm ( 1 .598 in . )  44.6 mm (1 .756 in . )  

exhaust 32.6 mm (1 .283 in . )  34.6 mm ( 1 .362 in . )  36.6 mm (1 .441 in . )  

Table I .  Valve Seat Replacement Specifications. 

1 984-1 987 325, 325e, 325es 1 988 325 and ail 325i models 1 984 and 1 985 31 80 models 

models 

Valve seat i nsert outside 
d iameter (tolerance as 
per ISO allowance 96) 

intake 

standard 42. 1 5  mm (1 .6594 in . )  43. 1 5  mm ( 1 .6988 in . )  47. 1 5  mm ( 1 .8563 in . )  

oversize 0 .2 mm 42.35 mm (1 .6673 in . )  43.35 mm (1 .7067 in .) 47.35 mm (1 .8642 i n .) 

oversize 0.4 mm 42.55 mm (1 .6752 in .) 43.55 mm ( 1 .71 46 in . )  47.55 mm (1 .8720 i n .) 

exhaust 

standard 37.65 mm (1 .4823 in . )  37.65 mm ( 1 .4823 in .) 40 . 1 5  mm (1 .5807 in . )  

oversize 0.2 mm 37.85 mm (1 .4902 in . )  37.85 mm (1 .4902 in . )  40.35 mm (1 .5886 in . )  

oversize 0.4 mm 38.05 mm (1 .4980 in . )  38.05 mm ( 1 .4980 in . )  40.55 mm (1 .5964 in . )  

Valve seat bore diameter 
in cyl inder head (tolerance 
as per ISO allowance H7) 

intake 

standard 42.00 mm (1 .6535 in . )  43.00 mm (1 .6929 in . )  47.00 mm (1 .8504 in . )  

oversize 0.2 mm 42.20 mm (1 .661 4 in .) 43.20 mm (1 .7008 in .) 47.20 mm (1 .8583 in . )  

oversize 0.4 mm 42.40 mm ( 1 .6693 in . )  43.40 mm (1 .7086 in .) 47.40 mm (1 .8661 i n .) 

exhaust 

standard 37.50 mm (1 .4764 in .) 37.50 mm ( 1 .4764 in . )  40.00 mm (1 .5748 in . )  

oversize 0.2 mm 37.70 mm ( 1 .4842 in .) 37.70 mm (1 .4842 in . )  40.20 mm (1 .5827 in . )  

oversize 0.4 mm 37.90 mm (1 .4921 in . )  37.90 mm (1 .4921 in .) . 40.40 mm (1 .5905 in . )  

Installation temperature 

cylinder head 1 22°F (50°C) 1 22°F (50°C) 1 22°F (50°C) 

valve seat i nsert - 238°F ( - 1 50°C) - 238°F ( - 1 50°C) - 238°F ( - 1 50°C) 



Valves 

Valves should be machined using standard valve-grinding 
techniques. Table m l ists valve specifications. Remove carbon 
from the valves using a wire brush or wire wheel . 

Testing Valves for i,.eakage (cylinder head 
removed) 

The valves and their seats can be easily tested for leakage. 
With the camshaft and the rocker arm assemblies removed, 
install the valve assemblies and the spark plugs in  each cyl in
der. Place the cyli nder head on a workbench with the combus
tion chamber facing upward . Fill each combustion chamber 
with water. After fifteen minutes, check the level of the water .  If 
the level of the water in any cylinder d rops, that cyl inder is not 
seal ing properly. 

Table m. Valve Specifications 

'<j 
r 
a 

lJ 
4 rr- b d 

Specification 1 984-1 987 325, 325e, 325es 1 988 325 and all 325i 

Valve head diameter (a) 

intake 40 mm (1 .575 in . )  42 mm (1 .654 in. )  

exhaust 34 mm (1 .339 in . )  36 mm (1 .41 7 in .) 

M inimum valve head 
thickness (b) 

intake 1 .3 mm (0.051 in . )  1 .3 mm (0.051 in .) 

exhaust 2.0 mm (0.079 in . )  2 .0 mm (0.079 in. )  

Valve face angle (c) 45° 45° 

Valve stem diameter (eI) 

standard 7.0 mm (0.275 in . )  7.0 mm (0.275 in . )  

oversize 1 7.1 mm (0.279 in . )  7.1 mm (0.279 i n .) 

oversize 2 7.2 mm (0.283 in .) 7.2 mm (0.283 in .) 
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1 984 ancl 1 985 31 81 

46 m m  (1 .81 1  in.) 

38 mm (1 .496 in.) 

1 .3 mm (0.051 in .) 

2 .0 mm (0.079 in. )  

45° 

8.0 mm (0.31 5 in .) 

8.1 mm (0.31 9 in .) 

8 .2 mm (0.323 in . )  
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5 .  REMOV!NG AND I NSTALLI NG ENGINE 

Before removing the engine i t  i s  first necessary to  remove 
the transmission as described in MANUAL TRANSMISSION 
AND CLUTCH or AUTOMATIC TRANSMISSION. Remanufac
tured engines are available from an authorized BMW dealer. 

Removing (4-cyl inder engines) 

The air conditioning compressor and the power steering 
pump should be u nbolted and set aside without d isconnecting 
any of the refrigerant l ines or the power steering flu id l ines. The 
hood should be either removed from the car or supported in  its 
ful ly open posit ion. 

To remove: 

1 .  Disconnect the cables at the battery, removing the neg
ative ( - ) battery cable fi rst. Remove the small bolt hold
ing the wire to the positive ( + )  battery cable clamp. Cut 
the wire ties that secure the battery cable harness to the 
firewall .  Disconnect the ground strap from the rear of the 
cyl inder head cover. 

CAUTION -

BMW anti-theft radios can be damaged by dis
connecting the battery cables. See your owner's 
manual for more information. 

2. Disconnect the hood support from the fitting on the 
hood . Securely support the hood in its fully open posi
tion,  use care not to damage the front gri l le assembly. As 
an alternative, the hood can be removed from the car. 

INOTE -

A special tool (BMW Tool No. 51 2 1 20) to hold the 
hood in  the fully open position is available from an 
authorized BMW dealer parts department. 

3. Drain the engine coolant and remove the radiator as 
described in COOLING SYSTEM . Disconnect the cool
ant hoses from the front of the engine. Disconnect the 
heater hoses from the heater core. 

4. Peel back the protective cover from the ign ition coil .  
Remove the  h igh  tension wire from the center of . the 
ignition coil .  D isconnect and label the two wires from the 
coi l .  See Fig. 5-1 . Unclip the ign ition coil wi ring harness 
from the mounting on the side of the shock tower. Sep
arate the harness connector from the wire leading out of 
the coil wiring harness. 

Fig. 5-1 . Ign it ion coil with protective cover. 

5 .  Disconnect the oxygen sensor wire. The connector is 
cl ipped to the side of the battery tray. 

6. Remove the trim panel from above the glove compart
ment. Carefully disconnect the harness connectors from 
the idle speed control un it and the L-Jetronic control un it. 
Disconnect the white (3-point) harness connector lead
ing out of the L-Jetronic wiring harness. See Fig .  5-2. 
Working from the engine compartment, pul l  the idle 
speed and L-Jetronic control un it wiring harness i nto the 
engine compartment. 

7 .  On models with automatic transmission ,  d isconnect the 
connectors from the temperature switch located in the 
firewall behind the d istributor. 

8 .  Disconnect the harness connector(s) from the ign ition 
control un it. Disconnect the harness connector and the 
two vacuum hoses from the vacuum advance solenoid. 
See Fig. 5-3. Cut the wire ties that secure the harness to 
the firewall . 



Fig. 5-2; Idle speed control unit  (a) L-Jetronic control un it (b) 
harness connectors. White 3-point harness con
nector at arrow 

Fig. 5-3. Ignit ion control unit (Bosch type) connector and 
vacuum advance solenoid connector and hoses 
(arrows) . Top hose goes to d istributor, bottom hose 
goes to i ntake manifold. 

9.  Disconnect the connector from intake air temperature 
sensor. Sensor is located in the intake air duct behind 
the headl ight. See Fig. 5-4. 
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Fig. 5-4. I ntake air temperature sensor (arrow) . 

1 0 . Remove the cover and sl idethe auxiliary relay panel from 
its bracket. Disconnect the white harness connector near 
the relay panel bracket. Disconnect the harness connec
tor from the air flow sensor. See Fig. S-S. 

1 1 .  Remove the i ntake air boot between the throttle housing 
and the air flow sensor. Remove the two air fi lter housing 
mounting nuts and remove the air fi lter assembly. See 
Fig. S-S. 

Fig. 5-5. Auxi l iary relay panel (c) , air flow sensor connector 
(d) , air fi lter housing mounting nuts (e) , and in take 
air boot (1) 

1 2. Disconnect the accelerator cable Jrom its fitting . lf appli
cable,  d isconnect the automatic transmission throttle 
cable and the cruise control cable. Disconnectthe large 
brake booster vacuum hose attlle intake manifold. 



44 ENGINE 

1 3. Removethe coolant hose clamp from the intake manifold 
support bracket. Disconnect the vacuum hose from the 
charcoal canister. See Fig; 5-6. 

Fig. 5-6. Coolant hose clamp on i ntake manifold bracket (g) 

and charcoal canister vacuum hose (h) . 

1 4. Lift off the fuse/relay panel cover. Disconnect the large 
harness connector and.free the harness froin the relay 
panel. See. Fig. 5-7. 

.0 . ' . .  ,' 
" .. Fig. 5-l. FusE:)/relay panel cover . removed D isconnect · har

ness cqnnector (arrow) , 

1 5 . Disconnect the fuel supply l ine and fuel return l ine .  Re
move the bracket that secures the supply l ine to the fuel 
rai l .  See Fig, 5-8. 

WARNING -
Fuel may be expelled ' under pressu(e, Do. nat 
smake ar wark near heaters ar atherJire haza rds. 
Keep a fire extinguisher handy. 

NOTE -
Wrap a clath around the hose to absorb leaking 
fuel. 

Fig. 5-8. Fuel supply line ( i) , fuel return l ine (j) , and supp ly 
l ine bracket (k) , 

1 6. Loosen the two outer bolts on top of the air conditioning 
compressor. Remove the two inner bolts. See Fig.  5-9, 
Remove the lower pivot bolt. Without removing or loos
ening any refrigerant l ines, carefully remove the com
pressorfrom the engine and secure it to the body using 
stiff wire. 

WARNING -

Refrigerant hases shauld nat be remaved from 
the air canditi()ner campressar, Daing so. can 
lead to. the expulsian af refrigerant under high 
pressure, leading to. passible eye damage ar 
frostbite, 

NOTE -

Be ready to. catch the compressor as it separates 
from the bracket Support the compressor using 
stiff wire, 



Fig. 5-9. Air condit ioning compressor mounting bolts. 
Loosen outer bolts (I) and remove inner bolts (m) . 

1 7. Without disconnecting any hydraul ic l ines, remove the 
power steering pump from the engine as described i n  
SUSPENSION AND STEERING. 

1 8. Working under the car, remove the through-bolt from the 
engine damper. See Fig. 5-1 0. Hemove the braided 
ground strap that is mounted to the oil pan. 

Fig. 5-1 0. LocatioTl of engine damper . 
through-bolt (arrow) . 

damper 
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1 9. I nstall an engine lifting device, using the front and rear 
lifting pOints shown in Fig. 5c1 1 .  

Fig . 5-1 1 .  Location of rear engine l ifting point in transmission 
bel ihousing (left arrow) and front l ifting bracket on 
cyl inder head (right arrow) . 

20. Remove the nuts that secure the left and the r ight motor 
mounts. See Fig. 5-1 2. Carefully raise the engine out of 
the car, checking for any wiring ,  fuel l ines, or mechanical 
parts that might become snagged as the engine is 
removed . 

Fig. 5-1 2. Mounting nut for right engine mount (arrow) as 
viewed from beneath car. Left engine mount i s  
similar. 
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I nstallation i s  the reverse of removal . When instal l ing the 
engine i nto the engine compartment, make sure the guide p ins 
in the left and right engine mounts engage the bores in the front 
subframe (axle carrier) . Engine mount tightening torques are 
l isted in Table n .  

Table n. Engine. MounfTightening Torques 
Rubber mount to mount bracket . . . .  43-,.48 Nm (32:"35 ft. lb.) 
Rubber mount to subframe 

M 1 0  . . . . . . . . .  . . . . . .  .43-48 Nm (32-35 ft. Ib,) 
M8 . . . . . . . . . . . . . . . . . . . . 25-28 Nm (1 8-21 ft. lb.) 

Mount bracket to engine 
M 1 0  . . . . . . . . . . . . . . . . . . .43-48 Nm (32-35 ft. lb.) 
M8 . . . . . . . . . . . . . . . . . . .  .22-24 Nm (1 6-1 8 ft. lb.) 

Adjust the tension of all V-belts as described in  LUBRICA
TION AND MAINTENANCE. Refil l  the cooling system as de
scribed in COOLING SYSTEM. Change the engine oil and fi lter 
as described in LUBRICATION AND MAINTENANCE. Adjust 
ignition timing as described in IGNITION SYSTEM. Adjust the 
accelerator cable, check the idle speed and adjust idle mixture 
as described i n  FUEL SYSTEM. Adjust the transmission throttle 
cable as described in AUTOMATIC TRANSMISSION. 

R emoving (6-cyl i nder engines) 

The air conditioning compressor and the power steering 
pump should be unbolted and set aside without disconnecting 
any of the refrigerant l ines or the power steering fluid l ines. The 
hood should be either removed from the car or supported i n  its 
fully open position. 

To remove: 

1. Disconnect the hood support from the fitting on the 
hood . Securely support the hood in its fully open posi
tion,  use care not to damage the front gri l le assembly. As 
an alternative, the hood can be removed from Jhe car. 

NOTE = 

A special tool (BMW Tool No. 51 2 1 20) to hold the 
hood in  the fully open position is available from an 
authorized BMW dealer parts department. 

2.  Disconnect the cables at the battery. Except on convert
ible models, d isconnect and label the wires at the battery 
junction block. Disconnect the connectors for the tem
perature sensor. See Fig. 5- 1 3. 

CAUTlON� 

BMW anti-theft radios can be rendered useless by 
disconnecting the battery. Make sure you know 
the correct code before disconnecting the battery. 
See your owner's manual for more information. 

Fig. 5-1 3. Battery junction block wires and temperature sen
sor connectors needed to be removed (arrow) . 
Some later models may not have temperature 
sensor. 

3.  Disconnect the oxygen sensor connector. See Fig. 5- 1 4. 

Fig. 5-1 4. Oxygen sensor connector d isconnected (arrow) . 
Types of connectors may vary between models. 

4. Remove the trim panel from above the glove compart
ment. Carefully d isconnect the harness connectors from 
the Motronic control unit. Disconnect the white (3-pin) 
harness connector leading out of the Motronic harness. 



5. On 1 984 through 1 987 325 and 325e(es) models, re
move the . mounting bolt for the idle speed control un it 
and d isconnect the harness connector. See Fig. 5-1 5.  

Fig.  5-1 5. Motronic control unit (a) , id le speed control un it 
(b) ,  and 3-point harness connector (c) as viewed 
from above g love compartment . 

6. Working from the engine compartment, pu l l  the idle 
speed and Motronic control un it wir ing harness i nto the 
engine compartment Cut any wire ties securing the 
harness to the body. 

7. Drain the engine coolant and remove the radiator as 
described in COOLING SYSTEM. Disconnect the cool
ant hoses from the front of the engine. Disconnect the 
heater hoses from the heater core fittings at the rear 
firewall .  

8 .  Remove the h i g h  tension wire from the center of the 
ignition coi l .  Disconnect and label the two small wires 
from the coi l .  

9 .  On 1 988 and later models, disconnect the wire from the 
oi l  pressure switch that is mounted in the block near the 
oi l  fi lter. Fig. 7-1 shows the location.  Pull the wiring 
harness from its cl ips on the front of the engine.  

1 0 . On 1 984 through 1 987 models, remove the two mount
ing bolts from the coolant expansion tank. 

1 1 .  On 1 988 and later models, d isconnect the coolant hose 
from the bottom of the coolant expansion tank.  See Fig. 
5-1 6.  

1 2 . Remove the sensor wires and the overflow hose from the 
expansion tank .  

NOTE -

The overflow hose is attached to the coolant ex
pansion tank with a one-time clamp that may be 
pried open with a small screwdriver. Replace the 
clamp with a screw-type clamp. 
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Fig.  5-1 6. Coolant expansion tank hose (arrow) on 1 988 and 
later models. 

1 3 . On 1 984 and 1 985 models, remove the protective cover 
from the fuse/relay panel harness connector and sepa
rate the connector. Cut the wire ties unti l the harness is 
free. See Fig. 5-1 7. 

Fig. 5-1 7. Fuse/relay panel harness connector cover (arrow) 
on 1 984 and 1 985 models. 

1 4. On 1 986 and later models, u ncl ip the main harness 
connector from the bracket and unscrew the connector 
to separate it at the firewall .  See Fig . 5-1 8 .  
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Fig. 5-1 8. Main harness connector separated o n  1 986 and 
later models. 

1 5 . Slide the auxil iary relay panel from its bracket and free 
the harness from its mounting pOints. Disconnect the 
harness connector from the air f low sensor. Remove the 
i ntake air boot between the throttle housing and the air 
f low sensor. Remove the two air fi lter housing mounting 
nuts and remove the air fi lter assembly. See Fig.  5-1 9. 

Fig. 5-1 9. Auxiliary relay panElI (d) , air flow sensor connector 
(e) , air filter mounting nuts (f) . 

1 6. Disconnect the accelerator cable. If applicable, discon
nect the automatic transmission throttle cable and the 
cruise control cable. Disconnect the large brake booster 
vacuum hose at the i ntake manifold. See Fig.  5-20. 

Fig. 5-20. Accelerator cable ,  automatic transmission throttle 
cable,  and cruise control cable d isconnected from 
thrott le housing. Brake booster vacuum hose 
shown at arrow. 

1 7. Disconnect the vacuum hoses from the charcoal canis
ter. Disconnect the harness connector from the throttle 
switch. On later models with Motronic 1 . 1 ,  d isconnect 
the harness connector for the purge valve. See F ig .  5-2 1 . 

Fig. 5-21 . Charcoal canister vacuum hose (g) , and throttle 
switch harness connector (h) d isconnected . 
Purge valve harness connector i nstalled on mod
els wifh Motronic 1 . 1 shown at (i) . 



1 8. On 1 988 and later models, remove the starter as de
scribed i n  ELECTRICAL SYSTEM. 

Disconnect the harness connector for the fuel i njectors ' 
wiring harness and remove the harness bracket mounting nuts 
as shown i n  Fig. 5-22. 

Fig. 5-22. Fuel injector wiring harness connector (j) and 
bracket mounting nuts (1<) . 

1 9. On 1 988 and later models, d isconnect the wiring con
nectors on the rear of the alternator. Disconnect the 
electrical connector adjacent to the alternator. 

20. On 1 988 and later models, remove the two nuts that hold 
the wiring harnesses to the rear fi rewall .  Remove the 
mounting bolts from the plastic coolant pipe that passes 
along the front of the engine. Disconnect the hoses from 
each end of the pipe, and remove the pipe. 

2 1 . On 1 988 and later models, disconnect the reference and 
speed sensor connectors from their bracket. 

22. Remove the diagnostic connector from its bracket. See 
Fig. 5-23. Remove the oil d ipstick bracket retaining nut. 

23. On 32Si (is) and 32Si Convertible models, remove the two 
oi l cooler l ines from the oi l  fi lter housing .  See Fig. 5-24. 

24. On models with automatic transmission , remove the 
bracket that holds the ATF cooler l ines to the side of the 
oil pan. 

25. Disconnect the fuel return l ine from the fuel pressure 
regulator. See Fig .  4-60. Disconnect the fuel supply l ine 
at the un ion beneath the intake manifold. 
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WARNING """'" 
Fuel may be expelled under pressure. Do not 
smoke or work near heaters or other fire hazards. 
Have a fire extinguisher handy. 

NOTE -

Wrap a cloth around the hose to absorb leaking 
fuel. 

Fig. 5-23. Reference and speed sensor connectors and di
agnostic connector removed trom bracket 
(arrows) . 

Fig. 5-24. Oi l  cooler l i nes at o i l  f i lter housing (arrows) . 
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26. Without removing o r  loosening any refrigerant l ines, 
careful ly remove the air conditioning compressor from its 
bracket. 

WARNING -

Refrigerant hose should not be removed from the 
air conditioner compressor. Doing so can lead to 
the expulsion of refrigerant under high pressure, 
leading to possible eye damage or frostbite. 

NO TE -

Be ready to catch the compressor as it separates 
from the bracket. Support the compressor using 
stiff wire. 

27. Without disconnecting any hydraul ic l ines, remove the 
power steering pump from the engine as described in 
SUSPENSION AND STEERING. 

28. Working under the car, remove the ground strap runn ing 
from the engine to the body. Remove the nuts from the 
left and right engine mount. See Fig. 5-25. 

Fig. 5-25. Left engine mount nut (arrow) as viewed from 
under the car. 

29. Instal l an engine l ifting device on the front and rear l ifting 
pOints. The front l ifting point is a bracket on the front of 
the cyl inder head . The rear lifting point is a hole in the left 
(driver's) side of the transmission flange. Carefully raise 
the engine out of the car, Checking for any wiring,  fuel 
l i nes, ' or mechanical parts that m ight become snagged 
as the engine is removed. 

Installation is the reverse of removal . When instal l ing the 
engine i nto the engine compartment, make sure the gu ide pins 
i n  the left and right engine mounts engage the bores i n  the front 
subframe (axle carrier) . Engine mount t ightening torques l isted 
above in Table n can be used for all 6-cyl inder engines. 

Adjust the tension of al l  V-belts as described in LU BRICA
TION AND MAINTENANCE. Refi l l  the cool ing system as de
scribed in COOLING SYSTEM .  Change the engine o i l  and fi lter 
as described in LUBRICATION AND MAINTENANCE. Adjust 
ign ition t iming as described i n .  IGNITION SYSTEM. Adjust the 
accelerator cable, check the idle speed and adjust idle mixture 
as described in FUEL SYSTE M .  Adjust the transmission accel
erator cable as described in AUTOMATIC TRANSMISSION . 

6. CYLI NDER BLOCK AND PISTON S  

The cyl inder block for the engines covered by this manual 
are made of cast i ron.  For extra strength , the sides of the 
crankcase extend well below the centerl ine of the main bear
i ngs. The cyl inders are i ntegral with the block and are com
pletely exposed on al l  sides to the coolant that ci rculates 
through the water jackets. 

Cyl inder block problems normally result from wear due to 
h igh m ileage. Low compression pressures and noise due to 
excessive clearances are signs of a seriously worn engine. See 
ENG I N E  MANAG EMENT -ORIVEABI LITY for more i nforma
tion . 

6. 1  Cyl inder Block Oi l  Seals 

On all engines covered by th is manual, the front cyl inder 
block oi l  seal (s) can be replaced with the engine i nstal led. 
Replacement of the rear oi l  seal requires that the engine and 
transmission be separated. 

Replacing Front Cyl inder Block Oil Seals 

On models with 4-cyl inder engines, the front crankshaft o i l  
seal can be replaced without removing the t iming chain cover 
or the timing chain .  On models with 6-cyl inder engines, it is 
necessary to remove the camshaft drive belt and the lower 
drive belt sprocket before replacing the crankshaft o i l  seal or 
the i ntermediate shaft oil seal . 

To replace crankshaft oil  seal (4-cylinder engines) : 

1 .  Remove ali V-belts from the front of the engine as de
scribed in LUBRICATION AND MAINTENANCE. 



2. Using a 30 m m  socket on the bolt in the center of the 
crankshaft, loosen the nut that secures the vibration 
damper (crankshaft pul ley) . Do not remove the n ut. 

NOTE -

A special BMW service tool (BMW Tool No. 1 1  2 
1 00) is available to hold the flywheel stationary 
whi le the vibration damper mounting n ut is loos
ened. As an alternative, a large wrench can be 
used to hold the rear part of the damper station
ary. If the alternate method is used, a thick strip of 
leather or other material can be used to prevent 
sl ippage and damage to the vibration damper. 

3.  Careful ly pry the vibration damper loose. It may be nec
essary to use two screwdrivers on either side of the 
damper to aid in its removal. Once the damper is  loose, 
remove the nut,  the damper, and the woodruff key. 

CAUTlON -

Excessive force should not be necessary to re
move the vibration damper. Be careful not to dam
age the lower timing chain cover. Use two small 
blocks of wood under the tips of the screwdrivers 
to protect the housing. 

4. Using an appropriate seal remover, pry the seal from the 
housing. See Fig. 6-1 . As an alternative, use a screw
driver to carefully pry the seal from its housing. 

CAUTION -

Be careful not to mar the surface of the housing 
when removing the seal. 

Fig. 6-1 . Crankshaft oil seal being removed. 
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5. Lubricate the nose of the crankshaft and the i nside of the 
o i l  seal with engine oi l .  I nstal l the seal , driving it in  u ntil 
the seal is flush with the t iming chain cover. 

CAUTlON -

• The oil seal can be torn as it is placed over the 
crankshaft. Use tape around the threads on the 
front of the crankshaft. 

e Do not attempt to hammer directly on the sur
face of the seal, as its rubber cover might be torn 
or the metal housing may be bent. A damaged oil 
seal should be replaced. Do not drive the seal in 
beyond its correct position. There is no shoulder in 
the housing. 

6. Installation of the remainder of the components is the 
reverse of removal . Make sure the woodruff key is cor
rectly positioned in the crankshaft. Tighten the vibration 
damper retain ing nut to 1 90 ± 1 0  Nm (1 40 ± 7 ft .  lb . ) .  
I nstal l al l the V-belts as described i n  LUBRICATION AND 
MAINTENANCE. 

To replace crankshaft and intermediate shaft oil seals 
(6-cylinder engines) : 

1 .  Drain the coolant and remove the radiator as described 
in COOLING SYSTEM. 

2.  Remove the camshaft drive belt as described i n  4.2 
Camshaft Drive Belt (6-cylinder engines) .  

3 .  While holding the crankshaft sprocket stationary with a 
holding device, loosen the sprocket mounting bolt. Re
move the sprocket from the front of the crankshaft using 
a pul ler. Remove the woodruff key from the crankshaft. 

NOTE -

The crankshaft sprocket mounting bolt is tight
ened to a torque of approximately 41 0 Nm (302 ft. 
lb.) . A heavy duty holding device, such as BMW 
Tool No. 1 1  2 1 50,  should be used to hold the 
sprocket. Use a heavy duty %-inch drive socket 
and breaker bar to break the bolt free. 
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4 .  While holding the i ntermediate shaft sprocket stationary 
with a holding device, loosen the bolt that secures the 
sprocket to the shaft. Remove the sprocket from the 
shaft using a suitable pu l ler. Remove the centering p in 
from the i ntermediate shaft. 

CAUTlON -

Before removing the intermediate shaft sprocket 
mounting bolt, inspect for oil leakage at the bolt 
and on the sprocket. If signs of oil leakage are 
present, the internal sealing plug in the interme
diate shaft may be faulty or missing. A leaking 
intermediate shaft should be replaced. 

NOTE -

A special device for holding the intermediate shaft 
sprocket stationary (BMW Tool No. 1 1  2 1 90) is 
available from an authorized BMW dealer parts 
department. 

5.  Working beneath the car, remove the three oil pan bolts 
that thread into the front end cover. Loosen but do not 
remove the remaining oil pan bolts. Remove the six bolts 
that secure the front end cover to the cyl inder block. Pry 
the cover from the engine, being careful not to tear the oi l  
pan gasket. 

NOTE � 

If the front end cover is stuck to the oi l  pan gasket, 
use a sharp knife to cut it free. 

6. Press the o i l  seals out of the front end cover. Press the 
new seals i nto the cover u nt i l  they are approximately 1 to 
2 mm (0.04 to 0.08 in . )  below the surface of the cover. 

NOTE = 

The old seals were originally installed flush to the 
cover surface. The new seals should be instal led 
sl ightly deeper so that they do not ride on the 
same area of the shafts. This wil l  al low for a good 
seal despite any wear. 

7. Apply a l ight coating of si l icone sealer to the portion of 
the oi l  pan gasket that mates to the front end cover. 
Apply a l ight coat of engine oil to the seals. Using a new 
front end cover gasket, instal l the cover. Torque the 
smaller M6 mounting bolts to 9 ± 1 Nm (80 ± 9 in. lb.) and 
the larger M8 bolts to 22 ± 2 Nm ( 1 6 ± 1  ft. lb.) . Tighten all 
oi l  pan mounting bolts to 9 to 1 1  Nm (7 to 8 ft. lb.) . 

CAUT80N � 

Do not use too much sealer as it can leak into the 
oil pan and plug small oil passages when circu
lated with the engine oil. This can lead to oil 
starvation and engine damage. 

NOTE -

o Permatex® 77B or Wurth® DP-300 sealers can 
be used to seal the cover to the gasket. 

• To protect the oil seals during installation of the 
front end cover, BMW recommends using special 
tools (BMW Tool No. 24 1 040 and 24 1 050) to 
cover the shafts. As an alternative, the shafts may 
be wrapped with plastic tape and coated with a 
small amount of engine o i l .  

The remainder of the i nstal lation is reverse of removal . Be 
sure the centering p in is  i nstal led in the i ntermediate shaft. 
Torque the i ntermediate shaft sprocket mounting bolt to 60 ± 5 
N m  (44 ± 4 ft. lb.) . Be sure the woodruff key is properly al igned 
in  the crankshaft and i nstal l  the crankshaft sprocket. Tighten 
the crankshaft sprocket mounting bolt to 4 1 0 ± 20 Nm 
(302 ± 15 ft. lb.) . I nstal l  a new camshaft drive belt as described 
under 4.2 Camshaft Drive Belt (6-cylinder engines) .  I nstal l  
the radiator, add coolant and bleed the cool ing system as 
described in  COOLING SYSTEM. 

NOTE -

Most torque wrenches cannot handle the torque 
setting of the crankshaft sprocket mounting bolt. 
Special arrangements should be made to tighten 
the bolt to the proper torque using a heavy-duty 
torque wrench. 

Replacing Rear Crankshaft Oil Seal 

Replacing the rear crankshaft o i l  seal requ i res that the 
engine be separated from the transmission and that the fly
wheel or drive plate be removed. These removal and instal la
tion procedures are described in MANUAL TRANSMISSION 
AND CLUTCH or AUTOMATIC TRANSMISSION. On 4-
cyl inder engines, drain the engine oi l  as described i n  LUBRI
CATION AND MAINTENANCE. 

Once the seal is exposed, remove the mounting bolts for the 
oil seal carrier as shown in  F ig .  6-2. Loosen , but do not remove, 
the o i l  pan mounting bolts and remove the oi l  seal carrier. With 
the carrier removed, the old seal can be pressed out. Press the 
new seal i n  until it is 1 to 2 mm (0.04 to 0 .08 in . )  below the 
surface of the carrier surface. 

NOTE -

If the oi l  seal carrier is stuck to the oi l  pan gasket, 
free the cover from the gasket using a sharp knife. 



Fig. 6-2. Rear crankshaft o i l  seal carrier mounting bolts (ar
rows) . Transmission, clutch assembly, and flywheel 
removed from engine. 

When instal l ing the oi l  seal carrier, apply a l ight coating of 
s i l icone sealer to the portion of the oi l  pan gasket that mates to 
the carrier. Apply a l ight coat of engine oi l  to the l ip  of the seal . 
Install a new gasket and the carrier. Torque the smaller M6 
mounting bolts to 9 :t:  1 Nm (80 :t: 9  in .  lb.) and the larger M8 
bolts to 22 :t: 2  Nm ( 1 6 :t:  1 ft . lb.) . Tighten al l oi l  pan mounting 
bolts to 9 to 1 1  Nm (7 to 8 ft. l b. ) . On 4-cyl inder engines, f i l l  the 
engine with oi l  as described in LUBRICATION AND MAINTE
NANCE. 

CAUTION � 

Do not use too much sealer as it can leak into the 
oil pan and plug small oil passages when circu
lated with the engine oil. This can lead to oil 
stalVation and engine damage. 

6.2 iDisassembly, Assembly, and Reconditioning 
Cylinder Block. 

Disassembly, assembly, and reconditioning procedures for 
the cyl i nder blocks covered in this manual are s imi lar to those 
for most other water-cooled, in- l ine engines. For anyone with 
the proper tools and equipment and basic experience in en
gine reconditioning,  this section provides the specifications 
and special reconditioning i nformation necessary to repair 
these BMW engines. 

If machine shop services are not readily avai lable, one 
alternative is  to instal l a BMW remanufactured cyl inder block 
(engine cylinder block complete with crankshaft, pistons and 
connecting rods i nstal led ,  but without cyl inder head or external 
components) . A remanufactured cyl inder block is avai lable 
from an authorized BMW dealer parts department. 
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Connecting Rods and Pistons 

It is necessary to remove the engine, the cyl inder head, and 
the oi l  pan before removing the pistons. See 4. Cylinder Head 
and 5. Removing and instal l ing Engine. If pistons, p iston 
pins, piston rings, connecting rods, and bearings are to be 
reused, they should always be reinstal led i n  their exact posi
tions. Parts should never be interchanged between cyl inders. 

Before removing the pistons, mark the cyl inder n umbers on 
connecting rods and connecting rod caps. Mark each connect
ing rod's position on the crankshaft so that they are not re
versed during instal lation. The matching numbers on the side 
of the connecting rod and rod cap should all be facing the 
same side of the engine. Mark the p iston tops as shown i n  Fig .  
6-3. (avoid scratching the piston) . 

r----..J = = = = = = =  

Fig. 6-3. Piston numbering sequence. Arrow points to front 
(radiator end) of engine. 

The p iston p in should fit without any play. No specifications 
for the p in-to-rod fit are provided by B MW. The fit can be 
checked by pushing the p in through the rod by hand. There 
should be s l ight resistance as the p in moves through the rod . 
If the piston pin-to-connecting rod bushing clearance is exces
sive, replace the con necting rod bushing and piston p in  or the 
connecting rod . The piston pin circl ips should be replaced with 
new circl ips anytime they are removed. When reassembl ing 
the p iston/rod assembly, make sure the o i l  hole i n  the rod's 
smal l  end is on the same side as the arrow on the p iston top. 

When replacing the connecting rods, use only ones having 
the same weight class. The weight class can be found on the 
bottom of the connecting rod cap. The weight classification is 
made u p  of an alphanumeric code,  A 1 for example. 

Each connecting rod is matched with its cap using a 
stamped number code.  The numbers are found on the side of 
the connecting rod and rod cap. When reinstal l ing the rods, be 
sure al l  matched numbers face the same side of the engine. 
When instal l ing the connecting rod to the crankshaft, i nstal l  the 
piston so that the arrow on the piston crown faces the front of 
the engine. 
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Table 0 l ists connecting rod specifications. Connecting rods 
should be carefully checked for bend, twist and bearing bore 
out-of-roundness using connecting rod al ignment tools. 

Table o. Connecting Rod Specifications 

Specification 4-cylinder 6-cylinder 

Big end diameter 
(Bearing shells 
removed) 

standard 52.000-52.01 0 mm NA 
no classification (2.0472-2.0476 in . )  
double 
classification 
(paint dot on 
rod) 

red 52.000-52.008 mm 48.000-48.008 mm 
(2.0472-2.0475 in . )  ( 1 .8898-1 .8901 in .) 

blue 52.009-52.01 6 mm 48.009-48.01 6 mm 
(2.0476-2.0479 in . )  ( 1 .8901 -1 .8904 in . )  

Connecting rod 
bushing 

outside 24.060-24. 1 00 mm 24.060-24. 1 00 mm 
diameter (0.9472-0.9488 in . )  (0.9472-0.9488 in . )  

ins ide d iameter 22.003-22.008 mm 22.003-22.008 mm 
(nominal (0.8662-0.8664 in . )  (0.8662-0.8664 in . )  
diameter 
22.0 mm) 

Maximum paralle l  0 .04 mm 0.04 mm 
deviation of (0.001 6 in . )  (0.001 6 in .) 
connecting rod 
bores (bearing 
shel ls instal led) at 
distance of 1 50 
mm (5.905 i n .) 

Maximum 
deviation of 
weight between 
connecting rods 
(bearing shel ls 
remOved) 

total ± 4.0 g rams ± 4.0 grams 
(. 1 4  oz.) ( . 1 4  oz.) 

small end only ± 2.0 grams ± 2.0 grams 
(.07 oz.) ( .07 oz.) 

big end on ly ± 2.0 g rams ± 2.0 g rams 
(.07 oz.) (.07 oz.) 

Connecting rod 52-57 Nm 20 Nm ( 1 4.5 ft. lb.) 
bolt torque (38-42 ft. lb . )  plus an additional 

70° 

Piston specifications are l isted in Table p. When replacing 
pistons, use only pistons having the same weight class. The 
piston weight class is  stamped with a " + " or " - " on the piston 
top. The total weight difference between the p istons should not 
vary more than 1 0  grams (.35 oz. ) .  The nominal piston diameter 
is also stamped on the crown. See Fig. 6-4. When install ing the 
pistons, make sure the arrow on the piston top faces the front 
of the engine. 

Table p. Piston Specifications 

4-cylinder engine 6-cylinder engine 

Piston diameter 
standard 88.97 mm 83.98 mm 

(3.5027 in . )  (3.3063 in .) 
special 89.05 mm 84.06 mm 

(3.5059 in .) (3.3094 in .) 
oversize 1 89.22 mm 84.23 mm 

(3.51 26 i n .) (3.31 61 in .) 
oversize 2 89.47 mm 84.48 mm 

(3.5224 in .) (3.3260 in . )  

Piston to  cylinder 
clearance 

new 0 .02-0.05 mm 0.01 -0.04 mm 
(.0008-.0020 in . )  (.0004-.001 6 in . )  

wear l imit 0 . 1 5 mm 0 . 1 2  mm 
(0.0060 in . )  (0.0047 in . )  

Weight difference 1 0  grams (.35 oz.) 1 0  g rams (.35 oz.) 
between pistons 
(maximum 
permissible) 

a 

Fig. 6-4. Piston crown identification markings. Arrow should 
face front. Nominal p iston diameter shown at a, and 
weight classification at b. 

If the piston pin-to-piston clearance is excessive, the piston 
and the pin should be replaced as a set, as they are machined 
as matched pairs. 

When measuring the p iston d iameter, make measurements 
at three places around the p iston at the height i ndicated in Fig. 
6-5, using the i nformation l isted i n  Table q or Table r .  



Fig. 6-5. Distance from bottom of piston skirt to measuring 
point (A) for determining piston d iameter. D istance 
varies between engines depending on piston man
ufacturer. 

Table q. Piston Skirt Measuring Points 
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Cyl inders 

Measure cyl inder bores at approximately the top, the m id
dle ,  and the bottom of piston travel .  Make all measurements at 
r ight angles (90°) . Cyl inder bore measuring pOints are shown in  
F ig .  6-6. Cyl inder bore diameters are l isted i n  Table s.  

IO m m  
t 

"- \ 

t 

(4-cyl i nder engine) .8Y17.EA/1. /3 
Manufacturer Distance A 

Mahle 1 4.00 mm (0.551 in .) 

KS 30.85 mm (1 . 2 15  in . )  

Alcan 1 5.50 mm (0.61 0 in . )  

Table r. Piston Skirt Measuring Points 
(6-cyli nder eng ine) 

Manufacturer Total piston height Distance A 

325,325e models 
Mahle 68.7 mm (2.705 in.) 8 mm (0.31 5 in .) 
KS 68.7 mm (2.705 in.)  1 4 mm (0.551 in . )  
Mahle or KS 77.7 mm (3.059 in. )  23 mm (0.905 in .) 

325i models 
Mahle 73.6 mm (2.898 in . )  9 mm (0.354 in . )  

Fig. 6-6. Cylinder bore measuring points Top (1 ) and bottom 
(3) measurements should be made at least 1 0  mm 
('Vs i n . )  from ends o f  cyl inder, fi rst i n  d i rection A and 
then in  d i rection B. 

Table s. Cylinder Bore Specifications 

Specification 4-cylinder engine 6-cylinder engine 

Cylinder bore 
d iameter 

standard 89.00� g o1 mm 84.00 � g o1 mm 
(3.5039� g ooo4in.) (3.3071 � g ooo4in . )  

special 89.08 � g 0 1mm 
(3.5071 � g ooo4in.) 

84.08 � g 01 mm 
(3.31 02 � g ooo4in . )  

oversize 1 89.25 � g 0 1mm 84.25 � g·01 mm 
(3.51 38 � g ooo4in.) (3.3 1 69 � g ooo4in .) 

oversize 2 89.50 � g 01 m m  84.50 � g 0 1mm 
(3.5236� g ooo4in.) (3.3268 � g ooo4in . )  

Maximum 0.01 mm 0.03 mm 
out-of-round (0.0004 in.) (0.00 1 2  in . )  

Maximum 0.01 mm 0.02 mm 
conicity (0.0004 in .) (0.0008 in . )  
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Piston Rings 

Piston r ing end gaps are checked with the piston rings 
i nserted approximately 1 5  mm (% . in.) from the. top of the 
cyli nder. See Fig. 6-7. The piston r ing end gap specifications 
are l isted in Table t. The gap should be checked after the f inal 
cyl i nder hone. 

Fig. 6-7. Piston ring end gap being checked i n  cyl inder block 
using feeler gauge. 

Table t. Piston Ring End Gap 

Piston ring 4-cyl inder engine 6-cylinder engine 

Upper 0.30-0.70 mm 0.30-0.50 mm 
compression ring (0.01 2-0.028 in . )  (0.01 2-0.020 i n .) 
(top ring) 

Lower 0.20-0.40 mm 0 .30-0.50 mm 
compression ring (0.008-0.01 6 in.) (0.01 2-0.020 in . )  
(middle ring) 

Oi l  r ing 0 .25-0.50 mm 0.25-0.50 mm 
(bottom r ing) (0.01 0-0.020 in . )  (0.01 0-0.020 in . )  

Piston r ing side clearance is checked using feeler gauges. 
Measure each ring i n  its original groove as shown in  Fig. 6-8. 
Piston ring side c learance specifications are l isted in  Table u. 

Install the rings with the gaps offset from each other by 1 20°. 
Each ring should be i nstalled so that the word ' 'TOP'' found on 
each r ing faces up. Lightly coat the cyli nders and the r ings with 
engine oil before installation .  

Fig. 6-8. Measuring piston r ing s ide c learance with feeler 
gauge. 

Table u. Piston Ring Side Clearance 

Piston ring 4-cylinder engine 6-cyl i nder engine 

U pper 0 .06-0.09 mm 0.040-0.072 mm 
compression ring (0.0024-0.0035 i n .) (0.001 6-0.0028 in . )  
(top ring) 

Lower 0 .03-0.072 mm 0.030-0.062 mm 
compression ring (0.001 2-0.0028 in . )  (0.001 2-0.0024 in . )  
(middle ring) 

Oil r ing (bottom 0 .02-0.06 mm 0 .020-0.042 mm 
ring) (0.0008-0.0024 in . )  (0.0008-0.001 7 i n .) 

Crankshaft 

To remove the crankshaft, both the rear crankshaft oil seal 
carrier and the front end cover must be removed from the ends 
of the engine cyl inder block. Crankshaft main bearing caps 
must not be i nterchanged. Crankshaft main bearing shells, if 
they are to be used , should only be installed in their original 
positions. 

Crankshaft journal d iameters are l isted in  Table v. Crank
shaft clearance specifications are l isted in Table w. Crankshaft 
bearings are avai lable in  standard sizes and undersizes ac
cording to a color coding system. A paint dot on the edge of the 
bearings, on the crankshaft, or on the base of the main bearing 
web of the cylinder block i nd icates the sizing classification of 
the crankshaft and bearings. The sizing colors available are 
red , blue, yel low, green, or white, with red being the most 
commonly used. 

Crankshaft axial play (also called end play, float, or thrust) is 
control led by a two-piece thrust bearing ,  which has raised 
edges to control the fore-and-aft movement of the crankshaft. 
The thrust bearing is the no. 3 main bearing i n  4-cyl inder 
engines and the no. 6 main bearing i n  6-cyl inder engines. Axial 
play should be rneasured at center main bearing journal with 
the crankshaft supported on rol lers on the outer main bearing 
journals. 
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Table v. Crankshaft Journal Diameters Table v. Crankshaft Journal Diameters (continued) 
Specification 4-cyiinder engine 6-cylinder engine Specification 4-cyiinder engine 6-cylinder engine 

Main bearing Main bearing 
journal d iameter journal d iameter 

standard (nominal dia. 55.00 (nominal d ia. 60.00 undersize 3 (nominal dia. 54.25 NA 
mm) mm) mm) 

red 54.980�54.990 mm 59.980�59.990 mm red 54.230�54.240 mm NA 
(2. 1 646�2. 1 650 in . )  (2.361 4�2.361 8 in . )  (2. 1 350�2 . 1 354 in . )  

blue 54.971 �54.980 mm 59.971 �59.980 mm blue 54.221 �54.230 mm NA 
(2. 1 642�2. 1 646 in .) (2.361 1 �2.361 4 in .) (2. 1 347�2. 1 350 in . )  

yel low 54.984�54.990 mm 59.984�59.990 mm yellow 54.234�54.240 mm NA 
(2. 1 647�2. 1 650 in . )  (2.361 6�2.361 8 in .) (2. 1 352�2. 1 354 i n .) 

green 54.977�54.983 mm 59.977 �59.983 mm green 54.227�54.233 mm NA 
(2. 1 644�2. 1 647 in .) (2.361 3�2.361 5 in . )  (2 . 1 349�2 . 1 352 in . )  

white 54.971 �54.976 mm 59.971 �59.976 mm white 54.221 �54.226 mm NA 
(2 . 1 642�2 . 1 644 in .) (2 .361 1 �2.361 3 in .) (2. 1 347�2. 1 349 i n .) 

undersize 1 (nominal d ia. 54.75 (nominal dia. 59.75 Connecting rod 
mm) mm) joumal d iameter 

red 54.730�54.740 mm 59.730�59.740 mm 
(2. 1 547�2. 1 551 in .) (2.351 6�2.3520 in .) 

standard (nominal dia. 48.00 (nominal dia. 45.00 
mm) mm) 

blue 54.721 �54.730 mm 59.721 �59.730 mm 47.975�47.991 mm 44.975�44.991 mm 
(2. 1 544�2 . 1 547 in .) (2.35 1 2�2.351 6 in . )  ( 1 .8888� 1 .8894 in . )  (1 .7707�1 .771 3 in . )  

yellow 54.734�54.740 mm 59.734�59.740 mm undersize 1 (nominal dia. 47.75 (nominal d ia. 44.75 
(2 . 1 549�2 . 1 551 in . )  (2.351 7 .... 2.3520 in . )  mm) mm) 

green 54.727�54.733 mm 59.727�59.733 mm 47.725�47.741 mm 44.725�44.741 mm 
(2. 1 546�2. 1 548 in .) (2.351 5�2.351 7 in . )  ( 1 .8789� 1 .8796 in . )  (1 .7608�1 .761 5 in.) 

white 54.721 �54.726 mm 59.721 �59.726 mm undersize 2 (nominal d ia. 47.50 (nominal dia. 44.50 
(2. 1 544�2.1 546 in . )  (2.351 2�2.35 1 4  in . )  mm) mm) 

undersize 2 (nominal dia. 54.50 (nominal dia. 59.50 
mm) mm) 

47.475�47.491 mm 44.475�44.491 mm 
(1 .8691 � 1 .8697 in . )  ( 1 .751 0�1 .751 6 in . )  

red 54.480�54.490 mm 59.480�59.490 mm Double 
(2. 1 449�2. 1 453 in .) (2.341 7�2.3421 in .) classification 

blue 54.471 �54.480 mm 59.471 �59.480 mm standard 47.975�47.991 mm 44.975�44.991 mm 
(2. 1 445�2.1 449 in . )  (2.341 4�2.341 7 in . )  (1 .8888�1 .8894 in . )  (1 .7707�1 .77 1 3  in . )  

yellow 54.484�54.490 mm 59.484�59.490 mm undersize 1 47.725�47.741 mm 44.725�44.741 mm 
(2. 1 450�2. 1 453 in .) (2.341 9�2.3421 in .) ( 1 .8789� 1 .8796 in . )  ( 1 .7608�1 .76 1 5  in . )  

green 54.477�54.483 mm 59.477�59.483 mm undersize 2 47.475�47.491 mm 44.475�44.491 mm 
(2 .1 448�2.1 450 in . )  (2.341 6�2.341 8 in . )  ( 1 .869 1 � 1 .8697 ih .) ( 1 .75 1 0� 1 .751 6 in . )  

white 54.471 �54.476 mm 59.471 �59.476 mm undersize 3 47.225�47.241 mm NA 
(2 . 1 445�2. 1 44 7 in . )  (2.341 4�2.341 6 in .) ( 1 .8592� 1 .8599 in . )  

continued Crankshaft 
thrust bearing 
width 

standard 30.020�30.053 mm 25.020�25.053 mm 
( 1 . 1 81 9�1 . 1 832 i n .) (0.9850�0.9863 in . )  

oversize 1 30.224�30.264 mm 25.220�25.253 mm 
( 1 . 1 899�1 . 1 9 1 5  in .) (0.9929�0.9942 in . )  

oversize 2 30.425�30.464 mm 25.420�25.453 mm 
(1 . 1 978�1 . 1 994 in . )  ( 1 .0008� 1 .0021 in .) 

oversize 3 30.625�30.664 mm NA 
(1 .2057�1 .2072 in .) 
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Table w. Crankshaft Clearances 

Crankshaft main bearing radial . 
clearance (Plastigage®) 

red or blue classification 0 .030-0.070 mm 
(0.001 2-0.0028 in . )  

yellow, green , or white 0 .020-0.046 mm 
classification (0.0008-0.001 8 in . )  

Connecting rod bearing radial 
clearance (Plastigage®) 

no classification 0 .030-0.070 mm 
(0.001 2-0.0028 in .) 

double classification 0.020-0.055 mm 
(0.0008-0.0022 in . )  

Crankshaft axial clearance 
4-cylinder engine 0 .085-0. 1 74 mm 

(0.0033-0.0069 in .) 
6-cylinder engine 0 .080-0. 1 63 mm 

(0.0031 -0.0064 in . )  

Maximum permissible 
crankshaft runout 

4-cylinder engine 0. 1 0  mm (0.004 i n .) 
6-cylinder engine 0 . 1 5 mm (0.006 in . )  

A crankshaft that requires reconditioning should only be 
replaced with a new or reconditioned BMW crankshaft. Al
though many machine shops are capable of regrinding crank
shafts, BMW crankshafts are specially heat treated at the fac
tory. BMW recommends that crankshafts only be reconditioned 
at the factory. See your authorized dealer parts department for 
the most up-to-date i nformation regarding crankshafts. Table x 
l ists crankshaft and cyl i nder block tightening torques. 

Table x. Crankshaft and Cylinder Block 
Tightening Torques 

Rear crankshaft oi l  seal carrier bolts 
M6 . . . . . . . . . . . . . . . .  9 ± 1 Nm (6.5 ± 0.5 ft. lb.) 
M8 . . . . . . . . . . . . . . .  .22 ± 2  Nm ( 1 6 ± 1  ft. lb.) 

Front end cover mounting bolts 
M6 . . . . . . . .  . . . . . . . . . . .  9 ± 1 Nm (6.5 ± 0.5 ft. lb.) 
M8 . . . . . . . . . . . . . . . . . . .  22 ± 2  Nm ( 1 6 ± 1  ft. lb.) 

Main bearing cap nuts . . . . .58�63 Nm (43-46 ft. lb.) 
Oi l  pan bolts . . . . . . . . . . . . . . . . . .  9-1 1 Nm (7-8 ft. lb.) 
(Loctite® 270 used on upper pan inside bolts on 4-cylinder 
engine) 

Flywheel and Drive Plate 

Replacement of the flywheel and the drive plate are s imi lar 
operations. When removing the mounting bolts, hold the r ing 
gear stationary using a holding fixture. Flywheels and drive
plates should be inspected for excessive runout using a dial 
indicator. The maximum allowable runout is l isted below in 
Table y. If the runout exceeds the maximum, the flywheel or 
drive plate can be machined, provided it remains within the 

specifications l isted in  the table below. I nspect the flange 
height after machin ing the flywheel .  If the flange height has 
been reduced to zero clearance during machin ing ,  the flange 
surface of the flywheel must be machined unti l some clearance 
exists. See Fig. 6-9. BMW does not l ist specifications for this 
flange height. 

NOTE -

• A special tool (BMW Tool No. 1 1  2 1 60) is 
available to hold the d rive plate or flywheel ring 
gear stationary. 

e Two different types of flywheel are installed on 
the models covered by this manual .  Early models 
have a conventional plate-type flywheel. Later 
models have a dual mass flywheel .  The dual 
mass flywheel incorporates a spring damper sys
tem. This spring damper system replaces the 
spring system in the clutch disc, The dual mass 
flywheel is designed to reduce body and trans
mission noise. Dual mass flywheels can be ser
viced as described above. Separate replacement 
parts for the dual mass flywheel are not available. 

Table y. Flywheel Specifications 

Maximum axial runout 
(measured at outer d iameter) . . . . . . . . .  0 . 1 0  mm (0.004 in . )  

Min imum flywheel thickness 
4-cylinder engine 

1 984-1 985 . . .  
6-cylinder engine 

1 984 . 
1 985-1 990 

Starter ring gear replacement temperature 

.23.5 mm (.925 in . )  

.25 .0 mm (.984 in . )  
.32 .0 mm ( 1 .260 in . )  

(manual transmission only) . . . . . .  395°-445°F (200°-230°C) 
Mounting bolt tightening torque 

( installed with Loctite®270) . . . . .  1 05 ± 7 Nm (77 ± 5 ft. lb.) 

Fig. 6-9. Schematic front view of removed flywheel . Inspect 
flange height A after machin ing flywheel . 



I nstal lation of the flywheel and the drive plate is the reverse 
of removal . Be sure al l  bolt holes are clean. Using new bolts, 
coat the threads with Loctite® 270 and tighten the bolts to 
1 05 ± 7  Nm (77 ± 5 . ft. lb.) using the sequence shown in Fig. 
6-1 0 .  

4 3 
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Fig. 6-1 0. Flywheel or drive p late mounting bolt tightening 
sequence. 

If the starter r ing gear (models with manual transmission 
only) is damaged, it may be replaced. To remove the old gear, 
dri l l a 6 mm (0.23 i n .) hole about 8 mm deep (0.31 5 i n .) at a 
tooth gap i n  the gear. Using a chisel , break the r ing gear at the 
dri l led point. To instal l  the new gear, heat the ring gear to 395° 
to 445°F (200° to 230°C) . Using a brass mandrel ,  d rive the ring 
gear i nto place on the flywheel , with the beveled edge of the 
gear facing the engine. 

70 lUBRiCATION SYSTEM 

The primary function of the lubrication system is to l ubricate 
the i nternal moving parts of the engine. The circulation of oi l  
also aids engine cool ing .  Proper lubriCation requ ires a constant 
supply of o i l ,  fed to the moving parts under pressure. 

Lubricating o i l  is drawn from the oi l  pan i nto the oi l  pump. 
Pressure is  suppl ied by either a rotary-type (4-cyl inder engine) 
or a gear-type (6-cylinder engine) pump, located i nside the oi l  
pan. Oi l  is  pumped to the crankshaft main bearings, the con
necting rod bearings, and to the camshaft. On 6-cylinder en
g ines the i ntermediate shaft is  lubricated as wel l .  Engine o i l  
returns to the oi l  pan where it i s  stored for p ickup by the pump. 
It is cleaned by Circulating through a replaceable filter. On 
325i (is) and 325i Convertible models, additional o i l  cool ing is  
provided by an oi l  cooler mounted beneath the radiator. 
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This section covers inspection ,  repair, and assembly of the 
parts of the lubrication system. Oil change, oil fi lter change, and 
engine o i l  specifications are covered i n  greater detai l i n  LU
BRICATION AND MAINTENANCE. 

Lubrication system problems result from the system's i n
abil ity to create oi lpressure, the engine's inabil ity to maintain it, 
or faults with oil pressure warning . systems. Because proper 
l ubrication is d irectly related to engine longevity, its i mportance 
cannot be overemphasized. Change the engine o i l  and o i l  fi lter 
regu larly, at least as often as specified by BMW's recom
mended maintenance i ntervals, and preferably more fre
quently. Periodically check engine o i l  level between oi l  
changes. See LUBRICATION AND MAINTENANCE.  

7.1 Oi l  Pressure and Oi l  level Warning Systems 

To prevent serious engine damage,  an oi l  p ressure warning 
system warns the driver of insufficient o i l  pressure. Other safety 
features i nclude a fi lter bypass, to g uard against bursting the 
fi lter due to overpressure, and an oil pump pressure rel ief valve 
to prevent excessive system pressure. On 6-cyl inder models, 
an oil level warning system warns the driver when the oil level 
drops below a safe level .  

CAUTION -

If the engine oil pressure or oil level warning 
indicator stays on after the engine is started, or 
flashes on while driving, always assume that there 
is insufficient oil pressure or the oil level is too low. 
Check the oil level and test the oil pressure before 
proceeding with tests at the warning system. 

Testi ng Oi l  Pressure 

Test the o i l  pressure by removing the pressure switch (See 
Fig.  7- 1 or Fig. 7-2.) and instal l ing a pressure gauge. Table z 
l ists o i l  pressure specifications. If testing shows low o i l  pres
sure ,  one or more of the fol lowing conditions is indicated : 1 )  
worn or faulty o i l  pump 2) worn or faulty bearings or 3) severe 
engine wear. All of these conditions are serious and indicate 
the need for major repairs. 

Table z. lubrication System Specifications 

Oi l  pressure at idle 
4-cylinder engine . . . . . . . . . . . . .  0.5-2.0 bar (7-28 psi) 
6-cylinder engine . . . . . . . . . . . . .  0.5-2.0 bar (7�28 psi) 

at maximum engine speed 
4-cylinder engine . . . . . . . . . . . .  .4.0-5.0 bar (57-71  psi) 
6-cylinder engine . . . . . . . . . . . .  .4.0-6.0 bar (57-85 psi) 
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Testing O i l  Pressure Warning System 

The oil pressure warning system consists of an o i l  pressure 
switch mounted in the oil circuit and an instrument panel 
warning l ight. When the ign ition is  turned on, a warning l ight 
comes on.  When the engine is started and the oi l  pressure 
rises above a predetermined pressure, the oi l  pressure switch 
opens and the warning l ight goes out. If this doesn't happen, 
check to make sure the oil level is correct before doing the tests 
l isted below. 

To test: 

1 .  Turn the ign ition switch on.  The warning l ight on the 
instrument panel should l ight u p. Remove the wire from 
the oil pressure switch. See Fig. 7-1 for 6-cyl i nder en
g ines or Fig. 7-2 for 4-cylinder engines. The l ight should 
go out. If the l ight does not go out, the wiring to the switch 
is most l i kely grounded between the terminal and the 
warning l ight. See ELECTRICAL SYSTEM for electrical 
wir ing troubleshooting i nformation.  

Fig.  7-1 . Oi l  pressure switch on 6-cyl inder engine (arrow) . 

2. If the warning l ight does not l ight when the ign ition is on ,  
remove the terminal from the oi l  pressure switch and 
ground the wire against a clean , unpainted metal part of 
the engine. If the warning l ight comes on, check the 
switch as described in  the next step. If the warning l ight 
does not come on, the wiring circuit to the dash l ight or 
the l ight itself is faulty. 

Fig. 7-2. Oil pressure switch on 4-cyl inder engine (arrow) . 

3. To test the switch, remove the termi nal from the switch . 
Connect an ohmmeter between the switch termi nal and 
ground.  See Fig . 7-3. With the engine off, there should 
be continuity. With the engine running there should be 
no continu ity. If any fau lts are found,  the switch is fau lty 
and should be replaced. 

CAUTION -

If the oil pressure switch is not faulty and the light 
remains on while the engine is running, the oil 
pressure is too low. 00 not operate the engine 
until the problem is corrected. The engine may be 
severely damaged. 

Fig. 7-3. Oi l  pressure switch being tested using an ohmme
ter (shown schematically) . Switch on 6-cyl inder 
model shown . Switch on 4-cyl inder model i s  s imi lar. 



Testing Oi l  level Sensor (6-cyl inder engines only) 

The oi l  level sensor is a device s imi lar to the fuel gauge 
sender in the fuel tank.  When the oi l  level falls below a safe 
leve l ,  the float assembly in the sensor un it completes the 
electrical circuit to the warning l ight on the instrument panel .  
Check that the oi l  level is correct before testing the sensor. 

The oil level sensor i ncorporates two switches. The static 
switch senses the o i l  level when the engine is off and the 
ign ition is  on, and the dynamic switch senses the level when 
the engine is  running. The oil level sensor can be tested using 
an ohmmeter. Disconnect the sensor electrical connector at 
the base of the alternator. See Fig. 7-4. With the engine off, 
there should be continu ity through the static switch ,  between 
terminals 2 and 3 of the sensor connector. With the engine off 
or running,  there should be no continuity through the dynamic 
switch,  between terminals 1 and 2 .  There should not be con
tinu ity between terminals 1 and 2 unless the oi l level is low and 
the engine is  running� Replace the sensor if it is  fau lty. 

WARNING -

Use jumper wires when testing the oil level sensor 
while the engine is running. It is dangerous to 
make electrical connections at the harness con
nector while the engine is running. Three lengths 
of jumper wires with insulated alligator clips on 
each end can be used to make the connections at 
the sensor connector near the alternator. 

Fig. 7-4. Oi l  l evel sensor harness connector shown discon
nected on 6-cyl inder engine (arrow) . Inset shows 
terminal identification for o i l  level sensor connector. 
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The sensor i s  mounted i nto the top of the oi l  pan o n  the 
driver's ( left) side of the car. The sensor wiring can be d iscon
nected at a connector near the base of the alternator. To 
remove the sensor, separate the harness connector and re
move the two mounting n uts from the sensor. See F ig .  7-5 . 
Withdraw the sensor from the o i l  pan slowly so that the o i l  is  
al lowed to drain off. I nstal lation is  the reverse of removal .  
Inspect the sensor O-ring, replacing it if it is  crushed or 
damaged . 

Fig. 7-5. Oi l  l evel sensor mounting nuts (arrows) . O i l  l evel 
sensor wiring harness can be separated at connec
tor near bottom of alternator. 

7.2 Oii Pan 

The o i l  pan stores the oi l  used in lubrication and seals the 
bottom of the engine. The oi l  pump is located within  the oi l pan . 
A one-piece oi l  pan is instal led on models with 6-cylinder 
engines. On  models with 4-four-cyl i nder engines, a two-p iece 
oil pan is installed . 
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To remove and install (4-cylinder engine) :  

1 .  Drain t h e  engine o i l  a s  described i n  LUBRICATION AND 
MAINTENANCE. 

2.  Remove the lower oi l  pan retaining bolts and remove the 
oi l  pan . See Fig. 7-6. 

CAUTlON -

If the lower oil pan does not separate easily from 
the upper pan, a few taps with a rubber mallet 
should break it free. Never pry between the lipper 
and lower pan sections with a sharp instrument, 
as oil leaks can occur if either unit is scratched or 
scored. 

Fig. 7-6. Lower oi l  pan retain ing bolts (arrows) . 

3. Remove the oi l  d ipstick. Remove the oi l  pump as de
scribed i n  7.3 Oil Pump. 

4.  Working from the rear of the engine, remove the rein
forcement plate mounting bolts that are located between 
the engine and the transmission. 

5 .  Remove the ground strap from the oi l  pan. Remove the 
oi l  pan retain ing bolts from the inside of the upper oi l  pan. 
Remove the remain ing bolts from the external flange of 
the upper oi l  pan and remove the pan . 

Installation is the reverse of removal . Thoroughly clean al l 
old gasket material from the mating surfaces. Coat the mating 
surfaces on the timing case cover and the end cover with a 
seal ing compound. I nstal l the upper gasket and install the 
upper oil pan. Torque al l bolts to 9 to 1 1  Nm (7 to 8 ft. lb. ) .  Use 
Loctite® 270 on the six i nside bolts for the upper cover. I nstall 
a new gasket, i nstal l the lower cover. Tighten the lower bolts to 
9 to 1 1  Nm (7 to 8 ft. lb.) . I nstal l the d ipstick and fi l l  the engine 
with o i l  as described i n  LUBRICATION AND MAINTENANCE.  

To remove and instal l  (6-cylinder engine) :  

1 .  Drain the engine o i l  as  described i n  LUBRICATION AND 
MAINTENANCE. 

2. Disconnect the oi l  level sensor harness connector. The 
con nector is located atthe base of the alternator. Fig . 7-4 
shows the location .  

3 .  Remove the two bolts that secure the steering rack to the 
subframe. 

4. Remove the four hex-head bolts and four  Torx® head 
bolts that secure the bel l  housing reinforcement plate. 
See Fig . 7-7. Remove the plate. 

Fig. 7-7. Bel lhousing reinforcement plate mounting bolts (ar
rows) on 6-cyl inder engine. One Torx® head bolt is 
not visible. 

5 .  Remove the oi l  pan retain ing bolts and lower the oi l  pan . 
Remove the three o i l  pump mounting bolts and lower the 
oi l  pump into the pan . Withdraw the oi l  pan with the oil 
pump. 

CAUTION -

If the oil pan does not separate easily from the 
engine cylinder block, a few taps with a rubber 
mallet should break it free. Never pry between the 
oilpan and the engine cylinder block with a sharp 
instrument, as oil leaks can occur if either is 
scratched or scored. 

I nstallation is the reverse of removal . Thoroughly clean al l 
the old gasket material from the mating surfaces. I nstal l  the oi l 
pump as described i n  7.3 Oil Pump. Coat the mating surfaces 
on the timing case cover and the end cover with a seal ing 
compound. Instal l a new gasket, and the oi l  pan and torque al l  
bolts to 9 to 1 1  Nm (7 to 8 ft.  lb . ) . Torque the steering rack bolts 
to 42 Nm (31 ft. lb.) . Reconnect the oi l  level sensor harness 
connector . .  Fill the engine with oil as described in LUBRICA
TION AND MAI NTENANCE. 



7.3 Oil  Pump 

The oi l  pump is mounted to the bottom of  the cyl inder b lock 
inside the engine oil pan. When the engine is running, Oil is 

drawn from the oil pan by the oil pump's pickup tube and 
circulated through the engine. On models with 4-cyli nder en
gines, the oil pump is driven by a chain actuated by a gear on 
the front of the crankshaft. On models with 6-cyl i nder engines, 
the oil pump is driven by a gear on the i ntermediate shaft. 

There is normally no need to remove the oil pump unless oil 
pressure is i nadequate. Check the oi l  pressure as described 
above under 7.1 Oil Pressure and Oil level Warning Sys
tems. 

Removill1g and Insta l l ing Oii Pump 
(4-cyli nder engines) 

Drain the engine o i l  and remove the lower oi l  pan section as 
described in 7.2 Oil  Pan .  Remove the large nut that secures the 
sprocket to the pump. Pry the sprocket from the pump. Re
move the two bolts that SeCure the pump to the engine cylinder 
block and remove the pump. See Fig. 7-8. 

Fig. 7-8. Oi l  pump mounting bolts (arrows) . Type of oi l  pump 
varies between models. 

Temporari ly i nstal l the pump to check chain tension. A 
correctly tensioned chain wil l  deflect sl ightly at the m idpoint 
u nder l ight finger pressure. If the chain tension is incorrect, a 
shim can be i nstal led between the pump and the cyl i nder block 
to obtain the correct tension. Shims are avai lable from an 
authorized BMW dealer parts department in two sizes. Be sure 
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the sh im is correctly instal led so that the oi l  bore i n  the block is 
not covered . Check that the suction l ine O-ring is  correctly 
positioned in the oi l  pump housing. Torque the pump mounting 
bolts to 22 ± 2 Nm (1 6 ±  1 ft. lb.) . Install the spacer washer on 
the pump shaft. I nstall the sprocket, tightening the nut to 25 to 
30 Nm (1 8 to 22 ft. lb.) . I nstall the oil pan as described in 7.2 Oi l  
Pan .  

Removing and Installing Oil  Pump 
(6-cyl inder engines) 

Drain the engine oi l  and remove the oi l  pan as described i n  
7.2 Oi l  Pan .  Remove the  three oi l  pump mounting bolts and 
withdraw both the pump and the oi l  pump drive shaft. Unscrew 
the cover from the oi l  pickup and clean the fi lter screen .  I nstall 
the cover so that the notch in  the Cover al igns with the notch i n  
the pump body. When instal l ing the pump, tighten the mount
ing bolts to 22 ± 2 Nm (1 6 ± 1 ft. lb . ) .  I nstal l a new gasket and 
the oi l  pan as described in  7.2 Oil Pan .  

Replacing Oi l  Cooler 
(325i (is) and 325i Convertib le models only) 

On 325i (is) and 325i Convertible models, an o i l  cooler is 
fitted below the radiator to help reduce oi l  temperature during 
periods of h igh operating temperatures. Hot oi l  is circulated 
through the o i l  cooler before being returned to the engine at a 
lower temperature. 

To Replace Oi l  Cooler 

1 .  Loosen the fittings that attach the oil cooler l ines to the o i l  
fi lter housing. See Fig. 7-9. 

CAUTlON -

Oil will spill from the hoses and the cooler. Catch 
the oil in a suitable container. 

NOTE -

Label each hose to ensure that it is reattached to 
its proper fitting. 
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Fig. 7-9. Oil cooler fitt ing o n  o i l  fi lter housing (arrows) . 

2. Remove the bolts from the mounting bracket and with
draw the cooler. See Fig. 7-1 0. 

Fig. 7-1 0.  Oi l  cooler mounting points (arrows) . 

Instal lation is the reverse of removal. Torque the fittings on 
the oi l  cooler l ines to 30 to 40 Nm (22 to 30 ft. lb . )  

8. TECHNICAL DATA 

I .  Tightening Torques 

Camshaft chain tensioner rail 
securing nut . .  . . . . . . . . . . . . . .35 ± 5 Nm (26 ± 4 ft. lb.) 
Camshaft drive belt tensioner to engine 

(bolts) . . . . . . . . . . . . . . . . .  22 ±2 Nm (1 6 ±  1 ft .  lb.) . 
Camshaft oil carrier to cylinder head 

M6 bolts . . . . . . . . . . . . . . . . . .9 ± 1 Nm (80 ± 9 i n .  lb.) 
M8 bolts . . . . . . . . . . . . . . . . .  22 ± 2  Nm (1 6 ± 1  ft. lb.) 

Camshaft sprocket to camshaft (bolt) 
4-cylinder engine . . . . . . . . . . . . . . . . . .  7 Nm (5 ft. lb.) 
6-cylinder engine . . . . . . . . . . . .65-70 Nm (48-52 ft. lb.) 

Connecting rod cap to connecting rod 
4-cylinder engine . . . . . . . . . . . .52-57 Nm (38-42 ft. lb.) 
6-cylinder engine . .  .20 Nm (1 5 ft. lb.) plus an additional 70° 

Cyl inder head cover to cylinder 
head (nut) . . . . . . . . . . . . . . .  1 5 ± 1 .5 Nm (1 1 ± 1  ft. lb.) 

Cylinder head to cylinder b lock (bolt) 
4-cylinder engine (Hex-head) 

stage 1 . . . . . . . . . . . . . . . . .  60 ± 2  Nm (44 ± 1  ft. lb.) 
stage 2 
(after waiting 1 5  minutes) . . . . . . .  . 
stage 3 
(with engine at operating  temperature) . 

6-cyli nder engine (Torx® head) 
stage 1 . . . . . . . . . . . . . . .30 Nm (22 ft. lb.) 
stage 2 . . . . . . . . . . . . . . .90° (torque angle) 
stage 3 . . . . . . . . . . . . . . . . . . . . 90° (torque angle) 

6-cylinder engine (Hex-head) 
stage 1 . . . . . . . . . . . . . . . .  .40.�5 Nm (30.�4 ft. lb.) 
stage 2 
(after waiting 1 5  minutes) . . . . .  .60.�5 Nm (44.�4 ft. lb.) 
stage 3 

(with engine at operating temperature) . . .  25�5° (torque angle) 
Engine mount bracket to engine (bolt) 

M8 . . . . . . . . . . . . . . . . .  . 
M 1 0  . .  . . . . . . . . . . . . . .  . 

Engine mount to mount bracket (nut) . 
Engine mount to subframe (nut) 

M8 . . . . . . . . . . . . . . . .  . 
M 1 0  . . . . . . . . . . . . . . .  . 

Engine to transmission bellhousing 
Manual transmission 
Torx® head bolts 

M8 . 
M 1 0  
M 1 2  

Hex-head bolts 
M8 . 
M 1 0  . . . .  . 
M 1 2  . . . .  . 

Automatic transmission 
Torx® head bolts 

M8 . . . . .  . 
M1 2 . .  . 

Hex-head bolts 

. 22-24 Nm ( 1 6-1 8 ft. lb.) 

.43-48 Nm (32-35 ft . lb.) 
.43-48 Nm (32-35 ft. lb.) 

.25-28 Nm (1 8-21 ft. lb.) 

.43-48 Nm (32-35 ft. lb.) 

.20-24 Nm ( 1 4-1 8 ft. lb.) 
.38-47 Nm (29-35 ft. lb.) 
.64-80 Nm (47-59 ft. lb.) 

.22-27 Nm ( 1 6-20 ft. lb.) 
.47 -51 Nm (35-38 ft. lb.) 
.66-82 Nm (49-60 ft. lb.) 

.21 Nm (1 5 ft. lb.) 

.72 Nm (53 ftc l b. )  

M8 . . . . . . .24 Nm ( 1 8 ft. lb.) 
M1 0 . . . . .  .45 Nm (33 ft. lb.) 
M 1 2  . . . . . . .  . . . . . . . . . .  78-86 Nm (58-63 ft. lb.) 

Exhaust manifold to cylinder 
head (nut) . . . . . .  . . . . . . . . . .22-25 Nm (1 6-1 8 ft. lb.) 

Flywheel or drive plate to crankshaft . . 1 05 ± 7 Nm (77 ± 5 ft. lb .) 
Front end cover to engine (bolt) 

M6 . . . . . . . . . . . . . . . . . . . .9 ± 1 Nm (6.5 ± 0.5 ft. lb.) 
M8 . . . . . . . . . . . . . . . . . . . .  22 ± 2  Nm ( 1 6 ±  1 ft. lb.) 

I ntake manifold to cylinder head (nut) . .30-33 Nm (22-24 ft. lb.) 
I ntermediate shaft sprocket to 

intermediate shaft (bolt) . . . . . . .  .60 ± 5 Nm (44 ± 4 ft. lb.) 
Main bearing caps (nuts) . . . . . . . . .58-63 Nm (43-46 ft. lb.) 

continued . on next page 



I. Tightening Torques (continued) 

Oil cooler pipes to oi l  filter housing 
325i(is) , 325i Convertible . . . . . . . .  30-40 Nm (22-30 ft. l b.)  

Oi l  filter to filter flange . . . . . . . . . . . . . . . .  . hand tighten 
Oil filter housing to engine (bolt) 

except 325i(is) ,  325i Convertible . . .  24-26 Nm (1 8-1 9  ft. lb.) 
325i(is), 325i Convertible . . . . • . .  .40 :t 5 Nm (30 ± 4  ft. l b.) 

Oil  pan to cylinder block . . . . . . . . . . .9- 1 1 Nm (7-8 ft. lb.) 
Oil pressure switch to cyl inder head 
or cylinder block . . . . . . . . . . . . . . 30-40 Nm (22-30 ft. lb.) 
Oil pump to engine (bolt) . . . . . . . . .22 ± 2 Nm ( 1 6 ± 1 ft. l b.) 
Oil pump sprocket to oi l  pump (bolt) 

4-cylinder engine . . . . . . . . . . . .  25-30 Nm (1 8-22 ft. lb.) 
Oil supply tube to cylinder (shoulder bolt) 

4-cylinder engine . . . . . . . . . . . . . 1 1 -1 3  Nm (8- 1 0 ft. lb.) 
6-cylinder engine . . . . . . . . . . . . .  6-8 Nm (4.5-5.5 ft. lb.) 

Rear crankshaft oi l  seal carrier to engine 
M6 . . . . . . . . . . . . . . . . . . . .9 ± 1 Nm (6.5 ± 0.5 ft. lb.) 
M8 . . . . . . . . . . . . . . . . . . . .  22 ± 2  Nm (1 6 ±  1 ft. lb.) 

Rear reinforcement plate 
to transmission . . . . . . . . . . . . .  .22-24 Nm ( 1 6- 1 8 ft. lb.) 
Reference sensor mounting bolt . . . . .  7 ± 1 Nm (5 ± 0.5 ft. lb.) 
Rocker arm eccentric to rocker arm . . . 1 0  ± 1 Nm (89 ± 9 in. lb.) 
Spark plugs to cylinder head . . . . .  .20-30 Nm (1 5-22 ft. lb.) 
Starter to bellhousing . . . . . . . . . .  .47-50 Nm (35-37 ft. lb.) 
Steering rack to subframe bolts . . . . . . . . .42 N m  (31 ft. lb.) 
Torque converter to converter drive plate 

M8 . . . . . . . . . . . . . . . . . . . .  23-26 Nm ( 1 7- 1 9  ft. lb.) 
M l 0  . . . . . . . . . . . . . . . . . . . . . . .  .46 Nm (34 ft. lb.) 

Upper and lower timing chain covers and drive belt covers to 
engine (bolt) 

M6 . . . . . . . . . . . . . . . . . . . . . .9-1 1 Nm (7-8 ft. lb.) 
M8 . . . . . . . . . . . . . . . . . . . . 22 ± 2  N m  ( 1 6 ± 1  ft. lb.) 

Vibration damper to crankshaft (nut) 
4-cylinder engine . . . . . . . . . .  1 90 ± 1 0 Nm (1 40 ± 7 ft. lb.) 
6-cylinder engine . . . . . . . . . . . .22 ± 2 Nm ( 1 6 ± 1 ft. lb.) 

Vibration damper pulley to vibration damper 
(bolt) . . . . . . . . . . . . . . . . . . .  22 ± 2  Nm ( 1 6 ± 1  ft. lb.) 

II. Crankshaft and Bearing Specifications 

Crankshaft main bearing journal diameter 
4-cylinder engine 

standard (nominal dia. 55.00 mm) 
red . . . . . . . . . .54.980-54.990 mm (2. 1 646-2 . 1 650 in . )  
b lue . . . . . . . . .  54.971 -54.980 m m  (2. 1 642-2. 1 646 in . )  
yellow . . . . . . . .  54.984-54.990 mm (2. 1 647-2. 1 650 in . )  
green . . . . . . . . .  54.977-54.983 mm (2. 1 644-2. 1 647 in . )  
white . . . . . . . . .  54.971 -54.976 mm (2. 1 642-2. 1 644 in.)  

undersize 1 (nominal dia. 54.75 mm) 
red . . . . . . . . . .  54.730-54.740 mm (2. 1 547-2. 1 551  in . )  
blue . . . . . . . . . 54.721 -54.730 mm (2. 1 544-2. 1 547 in . )  
yellow . . . . . . . . 54.734-54.740 mm (2. 1 549-2. 1 551  in . )  
green . . . . . . . . . 54.727-54.733 mm (2. 1 546-2.1 548 in.)  
white . . . . . . . . .  54.721 -54.726 mm (2. 1 544-2. 1 546 in . )  

undersize 2 (nominal dia.  54.50 mm) 
red . . . . . . . . . .54.480-54.490 mm (2. 1 449-2. 1 453 in . )  
blue . . . . . . . . . 54.471 -54.480 mm (2. 1 445-2. 1 449 in . )  
yellow . . . . . . .  .54.484-54.490 mm (2. 1 450-2. 1 453 in . )  
green . . . . . . . . .  54.477-54.483 mm (2. 1 448-2. 1 450 in . )  
white . . . . . . . . . 54.471 -54.476 mm (2. 1 445-2. 1 447 in . )  

undersize 3 (nominal d ia. 54.25 mm) 
red . . . . . . . . . .  54.230-54.240 mm (2. 1 350-2. 1 354 in . )  
blue . . . . . . . . . 54.221 -54.230 mm (2. 1 347-2. 1 350 in . )  
yellow . . . . . . . .  54.234-54.240 mm (2. 1 352-2. 1 354 in . )  
green . . . . . . . . .  54.227-54.233 mm (2. 1 349-2. 1 352 in . )  
white . . . . . . . . .  54.221 -54,226 mm (2. 1347-2 . 1 349 in . )  

continued 
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II. Crankshaft and Bearing Specifications 
(continued) 

6-cylinder engine 
standard (nominal dia. 60.00 mm) 

red . . . . . . . . . .  59.980-59.990 mm (2.361 4-2.36 1 8  in . )  
blue . . . . . . .  .

.
. 59.971 -59.980 mm (2.361 1 -2.361 4 .  in . )  

yellow . . . . . . . .  59:984-59.990 mm (2.361 6-2.36 1 8 in . )  
gr�en . . . . . . . . .  59.977-59.983 mm (2.3613,..2 .361 5 in . )  
white . .  . . . . . . . . .59.971 -59.976 mm (2.36 1 1 -2.361 3 in . )  

undersize 1 (nominal d ia. 59.75) 
red . . . . . . . . . . .  59.730-59.740 mm (2.351 6-2,3520 in .) 
blue . . . . . . . . .  59.721 -59.730 mm (2.35 1 2-2.351 6 in . )  
yellow . . . . . . . .  59.734-59.740 m m  (2.351 7-2.3520 in . )  
gr�en . . . . . . . . .  59.727-59.733 mm (2.351 5-2.35 1 7  in. )  
whlt� . . . . . . . . .  59.721 -59.726 mm (2.35 1 2-2.35 1 4  in . )  

undersize 2 (nominal d ia. 59.50 m m) 
red . . . . . . . . . .  59.480-59.490 mm (2.341 7-2.3421  in .) 
blue . . . . . . . . .  59.471 -59.480 mm (2.34 1 4-2 .341 7 in . )  
yellow . . . . . . . .  59 .484-59 .490 mm (2.341 9-2 .3421 in . )  
g reen . . . . . . . . .  59.477-59.483 m m  (2 .341 6-2 .341 8 in . )  
white . . . . . . . . . 59.471 -59.476 m m  (2.341 4-2.341 6 in . )  

Crankshaft connecting rod journals 
Connecting rod journal d iameter 

4-cylinder engine 
standard 
(nominal d ia. 48.00 m m) . ,  . . . . . .  .47.975-47.99 1  mm 

( 1 .8888- 1 .8894 i n .) 
undersize 1 
(nominal dia. 47.75 mm) 

undersize 2 (nominal dia. 47.50 m m) 

Double classification 

. .47.725-47.741 m m  
( 1 .8789- 1 .8796 in . )  

. .47.475-47.491 mm 
( 1 .8691 -1 .8697 in . )  

standard . . . . . .  .47.975-47.991 m m  (1 .8888- 1 .8894 in . )  
undersize 1 . . . . .47.725-47.741 mm ( 1 .8789-1.8796 i n .) 
undersize 2 . . . . .47.475-47.491 mm ( 1 .869 1 - 1 .8697 i n .) 
undersize 3 . . . .  .47.225-47.241 mm ( 1 .8592-1 .8599 i n .) 

6-cylinder engine 
standard (nominal dia. 45.00 mm) . . . .44.975-44.991 m m  

(1 .7707- 1 .771 3 in . )  
undersize 1 (nominal d ia .  44.75 m m) . .44.725-44.741 mm 

(1 .7608- 1 .76 1 5  in . )  
undersize 2 (nominal d ia. 44 .50 m m) . .  44.475-44.491 m m  

Double classification 
(1 .751 0- 1 .75 1 6  i n .) 

standard . . . . . . .  44 .975-44.991 mm (1 .7707-1 .771 3 i n .) 
undersize 1 . . . .  .44.725-44.741 mm ( 1 .7608-1 .7607 i n .) 
undersize 2 . . . . .44.475-44.491 mm ( 1 .751 0-1 .751 6 in . )  

Crankshaft thrust bearing width 
4-cylinder engine 

standard . . . . . . . 30.020-30.053 m m  ( 1 . 1 81 9- 1 . 1 832 in . )  
oversize 1 . . . . . .  30.224-30.264 m m  ( 1 . 1 899-1 . 1 91 5  in . )  
oversize 2 . . . . . .30.425-30.464 m m  (1 . 1 978-1 . 1 994 i n . )  
oversize 3 . . . . . . 30.625-30.664 mm ( 1 .2057-1 .2072 i n .) 

6-cylinder engine 
stand�rd . . . . . . .25.020-25.053 m m  (0.9850-0.9863 i n . )  
oversize 1 . . . . . .25.220-25.253 mm (0.9929-0.9942 i n . )  
oversize 2. . . . : . .25.�20-25.453 mm ( 1 .0008-1 .0021 in .) 

Crankshaft main bearing radial clearance (Plastigage®) 
red or blue classification . 0.030-0.070 mm (0.00 1 2-0.0028 in . )  
yellow, green, or white classification . . . . . .0.020-0.046 m m  

. . (0.0008-0.00 1 8 i n .) 
Crankshaft rod beanng radial clearance (Plastigage®) 

no classification . . . . . 0.030-0.070 mm (0.001 2-0.0028 i n .) 
double classification . . .  0.020-0.055 mm (0.0008-0.0022 i n .) 

Crankshaft axial clearance 
4-cylinder engine . . . . . 0.085-0 . 1 74 mm (0.0033-0.0069 in . )  
6-cylinder engine . . . . .  0.080-0.1 63 m m  (0.0031 �0.0064 in . )  

Maximum permissible crankshaft runout 
4-cylinder engine . . . . . . . . . . . . . . .0 .1 0 mm (0.004 i n .) 
6-cylinder engine . . . . . . . . . . . . . . .  0. 1 5  mm (0.006 in . )  
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I I I .  Piston, Piston Ring, and Cylinder Specifications 

Cylinder bore d iameter 
4·cylinder engine 

standard . . . . . . 
special . . . 
oversize 1 . .  . 
oversize 2 . . .  

. . . . . 89 .00 � g·01 mm (3.5039�g·0004in . )  
.89.08�g 01 mm (3.5071 �g.oo04in . )  
.89 .25 ::g·01 mm (3.51 38 � g ooo4in .) 
.89.50�g.Q1 mm (3.5236�g·ooo4in .) 

6,cylinder engine 
standard . . .84.00�g o1 mm (3.3071 �g ooo4in .) 
special .84.08�g.Q1 mm (3.31 02 �g oo04in . )  
oversize 1 . . . . . . .84.25 �g·01 mm (3.31 69�g oo04in . )  
oversize .2 . . . . . . . . . . 84 .50 �g o1 mm (3.3268�g ooo4in . )  

Maximum out·of·round 
4·cyl inder engine .0.01 mm (0.0004 in.) 
6·cylinder engine . . .  0.03 mm (0.001 2 in.) 

Maximum conicity 
4·cylinder engine . . . 0.01 mm (0.0004 in.) 
6·cylinder engine . . . . . . . . . . . . . . 0 .02 mm (0.0008 in .) 

Piston d iameter 
4·cylinder eng ine 

standard . 
special . . . .  . 
oversize 1 . . . . . . .  . 
oversize 2 . . .  

6·cylinder engine 
standard . 
special . . . .  . 
oversize 1 . .  . 
oversize 2 . .  . 

Piston to cylinder clearance 
4·cylinder engine 

· . .88.97 mm (3.5027 in .) 
· . .89.05 mm (3.p059 in .) 
· . ,89.22 mm (3,51 26 in . )  

.89.47 mm (3.5224 in .) 

.83.98 mm (3.3063 in .) 

.84 .06 mm (3.3094 in.) 

.84.23 mm (3.31 61 in .) 

.84.48 mm (3.3260 in.) 

new . . . . . . . . . . . . . .  0 .02-0.05 mm (.0008-.0020 in.) 
wear l imit . . . . . . . . . . . . . . . . . .0. 1 5  mm (0.006 in .) 

6·cyl inder engine 
new . . . . . . . . . . . . . .  0.01 -0.04 mm (.0004-.001 6 in .) 
wear l imit . . . . . . . . . . . . . . . . .  0 . 1 2  mm (0.0047 in.) 

Piston ring end gap 
4·cylinder engine 

upper compression ring (top ring) . . 

lower compression ring (middle ri ng) 

oil ring (bottom ring) . . . . . . . . 

6·cyl inder engine 
upper compression ring (top ring) 

. . . . .  0.30-0.70 mm 
(0.01 2-0.028 in . )  

. . . . .0.20-0.40 mm 
(0.008-0.01 6 in . )  

· . .  0 .25-0.50 mm 
(0 .01 0-0 .020 in .) 

· . .0.30-0.50 mm 
(0.01 2-0.020 in .) 

lower compression ring (middle ring) · . .0.30-0.50 mm 
(0.01 2-0.020 in .) 

. 0.25-0.50 mm (0.01 0-0 .020 in .) oil ring (bottom ring) . . . 

continued 

I I I .  Piston, Piston Ring, and Cylinder Specifications 
(continued) 

Piston Skirt Measuring Points 

Distance A 
4ccylinder engine 

Mahle 
KS . . . . . .  . 
Alcan . . . . .  . 

6·cylinder engine 
325,325e models 

Mahle 

. 1 4.00 mm (0.551 in . )  

.30.85 mm (1 .21 5  in . )  

. 1 5.50 mm (0.61 0 in . )  

piston height, 68.T m m  (2.705 i n .) . . . . .  8 mm (0.3 1 5  in . )  
KS 

piston height, 68.7 mm (2.705 in. )  . . .  . 1 4  m m  (0.551 in . )  
Mahle and KS 

piston height, 77.7 mm (3.059 in . )  . 
325i models 

Mahle 
piston height, 73.6 mm (2.898 in . )  . 

Piston ring side clearance 
4·cylinder engine 

upper compression ring (top ring) . 

lower compression ring (middle ring) 

oi l  ring (bottom ring) . . . . . . . . . 

6·cylinder engine 

.23 m m  (0.905 in.) 

. .  9 mm (0.354 in.) 

. . . . .  0 .06-0.09 mm 
(0.0024-0.0035 i n )  

. . . .  0 .03-0.072 mm 
(0.00 1 2-0.0028 i n . )  

. . . .0.02-0.06 mm 
(0.0008-0.0024 in.)  

upper compression ring (top ring) . . .  0 .040-0.072 mm 
(0.001 6-0.0028 in. )  

lower compression ring (middle ring) . . . .0 .030-0.062 mm 
(0.001 2-0.0024 in . )  

oil r ing (bottom ring) . . . . . . . . . . . . . 0.020-0.042 mm 
(0.0008-0.001 7 in.)  



IV. Connecting Rod Specifications 

Big end d iameter 
4-cylinder engine 

standard (no classification) .52.000-52.01 0 mm 
(2.0472-2.0476 in .) 

double classification 
red : . . . . . .  .52.000-52.008 mm (2.0472-2.0475 in . )  
blue . . . . .  .52.009-52.01 6 mm (2.0476-2.0479 in . )  

6-cylinder engine 
red . . . . . .48.000-48.008 mm ( 1 .8898-1 .8901 in . )  
blue . . . . . .  .48.009-48.01 6 mm (1 .8901 -1 .8904 in . )  

Connecting rod bushing 
outside d iameter . . .  24.060-24. 1 00 mm (0.9472-0.9488 in . )  
inside diameter 
(nominal d iameter 22.0 mm) . . . . . . . . .22.003-22.008mm 

(0.8662-0.8664 in . )  
Maximum parallel deviation of connecting rod bores 
(bearing shells installed) 
at distance of 1 50 mm (5.905 in.) . .  . . .  0 .04 mm (0.001 6 in.) 
Maximum deviation of weight between connecting rods (bearing 
shells removed) 

total . . .  . . . . . .  . 
small end only . . . . .  . 
b ig end only . . . . . .  . 

Connecting rod bolt torque 
4-cylinder engine 
6-cyli nder engine . 

· ± 4.0 grams (. 1 4  oz.) 
· ± 2.0 grams (.07 oz.) 
· ± 2.0 grams (.07 oz.) 

. . . . . .52-57 Nm (38-42 ft. lb.) 
. . . . . . . . .  .20 Nm (1 4.5 ft. lb.) 

plus an additional 70° 

V_ Valve and Cylinder Head Specifications 

Cylinder head thickness 
4-cylinder 

new . . . . 1 29.0 ± 0 . 1  mm (5.079 ± .004 in . )  
after machining . . . . . . . 1 28.6 mm (5.063 in . )  

6-cylinder 
new . . . . . . . . .  . . .  1 25 . 1  ± 0. 1  mm (4.925 ± .004 in . )  
after machining . . . . . . .  . . 1 24.7 mm (4.909 in.)  

Valve guide wear, maximum 
(measured with new valve) . .0 .8 mm (0.031 in .) 

Valve guide inside diameter (tolerance per ISO allowance H7) 
4-cylinder engine 

standard . . . . . . . .  . . . .  8.0 mm (0.31 5 in . )  
oversize 1 . . .8 . 1  mm (0.31 9 in . )  
oversize 2 . . . . . . . . . . . .  .8 .2 mm (0.323 in . )  

Valve guide ins ide d iameter (tolerance per ISO allowance H7) 
6-cylinder engine 

standard . . . . . . . . . . . . . . . . . . .  7 .0 mm (0.275 in.) 
oversize 1 . . . . . . . . .  . . . . . . . .  7.1 mm (0.279 in.) 
oversize 2 .  . . . . . . . .  7.2 mm (0.283 in . )  

Valve guide outside d iameter (tolerance per ISO allowance u6) 
4-cylinder engine 

standard . 
oversize 1 
oversize 2 
oversize 3 

6-cylinder engine 
standard 

old version . 
new version . 

oversize 1 
old version 
new version . 

oversize 2 
old version . 
new version . 

oversize 3 

. 1 4.0 mm (.551 2 in . )  

. 1 4. 1  mm (.5551 in . )  

. 1 4.2 mm (.5590 in. )  

. 1 4.3 mm (.5630 in . )  

. 1 3.0 mm (.51 1 8  in .) 

. 1 3.2 mm (.51 97 in . )  

. 1 3. 1  mm (.5 1 57 in . )  

. 1 3.3 mm (.5236 in . )  

. 1 3.2 mm (.51 97 in . )  

. 1 3.4 mm (.5276 in .) 
. 1 3.3 mm (.5236 in .) 

continued 
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V. Valve and Cylinder Head Specifications 
(continued) 

Valve guide bore d iameter in  cylinder head (tolerance per ISO 
allowance M7) 

4-cylinder engine 
standard . 
oversize 1 
oversize 2 . .  . 
oversize 3 . .  . 

6-cylinder engine 
standard 

old version 
new version . 

oversize 1 
old version . .  
new version . 

oversize 2 
old version . . . . . . . . . .  . 
new version . . . . . . . . . . 

oversize 3 . . . . . . . .  . 
Valve guide installation temperature 

. 1 4.0 mm (.551 2 in . )  

. 1 4. 1  mm ( .5551 in .) 

. 1 4.2 mm (.5590 in . )  

. 1 4.3 mm ( .5630 in .) 

. 1 3 .0 mm (.51 1 8  in . )  

. 1 3.2 mm (.51 97 in . )  

. 1 3. 1  mm (.51 57 in . )  

. 1 3.3 mm (.5236 in . )  

. 1 3.2 mm (.5 1 97 in . )  

. 1 3.4 mm (.5276 in . )  

. 1 3.3 mm (.5236 in . )  

cyl inder head . . . .  . . . . . . .  . . 1 22°F (50°C) 
valve guide . . . . . . . . . . . . - 238°F ( - 1 50°C) 

Valve gu ide instal led depth (height above cylinder head surface) 
4-cylinder engine . . . 1 5 .0 mm (.5906 in . )  
6-cylinder engine . . . . 1 4.5 mm (.5709 in .) 

Valve seat d imensions 
seat angle 
seat correction angles 

seat width ( intake and exhaust) 

. . . . . . . .  .45° 
. . . . . .  1 5°/75° 

4-cyl inder engines . . . 1 .3-2.0 mm (0.051 -0.079 in . )  
6-cylinder engines . . .  . . 1 .65 ± 0 .35 mm (0.065 ± 0 .01 4 i n .) 

seat diameter 
1 984 and 1 985 3 1 8i models 

intake . . . . . . . . . . .  . 
exhaust . . . .  . 

1 984-1 987 325, 325e, 325es 
intake . . . . . .  . 
exhaust . . . . . . . . . . . . .  . 

325i (is) , 325i Convertible, 1 988 325 
intake . . .  . . . . . . .  . 
exhaust . . . . . . . .  . 

Valve seat i nsert outside diameter 
(tolerance as per ISO allowance g6) 

1 984 and 1 985 3 1 8i models 
intake 
standard . 
oversize 0.2 mm . 
oversize 0.4 mm . 

exhaust 
standard . . .  
oversize 0.2 mm . 
oversize 0.4 mm . . 

1 984-1 987 325, 325e, 325es 
intake 

standard . . .  
oversize 0 .2 mm . 
oversize 0.4 mm . 

exhaust 
standard . . . . .  
oversize 0 .2 mm . 
oversize 0.4 mm . 

1 988 325 and al l 325i models 
intake 

standard . . . . .  
oversize 0 .2 mm . 
oversize 0.4 mm . 

exhaust 
standard . . . . .  
oversize 0.2 mm . 
oversize 0.4 mm . 

.44.6 mm ( 1 .756 in .) 

.36.6 mm ( 1 .441 in . )  

.38 .6 mm ( 1 .520 in .) 
.32.6 mm ( 1 .283 in .) 

.40.6 mm ( 1 .598 in . )  

.34.6 mm ( 1 .362 in . )  

.47. 1 5  mm ( 1 .8562 in . )  

.47.35 mm ( 1 .8642 i n .) 

.47.55 mm (1 .8720 in .) 

.40. 1 5  mm (1 .5807 in .) 

.40.35 mm ( 1 .5886 in . )  

.40.55 mm ( 1 .5964 in . )  

.42. 1 5  mm ( 1 .6594 in . )  

.42.35 mm (1 .6673 in . )  

.42.55 mm ( 1 .6752 in . )  

.37.65 mm (1 .4823 in . )  

.37.85 mm ( 1 .4902 in . )  

.38.05 mm ( 1 .4980 in . )  

.43. 1 5  mm ( 1 .6988 in . )  
-43.35 mm (1 .7067 in . )  
.43.55 mm (1 .71 46 in .) 

.37.65 mm ( 1 .4823 in . )  

.37.85 mm ( 1 .4902 in . )  

.38.05 mm ( 1 .4980 in .) 

continued on next page 
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V. Valve and Cylinder Head Specifications 
(continued) 

Valve seat bore diameter i n  cylinder head 
(tolerance as per ISO allowance H7) 

1 984 and 1 985 31 8i models 
intake 

standard . . . . .  
oversize 0.2 mm . 
oversize 0.4 mm . 

exhaust 
standard . . .  
oversize 0.2 mm . 
oversize 0.4 mm . 

1 984-1 987 325, 325e, 325es 
intake 

standard 
oversize 0.2 mm . 
oversize 0.4 mm . 

exhaust 
standard . . .  
oversize 0.2 mm . 
oversize 0.4 mm . . 

1 988 325 and all 325i models 
intake 

standard . .  
oversize 0 .2 mm . 
oversize 0 .4 mm . 

exhaust 
standard . 
oversize 0.2 mm' . 
oversize 0.4 mm . 

Cylinder head installation temperature 

. .47.00 mm (1 .8504 in . )  

. .47.20 mm (1 .8583 i n .) 
.47.40 mm (1 .8661 in . )  

.40.00 mm (1 .5748 in .) 

.40.20 mm (1 .5827 in .) 

.40.40 mm (1 .5905 in . )  

.42.00 mm (1 .6535 in .) 

.42.20 mm (1 .661 4 in . )  

.42 .40 mm (1 .6693 in .) 

.37.50 mm (1 .4764 in . )  

.37.70 mm ( 1 .4842 in . )  

.37.90 mm (1 .4921 in .) 

.43.00 mm (1 .6929 in .) 

.43.20 mm (1 .7008 in . )  

.43.40 mm (1 .7086 in .) 

.37.50 mm (1 .4764 in . )  

.37.70 mm (1 .4842 in . )  

.37.90 mm (1 .4921 in . )  

A l l  models . . . . . . . . . . . 1 22°F (50°C) 
Valve seat i nsert installation temperature 
. All models . . . .  

Valve head diameter 
1 984 and 1 985 3 1 8i 

intake . . . .  . 
exhaust . . . .  . 

1 984-1 987 325, 325e, 325es 
intake . . . . . . . . . . . . 
exhaust . . . . . . . . . . .  . 

· .46 mm (1 .81 1 in . )  
· .38 mm (1 .496 i n .) 

· .40 mm (1 .575 in . )  
.34 mm (1 .339 in . )  

325i (is} ,  325i  Convertible, 1 988 325 
intake . . . .  . 
exhaust . . . . . . . . .  . 

.42 mm (1 .654 in . )  
.36 mm (1 .41 7 in . )  

Valve head thickness (minimum) 
intake . . . . . . . . .  1 .3 mm (0.051 in . )  

.2 .0 mm (0.079 i n .) exhaust . . . . .  
Valve face angle . . . 
Valve stem d iameter 

4-cylinder engine 
standard 
oversize 1 . . . 
oversize 2 . .  . 

6-cylinder engine 
standard . 
oversize 1 . 
oversize 2 . . . .  

Valve clearance 

. . . . . . . . . . .  . . . . . . .  .45° 

.8 .0 mm (0.3 1 5  in . )  

.8 . 1  mm (0.3 1 9 in .) 

.8 .2 mm (0.323 in .) 

. .  7.0 mm (0.275 in .) 

. .7 . 1  mm (0.279 in .) 
.7 .2 mm (0.283 in . )  

engine warm (coolant temperature above 1 76°F (80°C}) 
intake and exhaust 

4-cylinder . . . . . . . . . . . . . . . . . .  0.25 mm (0.0 1 0 in . )  
6-cyli nder . . . . . . . . . . . . . . . . . .  0 .30 mm (0.01 2 in . )  

engine cold (coolant temperature below 95°F (35°C)) 
intake and exhaust 

4-cylinder . . . 
6-cylinder . . . . . 

Rocker arm radial play 

. . . . . . . . . . .0 .20 mm (0.008 in . )  

. . . . . . . . . . .  0 .25 mm (0.01 0 in . )  
.between 0.01 6 mm and 0.052 mm 

(0.0006 and 0.0020 in . )  

VI. Flywheel 01" Drive Plate Specifications 

Maximum axial runout (measured at outer d iameter) . .0. 1 0  mm 
(0.004 in .) 

Min imum flywheel thickness 
4-cylinder engine . . . . . . . . . . . . . .  .23.5 mm (.925 in . )  
1 984 6-cylinder engines . . . . . . . . . .  .25 .0 mm (.984 in . )  
1 985-1 990 6-cylinder engine . . . . . . . .  32 .0 mm (1 .260 in . )  

Mounting bolt tightening torque 
(installed with Loctite®270) . . . . . .  1 05 ± 7 Nm (77 ± 5 ft. lb.) 

Starter ring gear replacement temperature 
(manual transmission only) . . . . . .  395°-445°F (200°-230°C) 

VII .  lubrication System Specifications 

Oil  pressure at idle 
4-cylinder engine . . . . . . . . . . . . .  0.5-2.0 bar (7-28 psi) 
6-cylinder engine . . . . . . . . . . . . .  0.5-2.0 bar (7-28 psi) 

Oil pressure at maximum engine speed 
4-cylinder engine . .4.0-5.0 bar (57-71 psi) 
6-cylinder engine . . . . . . . . . . .  .4.0-6.0 bar (57-85 psi) 
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IGNITION 3 

Ign ition 

i ntroduction 

The ignition systems installed on the cars covered by this manual incorporate many 
technologically advanced components. These components maximize engine performance 
and reliabi l ity in the face of increasing restrictions on engine exhaust emissions. The ignition 
system, in  cooperation with the fuel system, precisely controls engine operation. This ensures 
maximum power and efficiency from the engine u nder all operating conditions. 

The sophisticated electronics used in  these modern ignition systems reduce the need for 
routine maintenance, but can make troubleshooting more d ifficult. Any service or repair work 
must be carried out carefully, with special attention to the cautions and warnings and proper 
working procedures. 

This section contains i nformation needed to perform routine maintenance and service for 
the ignition system, although some of the specifications and procedures may only be useful to 
professional mechanics. If you lack the ski l ls, the special tools, or a clean workplace for 
servicing the ignition system,  we suggest you leave these repairs to an authorized BMW dealer 
or other qualified repair shop. We especially urge you to consult an authorized dealer before 
beginning repairs on a car that may be el igible for repair u nder the manufacturer's warranty. 
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1 .  GENERAL DESCRIPTION 

The ignition system provides each spark p lug with a pre
cisely timed h igh-voltage charge to ignite the air/fuel mixture in  
the combustion chamber. The system also makes adjustments 
to the ignition timing in response to changes in engine speed 
and load. 

The high-voltage charge is created by the primary circuit of 
the ignition system.  I n  the primary circuit, battery voltage is 
applied to the ignition coi l  to charge i t .  When the primary circuit 
is broken, the coil discharges its h igh voltage. The secondary 
ignition circuit-the rotor, the distributor cap, the spark plug 
wires, and the spark plugs-distributes the high voltage to the 
cylinders to ignite the air/fuel mixture. Ignition t iming refers to 
the position of the piston in the cyl inder when the coil d is
charges. 

Two types of ignition systems are i nstalled on the cars 
covered by this manual . 

1 .1 Transistorized Coil Ign ition (TCI-i) System 

Cars with a 4-cylinder engine have a Transistorized Coil 
Ignition system with impulse generator (TCI-i) , as shown in  Fig. 
1 - 1 . The impulse generator provides a timing signal for the 
ignition system .  The impulse generator has no moving parts 
and does not require any maintenance. The ignition control 
un it, based on the signal from the impulse generator, switches 
the primary circuit to d ischarge the high-voltage spark. Vacuum 
and centrifugal advance mechanisms in  the d istributor adjust 
the ignition t iming in response to engine load and speed. 

+ 

Ignition 
control 
un it 

BZ41 . IC1N .B 

D istributor 
with impulse generator 

Fig. � -1 .  Schematic representation of Transistorized Coi l lg
n ition with impulse generator (TCI-i) installed on 
4-cyl inder engines. 

1 .2 Motronic (DME) ignition System 

Cars with a 6-cylinder engine have a Motronic ignition sys
tem. See Fig. 1 -2.  I n  Motronic systems, also known as Digital 
Motor Electronics (DME) ,  all ignition functions and fuel i njection 
control functions are controlled by a single electronic control 

un it. Ign ition timing is based on i nputs the control un it receives 
for engine load, engine speed, ignition qual ity, coolant temper
ature, and intake-air temperature. The only function that the 
distributor serves is to distribute the high voltage to the individual 
spark plugs. The distributor is an integral part of the cylinder head 
and there is no mechanical spark advance system.  

Distributor 

--:- . ..  . - .. -=-

Spark plugs 

Fig. 1 -2.  Schematic view of ignition system on Motronic 
engine-management system for 6-cyl inder en
gines. 

2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or m ileage i ntervals for proper mainte
nance of the ignition system .  A number in bold type indicates 
that the procedure is covered in this section, under that num
bered heading. I nformation on other ignition system mainte
nance and on the prescribed maintenance intervals can be 
found in LUBRICATION AND MAINTENANCE. 

1 .  Replacing spark plugs 

2.  Inspecting and replacing d istributor cap and rotor 3.2 

3. I nspecting and replacing spark plug wires 3.3 

3. TROUBLESHOOTING 

Poor driveabil ity may have a variety of causes. The fault may 
lie with the ignition system ,  the fuel system ,  parts of the emis
sion control system, or a combination of the three. Because of 
the i nterrelated functions of these systems and their effects on 
each other, it is often d ifficult to know where to begin looking for 
problems. For this reason, effective troubleshooting should 
always consider these systems in  un ison ,  as one major system.  



This troubleshooting section applies to starting and running 
problems caused specifically by faults i n  the ignition system, 
including the coil ,  the d istributor cap and rotor, and the spark 
plug wires. A complete failure of the ignition system to produce 
spark at the spark plugs is self-evident as an ignition system 
problem.  For other problems such as rough idle, misfir ing, or 
poor starting, however, the cause is not so clear. .For trouble
shooting addressing engine management and the way the car 
runs, see ENGINE MANAGEMENT - DRIVEABILITY. There, 
you will be referred back to the appropriate part of this section 
for further tests and repairs. 

3.11 Basic Troubleshooting Principles 

The ignition system's primary function is to provide a prop
erly timed high-voltage spark. On TCI-i ignition systems, the 
d istributor's basic t iming adjustment g ives the impulse gener
ator and the electronic system its basel ine ignition timing.  The 
impulse generator signals the ignition control un it which in turn 
switches the coil primary circuit, causing the coil to discharge 
high voltage to the spark plugs through the distributor cap and 
spark plug wires. 

On Motronic ignition systems, the reference sensor deter
mines the crankshaft position and g ives the electronic system 
its basel ine ignition t iming. Ign ition timing is then control led by 
the Motronic control u nit based on engine load, engine speed, 
engine temperature, and throttle position. 

An engine that starts and runs indicates that the ignition 
system is fundamentally working-delivering voltage to the 
spark plugs. A hard-starting or poor-running engine, however, 
rnay indicate a problem with how well the spark is delivered. A 
faulty coil ,  cracked spark plug wires, a worn or cracked d istrib
utor cap or rotor, and worn or fou led spark plugs are all causes 
of reduced spark i ntenSity and inefficient combustion . 

NOTE -

For cars with catalytic converters, inefficient 
combustion is a serious problem. The poorly 
burned mixture can overload the catalytic con
verter with raw fuel .  This may lead to converter 
overheating ,  causing plugging or presenting a 
fire hazard. 

An engine that has good cranking speed but wil l  not even 
begin to start may indicate a complete failure of the system to 
produce spark. Give the ignition system a complete visual 
inspection.  Make sure the $park plug wires have not been 
i nterchanged. Ign ition firing order is  described u nder 4.2 Dis
tributor for 4-cylinder engines or 5.3 Distributor for 6-cyli nder 
engines. 

If no faults are located , make a basic check to see if spark 
is being produced as described below under Quick-Check of 
Ignition System. This wi l l  be the most important first trouble
shooting step. If a strong spark is observed , then the failure to 
start is  due to another cause, perhaps incorrect t iming. 

IGNITION 5 

Both the TCI-i ignition system and the Motronic ign ition 
system contain very sensitive electronic components. To pro
tect the system,  and for general safety, the following cautions 
should be observed during any ign ition system troubleshoot
ing,  maintenance, or repair work. 

CAUTlON -

e Do not touch or disconnect any of the high 
tension cables from the coil, distributor, or spark 
plugs while the engine is running or being 
cranked by the starter. 

e Connect or disconnect ignition system wires, 
multiple connectors, and ignition test equipment 
leads only while the ignition is off. 

@ Switch multimeter functions or measurement 
ranges only with the test probes disconnected. 

� Before operating the starter without starting the 
engine (as when making a compression test), 
disable the ignition. On models with TCI-i ignition, 
disconnect the connector(s) from the ignition con
trol unit. On models with Motronic ignition, re
move the main relay. See either 4. TCI-i Ignition 
(TCI-i) System or 5. Motronic (OME) Ignition 
System for component locations. 

® Do not disconnect terminal 4 (center terminal) 
from the coil or remove the distributor cap to 
disable the ignition. 

I'll Do not connect test instruments with a 12-volt 
current supply to terminal 15 (+)  of the ignition 
coil. The voltage backflow will damage the igni
tion Control unit. In general, make test connec
tions only as specified by BMW, as described in 
this manual, or as described by the instrument's 
manufacturer. 

Iii\ Do not disconnect the battery while the engine 
is running. 

G The ignition systems covered by this manual 
use a special shielded rotor with 1 000 ohms re
sistance. Take care to install the correct part. Do 
not substitute any other BMW or Bosch part. 

® Do not quick-charge the battery (for boost start
ing) for longer than one minute, and do not ex
ceed 1 6. 5  volts at the battery with the boosting 
cables attached. Wait at least one minute before 
boosting the battery a second time. On models 
equipped with on-board computers, remove the 
computer fuses (no. 10, no. 12, no. 21 ,  no. 23, no. 
27.) prior to quick-charging to prevent damaging 
the computer. 

iii Do not wash the engine while it is running, or 
any time the ignition is switched on. 
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CAUTION -

ED Disconnect the battery when doing any electric 
welding on the vehicle or charging the battery. 

o Do not try to start the engine of a car which has 
been heated above 1 76"F (Boac), for example, in 
a paint drying booth, until allowing it to cool to 
normal temperature. 

o Do not conduct ignition system tests with a test 
lamp that uses a normal incandescent bulb. The 
high electrical consumption of these test lamps 
may damage the electronic components. 

<II Do not connect terminal 1 of the coil to ground 
as a means of preventing the engine from starting 
(for example, when installing or servicing anti-theft 
devices). 

Test Equipment 

Many of the tests of ignition system components require the 
use of high-impedance test equipment to prevent damage to 
the electrical components. An LED test l ight should be used in 
place of an incandescent-type test lamp. A high impedance 
digital mu lti meter should be used for all voltage and resistance 
tests. 

Many tests require checking for voltage ,  continuity, or resis
tance at the terminals of the components' harness connectors. 
The blunt tips of a multimeter's probes can damage the termi
nals and cause poor connections. To prevent damage, use flat 
male connectors to probe the harness connector terminals. 

Quick-Check of ignition System 

If the engine does not start, the most fundamental step i n  
troubleshooting the ignition system is to  determine whether o r  
not the system is making a spark at the spark plug. I f  no spark 
is present, then more detailed testing of the ignition system is 
necessary. 

To check for spark, turn the ignition off and remove a 
connector from one of the spark plugs. Connect it to a known 
good spark plug, preferably a new plug. Do not hold the spark 
plug or its connector, even if using insulated pl iers. Position the 
plug so that the outer electrode is grounded on the engine. 

WARNING -

The ignition systems installed on the cars covered 
by this manual are high-energy systems operating 
in a dangerous voltage range which could prove 
to be fatal if exposed terminals or live parts are 
contacted. Use extreme caution when working on a 
vehicle with the ignition on or the engine running. 

CAUTlON � 
Any test set-up other than the one described 
above may cause damage or inconclusive tests. 

While a helper actuates the starter, look for spark i n  the 
spark plug gap. A bright blue spark indicates a healthy ignition 
system.  A yellow-orange spark is  weaker and indicates that, 
whi le spark is present and the system is functioning, it is not 
operating at peak efficiency. Check the condition of the ignition 
system components as described in 3.2 Ignition System Vi
sual I nspection and replace any faulty components. 

WARNING -

If ignition system failure is not the problem, the 
engine may start during this test. Be prepared to 
tum off the ignition immediately Alsp, running the 
engine with a spark plug wire disconnected may 
damage the catalytic converter. 

NOTE -

Before checking the ign ition system when there is 
no spark or a weak spark, make sure that the bat
tery is fully charged. See ELECTRICAL SYSTEM. 

If there is no spark, test for primary voltage at the ign ition 
coi l .  Connect a voltmeter between terminal 1 5  ( + )  of the 
ignition coil and ground (a clean , bare metal part of the engine 
or chassis) . See Fig. 3-1 . When the ignition is  turned on,  there 
should be battery voltage at the terminal . If battery voltage is 
not present, there is either a fau lt i n  the wire between terminal 
1 5  and the ignition switch, in the ignition switch itself, or in the 
wiring from the battery to the ignition switch.  

If no faults have been detected up  to th is point but there is 
sti l l  no spark or a weak spark, refer to Table a for more 
troubleshooting i nformation. Bold numbers i n  the corrective 
action column refer to numbered headings in this section 
where repair information is located. If the coil is  receiving 
voltage ,  or i f  a strong spark is  observed but the eng ine stil l  wi l l  
not start, refer to ENGINE MANAGEMENT -DRIVEABILITY 
for more troubleshooting information .  

B24'5. (GiN I'> 

Fig. 3-1 . Primary voltage to coi l  being checked with a volt
meter (shown schematically) between terminal 1 5  
and ground .  Coi l  terminal numbers are found on 
coil. 
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Table a. Ignition System Troubleshooting 

Symptom Probable cause 

1 .  No spark or weak a. Wet or damp distributor cap and/or 
spark observed spark plug wires 
during spark test b. Faulty wires or connectors (primary 

circuit) . 
c. Weak or faulty coil 
d. Defective spark plug wires 
e. Worn or fouled spark plugs 
1. Faulty impulse generator (TCI-i 

ignition only) . 
g. Faulty ignition control un it (TCI-i 

ignition only) 
h. Faulty reference or pulse sensor 

(Motronic only) 
D .  Faulty Motronic control un it (Motronic 

ignition only) 

j. I ncorrect ignition timing (TCI-i ignition 
only) 

3.2 Ign ition System Visual I nspection 

The spark plug wires, the d istributor cap, and the d istributor 
rotor are subject to wear and electrical breakdown which wil l  
impair their abil ity to del iver a crisply timed and powerful spark. 
Many of these conditions are most easi ly detected by a thor
ough visual inspection. Dirt and moisture on any of these 
components are also potential causes of poor spark at the 
spark plugs. 

To i nspect the distributor cap and rotor, first remove the cap 
as described in 4.2 Distributor or 5.3 Distributor. I nspect the 
contacts i nside the distributor cap and at the tip of the rotor for 
corrosion, wear, or pitting. See Fig. 3-2. Parts with corroded 
contacts can be cleaned and reused, but if there is wear, 
pitting ,  or heavy corrosion, replacement is highly recom
mended. The center black carbon brush i nside the cap should 
spring back when compressed. 

Carbon 
tracks 

Burn ing  
or pitt ing 

Broken or missing 
carbon t ip B0271GT 

Fig. 3-2. Distributor cap and rotor. Inspect cap and rotor at 
contact points. 

Corrective action 

a. Remove cap and wires. Dry and reinstall .  4.2 or 5.3 

b. I nspect and repair as needed. 

c. Test and replace as needed. 3.3 

d. Test and replace as needed. 3.3 

e. Replace spark plugs. See LUBRICATION AND MAINTENANCE 

f. Test and replace as needed. 4.1 

g. Test and replace as needed. 4.1 

h. Test and replace as needed. 5.2 

i .  

j. 

Test and replace as needed. See FUEL SYSTEM 

Check and adjust timing. 4.3 

Cracks or carbon tracks in the distributor cap may cause 
shorts to ground. The cracks may be fine and d ifficult to see. 
Check carefully, especially around the contacts. Carbon tracks 
are the faint b lack l ines, usually running between two contacts 
or to ground, left over from high-voltage arcing.  A distributor 
cap that shows any sign of cracks or carbon tracking should be 
replaced. 

On models with 6-cyl inder engines, i nspect the black dust 
shield mounted behind the rotor. See Fig. 3-3. Excessive oi l  
residue on the shield can lead to engine misfire and poor 
running u nder load. If any signs of oil residue are found on the 
shield, the front camshaft oi l  seal should be careful ly inspected 
and replaced if necessary. See ENGINE. 

Dust 
shield 

Ign ition 
rotor ----'-

Fig. 3-3. Ignit ion rotor and dust sh ie ld . Front camshaft o i l  
seal is behind dust  shie ld .  
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To visually check the spark plug wires, gently bend them i n  
several places. This wil l expose cracks i n  the insulation which 
may cause spark " leaks" Peel back the rubber boots and 
check them for pliancy and the abil ity to seal out dirt and 
moisture. Wires that are cracked, oi l-soaked or dry and brittle 
should be replaced. 

For a quick-check of distributor cap and spark plug wire 
condition, l isten for the sound of voltage arcing or watch while 
the engine runs at night. In darkness, the arc of high voltage to 
ground because ota crack in  the cap or a poorly i nsulated wire 
may be visible as a blue spark. 

The coil should be closely examined for cracks, burns, 
carbon tracks, or any leaking flu id .  The coil tower, terminal 4, 
should be clean and dry. If necessary, remove the coi l  for 
cleaning and closer examination. Check that the wiring at the 
coi l  top is routed as shown in Fig. 3-4. Loosen the n uts and 
reposition the wires as necessary. 

Fig. 3-4. Coil wiring correctly positioned (left) and i ncorrectly 
pOSitioned (right) , Wires terminals should not touch 
or come close to metal coil housing. 

Inspect all primary wires and connections for any corrosion 
or damage. Clean or repair any faults found. In these sensitive 
electronic ignition systems, corroded or loose connections may 
interfere with the ignition function. 

On 6-cylinder engines, inspect the reference ' .  and . speed 
sensor(s) , their connectors, . and wiring. Check for · dents or 
cracks in the sensors, or chafed spots in the wiring. For more 
informationon the sensors and their locations, including testing 
procedures, see 5.2 Reference Sensor and Speed Sensor. 

3.3 Testing Coi l  and Spark Plug Wires 

Use an ohmmeter to test the ignition coil primary and 
secondary resistance as shown in Fig. 3-5. Resistance values 
are l isted in Table b. Replace any coil which has higher primary 
or secondary resistance. 

® 

Fig. 3-5. Primary coi l resistance being measured ,th an 
ohmmeter (shown schematical ly) betweer , jrmi
nals 1 and 1 5. Measurement of secondary resis
tance is s imi lar. 

Table b. Ignition Coil Resistance 

TEST Engine Terminals Resistance 

Primary resistance 4-cylinder 1 ( - ) and 1 5  ( + )  .82 ohms 

6-cylinder 1 ( - ) and 1 5 ( + )  .50 ohms 

Secondary resistance 4-cylinder 1 ( - ) and 4 (center tower) 8250 ohms 

6-cylinder 4 (center tower) and 1 5  ( + ) 5000 ohms 



To check each spark plug wire, check the resistance of the 
spark plug end connector by carefully probing either side of the 
spark plug end. See Fig. 3-6. Check the resistance of the 
shielded connectors at the distributor cap end of the wire and 
the coil wire ends using the same method. Spark plug end 
connectors should have 5000 ± 1 000 ohms resistance. Distrib
utor cap suppression connectors, i ncluding coi l  wire ends, 
should have 1000 ± 200 ohms resistance. The resistance ofthe 
wire alone should be nearly zero ohms. 

CAUTlON -
To avoid damaging the distributor cap, do not 
wiggle the connectors when removing them. If 
necessary, twist to loosen. Then, pull straight 
out from the cap. 

Fig. 3-6. Resistance of spark plug end of wire being mea
sured with an ohmmeter. 

If the measured resistance is too high, the wire assembly 
should be replaced. Also check for corrosion at the connec
tions. Wires or connectors with too much resistance should be 
replaced. 

NOTE -

I nd ividual connectors are available as replace
ment parts from an authorized BMW dealer. 
Special tools are requ i red to correctly instal l the 
replacement ends to the wires, therefore it may 
be economical to replace the complete wire 
assembly. 

IGN ITION 9 

3.4 Testing Distributor Cap and Rotor 

To check the distributor cap, first remove the cap and the 
rotor as described in 4.2 Distributor or 5.3 Distributor. Be sure 
to label the spark plug wires when d isconnecting them from the 
cap. Check the resistance of the cap between the tower and its 
matching contact i nside of the . cap. The resistance shouJd be 
nearly zero ohms. If the measured resistance is too high the 
distributor cap should be replaced. 

To check the ignition rotor, check its resistance as shown in 
Fig. 3;7. The rotor should have a resistance of 1 000 ± 200 
ohms. If the resistance is too h igh ,  it should be replaced. 

Fig. 3-7. Resistance of rotor being checked with ohmmeter. 
Rotor from 4-cyl inder engine shown. 

To remove the rotor from 4-cylinder engines, pul l  it straight 
off the distributor shaft. On 6-cyl inder engines, use a 3 mm hex 
wrench to remove the three mounting screws. Installation is the 
reverse of removal. On models with 4-cyl inder engines, apply a 
small amount of motor oi l  to the felt piece on the top of the 
distributor shaft. This helps to lubricate the shaft and distributor 
assembly. On 6-cylinder engines, be careful not to over tighten 
the rotor mounting screws. The screws should be tightened to 
3 Nm (27 in .  lb.) . 
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4. TRANSISTOR IZED COil IGNITION (Tel-I) 
SYSTEM 

The TCI-i system has four major components :  the d istributor 
with impulse generator, the ignition control un it, the coi l ,  and 
the spark plugs. See Fig.  4-1 . The impulse generator (some
times referred to as a pulse transmitter) is the electronic equiv
alent of cam-actuated breaker pOints. Every time the trigger
wheel tabs pass the impulse-generator tabs they create an AC 
voltage signal. When the ignition control un it (sometimes re
ferred to as a trigger box) receives this voltage signal, it triggers 
the spark d ischarge from the coil by interrupting the primary 
coil circuit. Ign ition dwell (coil charging time) is automatically 
adjusted by the ignition control un it for the most i ntense spark. 

The ignition control un it is mounted on the engine compart
ment firewall .  Two types of control units are i nstalled on the 
4-cyl inder models covered by this manual. On 1 984 and some 
early 1 985 models, a Bosch control un it is installed. On most 
1 985 models, a Siemens/Telefunken control un it is installed. 
The control units can be identified by their electrical connec
tors. A Bosch control un it has a single, flat connector at the 
bottom of the un it. The Siemens/Telefunken control un it has 
two round con nectors on the front of the un it. 

Ignition t iming is mechanically adjusted to compensa�e for 
changes in engine speed and load . The centrifugal advance 
system of spring-loaded rotating weights advances ignition 
timing as engine rpm increases. The vacuum advance mech
anism adjusts ignition timing to adapt to changes in engine 
load, as i ntake manifold vacuum is routed to the vacuum 
diaphragm on the distributor. For more i nformation on the 
vacuum advance mechanism, see 4.4 Centrifugal and Vac
uum Spark Advance. 

This section covers testing the system's electronic compo
nents, checking and adjusting the ignition timing, checking the 
basic TCI-i system's mechanical and vacuum timing advance 
functions, and distributor d isassembly. Testing of the basic 
ignition system components-the coi l ,  the spark plug wires, 
and the distributor cap and rotor-are covered above under 3. 
Troubleshooting. 

WARNING � 

The ignition systems installed on the cars covered 
by this manual operate in a dangerous voltage 
range which could prove to be fatal if exposed 
terminals or live parts are contacted. Use extreme 
caution when working on a vehicle with the igni
tion on, the starter activated, or the engine run
ning. 

Specifications for the transistorized coil ignition systems are 
l isted in Table c or Table d,  depending on the type of ignition 
control un it installed. See 4.1 Testing Ignition Control Unit 
and Impulse Generator for more i nformation on identifying 
ignition control un its. 

Table c. TCI-i Ignition System Specifications 
(Bosch control unit) 

Ignition control unit code number . . . . . . . . . .  0 227 1 00 1 1 1  
Ignition coil code number . . . . . . .  0 221 1 22 31 9 (gray label) 
Distributor code number 

1 984 (early) . . . . . . . . . . . . . . . . . . . . .  0 237 002 080 
1 984 and 1 985 . . . . . . . . . . . . . . . . . . .  0 237 002 096 

Ignition timing (vacuum hose d isconnected at d istributor) 
o 237 002 080 distributor . . 1 5°BTDC @2000 ± 50 rpm 
o 237 002 096 distributor . . . . . .26° BTDC @4000 ± 50 rpm 

Engine idle speed 
o 237 002 080 distributor . . . . . . . . . .750 ± 50 rpm 
o 237 002 096 distributor 

manual transmission . 
automatic transmission 

Vacuum advance 

. .850 ± 50 rpm 

. . 750 ± 50 rpm 

start (approx.) . . . . . . . . . . . . . . . . . . . . . . .  70 mbar 
end (approx.) . . . . . . . . . . . . . . . . . . .240 mbar 

Firing order . . . . . . . . . . . . . . . . . . . . . . . .  1 - 3 - 4 - 2 
Spark plugs 

Bosch . . . . . . . . . . . . . . . . . . . . . . . . . . . .wR9DS 
Beru . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  RS 33 

Spark plug gap . . . . . . . . . . . . . . . . .  : . . .0.8 + 0.1 mm 
(.032 + .004 in . )  

Spark plug tightening torque . . . . . . . . . . . . . . .20-30 Nm 
(1 5-22 ft. lb.) 

Table d. TCI-i Ignition System Specifications 
(Siemens/Telefunken control unit) 

Ignition control unit code number . . . . . . . . . . 1 705 607/608 
Ignition coil code number . . . . . . . .  0 221 1 22 3 1 9  (gray label) 
Distributor code number . . . . . . . . . . . . . . .0 237 002 096 
Ignition timing (vacuum hose disconnected at distributor) 

all . . . . . . . . . . . . . .  . . . .  .26°BTDC @4000 ± 50 rpm 
Engine idle speed 

manual transmission . . . . . .  ' . . . . . . . . . . .  750 ± 50 rpm 
automatic transmission . . . . . . . . . . . . . . 850 ± 50 rpm 

Vacuum advance 
start (approx.) . . . . . . . . . . . . . . . . . . . . . . .  70 mbar 
end (approx.) . . . . . . . . . . . . . . .  . .240 mbar 

Spark plugs 
Bosch " " . 
Beru " " 

. . . . . . . . . . . . . . . .  .wR9DS 

Spark plug gap . . . . . . . . 
. . . . . . . .  . . . . . .  RS 33 
. . . . . . . . .  . .0.8 mm + 0. 1  

(.032 + .004 in . )  
Spark plug tightening torque . . . . . . . . . . .  . .  .20-30 Nm 

(1 5-22 ft. lb.) 

NOTE -

On 31 8i models bu i lt between 1 0/28/83 and 
1 2/05/84 with d istr ibutor code number 0 237 
002 096, the original factory ign ition t iming 
specifications have been revised by the factory. 
On affected models, a special Field Fix Revised 
Timing decal should have been placed in  the 
engine compartment on the driver's side fender 
just above the emissions control decal . The 
speCifications above reflect this revision . Bui ld 
dates are located on a decal on the driver's 
door jamb. 
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Ignition 
coi l---+-

Spark plug wire 

£=-=::J._ Spark plug 

I I 
L _  - - - - - - - -:>..t::: _ _ _ _ _ _ _ ...1 

IGNITION 1 1  



1 2  IGNITION 

4. 1  Testing Ignition Control Unit and I m pu lse 
Generator 

The impulse generator and ignition control un it only need to 
be tested if there is no spark at the spark plugs when tested .  
For these tests, the spark p lug wires and ignition coil should be 
in  good condition as described in  3.3 Testing Coil and Spark 
Plug Wires and 3.4 Testing Distributor Cap and Rotor. 

These tests requ ire the use of a high-impedance voltmeter 
or low-current LED test l ight. For more information, see 3.1 
Basic Troubleshooting Principles. Follow the test sequence as 
it is presented in order to logically isolate the faulty component. 

NOTE -

Two types of ign ition control un its are instal led 
on the 4-cyl inder models covered by this man
ual. See Fig. 4-1 above for identification.  

Voltage Supply and G round 
to Ign ition Control Un it 

With the ignition off, remove the hamess connector(s) from 
the ignition control un it. On Bosch un its, connect a voltmeter 
between con nector terminals 2( - ) and 4( + ) .  On Siemens/ 
Telefunken connect a voltmeter between terminals 6 ( - ) and 3 
( + ) .  See Fig. 4-2. 

Bosch 

Siemens!T elefunken 

Fig. 4-2. Control un it connectors and terminal identification . 

There should be battery voltage when the ignition is turned 
on. If there is no voltage, check for wiring faults. Check the 
continuity of the wire from the ground terminal of the connector 
(2 or 6) to body ground, and from the positive ( +  ) terminal of 
the connector (4 or 3) to terminal 1 5  of the coil .  Repair wiring as 
necessary, For more information on wiring repairs, see ELEC

TRICAL SYSTEM. 

Impulse Generator Signal 

If the control un it is receiving battery voltage, the next logical 
step is to check the AC voltage signal from ,the impulse gen
erator to the ignition control un it. 

To check the voltage signal, measure the voltage at the 
control un it connector using a digital voltmeter ( 1 0 VAC scale) .  
On Bosch control u nits, connect the positive ( + )  probe to 
terminal 5 and the negative ( - ) probe to terminal 6. On Sie
mens/Telefunken control un its, connect the positive ( + ) probe 
to terminal + and the negative ( - ) probe to terminal - .  

With the starter cranking, there should be approximately 1 .0 
to 2.0 volts AC. If there is no voltage or the reading is low, check 
the continuity in  the wires between the control un it connector 
and the distributor. Also check the impulse generator resis
tance and air gap as described below. If there is voltage, but 
there stil l  is no spark, the ign ition control un it is most l ikely faulty 
and should be replaced as described below. 

WARNING -

Operate the starter just long enough to get a 
voltmeter reading. If the starter needs to be oper
ated for a longer period, disconnect the harness 
connector at the cold start valve of the fuel injec
tion system. See FUEL SYSTEM for cold start 
valve location. 

To check impulse generator resistance on Bosch control 
un its, measure between terminals 5 and 6. On Siemens/Tele
funken control units, measure between the terminal + and 
terminal - of the small connector. See Fig. 4-3. l f the resistance 
is not 1 1 00 ± 1 0% ohms and no faults are found in the wires 
between the control un it connector and the connector at the 
d istributor, the impulse generator should be replaced as de
scribed i n  4.2 Distributor. 

To check the air gap, use a brass thickness gauge and 
measure between the trigger-wheel tab and the impulse
generator tab as shown in Fig, 4-4. Ifthe gap is not between 0.3 
and 0.7 mm (.0 1 2 and .028 in . ) ,  center the impulse generator 
carrier plate as described u nder 4.2 Distributor. 

If no faults are detected up to this point, but there is stil l  no 
voltage, the impulse generator is most l ikely faulty and should 
be replaced as described in 4.2 Distributor. Any further testing 
of low output voltage requires sophisticated test equipment, 
such as an oscil loscope. 
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SiemenslTelefunken 

Fig. 4-3. Ign ition control unit connectors and terminals used 
to check impulse generator resistance. 

Fig. 4-4. Impulse generator air gap being checked with 
feeler gauge. Align trigger-wheel tab with impulse
generator tab as shown. 
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Replacing Ignit ion Control Un it 

When replacing the ignition control un it, make sure the 
ign ition is off. Disconnect the electrical connector(s) and re
move the mounting screws. See Fig .  4-5. Installation is the 
reverse of removal . 

Fig. 4-5. Ign ition control unit mounting screws (arrows) on 
SiemenslTelefunken control un i t .  Bosch control un it 
mounting points are s imi lar .  

On Bosch control un its, a special d ielectric corrosion
resistant sealer is  used between the heat sink and the control 
un it. If the control un it is separated from the heat s ink for any 
reason ,  the old sealer should be completely removed and the 
heat sink cleaned using 1 80 grit sandpaper. Apply a generous 
amount of Curil K2® between the control u nit and the heat s ink.  
When the control un it is mounted,  excess sealer should 
squeeze from the sides (approximately 2 mm (%4 i n .)) . 

CAUTlON -

Guril K2® (BMW Part No. 8 1  22 9 400 243) must 
be applied between the heat sink and the con
trol unit to dissipate heat and prevent corrosion. 
A silicon dielectric compound can be substi
tuted if Guril K2® is not available. Failure to use 
the compound as described above can shorten 
the service life of the control unit. 

4.2 !Distributor 

This heading covers the removal and installation of the 
distributor, the d istributor cap and rotor, the spark plug wires, 
and the impulse generator. I nspection and testing procedures 
for these components are covered in 3. Troubleshooting and 
4.1 Testing Ignition Control Unit and Impulse Generator. 
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The TCI-i system uses a distributor with mechanical ad
vance mechanisms, as shown in Fig .  4-6. The distributor cap 
and rotor are generally replaced as a part of normal mainte
nance. See LUBRICATION AND MAINTENANCE for recom
mended replacement intervals. 

I nner 
moisture 
barrier----' 

Distributor cap ---H-

I mpulse generator 
connector� 

housing 

B274.1GN.B 

Fig. 4-6. Exploded view of d istributor assembly installed on 
cars with 4-cyl inder engines. 

The impulse generator, the trigger wheel ,  the vacuum d ia
phragm and the dust shield are all available as replacement 
parts, but replacement is not routinely necessary. The distrib
utor housing parts, i ncluding the centrifugal advance mecha
nism and shaft bushings, are not available. The distributor 
housing must be replaced as a unit. 

Whenever the d istributor is d isassembled, all of the shims, 
circlips, gaskets, and O-rings should be replaced. Any disas
sembly or removal of the distributor will require checking and 
adjusting the ignition timing, as described in 4.3 Ignition Timing. 

Removing and Insta l l ing Distributor Cap, Rotor, 
and Spark Plug Wires 

These components all carry high voltage to the spark plugs 
and proper engine performance depends on getting the best 
possible spark at the spark plug. Worn and corroded contacts 
or poor insulation which allows the spark to short to ground are 
the primary reasons for replacement of these components. 

Each spark plug wire leads from a specific terminal on the 
distributor cap to a specific spark plug. This order is known as 
the ignition firing order. When removing the wires, label their 
positions so that they can be reinstalled in the proper places. If 
the wires get m ixed up, see Firing Order below. 

The distributor cap is protected from moisture with two black 
plastic covers. The outer cover can be removed by prying it 
apart at the pOints indicated in Fig.  4-7. Spread apart the inner 
cover to remove it from the cap and wires. 

Fig. 4-7. Distributor cap protective covers installed on 4-
cyl inder engines. Pry cap apart at points indicated 
by arrows. 



The spark plug wires are removed from the distributor cap 
and spark plugs by pul l ing straight up. Pul l  only on the con
nector, not on the wire itself. On stuck wires, twisting the 
connector sl ightly or peeling back the rubber boot from the 
distributor cap tower may ease removal. 

CAUTION -

Wiggling the connectors from side to side when 
removing the spark plug wires from the distrib
utor cap may damage the cap. 

The distributor cap is held in place with two spring clips 
which can be pried loose using the blade of a screwdriver. 
Avoid bending the cl ips. To replace the cap remove the spark 
plug wires, then remove the suppression shield by releasing 
the spring cl ips and sl iding it off the cap. Note that there is a tab 
on the rim of the cap that fits i nto a notch on the edge of the 
distributor. Place the new cap on the d istributor and fasten the 
cl ips. Change over one wire at a time from the old cap to the 
new one. 

CAUTlON � 

If the engine needs to be turned over with the cap 
removed, check that the hold down clips are not 
lying on top of the trigger wheel. If the starter is 
operated with the clips in this position, the trigger 
wheel will be damaged. 

Simply pul l  straight up on the rotor to remove it. When 
instal l ing a new rotor, make sure that the key inside the rotor fits 
i nto the notch in the d istributor shaft. 

Firing Order 

Spark plug wires must be i nstal led so that the spark plugs 
fire in the proper order. For all 4-cylinder engines covered by 
this manual , the firing order is 1 -3-4-2, that is, looking at the top 
of the distributor cap, the spark plug wires go to cyli nders no. 
1 ,  no. 3, no. 4, and no. 2, in the d irection of the rotor's rotation . 
To determine the direction i n  which the rotor rotates, p lace the 
transmission in a high gear and move the car forward , just until 
the rotor begins to move. The direction i n  which the rotor 
moves is the firing order di rection.  

NOTE -

III To determine the location of cylinder no. 1 on 
the distributor cap, remove the cap and look for a 
small mark on the rim of the distributor housing. 
(See Fig. 4-8 below.) The tower on the cap which 
aligns with this notch is for cylinder no. 1 ,  followed 
by wire no. 3, wire no. 4, and wire no. 2. 

e Cylinder no. 1 is at the front of the engine 
(closest to the radiator). 
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Removing and Installing Distributor 

Ign ition timing must be checked and adjusted any time the 
distributor is d isassembled or removed. See 4.3 Ignition Timing. 

To remove: 

1 .  Remove the d istributor cap as described above in Re
moving and Installing Distributor Cap, Rotor, and 
Spark Plug Wires. 

2. Using a wrench on the crankshaft sprocket bolt, rotate 
the engine by hand u ntil the distributor rotor tip is al igned 
with the No. 1 cylinder Top Dead Center (TDC) mark on 
the distributor housing. See Fig.  4-8. 
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Fig.  4-8. Distributor rotor al igned with No. cyl inder TDC 
mark (arrow) on d istributor housing. 

3.  Remove the retaining screw and d isconnect the impulse 
generator connector from the d istributor. Disconnect the 
vacuum l ines from the vacuum d iaphragm. 

4. US ing a 1 0  mm open end wrench, loosen the d istributor 
clamping nut as shown in F ig .  4-9. Make matching marks 
to note the position of the d istributor relative to the block, 
and then remove the distributor by pull ing it straight out. 
Cover the opening in  the cylinder head. 

NOTE -

The d istributor shaft wi l l  want to rotate approx
imately 30° as the beveled d rive gears disen
gage.  Notice the position of the rotor after re
moval ,  in order to position it approximately the 
same way prior to reinstal lation .  
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Fig. 4-9. Distributor clamping nut being loosened . 

To install :  

1 .  If the crankshaft has been turned since the distributor 
was removed, rotate the crankshaft so that cylinder no. 1 
is at TDC with the valves closed. If necessary, see EN

GINE. 

2.  I nspect the distributor shaft O-ring and replace it if it is 
worn or damaged. I nstall the distributor, making sure the 
rotor aligns with the distributor housing as shown in Fig. 
4-8 above when the distributor housing is seated firmly. 

NOTE � 

The rotor wil l  rotate approximately 30° as the 
beveled drive gears engage, so check for 
proper al ignment after installation. 

3.  Tighten the distributor clamping nut and install the dis
tributor cap. Reconnect the electrical connections and 
the vacuum l ine. 

4 .  Adjust the ignition t iming as described i n  4.3 Ignition 
Timing. 

Disassembling and! Assembling Distributor 

Some disassembly of the distributor is required to replace 
the impulse generator coi l .  It will require a snap-ring plier and 
a thin  d rift or punch. It is possible to d isassemble the distributor 
shaft and the centrifugal advance mechanism for cleaning and 
inspection, but these are not available as replacement parts. 
Fig. 4-6 above i l lustrates the distributor assembly. The distrib
utor should be removed as described above u nder Removing 
and Instal l ing Distributor before d isassembly. 

Use a snap-ring pl ier to remove the snap ring retain ing the 
trigger wheel. Next, use two screwdrivers positioned at oppo
site sides of the trigger wheel to .pry it up as shown i n  Fig.  4-1 0. 
Do not lose the rolled pin that fits between the trigger wheel and 
the distributor shaft. 

CAUTION -

Push the screwdrivers in as far as possible, and 
pry up only under the strongest, center portion 
of the trigger wheel. 

NOTE -

A bent trigger wheel must be replaced.  Trigger 
wheels are available as replacement parts from 
an authorized BMW dealer parts department. 

Fig. 4-1 0. Trigger wheel being removed from distr ibutor 
shaft. Pry evenly under center of trigger whee l ,  
from both s ides us ing flat-blade screwdrivers. 

Remove the mounting screws for the impulse generator 
electrical connecting socket, the vacuum diaphra.gm,  and the 
base plate. Pull off the con necting socket from the d istributor 
housing. Remove the vacuum diaphragm by moving the dia
phragm assembly down whi le unhooking it from the base plate 
pin .  Use a snap-ring pl ier to remove the snap ring retain ing the 
impulse generator coi l  and base plate assembly. Careful ly pry 
out the impulse generator coil together with the base plate. 

The impulse generator coil can be removed from the base 
plate by removing the three mounting screws shown in Fig. 
4-1 1 .  Note the i nsulating r ing between the coi l  and the base 
plate. I nstallation is the reverse of removal . Be sure the i nsu
lating ring is positioned between the coil and the base plate. 
Make sure the coil is centered on the base plate before tight
ening the mounting screws. When i nstall ing the trigger wheel, 
make sure the rol led pin is located between the notch in the 
d istributor shaft and the notch in the trigger wheel. 



Fig. 4-1 1 .  Impulse coi l mounting screws on underside of 
d istributor base plate (arrows) . 

4.3 Ignition Timing 
Correct ignition t iming is essential to proper engine perfor

mance. Checking and adjusting ignition timing is an important 
part of any engine tune-up. Ignition timing also needs to be 
adjusted whenever the distributor has been removed or taken 
apart. On early models with distributors having code number 0 
237 002 080, an adjustable timing l ight is necessary to accu
rately check and adjust ign ition timing. 

NOTE -

Prior to setting ign ition timing,  identify the dis
tributor code number. Its location is shown in 
Fig .  4-1 2. Two d ifferent distributors are installed 
on the 4-cylinder models covered by this manual . 

Fig. 4-1 2. Distributor code number location (arrow) . Distrib
utor shown is not one of those covered by this 
manual . 
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Ign ition timing has a significant effect on engine exhaust 
emissions. Ign ition timing should be adjusted i n  conjunction 
with idle speed and idle m ixture (exhaust carbon monoxide or 
CO level) as described in  FUEL SYSTEM. 

NOTE -

CO measurement and adjustment requires spe
cial sk i l ls and equipment. Most do-it-yourselfers 
are advised to leave these adjustments to an 
authorized BMW dealer service department or 
other qualified repair shop, to ensure compli
ance with emissions regulations as wel l as max
imum performance. 

To check basic ignition timing: 

1 .  With the ignition off, connect a tachometer and timing l ight 
according to the instrument manufacturer's instructions. 

2. D isconnect the vacuum hose from the d istributor's vac
uum d iaphragm. It is not necessary to plug the hose. 

3 .  Start the engine and allow it to fully warm up. Oil tem
perature should be at least 1 40°F (60°C) or the temper
ature gauge should be in its normal temperature range. 

4. With the engine at the speed indicated i n  Table c or 
Table d g iven earlier, aim the timing l ight at the timing 
check hole i n  the bel l  housing .  See Fig. 4- 1 3. 

Fig. 4-1 3. Timing check hole in left (driver 's side) of trans
mission bel lhousing. Aim timing l ight in hole when 
timing engine. 
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NOTE -
The basic t iming indications are only valid when 
engine speed is within specifications. 

5.  On early models with 0 237 002 080 d istributors, the OT 
(0° Top Dead Center) mark on the flywheel should ap
pear in the center of the timing check hol.e when the 
timing l ight is adjusted to the specifications shown in the 
above tables; See Fig. 4"14. 

-- .-
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Fig. 4-1 4. Timing mark used to time models with 0 237 002 
080 d istributors. 

6. On later models with 0 237 002 096 distributors, the 
timing ball on the flywheel should appear in the center of 
the inspection hole. See Fig. 4-1 5. 

7. If ign ition timing is within  specifications, switch off the 
ignition and disconnect the test equipment. Reconnect 
the vaCuum hose. 

-

Fig. 4-1 5. Timing ball used to time models with 0 237 002 
096 distributors. 

To adjust basic ignition timing: 

1 .  With the ignition off, loosen the d istributor clamping nut. 
Remove the vacuum advance hose from the vacuum 
diaphragm.  

CAUTION -
The distributor should be just/oose enough to 
be moved by hand, but tight enough that it can 
only be moved by deliberate effort. The distrib· 
utor must not move by itself while the engine is 
running. 

2. Start the engine and raise the speed to the specifications 
l isted above in Table c or Table d .  

3 .  Gradually tum the distributor housing unti l the correct 
timing mark, viewed with the timing l ight, l ines up in the 
bellhousing hole. See Fig. 4-1 4 or 4-1 5 above. 

4. Stop the engine and tighten the d istributor hold-down 
bolt without moving the distributor. Tighten the nut to 8 to 
1 0  Nm (6 to 7 ft. lb.) . 

5. Start the engine and recheck the ignition t iming. Repeat 
the adjustment if necessary. 

6. Turn the ignition off and remove the test equipment. 
Reconnect the vacuum hose. 



4.4 Centrifugal and Vacuum Spark Advance 

The centrifugal advance mechanism advances ignition tim
ing as rpm i ncreases. A set of weights in the d istributor is 
connected to the distributor shaft. The distributor base plate is 
connected to the weights. As engine rpm increases, the 
weights are forced outward by centrifugal force. This moves the 
position of the base plate and the impulse generator, changing 
the point at which the signal is sent to the ignition control un it .  

The vacuum advance mechanism advances ignition timing 
as engine vacuu m  increases. A schematic view of the vacuum 
advance system is shown in  Fig. 4-1 6. Engine vacuum is 
routed from the i ntake manifold to the vacuum diaphragm on 
the side of the d istributor. The vacuum d iaphragm changes the 
position of the base plate and impulse generator to alter t iming. 

The routing of vacuum is controlled by a solenoid valve, 
which is operated by the vacuum advance relay. Using inputs 
from the injection control un it (for engine load) , i ntake air 
temperature, and coolant temperature, the vacuum advance 
relay switches the solenoid valve so that engine vacuum can 
affect the vacuum d iaphragm. 

( + )  from Fuse 9 

Solenoid 
valve 

from Fuel 
i njection control 

Coolant temperature 

Intake air switch/sender 

Distributor 

temperature sensor B 1 861 G N . B  

Fig. 4-1 6. Schematic view of vacuum advance system, Vac
uum is switched on and off at solenoid valve by 
the electronic relay, 

The timing advance functions are most accurately checked 
using special ized equipment. An adjustable timing l ight or an 
engine analyzer can be used to accurately read rpm
dependent timing advance. A BMW special tool should be 
used to accurately check vacuum-dependent timing advance. 
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Checking Centrifugal Ign ition Tim ing Advance 

Check centrifugal advance with the vacuum advance hose 
d isconnected at the d istributor and plugged . A basic check can 
be made by observing the change in  ignition timing at speeds 
above idle. Using a timing l ight, watch the timing mark on the 
flywheel as engine rpm is increased. A movement of the timing 
mark is a rough indication that the centrifugaL advance is 
working. 

Precise measurement requires an adjustable t iming l ight 
which can accurately indicate how much timing changes from 
the basic timing value. Raise the engine rpm and compare the 
timing advance with the values l isted in Table e. 

If the distributor's centrifugal advance mechanism is not 
performing properly, the base plate may be binding. Further 
check the centrifugal advance mechanism, by removing the 
distributor cap and twisting the d istributor rotor. The movement 
of the rotor should be smooth and it should spring back to its 
original position when released. If it doesn't, disassemble the 
distributor as described above, checking careful ly for signs of 
binding. If there are no other faults, then there is a problem with 
the weight assembly or distributor shaft, and the distributor 
housing assembly should be replaced. 

Table e. RPM-Dependent Ignition Timing Advance 

Engine rpm (approx.) Total advance 

Distributor No. 0 237 002 080 
1 000 - 2-6° 
1 500 6-1 5° 
2000 1 2-1 9° 
2500 1 7-24° 
3000 22-29° 
3500 24-31 °  
4000 23-30° 
4500 22-29° 
5000 22-28° 

Distributor No. 0 237 002 096 
1 000 2-9° 
1 500 6·1 4° 
2000 1 1 -1 8° 
2500 1 6-24° 
3000 22-28° 
3500 23-30° 
4000 22-29° 
4500 21 -28° 
5000 21 -27° 



20 IGNITION 

Checking Vacuum ign ition Timing Advance 

Check the vacuum advance function only after determining 
that the rpm dependent t iming advance is correct. To make a 
basic check of the vacuum advance system,  the engine should 
be ful ly warmed up. The timing should change as the vacuum 
hose is disconnected and connected. If the t iming does not 
change, then e ither. a vacuum hose is faulty, the vacuum 
diaphragm is faulty, or the advance system is not switching the 
vacuum. 

To check the operation of the vacuum d iaphragm, remove 
the distributor cap. Using a vacuum pump and gauge, apply 
vacuum to the diaphragm.  The base plate and impulse gener
ator should move. In addition , the diaphragm should hold 
vacuum of approximately 500 mbar, losing no more than 50 
mbar in  one minute. If the diaphragm fai ls either of these tests 
it should be replaced . 

To check the advance system,  first check the solenoid valve. 
Remove the vacuum advance relay as shown in Fig . 4- 1 7. Use 
a jumper wire to connect terminal 5 (green/yellow wire) of the 
relay socket to terminal 6 (brown wire) to power the solenoid 
d irectly as the engine runs. The timing should change. If the 
timing does not change, either the solenoid is not getting 
voltage (green/yellow wire) or the solenoid itself is faulty. 

Fig. 4-1 7. Vacuum advance control relay (arrow). Simi lar re
lay in adjacent position with yel low dot on top is  for 
idle speed stabi l ization ( late 1 985 models only) .  
Smal l relay on 1 984 and early 1 985 models (not 
shown) is for deceleration fuel shut-off. 

If the timing does change, then there is a problem with the 
relay or its inputs. Check the inputs to the relay with the relay 
removed. At engine coolant temperatures above 1 1 3°F (45°C) , 
the coolant temperature switch/sender should be closed (con
tinuity between terminal 1 (white wire) and terminal 6 (brown 
wire) oft he relay socket) . At i ntake air temperatures between 50 
and 1 00°F (1 0 and 38°C) , check the resistance of the intake air 
temperature sensor between terminal 3 (black wire) and termi
nal 6 (brown wire) .  The resistance should be approximately 950 
ohms. Check the engine load signal using a LED test l ight 
between socket terminal 5 (red/green wire) and terminal 6 
(brown wire) .  The LED should flash with the engine running.  

Replace faulty sensors and repair wires as necessary. I f  
there are no sensor or wire faults, then the vacuum advance 
relay is most l ikely faulty and should be replaced. 

NOTE -
The coolant temperature switch/sender also 
functions as the coolant temperature gauge 
sender. The switch/sender is located in the 
coolant flange outlet on  the cyl inder head . The 
coolant temperature switch/sender is the one 
with two single push-on connectors. The i ntake 
air temperature sensor is mounted in the i ntake 
air duct in the front left corner of the eng ine 
compartment. See F ig .  4- 1 8 . 

Fig. 4-1 8. I ntake air temperature sensor mounted in air duct 
(arrow) . 



5. MOTRONIC CDME) iGNiTION SYSTEM 

All ignition functions of the Motronic ignition system are 
controlled electronical ly by the Motronic control un it. This sys
tem combines both the ignition and fuel i njection systems 
together. Specialized test equipment is necessary to check the 
timing, as well other ign ition system signals to the control unit 
such as spark advance and retard, and spark quality. 

Testing of the spark plug wires, ign ition coi l ,  and the distrib
utor cap and rotor should be performed prior to making any 
tests of the Motronic system.  See 3. Troubleshooting for 
complete testing of these components. 

5.1 Ignition Timing 
The ignition point is controlled according various inputs to 

the control unit. Inputs such as engine load , engine speed, 
temperature, and throttle position are used to determine the 
optimum ignition point. 

Ignition timing is e lectronically controlled and is not adjust
able on Motronic systems. The in itial basel ine ignition point is 
determined based on the crankshaft position during starting .  
Th is is signalled by a reference sensor. Once the engine is 
running, the ignition point is continually changed based on the 
various inputs to the control unit. Engine speed is signalled by 
a speed sensor. A Motronic ignition characteristic map i l lustrat
ing all the possible ignition pOints is shown in  Fig. 5-1 . A map 
similar to the one shown is digitally stored in the Motronic 
control un it. 

Fig. 5-1 . Motronic ignition characteristic map. Courtesy Rob
ert Bosch Corp. 
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5.2 Reference Sensor and Speed Sensor 

On 1 984 through 1 987 325e(es) models, two separate sen
sors supply the control un it with engine speed and crankshaft 
position . The sensors are mounted on the driver's side of the 
transmission bellhousing.  The speed sensor uses the flywheel 
teeth to determine engine speed. The reference sensor deter
mines the crankshaft's position, or angle, when a raised pin on 
the flywheel or a missing tooth on a front pulse wheel passes 
the sensor. See Fig. 5-2. 

Magnetic Speed 
core sensor 

Fig. 5-2. Schematic of reference sensor and speed sensor 
on 1 984 through 1 987 325e(es) models. Courtesy 
Robert Bosch Corp. 

NOTE -

A Top Dead Center (TOG) position sensor 
mounted on the front of the engine on 1 984 
through 1 987 325 and 325e(es) models is for use 
with the BMW Service-test un it. This sensor is not 
l inked to the Motronic system or the engine in any 
way and does not affect ignition timing or the way 
the engine runs. 

On 325i (is) and 1 988 through 1 990 325 models, a single 
pulse sensor senses engine speed and crankshaft position. 
The pulse sensor is mounted on the front of the engine and 
reads a pulse wheel mounted on the front of the crankshaft. 
Engine speed is determined by the rate at which the wheel's 
teeth pass the sensor. Crankshaft position is determined by the 
missing-teeth area on the pulse wheel . See Fig. 5-3. 



22 IGN ITION 

Fig. 5-3. Pulse sensor on 325i( is) and 1 988 through 1 990 
325 engine (arrow) . 

If the control un it does not receive a crankshaft position 
signal from the sensor, the engine will not start. If the engine 
consistently misses at constant speeds, test the speed sensor. 
Motronic electrical tests other than those described below can 
be found in FUEL SYSTEM. When testing the sensors, the 
temperature should be approximately 77°F (25°C) to obtain the 
most accurate results. 

Testing Reference and Speed Sensors 
( 1 984 through 1 987 325e(es) models only) 

Disconnect the two electrical connectors shown in Fig . 5-4 
or 5-5. The gray connector is for the reference mark sensor and 
the white connector is for the speed sensor. Using an ohmme
ter, check the resistance between terminal 1 (yel low wire) and 
terminal 2 (black wire) on the sensor side end of each connec
tor. If the resistance is not approximately 960 ± 96 ohms, the 
sensor is faulty and should be replaced. 

When replacing a sensor, be sure the connectors are not 
i nterchanged, and that the sensor is placed in the correct 
position in the bell housing. The bell housing is marked with a B 
for the reference sensor, and a D for the speed sensor. See Fig. 
5-6. Tighten the sensor mounting screw to 7 ± 1 Nm (62 ± 9 in .  
lb. ) .  Be careful not to overtighten the mounting screw. 

If no faults are found with the reference sensor, i nspect the 
raised pin on the flywheel. Using a socket wrench on the front 
of the crankshaft vibration damper (pul ley) , hand-turn the en
gine until the pin is visible through the bellhousing timing check 
hole. If the pin is missing or damaged, it should be replaced 
with an original p in avai lable from BMW. 

Fig. 5-4. Gray reference sensor connector (a) and black 
speed sensor connector (b) for 1 984 and 1 985 
325e(es) engine. Reference sensor also marked 
with a ring (arrow) . 

Fig. 5-5. Gray reference sensor connector (a) and black 
speed sensor connector (b) for 1 986 and 1 987 
325e(es) engine. Reference sensor a lso marked 
with a ring (arrow) . 
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Fig. 5-6. Bel lhousing reference sensor position (8) and 
speed sensor position (0) . 

Testing Pulse Sensor 
(325i ,  325is and 1 988 through 1 990 325 models) 

Disconnect the electrical connector shown in Fig. 5-7. Using 
an ohmmeter, check the resistance between terminal 1 (yellow 
wire) and terminal 2 (black wire) on the sensor side end of the 
connector. If the resistance is not approximately 540 ± 54 
ohms, the sensor is faulty and should be replaced. Remove the 
sensor mounting bolt using a 5 mm hex wrench. When the 
sensor is i nstal led, the distance between the sensor tip and the 
toothed wheel should be 1 .0 ± 0.3 mm (.04 ± .01 in . )  Tighten 
the sensor mounting screw to 7 ± 1 Nm (62 ± 9 in .  lb.) . Be 
careful not to overtighten the mounting screw. Be sure the 
wiring is correctly routed through the protective covering.  See 
Fig. 5-8. 

These components all carry high voltage to the spark plugs 
and proper engine performance depends on getting the best 
possible spark at the spark plug. Worn and corroded contacts 
or poor insulation which allows the spark to short to ground are 
the primary reasons for replacement of these components. 

The distributor cap and rotor do not require replacement as 
part of normal maintenance unless found to be worn or cor
roded. See 3.4 Testing Distributor Cap and Rotor for i nfor
mation on inspecting these components. 
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Fig.  5-7. Pulse sensor connector for  325i( is) engine (arrow) . 

Fig. 5-8. Pulse sensor wiring routed through protective cov
ering (arrow) . 
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5.3 Distributor 

The only function of the Motronic distributor is to d istribute 
high voltage to the spark plugs. There are no advance mech
anisms or electronics in the distributor. The rotor is driven 
d irectly off the front of the camshaft. 

Removing and Installing Distributor Cap, Rotor, 
and Spark Plug Wires 

Each spark plug wire leads from a specific terminal on the 
distributor cap to a specific spark plug. This order is  known as 
the ignition fir ing order. When removing the wires from the 
harness assembly, label their positions so that they can be 
reinstalled in the proper places. If the wires get m ixed up, see 
Firing Order below. 

NOTE -

On 325i (is) and 1 988 through 1 990 325 models, 
there is an inductive pickup on the no. 6 spark 
plug wire. This sensor signal is used to se
quence the fuel i njectors. See FUEL SYSTEM 
for more information. 

The spark plug wires are removed from the distributor cap 
and spark plugs by pul l ing the boots straight up. Pul l  only on 
the connector, not on the wire itself. On particularly old wires, 
twisting the connector or peel ing back the rubber boot from the 
distributor cap tower may ease removal . 

CAUTlON -

Wiggling the connectors from side to side when 
removing the spark plug wires from the distrib
utor cap may damage the cap. 

Before the distributor cap can be removed, the radiator 
cool ing fan and the fan shroud should be removed. This is 
easi ly accomplished as described in COOLING SYSTEM. If the 
fan and shroud are not removed, it may be d ifficult to remove 
the distributor cap and rotor mounting screws. 

The distributor cap is protected with a b lack plastic cover. 
The cover can be removed by releasing the two retainers on 
either side ofthe c�lVer. See Fig. 5-9. The distributor cap can be 
removed after the three i nternal-hex head mounting screws are 
removed. 

Remove the rotor by removing the three 3-mm mounting 
screws. Remove the dust shield and inspect the large O-ring on 
the rear of the dust shield . See Fig. 5-1 0 .  If it is crushed or 
damaged, it should be replaced. Inspect the distributor cap 
and rotor as described under 3.4 Testing Distributor Cap and 
Rotor. Installation is  the reverse of removal . Tighten the rotor 
mounting screws to 3 Nm (27 in .  lb.) . Be careful not to over
tighten the screws. 

Fig. 5-9. Distributor cap protective cover instal led on 6-
cyl inder engines. Uncl ip cap at points i ndicated by 
arrows. 
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Fig. 5-1 0. Ignition rotor ,  d istributor cap dust shield and D
r ing. 



Firing Order 

Spark plug wires must be installed so that the spark plugs 
f ire i n  the proper order. For al l 6-cyli nder engines covered by 
this manual , the firing order is 1 -5-3-6-2-4. That is, looking at the 
top of the distributor cap, the spark plug wires go to cylinders 
no. 1 ,  no. 5, no. 3, no. 6, no. 2, and no. 4 in the direction of the 
rotor's rotation . Fig . 5-1 1 shows the correct routing of the spark 
plugs wires in the distributor cap. 

Fig. 5-1 1 .  Spark plugs wires correctly installed in d istr ibutor 
cap of 6-cyl inder engine. 

NOTE -

Cyl inder no. is at the front of the engine 
(radiator end) . 

6. TECHNICAL DATA 

I .  TCI-i Ignition System Specifications 
{Bosch control unit} 

Ign ition control unit code number . . . . . . . . . .0 227 1 00 1 1 1  
Ignition coil code number . . . . . . . .  0 221 1 22 3 1 9 (gray label) 
Distributor code number 

1 984 (early) . . . . . . . . . . . . . . . . . . . . .0 237 002 080 
1 984 and 1 985 . . . . . . . . . . . . . . . . . . .0 237 002 096 

Ignition timing (vacuum hose disconnected at distributor) 
o 237 002 080 distributor . . . . . . 1 50 BTDC @2000 ± 50 rpm 
o 237 002 096 d istributor . . . . . .260 BTDC @4000 ± 50 rpm 

Engine idle speed 
o 237 002 080 d istributor . . . . . . . . . . . . . . 750 ± 50 rpm 
o 237 002 096 d istributor 

manual transmission . . . . . . . . . . . . . . .  850 ± 50 rpm 
automatic transmission . . . . . . . . . . . . . .750 ± 50 rpm 

continued 

IGN ITION 25 

! .  TCI-i Ignition System Specifications 
(Bosch control unit) (continued) 

Vacuum advance 
start (approx.) . . . . . . . . . . . . . . . . . . . . . . .  70 mbar 
end (approx.) . . . . . . • . . . . . . . . . . . . . . . .240 mbar 

Firing order . . . . . . . . . . . . . . . . . . . . . . . .1 . 3 . 4 . 2 
Spark plugs 

Bosch . . . . . . . . . . . . . . . . . . . . . . . . . . . .wR9DS 
Beru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RS 33 

Spark plug gap . . . . . . . . . . . .0 .8 + 0 . 1  mm (.032 + .004 in . )  
Spark plug tightening torque . . . . . . . .  20-30 Nm ( 1 5-22 ft. lb . )  
Impulse generator 

impulse generator coil resistance . . . . . . . . 1 1 00 ± 1 0  ohms 
trigger wheel air gap . . . . . . . . . .  between 0.3 and 0 .7 mm 

(.01 2 and .028 in . )  

I I .  TCI-i Ignition System Specifications 
(Siemens/Telefunken control unit) 

Ignition control un it code number . . . . . . . . . .  1 705 607/608 
Ignition coil code number. . . . . . . .  0 221 1 22 3 1 9  (gray label) 
Distributor code number . . . .  . . . . . . . . . . .0 237 002 096 
Ignition timing (vacuum hose disconnected) 

all . . . . . . . . . . . . . . . . . . .  260 BTDC @4000 ± 50 rpm 
Engine idle speed 

manual transmission . . . . . . . . . . . . . . . . .  750 ± 50 rpm 
automatic transmission . . . . . . . . . . . . . . . .  850 ± 50 rpm 

Vacuum advance 
start (approx.) . . . . . . . . . . . . . . . . . . . . . . .  70 m bar 
end (approx.) . . . . . . . . . . . . . . . . . . . . . . .  240 mbar 

Firing order . . . . . . . . . . . . . . . . . . . . . . . .1 - 3 - 4 - 2 
Spark plugs 

Bosch . . . . . . . . . . . . . . . . . . . . . . . . . . . .wR9DS 
Beru . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  RS 33 

Spark plug gap . . . . . . . . . . . .0.8 mm + 0.1 (.032 + .004 in . )  
Spark p lug tightening torque . . . . . . . .  20-30 Nm ( 1 5-22 ft. lb . )  
Impulse generator 

impulse generator coil resistance . . . . . . . . 1 1 00 ± 1 0 ohms 
trigger wheel air gap . . . . . . . . . .  between 0.3 and 0.7 mm 

(.0 1 2 and .028 in.) 

I I I .  Motronic (DME) Ignition System Specifications 

Ignition coil code number . . . . . . .  0 221 1 1 8 335 (yel low label) 
Firing order. . . . . . . . . . . . . . . . . . . . .1 - 5 - 3 - 6 - 2 - 4 
Spark plugs 

1 984-1 987 325 and 325e(es) 
Bosch . . . . . . . . . . . . . . . . . . . . . . . . . . .wR9LS 
Beru . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  R/9 LS 

325i (is) ,  1 988-1 990 325 
Bosch . . . . . . . . . . . . . . . . . . . . . . . . . . .w8LCR 

Spark plug gap . . . . . . . . . . . .  0 .7 + 0. 1  mm (.027 + .004 in .) 
Spark plug tightening torque . . . . . . . .  20-30 Nm ( 1 5-22 ft. lb.) 
Reference or speed sensor coil resistance 
(325e, 3258S engine) . . . . . . . . . . . . . . . . .  960 ± 96 ohms 
Pulse sensor coi l resistance 

(Motronic 1 . 1 ) . . . . . . . . . . . . . . . . . . . . 540 ± 54 ohms 
Ignition rotor tightening torque 

(6-cylinder engines) . . . . . . . . . . . . . . . .  3 Nm (27 in .  lb.) 
Reference, speed, or pulse sensor 

tightening torque . . . . . . . . . . . . .  7 ± 1 Nm (62 ± 9 in. lb.) 
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Fuel System 

introduction 

The fuel system has four main functions: (1 ) it provides storage space for the fuel ;  (2) it 
del ivers fuel to the engine; (3) it admits fi ltered air to the engine to be mixed with fuel ; (4) it mixes 
fuel and air in precise proportions and delivers the m ixture to the cylinders as a combustible 
vapor. The fourth function is performed by one of two simi lar types of fuel injection systems. 

Unl ike a carburetor, which depends on the velocity of the i ncoming air to vaporize the fuel 
and draw it i nto the engine, a fuel i njection system injects atomized fuel i nto the i ntake air 
stream under pressure.  This method of active fuel metering means that the fuel m ixture 
entering the engine can be controlled more precisely and used more efficiently, yielding 
improved driveability, fuel economy, and performance. 

Two types of fuel injection systems are installed on the cars covered by this manual. Each 
has its own un ique features and methods, but all achieve the same result. Although these 
systems appear complicated at first, they operate on simple principles and can be easily 
understood. This section provides separate and thorough descriptions of each system, making 
it s imple to identify and understand the system installed on a particular car. 

This section covers repair information specifical ly for the fuel system.  General troubleshoot
ing i nformation to be used as an aid in d iagnosing problems can be found i n  ENGINE 
MANAG EMENT -DRIVEABiUTY. Test procedures i n  th is  section for i ndividual components 
also explain their function, so that the purpose of each test can be understood. I nformation on 
the oxygen sensor system is found in EXHAUST SYSTEM AND EMISSION CONTROLS.  

Special equipment is necessary for some servicing of  the fuel injection system. Please read 
the information careful ly before beginning any test or repair. If you lack the ski l ls and tools  or 
a suitable workplace, we suggest you leave service and repair of the fuel i njection system to 
an authorized BMW dealer or other qualified repair shop. We especially urge you to consult an 
authorized BMW dealer before beginning any work on a car that may be subject to the 

manufacturer's new car warranty coverage. 
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1 .  GENERAL DESCRIPTION 

Each of the cars covered by this manual is equ ipped with an 
electronic fue l  i njection system. Fuel is delivered to the engine 
under pressure, then metered by precise e lectronic control i n  
proportion to measured air flow. Though there are some d if
ferences between the systems instal led on the various models, 
al l  are supplied by Bosch-a high ly respected name in  auto
motive technology. The main components of the fuel system, 
the d ifferent fuel i njection systems, and their identifying features 
are described below. 

Fuel Storage 

The fuel tank is located beneath the car u nder the rear seat. 
Most 1 984 through 1 987 models have a fue l  tank capacity of 55 
l iters ( 1 4.5 gallons) .  On a few early 1 984 31 8i models, the tank 
was sl ightly larger. For 1 988 through 1 990 models, the fuel tank 
was enlarged to 63 l iters ( 1 6.6 gallons) . Mounted with the fuel 
tank are the fue l  gauge sending un it, a fuel pump, connecting 
l ines for the evaporative emission control system,  and a fuel 
supply and return l ine. 

Fuel Pump and Fuel  Supply 

On 1 984 through 1 987 models, an electric transfer pump 
supplies fuel at low pressure to the main fuel  pump. The 
transfer pump is mounted in  the fuel tank along with the fuel 
gauge sending u nit. The main fuel pump del ivers fuel at h igh 
pressure to the fuel i njection system. It is mounted beneath the 
car near the driver'S s ide rear tire . 

On 1 988 through 1 990 models there is only a main fuel 
pump. It is mounted in the fue l  tank together with the fue l  gauge 
sending un it. 

A pressure regulator mounted in the engine compartment 
maintains constant fuel pressure to the fuel i njection system 
and allows surplus fuel to flow back to the fuel tank. 

Air Fi lter 

A rectangular, dry-type pleated paper air fi lter element is 
installed on the cars covered by this manual . The fi lter element 
is mounted in  a si lencer housing that quiets the air entering the 
fuel i njection system's air flow sensor. 

1 .1 l-Jetronic Fuel injection 

The Bosch L-Jetronic fuel i njection system is e lectronically 
control led. Sensors supply information about air flow, engine 
temperature, and other operating conditions to the central 
electronic control un it. This i nformation is used to electrically 
operate the solenoid-type fuel i njectors. Fuel is metered to the 
engine, according to demand, by control l ing the amount of 
time that the i njectors are open.  All functions and adjustments 
for varying operating conditions are controlled electronically by 
the control un it based on inputs from the engine's sensors. 

For more detai led information on the L-Jetronic fuel i njection 
system, see 5. L-Jetronic Fuel I njection . 

1 .2 Motronic Engine Management System 

The Bosch Motronic system combines the basic L-Jetronic 
fue l  i njection system with the additional electronic control of 
ign ition timing and idle speed . .  This system,  which monitors 
and adjusts these three factors, is much more than a fuel 
i njection system,  hence the term Engine Management System. 

A second generation Motronic system,  Motronic 1 . 1 ,  was 
introduced in 1 987. It is a more sophisticated version of the 
"basic" Motronic system,  using a control unit that features 
adaptive control circuitry. Where the basic Motronic system 
compares data from its sensors to basel ine values in memory 
and makes adjustments, Motronic 1 . 1 actually changes its 
basel ine values based on how that particular car is operating. 
Over t ime, the system adapts to the conditions that are "nor
mal" for that car. In this way, the system compensates for small 
changes in  engine operating parameters caused, for example, 
by wear or by smal l  i ntake air leaks. 

1 .3 Applications - Identifying Features 

Table a l ists the models covered by this manual and their 
corresponding fuel i njection systems. 

Table a. Fuel Injection System Appl ications 

Year and Engine No. of Fuel 
model cylinders injection 

system 

1 984-1 985 1 .8 l iter 4 L-Jetronic 
3 1 8i 

1 984-1 987 2.7 l iter 6 Motronic 
325, 325e, 
325es 

1 988 325 2.7 l iter 6 Motronic 1 . 1  
1 987-1 990 2.5 liter 6 Motronic 1 . 1  

325i ,  
325is, 
325iC 

All of the 4-cylinder, 3 1 8i models are equipped with the 
Bosch L..Jetronic fuel injection system.  The fuel i njection and 
ignition systems are separate. Repair i nformation for these fuel 
i njection systems is covered u nder 5. L-Jetronic Fuel Injec
tion. 

All of the 6-cyl inder, 325 models are equipped with one of 
two versions of the Bosch Motronic engine management sys
tem :  the "basic" Motronic system or the newer Motronic 1 . 1 
system.  To q uickly tell the Motronic systems apart, look for a 
"fifth injector" or cold-start valve, mounted on the i ntake man
ifold. The Motronic 1 . 1 system has no such valve. See Fig. 1 -1 .  
Repair information for these models is covered under 6. 
Motronic Engine Management System. 



Fig. 1 - 1 .  Cold-start valve or "fifth i njector" (arrow) on i ntake 
manifold d ist inguishes earl ier Motronic system 
(with valve) from later Motronic 1 . 1 system (without 
valve) . 

Many of the testing and adjusting procedures are the same 
for L-Jetronic and Motronic systems. The addition of the other 
engine management functions to the Motronic systems, how
ever, means that there are some differences. Un less the text 
clearly states otherwise, the procedures in this section apply to 
al l systems. Read each procedure carefully to see the d iffer
ences that may apply only to certain models. Similarly, al l  of the 
i nformation in this section labeled "Motronic" applies to both 
Motronic systems, u nless Motronic 1 . 1 is specifically men
tioned as an exception .  

2. MAINTENANCE 

BMW specifies the procedures below to be carried out at 
particular time or m ileage intervals for proper maintenance of 
the fuel system.  I nformation on these steps and the prescribed 
maintenance intervals can be found in LUBRICATION AND 
MAINTENANCE. 

1 .  Servicing the air fi lter 

2. Replacing the fuel fi lter 

3. Lubricating throttle l inkage and throttle bearings. 

4. I nspecting fuel hoses. 
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3. TROUBLESHOOTING 

Poor driveability or faulty running may have a variety of 
causes. The fault may l ie with the fuel system,  the ignition 
system, parts of the emission control system ,  or a combination 
of the three. Because of the i nterrelated functions of these 
systems it is  often d ifficult to know where to begin looking for 
problems. 

For this reason, effective troubleshooting must always con
sider these systems as one major system. While this may seem 
obvious when deal ing with the i ntegrated Motronic engine 
management systems of the 6-cyl inder engine, the same en
gine management principle appl ies to troubleshooting the L
Jetronic fuel i njection and separate ignition systems of the 
4-cylinder engine. 

This section of the manual covers those tests, adjustments, 
and repairs that apply specifically to the fuel system .  For trou
bleshooting i nformation addressing engine management and 
car-running problems and their l ikely causes, see ENGINE 
MANAGEMENT -DRIVEABILITY. 

Please observe the fol lowing cautions and warnings when 
performing any service or repair on the fuel system.  

WARNIIIIG ........ 

III The fuel system is designed to retain pressure 
even when the ignition is off. When working with 
the fuel system, loosen the fuel lines very slowly to 
allow residual fuel pressure to dissipate gradually. 
Avoid spraying fuel. 

e Fuel is highly flammable. When working around 
fuel, do not disconnect any wires that could cause 
electrical sparks. Do not smoke or work near 
heaters or other fire hazards. Keep an approved 
fire extinguisher handy. 

CAUTION � 

G Before making any electrical tests with the igni
tion turned on, disable the ignition system as 
described in IGNITION SYSTEM. 

G To prevent damage to the ignition system or the 
electronic fuel system components, including the 
control unit, always connect and disconnect wires 
and test equipment with the ignition off. 

o Absolute cleanliness is essential when working 
with the fuel system. Even a minute particle of dirt 
can cause trouble if it reaches an injector. Thor
oughly clean the fuel line unions before discon
necting any of the lines. 
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<II Use only clean tools. Keep removed compo
nents clean, and sealed or covered with a clean, 
lint-free cloth, especially if completion of the re
pair is delayed. 

(D When replacing parts, install only new; clean 
components. 

<ll Avoid nearby use of compressed air, and do not 
move the car while the fuel system is open. 

III Always replace seals and O-rings. 

4. FUEL SUPPLY 

While the -ruel i njection system controls the amount of fuel 
metered to the engine, the remainder of the fuel system ' is 
dedicated to storing fuel and supplying it to the i njection sys
tem. See Fig. 4-1 . 

Fuel 
tank 

pump 

Fuel 

Fuel pressure 
regulator 

to COld-sta�njector \ 
(not al l  models) 

Vacuum connection 
to intake manifold 

Fig. 4-1 . Schematic view of L-Jetronic fuel supply system. 

The main fuel pump supplies fue l  to the fuel i njection system 
and creates fuel pressure.  The pressure regulator maintains 
system pressure. The quantity of fuel supplied exceeds de
mand, so excess fuel returns to the fuel tank via a return l ine. 
This constant recirculation of fuel in the system keeps the fuel 
cooler and helps prevent fuel starvation due to vapor lock-air 
bubbles created by fuel vaporizing in  the l ines. 

The pulsation damper reduces the pressure surge when the 
fuel pump starts. The damper is mounted under the car in-l ine 
after the fuel fi lter. On some models, additional dampers are 
i nstalled in the fuel l ines leading to and from the fuel rai l .  The 
fuel rail d istributes pressurized fuel to the i njectors. In addition, 
the volume of fuel in  the fuel rai l reduces the effect of pressure 
surges when the injectors open and close. 

On 1 984 through 1 987 models, the main fuel pump is 
mounted under the car, near the fuel tank. The main pump is 
suppl ied by a small electric transfer pump located in the fuel 
tank. This ensures a constant supply of fuel to the main e lectric 
fuel pump. 

On 1 988 and later models, the main fuel pump is mounted 
d irectly in the tank. A transfer pump is not used. 

A fai lure of the transfer pump will not necessarily prevent the 
engine from running, but may cause starting problems or fuel 
starvation at the main pump, particularly i n  summer weather. If 
an electrical system fault interrupts power to the main fuel 
pump, however, the engine will not run at al l .  

4.1 Fuses and Relays 

Both the transfer pump and the main fue l  pump are e lectric, 
and operated by a fuel pump relay. On 6-cyli nder engines only, 
an additional main relay suppl ies power to the Motronic control 
un it and the fuel pump relay. If both pumps are not running, the 
cause may be a faulty fuse or a faulty relay. In cold weather, 
water in the fuel may freeze in the pump, causing the circuit to 
overload and the fuse to fail .  Troubleshooting of any fuel pump 
fault should begin with checking the fuel pump fuse (no. 1 1 ) 
and the fuel pump relay. On 6-cyl inder models, the main relay 
should also be checked. 

To quickly check if the fuel pump is coming on, actuate the 
starter while l istening for the running pump. 

Operating Fuel  Pump For Tests 

Unless the fuel pump relay receives a signal indicating that 
the engine is running, the fuel pumps only operate for a few 
seconds when the ignition is first turned on. On cars with 
4-cylinder engine, the signal is  the rpm signal from the ignition 
system.  On cars with 6-cylinder engine, the signal comes from 
the Motronic control un it, through the main relay. I n  either case, 
to operate the pumps longer for fuel system tests without the 
engine running, the relay must be bypassed to power the 
pumps d irectly. 

One method is to remove the relay and connect two sockets 
on the fuse/relay panel with a fused jumper wire. The sockets 
used are those corresponding to relay terminals 30 and 87 
(6-cyl i nder models) or 30 and 87b (4-cyl i nder models) . Fig. 4-2 
shows the location of the fuel pump relay. 

CAUTlON -

Fuse and relay locations are subject to change 
and may vary due to production line changes. Use 
care when troubleshooting the electrical system 
at the fuse/relay panel. To resolve problems in 
identifying a relay, see an authorized BMW dealer. 



NOTE -

The jumper wire should be 1 .5 mm ( 1 6 ga.) and 
include an in-l ine fuse holder with a 1 5  amp fuse. 
To avoid fuse/relay panel damage from repeated 
connecting and disconnecting, also include a 
toggle switch. A commercially available jumper, 
BMW Tool No. 61  3 050, is also available from an 
authorized BMW dealer. 

Fig. 4-2. Fuel pump relay location on 4-cylinder engine (A) 
and 6-cyl inder engine (8) . 

With the ignition off and the fuel pump relay removed, use 
the jumper (be sure toggle switch is off) to bridge the sockets 
in the auxil iary relay panel .  Turn on the toggle switch to operate 
the fuel pumps. If the pump does not run with the jumper i n  
place of the relay, the fault could be  i n  the fuel pump or the 
electrical wiring to the fuel pump. For more fuel pump electrical 
testing, see 4.2 Transfer Pump or 4.3 Fuel Pump. 
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4.2 Transfer Pump 
( 1 984 through 1 987 models only) 

The transfer pump is mounted in the fuel tank  together with 
the fuel gauge sender. The pump is cooled and lubricated by 
fuel and may therefore be damaged if allowed to run dry or if 
the fuel pickup strainer becomes blocked. Access to the trans
fer pump is from the top of the fuel tank, reached by removing 
the rear seat bottom. 

To test: 

WARNING -
When removing the transfer pump and fuel gauge 
sending unit, the fuel tank level must be below 3/4 
full. If higher, fuel will be spilled when the transfer 
pump is removed. 

1 .  Remove the three mounting screws to remove the trans
fer pump and fuel sender gauge access cover. 

2 .  Operate the fuel pump relay using a jumper wire as 
described in 4.1 Fuses and Relays. You should hear the 
transfer pump running. Disconnect the jumper when 
finished. 

NOTE -

If the transfer pump does not run, d isconnect the 
transfer pump harness connector, as shown in 
Fig. 4-3. Operate the pump and check for voltage 
across the connector terminals. If there is voltage, 
the transfer pump is probably faulty and should 
be replaced. If there is no voltage, trace the wiring 
and check for breaks or shorts to ground. 

Fig. 4-3. Schematic view of voltage supply to transfer pump 
being checked at harness connector. 
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3. Next, check transfer pump fuel delivery pressure. Re
move the fuel fi l ler cap. Remove and plug the transfer 
pump output hose. See Fig. 4-4. 

Fig. 4-4. Transfer pump output hose d isconnected and 
plugged (arrow) . 

4. Connect a fuel pressure gauge to the output fitting of the 
transfer pump. See Fig. 4-5. Make sure al l electrical 
connectors are connected. 

Fig. 4-5. Transfer pump fuel  pressure being measured with 
fuel pressure gauge. 

5. Operate the fuel pumps using the j umper wire. At ap
proximately 68°F (20°C) , the pump should produce a 
pressure of at least 0 .3 bar (4.3 psi) . 

6. If the pressure is low, check the pump's power consump
tion using an ammeter. See Fig. 4-6. Operate the fuel 
pump as described above. With the pump running, the 
current draw should be no more than 1 .4 amps. 

NOTE -
To achieve accurate test results, the battery volt
age at the connector must be between 1 2  and 1 3 
volts. Charge the battery if necessary. If the bat
tery voltage is too high,  turn on the headl ights 
until the correct voltage is obtained. 

Fig. 4-6. Transfer pump power consumption being tested . 
Connect ammeter between one connector terminal 
and its corresponding terminal on pump. Jumper 
other terminal using a length of wire. 

7. If the current is too h igh ,  remove the transfer pump as 
described below and inspect the pickup strainer/filter for 
blockage. Retest the fuel pressure. If sti l l  too low, the 
transfer pump is faulty and should be replaced. 



To remove and insilall: 

1 .  Disconnect the negative ( - )  battery cable. 

CAUT80N -

BMW anti-theft radios can be rendered useless by 
disconnecting the battery. See your owner's man
ual for more information. 

2. Remove the access cover and the harness connectors 
as described above. 

3. Remove the fuel hoses and d iscard the hose clamps. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

4. Remove the four  mounting nuts from the top of the fuel 
gauge sending un it. Slowly remove the sending unit 
from the tank, allowing fuel to drain off. 

5. Loosen the transfer pump and fuel gauge sending u nit 
assembly by turning it counterclockwise. See Fig. 4-7. 
Remove the assembly from the fuel tank. D iscard the 
O-ring.  

Fig. 4-7. Transfer pump and fue l  gauge sending un it being 
removed from fuel tank. Use two screwdrivers to 
engage l ugs on housing. 
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6. Inspect and, if necessary, clean the strainer/fi lter. See 
Fig. 4-8. 

Transfer 
pump 

fig. 4-8. Transfer pump, shown with fuel gauge sending u nit 
removed from assembly. 

7. Lubricate the new a-ring with a small amount of fue l ,  
then place the assembly with the a-ring i nto the tank and 
tighten i n  a clockwise d i rection u nti l snug. I nstall the fuel 
gauge sending unit and tighten the mounting n uts. 

8. Using new hose clamps, connect the fuel hoses. Recon
nect the harness connectors. Run the fuel pump as 
described under 4.1 Fuses and Relays and check for 
leaks. Instal l  the access cover and its mounting screws. 
Instal l  the rear seat bottom and reconnect the negative 
( - ) battery cable. 

4.3 Fuei pump 

The main fuel pump is mounted in d ifferent locations, de
pending on model year. On 1 984 through 1 987 models, the 
fuel pump is mounted beneath the car near the driver'S side 
rear wheel .  On all 1 988 and later models, the fuel pump is 
mounted d irectly i n  the tank. The pump is cooled and lubri
cated by fuel and therefore may be damaged if allowed to run 
dry. During starting , the pump runs as long as the ignition 
switch is in  the start position and continues to run once the 
engine starts. Fuel pressure and rate of fuel delivery are the 
important fuel-pump performance measurements. 
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The procedure for checking fuel pump delivery rate appears 
below. To test fuel pump pressure ,  see the heading covering 
pressure tests under 5. l-Jetronic Fuel Injection or 6. 
Motronic Engine Management System. On 1 984 through 
1 987 models, the transfer pump must be operating correctly as 
described above in 4.2 Transfer Pump before testing the main 
fuel pump. 

To test fuel delivery rate: 

1 .  Disconnect the fuel return hose from the pressure reg
ulator. Connect a length of fuel hose to the fuel pressure 
regulator and place its open end i nto a container of at 
least 2000 ml  ( 1 .89 qt. ) .  See Fig. 4-9. 

WARNlf\lG � 
Fuel will be discharged. Do not disconnect wires 
that could cause sparks. Do not smoke or work 
near heaters or other fire hazards. Keep an ap
proved fire extinguisher handy 

Fuel pressure 
regulator ----'W-/,#__ 

Fig. 4-9. Container being used to measure fuel delivery rate 
at output side of pressure regulator. Pressure reg
ulator is mounted at end of fuel rai l in engine com
partment. 

2. Run the fuel pump as described in 4. i !Fuses and 
Relays for exactly 30 seconds. The pump should deliver 
the quantity of fuel shown in Tabie b. 

Table b. Fuel Pump Delivery Specifications 

Mode! year Minimum delivery rate in 30 
seconds 

All 875 m l  (30 oz.) 

If the fuel pump does not run, make the fuel pump electrical 
tests as described below. If fuel delivery is below specification, 
check the power consumption of the fuel pump as described 
below. If the pump's current draw is within  l imits, check for 
leaks, b locked or kinked fuel l ines, a blocked filter, or a b locked 
transfer pump strainer/fi lter. If no such faults are found, the fuel 
pump is probably faulty. For more information on the fuel fi lter, 
see LUBRICATION AND MAiNTENANCE. 

Fuel Pump E lectrical Tests 

These tests are for use in f inding out why the main fuel 
pump does not run or why the fuel del ivery rate is below 
speCifications. The tests check the fuel pump relay, power to 
the fuel pump, and fuel pump current draw. 

The relay is actually a part of two separate circuits. One 
circuit powers the fuel pump-the relay acts as a switch to turn 
the pump on and off. The other circuit is the one that energizes 
the relay with power. Fig. 4-1 0 and Fig. 4-1 1 are schematic 
representations of the fuel pump relays and circuits installed on 
the 4-cylinder and 6-cylinder engines covered by this manual. 

Signal from Engine speed 
starter signal 

Battery 
voltage ( + )  

30 

87 
Voltage ( + ) when Ground Fuel Voltage ( +) to 
ignition i s  on control fuel pumps 

Fig. 4-1 0. Schematic view of fuel pump relay and c i rcuits on 
models with 4-cyl inder engine. 



Battery voltage ( + ) 

30 

87 

Voltage ( + )  to 
fuel pumps 

86 

85 

Voltage ( + ) from 
main relay 

Ground 
from Motronic 
control  un it �z.&,8. FUE l? 

Fig. 4-1 1 .  Schematic view of fuel pump relay and circuits 
installed on models with 6-cyl inder engine. 

The first step in troubleshooting the fuel pump circuit is to 
check the fuel pump fuse (no. 1 1 ) .  Replace a fai led fuse and 
test the fuel pump again .  If the fuel pump fuse is good, test the 
fuel pump circuit as described below. 

CAUTDON -
Fuse and relay locations are subject to change 
and may vary due to production line changes. Use 
care when troubleshooting the electrical system 
at the fuse/relay panel. To resolve problems in 
identifying a relay, see an authorized BMW dealer. 

To test fuel pump circuit: 

1 .  Remove the fuel pump relay. See Fig. 4-1 2 .  Identify the 
relay terminal numbers on the bottom of the relay. 

CAUTION -

The fuel pump relay may be located in an adja
cent position. To check if the fuel pump relay has 
been correctly identified, inspect the wires lead
ing to the fuel pump relay socket. On 4-cylinder 
engines, there should be a large (4 mm) wire at 
the relay socket. On 6-cylinder engines, the fuel 
pump relay socket should contain four wires hav
ing the following colors; red, red/white, green/ 
violet, and brown/green. 
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NOTE -
If voltage is not present between socket 30 and 
ground, power is not reaching the fuel pump relay 
from the battery. Check the red wire between the 
battery or battery junction block and the relay 
socket. 

Fig. 4-1 2. Fuel pump relay location on 4-cyl inder engines (A) 
and 6-cylinder engines (6) . 

2. Use a test l ight or voltmeter to check for voltage between 
the socket corresponding to relay terminal 30( + )  and 
ground. There should be approximately battery voltage .  

NOTE -

On 6-cylinder models with trunk-mounted batter
ies, check for a faulty fusible l ink .  If no voltage is 
present at the red 1 .5 mm or the 4.0 mm wires on 
the junction block, inspect the fusible l ink .  The 
50-amp l ink is approximately 6 i nches from the 
battery in the 6 mm black wire. Disconnect neg
ative battery terminal. Carefully sl ice the hamess 
covering open to check the link. A faulty link must 
be replaced with BMW Part No. 1 2  41 1 706 1 1 1 .  
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3. On models with 4-cylinder engine, turn the ignition on 
and check for voltage between the socket correspond
ing to relay terminal 1 5  and ground. There should be 
approximately battery voltage. Turn the ignition off. 
Check for continuity between the socket corresponding 
to relay terminal 31  and ground (a clean, unpainted metal 
part of the car) . 

NOTE -
If voltage .is  not present at socket 1 5, power is not 
reaching the relay from the ignition switch. If there 
is no continuity to ground at socket 31 , check the 
brown wire leading to the ground point at the rear 
of the engine: See ELECTRICAL SYSTEM for 
more information on locating electrical faults. 

4. On models with 6-cylinder engine, with the ignition off, 
connect an LED tesUight or a digital voltmeter between 
the s.ockets corresponding to relay terminals 85 ( - ) and 
86 ( + ) .  Briefly operate the starter and check for voltage. 
There should be approximately battery voltage. 

NOTE -
If voltage is not present between sockets 85 and 
86, power is not reaching the fuel pump relay 
from the main relay or the ground signal from the 
Motronic control un it is not present. Test the main 
relay and the Motronic control unit as described 
under 6.  Motronic Engine Management Sys
tem. 

5. On models with 4-cylinder engine, connect an LED test 
l ight Or a voltmeter and between relay terminal 50 and 
ground. Whi le briefly operating the starter, check that 
there is approximately battery voltage. 

NOTE = 
If voltage is not present, check the black/yellow 
wire coming from the starter and repair any faults 
found. 

If no faults are found after these tests, and the fuel pump wil l 
run only with the jumper connected, as described in  4.1 Fuses 
and Relays, then the relay itself is faulty. 

If the pump stil l  wil l  not run with the jumper connected, 
check to see whether voltage is reaching the fuel pump. On 
externally mounted pumps, pul l  back the two rubber boots that 
protect the fuel pump electrical connectors. On in-tank 
mounted fuel pumps, remove the rear seat bottom and discon
nect the oval two-pin  connector from the pump. 

With the . relay removed and the jumper wire connected, 
check for voltage between the fuel pump connectors as shown 
in  Fig. 4-1 3. If there is voltage and the connectors are not loose 
or corroded, then the fuel pump is faulty. Replace a faulty fuel 
pump. If there is no voltage, look for a faulty wire or connection 
between the fuel pump relay and the fuel pump connector. 

WARNING -
The ignition must be off when disconnecting or 
connecting electrical connections. Sparks may 
ignite spilled fuel. Keep an approved fire extin
guisher handy. 

Fig. 4-1 3. Voltage supply to fuel pump being checked with 
test light (shown schematical ly) . Externally 
mounted fuel pump shown. 

To test fuel pump current draw: 

1 .  On models with external fuel pumps, pul l  back the two 
protective rubber boots from the pump's connectors. 
Remove the nut and disconnect the green/violet wire 
from the fuel pump. 

2. On 1 988 and later models with i n-tank fuel pumps, dis
connect the two-pin connector from the fuel pump. 

NOTE -
On 1 988 and later models, remove the rear seat 
bottom and remove the larger (right side) inspec
tion cover to gain access to the main fuel pump. 

3.  Connect an ammeter between one of the d isconnected 
wires or connector sockets and one of the fuel pump's 
terminals. Connect the other socket and terminal using a 
jumper wire. See Fig. 4-1 4. 

4. Use a jumper wire to bypass the fuel pump relay as 
described in 4.1 Fuses and Relays. 

5. Compare the ammeter reading with the specification 
l isted in Table c .  



Fig. 4-1 4.  Schematic view of ammeter connected between 
fuel pump connector and fuel pump on extemally 
mounted fuel pump (top) and i n-tank mounted fuel 
pump (bottom) . 

Table c. fuel Pump Current Specifications 

Model year Fuel pump code Maximum current 
number consumption 

1 984-1 985 0 580 464 0 1 3  6 . 5  amps 

1 986-1 987 0 580 464 032 5.0 amps 

1 988-1 990 644 29 20 7.0 amps 
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A higher than normal power consumption usually indicates 
a worn fuel pump, which may cause intermittent fuel starvation 
due to pump overheating and seizure. The only remedy is 
pump replacement. 

Replacing Fuel  Pump 

On models with under-car mounted fuel pumps, a large 
container for catching fuel and a clamping device to pinch off 
the hose from the fuel tank are the on ly special tools needed to 
replace the fuel pump. On models with i n-tank fuel pumps, no 
special tools are necessary. 

NOTE -

Make sure that the Bosch code number on the 
replacement pump matches the code number on 
the old pump. See Table c for more information.  

To replace fuel pump: 
(1 984 through 1 987 models) 

1 .  Disconnect the negative ( - ) battery cable. 

2 .  Working beneath the car, pul l  back the two rubber boots 
that protect the pump's electrical connectors. Remove 
the two nuts and disconnect the wires from the pump. 
Thoroughly clean the fuel  l ine u nions. 

3 .  Temporarily pinch shut the in let hose that comes from 
the transfer pump. See Fig . 4-1 5. P lace a large container 
beneath the fuel pump for catChing fuel .  

Fig. 4-1 5. Fuel pump i nlet hose being pinched shut (arrow) 
with special clamp. 
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4. Loosen the supply l ine and output l ine hose clamps. 
Remove the fuel l ines from the pump. 

WARNING � 
Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

5. Remove the bracket clamping nut and bolts and remove 
the pump and bracket from the car. See Fig. 4-1 6 .  Unbolt 
the pump from the bracket. 

t>305. fVE.t:> 

Fig. 4-1 6. Fuel pump bracket mounting points (arrows) . 

6. Place the new pump in the mounting bracket and install 
and t ighten the mounting bolt. 

7. Reconnect the fuel l ines and tighten the hose clamps. 
Reconnect the electrical wires and tighten the nuts. Re
position the rubber boots over the connectors. 

8. Reconnect the negative ( - ) battery cable. Be sure to run 
the engine and check for leaks. 

To replace fuel pump: 
(1 988 through 1 990 models) 

1 .  Disconnect the negative ( - ) battery cable. 

2 .  Remove the rear seat bottom. Remove the mounting 
bolts from the access cover and remove the cover. 
Disconnect the harness connectors. 

3. Loosen the hose clamp and remoVe the fuel hose. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

4. Remove the four  mounting nuts from the top of the fuel 
gauge sending un it. Slowly pul l  out the sending un it from 
the tank, al lowing fuel to drain off. 

5 .  Loosen the fuel pump assembly by turning it counter
clockwise. See Fig. 4-1 7. Remove the assembly from the 
fuel tank. Discard the O-ring. 

Fig. 4-1 7. Main fue l  pump and fue l  gauge sending un it being 
removed from fuel tank. Use two screwdrivers to 
engage lugs on housing. 

6.  I nspect and, if necessary, clean the strainer/filter. See 
Fig. 4-1 8.  

7. Lightly lubricate a new O-ring with fuel , then place the 
assembly with the O-ring into the tank and tighten the 
assembly in a clockwise d irection unti l snug.  Instal l  the 
fuel gauge sending un it and tighten the mounting nuts. 

8. Connect the fuel hose and tighten the clamp. Reconnect 
the harness connectors. Operate the fuel pump as de
scribed under 4.1 Fuses and Relays and check for 
leaks. 

9. Instal l  the access cover and its mounting screws. Install 
the rear seat bottom and reconnect the negative ( - ) 
battery cable. 



Fig. 4-1 8. Fuel pump assembly. Fuel gauge sending unit 
shown removed from assembly (arrow) . 

4.4 Fuel Pressure Regulatob" 

The pressure regulator regulates fuel pressure in the fuel 
system. It is a d iaphragm-type regulator, which means that 
when fuel pressure reaches a certain pOint a diaphragm de
flects to open a valve. See Fig. 4-1 9. This recirculates excess 
fuel  back to the fuel tank and maintains the desired pressure. 

Fuel i n  
from 
fuel rail 

Fuel 
return to 
tank 

Diaphragm 

Spring 

1----- Connection to 
i ntake manifold 

!Fig. 4-� 9. Schematic view of fuel pressure regulator. Fuel 
pressure deflects diaphragm to return fuel to tank. 
Amount of fuel return determines pressure. 

A vacuum connection to the i ntake manifold ensures that 
the d ifference between fuel pressure and manifold pressure is 
constant. Manifold pressure changes act on the regulator dia-
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phragm to increase or decrease fuel pressure. As a result, fuel 
pressure does not affect fuel metering as engine load changes. 
The amount of i njector opening time is the only factor that 
regulates fuel metering . 

NOTE -
A cracked or leaking vacuum hose may cause an 
erratic idle. For more information see 5.5 Fuel 
Pressure Tests and Specifications (L-Jetronic) 
or 6.5 Fuel Pressure Tests and SpeCifications 
(Motronic) . 

The pressure regulator is mounted on the end of the fuel rail .  
See F ig .  4-20. Fuel flows into the fuel  rai l first, and then i nto the 
pressure regulator. In addition to control l ing system pressure, 
it acts as a one-way check valve to maintain sl ight residual 
pressure in the system after the engine is turned off. The 
diaphragm pressure regulator is not adjustable and should be 
replaced if system pressure is not within  the specifications 
l isted in 5. L-Jetronic Fuel Injection or 6. Motronic Engine 
Management System. 

Fig. 4-20. Fuel pressure regulator (arrow) . Vacuum hose 
connection to engine i ntake manifo ld adjusts fuel 
pressure based on engine load to keep difference 
between fuel pressure and manifold pressure 
constant. 

4.5 Evaporative Emission Controls 

The evaporative emission system provides venting for the 
fuel  tank while at the same time preventing trapping the fuel  
vapors that would otherwise be vented into the atmosphere. 
The system collects fuel vapors from the fuel tank in  a charcoal 
canister. During certain engine operating conditions, the va
pors are then vented to the engine air i ntake to be burned. 
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The main components of the system are the charcoal can
ister (located in engine compartment) , the bypass valve (near 
the charcoal canister) , and an expansion tank (near the fuel 
tank fi l ler neck) . 

The charcoal canister collects fuel vapors from the tank 
when the engine is idl ing or stopped. During normal driving, 
the fuel vapors are drawn into the engine. The bypass valve 
prevents fuel vapors from being drawn into the engine at the 
wrong time, such as during starting and idle. A faulty charcoal 
canister or bypass valve can cause hard warm engine starting 
or erratic idle if the fuel vapors are drawn into the engine at the 
wrong time. 

NOTE -

Some 325i models produced in December 1 986 
are equipped with faulty charcoal canisters that 
can cause hard starting and rough idle during 
high ambient temperatures. Check for a white dot 
on top of the canister, adjacent to the production 
stamp. If a white dot is not present, check with an 
authorized BMW dealer for the VIN numbers of 
the affected cars. These faulty canisters have 
loose charcoal particles that can be d rawn into 
the purge valve causing the valve to jam in the 
open position. 

Testing Charcoal Canister Bypass Valve 

The bypass valve is tested by trying to pass air through it to 
determine when it is open or closed. On all models except 
those with Motronic 1 . 1  , the valve is mechanically actuated with 
engine vacuum.  On models with Motronic 1 . 1 ,  the valve is 
electrically operated by the Motronic control un it. 

NOTE -

On 4-cylinder models, the bypass valve is 
mounted beneath the i ntake manifold and the 
charcoal canister is mounted below and ahead of 
the air flow sensor. On 6-cylinder models, the 
bypass valve is mounted underneath the throttle 
housing and the charcoal canister is mounted 
below the brake master cylinder. 

To test the vacuum-actuated bypass valve, remove the vent 
l ines from the valve and blow into the larger port of the valve. It 
should be closed and not pass any air. Apply vacuum to the 
small vacuum hose connection on the bypass valve. When 
vacuum is applied, the valve should be open and air should be 
able to pass through. Replace a bypass valve that fai ls either of 
these tests. 

On models with Motronic 1 . 1  , the bypass valve hose routing 
is sl ightly d ifferent. See Fig. 4-2 1 . With the ignition off, remove 
the valve. Do not disconnect the harness connector. Turn the 
ignition on and check that the valve makes an audible cl ick. If 
the valve does not cl ick, remove the harness connector. Using 

a voltrneter, check for voltage between the connector terrninals. 
With the ignition on, there should be approximately battery 
voltage.  If there is voltage, the valve is faulty and should be 
replaced. If there is no voltage, then there is a either a fault in 
the wiring to the Motronic control un it or the control un it is faulty. 

Fig. 4-21 . Charcoal canister bypass valve (A) and charcoal 
can ister (8) used with Motronic 1 . 1 engine man
agement System.  



4.6 Accelerator Cable 

The accelerator cable l inks the accelerator pedal to the 
throttle lever on the throttle housing. Cars with automatic trans
mission have an add itional accelerator cable, called the .trans
mission accelerator cable. It connects the throttle lever to the 
transmission to make the transmission responsive to throttle 
position. 

CAUTION -
The throttle plate adjusting screw is factory-set 

and should not be used to correct idle speed. For 
more information on idle speed adjustments, see 
the appropriate heading under 5. L-Jetronic Fuel 
Injection or 6. Motronic Engine Management 

System. 

NOTE -

Because the adjustment of the transmission ac
celerator cable affects the operation of the auto
matic transmission , adjustment of this cable is 
covered in AUTOMATIC TRANSMISSION. 

To adjust: 

1 .  With the accelerator pedal in the idle or rest position, 
there should be approximately 1 -2 mm (.04-.08 in . )  of 
clearance between the throttle lever and the cable's 
adjusting sleeve. Make sure that the cable is slack by 
pul l ing l ightly on the cable end. If necessary, turn the 
adjusting nut to obtain the correct clearance. See Fig . 
4-22 or F ig .  4-23. 

Fig. 4-22. Correct amount of slack in  accelerator cable (A) 

on 6-cylinder engines. Adjust cable by turning 
plastic adjusting nut. On sorne models, it i s  nec
essary to fi rst loosen a small locknut. 
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Fig. 4-23. Accelerator cable  adjusting nut (A) on 4-cylinder 
engines. To adju st ,  hold guide nut (8) and turn 
adjusting nut .  

2.  Have a helper push the accelerator pedal down u ntil it 
just reaches its full-throttle position .  There should be 
approximately 0.5 mm (.02 in.) of clearance between the 
ful l-throttle stop and the throttle lever. See Fig . 4-24. If the 
clearance is incorrect, adjust the accelerator pedal stop 
or the automatic transmission kickdown switch as de
scribed below in step 3 .  

Fig. 4-24. Correct amount o f  clearance a t  full-throttle stop 
(dimension B) . 6-cyl i nder engine shown , 4-
cyl inder engine simi lar . 
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3. Check the total height of the pedal stop or kickdown 
switch by measuring from the car floor under the carpet 
to the top ofthe stop/switch. The total height should be 
approximately 55 mm (2 in.) on models with manual 
transmission , or 60 mm (2.5 in. ) on models With auto
matic transmission. If the height is incorrect, loosen the 
locknut and turn the stop/switch to correct it. See Fig. 
4-25. Tighten the locknut to 9 Nm (80 in .  lb.) 

NOTE -

Rotating the pedal stop or kickdown switch 1 V2 
turns results in a 0.5 mm (.02 in . )  change at the 
full-throttle stop. 

NOTE� 

On models with electronically controlled transmis
sions (code letters EH), disconnect the electrical 
connector from the kickdown switch before rotat
ing it. See AUTOMATIC TRANSMISSION for 
more information. 

Fig. 4-25. Accelerator pedal stop locknut being loosened 
using two open end wrenches. Total height (mea
sured from floor beneath carpet) should be 55 
mm (2.165 in.) on automatic transmission or 60 
mm (2.362 in . )  on manual transmission. 

4. Recheck al l adjustments after adjusting the accelerator 
pedal stop or kickdown switch. On models with auto
matic transmission, check the adjustment of the trans
mission accelerator cable as described in AUTOMATIC 

TRANSMISSION. 

To remove and install: 

1 .  On 6-cylinder engines, pry off the plastic retaining cl ip 
from the throttle lever and remove the cable end from the 
lever. 

2. On 4-cylinder engines, loosen the two locknuts on either 
side of the adjusting n ut on the mounting bracket. 

3. Working from inside the car, pull the cable end from its 
ball socket in the accelerator pedal assembly. 

4. Pull the cable through the firewall from the engine com
partment by compreSSing the two locking tabs on either 
side of the firewall grommet. 

5.  Installation is the reverse of removal. Adjust the new 
cable as described above. Depress the accelerator 
pedal several times to check for binding before driving. 

4.7 Fuel I njectors 

The fuel injectors installed on the models covered by this 
manual are electrically operated solenoid valves. They are 
turned on and off by signals from the control un it. Fig. 4-26 
shows a typical fuel i njector. The injectors are connected to a 
common fuel supply, called the fuel rail. See Fig. 4-27. 

Replaceable 
O-ring 

Fig. 4-26. Electric fuel injector. O-rings seal injector to i ntake 
manifold and fuel rai l .  

I n  each injector, the solenoid opens a needle valve to spray 
fuel into the intake port. The frequency at which the i njectors 
open is synchronized to the engine's speed. The quantity of 
fuel delivered to the engine is determined by the amount of 
time the i njectors remain open.  The injectors are not repairable, 
and must be replaced if found to be faulty. 



Fig . 4-27. Fuel rail is common fuel supply to injectors. Fuel 
rai l from 325i model shown. 

Faulty i njectors or clogged injectors may cause rough run
ning. Carbon deposits that form at the tips of the i njectors 
reduce fuel flow. Clogged injectors cause erratic idle and poor 
performance, especially when accelerating a cold engine. 

If the O-rings that seal the injectors are cracked or seated 
poorly, rough running may also result. Air leaking past the 
O-rings is not measured by the fuel injection system, and it wi l l  
lean the mixture. The injectors must be removed as described 
below to replace the O-rings. 
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Testing Injectors 

I njector tests include electrical checks to make sure the 
injectors are receiving a signal from the control unit and are 
opening, and flow tests to make sure that the injectors are not 
clogged . 

Most electrical tests can be performed using a volt/ohmme
ter. In addition, inexpensive LED testers that plug i nto the 
injector harness connector to check for a signal are available 
from many parts sources. 

Flow tests require specialized equipment that opens each 
injector for a preCise amount of time to measure the amount of 
fuel delivery. Most authorized BMW dealers can perform an 
injector balance test to locate clogged injectors. For more 
information on cleaning and preventing clogged i njectors, see 
LUBRICATION AND MAINTENANCE. 

To quickly check if an injector is electrical ly functioning,  start 
the engine and place a screwdriver or a finger on the injector. 
A sl ight vibration or buzzing sound indicates that the injector is  
functioning. 

If the injector does not vibrate, turn the engine off and 
d isconnect the electrical connector from the suspected injecc 
tor. Using an ohmmeter, check the i njector's resistance. The 
resistance should be within the specifications l isted in  Table d .  
I f  the resistance i s  greater, the injector i s  faulty and should be 
replaced. 

If the i njector's resistance is withi n  specifications, but the 
injector does not operate as described above, check for pos
itive (+) battery voltage at the connector. 

On models with 4-cyl inder engine, there should be voltage 
between the red/white wire and ground when the starter is 
actuated. 

Table d. Fuel injector Specifications 

Model and date of injector code no. (BMW Color of plug Color of injector shield Coil resistance in ohms 
manufacture* Part No.) connection at 68°F (20°C) 

31 8i models built up to o 280 1 50 704 (1 706 black yellow 1 4.5-1 7.5 
Dec. 1 984 058.9) 

3 1 8i models built from 0 280 1 50 21 1 ( 1  279 blue yellow 1 4.5-1 7.5 
Dec. 1 984 665.9) 

325e, 325es models built 0 280 1 50 71 6 (1 706 white yellow 1 4.5-1 7.5 
up to Sept. 1984 4 1 4.9) 

3 25, 325e, 325es 0 280150 1 26 (1 273 l ight gray orange 2 .0-3.0 
models built from Sept. 271 .9) 
1984 

325i, 325is, 325i 0 280 1 507 1 5  ( 1  706 yellow/blue yellow/yellow 1 4.5-1 7.5 
Convertible 1 62.9) 

*See FUNDAMENTALS on using Vehicle Identification Numbers (VIN) to determine date of manufacture 
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On models with 6-cylinder engine, there should battery 
voltage between the red/white wire and ground when the 
ignition is on. If no faults are found, check for continuity be
tween the connector's ground wire (brown wire with colored 
stripe) and the control un it. If no wiring faults can be found, the 
control un it may be faulty. See 5.4 Electrical Tests (L-Jetronic) 
or 6.4 Electrical Tests (Motronic) for control unit terminal 
identification and· additional electrical tests. 

WARNING-

To prevent the engine from starting, disable the 
ignition system before operating the starter. On 
models with 4-cylinder engine, disconnect the 
electrical connector(s) at the ignition control unit 
mounted on the firewall near the fuse/relay panel. 
See IGNITiON for more information . 

Removing and Installing injectors 
The fuel  i njectors are removed by first partially removing the 

complete i njector/fuel rai l assembly and then unclipping the 
injectors from the fuel rail. 

To remove: 

1. Disconnect the negative ( -) battery cable. 

2. Disconnect the electrical connectors from the in jectors. 

3. Remove the fuel rai l mounting bolts. On models with 
4-cyl inder engine there are two bolts. See Fig. 4-28. On 
models with 6-cyl inder engine, there are four fuel rai l  
mounting bolts. See Fig .  4-29. 

Fug. 4-28. Fuel rail mounting bolts on 4-cylinder engines 
(arrows). 

Fig. 4-29. Fuel rail mounting bolts on 6-cylinder engines 
(arrows). 

4. Careful ly  pul l  the fuel rai l assembly up and away from the 
cyl inder head unti l  the injectors are completely removed 
from the intake ports. 

5. Use a small screwdriver to pry off the injector's retaining 
Cl ip. See Fig. 4-30. Remove the injector from the fuel rai l .  

WARNlNG-

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

Fig. 4-30. Fuel injector mounting clip being removed. 



Installation is the reverse of removal. Replace injector 0-
rings that are hard , cracked, or otherwise damaged. Apply a 
l ight coat of gear oi l  (SAE 9 0  weight) to the injector O-rings 
before installation. Be sure the injector's electrical connections 
are correctly fitted and that the injectors are fully seated prior to 
instal l ing the fuel rai l  mounting bolts. Tighten the mounting 
bolts t0 9 to 11 Nm (80 to 9 7in . lb.) Reconnect the negative ( - ) 
battery cable. 

Fuel tank 

sensor 

Fig. 5-�. Schematic view of L-Jetron ic fuel injection system. 
Art courtesy of Robert Bosch Corporation 
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5. LmJETRONIC FUEL INJECTION 

Fig. 5-1 shows the main components of the L-Jetron ic fuel 
engine i njection system. The L-Jetronic system is an electronic 
pulsed-type fuel injection system. Fuel is metered to the engine 
via the fuel i njectors, which are electrical ly pulsed on and off by 
the control un it. 

The basic fuel metering is determi ned by engine rpm and by 
the volume and temperature of the air entering the engine. The 
control unit receives air flow volume and temperature data from 
the air flow sensor and engine rpm data from the ign ition 
system.  

n 
Cold-start 

stabilizer 
BOSCH 

Control unit 

Relay 

Ignition 
switch 

ct==::=:::=::=::::fl' Battery 
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Four  injectors, one for each cylinder, are triggered simulta
neously, twice per working cycle, at a rate that is governed by 
engine rpm.  Fuel mixture is controlled by the length of the 
electrical impulse from the control u nit-the length of t ime that 
the i njectors are open. The injectors are mounted to a common 
fuel supply, called the fuel rail .  Fuel pressure is regulated by a 
fuel pressure regulator on the end of the fuel rai l .  

Information on fuel injectors can be found under 4.7 Fuel 
I njectors.  Additional i nformation on fuel pressure regulator 
operation is under 4.4 Fuel Pressure Regulator. 

The control unit makes adjustments to fuel del ivery by the 
injectors based on input from various engine sensors. The 
oxygen sensor system provides the control u nit with informa
tion on engine combustion efficiency by measuring the amount 
of oxygen in the exhaust stream. Switches on the throttle 
housing inform the control unit when the throttle is fully open or 
fully closed. A coolant temperature sensor provides the control 
un it with engine temperature information for adjustments dur
ing starting and warmup. For information on the oxygen sensor 
system, see EXHAUST SYSTEM AND EMISSION CON
TROLS. 

In order for the system to operate properly, the basic ad
justments to the ignition timing, idle mixture (% CO) , and 
throttle switch must be correct. I dle speed should be checked, 
although it is e lectronically controlled and not adjustable. if 
these basic settings are incorrect, all other test results wil l be 
misleading. These basic settings are all related and all adjust
ments should be made together. See 5.3 Idle Speed and 5.6 
Idle Specifications (rpm and % CO). 

The L-Jetronic system has been designed so that almost all 
electrical components can be tested using a low-current LED 
test l ight and a digital multimeter. Most of these tests can be 
performed right at the control-un it harness con nector using a 
special test-harness adapter. The other major piece of test 
equipment required is a fuel pressure gauge. I ncorrect system 
fuel pressure can d irectly affect engine performance. 

CAIJTlON� 
The ignition must be off before disconnecting or 
connecting any electrical connections. 

5.1 Air Flow Measurement 

The amount of air entering the engine is measured by the air 
flow sensor. As intake air is drawn past the air flow sensor flap, 
the spring-tensioned flap opens and in turn actuates a poten
tiometer inside the sensor. See Fig. 5-2. The varying resistance 
of the potentiometer provides a signal to the control unit that is 
proportional to air flow. The air flow sensor also contains an 
intake air temperature sensor that measures the temperature of 
the i ncoming air. 

Idle-mixture 
adjusting screw 

Airflow 
sensor flap 

Fig. 5-2. Cutaway view of air flow sensor. Arrows indicate 
direction of air flow. Courtesy Robert Bosch Corp. 

The throttle is operated by the accelerator pedal via the 
acce.lerator cable, and controls the amount of air d rawn in by 
the engine. The throttle is adjusted during manufacture and 
does not require any routine adjustment. The throttle can be 
readjusted if the factory settings have been tampered with. 

Air Flow Sensor 

The sensor's mechanical operation depends upon the free 
movement of the flap inside the main air passage.  To check the 
flap movement, loosen the clamps, remove the rubber intake 
air d uct, and move the flap through its range of travel. See Fig. 
5-3. 

Fig. 5-3. Air flow sensor flap being checked. Move flap 
through entire range of travel to check for binding 
and smooth operation. 



If the flap binds at any point, remove the intake air flow 
sensor, as described later under this heading, and check for 
any foreign material that may be interfering with the flap's 
movement. Check that the flap returns to the closed position 
smoothly. If the flap cannot be made to move freely or the flap's 
spring tension is uneven ,  the air flow sensor is faulty and 
should be replaced. 

The sensor's electrical operation is checked by measuring 
resistance across the potentiometer's electrical terminals. Dis
connect the harness connector from the sensor and connect 
an ohmmeter between terminals 7 and 8 of the sensor. See Fig. 
5-4 for terminal identification. The resistance between the ter
minals should i ncrease steadi ly without any flat spots as the 
sensor flap is moved to the ful l  open position. If any faults are 
found,  the air flow sensor is faulty and should be replaced. 

Fig. 5-4. Air f low sensor terminal identification used for test
ing potentiometer. 

Check the i ntake air temperature sensor by connecting an 
ohmmeter between terminals 8 and 9. At approximately 68°F 
(20°C) , the resistance should be between 2200 and 2700 
ohms. 

Throttle Basic Adjustment 

The factory-set throttle adjusting screw is not used to adjust 
idle speed. Its only function is to provide a mechanical stop for 
the l inkage to prevent damage to the throttle plate and housing. 
It should be adjusted only if the factory setting has been 
tampered with. Check for a sl ight clearance between the throt
tle housing and the throttle plate. If the clearance is incorrect, 
the throttle should be adjusted. 

Correct a faulty throttle adjustment by removing the tamper 
proof cap from the adjusting screw. See Fig .  5-5. Rotate the 
screw counterclockwise until there is clearance between its tip 
and the throttle lever. There should be no clearance between 
the throttle plate and the inside of the housing. Rotate the screw 
slightly clockwise until the throttle plat� is no longer contacting 
the housing. For a more accurate setting, use a .001 5 in .  feeler 
gauge between the throttle plate and the throttle housing. 
Apply paint or lacquer to the screw's threads to lock it i n  place 
and install the tamper-proof cap. 
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Fig. 5-5. Throttle adjusting screw with tamper-proof cap (A) 
and throttle lever (8) . 

Removing and Install ing Throttle Housing 

Removing the throttle housing requires that some of the 
engine coolant first be drained as described in COOliNG 
SYSTEM. 

To remove and instal l :  

1 .  Remove the two air hoses from the throttle housing and 
the large intake air boot. Loosen the hose clamp and 
disconnect the air boot from the throttle housing. 

2. Disconnect the cables from the throttle levers. If applica
ble, p ry out the cruise control and accelerator cable's 
plastic retainers and remove the cables from the levers 
together with the retainers. On modelS with automatic 
transmission, d isconnect the automatic transmission ac
celerator cable from the lever. 

3. Drain approximately 2 quarts of coolant from the cooling 
system. 

4. Loosen the hose clamps and remove the two coolant 
hoses from the housing. 

5 .  Disconnect the idle air bypass hose from the rear of the 
throttle housing. 
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6. Disconnect the harness connector from the throttle 
switch. 

7. Remove the four mounting n uts from the housing and 
withdraw the housing from the i ntake manifold .  See Fig. 
5-6. 

Fig. 5-6. Front throttle housing mounting nuts (arrows). Rear 
mounting nuts not visible. 

Installation is the reverse of removal. Replace the gasket 
between the housing and the intake manifold. Adjust the ac
celerator cable as described earlier under 4.6 Accelerator 
Cable . Adjust the automatic transmission accelerator cable as 
described in AUTOMATIC TRANSMISSION. Adjust the cruise 
control cable as described in ELECTRICAL SYSTEM .  Refil l the 
cooling system as described in COOLING SYSTEM .  

5.2 Cold! Stai'� Blnd! COlld RIUl!'1lning Enrichment 
To aid in starting a cold engine, an electrically operated 

cold-start valve sprays extra fuel i nto the intake manifold for 
several seconds when the starter is actuated. The valve is 
controlled by the thermo-time switch, located in  the cylinder 
head coolant outlet. 

To ensure smooth runn ing when the engine is cold , the 
L-Jetronic system provides extra fuel during warm-up. The 
coolant temperature sensor and the coolant temperature 
switch give the control unit i nformation on engine temperature.  
The control u nit, i n  turn , makes an adjustment to injector 
opening time to provide the necessary richer m ixture. 

For add itional cold running driveability and fuel economy, 
the throttle housing is heated by engine coolant. This system 
helps to warm the air entering the engine in cold weather to 
reduce fuel condensation and improve mixture formation. 

Cold-Start Valve 

Below a certain engine coolant temperature, the thermo
time switch is closed, allowing power to reach the cold-start 
valve and open it when the starter is actuated. When the engine 
is warm enough, the switch is open and the valve does not 
operate during starting. To further l imit valve operation and 
prevent flooding, an electric current also warms the switch and 
opens the circuit after a few seconds. The cold-start valve and 
the thermo-time switch are shown in Fig .  5-7. 

Fig. 5-7. Cold-start valve (A) and thermo-time switch (6) 
used to provide extra fuel for cold starting. Thermo
time switch has brown connector. 

If a cold-start valve fails to i nject fuel during starting,  it wil l be 
d ifficult or impossible to start the engine. If the cold-start valve 
leaks or stays open too long, the engine may receive extra fuel 
at the wrong time and become flooded, especially if the engine 
is hot. 

To test cold-start valve: 

1 .  Make sure engine coolant temperature is below 86°F 
(30°C) . Preferably the engine should sit for several hours. 

2 .  Remove the two intemal-hex head screws holding the 
cold-start valve to the intake manifold. See Fig. 5-8. 
Without d isconnecting the fuel line or the harness con
nector, remove the cold-start valve from the i ntake man
ifold. 

3. Disable the ignition system by d isconnecting the electri
cal connector(s) from the ignition control u nit on the 
firewall near the fuse/relay panel. See IGNITION SYS
TEM for more information. 



Fig. 5-8. Cold-start valve mounting screws (arrows) . 

4. Wipe the cold-start valve nozzle dry. Point the valve i nto 
a transparent container, and have a helper actuate the 
starter. See Fig .  5-9. The valve should spray in an even, 
cone-shaped pattern u ntil the thermo-time switch inter
rupts the circuit, up to a maximum of eight seconds. An 
irregular spray pattern indicates a dirty or faulty cold-start 
valve. If the valve does not spray, test the thermo-time 
switch as described below. 

WARNING-

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

/38'5(,. fVE.1? 

!Fig. 5-9. Cold-start valve operation being checked. 

5. Wipe the nozzle dry. The valve should not drip for at least 
a minute. If it does, it is faulty and should be replaced. 
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To test thermo-time switch: 

1 .  Make sure engine coolant temperature is below 86°F 
(30°C) . Preferably the engine should sit for several hours. 

2 .  Disable the ignition system by d isconnecting the electri
cal connector from the ignition control unit on the firewall 
near the fuse/relay panel. See IGNITiON SYSTEM for 
more i nformation. 

3 .  Disconnect the cold-start valve harness connector and 
connect a test l ight across the connector terminals, as 
shown i n  Fig. 5-1 0. 

Fig. 5-1 0. Schematic view of test l ight connected across 
cold-start valve hamess connector. 

4. Actuate the starter while observing the test l ight. The test 
l ight should l ight for a maximum of 8 seconds, then go 
out. The amount of time that the l ight should stay on 
depends on coolant temperature and cranking time. 

If the test l ight does not l ight, it is either because voltage is 
not reaching the connector due to faulty wiring, or because the 
path to ground (directly through the thermo-time switch hous
ing) is i nterrupted by a faulty switch. 

Check for voltage at the removed thermo-time switch har
ness connector. There should be battery voltage between 
terminal G (black/yellow wire) and ground when the starter is 
actuated .  

Check for a faulty switch by  checking for continuity between 
terminal W (terminal corresponding to black/red wire) and 
ground. At coolant temperatures below 86°F (30°C) , there 
should be continuity to ground (switch closed) . At coolant 
temperatures above 1 05°F (40°C) , there should be no continu
ity to ground (switch open) . Repair any electrical faults found or 
replace the thermo-time switch. 
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Replacing the thermo-time switch wil l require draining and 
replacing some of the engine coolant. See COOLING SYS
TEM. Use a thread sealant when install ing the new switch , and 
torque it to 20 to 25 Nm (1 5 to 1 8  ft. lb. ). 

Cooiant Temperature Sensor 

The coolant temperature sensor is located in  the cyl inder 
head coolant outlet, next to the thermo-time switch. See Fig. 
5-1 1 .  To test the sensor, d isconnect the white harness connec
tor from the sensor and measure resistance across the sen
sor's terminals. The proper resistance value depends on en
gine coolant temperature as listed in Table e. 

Fig. 5-1 1.  Coolant temperature sensor (arrow). Remove 
connector and connect ohmmeter across sensor 
terminals to test. 

TabDe e. Cooiant Temperature Sensor Test Values 

Sensor tempera�ure Resistance 

1 4±2°F ( - 1 0 ± 1 °C) 7000-1 1600 ohms 
68 ± 2°F (20 ± 1 °C) 21 00-2900 ohms 
1 76 ±  2°F (80 ± 1 °C) 270-400 ohms 

If the resistance of the coolant temperature sensor is incor
rect, the sensor is faulty and should be replaced. Replacing the 
sensor wil l require draining and replacing some of the engine 
coolant. See COOLING SYSTEM. 

Coolant Temperature Switch 
The coolant temperature switch/sender is located in the 

cyl inder head coolant outlet, next to the coolant temperature 
sensor. The switch/sender switches a ground circuit for timing 
and idle control ,  depending on coolant temperature. The cool
ant temperature switch/sender also functions as the coolant 
temperature gauge sender. The switch/sender can be identi
fied by its two single puSh-on connectors. 

To test the switching function, disconnect the White wire 
from the switch. Using an . ohmmeter, check for continuity 
between the switch terminal corresponding to the white wire 
and ground. At coolant temperatures below 86°F (30°C), there 
should be no continuity (switch open). At coolant temperatures 
above 1 1 8°F (45°C), there should be continuity (switch closed). 

If any faults are found, the switch should be replaced. 
Replacing the switch will require draining and replacing some 
of the engine coolant. See COOLING SYSTEM .  Use a thread 
sealant when instal l ing the new switch/sender, and torque it to 
25 to 30 Nm ( 1 8 to 22 ft. lb.) . 

5.3 Idle Speed 

Engine idle speed is controlled not by a fine adjustment of 
the throttle,  but by an electronic idle stabilization system that 
regulates a small amount of air that is allowed to bypass the 
throttle.  Bypass air flow is regulated by an idle air stabi l izer 
valve. The amount that the valve is open is controlled by an 
electronic control un it. By this method, idle speed is more 
accurate and reliable since it compensates for varying engine 
loads and operating conditions. The idle air stabilization system 
is shown schematically in Fig. 5-1 2. 

Idle speed 
control un it 

b299.FUE.8 

Fig. 5-12. Schematic view of idle air stabi l ization system 
showing idle air stabi l izer valve and idle speed 
control un i t  



NOTE-
Early 4-cylinder models were originally fitted with 
a plastic housed idle stabilizer valve. All other 
models were equipped with an externally adjust
able metal valve. Plastic idle stabilizer valves are 
no longer available as replacement parts. The 
plastic valve part number is superseded by the 
metal valve part number. When replacing a plas
tic valve with a metal valve, the idle speed control 
unit must also be replaced. See your authorized 
BMW dealer parts department for the most accu
rate and up-ta-date parts information. 

The need for additional in let air during cold running is 
handled much the same way, by allowing additional air to 
bypass the throttle. 

There are no means provided for idle speed adjustment, as 
it is electronically regulated by the idle stabilization system.  The 
idle air stabil izer valve's base setting can be adjusted, although 
adjustment is somewhat complicated due to the effects on 
exhaust emissions and the sensitivity of the electronic controls. 
An incorrect or erratic idle speed is usually caused by a faulty 
Idle speed stabi l ization system.  See ENGINE MANAGE
M ENT -DRIVEABIUTY for more information on troubleshoot
ing idle speed problems. 

Before troubleshooting the idle stabilization system ,  check 
and ,  if necessary, adjust ignition timing first. See iGNITION. 

Then,  check and adjust CO to within specifications. For idle 
speed and mixture (% CO) specifications, see 5.6 Bdie Spec

ifications (rpm and % CO). 

Making these checks and adjustments together is very 
important to both driveabi lity and emissions control. If the 
equipment necessary to accurately perform this work is not 
available, we suggest tuming the job over to an authorized 
BMW dealer or other qualified repair shop. I n  a properly 
equipped shop, these checks and adjustments can be made 
quickly, accurately, and at reasonable cost. 

When checking the idle stabil ization system,  the fol lowing 
requirements apply: 

1 .  The engine must be at normal operating temperatures 
(oi l  temperature at approximately 1 40°F (60°C) ). 

2. All electrical accessories should be off (including the 
auxil iary r(idiator cooling fan-make adjustments only 
when the fan is not on). 

3. The throttle switch must be operating correctly. 

4. The exhaust system must be free of leaks. 
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5. There must be no engine vacuum leaks. 

6. The oxygen sensor must be operating correctly. 

Connect a tachometer accord ing to the instrument manu
facturer's instructions in  order to accurately measure rpm. The 
ignition signal lead from the tachometer should be connected 
to terminal 1 of the coil. 

CAUTlON -

The ignition must be off before disconnecting or 
connecting any electrical connections. 

Idle A i r  Stabil izer Valve 

The idle air stabilizer valve operates continuously when the 
ignition is on. To quickly check that the valve is functioning,  start 
the engine. The valve should vibrate and hum sl ightly. If the 
valve is not operating, make sure the throttle switch is function
ing correctly as described below. If the valve is functioning as 
described but idle is stil l  erratic, perform the test below. 

To test: 

1. With the engine running, remove the harness connector 
from the valve. The idle speed should increase to ap
proximately 2000 rpm. 

2. If the idle speed does not i ncrease, turn the engine off 
and check the valve's resistance between its terminals. 
There should be 9-1 0 ohms at approximately 73°F 
(23°C). 

3. Remove the air hoses and the harness connector from 
the valve. Using jumper wires (positive ( + ) jumper wire 
should be fused) , apply battery voltage to the valve's 
terminals. When voltage is applied, the valve should 
close tightly. When voltage is removed, the valve should 
spring open .  

I f  the resistance of  the valve is not as specified or i f  the valve 
does not open and close as specified, the valve is faulty and 
should be replaced. If no faults can be found with the valve, test 
the control current to the valve as described below. 

Idle Speed Control 

If no faults are detected with the idle air stabi l izer valve, but 
the idle speed is incorrect, check the signal from the control 
u nit by measuring the current to the valve. Fig. 5-1 3 shows an 
ammeter (0-1 000 mA range) correctly connected to the idle air 
stabi l izer valve. With the engine idl ing at operating tempera
ture, the current reading should fluctuate between 400 and 500 
mA. 
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Fig. 5-13. Ammeter connected to plastic idle air stabi l izer 
valve (shown schematically) to measure current 
from the idle speed control un it. 

If there is no current reading,  check the wires between the 
control un i t  and the valve. If the control current is not with in 
specifications, check, and i f  necessary, adjust the base setting 
of the idle air stabil izer valve as described below. 

If the valve cannot be correctly adjusted, disconnect the 
harness connector from the idle speed control un it. Working at 
the harness connector, test the i nputs to the control un it using 
the information l isted in Table f. The idle speed control uni t  is 
located above the glove compartment behind a tr im panel. See 
Fig. 5� 14. If no electrical faults can be found, the control uni t  is 
probably faulty and should be replaced . 

NOTE -
Id le air stabil izer current wil l  fluctuate significantly 
if the engine is cold,  if the coolant temperature 
sensor or coolant temperature switch is faulty, if 
there is an engine vacuum leak, or if any e lectrical 
accessories are on. 

Table f. Idle Speed Control Unit Electrical Tests 

Component or circuit Test terminals on Harness Test conditions Correct test value 
Connector 

Voltage supply to control unit 2 and ground ignition ON battery voltage (approximately 
1 2  VDC) 

Main ground 1 4  and ground continuity 

Coolant temperature switch 2 and 6 ignition ON, coolant temp. no voltage 
below 86°F (30°C) 

ignition ON, coolant temp battery voltage (approximately 
above 1 1 8°F (48°C) 1 2  VOC) 

Speed signal from ignition 3 and 4 ignition ON battery voltage for 1 -2 
system seconds (approximately 1 2  

VOC) 

Air temp. switch (auto. trans. 4 and 1 0  ignition ON air temp. battery voltage (approximately 
only) below 1 8°F ( - 8°C) . 1 2  VOC) . 

ignition ON air temp no voltage 
above 39°F (4°C) 

Auto. trans. range switch 4 and 7 ignition ON,  selector lever battery voltage (approximately 
in N or P position 1 2  VOC) 

Throttle switch 4 and 1 2  . ignition ON, accelerator pedal battery voltage for 1 -2 seconds 
in rest position. (approximately 12 VOC) . 

ignition on accelerator no voltage 
pedal depressed midway 

Air condo ON signal 4 and 9 ignition ON, air conditioning battery voltage (approximately 
switch tumed on 1 2  V OC) 

Air condo compressor ON signal 4 and 1 1  engine running, AIC clutch battery voltage (approximately 
cycled 1 2  VOC) 

Idle air stabi l izer valve 1 and 5 ignition OFF 9-1 0 ohms at 
73 ± 9°F (23 ± SoC) 



Fig. 5-1 4. Idle speed control un it location (arrow) as viewed 
from above glove compartment. Terminal num
bers are identified on connector. Remove tr im 
panel to access control unit .  

To adjust idle air stabilizer valve: 

1 .  Allow the engine to reach operating temperature. Con
nect a tachometer according to the instrument manufac
turer's instructions in order to accurately measure rpm. 

NOTE � 

Ignition timing should be adjusted to specifica
tions (as described in IGNITION) before adjusting 
idle speed control u nit current. 

2. Connect an ammeter to the valve as shown above in Fig. 
5-1 3 .  

3 .  With the engine running,  the current reading should be 
460 ± 1 0  mA at 850 ± 50 rpm on cars with manual trans
missions and 470 ± 1 0  mA at 850 ± 50 rpm on cars with 
automatic transmissions. 

4. If the control current is not as specified, turn the valve's 
adjusting screw until the current reading is as specified. 
On models with metal idle air stabil izer valves, the ad
justing screw is external, and is most l ikely marked with 
a yellow paint dot. On models with plastic idle air stabi
l izer valves, the adjustment screw is internal and can be 
reached after removing the hose on the end of the valve. 
See Fig. 5-1 5. 

NOTE � 
Tuming the id le air bypass adjusting screw clock
wise will i ncrease control current; tuming screw 
counterclockwise will decrease control current. 
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Fig. 5-1 5. Adjusting idle a i r  stabi l izer valve. Top On metal 
valve, adjusting screw is extemal . Bottom On 
plastic valve, adjusting screw is visible after re
moving hose (arrow) . 

5. Disconnect the test equipment and reconnect the idle air 
stabilizer valve harness connector. 

idle and Ful l  Throttle Switch 
The idle and full throttle switch is mounted as a single unit 

to the side of the throttle housing. Through this switch the 
control u nit receives a signal whenever the throttle is fully 
closed (idle) or fu lly open (ful l  throttle). An incorrectly adjusted 
throttle switch can cause an erratic idle speed. The switch can 
be easily checked with the throttle housing installed. On some 
models it is necessary to remove the throttle housing as de
scribed in 5.1 Air Flow Measurement to adjust or replace the 
switch. 

NOTE -
A digital ohmmeter should be used to check and 
adjust the idle and full throttle switch. Some ana
log ohmmeters may not be sensitive enough to 
detect small amounts of resistance. 
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Before testing the switch, check that the switch is receiving 
voltage. With the ignition on, there should be at least 5 volts 
(VOG) between the center terminal and either of the outer 
terminals of the switch harness • connector. It voltage is. not 
present, test the electronic control unit as described under 5.4 
Electrical Tests. 

Test the switch by checking for continu ity althe connector 
terminals on the switch. Connect an ohmmeter between ter
minals 2 and . 1 8. S�e Fig. 5-16. Open the throttle part way by 
hand. Slowly let the throttle returnto its idle stop. There should 
be continuity (0 ohms) at the terminals when the throttle lever 
is approximately 0.20 to 0.60 mm (.008 to .024 i n .) from its stop. 
Connect an ohmmeter between terminals 3 and 1 8. Open the 
throttle slowly. There should be continuity when the throttle 
switch is within  1 0  ± 2° of the full-throttle position. 

fig. 5-1 6. Throttle switch showing terminal identification . 
Throttle switch is mounted on the right-hand side 
of throttle housing. 

Adjust the switch by first loosening the two mounting 
screws. With an ohmmeter connected across the switch's 
terminals and the throttle in  the rest position, rotate the switch 
just unti l  there is continuity (0 ohms) .  Tighten the mounting 
screws. Check the adjustment of the switch as described 
above. 

5.4 Electrica! Tests 
These voltage and continuity te'sts can help determine 

whether there are faults in the wiring or components that 
provide information to the L-Jetronic control un it. If all control 
un it inputs are found to be correct and the system sti l l  does not 
perform as specified, the control un it itself may be faulty. 

As a general . rule, a cornplete .absence oLthe voltage or 
continuity specified in the tests suggests an open circuit in the 
wiring harness. Test results thatdifferfrom the values specified 
in the table does not necessarily mean that a component is 
faulty. Check carefully for connections that are. loose or that are 
inadequate due to contamination or corrosion. 

Before carrying ouUhe test indicated inTable g, disconnect 
the harness . connector(s) frofTlthe . ignition control unit on the 
firewall. With the ignition turned off, remove the 25-point L
Jetronic . connector retaining screw and then disconnect the 
connector. The connector terminals are identified in Fig. 5-1 7. 
The control unit is  mounted beneath the right�hand (passen
ger's) side of the dashboard, above the glove compartment. 
See Fig. 5-1 8. 

NOTE -

To achieve accurate test results, the battery volt
age at the connector m ust be between 1 2  and 1 3  
volts. Charge the battery if necessary. If the bat
tery voltage is too high, tum on the headlights 
until the correct voltage is obtained. 

Use care to avoid damaging the delicate connector termi
nals with meter probes during testing. For best and safest 
results, fabricate a set of test leads as shown i n  Fig. 5-1 9 .  

CAUTION """'"'" 

G Use only a digital voltmeter, ohmmeter, or mul
timeter with high input impedance. The electrical 
characteristics of other types of test equipment 
may cause inaccurate results or damage to the 
electronic components. For more information, see 
FUNDAMENTALS. 

e Always connect or disconnect the control unit 
connector and the meter probes with the ignition 
off to avoid damage to the electronic 
components. 

13 1 2 11  10 9 8 7 6 5 4 3 2 1 
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Fig. 5-1 7. Terminal identification for 25-point L-Jetronic con
trol unit connector. 



Fig. 5-1 8. L-Jetronic control unit connector and retain ing 
screw (arrow) . 
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,8 85"8 .  £Nq. f3 

Fig. 5-1 9. Test leads made with f lat connectors, al l igator 
cl ips, and in- l ine fuse. Test leads used to make 
contact without spreading or damaging terminals 
in control unit connector. 

Table g. l-Jetronic Electrical Tests 

Component or circuit Test terminals Test conditions Correct test value 
(at 25-point connector unless 

otherwise specified) 

Voltage supply to control unit 9 and 1 3  actuate starter battery voltage (approximately 
1 2  VDC) 

Wire from starter solenoid 4 and 1 3  actuate starter 8 VDC (minimum) 
(terminal 50) 

Fuel injectors 1 2  (L-Jetronic control un it) continu ity 
(all except late 1 985 models*) and brown/yellow wire 

of each injector connector 

Coolant temperature sensor 1 0  and 1 3  resistance varies with 
temperature. See 5.2 

Throttle switch 2 and 1 3  actuate starter, throttle closed battery voltage (approximately 
1 2  VDC) 

actuate starter, open throttle no voltage 
slowly to half-open position 

3 and 1 3  actuate starter, throttle ful ly open battery voltage (approximately 
1 2  VDC) 

Air flow sensor 7 and 8 move sensor flap or resistance must fluctuate 
actuate starter 

Oxygen sensor 20 and 5 separate oxygen sensor continuity 
connector and connect 
green wire to ground 

green wire reconnected no continuity 

Main g rounds 5 and 1 3  continuity 

*On late 1 985 3 1 8i models, the fuel i njectors are controlled by the L-Jetronic control unit via the idle speed stabi l ization relay 
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Id le Speed Stabilization Relay 
(late 1 985 31 8i models) 

The idle speed stabilization relay alters the ground pulses 
from the control unit to the i njectors based on various engine 
sensor i nputs to the relay when the engine is idl ing. Fig.  5-20 
is schematic representation of the idle speed stabilization relay. 
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� 
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fro m L -Jetronic 

control unit � 

B27 7.FUE.B 
i n  10 d si Eng e a g nal 

from L-Jetronic control unit Ground ( - )  from L-Jetronic 
control unit 

Fig. 5-20. Schematic of the idle speed stabi l ization relay. 
Symbol in relay center designates electronic con
trol .  

Test the.relay by makingthe elec�ricaltests l isted inTable h. 
Make the tests at the relay socket after the relay has been 
removed. The idle speed stabilization relay is mounted.next to 
the fuel pump relay. See Fig. 5-2) . SefQre carrying outthetests, 
disable the ignition by disconnectingtl;l� h�r�ess connector(s) 
frol11 the ignition control u nit on the firewal l  . . !fall of th� te$ts are 
as specified , the relay is probably faulty and should be re
placed. Alight Emitting Diode (LED) test l ight i9 nec:;essaryto 
check that an engil)�. speed signal is reaching the relay. See 
FUNDAMENTALS for more information on LED test lights . . •. 

Fig. 5-21 . Id le speed stabilization relay (arrow) identified by 
yellow dot on relay top. 

Table h. Idle Speed Stabil ization Relay Electrical Tests 

Component or circuii Relay panel socket Test conditions Correct test value 

Voltage supply to relay 3 ( + )  and 8 ( - ) ignition ON battery voltage 
(approximately 1 2  VDC) 

Engine speed input 1 1  ( + )  and 8 ( - ) actuate starter briefly LED should flash 
(use LED test l ight) 

Fuel injectors 4 and 8 ( - ) bridge terminal 4 to 8 ( - ) fuel injectors should click on 
and turn ignition ON briefly 

Throttle switch 1 2  ( + )  and 8 ( - ) ignition ON, throttle fully closed battery voltage for 1 -2 
seconds (approximately 1 2  
VDC) 

Air cond o  compressor 9 ( + )  and 8 ( - ) ignition ON,  Ale switched ON battery voltage 
ON signal (from idle speed (approximately 1 2  VDC) 
control unit) 



5.5 Fue l  Pressure Tests and Specifications 

Although the amount of  fuel delivered to the engine is 
controlled primarily by how long the i njectors are open, fuel 
pressure can also i nfluence fuel delivery. To el iminate the 
i nfluence of fuel-pressure variations, the fuel pressure created 
by the fuel  pump is regulated by a diaphragm-type pressure 
regulator mounted to the end of the fuel rai l .  

A vacuum hose connected to the top of  the regulator helps 
to control the fuel pressure as .a function of engine vacuum 
(manifold pressure) .  For more information on the pressure 
regulator, see 4.4 Fuel Pressure Regulator. 

CAUTION -

Cleanliness is essential when working with fuel 
circuit components. Before disconnecting any 
fuel lines, thoroughly clean the unions. Use clean 
tools. 

System Pressure and Residual Pressure 

System pressure is the pressure value that is maintained in  
the system by the pressure regulator. When fuel pressure from 
the pump reaches the desired system pressu re, the regulator 
opens and routes fuel back to the fuel tank.  System pressure is 
not adjustable and the pressure regulator should be replaced 
if it is faulty. 

To avoid fuel vaporization and hard starting (vapor lock) 
when the engine is hot, the system is designed so that sl ight 
fuel pressure is retained for a time after the engine has been 
turned off. This residual pressure is maintained by a check 
valve in the regulator and also at the main fuel pump outlet. The 
fuel pump check valve is not serviceable as an individual part. 

To test system pressure: 

1 .  Loosen the hose clamp and remove the hose from the 
cold-start valve. Using a small length of fuel hose, two 
hose clamps, and a Hitting, con nect a fuel gauge be
tween the cold-start valve and its supply l ine.  See Fig. 
5-22. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

NOTIE = 

The fuel p ressure guage must have a range of at 
least 0-5 bar (0-75 psi) and must be securely 
connected to p revent it from coming loose under 
p ressure. 
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Fig. 5-22. Fuel pressure gauge connected between cold
start valve and supply l ine .  

2. Operate the fuel pump as described i n  4.1 Fuses and 
Relays. 

3. Check that the fuel pressure is 3.0 ± 0.06 bar (43.5  ± 0.9 
psi) . 

If the system pressure is too high,  check that the return from 
the pressure regulator to the tank is not pinched or restricted. 
Blow compressed air through it  to check for blockages. If no 
faults can be found,  the regulator is faulty and should be 
replaced .  If the system pressure is too low, repeat the above 
pressure test while gradually clamping off the return hose at the 
fuel  pressure regulator as shown in Fig. 5-23. The pressu re 
should rise to at least 3 bar (44 psi) or possibly higher. if it does, 
then the pressure regulator is faulty and should be replaced. 

If the pressu re is stil l  low, check visually for leaks i n  the fuel 
system. Leaks can also be due to a faulty cold-start valve or an 
injector. If no leaks can be found,  test the fuel  pump as 
described i n  4.3 Fuel Pump. 
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Fig. 5-23. Clamp shut fuel pressure regulator return hose at 
point indicated by arrow. 

To test fuel pressure regulator response to engine load: 

1 .  Reinstall the fuel pump relay. Start the engine and al low 
it to idle. Fuel pressure should be between 2.8 and 3.2 
bar (40.6 and 46.4 psi) . 

2. Remove the vacuum hose from the regulator. The pres
sure should increase. 

3. Reconnect the hose and check that the pressure returns 
to the above specifications. 

If any faults are found,  the fuel pressure regulator is faulty and 
should be replaced. Disconnect the gauge and reconnect the 
fuel l ine to the cold-start valve. Tighten the hose clamp. Clean 
up any spilled fuel .  

Replacing Pressure Regulator 

The fuel pressure regulator attaches to the fuel rai l with two 
bolts. Disconnect the vacuu m  hose and the fuel return hose. 
See Fig. 5-23 above. Remove the bolts and pull the regulator 
from the fuel rail .  I nspect the O-ring for damage and replace it 
if necessary. I nstallation is the reverse of removal. Be sure the 
code number (0 280 1 60 226) of the old pressure regulator 
matches that of the new regulator. 

WARNING � 
Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

5.S idle Specifications (rpm and % CO) 

Id le speed, ignition timing,  and idle mixture (% CO) should 
be checked together. See 5.3 idle Speed. Making these 
checks and adjustments together is important to both drive
abil ity and emissions control .  On BMW 3 1 8i models, the idle 
mixture is checked and adjusted using special electronic test 
equipment (BMW Special Tool  No. 1 2 6 400) . Because of the 
need for this test equipment, we suggest turning the job over 
to an authorized BMW dealer or other qualified repair shop. I n  
a properly equipped shop, these checks and adjustments can 
be made q uickly, accurately, and at reasonable cost. 

The idle mixture screw can only be reached and adjusted 
after removing the anti-tampering plug in the top of the air flow 
sensor housing.  See Fig . 5-24. This small plug is removed by 
dri l l ing with a 2.5 mm (%2 in . )  dri l l  bit and threading a screw i nto 
the plug so that it can be extracted with pl iers. 

With the plug removed, adjust the idle mixture screw using 
a 5-mm hex head wrench. I n  general , with the oxygen sensor 
system disconnected, turning the screw counterclockwise 
makes the mixture leaner (lower % CO) . Turning it clockwise 
makes the mixture richer (higher % CO) .  

NOTE -
CO readings may be affected by the presence of 
unburned gasoline and combustion by-products 
in the engine oi l .  For the most accurate CO set
ting, always change the engine oi l  and filter be
fore making any adjustments. 

Fig. 5-24. Id le mixture adjusting screw in comer of air flow 
sensor (arrow) . 



6. MOTRONIC ENGINIE MANAGEMIENT SYSTEM 

Fig.  6-1 shows the main components of the Motronic engine 
management system (also .known as Digital Motor E lectronics 
(DME)) .  The Motronic system is similar to the widely installed 

Fuel tank 
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L -Jetronic fuel i njection system. The major d ifference is that the 
single Motronic control un it also controls the ignition and idle 
speed functions. The Motronic control unit continuously col
lects various engine sensor signals to determine the optimum 
ignition timing · point and i njection quantity. 

Throttle 

stabi l izer 

Thermo-time 
switch 

_ I� "f,"r"nrc mark sensor 

Engine temperature 
sensor 

Engine speed sensor _-+--------

Fig. 6-"1 . Schematic view of Motronic engine management 
system. Motronic 1 . 1 system is s imi lar. 

Art courtesy of Robert Bosch Corporation 

BOSCH 

Ign ition 
switch 

Fuel pump 
relay 
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I n  the Motronic system, basic fuel metering is determined by 
engine rpm and by the volume and temperature of the air 
entering the engine. Fuel is metered to the engine via the fuel 
injectors, which are electrically pulsed on and off by the control 
un it. The control u n it receives air flow volume and temperature 
data from the air flow sensor and engine rpm from the refer
ence or speed sensor. 

Six injectors, one for each cyli nder, are triggered on and off 
at a rate governed by engine rpm. Fuel m ixture is controlled by 
the length of the electrical impulse from the control u nit-the 
length of time that the i njectors are open . The injectors are 
mounted to a common fuel supply, called the fuel rai l .  Fuel 
pressure is regulated by a fuel pressure regulator mounted to 
the end of the fuel rai l .  

I nformation on fuel i njectors can b e  found i n  4.7 Fuel i n
jectors. Additional i nformation on the fuel pressure regulator is 
covered separately in  4.4 Fuel Pressure Regulator. 

The control un it makes additional adjustments to the 
amount of fue l  metered by the i njectors based on input from 
various engine sensors. The oxygen sensor system provides 
the control u n it with i nformation on engine combustion effi
ciency by measuring the amount of oxygen in the exhaust 
stream. Switches on the throttle housing inform the control un it 
when the throttle is fully open or fully closed. A coolant tem
perature sensor provides the control un it with engine temper
ature information for adjustments during starting and warmu p. 
On early models, a barometric pressure sensor adjusts the fuel 
mixture based on changes i n  altitude.  For testing and repair 
information on the oxygen sensor system ,  see EXHAUST SyS
TEM AND EMISSION CONTROLS. 

Two versions of the Motronic engine management system 
are i nstal led on the 6-cylinder, 325 models covered by this 
manual. The first is  the basic Motronic system just described. 
The second is Motronic 1 . 1 ,  a newer version of the "basic" 
Motronic. The differences between the two systems are mainly 
i ncorporated i n  the circuitry. Both systems have adaptive abil
ities that adjust the system to compensate for things such as 
engine wear and vacuum leaks. 

On Motronic 1 . 1 ,  the system has additional adaptive fea
tures that change the system's base settings in the control 
un it's memory. In addition, the Motronic 1 . 1 injectors are con
trolled in two sets of three cyl inders each (on the basic 
Motronic, all i njectors are control led at the same time) .  This 
allows for a more preCise, better atomized fuel mixture. An 
induction sensor is connected to the no. 6 cyl i nder spark plug 
wire as a timing reference signal for the control u nit. Other 
Motronic 1 . 1 differences i nclude an electrically operated purge 
valve for the charcoal canister, a Single, front-mounted refer
ence sensor (earl ier system uses two sensors) , and on-board 
d iagnostics. 

The "basic" Motronic system is i nstalled on 1 984 through 
1 987 325, 325e, and 325es models. The 325i ,  325is, and the 
1 988 325 models are equipped with the newer Motronic 1 . 1 
system.  The i nformation in this repair section applies to both 

Motronic systems unless the text specifical ly mentions an 
exception .  

I n  order for the system to operate properly, basic id le  speed, 
ignition timing, and idle m ixture (% CO) must be correct. The 
throttle switch must be functioning correctly. Id le speed and 
ignition t iming are electronically control led and are therefore 
not adjustable.  In addition,  on models with Motronic 1 . 1 ,  idle 
mixture is not adjustable. If these basic settings are incorrect, al l  
other test results wil l  be misleading.  See 6.3 Idle Speed and 
6.6 Idle Specifications (rpm and % CO) for more i nformation.  

The Motronic system has been designed so that most 
electrical components can be tested using a low-current LED 
test l ight and a digital multi meter. Most of these tests can be 
performed right at the control un it harness connector using a 
special test harness adapter. The other major piece of test 
equipment required is a fuel pressure gauge. I ncorrect system 
fuel pressure can directly affect engine performance and drive
abil ity. 

On-board DiagnostiCS 
(325i models only) 

An On-Board Diagnostic system is i ncorporated i nto the 
Motronic 1 . 1 control un it. This system is able to detect certain 
emissions-related engine management malfunctions. When a 
malfunction is detected ,  the Check Engine warning l ight in the 
instrument cluster wil l  come on and flash in  coded intervals 
representing the faults(s) . 

These fault codes can be read when the key is in the on 
position.  The code(s) begi n  after three seconds and each flash 
is approximately one second apart. If more than one fault has 
been detected,  each code wi l l  be separated by a 3 second 
pause. When al l fault codes have been displayed, there will be 
another 3 second pause and then the check engine l ight wi l l  
come on and stay on. To read the codes again ,  s imply turn the 
key off and then on agai n .  After 3 seconds, the codes wil l  be 
repeated. 

Table i l ists the fault codes, their probable causes and 
corrective actions. The boldface numbers in the corrective 
action column i ndicate the headings in this section or the 
sections in the manual where the applicable test and repair 
procedures can be found.  After the faults have been corrected, 
the fault memory can be erased by starting the engine at least 
five times. 

NOTE -

Fault codes that are not emissions-related are 
stored in the intemal memory of the control un it 
and can only be read using the special BMW 
Service Tester. The check engine l ight does not 
come on for these malfunctions. 
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Table i .  325i Motronic 1 .1 On-Board Diagnostics Fau lt Codes 

Code number, meaning, and number of 
l ight flashes 

Engine check n . . . . . . . . .
.
. .

. .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l ight on 

----1 L- . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . . Engine check 
light off 

Code 1 :  Air flow sensor malfunction 

Engine check 

� . . : : : : : : : : : : : : : : : :::::::: . . .  �g:�i;: check 
light off 

Code 2:  Oxygen sensor malfunction or 
oxygen sensor parameters exceeded 

Engine check 

� .. : : : : : : : : : : : : : : : : : �gn:i;:check 
light off 

Code 3: Coolant temperature sensor 
malfunction 

Engine check 
n n n n · · · · · · · · · · · · · · · · · l ight on 

--.--l U U U L- . . . . . . . . Engine check 
light off 

Code 4: Throttle switch malfunction 

NOTE -

Possible reason for malfunction 

Air flow sensor flap binding or air flow 
sensor potentiometer faulty 

Oxygen sensor faulty or fuel mixture too 
lean or too rich, due to faulty fuel or ignition 
system components causing oxygen sensor 
to exceed its operating parameters. 

Coolant temperature sensor faulty, or engine 
running too hot or too cold due to faulty 
cooling system component. 

Throttle switch incorrectly adjusted or faulty 

The flashing of the check engine l ight is shown 
graphically in the table. Each peak in the graph 
indicates one flash. 

Motronic 
control 
unit 

15.1 Air flow Measurement 
The amount of air entering the engine is measured by the air 

flow sensor. See Fig . 6-2. As i ntake air is drawn past the air flow 
sensor flap, the spring-tensioned flap opens and in turn actu
ates a potentiometer inside the sensor. The varying resistance 
of the potentiometer provides a varying voltage signal (approx
imately 0-5 volts) to the control u nit that is proportional to air 
flow. The air flow sensor also contains an i ntake air temperature 
sensor that measures the temperature of the incoming air. 

Corrective actions 

Test air flow sensor. 6.1 Air Flow 
Measurement 

Test oxygen sensor. EXHAUST SYSTEM 
AND EMISSION CONTROLS. Check for 
intake air leaks or reasons for rich mixture. 
ENGINE MANAGEMENT -DRIVEABILITY 

Test coolant temperature sensor. 6.2 Cold 
Start and Cold Running Enrichment. Test 
cooling system components. COOLING 
SYSTEM 

Test throttle switch . 6.3 Idle Speed 

Intake air 
temperature sensor 

The throttle is operated by the accelerator pedal via the 
accelerator cable, and controls the amount of air drawn in by 
the engine. The throttle is adjusted during manufacture and 
does not require any routine adjustment. The throttle can be 
readjusted if the factory settings have been tampered with. A 
throttle switch is mounted to the underside of the throttle 
housing. The throttle switch sends a voltage signal to the 
control un it whenever the throttle is ful ly closed or fully open. 

Fig. 6-2. Schematic of air flow sensor and related compo
nents. Arrows indicate direction of air flow. 
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Ail" Flow Sensor 

The sensor's mechanical operation depends upon the free 
movement of the flap inside the main air passage; To check the 
flap movement, loosen the clamps, remove the rubber i ntake 
air duct, and move the flap through its range of travel .  See Fig. 
6-3. 

Fig. 6-3. Air flow sensor flap being checked. Move flap 
through entire range of travel to check for binding 
and smooth operation. 

If the flap binds at any point, remove the i ntake air flow 
sensor, as described later under this heading,  and check for 
any foreign material that may be interfering with the flap's 
movement. Check that the flap retums to the closed position 
smoothly. If the flap cannot be made to move freely, or if the 
flap's spring tension is uneven, the air flow sensor is faulty and 
should be replaced. 

NOTE � 
No electrical test specifications are available for 
the air flow sensor installed on the 6-cyli nder 
models covered by this manual. Check the air 
flow sensor's input signals from the control unit as 
described under 6.4 Electrical Tests. 

Throttle Basic Adjustment 

The factory-set throttle adjusting screw is not used to adjust 
idle speed. Its only function is to provide a mechanical stop for 
the l inkage to prevent damage to the throttle plate and housing .  
I t  should be adjusted on ly  i f  the factory setting has been 
tampered with. Check for a sl ight clearance between the throt
tle housing and the throttle plate as shown i n  Fig. 6-4. If the 
clearance is i ncorrect, the throttle should be adjusted . 

Correct a faulty throttle adjustment by removing the tamper 
proof cap from the adjusting screw. See Fig. 6-5. Rotate the 
screw counterclockwise u ntil there is clearance between its tip 
and the throttle l ever. There should be no clearance between 
the throttle plate and the i nside of the housing. Rotate the screw 

sl ightly clockwise until the throttle plate is no longer contacting 
the housing. For a more accurate setting,  use a .00 1 5 in. feeler 
gauge between the throttle plate and the throttle housing . 
Apply paint or lacquer to the screw's threads to lock it in place 
and i nstall the tamper-proof cap. The throttle switch adjustment 
should be checked anytime the throttle is adjusted. See 6.3 
Idle Speed for throttle switch adjustment procedures. 

Fig. 6-4. Throttle plate c learance between housing and plate 
(arrow) on 325i model . 325e model is s imi lar. Throt
tle plate should not contact housing. 

Fig. 6-5. Throttle adjusting screw with tamper-proof cap (A) 
and throttle lever (8) . 



Removing and Instal l ing Throttle Housing 

Removing the throttle housing requires that some of the 
engine coolant be drained as described i n  COOLING SYS
TEM. If the throttle housing is being removed for the purpose 
of adjusting the throttle switch, check that the throttle basic 
adjustmerit is correct before removing the housing . See Throt
tle Basic A djustment. 

To remove and install: 

1 .  Disconnect the cables from the throttle levers. Where 
applicable, disconnect the automatic transmission accel
erator cable from the lever. Pry out the cruise control and 
accelerator cable's plastic retainers and remove the ca
bles from the levers together with the retainers. See Fig. 
6-6. 

Fig. 6-6. Automatic transmission accelerator cable (A) , 
cruise control cable (8) , and accelerator cable (e) . 

2. Drain approximately 2 quarts of coolant from the cooling 
system. 

3. Loosen the two large hose clamps and remove the 
rubber intake-air duct. See Fig. 6-7. Separate the rubber 
hose from the idle air stabi l izer valve. 

4. Disconnect the harness connector from the throttle 
switch. 

5. Loosen the hose clamps and remove the coolant hoses 
from the housing.  See Fig . 6-8. 
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Fig. 6-7. Throttle housing , showing intake duct removed, 
and hose removed from idle air stabi l izer valve 
(arrow) . 

Fig. 6-8. Coolant hoses to be removed from throttle housing 
(arrows) . 

6. Remove the four  mounting bolts from the housing and 
withdraw the housing from the i ntake manifold.  See Fig. 
6-9. 
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Fig. 6-9. Throttle housing mounting bolts (arrows) . 

Installation is the reverse of removal. Replace the gasket 
between the housing and the i ntake manifold. Adjust the ac
celerator cable as described earlier u nder 4.6 Accelerator 

Cable. Adjust the automatic transmission accelerator cable as 
described i n  AUTOMATIC TRANSMISSION. Reconnect the 
cruise control cable. Refi l l  and bleed the cooling system as 
described under COOLING SYSTEM. 

6.2 Cold Start and Cold Running Enrichment 

When an engine is cold ,  additional fuel is needed for starting 
and during warmup. Two methods are used on models with 
Motronic fuel i njection. 

On 1 984 though 1 987 325 and 325e models, an electrically 
operated cold-start valve sprays extra fuel i nto the i ntake man
ifold for several seconds during starting. The valve is controlled 
by the thermo-time switch.  

On al l  325i and 1 988 325 models, an auxil iary cold-start 
system is not used. I nstead, cold-start enrichment is handled in  
the same away as cold running enrichment. Based on the 
signal from the coolant temperature sensor, additional fuel is 
suppl ied to the engine during starting by increasing injector 
opening time. 

On all Motronic models, to ensure smooth running during 
warmup, the coolant temperature sensor, and on some mod
els, the coolant temperature switch, g ive the control unit i nfor
mation on engine temperature. The control un it, in tum, makes 
an adjustment to i njector opening time. For additional cold 
running driveabi l ity and fuel economy, the throttle housing is 
heated by engine coolant. This system warms the air entering 
the engine i n  cold weather to reduce fuel condensation and 
improve m ixture formation. 

Cold-Start Valve 
( 1 984 through 1 987 325 and 325e models only) 

Below a certain engine coolant temperature, the thermo
time switch is closed, allowing power to reach the cold-start 
valve and open it when the starter is actuated. When the engine 
is warm enough, the switch is open and the valve does not 
operate during starting. To further l imit valve operation and 
prevent flooding, an electric current also warms the switch and 
opens the circuit after a few seconds. The cold-start valve and 
the thermo-time switch are shown in Fig. 6-1 0. 

If a cold-start valve fai ls to i nject fuel during starting,  it wi l l  be 
d ifficult or impossible to start the engine. If the cold-start valve 
leaks or stays open too long , the engine may receive extra fuel 
at the wrong time and become flooded, especially if the engine 
is hot. 

Fig. 6·1 0. Cold-start valve (arrow) control led by thermo-time 
switch is used to provide extra fuel for cold start
ing. 

To test cold-start valve: 

1 .  Make sure engine coolant temperature is below 86°F 
(30°C) . Preferably the engine should sit for several hours. 

2 .  Remove the two internal-hex head screws holding the 
cold-start valve to the i ntake manifold.  Without d iscon
necting the fuel l ine or the harness connector, remove 
the cold-start valve from the i ntake manifold. 

3. Disable the ignition system by removing the main relay. 
See 6.4 Electrical Tests for relay location. 



4. Wipe the cold-start valve nozzle dry. Point the valve i nto 
a transparent container, and have a helper actuate the 
starter. See Fig. 6-1 1 .  The valve should spray in  an even ,  
cone-shaped pattern unti l the thermo-time switch inter
rupts the circuit, up to a maximum of eight seconds. An 
i rregu lar spray pattern indicates a dirty or faulty cold-start 
valve. If the valve does not spray, test the thermo-time 
switch as described below. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

Fig. 6-1 1 .  Cold-start valve operation being checked. 

5. Wipe the nozzle dry. The valve should not drip for at least 
a minute. if it does, it is faulty and should be replaced. 

To test thermo-time switch: 

1 .  Make sure engine coolant temperature is below 86°F 
(30°C) . Preferably the engine should sitfor several hours. 

2. Disable the ignition system by removing the main relay 
from the auxil iary relay panel .  See 6.4 Electrical Tests 
for relay location.  

3 .  Disconnect the cold-start valve harness connector and 
connect a test l ight or voltmeter across the connector 
terminals, as shown in Fig. 6-1 2. 

4. Actuate the starter while observing the test l ight. The test 
l ight should l ight for a maximum of 8 seconds, then go 
out. The amount of time that the l ight should stay on 
depends on coolant temperature and cranking time. 
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Fig. 6-1 2. Schematic view of test l ight connected across 
cold-start valve hamess connector. 

If the test l ight does not l ight, it is either because voltage is 
not reaching the connector due to faulty wiring, or because the 
path to ground (through the thermo-time switch) is interrupted 
by a faulty switch. 

Check for voltage at the removed thermo-time switch har
ness connector. There should be battery voltage between 
terminal G (black/yellow wire) and ground when the starter is 
actuated .  

Check for a faulty switch by checking for continuity between 
terminal W (terminal corresponding to black/red wire) and 
ground.  At coolant temperatures below 86°F (30°C) , there 
should be continuity to ground (switch closed) . At coolant 
temperatures above 1 05°F (40°C) , there should be no continu
ity to ground (switch open) . Repair any electrical faults found or 
replace the thermo-time switch. 

Replacing the thermo-time switch wil l  require draining and 
replacing some of the engine coolant. See COOLING SyS
TEM . Use a thread sealant when i nstall ing the new switch,  and 
torque it to 20 to 25 Nm (1 5 to 1 8  ft. lb.) . 
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Coolant Temperature Sensor 

The coolant temperature sensor is located in  the cylinder 
head coolant outlet, next to the thermo-time switch. To test the 

. sensor, d isconnect the harness connector from the sensor. 
See Fig. 6-1 3. Measure the resistance across the sensor's 
terminals. The proper resistance value depends on engine 
coolant temperature as l isted in  Table j.  

Fig. 6-1 3. Schematic view of ohmmeter test leads con
nected across coolant temperature sensor termi
nals. 

Table j. Coolant Temperature Sensor Test Values 

Model 325, 325e, 325es 325i, 325is 

Connector color white blue 

Test temperature Resistance (ohms) Resistance (ohms) 
1 4 ± 2°F 7000-1 1 600 8200-1 0500 
( - 1 0 ±  1 °C) 
68 ± 2°F 21 00-2900 2200-2700 
(20 ± 1 °C) 
1 76 ± 2°F 270-400 300-360 
(80 ± 1 °C) 

If the resistance of the coolant temperature sensor is incor
rect, the sensor is faulty and should be replaced. Replacing the 
sensor will require draining and replacing some of the engine 
coolant. See COOLING SYSTEM. 

Coolant Temperature Switch 
(1 984 through 1 987 325, 325e, 325es models only) 

The coolant temperature switch is located in the cyl i nder 
head coolant outlet, next to the thermo-time switch. The switch 
turns a ground circuit for timing and id le control on and off, 
depending on coolant temperature. The coolant temperature 
switch can be identified by its two single push-on connectors. 

To test the switch, d isconnect both wires from the switch. 
USing an ohmmeter, check for continuity across the switch 
terminals. At coolant temperatures below 86°F (30°C) , there 
should be no continuity (switch open) . At coolant temperatures 
above 1 1 8°F (48°C) , there should be continu ity (switch closed) . 

If any faults are found,  the switch should be replaced. 
Replacing the switch wil l require draining and replacing some 
of the engine coolant. See COOLING SYSTEM. 

6.3 Id le  Speed 

Engine idle speed is controlled not by a fine adjustment of 
the throttle, but by an electronic idle stabilization system that 
regulates a small amount of air that is al lowed to bypass the 
throttle plate. Bypass airflow. is regulated by an idle air stabi l izer 
valve. The amount that the valve is open is controlled by an 
electronic control un it. By this method, idle speed is more 
accurate and reliable since it compensates for varying engine 
loads and operating conditions. 

On 1 984 through 1 987 325 and 325e models, an idle air 
stabi l izer valve is controlled by a separate idle speed control 
un it. The idle air stabilization system for these models is shown 
schematically in Fig. 6-1 4. On 1 988 325 and all 325i models, 
the idle air stabi l izer valve is controlled by the Motronic 1 . 1 
control un it. Both systems are designed to maintain id le speed 
within  a prescribed range. 

The need for additional in let air during cold running is 
handled much the same way, by allowing additional air to 
bypass the throttle. 

There are no means provided for idle speed adjustment, as 
it is electronical ly regulated by the idle stabil ization system. On 
1 984 through 1 987 325 and 325e models, an adjustment screw 
in the idle air stabi l izer valve can be used to adjust the base 
setting of the valve, but altering the position of this screw wil l  not 
change the idle speed. The valve normally does not require 
adjustment unless the factory setting has been tampered with. 
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Fig. 6-14. Schematic view of idle air stabi l ization system 
installed on 1 984 through 1 887 325 and 325e 
models. System on 1 988 325 and all 325i models 
s imi lar, except that Motronic control unit replaces 
idle speed control unit, and there are additional 
i nputs. 

An incorrect or erratic idle speed is usually caused by a 
faulty idle speed stabilization system.  See ENGINE MANAGE
MENT -DRIVEABllITY for more i nformation on troubleshoot
ing idle speed problems. Idle mixture should be checked 
before troubleshooting the idle stabi l ization system.  See 6.6 
idle Specifications (rpm and % CO) . If the equipment neces
sary to accurately perform this work is not available, we sug
gest turning the job over to an authorized BMW dealer or other 
qualified repair shop. In a properly equipped shop, these 
checks and any applicable adjustments can be made quickly, 
accurately, and at reasonable cost. 

When checking the idle stabil ization system,  the following 
requirements apply: 

1 .  The engine must be at normal operating temperature (oi l  
temperature at approximately 1 40°F (60°C) ) .  

2. All electrical accessories should be  off ( including the 
auxi l iary radiator cooling fan-make adjustments only 
when the fan is not on) . 

3. The throttle switch must be operating correctly. 
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4. The accelerator cable and the basic throttle must be 
correctly adjusted. 

5. The exhaust system must be free of leaks. 

6. There must be no engine vacuum leaks. 

7. The oxygen sensor must be operating correctly. 

Connect a tachometer according to the instrument manu
facturer's instructions in  order to accurately measure rpm. The 
ignition signal lead from the tachometer should be connected 
to terminal 1 of the coi l .  See 1. Fuel System Technicai Data for 
idle speed checking specifications. 

CAUTION """""" 

The ignition must be off before disconnecting or 
connecting any electrical connections. 

Id le  Air Stabi l izer Valve 

The electronic idle stabi l izer valve controls the amount of air 
allowed to bypass the throttle and i ncrease engine idle speed. 
Whenever the throttle switch is closed, the valve receives 
voltage from the electronic control un it. The idle air stabi l izer 
valve operates continuously when the ignition is on.  

To quickly check that the valve is functioning, turn the 
ignition on or start the engine. The valve should vibrate and 
hum slightly. If the valve is not operating,  check that the idle 
switch is operating correctly as described below. If the valve is 
functioning but idle speed is stil l  erratic, test the valve as 
described below. 

NOTE -

Two versions of the idle stabil izer valves are in
stalled on the 6-cylinder cars covered by this 
manual . On 1 988 325 and al l 325i models, a 
three-wire stabilizer valve is installed. On 1 984 
through 1 987 325 and 325e models, a two-wire 
stabi l izer valve is instal led. Testing procedures 
vary depending on the type of valve installed. 

On two-wire valves, remove the hoses and the electrical 
connector from the valve. USing jumper wires, apply battery 
voltage to the valve's terminals as shown in Fig. 6-1 5. The 
valve's piston should close when voltage is applied and open 
when voltage is removed . .  If any faults are found,  the valve is 
faulty and should be replaced. If no faults are found,  check the 
control signal to the valve as described below. 



44 FUEL SYSTEM 

Fig. 6-15. Schematic view of battery voltage being applied to 
idle air stabi l izer valve. Valve piston (arrow) should 
close when voltage is applied. 

On three-wire valves, remove the two hoses and the elec
trical connector from the valve. Withdraw the valve from the 
rubber mount. With the valve removed, check that the valve's 
piston moves freely by quickly rotating the valve back and forth. 
The piston should viSibly move. There should be approximately 
40 ohms of resistance between the valve's two outer terminals, 
and approximately 20 ohms of resistance between the center 
terminal and each of the outer terminals. 

If no faults are found,  reinstall the valve and reconnect the 
wiring. Start the engine and allow it to reach operating temper
ature, then turn the engine off. Turn off all electrical accessories. 
Remove the hose so that the piston can be seen and turn the 
ignition on. The valve's piston should move to approximately 
halfway across the valve's opening. See Fig. 6-1 6. 

Fig. 6-16. Idle air stabil izer valve piston (arrow) in center 
position with harness connector connected and 
ignition on. 

NOTE -

The position of the piston can vary significantly if 
the engine is cold , if the coolant temperature 
sensor is faulty, if the throttle switch is open, or if 
any electrical accessories are on. 

Idle Speed Control 

If no faults are detected with the idle air stabi l izer valve, but 
the idle speed is not within  specifications, check the idle sta
bi l ization function of the control un it. 

On models with three-wire valves, check for voltage at the 
harness connector. See Fig. 6-1 7. With the ignition on, there 
should be battery voltage (approximately 1 2  VDC) between the 
center terminal and ground on some unpainted part of the 
chassis. There should also be approximately 1 0  VDC between 
the center terminal and each of the two outer terminals. If no 
voltage is present, check the wires between the Motronic 
control u nit (terminal 4 and 22 of the control un it connector) and 
the two outer terminals of the valve for continuity. If no wiring 
faults are found, see 6.4 Electrical Tests. 

Fig. 6-1 7. Schematic view of voltmeter being used to test 
idle stabilizer valve voltage signal from the control 
unit, on models with 3-wire valves (Motronic 1 . 1 ) .  

NOTE -
Id le air stabi lizer voltage between the center ter
minal and each of the two outer terminals can 
vary significantly if the engine is cold , if the cool
ant temperature sensor is faulty, if the throttle 
switch is not closed , or if any electrical accesso
ries are on. 



On models with two wire idle stabilizer valves, check the 
signal from the idle speed control un it by measuring the current 
to the valve. Fig. 6-1 8 shows an ammeter (0-1 000 mA range) 
correctly connected to the idle air stabi l izer valve. With the 
engine id l ing at operating temperature, the current reading 
should fluctuate between 400 and 500 mA. 

: -, odJ l J 
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Fig. 6-1 8. Schematic view of ammeter connected to idle air 
stabi l izer valve to measure current from control 
unit ,  on models with 2-wire valves (325e) . 

NOTIE -

Id le air stabi l izer current wil l fluctuate significantly 
if the engine is cold ,  if the coolant temperature 
switch or coolant temperature sensor is faulty, if 
there is an engine vacuum leak, or if any electrical 
accessories are on.  

i f  there is no current reading, check the wires between the 
idle speed control un it and the valve. If the current is not as 
specified , adjust the base setting of the idle air stabi lizer valve 
as described below. 

To adjust id�e air stabi l izer valve 
(id!e air stabilizer valve with external adjusting 
screw): 

1 .  Allow the engine to reach operating temperature. Con
nect a tachometer according to the i nstrument manufac
turer's i nstructions i n  order to accurately measure rpm. 

2. Connect an ammeter to the valve as shown above in  Fig. 
6-1 8 .  
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3 .  The current reading should be 460 ± 10  mA at 700 ± 50 
rpm. 

4. If the current is not as specified, slowly turn the valve's 
bypass screw unti l the current reading is correct. 

NOTE -

Turning the idle air bypass adjusting screw clock
wise will increase control current; turning the 
screw counterclockwise wi l l  d ecrease control cur
rent 

5. Disconnect the test equipment and reconnect the idle air 
stabi l izer valve harness connector. 

If the valve cannot be correctly adjusted , d isconnect the 
harness connector from the idle speed control un it. Working at 
the harness connector, test the inputs to the control un it. Fig. 
6-1 9 shows the connector terminals. Table k. l ists the electrical 
tests. The id le speed control un it is located above the glove 
compartment to the left of the Motronic control un it. If no 
electrical faults can be found, the control un it is probably faulty 
and should be replaced. 

NOTE -

325e rnodels built before January 1 985 may ex
perience poor warm engine d riveabi lity when the 
air conditioning is on and when outside temper
atures are above 68°F, If these symptoms are 
present, disconnect the harness connector at the 
idle speed control un it and peel back the rubber 
boot from the connector. Remove the brown/red 
wire from the connector. Insulate the wire end and 
tape it back to the harness. Reposition the boot 
and reconnect the harness connector. 

0 0 0 0 0 ®  

0 0  
0 0 0 0 ® @  

Fig. 6-1 9. Id le speed control unit harness connector terminal 
identification . Terminal numbers are also printed 
on connector. Remove trim panel above g love 
compartment to access control unit .  
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Table k .  Idle Speed Control Unit Electrical Tests (1 984 through 1 987 325 and 325e models) 

Component or circuit being Test terminals on harness 
tested connector 

Voltage supply to control un it 2 and ground 

Main ground 4 and ground 

Coolant temp. switch 2 ( + )  and 6 ( - ) 

Air temp. switch 1 0  ( + )  and 4 ( - ) 

Aut. trans. range switch 7 ( + )  and 4 ( - ) 

Throttle switch 1 2  ( + )  and 4( - )  

Air condo O N  signal 9 ( + )  and 4 ( - )  

Engine temp. 1 1  ( + ) and 4 ( - )  

Idle air stabi l izer valve 1 and 5 

Engine speed (rpm) 3 and ground 

Idle and Ful l  Throttle Switch 
The idle and ful l  throttle switch is mounted as a Single un it 

to the bottom of the throttle housing. Through this switch the 
control un it receives a signal whenever the throttle is fully 
closed (idle) or fully open (ful l  throttle) . An i ncorrectly adjusted 
switch can cause an erratic idle speed. The switch can be 
easily checked with the throttle housing installed. If the switch 
requires adjustment, the throttle housing should be removed 
as described i n  6.1 Air Flow Measurement to gain access to 
the switch's mounting screws. 

NOTE = 
A digital ohmmeter should be used to check and 
adjust the throttle switch. Some analog ohmme
ters may not be sensitive enough to detect small 
amounts of resistance. 

Test conditions Correct test value 

ignition ON battery voltage 
(approximately 1 2  VDC) 

continuity 

ignition ON,  coolant temp. no voltage 
below 86°F (30°C) 

ignition ON,  coolant temp. battery voltage 
above 1 1 8°F (48°C) (approximately 1 2  VDC) 

ignition ON,  air temp. battery voltage 
below 1 8°F ( - 8°C) (approximately 1 2  VDC) 

ignition ON, air temp. no voltage 
above 39°F (4°C) 

ignition ON, selector lever battery voltage 
in N or P position (approximately 1 2  VDC) 

ignition OFF, acce le rator pedal continu ity 
in rest position 

ignition O FF, acce lerator pedal no continuity 
sl ightly depressed 

ignition ON, air condo ON battery voltage 
(approximately 1 2  VDC) 

resistance varies with 
temperature. Test coolant 
temperature sensor. 
See 6.2 Cold Start and 
Cold Running Enrichment 

ignition OFF 9- 1 0  ohms at 
73 ± 9°F (23 ± 5°C) 

LED test l ight LED must fl icker 
connected between 
terminal 3 and ground. 
starter actuated 

Before testing the switch, check that the switch is receiving 
voltage. With the ignition on,  there should be at least 5 volts 
(VOC) between the center terminal and either of the outer 
terminals of the switch harness connector. If voltage is not 
present, test the electronic control u nit inputs as described 
under 6.4 Electrical Tests. 

Test the switch by checking for continuity at the switch 
terminals. Connect an ohmmeter between terminals 2 and 1 8. 
See Fig. 6-20. Open the throttle part way by hand.  Slowly let the 
throttle return to its idle stop. There should be continuity at the 
terminals when the throttle lever is approximately 0 .20-0.60 
mm (.008-.024 in.) from its stop. Connect an ohmmeter be
tween terminals 3 and 1 8. Open the throttle slowly. There 
should be continuity when the throttle switch is within  1 0  ± 2° of 
the fu l l-throttle position. 



Fig. 6-20. Id le and Full throttle switch showing terminal iden
tification. 

If the switch does not operate as specified, remove the 
throttle housing and adjust switch position by loosening the 
mounting screws. With an ohmmeter connected across the 
switch's terminals and the throttle in the rest position , rotate the 
switch just until there is. continuity. Tighten the mounting 
screws. Check the adjustment of the switch as described 
above. 

6.4 Electrical Tests 

These voltage and continuity tests can be used to help 
determine whether there are faults i n  the wiring or components 
that provide i nformation to the Motronic control un it. If all i nputs 
are found to be correct and the system sti l l  does not perform as 
specified, the control un it itself may be faulty. 

As a general rule, a complete absence of the voltage or 
continuity specified in the tests suggests an open circuit in the 
wiring harness. Test results that differ from the specified values 
do not necessarily mean that components are faulty. Check 
carefully for connections that are loose or that are i nadequate 
due to contamination or corrosion. Before testing,  disable the 
ignition system by removing the main relay from the auxiliary 
relay panel .  See 6.4 Electrical Tests for relay location. 

To make the tests, with the ignition turned off remove the 
Motronic control un it connector retaining screw and d isconnect 
the connector. Then use a multi meter to check for voltage or 
continuity at the con nector terminals. Use care to avoid dam
agi ng the delicate terminals with the meter probes. For best 
and safest results, fabricate a set of test leads as shown in Fig. 
6-21 . The Motronic control un it is located above the glove 
compartment. See Fig. 6-22. The test terminals are identified in  
F ig .  6-23. The tests are l isted in  Table i and Table m.  
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NOTE -

To achieve accurate test results, the battery volt
age at the connector must be between 1 2  and 1 3  
volts. Charge the battery if necessary. If the bat
tery voltage is too high, turn on the headl ights 
until the correct voltage is obtained. 

17 85"8 .  ENCj. f3 

Fig. 6-2 1 .  Test leads made with flat connectors, al l igator 
cl ips, and in-l ine fuse. Test leads are used to make 
contact without damaging control un it connector 
terminals. 

Fig. 6-22. 325i Motronic 1 . 1 control unit and connector. Re
taining screw is shown at arrow. Other Motronic 
control unit connector is s imi lar. 
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1 984-1 987 325, 325e (6�66�6�6����������  
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Fig. 6-23. Terminal identification for 35-point Motronic con
trol unit connector (top) and 55-point Motronic 1 . 1 
control unit connector (bottom) . 

CAUTION -

e Use only a digital voltmeter, ohmmeter, or mul
timeter with high input impedance. The electrical 
characteristics of other types of test equipment 
may Cause inaccurate results or damage to the 
electronic components. For more information, see 
FUNDAMENTALS. 

• The ignition must be off before disconnecting or 
connecting any electrical connections. 

Table I. Motronic Control Unit Electrical Tests (1 984 through 1 987 325 and 325e models) 

Component or circuit Test terminals Test conditions Correct test value 

(at 35-point connector 
unless otherwise specified) 

Voltage supply to control unit 1 8  and ground ignition ON battery voltage 
35 and ground (approximately 1 2  VDC) 

Main grounds 5 and ground ignition OFF continuity 
1 0  and ground 
1 6  and ground 
1 7  and ground 
1 9  and ground 

Throttle switches 2 and ground throttle closed continuity 

open throttle slowly no continuity 
to half-open position, 

3 and ground throttle fully open continuity 

Fuel pump relay control 20 and ground ignition ON fuel pumps run (audibly) 
when terminal 20 
is touched to ground 

Starter input (terminal 50) 4 and ground actuate starter 8 VDC (minimum) 

Engine speed sensor 8 and 27 ignition OFF 960 ± 96 ohms resistance 

Reference sensor 25 and 26 ignition OFF 960 ± 96 ohms resistance 

Coolant temperature sensor 1 3  and ground ignition OFF resistance varies with 
temperature. See 6.2 

Fuel injector control 1 4  and ground ignition ON fuel injectors ( 1  , 2 ,  and 3) 
(injectors 1 , 2, and 3) click when terminal 1 4  

is touched to ground 

Fuel injector control 1 5  and ground ignition ON fuel i njectors (4, 5 ,  and 6) 
(injectors 4,  5 ,  and 6) click when terminal 1 5  

is touched to ground 

Air flow sensor 7 and 9 move sensor flap resistance must fluctuate 
or actuate starter 

Oxygen sensor 24 and ground separate oxygen sensor continuity 
connector and connect 
green wire to ground 
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Table m. Motronic 1 01 Control Unit Electrical Tests (1 988 325 and ali 325i models) 

Component or circuit Test terminals Test conditions Correct test value 
(at 55-point connector 

unless otherwise specified) 

Main relay control 36 and ground Main relay must cl ick on 
when terminal 36 
is touched to ground 

Voltage supply to 1 8  and ground battery voltage 
control unit (approximately 1 2  VDC) 

37 and ground bridge terminal 36 battery voltage 
and 2 with fused jumper wire (approximately 1 2  VDC) 

Main grounds 2 and ground continuity 
1 4  and ground 
1 9  and ground 
24 and ground 

Throttle switches 52 and ground throttle closed continuity 

open throttle slowly no continuity 
to half-open position 

53 and ground throttle fully open continuity 

Fuel pump relay control 3 and ground bridge terminal 36 and 2 Fuel pumps run (audibly) 
with fused jumper wire when terminal 3 

is touched to ground 

Fuel injector control 1 6  and ground bridge terminal 36 and 2 fuel i njectors (1 , 3, and 5) 
(injectors 1 ,  3, and 5) with fused jumper wire click when terminal 1 6  

is touched to ground 

Fuel injector control 1 7  and ground bridge terminal 36 and 2 fuel i njectors (2, 4, and 6) 
(injectors 2, 4, and 6) with fused jumper wire click when terminal 1 7  

is touched to ground 

Starter input 27 and ground ignition ON battery voltage (approximately 
(terminal 50) 1 2  VDC) 

Reference sensor 48 and 47 540 ± 54 ohms resistance 

Coolant temperature sensor 45 and ground resistance varies with 
temperature. 
See 6.2 

Idle air stabi lizer valve 4 and 22 40 ohms resistance 

Air flow sensor 7 and 1 2  move sensor flap or Resistance must fluctuate 
actuate starter 

Evaporative emissions 5 and ground bridge terminal 36 and 2 purge valve cl icks on 
purge valve with fused jumper wire when terminal S 

is touched to ground 

Cylinder identification 8 and 3 1  less that 1 .0 ohm resistance 
sensor 

Air conditioning on signal 40 and ground air conditioning switch ON battery voltage 
41 and ground ignition ON; (approximately 12 VDC) 

ambient ter:nperature above 
60°F ( 1 6°C) 

Automatic transmission 42 and ground selector lever in  park battery voltage 
park/neutral signal or neutral position ,  (approximately 12 VDC) 

ignition ON 
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Testing Main Relay 

The Motronic control un it, the fuel i njectors, · and the fuel 
pump relay all receive battery voltage from the main relay. On 
models with Motronic 1 . 1 ,  the idle air stabil izer valve and the 
evaporative emission purge valve also receive battery voltage 
from the main relay. If the relay fai ls, the car wil l not start. Below 
is a quick test to help determine if the relay is faulty. 

On 1 984 through 1 987 325 and 325e models, d isconnect a 
harness connector from one of the fuel i njectors. On 1 988 325 
models and all 325i models, d isconnect the harness connector 
from the idle air stabi l izer valve. Check for voltage between the 
red/white wire of the connector and ground with the ignition on. 
If  battery voltage is present, the relay is probably working. 

If voltage is  not present, check the voltage supply and wiring 
to the control u nit connector first before el iminating the main 
relay as a source of trouble. Next, remove the protective cover 
from the auxil iary relay panel on the left-hand (driver's side) 
fender. Remove the main relay from the relay panel. See Fig. 
6-24. Check for voltage between terminal 30 and ground and 
also between terminal 86 and ground.  I f  battery voltage is not 
present, check the large red wire between the relay socket and 
the battery junction block on the firewall. If battery voltage is 
present and no faults are found i n  the wires or the connectors, 
the relay is faulty and should be replaced. 

CAUT/ON � 

The main relay may be located in an adjacent 
position. To check if the main relay has been 
correctly identified, inspect the wires leading to 
the relay socket. There should be two large (4 
mm) wires leading to the main relay socket. 

Fig. 6-24. Main relay (1 )  removed from relay socket (2) . 

6.5 Fuel P ressure Tests and Specifications 

Although the quantity of fuel del ivered to the engine is 
controlled primarily by how long the i njectors are open, fuel 
pressure also i nfluences fuel delivery. To el iminate the i nflu
ence of fuel pressure variations, the fuel pressure is regulated 
by a d iaphragm-type pressure regulator mounted to the end of 
the fuel rail. Pulsation dampeners are installed to reduce noise 
and pressure pulsations caused by the opening and closing 
i njectors and by the fuel pump. 

A vacuum hose con nected to the top of the regulator helps 
to control the fuel pressure as a function of engine vacuum 
(manifold pressure) . For more information on the pressure 
regulator, see 4.4 Fuel Pressure Regulator. 

CAUTION -

Cleanliness is essential when working with fuel 
system components. Before disconnecting any 
fuel lines, thoroughly clean the unions. Use clean 
tools. 

System Pressure and Residual Pressure 

System pressure is the pressure value that is maintained i n  
the system by  the pressure regulator. When fuel pressure from 
the pump reaches the desired system pressure, the regulator 
opens and routes fuel back to the fuel tank.  System pressure is 
not adjustable. 

To avoid fuel vaporization and hard starting (vapor lock) 
when the engine is hot, the system is designed to retain sl ight 
fuel pressure for after the engine has been turned off. This 
residual pressure is maintained by a check valve in the regu
lator and at the main  fuel pump outlet. The fuel pump check 
valve is  not serviceable as an ind ividual part. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

NOTE -
The fuel pressure gauge must have a range of at 
least 0-5 bar (0-75 psi) and must be securely 
connected to prevent it from coming loose under 
pressure. 

To test system pressure: 

1 .  On 1 984 through 1 987 325 and 325e models, loosen the 
hose clamp and remove the hose from the cold-start 
valve. USing a small length of fuel hose, two hose 
clamps, and a T-fitting, connect a fuel gauge between the 
cold-start valve and the supply l ine. See Fig. 6-25. 



2. On 1 988 325 models and all 325i models, d isconnect the 
fuel supply line at the firewall end of the fuel rail .  Using a 
small length of fuel hose, two hose clamps, and a T
fitting,  connect a fuel gauge between the fuel rai l and the 
supply line. See Fig. 6-25. 

Fig. 6-25. Fuel pressure gauge connected between the 
cold-start valve and cold-start valve supply l ine. 
Connection at fuel rai l  supply l ine is s imi lar. 

3. Operate the fuel pump as described in  4.1 Fuses and 
Relays. 

4. Check that the fuel pressure corresponds to the speci
fications l isted in Table n .  

Table U1I. 325 Fuel Pressure Specifications 

Model Fuel pressure 

325, 325e, 325es 2.5 ± .05 bar (36.3 ± 0.7 psi) 

325i 3.0 ± .06 bar (43.5 ± 0.9 psi) 

Ifthe system pressure is too high, check the return l ine from 
the pressure regulator to the tank. Check for k inks in the hose. 
Blow compressed air through the line to check for blockages. 
If no faults c�n be found, the pressure regulator is faulty and 
should be replaced. 

If the system pressure is too low, repeat the above pressure 
test while gradually clamping off the return hose at the fuel 
pressure regulator as shown in Fig. 6-26. The pressure should 
rise to at least 3.2 bar (46.4 psi) or possible higher. If it does, 
then the pressure regulator is faulty and should be replaced. 
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Fig. 6-26. Fuel pressure regulator return hose being 
clamped shut to . check fuel pump delivery pres
sure. 

If the pressure stil l  drops, check visual ly for leaks. Leaks can 
also be due to a leaking cold-start valve or i njector. If no leaks 
can be found, test the fuel pump as described i n  4.3 Fuel 
Pump. 

To test fuel pressure regulator response to engine load: 

1 .  Reinstal l the fuel pump relay. Start the engine and allow 
it to idle. Check that the regulating pressure is as spec
ified i n  Table o. 

Table o. 325 Fuei Regulating Pressure 

Model Regulating pressure 

325, 325e, 325es 2.3-2.7 bar (33.4-39 psi) 

325i 2 .8-3.2 bar (40.6-46.4 psi) 

2. With the engine idl ing, remove the vacuum hose from the 
regulator. The pressure should increase. 

3. Reconnect the hose and check that the pressure returns 
to the lower regulating pressure. 

If any faults are found,  the fuel pressure regulator is faulty 
and should be replaced. Disconnect the gauge and reconnect 
the fuel l ine to the cold-start valve or the fuel rai l .  Tighten the 
hose clamp. 
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Replacing Pressure Regulator 

The fuel pressure regulator attaches to the fuel rai l with two 
bolts. Disconnect the vacuum hose and the fuel return hose as 
shown in Fig. 6-27. Remove the bolts and pul l  the regulator 
from the fuel rai l .  Inspect the O-ring for damage and replace it 
if necessary. I nstallation is the reverse of removal. Be sure the 
code number on the side of the old pressure regulator matches 
that of the new regulator. 

WARNING -

Fuel will be discharged. Do not disconnect any 
wires that could cause electrical sparks. Do not 
smoke or work near heaters or other fire hazards. 
Keep an approved fire extinguisher handy. 

Fig. 6-27. Fuel pressure regulator mounting bolts (A) , return 
fuel line (B) , and vacuum line (e) . 

6.6 Idle Specifications (rpm and % CO) 

Idle speed and ignition timing are electronically controlled 
and are therefore not adjustable. In add ition, idle mixture is not 
adjustable on models with Motronic 1 . 1 . However, checking 
idle speed and id le mixture (% CO) together is a good way to 
determine the general condition of the Motronic system .  

The Motronic fuel management systems installed on the 
cars covered by this manual are adaptive. In other words, if any 
of the above operating parameters are not with in specified 
l imits, the system will electronically self-correct, with in l imits, 
until the correct settings are obtained. 

Making these checks requi res special test eqUipment. If the 
equipment necessary to accurately perform this work is not 
avai lable, we suggest turning the job over to an authorized 
BMW dealer or other qual ified repair shop. In a properly 
equ ipped shop, these checks can be made qu ickly, accurately, 
and at reasonable cost. Id le specifications can be found under 
7. Fuel System Technical Data. 

When checking idle m ixture, the following requirements 
apply: 

1 .  The engine must be at normal operating temperature (oi l  
temperature at approximately 1 40°F (60°C) ) .  

2. All electrical accessories should be off (including the 
auxi l iary radiator cooling fan- make adjustments only 
when the fan is not on) . 

3. The throttle switch must be operating correctly. 

4. The exhaust system must be free of leaks. 

5 .  There must be no engine vacuum leaks. 

6. The valves must be correctly adjusted . 

7. The oxygen sensor must be operating correctly. 

NOTE -
CO readings may be affected by the presence of 
unburned gasoline and combustion by-products 
in the engine oi l .  For the most accurate CO set
tings, always change the engine oil and fi lter 
before making any adjustments. 

To check and adjust idle m ixture (%CO): 
(1 984 through 1 987 325, 325e, 325es oniy) 

1 .  Disconnect from the throttle housing the small hose that 
runs from the housing to the charcoal canister. See Fig. 
6-28. Do not plug the hose or the hose fitting . 

2. Remove the CO tap bolt from the exhaust manifold. The 
bolt is d i rectly below the no. 5 cyl inder plug wire. Install 
a threaded adapter with a pipe fitting and connect the 
hose of the exhaust gas analyzer to the adapter. 

NOTE -
@ Exhaust gas content should only be measured 
at the exhaust manifold. Checking the exhaust 
gas content at the tai lpipe is checking the gas 
after it has been cleaned by the catalytic con
verter. 

III The special exhaust manifold adapter (BMW 
Tool No. 1 3  0 1 00) is available from an authorized 
BMW dealer parts department. 



Fig. 6-28. Small vacuum hose from charcoal canister (arrow) 
being removed and vented to atmosphere . 

3. Disconnect the oxygen sensor harness connector. See 
Fig. 6-29. 

!Fig. 6-29. Oxygen sensor harness connector (arrow) . 

4. With the anti-tampering plug removed, adjust the idle 
mixture using a 5 mm hex wrench. Table p l ists idle 
specifications. 
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Table p .  id le  Specifications 
(1 984-1 987 325, 325e, 325es) 

Specification Value 

Id le speed 700 rpm ± 50 

% CO 0.2-1 .2% 

NOTE -

It Check the idle mixture with and without the 
oxygen sensor connected before making any ad
justments. The idle mixture should be almost the 
same in  both cases. If there is a big d ifference, the 
CO screw may be misadjusted, or  there may be 
other faults such as a vacuum leak or a faulty 
injector. See ENGINE MANAGEMENT -ORIVE
ABILITY for more troubleshooting i nformation. 

c; The idle mixture screw can only be adjusted 
after removing the anti-tampering plug in the air 
flow sensor housing. See Fig. 6-30. This small 
plug is removed by dri l l ing with a 2.5 mm (%2 in.) 
dri l l  bit and threading a screw i nto the plug so that 
it can be extracted with pl iers. Turning the screw 
counterclockwise makes the mixture leaner 
(lower % CO) . Turning it clockwise makes the 
mixture richer (higher % CO) . 

Fig. 6-30. Air flow sensor id le mixture screw (arrow) , beneath 
anti-tampering plug. 

5. Turn the engine off and disconnect all test equipment. 
Install the exhaust manifold tap bolt. Reconnect the ox
ygen sensor harness con nector. Replace the anti
tampering plug. 



54 FUEL SYSTEM 

7. TECHNICAL DATA 

I .  l-Jetronic Fuel I njection Specifications 
(1 984 and 1 985 31 8i models) 

Fuel .pump del ivery rate 
with fuel pump operated for 30 seconds . . . .  .875 ml (30 oz.) 
Transfer pump del ivery pressure . . . . . . . .  .0.3 bar (4.3 psi) 
System fuel pressure . . . . . . . .3.0 ± 0.06 bar (43.5 ± 0.9 psi) 
System regulating pressure . . . . . .2.8-3.2 bar (40.6--46.4 psi) 
Fuel injector coil resistance 

code no. 0 280 1 50 704 . . . . . . . . . . . . .  1 4.5-1 7.5 ohms 
code no. 0 280 1 50 21 1 . . . . . . . . . . . . .  1 4.5-1 7.5 ohms 

Idle speed (non-adjustable) . . . . . . . . . . .750/850 ± 50 rpm 
Idle mixture (electronically adjusted) . . . . . . . .  .See 5.6 Idle 

Specifications (rpm and % CO) 

INOTE -
Most 3 1 8i models have an idle speed of 750 ± 50 
rpm. Models with an idle speed of 850 ± 50 rpm 
have been modified according to an authorized 
BMW dealer field fix (No. 84-1 .8V5-2) . To deter
mine if the car has been modified, look for a 
sticker attached to the driver's side fender, near 
the shock tower. The sticker will contain the new 
idle speed specification. 

! I .  Motronic Fuel I njection Specifications 
(1 984-1 987 325, 325e models) 

Fuel pump delivery rate 
with fuel pump operated for 30 seconds . . . .  .875 ml (30 oz.) 
Transfer pump delivery pressure , . . . . . . . .  0.3 bar (4.3 psi) 
System fuel pressure . . . . . . . .  2.5 ± 0.05 bar (36.3 ± 0.7 psi) 
System regulating pressure ' . . . . . . .  2 .3-2.7 bar (33.4-39 psi) 
Fuel i njector coil resistance 

code no. 0 280 1 50 71 6 . . . . . . . . . . . . .  1 4.5-1 7.5 ohms 
code no. 0 280 1 50 1 26 . . . . . . . . . . . . . .2.0-3.0 ohms 

Idle speed (non-adjustable) . . . . . . . . . . . . . .700 ± 50 rpm 
Idle mixture . . . . . . . . . . . . . . . . . . . . .  .0.2-1 .2% CO 

m. Motronic 1 . 1 Fuel I njection Specifications 
(1 988 325 and al l 325i models) 

Fuel pump delivery rate 
with fuel pump operated for 30 seconds . . . . .  875 ml (30 oz.) 
System fuel pressure 

1 988 325 . . . . . . . . . . . . . .  2.5 ± 0.05 bar (36.3 ± 0.7 psi) 
325i ,  325is, 325iC . . . . . . . . .  3.0 ± 0.06 bar (43.5 ± 0.9 psi) 

System regulating pressure 
1 988 325 . . . . . . . . . . . . . . . .  2.3-2.7 bar (33.4-39 psi) 
325i ,  325is, 325iC . . . . . . . . . .2.8-3.2 bar (40.6-46.4 psi) 

Fuel injector coil resistance 
code no. 0 280 1 50 7 1 5  . . . . . . . . . . . . .  1 4.5-1 7.5 ohms 
code no. 0 280 1 50 1 26 . . . . . . . . . . . . . .2.0-3.0 ohms 

Idle speed (non-adjustable) 
1 988 325 . . . . . . . . . . . . . . . . . . . . . . .720 ± 40 rpm 
325i ,  325is, 325iC . . . . . . . . . . . . . . . . . .  760 ± 40 rpm 

Idle mixture (non-adjustable) 
1 988 325 . . . . . . . . . . . . . . . . . . . . . . .0.2-1 .2% CO 
325i, 325is, 325iC . . . . . . . . . . . . . . . . . .  0.4-0.8% CO 
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Cooling System 

I ntroduction 

The engines covered by this manual are l iquid-cooled , and rely on a closed system of 
circulating coolant to maintain an even engine temperature and help transfer heat away from 
the engine. To provide adequate cooling system performance over a range of temperature 
conditions, l ubricate the system's moving parts, and prevent the bui ldup of mineral deposits 
and other contaminants, the coolant recommended for use year-round is a mixture of 
phosphate-free anti-freeze and clean water. The closed system becomes pressurized at 
normal engine operating temperature. Under pressure the boi l ing point of the coolant is 
increased, allowing the engine and cooling system to operate at higher temperatures without 
boi l ing the coolant. 

The coolant pump is driven mechanically by the engine, and operates continuously 
whenever the engine is running. Coolant circulates through the engine to the radiator, the heat 
exchanger or heater core in the passenger compartment heating system, and back to the 
pump. Before the engine is up to normal operating temperature, the flow of coolant is 
controlled by a thermostat. When closed, the thermostat forces coolant to bypass the radiator 
and return d irectly to the coolant pump, retaining as m uch heat as possible until the engine is 
warm. 

A primary radiator cooling fan driven by the engine draws air through the radiator any t ime 
the engine is running. The fan is mounted on a viscous drive unit that, depending on engine 
compartment temperature, l imits the amount of engine power that is absorbed in  d riving the 
fan .  On most models, an auxil iary cooling fan is located i n  front of the radiator. This fan is 
electrically operated and thermostatically controlled so that it runs only when the extra air flow 
is required to maintain proper coolant temperature. 

Proper care of the cooling system is easy. Simple preventive maintenance can keep the 
system operating at its best and help prevent temperature-related problems from shortening 
engine l ife. If you lack the tools or a suitable workspace for servicing the cooling system, we 
suggest you leave this work to an authorized BMW dealer or other qualified shop. We 
especially urge you to consult your authorized BMW dealer before beginning any repairs on 
a car stil l  covered by the manufacturer's warranty. 
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"1 "  GENERAL DESCRIPTION 

Fig. 1 -1 and Fig. 1 -2 are schematic views of the cooling 
systems installed on 4-cylinder and 6-cylinder engines. Arrows 
indicate the d i rection of coolant flow. 

Coolant Pump and Thermostat 

A centrifugal-type coolant pump is mounted to the front of 
the cylinder block. The pump is crankshaft-driven by a V-belt 
and circulates coolant through the system whenever the en
gine is running. 

A thermostat controls the flow of coolant i nto the pump. 
When the engine is cold the thermostat is closed, so coolant 
bypasses the radiator, recirculating from the engine d irectly 
back to the pump inlet. When the engine reaches normal 
operating temperature the thermostat opens and coolant cir
culates through the whole system ,  including the radiator. 

Radiator 

The radiator is constructed of an aluminum core and plastic 
side tanks. On 6-cylinder engines, a translucent expansion 
tank, or overflow reservoir, provides for the expansion of the 
coolant at h igher temperatures and easy monitoring of coolant 
level .  

r-----::+--Heater 
core 

Engine--I--
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Fig. 1 -1 .  Schematic view of cooling system components and 
hose routing showing coolant flow (arrows) for 
4-cylinder engine. 

Engine--+--

Coolant 
pump 

-I-- Heater 
r-----.,., core 

Radiator 

t 
' J  

B1 60COO.B 

Fig. 1 -2. Schematic view of cooling system components and 
hose routing showing coolant flow (arrows) for 
6-cylinder engine. 

Radiator Cool ing Fan 

The primary cooling fan is mounted to the coolant pump 
through a fan clutch . The fan clutch is a viscous coupling which 
controls the speed of the fan based on engine compartment 
temperature. The electric auxil iary cooling fan is mounted in  
front of  the radiator and operates independent of  the engine. 
Power to the auxil iary fan is controlled by thermo-switches 
mounted on the radiator. High coolant temperature closes a 
switch to start the cooling fan. When the coolant temperature is 
in  the correct range, the switch opens. An add itional circuit 
powers the auxil iary cooling fan whenever the air conditioning 
is on. 



2. MAINTENANCE 

BMW specifies the following steps for proper maintenance 
of the cooling system ,  to be carried out at particular time or 
mileage intervals. For i nformation on the prescribed mainte
nance intervals and these maintenance steps, see LUBRICA
TION AND MAINTENANCE. 

1 .  Checking coolant level and anti-freeze protection (con
centration) 

2. Inspecting coolant pump V-belt tension and condition 

3. Inspecting coolant hoses for leaks; checking tightness of 
hose clamps 

4. Replacing engine coolant 

3. TROUBLESHOOTING 

This troubleshooting section applies to problems affecting 
the cooling system, which includes the components that store, 
pump, and regulate circulation of the engine coolant. 

Problems associated with the operation and repair of the 
heating system are covered in BODY A ND INTERiOR. Re
moval and replacement of the coolant temperature gauge is 
covered in ELECTRICAL SYSTEM. 

Overheating problems may also be caused by an engine 
fault that allows hot combustion gases to leak into the cooling 
system, or by incorrect ignition timing. See ENGINE or IGNI
TION for more information. 

3.1 Basic Troubleshooting Principles 

When investigating the cause of overheating or coolant loss, 
begin with a visual inspection of the system. Check coolant 
level and check for evidence of coolant leaks. Leaks can occur 
at any place in the cooling system where there is a bolted 
housing or other con nection. 

The closed cooling system becomes pressurized at normal 
operating temperature, and maintaining this pressure is an 
important system function. Leaks may prevent the system from 
becoming pressurized and allow the coolant to boil at a lower 
temperature. If visual evidence is i nconclusive, a cooling sys
tem pressure test will determine whether the system leaks, and 
may help to i ndicate the source. See 3.2 Diagnostic Tests. 

If the cooling system is ful l  of coolant and holds pressure,  
the next most probable cause of overheating is poor coolant 
circulation caused by a broken V-belt, a failed thermostat, a 
pinched or restricted hose, or a clogged system. In warm 
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weather, virtually all clogs are caused by neglect of the coolant, 
or by the addition of substances to the coolant that are not 
recommended. In cold weather, the cooling system may also 
be clogged by frozen coolant resulting from an inadequate 
amount of anti-freeze. 

The engine-driven coolant pump is subject to wear, just as 
any other rotating engine part. Complete failure of the pump to 
circulate coolant is unusual , but excessive wear may cause 
noisy operation or coolant leaks at the pump shaft. 

An otherwise sound cooling system may stil l  overheat, par
ticularly with prolonged idl ing, due to a failure of either the 
primary cooling fan or the auxil iary cooling fan. The primary 
cooling fan is controlled by a temperature-dependent fan 
clutch, shown in Fig. 3-1 . A failed fan clutch may affect air flow 
through the radiator, resulting in overheating or possibly over
cool ing. See 4.3 Coolant Pump for more information on the fan 
clutch. The electrically operated auxil iary cooling fan should be 
switched on and off according to engine coolant temperature. 
If the auxil iary fan does not operate, see 4.4 Auxil iary Cooling 
fan for testing i nformation . 

Fig. 3-1 . Primary cooling fan and clutch assembly. 

Table a l ists overheating and underheating symptoms, their 
probable causes, and suggested corrective actions. The bold 
numbers in  the corrective action column refer to headings in 
this section where the suggested repairs are described. 
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Table a. Cooling System Troubleshooting 

Symptom Probable cause 

1 .  Engine overheats a. Low coolant level 

b. Burst hose 

c. Radiator hose restricted (faulty lower 
hose may collapse only at high engine 
speeds) 

d. V-belt loose or broken 

e. Faulty thermostat 

f. Auxiliary fan not switching on 

91. Faulty cap on radiator or expansion 
tank 

h. Clogged radiator 

i .  Incorrect ignition timing or valve timing 

j. Coolant pump faulty 

2. Temperature gauge a. Faulty thermostat 
reads low (heater b. Auxil iary cooling fan not switching off 
output inadequate) c. Cooling fan clutch hub seized. 

3. Temperature gauge a. Faulty temperature gauge or sending 
reads low (heater unit 
output normal) 

4. Heater output a. Heater hose restricted 
i nadequate b. Heat exchanger (heater core) clogged 
(temperature gauge or heating valve clogged or faulty 
reading normal) c. Heater controls broken or out of 

adjustment 

3.2 Diagnostic Tests 

These system tests are used to help diagnose cooling 
system problems and isolate their causes. 

Pressl.llre Testing 

A pressure test wil l help f ind any leaks and show whether 
the cooling system can maintain pressure. If the system cannot 
maintain pressure, the boi l ing point of the coolant wil l  be 
reduced and the engine will overheat more easily. Various 
kinds of cooling system pressure testers are available, such as 
Snap-on® tool no. SVT 262. Follow the instructions supplied by 
the tester's manufacturer. If such a tool is not available, an 
authorized BMW dealer or other qual ified repair shop can 
perform this test inexpensively. 

With the engine at normal operating temperature, pressur
ize the system to 1 bar (1 4 psi) using a pressure tester. See Fig. 
3-2. I nabil ity to maintain this pressure indicates leaks which 
may also be detected by the seepage of coolant. If the pressu re 
drops rapidly and there is no sign of coolant leakage, the 
cylinder head gasket may be faulty. I nabi l ity to build pressure or 
an especially rapid pressure drop indicates a more serious 
leak, possibly due to a cracked cylinder head. See ENGINE for 
more information .  

Corrective action 

a. Fill cooling system; Pressure·test system to check for leaks 3.2 

b. Replace hose. Refil l cooling system 4.1 , 3.2 

c. Replace hose. 4.1 

d. I nspect V-belt; adjust or replace as necessary. 4.3 

e. Remove and test thermostat. Replace if necessary. 4.2 

f. Test thermo-switch and fan. Replace faulty part. 4.4 

g. Pressure-test cap and replace if faulty. 3.2 

h.  Clean or replace radiator 4.5 

i .  Check ignition timing; See IGNITION; Check camshaft drive chain 
(4-cylinder) or drive belt (6-cylinder) .  See ENGINE 

j. I nspect coolant pump. Repair or replace if necessary. 4.3 

a. Remove and test thermostat. 4.2. 

b. Replace thermo-switch for fan .  4.4. 

c. Inspect clutch and replace if faulty. 4.3. 

a. Test temperature gauge and sending u nit. Replace faulty part. 3.2 

a. Replace hose. 4.1 . 

b. Replace heater exchanger or h eating valve or have core cleaned. 
See BODY AND INTERIOR 

c. Adjust or replace controls. See BODY AND INTERIOR 

Fig. 3·2. Pressure tester shown installed on expansion tank 
of 6-cylinder engine. On 4-cylinder engine, install 
pressure tester in place of radiator cap. 



CAUTlON -

Exceeding the specified test pressure could 
damage the radiator or other cooling system 
components. 

To test the cap, i nstall the cap on the pressure tester and 
increase the pressure to the cap's opening pressure. The 
correct specification-'-1 bar (1 4 psi) or 1 .2 bar (1 7 psi) -is 
molded into the top of the cap. See Fig. 3-3. The pressure relief 
valve should open at the specified pressure, but not below. 
Relieve the pressure, remove the cap from the tester and lift up 
on the vacuum valve on the inside of  the cap. See F ig .  3-4. The 
vacuum valve should spring back into position on its seat. 
Inspect the cap's gasket. A faulty cap or a damaged cap gasket 
should be replaced. 

Fig. 3-3. Expansion tank cap (6-cylinder engine) showing 
opening . pressure specification (arrow). 

fig. 3-4. Inside of radiator cap showing location of vacuum 
valve (arrow). 
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Temperature Gauge and Sending Un it 
Quick-Check 

A quick, easy test wil l determine whether the coolant tem
perature gauge is functioning correctly. 

Ifthe temperature gauge needle remains at its rest position 
even though the engine is fully warmed, test the gauge as 
follows. With the engine not running, disconnect the electrical 
connector from the temperature sending un it. See Fig. 3-5. 
With the ignition on, use a jumper wire to briefly touch the 
connector terminal to ground, S imulating a high engine tem
perature signal to the gauge. If the gauge needle moves 
u pward, the sending unit is faulty and should be replaced. If the 
needle stil l  does not move, either the wire to the gauge is 
broken (open circuit) or the gauge is fau lty. 

Fig. 3-5. Coolant temperature sender (brown/violet wire) on 
4.cylinder engine (top arrow) and 6-cylinder en
gine (bottom arrow) . 

If the gauge reads too high when the engine is cold ,  test by 
disconnecting the electrical connector from the sending unit. If 
the needle drops to a lower reading, the sending un it is faulty. 
If the needle position does not change, the wire or the gauge 
is shorted to ground. See ElECTRICAL SYSTEM. 
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4. COOLING SYSTEM SERVICE 

Most cooling system repairs are easy and require relatively 
l ittle time. Always plan to replace gaskets and seals and have 
those on hand before beginning. 

WARN/NG -

• At normal operating temperature the cooling 
system is pressurized. Allow the system to cool as 
long as possible before opening-a minimum of 
several minutes-then release the cap very slowly 
to allow safe release of pressure. 

• Releasing cooling system pressure lowers the 
coolant's boiling point. and the coolant may boil 
suddenly. Use heavy gloves and wear eye or face 
protection to guard against scalding. 

GIl Use extreme care when draining and disposing 
of engine coolant. Coolant is poisonous and lethal 
to pets. Pets are attracted to coolant because of its 
sweet smell and taste. See a veterinarian imme
diately if any amount of coolant is ingested by the 
animal. 

CAUTlON -

Avoid adding cold water to the coolant while the 
engine is hot or overheated. If it is absolutely 
necessary to add coolant to a hot system. do so 
only with the engine running and coolant pump 
turning. 

4.1 Coolant and Cool ing System Hoses 

To guard against cooling system trouble the coolant level 
and the hoses should be inspected periodically, as described 
in LUBRICATION AND MAINTENANCE. Hoses deteriorate 
with time, and periodic inspection wil l help prevent unexpected 
failure. 

CAUTlON -

BMW recommends the use of phosphate-free 
anti-freeze to avoid the formation of harmful, 
clogging deposits in the cooling system. Use of 
anti-freeze containing phosphates is consid
ered by BMW to be harmful to the cooling sys
tem. 

Always mix anti-freeze with clean water. Distil led water is 
best because of its reduced mineral content. Oi l  i n  the coolant 
will encourage the formation of sludge which can clog the 
system and damage rubber parts. Oi l  should never be added 
as a l ubricant. If using leak sealer as a precaution against leaks, 
the system should never contain more than one can. The 
additives that plug leaks can also plug radiators and heater 
cores. 

Draining the coolant is a first step in almost all cooling 
system repairs. Coolant can be reused provided it is drained 
into a clean pan. New coolant is recommended every 2 years. 
Replacing hoses or draining and fil l ing the coolant requires 
only a large-sized Phil lips head screwdriver or a medium-sized 
flat blade screwdriver and a 3-gallon drain pan. 

CAUTlON -

Do not reuse the coolant when replacing dam
aged engine parts. Contaminated coolant may 
damage the engine or cooling system. 

Draining and Filling Coolant 
Set the temperature control lever in the passenger compart

ment to the warm position. Loosen the cap on the radiator or 
the coolant expansion tank. To drain the coolant from the 
radiator only, loosen and remove the drain plug at the bottom 
of the radiator. See Fig. 4-1 . Alternatively, drain the radiator by 
removing the lower radiator hose. Hose removal is described 
below. To drain the coolant from the engine block, loosen and 
remove the block d rain plug on the right side of the engine 
block. See Fig. 4-2. 

Before refil l ing the system, reinstall the radiator drain plug or 
the lower radiator hose. Torque the radiator drain plug to 1 .5 to 3.0 Nm (1 .2 to 2.2 ft. lb.) . Replace the metal gasket on the block 
drain plug if it is crushed or otherWise damaged. Torque the 
block drain plug to 50+_g Nm (36+� ft. lb.) . 

Fig. 4-1 . Location of radiator drain plug on 6-cylinder engine 
(top arrow) and 4-cylinder engine (bottom arrow). 



Fig. 4-2. Typical location of coolant drain plug (arrow) on 
right s ide of engine (6-cylinder engine shown). 

Using a coolant mixture of 50% anti-freeze and 50% water, 
fi l l the system slowly so that air is allowed to escape. Cooling 
system capacities are g iven in  Table b. 

Table b. Cooling System Capacities 

Model Approximate capacity 
liters (quarts) 

31 8i 7.0 (7.4) 

325e(es) , 325 1 1 .0 ( 1 1 .6) 

325i(is) ,  325i Convertible 1 0.5 ( 1 1 . 1 )  

O n  4-cylinder engines, add coolant unti l  the level i s  approx
imately 20 mm (% in.)  below the top of the cap. Start the engine 
and let it idle, rechecking the coolant level after it has · had a 
chance to circulate. 

On 6-cylinder engines, air may become trapped in the 
system during fi l l ing due to the design of the cooling system. 
This trapped air can prevent good coolant circulation. First, add 
coolant until the level reaches the mark on the coolant reservoir 
shown in  Fig. 4-3, then bleed trapped air from the system as 
described below. 

To bleed air from the system on 6-cylinder models, loosen 
the 8 mm bleeder screw and add coolant unti l it spil ls from the 
screw. See Fig. 4-4. Tighten the screw and start the engine. 
With the engine idl ing at normal operating temperature, loosen 
the bleeder screw u ntil the coolant spil l ing out is free from air 
bubbles, then tighten the screw. After. the engine has cooled, 
recheck the coolant level and add coolant as necessary. 
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Fig. 4-3. Fil l  mark on coolant expansion tank on 6-cylinder 
engine (arrow) . Coolant level should be at mark 
when engine is cold. 

Fig. 4-4. Location of bleeder screw on thermostat housing of 
6-cyl inder engine (arrow) . 

TO replace a hose: 

1 .  Drain the coolant as described above. 

2.  Remove the hose. Using a screwdriver, loosen each 
hose clamp and slide the clamps away from the hose 
ends. 
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NOTE -

If a radiator hose is stuck to the radiator con
nection, cut the old hose off the connection as 
shown in Fig. 4-5.  Prying the hose loose may 
damage the connection or the radiator. 

Fig. 4-5. Stuck hose being removed by cutting. 

3. Clean the hose connections and remove any bits of old 
hose and sealer, using a wire brush if necessary. 

4. Install the new hose. Sl ide the loose clamps over the 
hose and slide the hose ends over the connections. 

5. Position and tighten the clamps. Place the clamp as near 
the bead as possible and at least 4 mm (%2 in .) from the 
hose end, as shown in Fig. 4-6. Tighten the clamps 
enough to compress the hose firmly around the 
connections. 

I 
I 
� Connection 
I 
I • _ .J  

Hose 

Fig. 4-6. Hose clamp correctly installed on hose end. 

CAIJTgON -

Do not overtighten clamps. Tighten just enough 
to seal. Overtightening may damage the hose 
and cause premature failure. 

6. Refi l l  the radiator as described i n  Draining and Fill ing 
Coolant. Run the engine until warm. Check and if nec
essary retighten the hose clamps, and check for leaks. 
Check once more after the engine has cooled. 

4.2 Thermostat 

The thermostat controls coolant temperature by regulating 
coolant flow to the radiator. A thermostat that is stuck open will 
cause the engine to warm up slowly and run below nOrrhal 
temperature at highway speed. A thermostat that is stuck 
closed wil l  restrict coolant flow to the radiator and cause over
heating. 

Replacement is only necessary if the thermostat is faulty. On 
6-cylinder engines, in  addition to the tools required to drain the 
coolant, a socket wrench is required to remove the thermostat 
housing. On 4-cylinder engines, no additional tools are re
quired. 

Removing and I nstal l ing Thermostat 

Before removing the thermostat, drain the coolant as de
scribed i n  Draining and Fil l ing Coolant. 

On 6-cylinder engines, remove the three thermostat hous
ing mounting bolts and separate the housing from the cylinder 
head. Pull the thermostat with its a-ring from the coolant outlet 
on the cylinder head. See Fig. 4-7. To install ,  position the 
thermostat in the cylinder head as shown in Fig. 4-8. Using a 
new a-ring, install the thermostat housing, and torque the bolts 
to 9 ± 1 Nm (80 ± 5 in .  lb.) . . Reinstal l the d isconnected hoses. 
Fill and bleed the cooling system as described in Draining and 
Fil l ing Coolant. Warm the engine and check for leaks. Check 
again after the engine has cooled. 

Fig. 4-7. 6-cylinder coolant outlet (on cylinder head) with 
thermostat housing , thermostat, and O-ring 
removed. 



Fig. 4-8. Thermostat correctly positioned · in coolant outlet. 
Arrow shaped mark (arrow) must point up. 

On 4-cylinder engines, loosen the three hose clamps on the 
thermostat housing and separate the upper and lower hoses 
from the housing. See Fig. 4-9. Pul l  the housing from the 
remaining hose. I nstallation is the reverse of removal. 

lFig. 4-9. Location of hose clamps (arrows) and thermostat 
housing on 4-cylinder engine. 
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Testing Thermostat 

Test the thermostat when it is removed from the engine. It is 
also wise to perform this Simple test to a new thermostat before 
installation. If any faults are found, the thermostat should be 
replaced. 

For 6-cyl inder engines, heat the thermostat i n  a pan of water 
while monitoring the temperature with a thermometer. The 
thermostat should open at approximately 1 76°F (80°C) . 

For 4-cyl inder engines, measure i nside the thermostat 
housing and determine the change i n  length between cold and 
hot conditions. Heat the thermostat housing in a pan of water 
and measure as shown in Fig. 4-1 0 while monitoring temper
ature with a thermometer. The thermostat should begin to open 
at approximately 1 76°F (80°C) . At boiling temperature, approx
imately 21 2°F (1 00°C) , the measurement should be 8 ± 1 mm 
(5/'6 ± 3/s4  in.)  greater than when cold.  A thermostat that does 
not open the ful l  amount is faulty and should not be installed. 

B1 55CGB 

Fig. 4-1 0. Testing thermostat of 4-cyl inder engine in  hot wa
ter. Change in  length is being measured using 
steel ruler. 
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4.3 Coolant Pump 

The coolant pump is replaced as a unit. Although individual 
parts are available, special. tools and press equipment are 
necessary for rebuilding. Always use a new gasket between 
the pump and cylinder block. 

Inspecting and Replacing Coolant Pump 

To inspect the coolant pump, first loosen the V-belt so that 
the pul ley and pump shaft can be turned freely. Firmly grasp 
opposite sides of the fan and check for play in all directions. 
Rotate the pul ley and check that the shaft runs smoothly. 
Inspect the pump for signs of coolant leakage. 

The coolant provides some lubrication for the pump shaft, 
so an occasional drop of coolant leaking from the pump is 
acceptable. A larger leak, a loose pump shaft, or a shaft that is 
noisy and turns roughly indicates a worn shaft bushing-the 
pump is faulty and should be replaced. Also, plan to replace the 
V-belt if it is worn or damaged. For i nformation on checking, 
replacing and adjusting the V-belt, see LUBRICATION AND 
MAINTENANCE .  

To remove coolant pump (4-cyl inder) :  

1 .  Drain the cooling system as described in 4 . 1  Coolant 
and COlOliing System HlOIses. 

2. Remove the fan clutch assembly as described later in  
this section under Inspecting and Replacing Primary 
Fan Clutch. 

3. Placing l ight pressure on the V-belt to hold the pul ley, 
loosen the four pul ley mounting bolts, then remove the 
V-belt and remove the pUlley. 

4. loosen the hose clamps and remove the two hoses from 
the pump. 

5. Remove the seven coolant pump mounting bolts and 
remove the pump. See Fig . 4-1 1 . 

Installation is the reverse of removal .  Use a new gasket 
between the coolant pump and engine block. Tighten the three 
larger MS bolts to 22 ± 2 Nm (1 6 ± 1 ft. lb.) and the four smaller 
M6 bolts to 9 ± 1 Nm (SO ± 5 in. lb.) . Install the pulley, torquing 
the bolts to 9 ± 1 Nm (SO ± 5 in .  lb.) . Install the fan assembly as 
described below. Fi l l  the system with coolant as described in  
4.1 Coolant and Cooling System Hoses. Tension the V-belt 
as described in LUBRICATION AND MAINTENANCE. 

Fig. 4-1 1 .  Coolant pump mounting points (arrows) on 4-
cylinder engine. 

To remove coolant pump (6-cylinder) :  

1 .  Drain the cooling system as described i n  4.1 Coolant 
and Cooling System Hoses. 

2. Remove the fan clutch assembly as described later in  
this section under Inspecting a n d  Replacing Primary 
Fan Clutch. 

3. Place l ight pressure on the V-belt to hold the pul ley, then 
loosen the four pulley mounting bolts and remove the 
V-belt and the pulley. 

4. Loosen the hose clamps and remove the two hoses from 
the pump. 

5.  Remove the distributor cap with wire assembly, the igni
tion rotor, and the dust shield as described in IGNITION. 

6. On 325i models, remove the reference sensor from its 
mounting bracket. See Fig. 4-1 2. 

7. Loosen the upper alternator mounting bracket nut. On 
325i models, remove the plastic wire holder from its 
mounting clips on the camshaft drive belt cover. See Fig. 
4-1 3. 

S. Remove the two camshaft drive belt cover mounting 
bolts. Remove the cover together with the side rubber 
piece. See Fig. 4-1 4. 

9.  Loosen all three coolant pump mounting bolts. Then 
remove the two bolts from · the holes indicated in  Fig. 
4-1 5 .  Pivot the pump down as far as it wil l  go and remove 
the camshaft drive belt tensioner spring and pin.  Re
move the remaining lower bolt together with the pump. 



CAUTION -

Do not loosen the camshaft drive belt tensioner 
bolts. The valves can be damaged if the pistons 
are accidentally moved while belt tension is 
relieved. 

Fig. 4-1 2. Reference sensor and internal-hex head screw 
(arrow) . Use 5 rnrn hex wrench to rernove screw. 

Fig. 4-1 3. Upper alternator rnounting bracket nut (a) and 
wire holder retaining cl ips (b) on carnshaft drive 
belt cover. 
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Fig. 4-1 4. Carnshaft drive belt cover and rubber piece 
shown rernoved. Dust shield and ignition rotor 
also shown. 

Fig. 4-1 5. Locations of coolant purnp rnounting bolts (ar
wows) which rnust be rernoved f irst. 
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I nstallation is the reverse of removal. Use a new gasket 
between the coolant pump and engine block. When install ing 
the pump, check that the camshaft drive belt tensioner spring 
and pin correctly engage the detent in  the pump. See Fig. 4-1 6. 
Tighten the three M8 bolts to 22 ± 2  Nm (1 6 ±  1 ft. lb.) . Install the 
pulley, torquing the bolts t0 9 ±  1 Nm (80 ± 5  i n .  lb.) . Instal l  the 
fan assembly as described below. Fil l the system with coolant 
and bleed air from the system as described in 4.1 Coolant and 
Cooling System Hoses. Tension the V-belt · as described i n  
LUBRICATION AND MAINTENANCE. 

NOTE -

It may be a good time to inspect the camshaft 
drive belt tension whi le it is exposed. See EN· 
GINE for more i nformation. 

Fig. 4·1 6. Coolant pump detent (arrow) for camshaft drive 
bell tensioner spring.  

inspecting and Replacing PrimarY' Fan Clutch 

I nspect the fan clutch by spinning the fan with engine off 
and cold. See Fig. 4-17. The fan should spin on the clutch with 
slight resistance. Check for signs of oil leaking from the clutch . 
If the fan cannot be turned by hand or if there are signs of oil 
leakage, the clutch is faulty and should be replaced. 

IMOTIE -

In cold weather, this test should be performed 
inside a suitable heated work area. Low ambi
ent temperatures cause the clutch f luid to 
thicken ,  making a perfectly good fan appear 
bad by being hard to turn. 

Fig. 4-1 7. Radiator cooling fan and c lutch assembly. 

To remove the clutch from the coolant pump, place a 32 mm 
open-end wrench on the fan clutch nut. See Fig. 4-1 8. Using 
the palm of your hand quickly h it the end ofthe wrench, turning 
the left-hand threaded nut i n  a clockwise direction (as viewed 
from the front of the car) to loosen it. 

Fig. 4·1 8. Nut ( left-hand thread) on fan clutch (arrow) . 



NOTE -

Always store the removed fan clutch assernbly 
in an upright position .  Failure to store the clutch 
assembly upright may result in a loss of clutch 
fluid . 

When replacing the clutch ,  transfer the plastic fan from the 
old clutch to the new clutch . Torque the four  M6 mounting bolts 
to 9 ± 1 Nm (80 ± S in .. lb.). I nstall the clutch assembly to the 
coolant pump until the . nut is hand tight. Tighten the nut in a 
counterclockwise direction, using the same sudden impact 
with the wrench as was used to loosen it. The correct torque of 
the n ut is 40 Nm (29 ft. lb . ) .  When tightening the fan clutch, be 
sure the coolant pump V-belt is correctly tensioned as de
scribed in  LUBRiCATION AND MAINTENANCE. 

iIIOTE � 

BMW special tool  no. 1 1  5 040 is used in con
junction with a 3/a in. drive torque wrench to 
accurately torque the fan clutch to the coolant 
pump. See Fig. 4-1 9. Because the tool  provides 
increased leverage, it multipl ies the torque. Us
ing this tool ,  the correct torque is  30 Nm (22 ft. 
lb.) . 
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Fig. 4-1 9. Special 32 mm open end wrench (BMW Part No. 
1 1 5 040) . 

4.4 Auxil iary Cool i ng fan 

The auxil iary cooling fan provides add itional air flow through 
the radiator. It operates when high coolant temperature closes 
the radiator-mounted thermo-switch , or whenever the air con
d itioning is on.  See Fig. 4-20. If the fan does not operate 
properly, the lack of air flow through the radiator may result in  
overheating. 
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Fig. 4-20. Auxil iary cool ing fan assembly viewed from front. 
Shown with gri l le removed for clarity. 

Testing Cool ing Fan and Radiator Thermo-switch 

WARNING -

Use extreme caution when testing the cooling fan 
and thermo-switch. The cooling fan can run any 
time the ignition is on. 

For greatest safety, cooling fan and thermo-switch tests 
should be performed with the air conditioner off, and preferably 
with the engine cold. The tests below simulate a warm engine 
by electrically bypassing the thermo-switch with a jumper wire. 
Switching temperatures are given in Table c. 

Table c. Auxiliary Cooling Fan Switching 
Temperatures 

Fan speed Thermo-switch closes 

Low 1 96°F (91 °C) 

High 21 0°F (99°C) 

Remember that the radiator thermo-switch wil l only turn on 
the electric cooling fan when the coolant temperature is h igh 
enough to close the switch. If a faulty thermostat is not allowing 
the coolant to bypass the radiator and warm up to the switching 
temperature, the thermo-switch wil l not close and the cooling 
fan wil l  not run. 

NOTE -

A temperature gauge which is not indicating 
normal operating temperatu re may be an indi
cation of a faulty (stuck open) thermostat. 
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I n  add ition ,  the fan will not run and the engine will overheat 
if a faulty thermostat or a plugged radiator wil l  not allow hot 
coolant to reach the switch. To quickly check that the thermo
stat · is opening and that coolant is circulating through the 
radiator, allow a cold engine to reach . operating temperature 
(temperature gauge needle approximately centered) and then 
feel the upper radiator hose. If the hose is hotto the touch, the 
coolant is circulating. If the hose is not hot, either the radiator is 
plugged or the thermostat is not opening. See 4.2 Thermostat 

or 4.5 Radiatol' 

If the coolant is circulating at normal operating temperature 
and the auxil iary cooling fan does not run ,  test the fan as 
described below. Disconnect the radiator thermo-switch con
nectors and use a jumper wire with an in-l ine switch to bypass 
the thermo-switch and simulate a switch closed by warm cool
ant temperature. Test the fan with the ignition on.  

CAUTION -

Connect and disconnect al/ test leads with the 
ignition off. 

Table d. Auxil iary Cooling Fan Thermo-switch Tests 

Model Connections to Connections to 
test low speed test high speed 

3 1 8i ,  325, 325e(es) white terminals red terminals 
jumpered jumpered 

325i (is) , 325i black wire black/brown wire 
Convertible jumpered to jumpered to 

green/black wire green/black wire 

WARNING -

Always keep hands and wires clear of the fan 
blades. The cooling fan may run at any time the 
ignition is on. 

NOTE """""'" 
On 3 1 8i models, the thermo-switches are lo
cated on the lower left-hand (driver's side) cor
ner of the radiator as shown in Fig. 4-2 1 . On 325 
and 325e(es) models, the thermo-switches are 
located on the upper left-hand side of the radi
ator. 325i (is) models use a single thermo-switch 
combining both switch functions in one hous
ing, also located on the upper left-hand side of 
the radiator. See Fig. 4-22. 

If the fan runs only when powered directly by the jumpered 
connector, the radiator thermo-switch should be replaced. 
Torque a new thermo-switch to a maximum torque of 1 5  Nm 
(1 1 ft .  lb.) . I nspect the thermo-switch gasket ring whenever the 
switch is removed. The gasket should be replaced if it is 
crushed or otherwise damaged. 

Fig_ 4-21 . Thermo-switches for radiator cool ing fan low
speed (left) and high-speed (right) on 4-cylinder 
engine (viewed from beneath) . 

Fig. 4-22. Single thermo-switch (arrow) on 325i (is) models. 
Connector shown disconnected from switch . 

If the fan does not run when powered by the jumpered 
connector, check for voltage at the connectors. Measuring 
between the green/black wire and ground, there should be 
battery voltage (approx. 1 2  VDC) whenever the ignition is on. If 
not, check fuse no. 1 9  (7.5 amp) in  the fuse/relay panel .  If 
battery voltage is reaching the connector, check the high 
speed relay fuse no. 1 8  (30 amp) ,  and the low speed relay fuse 
no. 3 (1 5 amp) .  



If the fan runs only at low speed, check the high-speed fan 
relay (position K6) .  If the fan runs only at high speed, check the 
low speed fan relay (position K1 ) and the low speed resistor. 
The resistor is mounted to the auxil iary fan housing, behind the 
center of the front bumper. See Fig. 4-23. Test the resistor by 
removing its electrical connectors and measuring its resis
tance. If the resistance is not approximately 6 ohms, the resistor 
is faulty and should be replaced. 

Fig. 4-23. Auxiliary cooling fan low speed resistor and elec
trical connectors (arrows) . Resistor shown re
moved from fan housing for clarity, 

Removing and I nstal l ing Auxil iary Fan Assembly 

To remove the auxil iary fan assembly, remove the radiator as 
described in 4.5 Radiatorand remove the front gri l le assembly 
as described in  BODY AND iNTERIOR. Remove the three nuts 
from the fan assembly .as shown in Fig. 4-24. Remove the two 
air conditioning condenser mounting bolts as shown in Fig. 
4-25. Remove the trim panel from the rear of each headlight 
Disconnect the fan's electrical connectors and remove the fan 
resistor from the fan housing. 

Careful ly, without disturbing any of the refrigerant l ines, l ift 
the condenser up while swinging it away from the body. See 
Fig. 4-26. Remove the auxil iary fan from the car. 

Installation is the reverse of removal. Be sure the air condi
tioning condenser fits correctly into the lower channels before 
tightening the mounting bolts. 
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Fig. 4-24. Auxiliary cool ing fan mounting nuts (arrows) . 

Fig. 4-25. Air conditioning condenser mounting bolts 
(arrows) . 
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Fig. 4-26. Air  conditioning condenser correctly positioned 
for removal of auxiliary cooling fan . 

4.5 Radiator 

To perform efficiently, the radiator must not be blocked with 
d i rt or debris, and it must be firmly mounted. Excess vibration 
due to loose, broken ,  or missing fasteners may damage the 
radiator. Clean the radiator fins using low pressure com
pressed air. 

If the engine overheats and no other cooling system tests 
indicate trouble, the radiator may have some plugged pas
sages which are restricting coolant flow. This does not neces
sarily mean thatthe radiator must be replaced. In many cases 
the radiator can be chemically cleaned by a qualified radiator 
repair shop to rel ieve the plugging. 

NOTE -

Repairing radiators of aluminum and plastic 
construction used on some BMW models re
qu i res some specialized knowledge. Choose a 
shop with the necessary experience. 

Removing and Install ing Radiator 

To remove the radiator, first drain the cooling system and 
disconnect the upper and lower radiator hoses, as described in 
4.1 Coolant and Cooling System Hoses. Remove the auxil
iary cooling fan and clutch assembly as described above. On 
6-cylinder engines, disconnect the hose from the coolant ex
pansion tank .  

Disconnect the electrical connectors from the radiator 
thermo-switches and from the auxil iary cooling fan .  If an engine 
splash guard is installed, remove it from beneath the car as 
described i n  ENGINE. Pry off the cl ips from the plastic fan 
shroud. See Fig. 4-27. Pul l  the fan shroud up and off the 
radiator and position the shroud over the cooling fan ,  towards 
the engine. 

Fig. 4-27. Radiator shroud mounting cl ips used on 
1 984- 1 987 6-cyl inder models (top) and all 
4-cyl inder models (bottom) . Cl ips on 1 988-
1 990 models are s imi lar. 

On models with automatic transmission, thoroughly clean 
around the two transmission cooler l ine u nions at the radiator, 
then loosen the nuts and d isconnect the l ines. See Fig. 4-28. 
Plug the cooler l ines and the radiator openings to keep them 
clean. On cars with 4-cylinder engines, remove the radiator 
mounting nut as shown in Fig. 4-29. On cars with 6-cylinder 
engines, remove the radiator mounting bolts from either side of 
the radiator. See Fig. 4-30. Lift the radiator out from the top. 



Fig. 4-28. Automatic transmission cooler l ine on radiator of 
6-cylinder engine (arrow) . Transmission cooler 
lines on 4-cylinder engine are at radiator bottom .  

Fig. 4-29. Radiator mounting nut on cars with 4-cylinder 
engine (arrow). 
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Fig. 4-30. Left radiator mounting bolt on cars with 6-cylinder 
engine (arrow) . Right mounting bolt (not shown) 
must also be removed.  

Installation is the reverse of removal. I nspect the rubber 
lower radiator mountings as shown in Fig. 4-31 . Replace any 
mounting that is damaged. When instal l ing the radiator, be 
sure the radiator fits into the lower mountings correctly. On 
models with automatic transmission, torque the cooler l ine 
fittings to 1 8� �  Nm (1 3 �6  ft. lb.) . Torque the radiator mounting 

nuts to 9� 6  Nm (80�g in. lb.) . Fi l l  the cool ing system as 
described i n  4.1 Coolal1lt and Cooling System Hoses. On 
models with automatic transmission ,  check the level of  the 
automatic transmission fluid (ATF) . See AUTOMATiC TRANS
MISSION. 

Fig. 4-31 . Typical rubber lower radiator mountings (arrows) . 
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Flushing Radiator 

Itthe radiator has been contaminated with engine oil, BMW 
recommends that the radiator and expansion tank be flushed 
with Solvethane®, available from an authorized BMW dealer. 

NOTE -

Although the radiator · and cool ing system 
should be periodically flushed as part .of sched
uled maintenance, the procedu re below applies 
only to Oi l-contaminated radiators. For informa
tion on flushing the cool ing system as a part of 
routine maintenance, see LUBRICATION AND 
MAINTENANCE. 

WARNING -

Solvethane® is poisonous. Wear safety glasses 
and gloves. Always follow the manufacturer's 
safety precautions listed on the container. Dis
pose of Solvethane® properly when flushing is 
complete. 

CAUTION -

Solvethane® is damaging to rubber seals, gas
kets and hoses. Do not allow it to enter the 
cooling system or to contact rubber parts. 

To flush the system ,  remove the radiator as described 
above. Pour 4 to 6 pints (2 to 3 l iters) of Solvethane® i nto the 
radiator. Cover any openings and vigorously shake the radia
tor. After approximately 2 to 3 minutes, drain the Solvethane® 
and reinstall the radiator. Flush using hot water u ntil there are 
no signs of oil in the water. For cars with 6-cylinder engines, 
repeat the process for the expansion tank. Final ly, fill the sys
tem with coolant as described in 4_1 Coolant and Cooling 
System Hoses. 

5. TECHNICAL DATA 

I. Cooiing System Specifications 

Cooling system leakage test 
maximum test pressure . . . . . . • . . . . . . . . .  1 bar ( 1 4  psi) 

Expansion tank cap 
opening pressure . . . . . .see specification on cap top 

Thermostat opening temperature 
4-cylinder engines 

begins to open . . . . . . . . . . . . . . . . . . . 1 76°F (80°C) 
fully open . . . . . . . . . . . . . . . . . . . . .21 2°F (1 00°C) 
thermostat stroke . . . . . . . . . .8 ± 1 mm (5/1 6 ± 3/64 in . )  

6-cylinder engines 
begins to open . . . . . . . . . . . . . . . . . . . U6°F (80°C) 
ful ly open . . . . . . . . . . . . . . . . . . . . . N/A 
thermostat stroke . . . . . . . . . . . . . . . . . . . . . . . N/A 

Cooling fan thermo-switch switching temperature 
Low-speed 

ON (switch closed) . . . 1 96°F (91 °C) 
High-speed 

ON (switch closed) . . .21 0°F (99°C) 
Cooling system capacity 

31 Si . . . . . . . . . . . . . . . . . . . . . . . .  7 .0 Itrs. (7.4 qts) 
325e(es), 325 . . . . . . . . . . . . . . . . .  1 1 .0 Itrs. ( 1 1 .6 qts) 
325i (is} , 325i convertible . . . . . . . . . . .  1 0.5 1trs ( 1 1 . 1 qts) 

V-belt tension . . . . . .See LUBRICATION and MAINTENANCE. 
Coolant type . . . . . . . . . . . . . . . . . . . . .  Phosphate-free, 

containing ethylene g lycol 

I I .  Tightening Torques 

Automatic transmission cooler l ines to 
radiator . . . . . . . . . . . . . . . . . . .  1 8 �� Nm ( 1 3  �6 ft. lb.) 

Coolant pump pul ley to 
coolant pump (bolt) . . . . . . . 

Coolant pump to cylinder block 
M6 bolt . . . . . . . . . . 
MS bolt . . . . . . . . . .  . 

Coolant primary fan to: 
coolant fan clutch . . . . . 

Coolant fan clutch to coolant pump 

. .9 ± 1  Nm (SO ± 5  in .  lb.) 

. . 9 ± 1  Nm (SO ± 5  in .  lb.) 
.22 ± 2 Nm(1 6 ± 1 ft. lb.) 

.9 ± 1  Nm (80 ± 5  in .  lb.) 

with special tool (BMW Part No. 1 1  5 040) . .30 N m  (22 ft. lb.) 
without special tool. . . . . . . . . . . . . . . .40 Nm (29 ft. lb.) 

Coolant temperature sending unit to 
cylinder head water outlet . . . . . . . . 1 S  ± 1 Nm ( 1 3  ± 1 ft. lb.) 

Thermo-switch to radiator 
(maximum permissible) . . . . . . . . . . . . . 1 5  Nm (1 1 ft. lb.) 

Upper radiator mounting 
to body (nut) . . . . . . . . . . . . . . . .9  ± 1 N m  (SO ± 5 in. lb.) 
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Exhaust System and 
Emission Controls 

Introduction 
The exhaust system has two main functions: first, to guide the rapidly expanding gasses of 

combustion out of the engine and away from the passenger compartment, and second, to 
quiet and cool the exhaust. On U.S. cars equipped with a catalytic converter, the exhaust 
system and the emission controls remove most of the pollutants which are the normal 
by-products of combustion. 

Proper exhaust system function depends on each component being free from holes, with 
airtight seals at all joints. Emission control system function depends on proper adjustment of 
the fuel i njection system and the ignition system,  as well as chemical treatment of the exhaust 
gasses by the catalytic converter. M isadjustment of the fuel injection or ignition systems, or 
fai lure of the catalytic converter can damage the emission control system and increase harmful 
exhaust emissions. 

Exhaust system components are subjected to vibration and extreme temperature and 
pressure, and exposed to all manner of road hazards. The exhaust system is designed for 
relatively maintenance-free operation ,  but regular i nspection is warranted due to these harsh 
operating conditions. The only scheduled emission control maintenance is replacement of the 
oxygen sensor at specified mileage i ntervals. 

This section covers maintenance, troubleshooting, and repair of the exhaust system and the 
emission controls. Only basic hand tools are required for most service. Testing the emission 
control systems requires some special ized knowledge and equipment. If you lack the neces
sary skil ls or equipment, we suggest that you leave these tests or repairs to an authorized BMW 
dealer or other qual ified and properly equipped repair shop. We especially urge you to see an 
authorized BMW dealer before beginning any work on a car that may be eligible for repair 
under the manufacturer's warranty. 
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1 .  GENERAL DeSCRIPTION 

1 .1 iExhaust System 

The basic exhaust system components, shown in Fig. 1 -1 , 
are the exhaust manifold, the front pipe with i ntegral catalytic 
converter, and the rear pipe with rear mufflerc On 325 and 
325e(es) models, the rear pipe includes an additional middle 
muffler. 

The exhaust manifold is mounted to the cylinder head and 
channels exhaust from the individual exhaust ports into the 
front pipe. The manifold is made of cast iron to withstand the 
extreme heat, vibration, and pressures of combustion. 

The front end of the system is supported by attachment to 
the exhaust manifold, and by a mounting bracket on the trans
mission. The rear part of the system is suspended by rubber 
retaining rings or hangers from the underbody of the car. The 
retaining rings provide positive but non-rigid mounting, allow
ing some expansion and contraction of the system due to 
changes in temperature and helping to isolate noise and vibra
tion from the body. 

Rear pipe with 
rear muffler 

B1 57.EXH.B 

!Fig. 1 -1 .  Typical two-piece BMW 3-series exhaust system .  
Exact configuration varies from model to  model .  

1 .2 Emission Controls 

Emission controls are used to  reduce harmful emissions. 
Emission controls used on the cars covered by this manual 
include an evaporative emission system, an oxygen sensor 
system,  and a catalytic converter. 

Because the evaporative emission system is related to the 
fuel supply, this system is covered in FUEL SYSTEM. The 
oxygen sensor system and the catalytic converter are covered 
in this section. 

Catalytic Converter 

The catalytic converter is simi lar in appearance to a small 
muffler. Its honeycombed ceramic core contains hundreds of 
tiny passages whose surfaces are coated with precious metal 
catalysts. The catalysts promote chemical reactions in the ex
haust gasses which reduce the quantity of harmful pollutants in  
the exhaust. 

Oxygen Sensor System 

The catalytiC converter reduces emissions most efficiently 
when the percentage of oxygen in the exhaust fal ls within  a 
certain narrow range. The oxygen sensor system is part of a 
closed-loop system which regulates fuel m ixture to maintain 
peak combustion efficiency and proper oxygen content in the 
exhaust. 

The oxygen sensor, shown in Fig. 1 -2 ,  continuously reacts 
to the amount of oxygen in the exhaust stream and generates 
a proportional low-voltage signal . This low-voltage serves as an 
input to the fuel injection system which in turn adjusts the fuel 
m ixture. The oxygen sensor system consists of an oxygen 
sensor mounted in the exhaust system which is wired to an 
electronic control un it and, in turn, to the fuel i njection system. 

Fig.  1 -2. Oxygen sensor (arrow) instal led i n  4-cylinder ex
haust manifold. 
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2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or m ileage i ntervals for proper mainte
nance of the exhaust system and emission controls. A number 
in  bold type indicates that the procedure is covered in this 
section, under that numbered heading. I nformation on other 
exhaust system and emission control maintenance and on the 
prescribed maintenance i ntervals can be found in LUBRICA
TION AND MAINTENANCE. 

1 .  Inspecting exhaust system. 

2. Replacing oxygen sensor. 5.1 

BMW recommends i nspection of the exhaust system during 
each scheduled maintenance, but it is also a good idea to 
inspect it whenever other repair work allows access to the 
u nderside of the car. The system should always be i nspected 
immediately if it becomes unusually noisy or if exhaust odor is 
detected inside the car. 

3. TROUBLESHOOT!NG 

This troubleshooting section covers the exhaust and emis
sion control systems, i ncluding the exhaust manifold and p ipes, 
the muffler, the catalytic converter and the oxygen sensor 
system.  

Problems such as  exhaust leakage or  excessive noise al
most certainly indicate faults in the exhaust system.  Other 
problems such as poor performance, rough running, or in
creased emissions may have more complex causes. For help 
in troubleshooting running and performance problems, see 
ENGINE MANAGEMENT-DRiVEABllITY. 

3.1 Basic Trou bleshooting Principles 

As with any troubleshooting, analysis of the observed symp
toms is the key to isolating and identifying exhaust and emis
sion systems problems. Begin with careful observation ,  keep
ing in mind the following questions: 

How has the problem developed? A symptom which devel
ops quickly usually indicates recent damage, or failu re of an 
isolated part. In  the case of the exhaust system ,  such damage 
may be due to striking a road hazard. Noise is, of course, the 
main indicator of exhaust system problems. A gradual i ncrease 
in noise level is most l ikely an indication of the general deteri
oration of the whole system ,  due to corrosion for example. 
More extensive repair, and perhaps complete replacement, 
may be necessary. 

Is the symptom related to engine rpm? The correct amount 
of backpressure helps the engine produce power smoothly 
over a wide range of engine speeds. Excessive backpressure 
due to a failed or damaged component may cause poor d rive
ability, rough  idl ing, or stall ing. The catalytic converter with its 
small passages is especially susceptible to plugging if it gets 
overheated, if the fuel injection or ign ition systems are misad
justed, or if the car is run on leaded fuel. 

Is the symptom related to temperature? Cold running prob
lems are almost certainly not caused by the oxygen sensor 
system, since the fuel injection system operates without it u ntil 
the sensor is fully warmed. 

Table a lists common exhaust and emission control system 
problems, their probable causes, and suggested corrective 
actions. The numbers in bold type in the corrective action 
column refer to the numbered head ings in  this section of the 
manual where the suggested repairs are described. 

Table a. lElt:haust and Emission Control Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Hissing, rumbling, lil. Exhaust system leaks a. Examine all system jOints (see LUBRICATION AND 
loud noise during MAiNTENANCE) . Replace faulty components. 4.1 
acceleration roo Internally damaged muffler or catalytic b. Replace faulty components. 4. i 

converter 

c. Exhaust system out of alignment. c. Re-align exhaust system.4.1 

2. Exhaust system III. Exhaust system out of alignment a. Re-align exhaust system. 4.1 
rattles b. Missing or broken exhaust system b. Replace retaining ring(s) . 4.1 

rubber retaining ring 

3. Reduced power, lil. Excessive backpressure (damaged a. I nspect components and replace as required. 4.1 
poor mileage, muffler or pipes) 
hesitation on in itial b. Oxygen sensor system faulty b. Test oxygen sensor system function, replace faulty components. 
acceleration, rough 5.1 
idle c. Excessive backpressure (plugged c. Replace catalytic converter. 4.2 

catalytiC converter) 

4. Failed emissions a. Oxygen sensor system faulty III. Test oxygen sensor system function and replace faulty 
test components. 5.1 

b. Catalytic converter failed b. Replace catalytic converter. 4.2 
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4. EXHAUST SYSTEM 

The mai n  exhaust system components are bolted together 
at welded flanges. Gaskets are used at each flange and be
tween the exhaust manifold(s) and the cylinder head. Brackets 
welded to the pipes and clamps mounted to the muffler are 
used to support the system by rubber retaining rings, hanging 

from brackets welded to the underbody. Fig. 4-1 , Fig. 4-2, and 
Fig. 4-3 show the exhaust systems used on the various models 
covered by this manual. These figures also i l lustrate the fas
teners used in  each system and l ist their correct torque 
specifications. 

Manilold 
gasket 

22-24 N m  

� ��� 
� �

(1 6-1 7)1t. l b') ! 

--=��""" 
M6 9-1 0 N m  
(7-8 It. lb.) () 
M8 22-24 1t. � �I 
(1 6- 1 7 1t. lb.) � Q� 

Oxygen 
sensor 
(3-wire) Front mounting bracket � ® 

(automatic transmiSSiOn)--------- � 

2nd stage 
50-55 N m  
(36-40 It. lb.) 

Front mounting 
bracket assembly 
(manual transmission) 

Rear muffler 
mounting bracket --"'-''-'' 

------ Rear axle ( 1 6-1 7 It. lb.) 
------- J 22-24 Nm 

------
______ mounting braCket'l;

_ r �Retaining ring 
22-24 Nm � � I (1 6-1 7 ft . lb ) -----� _---, 

I ______ 

L - ------ - ------ -
1 6 N m ) 
( 1 2 It. lb . )  

W--Retaining r ing 

Rear muffler 
mounting clamp 
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Fig. 4·1 . Exploded view 01 31 8i exhaust system. 
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Front mounling 

........ .L.-- Exhaust manifolds 

gaskets 

55 ± 5  N m  
(41 ± 3  ft lb.) 

Rear axle � mounting bracket 

� 22-24 Nm 
� ( 1 6-1 7 ft lb.) 

22-24 Nm d (1 6-1 7 ft lb.) 
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Rear pipe with 
middle and rear muffler 

o - �  " 
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-> 
� -
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� 
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mounting bracket 

mounting clamps 
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fig. 4-2. Exploded view of 325 and 325e(es) exhaust system. 
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1 st stage 

Exhaust manifolds 
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55 ± 5  Nm 
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2nd stage 
50-55 Nm 
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.

n

_

)

_....--=:-""'::::::--

� 

I 
� 

Front pipe with / 
catalytic converter 

Rear axle 
mounting bracket 

22-24 Nm ? 
(1 6-1 7 ft. lb.) � 

�.@ @ �� 
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lFig. 4-3. Exploded view of 325i(is) and 325i Convertible exhaust system. 
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4.1 Removing and Installing Exhaust System 

The pipes, mufflers, and catalytic converter are made to 
resist corrosion,  but they are stil l  prone to deterioration and this 
deterioration tends to affect the system as a whole. If any one 
part of the system is perforated by rust, it is very l ikely that other 
parts are similarly affected, or soon wil l be. 

When replacing only part of the system,  make sure that the 
new parts wil l fit properly with the old before removal. Parts 
from different sources may not mate properly. Genuine BMW 
replacement parts wil l  probably mate best with the original 
parts. 

NOTE """""" 
Use of non-original exhaust system compo
nents can change system backpressure and 
may affect fuel m ixture. It may be necessary to 
check and adjust the fuelinjection system after 
instal l ing any non-orig inal exhaust pipes or muf
flers. See FUEL SYSTEM. 

New fasteners and clamps are always recommended. The 
chance of getting the old ones off undamaged and in reusable 
condition is sl im. Gaskets should always be replaced whenever 
the flanged joints are d isconnected. 

WARNING -

To avoid injury, wear eye protection and heavy 
gloves when working on the rusty parts of the old 
exhaust system. 

Removing Exhaust System 

individual components can be removed without completely 
dismantling the system. The rubber retaining rings allow some 
movement-enough to remove front components without re
moving the rear also. A penetrating oil applied to all bolts 
several hours in advance of beginning the work will make 
removal easier. 

When removing the front exhaust pipe from the car, be sure 
the oxygen sensor's e lectrical connector is d isconnected. If the 
front pipe is to be replaced, the oxygen sensor can be trans
ferred from one pipe to the other. For more information on 
removing and instal l ing the oxygen sensor, see 5. Oxygen 
Sensor System. 

Install ing Exhaust System 

Loosely instal l  and assemble the complete system, then 
evenly tighten the clamps and mounting bolts to their final 
torque values. Make sure that no part of the exhaust system 
contacts any part of the car body. Anti-seize compound used 
on all threaded fasteners will extend service life and make any 
future replacement easier. 

CAUTION -
Do noUet anti-seize compound come in contact 
with the slit portion of the oxygen sensor body. 
The oxygen sensor is very sensitive and will be 
destroyed if contaminated with anti"seize com
pound. 

To allow for thermal expansion of the exhaust system,  po
sition rear muffler clamp(s) so that the retaining ring(s) are 
preloaded approximately 6 mm (% in .) . See Fig. 4-4. On 4-
cylinder models, tighten the clamping bolt to a maximum 
torque of 1 6  Nm (1 2 ft. lb.) . On 6-cylinder models, tighten the 
clamping bolt to a maximum torque of 1 4  Nm (1 0 ft. lb.) . 

Fig. 4-4. Rear muffler retain ing ring preload. Preload shown 
has been exaggerated for c larity. 

Adjust the clearance between the tai lpipe and the body 
using the rear axle clamping bracket. When the clearance is 
correct, as shown in Fig. 4-5, tighten the clamping bolt to 22 to 
24 Nm (1 6 to 1 7  ft. lb.) . See Fig. 4-6. 

After the system is aligned as described above, tighten the 
remaining bolts and clamps. Fastener torque values for the 
various systems are shown in Fig. 4-1 , Fig. 4-2 and Fig. 4-3 
above. After completing the installation,  start the engine and 
check for any exhaust leakage. Some sl ight smoking and odor 
as the new parts become hot for the first time is normal. System 
alignment can be checked by driving the car over a rough road 
and l istening for sounds of the exhaust system striking the 
underbody. 
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Fig. 4-5. Clearance (a) between tailpipe and body. 

Fig. 4-6. Rear axle clamping bracket Loosen bolt (arrow) to 
adjust clearance between tailpipe and body. 

4.2 Catalytic Converter 

All models covered by this manual are equipped with a 
three-way catalytic converter in the exhaust system.  Fig. 4-7 
shows the internal construction of the catalytic converter, de
signed to maximize surface area for the catalysts and promote 
the chemical reactions that convert harmful compounds i nto 
n itrogen,  carbon dioxide, and water. 

The catalytic converter is designed to be maintenance free, 
and under normal operating conditions it should last at least 
60,000 m iles (96,000 km) .  Certain improper operating condi
tions can, however, cause thermal breakdown of the catalytic 

material and leave the converter partially plugged or otherwise 
inoperative. Some of these conditions are: i ncorrect ignition 
timing, incorrect fuel injection CO adjustment, engine m isfiring, 
prolonged idl ing, prolonged high load such as towing, and, the 
use of leaded gasoline. 

flow --� 

Fig. 4-7. Cutaway view of catalytic converter. 

WARNING -

Do not operate the starter for more than 1 to 3 
minutes if the engine fails to start. Excessive 
cranking may allow raw fuel to enter the converter, 
creating a fire hazard and potentially damaging 
the catalytic converter. 

Reduced power, stall ing at idle, rattles in  the exhaust sys
tem, and high exhaust emissions measured at the tailpipe are 
all possible indications of a faulty catalytic converter. The con
verter can be removed and visually inspected if converter failure 
is suspected. See Checking CatalytiC Converter below. 

Removing and instal l ing Catalytic Converter 

The catalytic converter is one of the main components of the 
exhaust system and can be removed and installed as part of it as 
described in 4.1 Removing and I nstalling Exhaust System. 

Checking Catalytic Converter 

Since the catalytic converter is an integral part of the front 
exhaust pipe, opportunity for visual inspection is l imited. The 
only real istic test is to remove the front exhaust pipe and check 
for evidence of physical damage. Remove the pipe and hold it 
vertically with the outlet end down. Firmly tap the end on a 
block of wood, then turn the pipe over and tap the other end in  
the same manner. A knocking sound from inside the converter 
housing probably indicates that the ceramic core has become 
d islodged, and that the converter should be replaced. 
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5. OXYGEN SENSOR SYSTEM 

The oxygen sensor system provides the fuel i njection sys
tem with feedback information about combustion efficiency by 
reacting to the oxygen content in the exhaust. The exhaust
mounted . oxygen sensor is constructed of ceramic material 
coated with platinum. One surface is exposed to the exhaust 
gas, while the other is exposed to the atmosphere. The differ
ence in oxygen content between the two surfaces causes a 
chemical reaction which generates a low-voltage electrical sig
nal (1 00-1 OOOmv) . This signal is monitored by the fuel system's 
electronic control u nit which, in turn, signals for changes in fuel 
delivery to optimize combustion efficiency and minimize emis
sions. 

S ince the oxygen sensor system rel ies on low-voltage sig
nals, it is very sensitive to contamination or poor connections. 
Making sure that the electrical contacts are clean and dry may 
cure system problems easily and preclude the need for time
consuming testing. 

Oxygen sensor replacement is . a maintenance procedure 
scheduled at a specified time or mileage i nterval which varies 
depending on model year. See LUBRICATION AND MAINTE
NANCE for more i nformation on recommended service inter
vals and servicing the oxygen sensor. 

NOTE = 

Emission controls, i ncluding the oxygen sensor 
system ,  are covered by an extended warranty. 
See LUBRICATION AND MAINTENANCE for 
maintenance requirements. Consult an autho
rized BMW dealer about warranty coverage be
fore beginn ing any repairs. 

5."d Testing Oxygen Sensor System 

The signal from the oxygen sensor is monitored by the fuel 
system's electronic control un it. The signal from the oxygen 
sensor is just one of many inputs the control u nit receives and 
processes in order to properly control the air/fuel mixture. For 
more information on the operation of the control unit and the 
rest of the fuel system ,  see FUEL SYSTEM. 

Because of the closed-loop i nteraction between the fuel 
injection system and the oxygen sensor, accurate testing of the 
oxygen sensor requires special equipment. There are, how
ever, a few simple tests which can help determine whether the 
sensor is functioning correctly. These tests require an accurate 
voltmeter and, on models with four-wire oxygen sensors, an 
ohmmeter. 

This is a sensitive measurement. In the interest of accuracy, 
the engine must be fully warmed up, the exhaust system must 
be free of leaks, and all electrical consumers (cool ing fan ,  air 
conditioning, l ights, etc.) must be off. 

To test: 

1 .  With the ignition off, remove the oxygen sensor connec
tor from the mounting Cl ip and disconnect the connector. 
See Fig. 5-1 or Fig. 5-2. 

Fig. 5-1 . Oxygen sensor connector (arrow) on early 1 984 
3 1 8i model (near left-hand side of battery) . Con
nector on late 1 984 and all 1 985 31 8i models is 
simi lar. 

Fig. 5-2. Oxygen sensor connector (arrow) on 1 986-1 988 
325i(is) models. Connectors on 325e(es) models 
and all 1 989-1 990 models are simi lar. 
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2. Connect a voltmeter (approximately 0 to 1 VDC scale) to 
measure the oxygen sensor output signal at the sensor 
side of the harness connector. Table b l ists the correct 
terminal connections for the various models and sensor 
types. The connectors and terminals are shown in Fig. 
5-3. 

3 

31 8i (early 1 984) 

3 1 8i (late 1 984-1 985) 
325e(es) (1 984-1 987) 

1 

325e(es) (1 988) and 
325i(is) (1 987-1 988) 

2-f-f_l {at-\--'\-- 1 
3 4 

325i(is) (1 989-1 990) 

3 -----jF----+I-iII.J 

2 2 -\--\-�.l 

(_1++-- 4 

( .. +1--+-- 1 
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Fig. 5-3. Identification of terminals at oxygen sensor harness 
connectors. Wiring harness side shown. Terminals 
are also identified on connector. 

3. Start the engine and let it idle. After about two minutes 
the oxygen sensor's output voltage should be fluctu
ating,  indicating correct oxygen sensor function. 

WARNING -
Exhaust manifolds and pipes can be hot enough 
to cause serious burns. When working near hot 
pipes or mufflers, use heavy gloves and other 
appropriate protection. 

CAUTlON -
Connect and disconnect test leads only with the 
ignition off. 

4. With the engine running, loosen the oi l  fi l ler cap or pul l  up  
on the  o i l  level d ipstick to  admit unmeasured i ntake ai r  
and simulate a lean runn ing condition. The oxygen sen
sor's output voltage should drop. 

Lack of a fluctuating voltage signal from the sensor i ndicates 
a problem, perhaps only that the sensor is not hot enough. This 
problem occurs mainly at idle, and is more l i kely to occur on 
cars with unheated oxygen sensors. Accelerate the engine 
several t imes or run it at fast idle for a few minutes to i ncrease 
sensor temperature, then check the output signal again .  If there 
is stil l  no fluctuating voltage signal, check for a faulty wire 
between the connector and the sensor. If the wire is undam
aged, the sensor is probably faulty and should be replaced. 

On cars with heated oxygen sensors, too l ittle sensor tem
perature may be caused by a faulty heater circuit. Check the 
heater circuit as described below before replacing the oxygen 
sensor. 

Table b. Oxygen Sensor System Test Connections 

Model Sensor type Sensor output Heater power supply Heater 
(model year) signal (VDC) (approx. 1 2  VDC) resistance 

(ohms) 

31 8i (early 1 984) Unheated (single wire) black wire ( + )  and ground ( - ) N/A N/A 

3 1 8i (late Heated (three-wire) terminal 1 ( + )  and ground ( - ) terminals 3 ( + )  and 2 ( - ) N/A 
1 984-1 985) 
325e(es) 
( 1 984-1 987) 

325e(es) ( 1 988) Heated (four-wire) terminal 2 ( + ) and ground ( - ) terminals 4 ( + )  and 3 ( - ) terminals 4 and 3 
325i(is) 
(1 987-1 990) 
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Checking Oxygen Sensor Heater Circuit 

If oxygen sensor function is in  doubt, particularly at idle 
speeds, check the oxygen sensor heater circuit at the harness 
side of the oxygen sensor connector. See Table b and Fig. 5-3. 
With the ignition on, there should be battery voltage (approxi
mately 1 2  VDC) to the heater. If not, check the oxygen sensor 
heater relay or the voltage source to the relay. The oxygen 
sensor heater relay is shown i n  Fig. 5-4. 

Fig. 5-4. Oxygen sensor heater relay (arrow) . Relays shown 
with protective cover. 

CAUTION -

Connect and disconnect test leads only with the 
ignition off. 

On systems with four-wire oxygen sensors, also check re
sistance of the heater circuit at the sensor side of the connec
tor. Resistance greater than 5 ohms i ndicates that the oxygen 
sensor is faulty and should be replaced. 

N01l"E -

On 1 984 and 1 985 325e(es) models with heated 
oxygen sensors (three-wire sensors) , check for 
heater voltage at the connector located beneath 
the right-hand side of the car, near the oxygen 
sensor. 

iIlO1fE c=oo 
On 1 985 3 1 8i models with heated oxygen sen
sors, an oxygen  sensor heater relay is  not used. 
The oxygen sensor receives battery voltage 
from the fuel pump relay (terminal 87b) . See 
FUEL SYSTEM for fuel pump relay location .  

NOTE -

The oxygen sensor heater relay may be located 
in the adjacent position.  To determine the posi
tion of the relay, check the wire colors lead ing to 
the relay. The relay which has a green/blue wire 
leading to it is the oxygen sensor heater relay. 

Replacing Oxygen Sensor 

To replace an oxygen sensor, d isconnect the wiring to the 
sensor and use a wrench on the hex portion of the sensor 
housing. Apply an anti-seize compound to the threads of the 
new sensor. I nstall the sensor, torquing it to 55 ± 5 Nm (41 ± 3 
ft. lb.) . Reconnect the wiring. 

CAUTlON -

Do not let anti-seize compound come in contact 
with the slit portion of the oxygen sensor body or 
the sensor will be damaged. 

6. TECHNICAL DATA 

I .  Tightening Torques 

Front exhaust pipe to rear exhaust pipe 
(nut or bolt) . . . . . . . . . . . . . . . .22-24 Nm (1 6-1 7 ft. lb.) 

Exhaust manifold to 
cylinder head (nut) . . . . . . . . . . .22-24 Nm ( 1 6-1 7 ft. lb.) 

Front exhaust pipe to exhaust manifold (nut) 
1 st stage . . . . . . . . . . . . . . . . .  30-35 Nm (22-25 ft. lb.) 
2nd stage . . . . . . . . . . . . . . . .  50-55 Nm (36-40 ft. lb.) 

Front exhaust pipe clamp to exhaust 
pipe (nut or bolt) . . . . . . . . . . . . .  22-24 Nm ( 1 6-1 7 ft. lb.) 

Front exhaust pipe bracket to transmission 
bracket (nut or bolt) . . . . . . . . . . .22-24 Nm (1 6-1 7 ft.  lb.) 

Heat shield to exhaust system 
(self-tapping screw) . . . . . . . . . . . . . .  7-8 Nm (S-6 ft. lb.) 

Oxygen sensor to exhaust manifold 
or exhaust pipe . . . . . . . . . . . . . .  5S ± 5  Nm (41 ± 3  ft. lb.) 

Rear muffler clamp to rear muffler 
maximum permiSSible (clamping bolt) 

4-cylinder engine . . . . . . . . . . . . . . . 1 6  Nm ( 1 2 ft. lb.) 
6-cylinder engine . . . . . . . . . . . . . . .  14 Nm ( 1 0 ft. lb.) 

Rear muffler clamping bracket to 
rear axle (bolt) . . . . . . . . . . . . . .22-24 Nm (1 6-1 7 ft. lb.) 

Front pipe clamping bracket to transmission bracket 
(rubber mounts) 
M6 bolts . . . . . . . . . . . . . . . . . . .  9-1 0  Nm (7-8 ft. lb.) 
M8 bolts . . . . . . . . . . . . . . . . .  22-24 Nm ( 1 6-1 7 ft. lb.) 
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Manual Transmission 
and Clutch 

introduction 
The cars covered by this manual are equipped with one of three different five-speed manual 

transmissions. Most 31 8i models are equipped with the Getrag 240 transmission. Some early 
1 984 3 1 8i models are equipped with a ZF S5-1 6 transmission. All 6-cylinder (325) models are 
equipped with a Getrag 260 transmission.  

All three transmissions are fully synchronized i n  al l  gears and are housed in l ightweight al loy 
cases. From the transmission, power is transmitted to the drive wheels by the driveshaft and 
final drive. The transmission can be removed and instal led without removing the engine. 
Service and repair of the driveshaft and final drive are covered in  IDRIVESHAFT AND FINAL 

DRiVE. 

Repairs to the i nternal parts of the transmission require special tools and knowledge. If you 
lack the skills and tools, or a suitable workplace for servicing the transmission , we suggest you 
leave these repairs to an authorized BMW dealer or other qualified shop. 

Though you may not have the skills and knowledge for doing actual i nternal repairs, it may 
be possible to save some of the expense of profeSSional repair by removing and install ing the 
transmission yourself, using the procedures described in this section. It is important to realize, 
however, that a partially d isassembled transmission may be a problem for a mechanic. We 
strongly advise against taking the transmission apart to begin any repair that cannot be 

properly finished. 
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1 .  GENERAL DESCRIPTION 

This section covers both the clutch and the manual trans
mission . Fig. 1 -1 shows a typical BMW five-speed manual 
transmission . 

mount 

Fig. "i -i .  Transmission case of five-speed Getrag 240 man
ual transmission. 

I nput shaft 

Fig. 1 -2. Cross section of manual transmission showing po
sition of gear train .  

1 . 1 Transmission 

The transmission case, which contains the transmission 
gear train ,  is a l ightweight alloy die casting with an i ntegral 
bellhousing. The transmission gears are of the constant-mesh 
type with balk ring synchronizers. Each gear ( 1 st through 5th) 
is actually a mating pair of gears, and constant-mesh simply 
means the mating gears are always meshing, as shown in Fig. 
1 -2. 

The 4th gear is mounted on the input shaft and rotates the 
layshaft at engine speed. The 1 st through 3rd and 5th gears 
are mounted in bearings with their mating gears on the lay
shaft, and the gears freewheel until engaged. The synchroniz
ers are splined and mounted on the output shaft and always 
rotate at rear wheel speed. 

Gear selection is made using the gearshift lever i n  the 
passenger compartment, which is l inked to the transmission by 
the gearshift l inkage. When shifting, the synchronizers match 
the speed of the selected gear to the speed of the output shaft, 
then lock the selected gear i nto rotation with the output shaft. 
This eases shifting, minimizes wear, and helps prevent dam
age to the gears. 

Layshaft 
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1 .2 C lutch 

The transmission bellhousing houses the clutch compo
nents. The clutch is hydraul ically operated. When the clutch 
pedal is depressed, the clutch master cylinder generates hy
draul ic pressure to activate the slave cylinder on the transmis
sion . The slave cylinder moves the clutch release lever and 
release bearing, which are i nside the bellhousing, to engage or 
disengage the clutch. 

1 .3 Identification Codes and Specifications. 

Transmissions are identified by manufacturer's stamp and 
by code numbers and letters. The manufacturer's stamp is on 
the case, just in front of the mounting for the clutch slave 
cyl inder as shown in Fig. 1 -3.  The code number and letters are 
located on the top of the Bellhousing as shown in Fig. 1 -4. 
Table a l ists manual transmission gear ratios. 

Fig. 1 -3. Manufacturer's stamp for Getrag transmissions. ZF 
transmissions are simi lar. 

Fig. 1 -4. Location of transmission identification code (arrow) 
on five-speed manual transmissions. 

Table a. Manual Transmission Gear Ratios 

Transmission Getrag 240 ZF 85-1 6 Getrag 260 
type 

Gear ratios 
1 st gear 3.72 3.72 3.83 
2nd gear 2 .02 2 .04 2.20 
3rd gear 1 .32 1 .34 1 .40 
4th gear 1 .00 1 .00 1 .00 
5th gear 0.81 0.80 0.81 
Reverse gear 3 .45 3.54 3.46 
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2. MAI NTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or mi leage i ntervals for proper mainte
nance ofthe clutch and transmission. I nformation on clutch and 
transmission maintenance and on the prescribed maintenance 
intervals can be found in LUBRICATION AND MAINTE
NANCE. 

1 .  Checking clutch master cyl inder fluid level 

2. Checking transmission oil level 

3. Checking clutch disc for wear 

4. Changing transmission oi l 

NOTE -

Checking clutch freeplay is not necessary for the 
BMW cars covered by this manual. The clutch 
system is hydraul ic and is self-adjusting. 

3. TROUBLESHOOTI N G 

This troubleshooting section applies to problems affecting 
the transmission-including the gearshift mechanism and the 
gear train-as wel l  as the clutch . 

The source of most problems is apparent from the symp
toms. For example, difficulty in engaging a gear or imprecise 
shifting are transmission problems. Other symptoms, such as 
loss of performance, vibration or shuddering when releasing 
the clutch, or noises from the area of the transmission, are less 
specific. 

Poor performance may be evidence of a sl ipping clutch, but 
it may also be caused by an engine problem. Vibration sug
gests a faulty clutch, but might also indicate a drivel ine prob
lem. 

Noises may be the result of a fai lure in the gear train ,  or of 
the driveshaft and final drive. What appears to be a transmis
sion oil leak may be engine oil leaking from a faulty rear 
crankshaft oil seal , especially if the leak is near the bottom of 
the transmission bellhousing.  See ENGINE for information on 
crankshaft oi l seals. See DRIVESHAFT AND FINAL D RIVE for 
information on the driveshaft. 

3.1 Basic Troubleshooting Principles 

Transmission problems fall into two categories: those that 
can be fixed by extemal adjustments, and those that requi re 
disassembly of the transmission. Problems that at first appear 
to be caused by internal faults, such as gear shifting difficulty or  
noisy operation,  can often be corrected by external adjust
ments. 

Begin any transmission troubleshooting with a thorough 
visual i nspection, both i n  the engine compartment and from 
beneath. Check all parts of the gearshift mechanism for wear 
that might cause misal ignment and shifting d ifficulty. Look for 
wet spots that may indicate oi l  leaks. Low oi l  level may be the 
cause of hard shifting or noise. Accurate pinpointing of leaks 
may requ ire that the suspected area be cleaned and rein
spected. 

To avoid removing the transmission unnecessarily, check 
the gearshift mechanism for wear and correct leaks and oil level 
before acting on suspected i nternal problems. The gearshift 
mechanism is covered in 4. Shift Mechanism. Replacement of 
oil seals is covered in 7.3 Transmission O il Seals. Checking 
and correcting oi l level is covered in  LUBRICATION AND 
MAINTENANCE. 

As with most other troubleshooting, careful observation of 
the symptoms is the key to isolating and identifying transmis
sion problems. A road test is an important step. Determining 
whether the problem is present i n  all gears, only during accel
eration, when the clutch is engaged, or in some other special 
conditions may help isolate the source of the problem. 

Table b l ists manual transmission and clutch symptoms, 
their probable causes, and recommended corrective actions. 
The numbers in bold type in the corrective action column refer 
to the numbered headings in this section where the suggested 
repairs are described. 

3.2 Diagnostic Tests 

Most i nternal transmission problems cannot be accurately 
d iagnosed u nless the unit is removed and disassembled . How
ever, a quick test can be used to determine whether the clutch 
is performing satisfactorily or sl ipping. 

To quick-check clutch performance, start the engine and set 
the parking brake. Depress the clutch pedal and place the 
gearshift lever in 3rd or 4th gear, then sl ightly accelerate the 
engine and slowly release the clutch pedal. The engine should 
immediately stal l ,  indicating that the clutch is engaging prop
erly and will not sl ip enough to allow the engine to continue to 
run .  If the engine stalls slowly, or does not stall at all , the clutch 
is most l ikely sl ipping. See 5. Clutch for more i nformation. 



Symptom 

1 .  Difficult or noisy a. 

shifting 

b. 

c. 

d. 

e.  

f. 

g. 

2. Transmission noisy a. 

b. 

c. 

3. Grinding noise when a. 

shifting (1 st or b. 
Reverse gears) 

c. 

4. Transmission fails to a. 

engage a gear or 
jumps out of gear b. 

c. 

5. Poor acceleration, a. 

clutch slipping on b. 
hil ls when 
accelerating 

c. 

6. Clutch grabs or a. 

chatters when the 
pedal is released 

b. 

c. 

d.  
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Table b. Manual Transmission Troubleshooting 

Probable cause Corrective action 

Clutch not fully releasing a. Air in clutch hydraulic system. Bleed system.  5.1 Incorrect pedal 
adjustment Check and correct pedal adjustment. 5.2 

Clutch disc binding on transmission b. Remove transmission and inspect splines of clutch disc and 
input shaft input shaft. If necessary, replace clutch d isc. 5.3 

Wom gearshift l inkage, or loose shift c. Check shift mechanism and tighten shift console. If necessary, 
console replace wom parts. 4.1 

Low gear oi l  level d. Check for transmission oil leaks. Check and correct oil level if 
needed. See LUBRICATION AND MAINTENANCE 

Incorrect gear oil for ambient e. Drain o i l  and replace with oi l of correct viscosity. See 
temperature LUBRICATION AND MAINTENANCE 

Wom or damaged intemal gear train f. Inspect intemal transmission components and replace faulty 
components parts. 7 

Not waiting long enough before g. Wait at least 3-4 seconds after depressing clutch pedal before 
shifting (Reverse) shifting into reverse 

Insufficient gear oi l  a. Check for transmission oi l leaks. Check and correct oi l  level if 
needed. See LUBRICATION AND MAINTENANCE 

Wom or damaged intemal gear train b. I nspect intemal transmission components and replace faulty 
components parts. 7 

Clutch dampening springs broken c. Inspect clutch components and replace faulty parts. 5.3 

Idle speed too high a. Adjust idle speed . See FUEL SYSTEM 

Not waiting long enough before b. Wait at least 3·4 seconds after depressing clutch pedal before 
shifting (Reverse) shifting into reverse 

Wom or damaged intemal gear train c. Inspect intemal transmission components and replace faulty 
components parts. 7 

Wom gearshift l inkage or loose shift a. Check shift mechanism and tighten shift console. If necessary, 
console replace worn parts. 4.1 

Transmission output flange loose b. Check output flange. See DRIVESHAFT AND FINAL DRIVE 

Wom or damaged intemal gear train c. I nspect intemal transmission components and replace faulty 
components parts. 7 

Clutch friction surfaces wom or bumt a. Inspect clutch components and replace faulty parts. 5.3 

Clutch not fully engaging b. I nspect clutch disc for binding on input shaft. Check condition of 
bearing on input shaft. Check condition of release bearing and 
release lever. Replace faulty parts. 5.3. Check for binding in 
clutch hydraulic system at slave cylinder and master cylinder 
push rods. 5.2 

Clutch d isc, pressure plate, or c. I nspect clutch components and engine and transmission oi l 
flywheel oi l soaked seals. If necessary, clean pressure plate and flywheel. Replace 

clutch d isc and faulty oil seals. 5.3, 7.3 

Faulty clutch release system a. Check condition of release bearing and release lever. Replace 
faulty parts. 5.3. Check for binding in clutch hydraulic system .  
5.2 

Clutch d isc binding on transmission b. Remove tmnsmission and inspect splines of clutch d isc and 
input shaft input shaft. If necessary, replace clutch disc. 5.3 

Contaminated or glazed (overheated) c. I nspect clutch d isc and replace faulty parts. 5.3 
clutch disc 

Faulty engine/transmission mounting d. Check engine and transmission mounts for oil contamination. 
Replace if necessary. See ENGINE 
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4. SHiFT MECHANISM 

The basic shift mechanism on the cars covered by this 
manual is a shift lever and shift rod connected to the transmis
sion selector shaft. See Fig. 4-1 . The shift lever swivels in a 
bal l-and·socket mounted in the shift console. The shift rod 

------
- 1 -------- I r ! 

i I 
I 

InSUlation�& 
-4;--- - - ... .. . ' .  - - �  ... . -- .-

Sheet metal 
shift console 

" - . ' . - ,. " 

Front console 
mount 

is carried in bushings at either end to dampen transmission 
vibration . 

There are two versions of the shift mechanism. One has a 
sheet metal shift console and one has an aluminum shift 
console. The version with sheet-metal shift console is installed 

Spacer 

Circl ip 

Lower shift lever 

Upper shift lever 

Ci rciip 

�""'l�- Rubber ring 
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� console only) 
� Spring 
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bearing (sheet metal 
console) 
or bearing retaining 
ring (aluminum console) 

Rear 
console 
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� 
Nut 

lever bearing 
Bac�kUP-li9ht 
wire retaining 
cl ip I 

Aluminum 

� � , 
shift console 

� �-�-
selector shaft 

Shift rod 
bushing O-nng L p ,  � Mounting --

Locknn�A Bushing 
Cl ip 

Felt- -,-�� � 
to Transmission �Pin 
selector shaft 
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Fig. 4-1 . Exploded view of shift mechanism. 
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on most models through 1 986. On sheet-metal consoles, the 
shift lever is mounted in  a two-piece plastic bearing secured by 
a circlip. At the front, the console is bolted to the transmission 
case. 

The version with aluminum shift console is instal led on most 
models from 1 987 on. On aluminum consoles, the shift lever 
and its bearing are held in the frame by a plastic retaining ring 
that snaps into place. The front of the console is mounted to the 
transmission case by a clip. 

The shift mechanism is not adjustable. For any shifting 
problems, the gearshift bearing and shift-rod bushings should 
be inspected for wear or for a lack of lubrication that might affect 
smooth or accurate shifting. The shift console should also be 
checked for secure mounting and bushing wear. All bearings 
and bushings are available as replacement parts. 

4.1 Disassembling and Assembling Shift 
Mechanism 

The shift mechanism itself is easi ly removed and i nstal led, 
but in most models complete access to the mechanism re
quires removing the exhaust system, the exhaust heat shield, 
and the driveshaft. See EXHAUST SYSTEM AND EMISSION 
CONTROLS and DRIVESHAFT AND FINAL DRIVE for more 
i nformation. 

On models with the aluminum shift console, removal of the 
shift lever may require the use of a special tabbed tool to unlock 
the plastiC retaining r ing. 

On models with the sheet-metal console, special bolts 
coated with a locking compound are used to hold the console 
to the transmission. This prevents the bolts from loosening and 
being stripped by the shifting action. 

When assembling the shift rod or shift lever bearing,  lubri
cate all joints and pivot pOints with molybdenum d isulfide 
grease (Molykote Longterm 2 or equivalent) . 

10 remove alnd insta!U shift! lever BI!1Jd shiift trod: 

1 .  Put the transmission in reverse. 

2. Pul l  the shift knob up and off of the shift lever. Remove 
the shift boot and the sound insulating felt underneath it. 

3. Remove the rubber dust cover. On models with alumi
num shift console, it is necessary to first disconnect the 
plug for the backup l ight switch. 

4. Working underneath the car, d isconnect the shift lever 
from the shift rod by removing the circl ip as shown in Fig. 
4-2. 

Shift rod 

b200. tv1I\N. B 

Fig. 4-2. Lower shift lever being disconnected from shift rod . 
Pul l  off circiip in d i rection of arrow (1 ) and then 
d isengage shift rod from bushing (2) . 

5. On models with sheet-metal shift console, remove the 
circl ip from the top of shift lever bearing shown in Fig. 4-3 
and lift out the shift lever. 

Fig. 4-3. Circlip being removed on models with sheet-metal 
shift console. 
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6. On models with aluminum shift console, work under
neath the car and use the special tool (BMW Part No. 25 
1 1 00) or a screwdriver to engage the locking tabs of the 
bearing retaining ring from below the lower shift lever 
bearing.  Turn the ring 90° (% turn) counterclockwise, as 
shown in Fig. 4-4 to unlock it, and lift out the shift lever. 

BMW Tool 
No. 25 1 1 00 
or equivalent 

B2Cfo. MAN. B 

Fig. 4-4. Removing shift lever retaining ring on models with 
aluminum shift console. 

7. Remove the shift rod from the transmission selector 
shaft. This is done by pull ing off the bushing lockring, 
then using a suitable drift to drive out the pin .  See Fig.  
4-5. 

Fig. 4-5. Shift rod bushing lockring (arrow) , and pin (A) . 

Transmission shown removed. With transmission 
i nstalled, drive pin out from below. 

NOTE -

• Note the instal led orientation of the shift rod so 
that it can be reinstalled the same way. Depend
ing on the transmission ,  the shift rod may be on 
the right or left side of the bushing. 

• On models . with sheet-metal shift console, it 
may be easier to drive the pin out with the selector 
shaft in 3rd or 5th gear. 

Installation is the reverse of removal . Check the condition of 
the felt in  the shift rod bushing, and replace it if it is torn or 
damaged. Drive the bushing pin in  from the bottom. Remove 
any old grease from the shift lever bearing and lubricate it with 
molybdenum disulfide grease (Molykote Longterm 2 or equiv
alent) . 

On models with sheet-metal shift console, the shift lever 
bearing should be lubricated with the same grease. On models 
with aluminum shift console, align the tabs on the plastic 
retaining ring with the openings in the shift console, as shown 
in Fig. 4-6, and press in the retain ing ring until it clicks twice. 

Fig. 4-6. Shift lever being installed. 
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To remove and install shift console: 

1 .  Remove the shift lever and shift rod as described above. 

2. Disconnect the wires for the backup l ights from the 
transmission . On models with sheet-metal console also 
d isconnect the plug on the top of the console. On mod
els with aluminum console, remove the wiring clips on 
the console and remove the wires. 

3. Working under the car, remove the shift console rear 
mounting nut, shown in Fig. 4-7. 

Fig. 4-7. Shift console rear mounting nut to be removed 
(arrow) . Model with sheet-metal console shown. 
Aluminum console is s imi lar. 

4. On models with sheet-metal console, remove the front 
console-to-transmission mounting bolts shown in Fig . 
4-8 and remove the console. 

Fig. 4-8. Shift console-to-transmission mounting bolts (ar
rows) to be removed. Transmission shown re
moved. 

NOTE -

The bolts may be d ifficult to remove since they 
are instal led with a locking adhesive. 

5.  On models with aluminum shift console, support the 
transmission with a jack and unbolt the rear transmission 
support from the body. Then lower the transmission so 
that it rests on the front cross member. Remove the front 
mounting cl ip for the console as shown in Fig . 4-9 and 
remove the console. 

2 

B292 ,MAN.B 

Fig. 4-9. Front mounting cl ip for aluminum shift console. 
Remove by first u ncl ipping (1 ) ,  and then sliding pin 
and cl ip out (2) . 

Installation is the reverse of removal. Torque the rear mount
ing nut to 1 1  Nm (8 ft. lb.) . 

On models with sheet-metal console, use new front console 
mounting bolts (Part No. B 25 1 1  1 205 659) with locking 
compound, and torque them to 23 Nm (1 7 ft. lb. ) .  

On models with aluminum shift console, torque the trans
mission support bolts to 22 to 24 Nm (1 6 to 1 8  ft. lb. ) .  
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5. CLUTCH 

Fig. 5-1 is a schematic view of the hydraul ically-operated 
clutch .  The friction clutch disc is clamped by spring pressure 
between the d iaphragm-type pressure plate assembly and the 
engine flywheel . The spIined hub ofthe clutch d isc rides on the 
transmission i nput shaft, while the pressure plate assembly is 
bolted to the engine flywheel. 

Depressing the clutch pedal operates the master cyl inder 
and generates hydraul ic pressure .  This pressure forces the 
slave cylinder push rod out to move the release lever and 
release · bearing. As the release bearing presses on the 
pressure-plate release levers, the clamping pressure is eased 
on the clutch disc, disengaging engine power from the trans
mission. 

Two basic types of clutch discs are i nstalled, depending on 
the type of flywheel . On models with a conventional plate-type 

Engine 

Flywheel 
bolt 

Ball 

Clutch 
disc 

Pressure plate 
assembly 

fig. 5-1 . Schematic view of hydraul ic c lutch components. 

flywheel, the clutch d isc has i ntegral cushion springs and 
dampening springs. The cushion springs-that are between 
the friction surfaces of the disc-help to reduce the shock 
when the clutch is engaged. The dampening springs-that are 
visible in the center hub-help to absorb the rotating power 
pulses of the engine. On models with dual-mass flywheels, the 
dampening springs are i ntegrated · i nto the flywheel . For more 
information on flywheels, see ENGINE. 

Except for repairs and maintenance to the clutch hydraulic 
system, inspection or repair of the clutch assembly requires 
removing the transmission . When the transmission is removed, 
the flywheel and the clutch assembly remain bolted to the 
crankshaft, while the release bearing and release lever remain 
mounted on the transmission .  Fig.  5-2 shows the clutch com
ponents that are usually replaced when the clutch is over
hauled. 

from Brake fluid 

cyl inder 

HITIlJ...--- Bleeder valve 

B2B7 tvV\N.B 
Slave cyl inder 
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Release 
bearing 

Pressure plate 
assembly 

Clutch disc 

Fig. 5-2. Clutch components that are usually replaced when 
the clutch is overhauled. 

The clutch release system is not adjustable. The clutch 
slave cylinder automatically compensates for normal wear of 
the clutch disc. The clutch disc should be replaced when worn 
beyond acceptable l imits. Checking clutch d isc wear is a reg
u lar maintenance procedure and is covered in LUBRICATION 
AND MAINTENANCE. 

Failure of the clutch to fully d isengage may be caused by 
inadequate travel or misal ignment of the slave-cylinder push
rod, by a bent master-cylinder pushrod, or by the clutch disc 
binding on the transmission i nput shaft. Bleed the clutch as 
described in 5 . 1 Bleeding Clutch Hydraulic System, and then 
check the slave and master cyl inders as described in 5.2 
Clutch Master Cylinder and Slave Cylinder. I nspection of the 
input shaft and clutch d isc splines requ ires removing the trans
mission, as described in 6.1 Removing and Installing Trans
mission . 

The clutch shares a common fluid reservoir with the brake 
system. The same problems that typically affect brake opera
tion-air in the l ines and moisture in the flu id-can also affect 
clutch operation. BMW does not specify any particular interval 
for replacement of the clutch hydraulic flu id, but the publisher 
recommends changing the flu id whenever the brake flu id is 
changed. This should provide adequate protection against 
corrosion in the clutch master and slave cyl inders. 

5.1 Bleeding Clutch Hydraul ic System 

Bleeding the clutch hydraul ic system is necessary to re
move any air from the l ines that may affect the function of the 
clutch slave cyl inder, and to drain the system when changing 
the fluid. 

Bleeding the clutch is similar to bleeding the brakes. Aer
ated or contaminated fluid is expelled from the system and 
replaced with new, clean fluid. The three basic methods
pressure bleeding, vacuum bleeding,  and manual bleeding
are used to force f lu id through the l ine and release it at the 
bleeder valve on the slave cylinder. For more information on 
bleeding methods and on handling brake fluid, see B RAKES. 

To bleed the clutch manually, have an assistant pump the 
clutch pedal a few times and then hold it down. Open the 
bleeder valve to expel the old flu id ,  then close the valve and 
release the pedal . Repeat the procedure u ntil the fluid runs 
clear and without bubbles. 

If you suspect that there is sti l l  some air in  the l ines, remove 
the slave cylinder from the transmission as described below. 
Push the pushrod all the way in ,  then release it slowly. This wil l  
force any remain ing air in  the fluid back into the fluid reservoir. 
When fin ished, check the fluid level and top it up if necessary. 

CAUTlON -

Do not operate the clutch with the slave cylinder 
removed from the transmission. The slave cyl
inder may be damaged if the pushrod is forced 
out of the cylinder. 

5.2 Clutch Master Cyl inder and Slave Cyli nder 

Although seal rebuild kits are available for both the master 
and slave cylinders, replacing leaking master or slave cylinders 
as complete units is usually preferred. In addition , rebui lding 
these un its successful ly depends on their i nternal condition ,  
which can only b e  determined after the unit i s  removed and 
fully disassembled. 

Checking Slave Cyl inder Push rod Travel 

Inadequate travel of the slave cylinder push rod may prevent 
the clutch from fully disengaging when the clutch pedal is 
depressed, leading to difficult shifting .  
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To check pushrod travel ,  use a strip of stiff metal that is thin 
enough to fit between the slave cylinder and the transmission 
bellhousing. Push the strip through the slot and hold it against 
the slave cylinder pushrod. See Fig. 5-3, Have an assistant 
depress the clutch pedal and release it. The metal strip should 
scribe a mark on the pushrod, i ndicating its travel .  Remove the 
slave cyl inder as described below and check the mark. Push
rod trave.1 specifications are l isted in Table c. 

B2'33 MAN B 

Fig. 5-3. Slave cyl inder pushrod travel being checked with 
metal strip. 

Table c. Slave Cylinder Specifications 

Pushrod travel . . . . . . . . . . . . . . . . .  at least 20 mm (% in .) 

Inadequate pushrod travel may be due to air i n  the system, 
a leaky seal , or the clutch d isc binding on the transmission 
i nput shaft. Reinstall the slave cyl inder, bleed the system as 
described i n  5.1  Bleeding Clutch Hydraulic System ,  and 
recheck travel. 

If pushrod travel is sti l l  i nadequate after bleeding, check the 
adjustment of the clutch pedal as described below, and adjust 
as necessary. Also check the master and slave cylinder seals 
and hose connections for leaks, and replace as necessary. 
Final ly, check the clutch d isc and i nput shaft as described i n  
5.3 Removing and I nstall ing Clutch .  

Removing and Instal l ing Clutch Master Cylinder 
and Slave Cyl inder 

I ncorrect installation of either the master cyl inder pushrod or 
the slave cylinder push rod may cause. the clutch release mech
anism to bind. This will prevent the clutch pedal .from returning 
or cause the rE:!

.
IE:!ase action to fE:!er jerky. · lt may even prevent the 

clutch pedal.from being depressed. 

To rembve master cylinder: 

1 .  Remove the brake fluid reservoir cap and, using a clean 
syringe, remove brake flu id unti l the . level is below the 
hose connection for the clutch master cyli nder. 

WARNING -

Brake fluid is poisonous. Do not siphon brake 
fluid with your mouth. Wear safety glasses when 
working with brake fluid, and wear rubber gloves 
to prevent brake fluid from entering. the blood
stream through cuts . or scratches. 

2. Disconnect the hose from the master cyl inder, where it 
projects through the firewall .  See Fig. 5-4. Be prepared 
to catch any leaking flu id .  

Fig.  5-4. Clutch hydraul ic hose connection (arrow) to master 
cyl inder. 
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3.  Remove the lower left i nstrument panel trim as described 
in  BODY AND INTERIOR. 

4. Remove the bolt that connects the master cylinder push
rod to the clutch pedal. See Fig. 5-5. 

Fig. 5-5. Bolt (arrcw) that connects master cyl inder pushrod 
to clutch pedal . 

5. Remove the two bolts that hold the master cyl inder to the 
clutch pedal bracket. d isconnect the fluid pipe from the 
top of the master cyl inder, and remove the master cyl
i nder. 

CAUTION """""" 
Brake fluid is damaging to paint. Be prepared to 
catch any fluid thai leaks from the master cylin
der and fill pipe. Any brake fiuid that spills on the 
car should be cleaned off immediately. 

To instal! master cylinder: 

1 .  Position the master cyl i nder against the pedal bracket 
and install the mounting bolts. Tighten them to 9 Nm (7 
ft. lb.) . Reattach the fi l ler pipe. 

2 .  Install the bolt that holds the pushrod to the clutch pedal 
and tighten it to 21 Nm (1 5 ft. lb.) . On models with an 
over-center pedal helper spring , shown in Fig. 5-6, make 
sure the spring is engaged in its bracket before instal l ing 
the push rod bolt. 

Clutch 
pedal 

B2'34". MAN E:> 

Fig. 5-6. Clutch pedal over-center helper spring (A) and 
spring guide (6) . 

3. Reconnect the fluid pipe and torque the fitting to 1 3  to 1 6  
N m  (1 0 to 1 2 ft. lb.) . 

4. Check the adjustment of the clutch pedal as shown in  
Fig . 5-7. The specification is found i n  Table d .  

B2Bl JviAN. B 14---- A ------lii>4 

Fig. 5-7. Clutch pedal adjustment is checked at dimension 
A, from fi rewall to c lutch pedal face. 

Table 01. Clutch Pedal Adjustment Specifications 

Distance of pedal face from firewall . . . . 253 mm �61 ( 1 0 in. ��) 
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5. If the adjustment is incorrect, loosen the pushrod nut and 
bolt. The bolt is  eccentric and rotating it should change 
the adjustment. 

6. Some models also have an adjustable pushrod. If the 
correct adjustment cannot be achieved by turn ing the 
eccentric bolt, loosen the pushrod locknut, shown in Fig. 
5-8, and turn the pushrod until the correct adjustment is 
achieved. Torque the locknut to 4.5 to 6 Nm (3 tei 4 ft. lb.) 
when the adjustment is correct. 

CAUTION -

<1) Do not screw the pushrod all the way in. This 
may cause the locknut to jam against the clutch 
pedal during operation, breaking the master cyl
inder pushrod. If the pushrod length is changed, 
check the locknut clearance before fully depress
ing the clutch pedal. 

III Do not over torque the pushrod locknut. If the 
threads are stripped, the master cylinder may jam, 
causing clutch failure. 

Dust cover 

Fig. 5-8. Master cyl inder pushrod locknut ('I ) .  Pul l  dust cover 
back, loosen locknut, and use wrench on 2 to 
adjust length of pushrod. 

7. Reinstall the lower left i nstrument panel trim .  

8.  Refil l  the brake flu id reservoir and then bleed the clutch 
hydraul ic system as described in 5.1 Bleeding Clutch 
Hydraulic System. 

To remove, inspect, and i nstal l  slave cylinder: 

1 .  Remove the brake flu id  reservoir cap. Using a clean 
syringe, remove brake flu id unti l the level is below the 
hose connection for the master cyli nder. 

WARNING -

Brake fluid is poisonous. Do not siphon brake 
fluid with your mouth. Wear safety glasses when 
working with brake fluid, and wear rubber gloves 
to prevent brake fluid from entering the blood
stream through cuts or scratches. 

2. Unbolt the slave cylinder from the transmission, then 
d isconnect the fluid pipe and catch any excess fluid in  a 
container. 

3.  I nspect the plastic t ip of the push rod and the release 
lever for wear. The pushrod should be worn only on the 
tip. 

NOTE -

The release lever should show wear on ly in the 
push rod recess. Wear on the side of the push
rod tip, or wear on the release lever other than 
in  the pushrod recess indicates that the push
rod was misal igned. 

4. Check the slave cylinder seal for leaks. If the push rod 
seal is leaking, the slave cyl inder should be replaced. 

NOTE -
If the slave cylinder is replaced, make sure it is 
the correct type. Models with dual-mass fly
wheel require a slave cyl inder with a d iameter of 
22.2 mm (.874 in . ) .  All other models are 
equipped with a cylinder with a diameter of 
20.64 mm (.81 3 i n . ) .  See ENGINE for more 
information on the flywhee l .  

5. Lightly coat the plastic pushrod t ip with molybdenum 
disulfide grease (Molykote Longterm 2 or equivalent) 
and make sure the tip engages the recess in the clutch 
release lever. 

NOTE -
When install ing the slave cyl inder,  the bleeder 
valve faces down. 

6.  Torque the mounting nuts to 24 Nm ( 1 8 ft .  lb.) , and 
torque the flu id pipe connection to 1 3  to 1 6  Nm (1 0 to 1 2  
ft. lb.) . 

7. Refil l  the brake flu id reservoir and then bleed the clutch 
hydraul ic system as described in 5.1 Bleeding Clutch 
Hydraulic System. 



MANUAL TRANSMISSION AND CLUTCH 1 7  

5.3 Removing and Instal l ing Clutch 

The transmission must be removed from the engine to 
reach the clutch. See 6.1 Removing and Installing Transmis
sion. It is normally recommended that the pressure plate be 
replaced when a new clutch disc is instal led. If the clutch 
pressure plate is removed from the crankshaft, new mounting 
bolts should be used to reinstal l  it. 

The flywheel should be careful ly inspected when replacing 
the clutch. Replacing the clutch disc without replacing other 
worn components may accelerate clutch d isc wear. 

An inexpensive al ignment tool-commonly called a clutch 
pilot tool or clutch arbor-is used to center the clutch d isc 
during installation. Use of this tool or its equivalent wil l  greatly 
aid the installation of the transmission . Clutch pi lot tools are 
available from many aftermarket suppliers or from BMW. 

BMW recommends lubrication of some parts when reas
sembling the clutch. The BMW-recommended lubricants are 
noted in the procedures below. If there are signs of oil at the 
bottom of the transmission, careful ly inspect the rear crankshaft 
oi l  seal while the clutch is removed. A faulty oi l  seal should be 
replaced. See ENGINE for i nformation on crankshaft oi l  seals. 

To remove Clutch: 

1 .  Remove the transmission from the engine as described 
in 6.1 Removing and Install ing Transmission. 

2. Remove the pressure plate and clutch d isc. The bolts are 
shown in Fig. 5-9. Loosen the bolts evenly, one turn at a 
time, until the clutch pressure is rel ieved, then remove 
the pressure plate and clutch disc. 

WARNING -

Clutch discs may contain asbestos fibers. Do not 
create dust by grinding, sanding, or cleaning the 
disc with compressed air. Avoid breathing any 
asbestos fibers or dust. Breathing asbestos can 
cause serious diseases such as asbestosis or 
cancer, and may result in death. 

NOTE -
A holding fixture-the BMW special tool or an 
equivalent-is needed to hold the flywheel 
whi le the six pressure-plate bolts are removed. 
For 4-cyl inder models, the BMW Special Tool 
No. is 1 1  2 1 60;  for 6-cyl inder models, the BMW 
Special Tool No.  is 1 1  2 1 70.  

Fig.  5-9. Pressure plate bolts (arrows) to be removed for 
clutch removal. 

3.  Pull the release bearing off of the transmission input 
shaft. Remove the release lever by uncl ipping the retain
ing spring as shown in Fig. 5-1 0. 

Fig.  5-1 0. Release lever retaining spring tabs (arrows) . 
Squeeze tabs to remove spring 
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To i nspect and install:  

1 .  I nspect the clutch pressure plate. Check for loose rivets 
and for bent or misal igned release levers. See Fig. 5-1 1 .  
The levers should be almost parallel with each other. 
Table e l ists the correct specification. Lay a straightedge 
across the friction surface .of the pressure plate to check 
that the surface is flat. See Fig. 5-12. Inspect the surface 
for cracks, scoring, discoloration due to heat or oi l con
tamination ,  or other damage. 

Fig. 5-1 1 .  Clutch pressure plate rivets and release lever t ips 
to be checked . 

Table e. Clutch Specifications 

Release lever tips, maximum deviation 
from parallel . . . . . . . . . . . . . . . . . . . .  0 .60 mm (.024 in.) 
Clutch disc runout, maximum allowable . . . .  0.50 mm (.020 in . )  
Clutch d isc thickness, minimum allowable . . . .  7.5 mm (.295 in . )  

Fig. 5-1 2. Clutch pressure plate friction surface being 
checked for f latness using straightedge. 

NOTE -

Ell A clutch pressure plate that shows any of the 
signs of damage described above or is not flat 
should be replaced. 

e New pressure plates are coated with a corro
sion inhibitor. Use a grease-free solvent to clean 
the friction surface of new pressure plates before 
installation. 

2. Clean the flywheel friction surface and inspect it for wear, 
cracks, and grooves. Check for loose or worn guide pins. 
Replace a flywheel with any of these faults. See ENGiNE. 

3.  Check the thickness, runout, and general condition of 
the clutch disc. If runout or thickness are not as specified 
above in Table e, or if there is any evidence of contam
ination by oi l ,  the d isc should be replaced. 

NOTE -

The clutch d isc is a relatively low-cost part that 
commonly wears out and requires replacement. 
Many experienced mechanics routinely instal l a 
new clutch disc anytime the transmission is 
removed. 

4. I nspect the splines of the clutch disc and the transmis
sion i nput shaft Check that the clutch d isc is free to sl ide 
on the shaft. If the clutch disc is i n  any way unservice
able, it should be replaced . Clean all traces of grease 
from the shaft and clutch spl ines. 

5 .  I nspect the release bearing for smooth operation,  and 
check the wear of the bearing face. See Fig . 5-1 3 and 
Table f. Replace the bearing if it feels rough or is worn 
beyond specification. 

Fig. 5-1 3. Clutch release bearing should be checked for 
wear at d imension A and dimension B.  
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Table 1. Release Bearing Specifications 

Dimension A 
Fichtel & Sachs . . . . . . . . . . 49 ± 0.40 mm (1 .929 ± .01 6 in.)  
SKF . . . . . . . . . . . . . . . .  51 .5 ± 1 .0 mm (2.028 ± .039 in.) 

Dimension B (both) . . . . . . . . .  25 ± 0.25 mm (.984 ± .01 0 in.)  

6.  Check the grooved ball bearing in the center of the 
crankshaft. Replace it if it does not rotate smoothly. 

7. Position the clutch d isc and pressure plate assembly 
against the engine flywheel and start the mounting bolts 
in their holes. Leave the bolts loose enough so that the 
clutch d isc can stil l  move. Make sure the pressure plate 
is aligned on the guide pins. See Fig. 5-1 4. 

CAUTION -

Always use new pressure plate mounting bolts. 
Once torqued, they are deformed and should not 
be reused. 

Fig. 5-1 4. Pressure plate guide pins (arrows) . Note use of 
pi lot tool to al ign clutch disc. 

8. Using the clutch pi lot tool ,  center the clutch disc. Tighten 
the pressure plate mounting bolts evenly unti l the clutch 
disc is firmly held in place. 

9 .  Remove the centering tool and finish torquing the bolts. 
Torque 8.8 grade bolts to 22 to 24 Nm ( 1 6 to 1 8  ft. lb. ) .  
Torque 1 0.9 grade bolts to 30 to 35 Nm (22 to 26 ft. lb.) . 

NOTE -
The bolt grade should be marked on the bolt 
head. 

1 0. Using M icrolube GL 261 , l ightly lubricate the clutch disc 
splines and the transmission i nput shaft splines. 

CAUTION -

BMW recommends using only Microlube GL 
26 1 on the clutch disc and transmission input 
shaft splines. Otherwise the clutch disc may 
bind on the input shaft and cause hard shifting. 
This lubricant is available under the BMW Part 
No. 8 1  22 9 407 436. 

1 1 .  Use molybdenum disulfide grease (Molykote Longterm 
2 or equivalent) to pack the release bearing lubricating 
groove and to coat the guides. See Fig. 5-1 5. Grease the 
release lever pivot pOints, and instal l  the release lever as 
shown in Fig. 5-1 6,  and then the release bearing, making 
sure the guides are flush against the release lever. 

A 

B B 

Fig. 5-1 5. Release bearing l ubricating groove (A) and 
guides (8) to be g reased. 

Fig. 5-1 6. Instal led position of release lever. Note location of 
retaining cl ip (arrow) . 

1 2. Reinstall the transmission as described in 6.1 R emoving 
and I nstall ing Transmission. 
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6. TRANSMISSION REMOVAL AND 

INSTALLATiON 

This section covers the removal and installation of the trans
mission only. I nternal transmission repairs and replacement of 
oil seals are covered below u nder 7. Transmission Service. 

Testing of the reverse l ight switch, located on the side of the 
transmission case, is covered in ELECTRICAL SYSTEM. it is 
not adjustable, Replacement is the only remedy for a faulty 
switch. 

601 Removing and I nstal l ing Transmission 

The transmission must be removed from the car for most 
internal repairs or for replacement. in the procedure below, the 
transmission is separated from the engine, supported on a 
jack, and removed from below. 

Removal of the transmission requires a transmissibn jack or 
a floor jack with transmission adaptor, and jack stands to 
support the car. Use extreme caution when working beneath 
the car and lowering the transmission .  

To remove: 

1 .  Disconnect the battery negative ( - )  terminal . Discon
nect the electrical connectors from the reverse l ight 
switch on the side of the transmission. 

2 .  Remove the exhaust system as described in  EXHAUST 
SYSTEM AND EMISSION CONTROLS. 

NOTE -
It is possible to disconnect on ly the exhaust 
downpipe from the exhaust manifo ld ,  and the 
exhaust hanger from the transmission support, 
and to then push the exhaust system to the side 
and out of the way. The transmission removal 
procedure is somewhat easier ,  though ,  if the 
exhaust system is removed completely. 

3.  Remove the driveshaft as described in DRIVESHAFT 
AND FINAL D RIVE. 

4. Disconnect the shift rod and shift console from the trans
mission as described . in 4.1 Disassembling and As
sembling Shift M echanism. 

5.  Remove the TOG and reference sensors from the bell
housing, where applicable, as described in  IGNiTION. 

6. Remove the clutch slave cyl inder from the transmission 
as described in 5.2 Clutch Master Cylinder and Slave 
Cyli nder. Do not disconnect the fluid hose. I nstead, 
suspend the slave cyl inder from the body with a short 
piece of wire. 

7. Support the transmission from below with the jack and 
remove the transmission SlJpport mounting nuts shown 
in Fig. 6c 1 .  Then . Iower the transmission/engine assembly 
so that it rests on the front cross member. 

Fig. 6-1 . Transmission support (arrows) to be removed. 

8. Remove the bolts that hold the transmission to the en
gine. Some boits may have a Torx® head and require the 
use of a special Torx® socket. 

CAUTlON -

At no time should the weight of the transmission 
be supported by the transmission input shaft. 
Such a load will damage the clutch and trans
mission components. 

9. Separate the transmission from the engine, taking care 
not to place any strain on the transmission input shaft, 
and either lower the jack or raise the car until there is 
enough clearance to remove the transmission. Pull the 
transmission out from under the car. 

WARNING -

Make sure the car is stable and well supported at 
all times during the removal procedure. Use jack 
stands that are designed for the purpose. A floor 
jack alone is not adequate support. 



MANUAL TRANSMISSION AN D CLUTCH 2 1  

Installation is the reverse bf removal. Lightly lubricate the 
input shaft splines with M icrolube Gt 261 , then careful ly posi
tion the transmission on the engine. The splines of the i nput 
shaft and the splines of the clutch d isc may not align exactly. If 
not, use a wrench on the crankshaft pulley to rotate the crank
shaft. Refer to Table 9 for torque values. 

If the transmission was drained, refi l l  it with the appropriate 
lubricantbefore starting Qr towing t�e car. See LUBRICATION 
AND MAINTENANCE for more . inforll1ation, 

CAUTION -

BMW recommends using only Microlube GL 261 
on the clutch disc and transmission input shaft 
splines. Otherwise the clutch disc may bind on 
the input shaft and cause hard shifting. This lubri
cant is available under the BMW Part No. 8 1  22 9 
407 436. 

NOTE -
Washers should always be used with Torx®-head 
bolts. Installing bolts without washers may cause 
the bolts to seal tightly against the transmission 
case, making them d ifficult to loosen. 

Table g. Transmission �nstallation Tightening 
Torques 

Bolt Torque 
Transmission to engine M8: 22-27 Nm (1 6-20 ft. lb.) 

(hex-head) 
M 1 0: 47-51 Nm (35-38 ft. lb.) 
M 1 2: 66�82 Nm (49-60 ft. lb.) 

Transmission to engine M8: 20-24 . Nm (1 5-1 8 ft. l b.) 
(Torx®-head) 

M 1 0: 38-47 Nm (28-35 ft. lb.) 
M 1 2: 64-80 Nm (47-59 ft. lb.) 

Rear transmission support, 22-24 Nm ( 1 6-1 8 ft. lb.) 
nut (to body) 

Rubber mount, nut 43-48 Nm (32-35 ft. lb.) 
(to transmission or support) 

Transmission drain plug/fill 40-60 Nm (30-44 ft. lb.) 
plug 

7. TRANSMISSION SERVICE 

This section covers internal transmission repairs, i ncluding 
replacement of the transmission case oi l  seals, bushings, and 
bearings. Read the procedures completely before starting any 
repair job under this heading. Thoroughly clean the outside of 
the transmission before beginning any disassembly work. This 
will he lp keep abrasive d irt from getting into the working com
ponents as they are disassembled. If the transmission is to be 
disassembled, drain the gear oil before removing it from the car 
as described in LUBRICATION AND MAINTENANCE. 

7.1 Removing and I nsta l l ing Gear Trai n  

This section covers the Getrag 240 and Getrag . 260 trans
missions. The procedures below do not cover the ZF transmis
sion . 

Removal of the gear train requires special tools to press the 
gear assembly out of the transmission case. Also covered 
under this heading is the removal of the shift forks, shafts and 
shift rods. Instal lation of the gear train requires new circl ips, 
rolled pins, and spacers. The circlips am;! spacers set axial play 
of the input shaft. The rolled pins retain the shift forks to the shift 
rods. 

To remove gear train: 

1 .. Remove the transmission as described under 6. Trans
mission Removal and I nstallation. 

2.  Mount the transmission on a stand or place it on a work 
bench . Drainthe trclnsmission oil into a 4-quart pan by 
removing the fill plug and the.drain plug shown in Fig .  
7-1 . Reinstall the plugs loosely. 

Fig. 7-1 . Transmission fill plug (A) and transmission drain 

plug (B) 
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3. If not already removed, remove the clutch release lever 
and release bearing.  Remove the clutch release bearing 
guide sleeve mounting bolts and pul l  the sleeve from the 
transmission. Remove and label any spacers from be
hind the sleeve. Remove and label the i nput shaft circlip  
and the spacer from the front of the i nput shaft. See Fig. 
7-2. 

NOTE -
On Getrag 260 transmissions with two-piece 
guide sleeves, remove only the outer flange 
mounting bolts. 

Fig. 7-2. Input shaft circl ip (A) and spacer (8) on Getrag 260 
transmission. 

4. Unscrew the back-up l ight switch and pry out the plug for 
the selector shaft lock pin. Remove the spring and the 
lock pin from the transmission.  See Fig. 7-3. 

Fig. 7-3. Selector shaft lock pin and spring (A) and back-up 
l ight switch (8) . 

5. Working from the rear of the transmission ,  drive out the 
top guide pin and remove the case mounting bolts. See 
Fig . 7-4. 

Fig. 7-4. Transmission case mounting bolts and guide pins 
(arrows) . 

6. Remove the reverse gear shaft retaining bolt from the 
front transmission case. See Fig. 7-5. 

Fig. 7-5. Reverse gear shaft retaining bolt (arrow) in front 
transmission case. 
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7. Separate the front transmission case from the rear case 
by pressing the i nput shaft out of the front case using 
BMW special tools. Remove the roller bearing from the 
top of the layshaft. 

CAUTION -
Do not attempt to separate the case by driving on 
the front of the input shaft or the front case casting. 
The front case casting is not designed to take this 
type of a load. The housing may crack and break. 

NOTE -

BMW special tools ( (BMW Tool No. 23 1 460 
and BMW Tool  No. 33 1 301 ) or an equivalent 
must be used. The special tool is bolted to the 
guide sleeve surface of the front case. The 
sleeve part of the tool extends above the tip of 
the input shaft. A bolt is then threaded through 
the top of the tool to bear on the input shaft, and 
the input shaft bearing is pul led off together with 
the front case. 

8. At the rear of the transmission , pry out the drive flange 
lock plate from the mounting nut. Using a thin-walled 30 
mm socket (BMW Tool No. 23 1 21 0) ,  remove the drive 
flange nut while holding the flange stationary. Remove 
the flange from the transmission output shaft. 

NOTE -

If the drive flange cannot be easily removed,  it 
may be necessary to use a pul ler .  

9. Remove the reverse-gear shaft retaining bolt from the 
side of the transmission case. Remove the reverse-gear 
retaining bracket and its mounting bolt. See Fig. 7-6. 

Fig. 7-6. Reverse gear shaft retaining bolt (A), retaining 
bracket (8) , and bracket mounting bolt (C) . 

1 0. Pul l  the shaft out of reverse gear and then remove the 
gear from the case. See Fig. 7-7. 

Fig. 7-7. Reverse gear shaft being withdrawn from transmis
sion case. 

1 1 .  Pul l  out the locking pin for the shift operating lever and 
slide the lever off the shift operating shaft. Pul l  the shift 
operating shaft out of the transmission .  See Fig. 7-8. 

Fig. 7-8. Shift operating lever locking pin being removed. 
Slide out shaft in  d i rection of arrow. 
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1 2. Hand-turn the input shaft while engaging 4th gear. Sup
port the underside of the selector shaft and drive the 
selector shaft operating lever rolled pin in just until the 
shaft can be pul led from the operating lever. See Fig. 
7-9. 

CAUTlON -
Do not drive the rolled pin all the way out. Pull on 
the selector shaft so that the rolled pin is between 
2nd and 3rd gears. Otherwise the selector shaft 
cannot be removed. 

Fig. 7·9. Selector shaft operating lever rolled pin being 
driven in .  Support end of shaft (arrow) while driving 
pin .  

13. Pul l  the selector shaft from the rear of the transmission . 
Be ready to catch the four rol ler bearings on the end of 
the shaft. Remove the selector shaft oil seal from the 
shaft. Remove the selector shaft operating lever. 

NOTE -
It may be necessary to tap on the end of the shaft 
to release the oi l seal from the transmission case. 
Use only a soft-faced hammer when driving the 
shaft. 

1 4. Remove the shift rod detent ball end plate and remove 
the three springs and bal ls. Carefully pry out the shift rod 
detent ball end plug. See Fig. 7-1 0.  

NOTE -
The end plug can be easily removed by first 
pivoting the plug in its bore. Use a small drift to 
tap on one side of the plug until it is on its side, 
then use small needle-nose pl iers to remove the 
plug. 

Fig. 7·1 0. Shift rod detent bal l  end plate (A) , springs (8) , and 
end plug (C) . Detent balls are under springs. 

1 5. Carefully drive out the rolled pin from the 3rd/4th gear 
shift fork. Pull the 3rd/4th gear selector rod out of the shift 
fork. Be sure the small p in i n  the end of the rod does not 
fall out as the rod is being removed. See Fig. 7-1 1 .  
Remove the two detent balls from either side of the end 
plug bore. 

Fig. 7·1 1 .  3rd/4th gear shift rod being removed. Arrow 
shows d irection of removal. Note small p in (A) in  
end of 
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1 6. Pul l  on the 1 st/2nd gear shift rod to engage 2nd gear. 
Pul l  on the 5th/reverse gear shift rod to engage reverse 
gear. 

1 7 . Using a large puller, press the i nput shaft, the output 
shaft, and the layshaft assembly out of the transmission 
case. See Fig. 7-1 2. 

CAur/OM -
Place small blocks of wood under the jaws of 
the puller to prevent damaging .the case sealing 
surface. Check to make sure that the selector 
rods, forks, and the layshaft clear the jaws of the 
puller as the gear assembly is being removed. 

Fig. 7-1 2. Transmission gear assembly being removed from 
transmission rear case using puller. Place small 
blocks of wood beneath the jaws of the puller 
(arrows) . 

1 8. Remove the layshaft roller bearing from the rear case. 

To install gear train: 

1 .  I nspect all bearings and bushings in the transmission 
case. Replace any that are damaged as described below 
under 7.4 I nspecting Transmission Components. In
spect the thrust washer on the end of the output shaft 
and replace it if scored or damaged. 

2.  Drive out the i nput shaft roller bearing from the front 
case. 

3. Position the 3rd/4th gear shift fork, the 1 st/2nd gear shift 
fork and rod ,  and the 5th/reverse shift fork and rod onto 
the gear train assembly. See Fig. 7-1 3. Engage 2nd gear 
and reverse gear. 

Fig. 7-1 3. 3rd/4th gear shift fork (A) , 1 st/2nd gear sh ift fork 
and rod (B) , and 5th/reverse gear s hift fork and 
rod (C) correctly positioned on gear train .  

4.  Apply grease to the layshaft roller bearing and then 
install it i nto the rear case so that the side with the larger 
d iameter cage is facing up. See Fig. 7-1 4.  

Fig. 7-1 4. Layshaft roller bearing position in  rear transmis
sion housing with large side of cage facing up 
(arrow) . 
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5. Using a hot air blower, heat the output shaft bearing's 
i nner race to approximately 1 76°F (80°C) . Place the lay
shaft in position against the gear train ,  then install the 
gear train assembly into the rear transmission case while 
al igning the shift rods and layshaft. Using an appropriate 
puller, d raw the output shaft i nto the rear case unti l it is 
firmly seated. 

NOTE -

e The BMW special tools used to pul l  the output 
shaft onto the. output shaft bearing are BMW Tool 
No. 23 2 1 50 and BMW Tool No. 23 1 300. 

<l) It may be necessary to have a helper support 
the shift fork assembly and the layshaft against 
the gear train until the assembly is seated in the 
rear case. 

6. Apply a small amount of grease to the two end plug 
detent balls. Instal l the two bal ls through the plug open
ing and drive in a new end plug. See Fig. 7-1 5. 

Fig. 7-1 5. Shift rod detent balls being i nstal led i nto transmis
sion rear case. Arrows indicate position of balls. 

7. Position the shift rods in their neutral positions. Apply a 
small amount of grease to the 3rd/4th gear shift rod pin 
and instal l i t  i nto the hole in  the end of the rod .  Install the 
rod through the shift fork so that the cutouts in  the rod are 
facing up. See Fig. 7-1 6.  Push the shift rod in unti l it is 
fu l ly seated . 

Fig. 7-1 6. 3rd/4th gear shift rod cutouts (A) and pin (8) 
correctly positioned. 

8. While supporting the end of the 3rd/4th gear shift rod, 
drive in a new 3rd/4th gear shift-fork rolled p in .  

9 .  Install the three detent balls and the springs i nto the shift 
rod bores shown in  Fig. 7-1 7. Apply gasket sealer (Loc
tite No. 573® or equivalent) to the seal ing surface of the 
detent ball end plate and instal l the plate. Tighten the 
mounting bolts to 1 0  Nm (89 in .  lb.) . 

CAUTION ""'"""" 

Some transmissions may be equipped with one 
short spring and two longer, equal length springs. 
On these transmissions, install the short spring 
(free length of 1 5. 9  mm (0. 626 in.) into the bore for 
the 5th/reverse gear shift rod (bore closest to the 
selector shaft). The other two springs can be 
installed in either bore. 
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Fig. 7-1 7. Shift rod detent bal ls and springs installed into 

transmission case. Detent balls are under springs. 

1 0. I nsert the rol led pin into the selector shaft operating 
lever. I nstall the small roller bearings on the selector shaft 
using a small amount of grease to hold them in place. 
Sl ide the selector shaft through the bore in the rear case 
while aligning the roller bearings in the case and oper
ating lever. See Fig. 7-1 8. 

Fig. 7-1 8. Selector shaft with roller bearings being installed. 

1 1 .  Whi le supporting the end of the selector shaft, d rive in 
the operating lever rolled pin .  Lubricate the new selector 
shaft oil seal sealing l ips with oil and instal l  it onto the 
shaft, d riving it into position until it is firmly seated .  

1 2. Install the shift operating shaft and shift operating lever. 
Position the shift operating lever so that groove in the top 
of the lever is facing up and towards the shift operating 
shaft, then install the locking pin .  See Fig. 7-1 9. 

Fig. 7-1 9. Shift operating shaft (A) and shift operating lever 
(8) correctly instal led in transmission . G roove i n  
lever should be  up and facing left (arrow) . 

1 3. Thoroughly clean the reverse gear shaft seal ing surface 
in the rear transmission case, then apply a gasket sealer 
(Loctite 573® or equivalent) to the area. See Fig . 7-20. 

Fig. 7-20. Area of rear transmission case (arrow) requir ing 
gasket sealer. 
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1 4. Install the reverse gear in the case and then install the 
shaft with the needle bearing. Using a bolt locking com
pound,  install and torque the shaft retain ing bolt to 25 
Nm (1 8 ft. lb.) 

1 5. Install the reverse gear shaft retaining bracket and bolt. 
While applying outward pressure on the bracket, torque 
the bolt to 25 Nm (1 8 ft .  lb.) . See Fig. 7-21 . 

Fig. 7-21 . Reverse gear shaft retaining bracket correctly po
sitioned. Apply outward pressure (arrow) and then 
tighten bolt . 

1 6. Install the output flange onto the output shaft. Apply a 
sealer (Loctite 270® or Hylogrip) to the bearing surface of 
the nut and torque the nut. 

NOTE -

Tighten the bolt in two stages; first tighten the 
bolt to 1 70 Nm (1 23 ft. l b. )  to fu l ly seat the 
flange.  Loosen the bolt and retighten it to 1 20 
Nm (87 ft. lb . ) . Install the lock plate over the nut 
and bend the tab into the groove. 

1 7. I nstall the layshaft roller bearing onto the lays haft so that 
the larger d iameter part of the bearing's cage is facing 
the layshaft. Apply grease to the bearing's rollers and 
press them tight to the layshaft. 

1 8 . Thoroughly clean the reverse gear seal ing surface in the 
front transmission case and apply gasket sealer (Loctite 
573® or equivalent) to the area. See Fig. 7-22. 

Fig. 7-22. Area of front transmission case (arrow) requir ing 
gasket sealer. 

1 9. Apply a gasket sealer (Loctite 573® or equivalent) to the 
rear case seal ing surface and instal l the front transmis
sion case into position. Using a screwdriver through the 
oil f i l ler plug hole, al ign the layshaft as the case is low
ered i nto position .  See Fig. 7-23. I nstall the guide pin and 
the mounting bolts, torquing them to 25 Nm (1 8 ft. lb.) . 

NOTE -

The input shaft rol ler  bearing should be re
moved from the case prior to instal l ing the case. 

Fig.  7-23. Screwdriver being used to gu ide layshaft i nto 
bearing shel l  (arrow) as front case is i nstal led. 
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20. Using a bolt locking compound,  install the reverse gear 
shaft mounting bolt i nto the side of the transmission and 
torque the bolt to 25 Nm ( 1 8 ft. lb.) . 

2 1 . I nsert the selector shaft lock pin and spring i nto the 
transmission side and install the plug. See Fig. 7-3 
above. 

22. Install the backup l ight switch, torquing it to 6 to 1 0  Nm 
(53 to 89 in .  lb.) 

23. Heat the input shaft bearing area of the front case and 
the bearing's inner race to approximately 1 76°F (80°C) . 
Position the i nput shaft bearing into the case so that the 
protruding side of the bearing's inner race faces the gear 
train .  See Fig. 7-24. Carefully drive the bearing into the 
case and onto the input shaft until it is firmly seated .  

Fig. 7-24. Input shaft bearing showing protruding part of 
inner race (arrow) . Protruding side of inner race 
faces gear train .  

24. Install the spacer and the new circlip onto the i nput shaft. 
See Fig. 7-25. While pul l ing on the i nput shaft, check the 
shaft's axial play between the spacer and the circl ip 
using a feeler gauge. If the clearance is not between 0 to 
0.09 mm (0 to 0.0035 in . ) ,  install a new spacer (Getrag 
240) or circlip (Getrag 260) of a different thickness to 
achieve the proper clearance. Table h l ists the available 
spacers and circlips. 

NOTE -
Spacers and circl ips can be ordered from an 
authorized BMW dealer parts department 

Fig. 7-25. Input shaft circl ip (A) and spacer (B) . 

Table h. Selective Spacers and Circl ips for I nput 
Shaft and Clutch Guide Sleeve 

location Dimension and thickness in mm 

Getrag 240 Getrag 260 

Input shaft 30x42x2.3 (spacer) 35x2.0 (circlip) 
bearing 30x42x2A (spacer) 35x2 . 1  (circlip) 

30x42x2.5 (spacer) 35x2.2 (circlip) 
30x42x2.6 (spacer) 35x2.3 (circlip) 

Clutch guide 52x65x1 .3 (spacer) 80x66xO.3 (spacer) 
sleeve 52x65x1 A (spacer) 80x66xOA (spacer) 

52x65x1 .5 (spacer) 80x66xO.5 (spacer) 

25. Using a vemier caliper, measure and record the input 
shaft bearing depth in the case. See Fig. 7-26. Then 
measure and record the height of the protrusion on the 
back of the guide sleeve. See Fig. 7-27. Subtract the 
protrusion height from the depth, then select the correct 
spacer(s) from Table h to bring the clearance to within 0 
to 0.09 mm (0 to 0.0035 in .) .  
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Fig. 7-26. Input shaft bearing depth in case (dimension A). 

Fig. 7-27. Clutch guide sleeve protrusion height 
(dimension B). 

26. Lubricate the input shaft oil seal l ip  with oi l .  Apply a 
gasket sealer (Loctite 573® or equivalent) to the seal ing 
surface of the guide sleeve and i nstall the s leeve with the 
correct spacer(s) . See Fig. 7-28. Tighten the mounting 
bolts to 1 0  Nm (89 in . lb.) . I nstall the clutch release lever 
and bearing. 

NOTE-
Some transmissions hav e  an arr ow on the 
guide sleev e, to al ign the oi l  bor e  i n  the case 
with the oil groov e  in the sleev e. Al ign the arr ow 
so th at it is pointing towar ds mid dle of lays haft 
bear ing cover. 

Fig. 7-28. Clutch guide seal oil groove and transmission 
case oil bore (arrows) . 

Table i. Gear Train I nstallation Tightening Torques 

Front transm ission case to 
r ear case (bolt) . . . . . . . . . . . . . . . .  . 2 5 Nm (1 8 ft .  lb.) 

D riv e Flange to output shaft (nut) 
in itial torque . . . . . . . . . . . . . . . . . .  1 70 N m  (12 3 ft. lb.) 
final tor que (after loosening nut) . . . . . . .  1 2 0 N m  (87 ft. lb.) 

Rev erse gear shaft to 
tr ansmission case (bolt) . . . . . . . .2 5  Nm (1 8 ft. lb.) 

Rev er se gear shaft r etaining bracket to 
transmission case (bolt) . . . . . . .  .2 5 N m  (1 8 ft. lb .) 

Detent ball and spring locking plate to 
tr ansmission case (bolt) . 1 0  Nm (89 in. lb .) 

Clutch guide sleev e  to 
fr ont transmission case . 1 0  Nm (89 in .  lb .) 

Back- up l igh t  switch to 
transmission case . . . . . . . . . . . .  6� 1 0  Nm (53� 89 in. lb.) 
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7.2 Disassembling and Assembl ing Gear Train 

Disassembly of the gear train requires a hydraul ic press or 
other suitable pul lers. Special press bed adaptors are avai lable 
from an authorized BMW dealer to adapt the press bed to the 
Getrag gear train. Each of the three synchronizer guide sleeves 
are tightly fitted to theoutputshaft and need to be pressed off. 

10 

Fig. 1-29. Getrag 240 and 260 gear train components. 

1. I nput shaft with i ntegral 4th gear 12. Spacer sleeve* 
2. Roller bearing 13. Thrust washer and ball* 
3. 4th gear synchronizer ring 14. 2nd gear 
4. Pressure pieces (dogs) , needle bearing 

springs, and bal ls 15. 2nd gear 
5. Cirdip 16. 2nd gear 
6.  Spacer synchronizer ring 
7 .  3rd/4th gear guide s leeve 17. Circi ip 
8. 3rd/4th gear operating sleeve 18. 1 st/2nd gear operating s leeve 
9. 3rd gear synchronizer ring 19. Pressure pieces (dogs), 

10. 3rd gear springs, and balls  
11. 3rd gear 20. 1 st/2nd gear guide sleeve 

needle bearing 21. 1 st gear synchronizer ring 

Assembly of the gear train requires new circl ips and possi
bly new selective spacers. The circlips and the spacers cor
rectly set axial play of the three synchronizer guide s leeves. 
I nspect the synchronizer rings before removing the gear clus
ters as described. under 7.4 Inspecting Transmissicm Com
ponents. Label aU. parts as they are removed from the shafts. 
Many parts are simi lar in appearance but can only be rein
stalled in  one position. Fig. 7-29 is an assembly view ofthe gear 
train components. 

22. 1 st gear 32. Circiip 
needle bearing 33.  5th gear 

23. 1 st gear needle bearing 
24. Output shaft 34. 5th gear 
25. Reverse gear 35. Thrust washer 

needle bearing 36. Reverse idler gear 
26. Reverse gear 37. Reverse idler gear shaft 
27. Reverse gear synchronizer ring 38. Layshaft rol ler bearing 
28.  5th/reverse gear operating sleeve 39. Layshaft 
29. 5th/reverse gear guide sleeve 40. Layshaft rol ler bearing 
30. Pressure pieces (dogs), 

springs, and bal ls 
31. 5th gear synchronizer r ing 

* Some transmissions may be equipped with a one-piece spacer s leeve and thrust washer 
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To disassemble gear train: 

1. Remove the gear train from the transmission case as 
described in the above heading. 

2. Pul l the input shaft from the fro\lt of the output shaft. 
Remove th� 4th gear brass. synchronizer ring and the 
rol ler bearing . See Fig .  7-30. 

NOTE -

If the synchronizer r ings are going to be rein
stal led,  be sure to mark their gear positions as 
they are remov ed .  Used synchron izer r ing s  
must be r einstalled i n  their exact position.  

Fig. 7-30. Input shaft with 4th gear, 4th gear synchronizer 
ring, and rol ler bearing being removed. 

3. Working from the rear of the output shaft, pull off 5th 
gear, the 5th gear synchronizer ring and its thrust washer 
(Getrag 260 transmission only) . Remove the 5th gear 
needle bearing. See Fig. 7-31. 

4. Remove the circl ip and the spacer from i n  front of the 
3rd/4th gear synchronizer guide sleeve on the output 
shaft. 

CAUT60ill� 
Circlips should not b e  reused. 

Fig. 7-31. 5th gear, 5th gear synchronizer ring, and needle 
bearing being removed from rear of output shaft. 
Thrust washer (arrow) on Getrag 260 transmis
sion. 

5. On Getrag 240 transmissions, rotate and slide the 3rd/ 
4th gear synchronizer operating sleeve towards 3rd gear 
until it engages the gear. Press off 3rd gear together with 
its operating sleeve, guide sleeve, and synchronizer r ing. 
Pul l  off the needle bearing.  

NOTE-
U se an appropriate bearing separator (BMW 
T ool No. 2 3  1 490) to support the back side of 
3rd gear when pressing it off the output shaft. 
Pressing off force should not exceed 2 .7 tons. 

6. On Getrag 240 transmissions, press off the 2nd gear 
bearing sleeve together with 2nd gear. Remove and 
label the 2nd gear synchronizer r ing, the needle bearing ,  
and the thrust washer and ball (if applicable) .  

NOTE -

Use an appropriate bearing separator (BMW 
Tool No. 2 3  1 490) to support the back side of 
2 nd gear when pressing off the g ear and 
spacer. No pressing-off force specifications are 
g iv en by BMW for this operation. 
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7. On Getrag 260 transmissions, press off in a single op
eration the 3rd/4th gear guide s leeve with operating 
sleeve, the 3rd gear synchronizer ring ,  3rd gear, the 
bearing sleeve and needle bearing, and 2nd gear. See 
Fig. 7-32. If applicable, remove the thrust washer and 
small ball from in front of 2nd gear. Pul l  the needle 
bearing from the shaft 

NOTE-
CII U se an appr opr iate pr ess bed adaptor (BMW 
Tool No. 2 3 2 080) or gear p ul ler on the back side 
of 2 nd gear when pressing the gear cluster off the 
shaft. Pr essing off for ce should not exceed 3.0 
tons. 

<I) Two ty pes of bear ing sleev es ar e install ed be
tween 2 nd and 3r d gear .  On ear ly tr ansmissions, 
a one p iece sp ac er /thr ust washer is installed . O n  
later tr ansmissions, the thr ust washer and sleev e  
ar e separ ate par ts. On· two piece models, the 
thr ust washer is located on the shaft with a small 
ball .  See F ig .  7-33. 

Fig. 7-32. 3rd gear cluster and 2nd gear being removed 
from output shaft of Getrag 260 transmission . 

Fig. 7-33. Thrust washer and ball between 2nd and 3rd gear. 
Ball i n  shaft (arrow) prevents washer from rotating . 

8. Remove the circlip from the front of the 1 st/2nd gear 
guide sleeve. Press off the 1 st/2nd gear gu ide sleeve 
with operating sleeve and 1 st gear. Remove the needle 
bearing. 

NOTE-
Use an appr opr iate pr ess bed adaptor (BMW 
Tool No. 2 3  1 4 90) or gear pul ler on the b ack 
side of 1 st gear when pr essing the gear cluster 
off the shaft. Pr essing off for ce should not· ex
ceed 3 . 7 tons on the Getrag 2 60 tr ansmission 
or 3.0 tons on the G etr ag 240 tr ansmission .  

9. Remove the circl ip from the front of the 5th/reverse gear 
guide sleeve. Press off 5th/reverse gear guide sleeve 
with the operating sleeve and reverse gear. Remove the 
needle bearing. See Fig. 7-34. 

NOTE-
U se an appr opr iate press bed adaptor (BMW 
Tool No. 2 3  2 080) or g ear pu l ler on the back 
side of r ev erse g ear when pr essing th e guide 
sleev e  off th e shaft. Pr ess ing off for ce should 
not exceed 3.7 tons on the Getr ag 2 60 tr ans
mission or 3.0 tons on the Getr ag 240 
tr ansmission. 
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Fig. 7-34. 5th/reverse gear guide s leeve assembly being 
removed from output shaft . 

To assemble gear train: 

1. Assemble the synchronizer guide sleeves to the operat
ing sleeves. Position the dogs so that the beveled edge 
or stepped side is facing the operating sleeve. See Fig. 
7-35. 

Fig. 7-35. Guide sleeve operating dog correctly installed 
with beveled edge facing operating sleeve (ar
row). On early transmissions, dog with stepped 
side faces operating s leeve. 

NOTE-
@ Two types of gu id e sleev e dogs are inst alled in 
the G etrag tr ansm issions c ov er ed by th is manual. 
On ear ly . tran smission s, a stepped dog is i n
st alled. O n  later t r an sm ission s, a dog w ith. bev
eled edges is installed. On. early t ransm issions 
w ith the stepped dog , make su re th at the balls 
align with the hole in th e oper ating s. leeve . 

• When in stalling th e 3rd/4th gear oper ating 
sleeve to the guidesleev e, position the operating 
sleev e  so that th e groov es in the op erat ing sleeve 
are on the opposite sid e from th e longer collar on 
th e guide sleev e  h ub. See Fig. 7-36. 

Fig. 7-36. Operating sleeve grooves (A) and longer collar on 
guide s leeve hub (8) . 

2. Instal l  the reverse gear needle bearing, reverse gear, the 
reverse gear synchronizer ring, and the operating and 
guide sleeve assembly onto the output shaft. Align the 
spl ines in the guide sleeve with the spl ines on the shaft. 
Align the tabs (blocks) on the synchronizer ring with the 
openings in the guide sleeve and press the sleeve onto 
the shaft. See Fig.  7-37. 

CAUTlON -

There are two types of synchronizer rings in the 
Getrag 240 and 260 transmissions. One type of 
ring is for 1st and reverse gears and another type 
is for 2nd through 5th gears. The two types of 
rings should not be interchanged. See Fig. 7-38. 
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NOTE-
@ On transmissions bui lt fro m May 1 985 and later, 
install the reverse/5th gear operating sleeve so 
that the side of the sleeve with the groove is facing 
5th gear. 

6» P ressing on force should not exceed 2. 5 tons 
on the Getrag 26 0 transmission or 2. 1 tons on the 
Getrag 240 transmission. 

Fig. 7-37. Reverse gear assembly being installed on output 
shaft. 

Fig. 7-38. Two types of synchronizer r ings. 

3. Check the 5th/reverse gear guide sleeve axial p lay by 
inserting the old circli p  and a feeler gauge into the 
groove in  the shaft. See Fig .  7-39. Select a new circli p  
based on the information l isted i n  Table i below so that 
there is no play. 

CAUTlON -

Old circlips should not be reused. 

NOTE -

o To determine the thickness of the ci rclip  to in
stall ,  add the thickness of the old circl ip and the 
thickness of the feeler gauge that just fits i n  the 
groove. Select the circlip which is closest to this 
value but not over. 

III Circlips can be ordered from an authorized 
BMW deal er parts department. 

Fig. 7-39. 5th/reverse gear guide sleeve axial play being 
measured . 

Tallie j. 5th/Reverse Gear and 1 st/2nd Gear Guide 
Sleeve Selective Circlips 

Dimension and thickness in mm 

Getrag 240 Getrag 260 
36.5x1 .7 52x44x1. 80 
36.5x1 .8 52x44x1 .85 
36.5x1 .9 52x44x1 .90 
36.5x2.0 52x44x1 .95 

52x44x2.00 
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4. Install the 1 st gear needle bearing, 1 st gear, the 1 st gear 
synchronizer ring, and the operating and guide sleeve 
assembly onto the output shaft. Align the spl ines in the 
guide sleeve with the spl ines on the shaft. Align the tabs 
on the synchronizer ring with the openings in the guide 
sleeve and press the s leeve onto the shaft. 

NOTE -

O n  tran smissions built from Ma y 1985 a nd la ter, 
instal l th e 1 st/2 nd gear opera ting sleeve so tha t  
the side of t he sl eeve with the groov es is fac ing 
2 nd gear. S ee Fig. 7- 40. 

Fig. 7-40. 1st/2nd gear gu ide sleeve assembly correctly in
stalled on late model (from May 1985 and later) 
transmissions. Grooves in operating s leeve 
should face 2nd gear. 

5. Check the 1 st/2nd gear guide sleeve axial play. See Fig. 
7-39 above. Select a new circl ip  based on the i nformation 
l isted in Table j above. 

CAurlON-
Old circlips should not be reused. 

6. Instal l  the 2nd gear needle bearing, the 2nd gear syn
chronizer ring, and 2nd gear. 

CAUTlON-
Check that the bearing surface on the output shaft 
is slightly· above the 2nd gear shoulder on the 
guide sleeve. See Fig. 7-41. If there is rio protru: 
sian, check that the circlip for the 1 st/2nd gear 
guide sleeve below 2nd gear is fully seated. 

Fig. 7-41. Output shaft bearing surface protruding above 
second gear shoulder (arrow) . 

7. On models with a two-piece bearing s leeve instal l the 
th rust washer and bal l to the shaft whi le  a l ign ing the 
notch i n  the washer with the bal l i n  the shaft. See Fig. 
7-33 above. 

B. Heat the bearing s leeve for 3rd gear to approximately 
176°F (BOaC) using a hot air blower and drive it onto the 
shaft. 

9. Install the 3rd gear needle bearing, 3rd gear, and the 3rd 
gear synchronizer ring. 

10. Install the 3rd/4th gear operating and guide s leeve as
sembly so that the longer collar on the guide sleeve hub 
is facing 3rd gear. See Fig. 7-42. Al ign the spl ines in  the 
guide sleeve with the spl ines on the shaft. Al ign the tabs 
on the synchronizer r ing with the openings in the guide 
sleeve and press the s leeve onto the shaft. 
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NOTE-
oS Pressi ng on force sh ould not exceed 2 . 1 tons 
on the G etra g  260 tra nsmi ssi on or 1 .9 tons on the 
G et ra g  2 40 tra nsmi ssi on.  

o On tra nsmi ssi ons bui lt from Ma y 1985 a nd la ter, 
i nsta ll th e 3rd/ 4th gea r  opera ti ng sleev e  so tha t  
the si de of the sleeve wi th the grooves i s  fa ci ng 
4th gear . 

Fig. 7-42. 3rd/4th gear operating sleeve assembly being 
Installed on output shaft with long collar (arrow) 
facing 3rd gear. 

1 1 .  Check the 3rd/4th gear guide s leeve axial play. See 
Fig. 7-42 above. Sel ect a new spacer (Getrag 240)  or 
circiip (Getrag 260) using the in formation l isted in 
Table k below. 

12. Instal l  the input shaft rol ler bearing onto the output shaft 
and instal l  the output shaft. 

Table k. 3rd/4th Gear Guide Sleeve Selective 
Spacers and Circli ps 

Dimension and thickness in m m  

Getrag 240 (spa cers) Getrag 260 (ci rcli ps) 
30x42x2.3 35 x2 .0 
30x42x2.4 35 x2 . 1 
30x42x 2.5 35 x2 .2 
30x42x2 .6 35 x2 .3 

35 x2.4 

7.3 Transmission Oil Seals 

Replacing the transmission oi l  seals can be done without 
any major d isassembly of the transmission, and two of the 
three seals can be replaced with the unit installed in  the car. 

Low gear oil level due to a faulty oil seal may cause prob
lems such as hard shifting, jumping out of gear, and transmis
sion noise. Oil at the bottom of the bel l  housing may also be due 
to a leaking rear crankshaft seal. 

Before assuming that the seals are at fau lt, check the trans
mission vent on the top of the case. A clogged or damaged 
vent can cause the pressure inside the case to i ncrease to a 
point where the lubricant is forced passed the seals. The vent 
is shown in Fig. 7-43. 

Fig. 7-43. Manual transmission vent (arrow). Check vent for 
free movement up and down. 

To replace output shaft oil seal: 

1. Remove the exhaust system as described in EXHAUST 
SYSTEM AND EMISSION CONTROLS. 

2 .  Disconnect the driveshaft and, where appl icable ,  the 
vibration damper from the transmission . See DRIVE
SHAFT AND FINAL DRIVE. 
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3. Bend back the lockplate tabs shown i n  Fig. 7-44, and 
remove the lockplate. Hold the flange steady and re
move the collar nut using a 30 mm thin-walled wrench. 

Fig. 7-44. Lockplate tabs (arrows) . Bend tabs out of groove 
to remove lockplate and collar nut. 

4. Remove the output flange from the output shaft. If nec
essary use a pul ler to remove the flange. 

5. Using a seal remover or a small screwdriver, pry out the 
old seal. Lubricate the new seal with oil and carefully 
drive it i nto place. 

CAUTlON -

Be careful not to damage the transmission case 
housing when prying out the old seal. A dam
aged case can result in oil leaks. 

6. Install the output flange. Coat the bearing surface of the 
col lar nut with sealer and instal l  the nut, torquing it to the 
specifications l isted below. 

NOTE -

<l> BMW r ecommends the use of a sealer such as 
Loctite 270, Hylogri p, or Cur il K2 when install ing 
the collar nut to prevent tr ansmission oi l leaks. 
Such a sealant is available f rom your BMW dealer . 

'" On Getr ag 240 and 260 tr ansmi ssions, the dri ve 
f lange nut must be tightened in two stages. In i
tially torque the collar nut to 170 Nm (1 25 ft. lb. ) ,  
loosen the nut, and retor que i t  to 1 20 Nm (89 ft . 
lb. ) .  

® On Z F  tr ansmissions, torque the collar nut to 
1 00 to 1 20 Nm (74 to 89 f t. lb. ) .  

7. Reinstall the lockplate and bend the tabs i nto the 
grooves as shown above in Fig. 7-44. 

8. Reinstall the driveshaft and exhaust system. 

To replace selector shaft oi l  seal: 

1. Remove the exhaust system as described in EXHAUST 
SYSTEM AND EMISSION CONTROLS. 

2. Remove the driveshaft or d isconnect the flexible cou
pl ing as described in D RIVESHAFT AND FINAL DRIVE. 

3. Bend back the lockplate tabs shown above in Fig. 7-44, 
and remove the lockplate. Hold the flange steady and 
remove the collar nut. 

4. Remove the output flange from the output shaft. If nec
essary use a pul ler to remove the flange. 

5. Disconnect the selector rod from the selector shaft as 
described in  4.1 Disassembling and Assembling Shift 
Mechanism. 

6.  Using a pick or small screwdriver, pry out the seal as 
shown in Fig. 7-45. Lubricate the new seal with oi l  and 
drive it i nto place. 

CAUTlON � 

Be careful not to mar the housing when remov
ing the seal. 

/32'17. ,AjAfI/.,8 
I 

Fig.  1-45. Selector shaft o i l  seal being pried out with screw
driver. Take care not to scratch selector shaft. 
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7. Reinstal l the selector rod, the driveshaft flange and drive
shaft, and the exhaust system.  

CAUTlON -

The tightening torque on the drive flange col/ar 
nut is critical. Tighten the col/ar nut as de
scribed above under the procedure for replac
ing the output shaft oil seal. 

To replace input shaft oil seal :  

1 .  Remove the transmission as described in  6.1 Removing 
and �nstamng Transmission. 

2. Remove the clutch release bearing and release lever as 
described in 5.3 Removing and !nstalling Clutch. 

3. Remove the bolts for the clutch release guide sleeve, 
shown in Fig. 7-46, and remove the sleeve. 

NOTE -

On Z F  transmissions a gasket is instal led be
h ind the gu id e  sleeve. O n  Getrag transmis
sions, the sleeve is sealed i n  place. On Getrag 
260 transmissions with two-piece guide 
sleeves, remove only the outer bolts when re
moving the sleeve. 

Fig. 7-46. Guide sleeve bolts (arrows) to be removed. Ge
trag 240 transmission shown. 

4. Pry out the old seal , lubricate the new seal with o i l ,  and 
drive it i nto p lace. 

CAUTION -

Be careful not to mar the housing when remov
ing the seal. 

5. Clean the mounting bolts and seal ing surface of the 
guide sleeve. On ZF transmissions, use a new gasket 
without sealer. On Getrag transmissions, apply sealer 
(Loctite 573® or equivalent) to the gu ide sleeve sealing 
surface. Reinstall the guide s leeve and spacer(s) . 

CAUTION -

On Getrag 260 transmissions, make sure that the 
groove in the sleeve is aligned with the oil bore in 
the transmission case. 

NOTE -

A different spacer may be required if either the 
bearing or guide sleeve are replaced. See 7.1 
Removing anell Instal ling Gear Train f or more 
i nf ormation. 

6. Coat the bolt shoulders with seal ing compound and 
instal l the bolts. Torque M8 x 22 bolts to 1 8  Nm (1 3 ft. lb.) ; 
torque M8 x 30 bolts to 25 Nm ( 1 8 ft. l b.); and torque M6 
bolts to  1 0  Nm (7 ft. lb.) .  

7 .  Reinstall the clutch release lever and release bearing and 
reinstal l  the transmission. 

1.4 �nspec:ting Transmission Components 

The inspection i nformation l isted under this heading covers 
the transmission components that are most l ikely to wear. 
Some of the i nspection procedures require preCision measur
ing equipment such as a d ial indicator setup and a vernier 
cal iper. If this equipment is not available, a local machine shop 
should be able to do the work qu ickly and at a reasonable cost. 
In addition ,  some of the steps below can be done prior to 
complete disassembly of the transmission. For example, 
checking for worn synchronizer r ings and checking the axial 
play of the guide s leeves on the output shaft. 

Gears and Synchronizer Rings 

Gears should be inspected for wear and broken or miSSing 
teeth. Because the gears are constantly meshing with the 
gears on the lays haft, they are not normally a cause of trans
mission trouble. Check the gear's surface that the needle 
bearing rides on, the needle bearing itself, and the gear's 
journal on the output shaft. Replace any components that are 
found to be faulty. 

The contact surface of each synchronizer ring is coated with 
a rough friction material that can wear away over time. Visually 
i nspect the rings for damaged or m issing teeth. Check that the 
ring's friction surface is not shiny and smooth. If no visible faults 
are found, check each ring with its matching gear as shown in  
F ig.  7-47. Tabie i lists synchronizer r ing wear specifications. 
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Fig. 1-47. Synchronizer r ing being checked for wear using 
feeler gauge. Measure in  the area of the tabs 
(arrow). 

Table I. Synchronizer Ring Wear Specifications 

Gear New Wear Limit 

Forw ard gears 1 .0-1 .3 mm 0.8 mm (0.031 in . ) 
(1 st-5th ) (0.039-0.051 in .) 

Reverse 0.5-0.6 mm 0.4 mm (0.01 6 in.) 
(0.020-0.024 in . ) 

Shift Forks and Shift Rods 

I nspect the aluminum shift fork guides that ride in the 
grooves of the steel synchronizer operating sleeves. Measure 
each shift fork at the area shown i n  Fig .  7-48. Table m l ists shift 
fork wear specifications. Replace any shift fork that exceeds the 
wear l imits. 

Fig. 1-48. Shift fork being checked for wear. 

Table m. Shift Fork Guide Wear Specifications 

Shi ft  fork Wear l imit 

1 st/2nd, 3rd/4th 4.8 mm (0. 1 89 in. )  

NOTE -

Wear spec ificat ions fo r th e 5th/reverse gear shift 
fork are not given by BMW 

The shift rods should not be bent or otherwise damaged. 
Make sure that the shift rods sl ide smoothly i n  their bores and 
that they are not worn. 

Transmission Shafts 

Visually inspect the output shaft and the input shaft for wear. 
Check for distorted or damaged spl ines or journals. The output 
shaft can be inspected for radial runout (bending) using a d ial 
indicator setup. Table n l ists the output shaft radial runout 
specifications. 

Table n. Output Shaft Radial Runout Specifications 

Wear l imit (measured at journals ) . . . . .  .0 .07 mm (0.0027 in .) 

Transmission Case Bushings and Bearings 

Ball bearing races should turn smoothly, without roughness 
or tight spots. There should be no visible damage or heat 
discoloration . Look for gal led or flattened areas on the rol ler 
bearings and the inner races. I nspect the needle bearings to 
see that none are flattened or heat damaged. Check that the 
bearing cage is not darnaged . Replace any bearing that is 
damaged or worn. 

When i nstall ing a new output shaft bearing,  first measure 
the height of the new bearing. Then measure the bearing depth 
in the case (measuring from the top of the raised bolt lands on 
the case) .  Subtract the first measurement from the later. The 
difference in the two measurements is the thickness of the shim 
needed to be installed between the bearing and the rear case. 
Table 0 l ists available shims. I nstall the shim, then heat the rear 
case to 1 76°F (80°C) and drive the bearing i nto the case. I nstall 
the bearing so that the protruding side of the bearing faces the 
gears. See Fig. 7-24 above. 
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Table o. Output Shaft Bearing Selective Shims 

Dimension and thickness in mm 

Getrag 240 Getrag 260 
72x60x O .3 80x66x O .3 
72x60x Oo 4 80x66 x Oo 4  
72x60x O .5 80x66x O .5 

NOTE -

R eplacing the input shaft bearing and check ing 
input shaft axial play is described above under 
7.1 Removing and Installing Gear Train. 

The layshaft bearing shells can be checked by temporarily 
instal l ing only the layshaft with its bearings i nto the transmis
sion case and bolting the case together. I nsert a screwdriver 
through the oil f i l l  p lug and lever the shaft up and down in its 
bearings. Measure the shaft's axial play at the top of the shaft 
(through the input shaft's bearing hole i n  case) using a d ial 
ind icator setup. Layshaft axial play specifications are l isted i n  
Table p. 

Table p. layshiaft Axial Play Specifications 

Maximum play (measured at top of shaft 
with shaft installed i n  case ) . .  0 . 1 3 - 0.23 mm (0.005- 0.009 in . ) 

If the layshaft axial play exceeds the allowable l imits, the 
bearing shells in the front and rear case should be replaced 
and a new shim(s) should be installed behind the front bearing 
shel l .  When instal l ing the front bearing shel l ,  be sure the oi l  
passage in  the shel l  al igns with the bore i n  the case. See 
Fig. 7-49. Selective shims for the layshaft bearing are l isted i n  
Table q. 

Table q. layshaft Bearing Shell Selective Shims 

Dimension and thickness in mm 

Getrag 240 Getrag 260 
44x36.5x1 .7 44x36.5x1 .7 
44x36.5x1 .8 44x36.5x1 .8 
44x36 .5x2.0 44x36.5x2.0 
44x36.5x2.2 44x36.5x2.2 
44x36.5x2.3 44x36.5x2.3 
44x36.5x20 4  44x36.5x20 4  

Fig. 7-49. Layshaft bearing shel l  correctly installed in  front 
case, with oil passage aligned with hole in case 
(arrow). 

NOTE-

Special tools (BMW Tool No .  23 1 280, No .  23 1 
300, and No. 33 4 020) are used to remove the 
layshaft bearing shells from the case. 

8. TECHNICAL DATA 

I. Tightening Torques 

Shift console rear mo unting nut . . . . . . . . . . 1 1 Nm (8 ft. lb. ) 
Sheet-metal console to transmission 

(bolts, with locking compound ) . . . . . . .  .23 N m  ( 1 7 ft. lb. ) 
Transmission support bolts . . . . . . . .22-24 Nm ( 16- 18 ft. lb. ) 
Clutch master cylinder mounting bolts . . . . . . .9 Nm (7 ft. lb. ) 
Clutch master cyl inder push rod 

to clutch pedal (bolt ) . . . . . . . . . . . . .  .21 Nm (1 5 ft. lb. ) 
Clutch master cylinder pushrod locknut . 0 4 .5-6 Nm (3 - 4  ft. lb. ) 
Clutch hydraul ic hose connections . . . 1 3- 1 6  Nm ( 10-1 2  ft. lb. ) 
Clutch slave cylinder mounting nuts . . . . . . .  24 Nm ( 1 8 ft. lb. ) 
Clutch pressure plate mounting bolts 

Grade 8.8 . . . . . . . . . . . . . . . .22-24 Nm ( 1 6-1 8 ft. lb. ) 
Grade 1 0.9 . . . . . . . . . . . . . .  .30-35 Nm (22-26 ft. lb. ) 

continued on next page 
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I.·Tightening Torques (continued) 

Transmission to engine (hex-head) 
M8 . .  
M10 . . . . . . . . . . . . . . .  . 
M12 . . . . . . . . . . . . . . . . 

Transm is sion t o  engine (Torx®- head) 
. M 8  . 

M 1 0  . . .. . . . . . .  . 
M 1 2  . . . . . . . . . .  . 

Rear transmission support 

· .22-27 Nm ( 1 6- 20 ft. lb.) 
· .47-51 Nm (35-38 ft. lb. ) 
· .6 6-82 N m  (49- 60 ft. lb.) 

.20-24 Nm (15-1 8  ft. lb.) 

.38-47 Nm (28-35 ft. lb.) 

.64-80 Nm ( 4 7 - 59 ft. lb.) 

t o  body (nu t) . , . . . .  .22-24 Nm ( 1 6-1 8 ft. lb.) 
Transm ission rubb er mo unt 

(nut, to transm iss ion or support) .43-4 8 Nm (32-35 ft. lb.) 
Transmission drain plug/fill plug . . . .40- 60 N m  (30-44 ft. lb.) 
Transmission output flang e  collar nut 

Getrag 24%60 
in itial . . . . . . . . . . . . . . . . . . . . . . 1 70 Nm (1 25 ft. lb.) 
f inal . . . . . . . . . . . . . . . . . . . . . .  1 20 Nm (89 ft. lb.) 

ZF . . . .  . . . . . . . .  . . . . . .  1 00- 1 20 Nm (74-89 ft. lb.) 
Release bearing gu ide sleeve (bolt) 

M8 x 22 . . . . . . . . . . . . . . . . . . . . .  1 8  Nm ( 1 3 ft. lb.) 
M 8  x 30 . . . . . . . . . . . . . . . . . . . . .  25N m ( 1 8 ft. lb.) 
M6 . . . . . . . . . . . . . . . . . . . . . . .  1 0  Nm (89 in. lb.) 

G etrag Transmission Assembly T ightening Torque s 
Front tran sm is sion c ase 

to rear case (b olt) . . . . . . . . . . . . . . .  25 Nm ( 1 8 ft. lb.) 
Drive flange to output shaft (nut) 

In itial torque . . . . . . . . . . . . . . . . .  1 70 Nm (1 27 ft. lb.) 
Reverse gear shaft to 

transmission case (bolt) . . . . . . . .25 Nm (1 8 ft. lb.) 
Reverse gear shaft retaining bracket 

to transmission case (bolt) . . . . . .25 Nm (1 8 ft. lb.) 
Detent bal l and spring locking plate 

to transmission case (bolt) . 1 0  Nm (89 in .  lb.) 
Clutch guide sleefe to 

front transmission case . . . 1 0  Nm (89 in .  lb.) 
Back- up l ight switch to 
transmission case . . . . . . . . . . .  6 - 1 0  Nm (53- 89 in. lb.) 

II. Transmission Tolerances, Wear Limits and 
Settings 

Shift fork guide wear l imit . . . . . . . . . . .  .4.8 mm (0. 1 89 in . )  
L ayshaft axial play, max imum . .  0 . 1 3-0.23 mm (0.005- 0.009 in . ) 
Output sha ft axial play, m aximum . . .0-0.09 mm (0-0.0035 in .) 
Input shaft axial play, maximum . . . .  0-0.09 mm (0-0.0035 in.)  
Output shaft radial runout, maximum . . . .  0.07 mm (0.0027 in.)  
G uide sleeve pressing-off force (maximum permissible) 

1 st/2nd gea r  
Getrag 240 . .  3.0 tons 
Getrag 260 .3.7 tons 

3rd/4th gear 
Getrag 240 .2.7 tons 
Getrag 260 .3.0 tons 

5th/Reverse gear 
Getrag 240 . . .  3.0 tons 
Getrag 260 . . . . . .  3 .7 tons 

continued 

II. Transmission Tolerances, Wear limits and 
Settings (continued) 

Guide sle eve pressing-on force (maximum permissible) 
1 st/2nd gear 
Getrag 240 .2 . 1  tons 
Getrag 260 .2.5 tons 

3rd/4th gear 
Getrag 240 .1 .9 tons 
Getrag 260 . . .  2 . 1  tons 

5th/Reverse 
Getrag 240 .2 . 1  tons 
G etrag 260 .2.5 tons 

Sync hronizer ring specifications 
(measured between ring and gear) 

Forward gears 
new . . . . . . . .  . . . . . .  . 1 .0-1 .3 mm (0.039-0.051 in . )  
wear l imit  . . . . . . . . . . . . . . . . . . .  0 .8 mm (0.031 in . )  

Reverse 
new . . . . . . . . . . . . . . . .  0 .5- 0.6 mm (0.020-0.024 in.)  
wear l imit . . . . . . . . . . . . .  . . . . .  0.4 mm (0.01 6 in . )  

Transmission case bearing 
installation temperature . . . . . . . . . . . . . . . 1 76 ° F  (80 ° C) 

III. Clutch Tolerances, Wear limits and Settings 

Slave cylinder push rod tra vel (measured with 
slave cylind er installed) . . . . . . . . . .  at least 20 mm (% in . )  

Clutch pedal adj ustment 
(measured from firewall) . . . . . . . . .253 mm �d 1 ( 1 0  i n .  �64) 

Release lever tips deviation 
from par al lel ,  maximum . . . . 

Clutch d isc runout, maximum . 
Clutch d isc thickness, minimum 

IV. Manual Transmission Gear Ratios 

Transmission Getrag 240 ZF S5-1 6 
type 

Gear ratios 
1 st gear 3.72 3 .72 
2nd gear 2.02 2.04 
3rd gear 1 .32 1 .34 
4th gear 1 .00 1 .00 
5th gear 0.81 0.80 
Reverse 3.45 3 .54 
gear 

.0.6 mm (.024 in . )  
.0.5 mm (.020 in.)  
.7.5 mm (.295 in . )  

Getrag 26 0 

3.83 
2 .20 
1 .40 
1 .00 
0.81 
3.46 
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Automatic 
Transmission 

introduction 

Three different automatic transmissions are used on the various cars covered by this 
manual, all manufactured by ZF. Early 4-cylinder models are equipped with the 3 HP 22 
three-speed. Later 4-cylinder and all 6-cylinder models are equipped with either the 4 HP 22 
H four-speed with lockup torque converter or the 4 HP 22 EH, a refined four-speed automatic 
with electronic control of shifting. 

The automatic transmission is housed in  a cast alloy case that is bolted to the engine block. 
Though the automatic transmission is entirely d ifferent from the manual transmission used i n  
these cars, the driveshaft a n d  final d rive components are virtually identical . See DRIVESHAFT 

AND FINAL DRIVE. 

Cleanliness and a careful approach are very important when repairing the transmission. 
Read the procedure thoroughly before beginning any repair. Some specifications are g iven in 
metric u nits only, requiring that the work be carried out using metric tools and instruments. If 
you lack the skills, the tools, or a suitable workplace for servicing the automatic transmission,  
we suggest you leave these repairs to an authorized BMW dealer or other qualified shop . 

With normal use and regular maintenance, the automatic transmission is very reliable and 
does not require i nternal repairs. Repairs to the internal sections of the transmission require 
special knowledge and equipment, and as such are beyond the scope of this manual. I n  the 
event that i nternal repairs or overhaul are required, it may be possible to save some of the 
expense of professional repair by removing and install ing the transmission yourself, using the 
procedures described in this section. 

We recommend that the outside of the transmission be thoroughly cleaned and taken to the 
shop fully assembled. It is important to realize that a partially d isassembled transmission is a 
mechanic's nightmare. We strongly advise against d isassembling the transmission to begin  
any repair you cannot properly finish. We especially urge you to see an authorized BMW dealer 
before beginning any work on a car that may be el igible for warranty repair.  

• 
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1 .  GENERAL DESCRIPTiON 

The 4 HP 22 automatic transmission is shown i n  Fig. 1 -1 and 
Fig. 1 -2.  At the front end of the transmission is the bellhousing,  
which is bolted to the transmission and houses the torque 
converter. The bellhousing is bolted to the engine block. At the 
rear end of the transmission is the extension housing,  which is 
also bolted to the main transmission case and contains the 
governor and the vent for the automatic transmission. 

Output 
shaft 

FiQl. 1 -1 .  Phantom view of 4-speed' ZF 4 HP 22 automatic 
transmission. 

Stator 
clutch ATF 

pump 

Fig. 1 -2. Schematic view of 4-speed ZF 4 HP 22 automatic 
transmission . 3-speed ZF 3 HP 22 automatic trans
m ission is  s imi lar. 

The transmission case contains the ATF pump, the hydraulic 
controls, the planetary gear system ,  and a supply of automatic 
transmission fluid (ATF) . The planetary gear system is lubri
cated solely by ATF, circulated through the transmission by the 
ATF pump. The ATF does not circulate unless the engine is 
running, so the transmission parts are only partially l ubricated 
when the engine is turned off. 

CAUTION -

• Towing a BMW with .an automatic transmission 

while the rear wheels are on the ground can 

cause damage due to lack of lubrication. 

III BMW recommends that cars with automatic 
transmission be towed with the rear wheels on the 

ground for no more than 30 miles (50 km), at no 

more than 30 mph (50 km/h) . 

.. If the distance will be greater than 30 miles (50 

km), either remove the driveshaft or add 1 .05 

quarts (1 liter) of ATF to the transmission. Reduce 
the fluid level to normal before driving the car. 

Planetary 
gear set (4th) 

Planetary 
gear set (1 -3) 

1 st gear 
one-way 
clutch 

One-way 
clutch 



1 . 1 Automatic Transmission 

All automatic transmissions used on the BMWs covered by 
this manual are hydraul ically controlled with either three or four 
forward speeds. The 4 HP  22 EH transmission features addi
tional electronic control of the hydraul ic system. 

The automatic transmission can best be described and 
understood by dividing it i nto subsystems. These are the 
torque converter, the ATF pump, the planetary gear system, 
and the hydraul ic and electronic controls. Al l  cars with auto
matic transmission also have an ATF cooler i ntegrated into the 
radiator for the engine cooling system.  

Torque Converter 
The torque converter is  a doughnut-shaped assembly lo

cated between the engine and the transmission inside the 
bellhousing. The torque converter transmits engine output to 
the transmission ,  and also multiplies engine torque at low 
speeds. The torque converter is a fluid coupl ing. Power is 
transmitted as i nternal vanes driven by the engine create a flow 
of ATF to drive other vanes. 

The first set of vanes are cal led the impeller. The impeller is 
part of the converter housing. Since the housing is bolted to the 
engine drive plate, the impeller vanes are always driven at 
engine speed. As the converter spins, the curved impeller 
vanes set up a flow of ATF that drives the second set of vanes 
opposite it, called the turbine. The turbine is d irectly connected 
to the transmission gear system.  

A third set of vanes, called the stator, is  between the impel ler 
and turbine. At low speeds, a one-way clutch keeps the stator 
stationary so that its curved vanes wil l  redirect the flow of ATF 
so that torque is mult iplied . At higher speeds, when there is no 
longer a speed differential between the impeller vanes and the 
turbine, the stator freewheels and torque multiplication ceases. 

lockup Torque Converter 
Because a normal torque converter is  only a fluid coupl ing 

between the engine and transmission , there is always some 
loss of efficiency due to sl ippage. To ensure maximum effi
ciency and power transmission ,  the 4 HP 22 H and EH trans
missions are equipped with a lockup torque converter. Above 
an ATF temperature of 68°F (20°C) and a road speed of 53 mph 
(85 km/h) , and depending on throttle position, an additional 
clutch in the torque converter locks the turbine to the impeller. 
This provides a d irect mechanical l ink between the transmis
sion and the engine. 
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ATF Pump 

Automatic transmission fluid (ATF) is circulated through the 
transmission under pressure.  The pump that creates this pres
sure and pumps the flu id is located at the front of the trans
mission case, between the torque converter and the transmis
sion . The torque converter shaft engages the ATF pump and 
drives the pump when the engine is running. ATF is drawn from 
the .ATF sump (also referred to as the transmission o i l  pan) 
through a fi lter screen, and fi l ls the valve body before circulat
ing to fi l l  the torque converter and transmission. 

Planetary Gear System 

A torque converter alone cannot provide the torque multi
pl ication needed for all driving conditions. The transmission 
therefore contains a p lanetary gear system which can operate 
at d ifferent drive ratios. The gears are driven d irectly by the 
torque converter turbine. 

The planetary gear system contains a number of one-way 
and hydraul ically-operated clutches along with the planetary 
gearsets. The gearsets-one gearset for the three-speed trans
mission , and two gearsets for the four-speed transmission
drive the transmission output shaft. 

A planetary gearset consists of one large gear cal led a sun 
gear, and a number of smaller gears cal led planet gears i nside 
the sun gear. The rotational speed of the transmission output 
shaft depends on which gears are rotating and which are 
stationary. 

The rotation of the gears are control led by the clutches. By 
varying the application of hydraul ic pressure to the clutches, 
one or more of the sun and planet gears can be held stationary. 
This changes the gear ratio, and also controls reverse. 

The clutches also affect the freewheeling of the transmission 
during coasting. For example, when the selector lever is at 1, GIl 
the normally freewheeling 1 st gear is locked in order to provide • additional engine braking. 

Hydraulic Controls 

The hydraul ic control system d irects and regulates hydrau
lic pressure from the ATF pump to control shifting of the 
planetary gear system.  Shifts are produced by ring-shaped 
clutch pistons or brake bands, based on the flow of ATF from 
the pump through the valve body. Three primary control de
vices regulate the movement of the control valves in the valve 
body. 
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The first primary control device is the manual valve, which i s  
connected to the selector lever by  a rod and l inkage. Moving 
the lever changes the setting of the valve and produces the 
necessary application of hydraulic pressure for the drive range 
selected. 

The second primary control device, the throttle valve, is 
l inked by cable to the position of the accelerator pedal and 
makes the transmission responsive to engine speed and load. 

The third primary control device, the governor, controls ATF 
pressure relative to the output shaft rotational speed, making 
the transmission responsive to rear wheel speed. 

Electronic Controls  

The 4 HP  2 2  EH transmission is a further refinement of  the 
4 HP 22 H transmission, with electronic shift control .  The 
transmission range is stil l  selected by the selector lever and the 
planetary-gear clutches are actuated hydraul ical ly, but the con
trol valves in the valve body are operated by electric solenoids. 
The solenoids are controlled by an electronic control un it 
based on various i nputs. See Fig. 1 -3. 

Gearshift 

Kickdown 
switch 
(under 
accelerator 
pedal) 

Fig. 1 -3. Schematic of 4 HP 22 EH automatic transmission 
showing e lectronic control system .  

ATF Cooler 

Transmission performance and rel iabi l ity l ife depend almost 
entirely on the condition of the transmission fluid. To ensure 
that the transmission fluid does not overheat, reducing its 
effectiveness, an ATF cooler is i ntegrated with the engine cool
ing system radiator. 

The ATF cooler is in the side of the radiator and is l inked to 
the transmission by metal pipes. The ATF is circulated through 
the cooler by the ATF pump, and heat is removed by the engine 
coolant. 

1 .2 Identification Codes and Specifications 

Due to different power characteristics and performance 
requ irements of various engine/model combinations, there are 
minor variations of the basic automatic transmission, i ncluding 
the torque converter. The d ifferent versions are identified by 
code letters. 

The transmission code letters and type number are located 
on a data plate on the left side of the transmission housing, just 
behind the manual valve lever. See Fig. 1 -4.  

Bellhousing 

Shift 
rod 

B253 .ALJI. B 

Fig. 1 -4. Location (arrow) of automatic transmission data 
plate. 

Table a l ists automatic transmission and torque converter 
combinations for all cars covered by this manual. When replac
ing the transmission or the torque converter, the replacement 
part's code letters should correspond to those of the original 
part. 
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Table a. Automatic Transmission Specifications. 

Model 318i 318i 325 325e(es) 325 325i, 325i, 

Type 3 HP 22 4 HP 22 H 4 HP 22 H 

Code letters AX UC, XX VM,XS AB, TV, 
XG,AB,AT 

Torque P U4 C7, R2 
converter code 

Gear ratios 

1st gear 2.73 2.73 2.48 

2nd gear 1.56 1.56 1.48 

3rd gear 1.0 1.0 1.0 

4th gear N/A 0.73 0.73 

Reverse 2.09 2.09 2.09 

2. MAINTENANCE 
BMW specifies the maintenance steps below to be carried 

out at particular time or m ileage i ntervals for proper mainte
nance of the automatic transmission. I nformation on automatic 
transmission maintenance and on the prescribed maintenance 
i ntervals can be found in LUBRICATION AND MAINTE

NANCE. 

1 .  Checking ATF level and adding ATF 

2. Changing ATF 

3. Checking a" transmission mating surfaces and ATF 
cooler l ines for leaks 

4. Cleaning or replacing the ATF filter screen 

3. TROUBLESHOOTING 
This troubleshooting section applies to problems affecting 

the transmission, i ncluding the torque converter. The basic 
functions of the automatic transmission are to circulate clean 
ATF under pressure, to provide the correct drive ratio in re
sponse to both the hydraulic and mechanical or electronic 
controls, and to transfer engine power to the rear wheels. 

Most extemal adjustments to the transmission, as well as 
removal and i nstallation ,  are covered in this manual , but some 
of the troubleshooting information in this section describes 
problems which can only be remedied by disassembly and 
intemal repair. I nternal transmission repairs require specialized 

Convertible Convertible 

4 HP 22 EH 4 HP 22 EH 4 H P  22 H 

AR AP AC,GA 

R2 R2 W2 

2.48 2.48 2.48 

1.48 1.48 1.48 
1.0 1 .0 1.0 

0.73 0.73 0.73 

2.09 2.09 2.09 

knowledge and equipment and are, therefore, beyond the 
scope of this manual. The publisher recommends that such 
repairs be left to an authorized BMW dealer or other qualified 
automatic transmission repair shop. 

NOTE -

On transmissions manufactured before Febru
ary 1985, transmission flui d  leaks at the ATF 
fi l ler tube or breather under heavy engine loads 
or during crUising may be caused by the trans
mission being overfi l led.  This mistake is com
mon due to the design of the d ipstick used on 
these earl ier models. See LUBRICATION AND 
MAINTENANCE for more i nformation on  cor
rectly fi l l ing the transmission and on retrofitting 
the later d ipstick. 

3.1 Basic Principles 

I n  order for automatic transmission troubleshooting to pro
vide meaningful results, the engine must be in good mechan
ical condition and properly tuned. See ENGINE for trouble
shooting engine problems. 

I nspect the transmission for external damage, loose or miss
ing fasteners, and for any obvious leaks. Many automatic trans
mission problems can be traced to an incorrect ATF level ,  to 
contaminated ATF, or to misadjusted transmission controls. 

Check for leaks, check the ATF level ,  and check to see if the 
fluid is d irty or has a burned odor. A burned odor indicates 
overheated flu id ,  which may be accompanied by burned 
clutches, as wel l  as friction material which may be clogging the 
valve body passages. 

• 
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Minor automatic transmission problems can often be  cor
rected merely by correcting the ATF level, by drain ing and 
refi l l ing the transmission as described in LUBRICATION AND 
MAINTENANCE, or by i nspecting the adjustment and opera
tion of the controls as described in 4.2 External Transmission 
Adjustments. 

Table b l ists symptoms of automatic transmission problems, 
their probable causes, and recommended corrective actions. 
Numbers in bold type in the corrective action column indicate 
the heading i n  this section where the appropriate test and 
repair procedures can be found. Probable causes and correc
tive actions that refer to specific i nternal transmission faults are 
also provided for reference. 

NOTE -

On 4 HP 22 EH tra nsmi ssi ons wi th electroni c 
contro l ,  a mi sa li gned va lve body ma y ca use 
shorti ng out of the lockup clutch solenoi d. Thi s  
wi l l  ca use the Tra nsmi ssi on Fa ult Indi cator to 
sta y on after the ca r i s  sta rted, a nd wi l l  a ll ow the 
car only to be dri ven i n  the Em ergency pro
gram. Thi s fa ult ma y a lso ca use engi ne rpm to 
drop below norma l  when bra ki ng to a stop. 

Table b. Automatic Transmission Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Pa rk does not hold a. Selector lever li nka ge mi sa djusted a. Adjust selector li nka ge. 4.2 

b. Parki ng pa wl broken b. Overha u l  or replace tra nsmi ssi on.  To remove a nd i nsta ll ,  see 5.1 

2. No Dri ve (car wi l l  a. ATF level low a. Check a nd if necessa ry correct ATF level .  See LUBRICATION 
not move) AND MAINTENANCE 

roo Dri ve pla te or torque converter b. Check and correct dri ve pla te i nsta lla ti on .  See ENGINE Check 
i ncorrectly i nsta lled a nd correct torque converter i nsta lla ti on .  5.1 , 5.2 

c. Selector lever li nka ge mi sadjusted c. Adjust li nkage. 4.2 

d. Sti cki ng pressure va lves, faulty ATF d.  Test ATF pressure. 3.2 Overha u l  or repla ce tra nsmi ssi on .  To 
pum p, or broken gea r  or shaft-no remove a nd i nsta l l ,  see 5.1 
pressure 

3. Irregular d ri ve i n  a ll a. ATF level low a. Check a nd if necessary correct ATF level .  See LUBRICATION 
forwa rd gea rs a nd AND MAINTENANCE 
reverse b. ATF pump filter screen parti al ly b. Remove ATF sump. Clea n  or repla ce fi lter screen .  See 

clogged LUBRICATION AND MAI NTENANCE 

c. Da maged clutch pi stons or bra ke c. Overha ul  or repla ce tra nsmi ssi on .  To remove a nd i nsta ll 
ba nds. tra nsmi ssi on ,  see 5.1 

4. Ki ckdown fai ls to a. Accelerator ca ble mi sa djusted a. Adjust ca ble. 4.2 
opera te lb. Ki ckdown swi tch mi sa djusted or b. Adjust or repla ce swi tch. To a djust, see FUEL SYSTEM 

fa ulty 

c. Ki ckdown functi on fa ulty c. Overha u l  or replace transmi ssi on .  To remove a nd i nsta ll 
transmi ssi on ,  see 5.1 

5. Poor a ccelerati on ,  a.  Engi ne out of tune a. Tune engi ne. See LUBRICATION AND MAI NTENANCE 
poor hi gh-speed 
performa nce b. Transmi ssi on a ccelera tor ca ble b. Adjust ca ble. 4.2 

mi sa djusted 

6. Tra nsmi ssi on sli ps a. ATF level low a. Check a nd i f  necessary correct ATF level. See LUBRICATION 
duri ng ha rd AND MAINTENANCE 
comeri ng 

b. Clogged ATF fi lter screen b. Remove ATF sump. Clea n  or replace fi lter screen. See 
LUBRICATION AND MAINTENANCE 

1. ATF a ppea rs di rty, a. Conta mi na ted ATF a. Drai n a nd repla ce ATF. Remove a nd clea n  ATF fi lter screen. See 
smells burnt LUBRICATION AND MAINTENANCE 

b. Da maged clutch fri cti on li ni ngs b. Overha ul  or repla ce transmi ssi on .  To remove a nd i nsta ll 
tra nsmi ssi on ,  see 5.1 

continued on next page 
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Table b. Automatic Transmission Troubleshooting (conti nued) 

Symptom Probable cause Corrective action 

8. Selector lever wil l  a. Selecto r  lever l inkage binding a. Check and adjust l inkage. 4.2 

not move b. I nternal transmission failure b. Overhau l  or replace transmission. To remove and install 
transmission, see 5.1 

9. Hard jolt when a. Idle speed too high a. Adjust id le .  See FUEL SYSTEM 
moving selector b. ATF level low b. Check and correct ATF level .  See LUBRICATION AND 
lever from N to D MAINTENANCE 
or R c. Transmission accelerator cable c. Adjust cable. 4.2 

misadjusted 

d. Transmission electronics faulty (4 HP d. Check transmission electronics. 
22 EH only ) 

e. I nternal transmission fault e. Overhaul or replace transmission. To remove and install 
transmission ,  see 5.1 

1 0. Hard jolt  on upshift a. Transmission accelerator cable a. Adjust cable. 4.2 

or downshift misadjusted 

b. Faulty clutch b. Overhaul or replace transmission. To remove and install 
transmission, see 5.1 

c. Valve body faulty c. Replace valve body. 

d. Transmission electronics faulty (4 HP d.  Check transmission electronics. 
22 EH only ) 

1 1 .  Vibration when a. Driveshaft vibration a. See DRIVESHAFT AND FINAL DRIVE 
accelerating quickly b. Faulty clutch b. Overhaul or replace transmission. To remove and install 
from a stop transmission , see 5.1 

1 2. Vibration or slipping a. I ntemal transmission fault a. Overhaul or replace transmission. To remove and install 
when accelerating transmission ,  see 5.1 
i n  R 

1 3. Car cannot be a. Faulty transmission switch a. Replace transmission switch. See ELECTRICAL SYSTEM 
started in N or P 

1 4. No upshift into 2nd,  a. Governor bushing seized a. Replace governor. 
3rd or 4th gear b. Valve bod y  faulty b. Replace valve body. 

c. Transmission electronics faulty (4 H P  c. Check transrnission electronics. 
22 EH only ) 

d. Valve body solenoids faulty (4 H P  22 d. Repair or replace valve body. 
EH only ) 

1 5. Upshift delayed in  <II. ATF level low a. Check and correct ATF level .  See LUBRICATION AND 
all gears MAINTENANCE 

b. Transmission accelerator cable b. Adjust cable. 4.2 

misadjusted 

c. Valve body contaminated or plugged c. Remove valve body and clean or replace. 

d. I nternal pressure valves sticking or d. Overhaul or replace transmission. To remove and install 
faulty transmission, see 5.1 

e. Transmission electronics faulty (4 HP e. Check transmission electronics. 
22 EH o nly ) 

1 6. Downshift delayed a. Transmission accelerator cable a. Adjust cable. 4.2 
or no downshift m isadjusted 

b. Governor d i rty b. Rernove governor and clean or replace. 

c. Shift valves sticking c. Remove valve body and clean or replace. 

d. Clutches slipping d. Overhaul or replace transmission. To remove a nd install 
transmission, see 5.1 

e. Transmission electronics faulty (4 HP e. Check transmission electronics. 
22 EH only ) 

f. Valve body solenoids faulty (4 H P  22 f. Repair or replace valve body. 
EH only ) 
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3.2 Diagnostic Tests 

Although most i nternal transmission problems cannot be 
fully d iagnosed unless the unit is removed and disassembled, 
these tests may help further diagnose transmission trouble 
prior to its removal. To obtain accurate test results, the ATF must 
be clean , in good condition (not previously overheated or 
burnt) , and at the proper level .  

Stal l  Speed Test 

This test is  used to check for faults in the torque converter 
and planetary gear system when there is no other apparent 
cause for poor performance and acceleration. The test results 
are meaningless if the engine is not running properly. A precise 
tachometer must be used for the rpm measurements, as dash
board i nstruments are not sufficiently accurate. 

To test: 

CAUTION -

The stall speed test should be as short as pos
sible, and should never extend beyond 10 sec
onds maximum. Prolonging the test may over
heat the transmission and damage the seals or 
internal components. 

1 .  Drive the car to warm the engine and transmission to 
normal operating temperature. 

2 .  Connect a tachometer according to the instrument man
ufacturer's instructions, so that it can be read from the 
driver's seat, then start the engine. 

3. Set the parking brake and depress the foot brake firmly 
to hold the car stationary. 

4. Select the transmission drive range. On 3 HP  22 trans
missions, place the selector lever i n  R or 1 .  On 4 H P  22 
H/EH transmissions, place the selector lever in D. 

5. While holding the car stationary with the brakes, floor the 
accelerator for no more than 1 0 seconds. Note the ta
chometer readings. 

NOTE -

@ Engine rpm should increase, and then hold 
steady. Maximum rpm achieved during this test is 
the stall speed. See Table c for stall speed spec
ifications. 

Q It is normal for the stall speed to be 1 25 rpm 
lower than specified fo r each 1 000 meters (3200 
ft.) above sea level .  High ambient air temperature 
will also cause a sl ight d rop in stall speed. 

Table c. Automatic Transmission Stall  Speed 
Specifications 

Trans- Model Converter Stall speed 
m ission code (rpm) 

3 HP 22 H All P 1 970-2070 

4 HP 22 H 3 1 8i U4 1 980-2220 
325, 325e(es) R2 1 900�2050 
(through 1 987) 
325i , 325i Convertible W2 221 0-2420 
(through 1 987) 
325e ( 1 988-1 990) C7 1 900-2 1 00 
325i ,  325i Convertible W2 2200-2400 
(1 988-1 990) 

4 HP 22 325, 325i ,  325i R2 221 0-2420 
EH Convertible 

Stall speed that is below the specified range by a few 
hundred rpm is probably due to reduced engine performance. 
Stall speed that is below the specified range by 400 rpm or 
more indicates a faulty torque converter stator or ATF pump. 
Check the pump pressure as described below. 

Stall speed above the specified range is caused either by 
low ATF level , or by sl ippage in the hydraulic or one-way 
clutches. 

Pressure Tests 

A main pressure test wil l  reveal internal leaks, sticking con
trol valves, or other troubles in the hydraul ic controls. The 
pressure gauge should have a range of at least 0 to 20 bar (0 
to 300 psi) , and a hose long enough to allow it to be read from 
the passenger compartment. Engine idle speed must be cor
rectly adjusted. 

The main pressure tap is shown in Fig. 3-1 . Because the 
location of the tap makes it d ifficult to fit a thick tester hose, an 
additional thin extension pipe, bent at a right angle and with 
pressure fittings on either end, may be needed between the 
tap and the pressure tester hose. The test procedures are 
sl ightly d ifferent for the 3 HP 22 and 4 HP 22 transmissions. 

To test (3 HP 22 transmissions only): 

1 .  Remove the main pressure tap plug and connect the 
pressure gauge to the transmission. Route the hose so 
that the gauge can be read from inside the car. 

2. Drive the car to warm the engine and transmission to 
normal operating temperature. Stop the car and firmly 
set the parking brake and b lock the wheels. 



Fig. 3-1 . Main pressure tap on transmission case for 3 H P  22 
transmissions (a) , and 4 HP 22 transmissions (b) . 
Tap is located below torque converter bel lhousing. 

3.  Disconnect the transmission accelerator cable from the 
throttle lever. See Fig. 3-2. Set engine idle speed at 1 500 
rpm. 

Fig. 3-2. Transmission accelerator cable (arrow) . 

4. With the selector lever i n  1FiI, the pressure should be 1 2.5 
to 1 4.5 bar ( 1 80 to 21 0 psi) . When the transmission 
accelerator cable is pul led ful ly out to the kickdown 
position, the pressure should i ncrease to 1 6.5 to 1 8.3 bar 
(240 to 265 psi) . Release the transmission accelerator 
cable when done. 
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5 .  Move the selector lever to any of the other drive ranges, 
including P. The pressure should now be 5.5 to 6.4 bar 
(80 to 93 psi) . When the transmission accelerator cable 
is pul led fully out to the kickdown position ,  the pressure 
should i ncrease to 7.2 to 8 .0 bar ( 1 04 to 1 1 6 psi) . 

6. Stop the engine. 

7. Reconnect the transmission cable to the throttle lever, 
and adjust it as described in 4.2 External Transmission 
Adjustments. Torque the plug for the pressure tap to 40 
to 46 Nm (30 to 34 ft. lb.) . 

To test (4 HP 22 transmissions only) :  

1 .  Remove the main pressure tap p lug and connect the 
pressure gauge to the transmission. Route the hose so 
that the gauge can be read from i nside the car. 

2 .  Drive the car to warm the engine and transmission to 
normal operating temperature. Stop the car and firmly 
set the parking brake. 

3. With the selector lever in D, let the engine idle. Pressure 
should be 6.0 to 7.5 bar (87 to 1 09 psi) . Shift the trans
mission i nto R. Pressure should i ncrease to 1 1  to 1 3  bar 
( 1 60 to 1 89 psi) . 

4. Shift back to D and road test the car. At approximately 
4000 rpm and in any gear range from 2 to 4, pressure 
should be 4.6 to 5.8 bar (67 to 84 psi) . 

5. When finished, stop the engine, remove the gauge and 
torque the pressure tap plug to 40 to 46 Nm (30 to 34 ft. 
lb.) . 

Pressure that is h igher or lower than specification usually 
indicates a malfunctioning valve body and valves, probably due GI 
to contamination. The valve body can be removed, cleaned, I 
and reinstalled with the transmission i n  place by removing the 
ATF sump and fi lter screen. 

CAUTION -

The valve body contains many precision parts 
which must be reassembled in their exact loca
tions. Because of the complexity of the valve 
body assembly, we recommend that these re
pairs be left to an authorized BMW dealer or 
other qualified repair shop. 

Low pressure may also indicate a worn ATF pump or i nternal 
ATF pump leaks past seals, gaskets, and metal mating sur
faces. These repairs require that the transmission be removed 
and disassembled. 
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4.  CONTROLS 
The automatic transmission controls i nclude the selector 

lever, the selector lever l inkage,  and the transmission acceler
ator cable. The selector lever and l inkage allows the transmis
sion to be manually shifted from inside the passenger com
partment. The transmission accelerator cable makes the 
transmission responsive to throttle position . 

The selector lever l inkage activates the manual va.lve on the 
transmission. When the lever is moved out of park, the parking 
pawl is released and the manual valve is correctly positioned 
according to the gear selected. 

The transmission accelerator cable is shown in Fig. 4-1 . It 
modifies transmission shift pOints based on engine load. The 
cable connects the throttle operating lever to the transmission . 
I nside the transmission,  the cable is connected to a cam on the 
valve body. Movement of the accelerator pedal and throttle 
lever also moves the transmission accelerator cable. This 
changes pressures in the valve body to adjust shift pOints. 

Accelerator 
cable 

Transmission 
accelerator cable 

E';>250. AUT. E> 

Fig. 4-1 . Accelerator cable and transmission accelerator ca
ble layout Arrows show movement of operating 
lever and transmission cable when accelerator 
pedal is  depressed 

On all except 4 HP 22 EH transmissions, the transmission 
accelerator cable also activates the transmission kickdown 
feature when the accelerator pedal is depressed to the kick
down position .  

On 4 HP 22 EH transmissions, kickdown is activated by a 
switch underneath the accelerator pedal. Adjustment of the 
kickdown switch is covered in FUEL SYSTEM. 

The transmission accelerator cable is e�sily adjusted. Re
pacement, however, requires removal ofthe vE\lve body. Be
cause of the complexity of the valve body assembly, we rec
ommend that replacement of the cable be left to an authorized 
BMW dealer or other qualified repair shop. 

4,1 Removing and I nstal l ing Selector lever and 
linkage 

The selector lever l inkage and related parts are shown in 
Fig . 4-2. The neutral/park/reverse l ight switch prevents the car 
from starting when the selector lever is in gear. The switch also 
actuates the reverse l ights when the selector lever is in reverse. 
For i nformation on testing the switch, see ELECTRICAL SVS" 
TEM. 

To remove selector lever: 

1 .  Disconnect the selector rod from the bottom of the lower 
selector lever. See Fig .  4-3. On some models, it may be 
necessary to remove the exhaust system and heat shield 
to reach the l inkage.  

2 .  At the shift console i nside the car, remove the console 
trim .  Pry out the console plate, and then remove the 
screws that hold the trim to the console. See Fig. 4-4. 

3. Remove the shift lever assembly by disconnecting the 
electrical switch and removing the hex-head screws 
hold ing the lever assembly to the frame. See Fig .  4-5. 

4. When reassembling the selector lever assembly, make 
sure that the sound insulator is between the assembly 
and the transmission tunnel ,  and adjust the l inkage as 
described in 4.2 External Transmission Adjustments. 

If the lever is removed from the manual valve on the trans
mission, torque the nut to 8 to 10 Nm (6 to 7 ft. lb. )  when 
reinstal l ing the lever. On 3 HP 22 transmissions, make sure the 
selector rod is instal led in the correct hole as shown in Fig. 4-6. 
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Selector lever 

Shift lock 

Shift 
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S leeve 
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'rz'elector 
pin 

BZ4'1 . N.JT B 

fig. 4-2. Exploded view of automatic transmission selector 
lever and l inkage. 
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1 ........ 111 . ....... Q 
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Fig. 4-3. Selector rod being d isconnected from bottom of 
lower selector lever. Lift tab of retaining cl ip (di rec
tion 1) and sl ide c l ip off (di rection 2) . 

Fig. 4-4. Console trim mounting screws (arrows) . 
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Fig. 4-5. Selector lever assembly showing screws (A) and 
wiring harness (B) . 

Fig. 4-6. Manual lever for 3 HP 22 transrnissions. Selector 
rod should be i nstalled in hole A. 

4.2 External Transmission Adjustments 

External adjustments to the automatic transmission i nclude 
adjustments of the selector l inkage and the transmission ac
celerator cable. A helper wi l l  be required to hold the accelerator 
pedal at ful l  throttle while the cable adjustment is made. 

Adjusting Selector lever lin kage 

This external adjustment may correct imprecise shifting 
without the need for removal of the transmission or costly 
overhaul work. On some models, it may be necessary to 
remove the exhaust assembly and heat shield to reach the 
bottom of the selector lever. 

To adjust: 

1 .  Remove the selector rod from the bottom of the selector 
lever by removing the retain ing cl ip shown i n  Fig. 4-3 
above and pul l ing out the selector p in .  

2 .  Pul l  the manual valve lever on the transmission al l the 
way to the rear, then push it forward two cl icks. The 
transmission should now be in N. 

3. In the passenger compartment, move the selector lever 
to N, and then push it forward against the Neutral posi
tion stop in the shift gate. 

4. While holding the selector lever against the gate, turn the 
selector pin on the selector rod unti l  the pin l ines up with 
the hole on the lower selector lever. Then shorten the 
l inkage by turning the pin an additional one to two turns 
clockwise. 

CAUTION -

Because of a new shift gate beginning with the 
1985 models, the pin should be tumed only one 
turn to shorten the linkage. 

5.  Reinstal l  the selector pin and check that the l inkage is 
correctly adjusted by starting the engine and moving the 
selector lever through all shift pOSitions. 

Adjusting Transmission Accelerator Cable and 
Kickdown 

Proper throttle control and transmission operation depend 
on accurate adjustment of the accelerator cable. Before per
forming the adjustment, make sure the ful l-throttle adjustment 
for the accelerator cable and throttle l inkage is correct, as 
described in FUEL SYSTEM. 

To adjust: 

1 .  With the throttle at idle position ,  use a feeler gauge to 
check the distance between the lead seal and the end of 
the cable sleeve, as shown i n  Fig. 4-7. Table d gives the 
correct specification. If the distance is incorrect, loosen 
the locknuts and adjust the position of the cable sleeve, 
then tighten the nuts. 



Fig. 4-7. Transmission accelerator cable adjustment point. 
Check distance A at idle and at kickdown position. 
Six-cyl inder shown . Four-cyl inder models are simi
lar. 

Table d. Transmission Accelerator Cable 
Adjustment Specifications 

Measured between lead seal on cable and 
end of cable housing 
at idle . . . . . . . . . . . . . . .0.50 ± 0.25 mm (.020 ± .01 0 i n .) 
with accelerator pedal at 
kickdown position . . . . . . . . . . . . .  at least 44 mm (1 .5 in.) 

2 .  Working under the accelerator pedal, loosen the kick
down switch locknut, shown in Fig. 4-8 and screw the 
kickdown switch in .  

3 .  Depress the accelerator just unti l  the point where trans
mission resistance is felt. Hold the pedal in this position 
and screw out the kickdown switch so that it just contacts 
the pedal . Then tighten the locknut. 

4. Check the adjustment by depressing the accelerator 
pedal to the kickdown position and noting the position of 
the lead seal . The correct specification is l isted i n  Table 
d above. 

NOTE -
If the transmission accelerator cable cannot be 
adjusted to the correct specification ,  check the 
ful l-throttle adjustment of the throttle.  Adjust it if 
necessary, then recheck the transmission ac
celerator cable adjustment. 
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->,,.-- Accelerator pedal 
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Fig. 4-8. Kickdown switch and accelerator pedal . 

5. TRANSMISSION ASSEMBLY 

Repair of i nternal transmission components requ i res that 
the transmission be removed for disassembly. Remanufac
tured transmissions are available through authorized BMW 
dealers, and these offer some savings over the purchase of a 
new un it. 

To correct fluid leaks, the output shaft seal and the manual 
valve seal are replaceable with the transmission i nstalled i n  the 
car. The transmission must be removed to replace the torque 
cOhverter seal. 

5.1 Removing and I n stal l ing Automatic 
Transmission 

Using th is procedure,  the transmission assembly is  sepa
rated from the engine, supported on a floor jack, and taken out 
from below. Removal of the transmission requires a transmis
sion jack or a floor jack with transmission adaptor, .and jack 
stands to support the car. Use extreme caution when working 
beneath the car and lowering the transmission. 

To remove: 

1 .  Disconnect the negative ( - )  and positive ( + )  battery 
cables from the battery, in that order. 

2. Disconnect the transmission accelerator cable from its 
bracket on the i ntake manifold and then remove it from 
the throttle operating lever. Refer to Fig. 4-7 above. 

• 
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3. On 31 8 i  models, remove the protective cap and distrib
utor cap from the distributor. This will prevent damage to 
the distributor when the engine ti lts back as the trans
mission i s  removed. 

4. Remove the exhaust system as described i n  EXHAUST 
SYSTEM AND EMISSION CONTROLS. Also remove 
the heat shield from the transmission tunnel, where ap
p licable. 

NOTE -

It is possible to d isconnect only the exha ust 
downpipe from the exha ust ma n ifold, a nd the 
exha ust ha nger from the tra nsmission support, 

a nd to then push the exha ust a ssembly to the 
side a nd out of the wa y. The tra nsmission re
mova l  procedure is somewha t  ea sier, though ,  if 
the exha ust is removed completely. 

5. Disconnect the selector rod from the bottom of the lower 
selector lever as described in 4.1 Removing and Install

ing Selector Lever and Linkage. 

6. Remove the driveshaft as described in DRIVESHAFT 
AND FINAL DRIVE. Leave the flexible coupl ing attached 
to the driveshaft. 

7. Drain the transmission by removing the ATF sump drain 
plug, then remove the ATF fi l ler tube and ATF cooler l ines 
shown in Fig. 5-1 . Plug the holes to prevent dirt from 
entering the transmission. 

Fig. 5-1 . ATF cooler l ines for 4 H P  22 transmissions are at 1 
and 2. ATF fi l ler tube is at 3. Cooler l ines on 3 H P 22 
transmission are simi lar .  

8. Remove the reinforcement plate and transmission bump 
stop at the bottom of the bel l housing as shown i n  Fig. 
5-2. 

Fig. 5-2. Transmission reinforcement plate and bump stop. 
showing bolts to be removed (arrows) . 

9. Working through the opening i n  the bell housing, remove 
the bolts that hold the torque converter to the drive plate. 
See Fig. 5-3. 

Fig. 5-3. Torque converter mounting bolt (arrow) . Rotate 
torque converter for access to al l  bolts. 



NOTE -

oUse a socket wrench on the cra nkshaft vibra 
tion da mper a nd turn the cra nksha ft clockwise 
to move the bolts into posi�ion for remova l . 

41 On 3 HP 22 tra nsmissions there a re four bolts. 
On 4 HP 22 tra nsmissions there a re three bolts. 

1 0. On cars with the Motronic engine rpm sensor and the 
reference sensor mounted in the bellhousing, remove 
the sensors as described in IGNITION. 

1 1 .  On cars with 4 HP 22 EH transmission, disconnect the 
control unit plug from the left side of the transmission,  
just above the ATF sump. 

1 2. Support the transmission from below. Remove the rear 
transmission support and , where applicable, the rein
forcement bar, by removing the bolts that hold them to 
the body. See Fig. 5-4. Lower the engine and transmis
sion onto the front axle carrier. 

CAUTIO/IJ -
At no time should the weight of the transmission 
be supported by the torque converter shaft. 
Such a load will damage the torque converter or 
transmission. 

Fig. 5-4. Rear transmission support (A) and reinforcement 
bar (8) to be removed. 
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1 3. Remove the bolts that hold the transmission bellhousing 
to the engine. 

1 4. Remove the inspection gri l l from the side of the bellhous
ing for access to the torque converter. While using a 
lever to make sure that the torque converter stays firmly 
mounted to the transmission, pul l  the transmission off of 
the engine. See Fig. 5-5. 

-

WARNING -

Make sure the car is stable and well supported at 
all times during the removal procedure. Use jack 
stands which are designed for the purpose. A 
floor jack alone is not adequate support. 

NOTE � 

If the engine drive p la te is cra cked, it must be 
repla ced. Use only new stretch bolts when 
insta l l ing the new drive p la te ,  a nd coa t  them 
with threa d  lock. Torque M 1 2  bolts to 1 1 3  to 
1 30 N M  (82·94 ft. lb . ) .  

B27/AUT B 

Fig. 5-5. Torque converter being held against transmission. 
Use screwdriver or lever to apply pressure in  d i rec
tion of arrow as transmission is  pul led off of engine. 

• 
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Installation is  the reverse of removal .  To avoid serious dam
age when install i ng the transmission, make certain the torque 
converter has not s l ipped off of its support. The forward edge 
of the torque converter should be below the edge of the 
bellhousing. Turn the converter back and forth to check that it 
has engaged its spl ines. 

Use a new gasket on the ATF sump drain plug, and a new 
O-ring on the ATF fi l ler tube connection to the ATF sump. Adjust 
the transmission accelerator cable and selector lever l inkage as 
described above in 4.2 External Transmission Adjustments. 
Fastener torque specifications are l isted in Table e .  

CAUTlON -

ill When installing a new or rebuilt transmission, 
the ATF cooler and lines must be blown clean with 
compressed air and then thoroughly flushed 
twice with clean ATF. This will clean out any dirt or 
friction lining particles that could clog the pas
sages of the new transmission. 

t) Refill the transmission with ATF as described in 
LUBRICATION AND MAINTENANCE before 
starting the engine or moving the car. 

ill Do not reuse drained ATF. 

NOTE � 
G> Torx® bolts must be used with washers. Bolts 
without washers may increase the effort needed 
to remove them. 

III When reconnecting the control un it plug on 4 
HP 22 EH transmissions, make sure that the 
marking l ines are aligned. 

Table e.  Transmission i nstal lation Torque 
Specifications 

Boit Torque 
Transmission to engine (hex-head ) . . . . .  M 8: 24 Nm ( 18 ft. l b. ) 

M 10: 45 Nm (33 ft. lb. ) 
M 1 2: 78-86 Nm (58-63 ft. lb. ) 

Transmission to engine (Torx®-head ) . . . .  M 8: 2 1  Nm ( 15 ft. lb. ) 
M 1 2: 72 Nm (53 ft. lb. ) 

Rear transmission support (to body ) .  . .22-24 Nm ( 16- 18 ft. lb . ) 
Torque converter to drive plate . . .  M 8: 25-27 Nm ( 18-20 ft. lb. ) 

M 10: 47-5 1 Nm (35-38 ft. lb. ) 
Transmission reinforcement plate . . . . 22-24 Nm ( 16-18 ft. lb. ) 
ATF cooler l ines to transmission case . . . 35 �� Nm (26 �� ft. lb. ) 
ATF fil ler tube to ATF sump 

3 HP  22 . . . . . . . . . . . . . . . .  100- 115 Nm (74-85 ft. lb. ) 
4 HP 22 H/EH . . . . . . . . . . . . . . . . . .98 Nm (72 ft. lb. ) 

ATF sump drain plug . . . . . . . .M 10: 15- 17 Nm ( 11 -1 3  ft. lb. ) 

5.2 Seal s  

Three seals in  the transmission are potential areas for ATF 
leaks. The first is the torque converter seal around the torque 
converter shaft. ATF leaking from this seal wi l l  usual ly be seen 
at the bottom of the bellhousing. The second seal is  for the 
manual valve. ATF leaks here will be seen at the side of the 
transmission case and on the side of the ATF sump. The third 
seal is for the transmission output shaft, and ATF leaking here 
wil l  dr ip down onto the extension housing.  

Al l  of the seals can be replaced without extensive disassem
bly of the transmission. However, it is necessary to remove the 
transmission to replace the torque converter seal . See 5.1 
Removing and Instal ling Automatic Transmission. It is also 
necessary to disconnect the driveshaft from the transmission to 
replace the output shaft seal . See DRIVESHAFT AND FINAL 
DRIVE. 

Torque Converter Seal 

A leaking torque converter seal is  often caused by a worn 
bushing in the torque converter hub. The bushing should 
always be checked when the seal is  replaced. A worn bushing 
wil l promote rapid wear of the new seal . 

Fig. 5-6 shows the bearing surface that should be checked. 
Remove sharp edges and burrs with fine emery cloth. If the hub 
is deeply scored, the torque converter should be replaced. 

, 

' �  � 

!Fig. 5-6. Torque converter removed from engine showing 
bearing surface (arrow) that should be checked for 
scoring or wear. 



To replace the seal , pul l  the converter off of its mounting on 
the transmission.  To facilitate removal, install two long bolts 
halfway into the converter mounting holes and pull evenly on 
both of the bolts. Using a hooked seal tool or screwdriver, pry 
the old seal out of the transmission case. Lubricate the new 
seal with ATF and d rive it i nto position. 

CAUTlON -
Be careful not to mar the surface of the housing 
when removing the seal. 

Output Shaft Seal 

The output shaft seal can be replaced without removing the 
transmission from the car, but a thin-walled 30 mm deep-well 
socket will be needed to remove the output flange collar nut. 
Also, installation of the collar n ut requires a new lockplate, and 
application of a sealant to prevent transmission fluid leakage. 
BMW specifies Curil K2, which should be available from your 
BMW dealer. If Curil K2 is not available, a si l icone dielectric 
compound can be used i nstead. 

To replace the output shaft seal , bend back the locking tab 
on the lockplate, shown in Fig . 5-7. Hold the output flange 
stationary and remove the collar nut, then use a puller to pull off 
the flange. Pry the old seal out of the transmission,  lubricate the 
new seal with ATF, and drive it into place. 

When install ing the collar nut, coat the side that presses 
against the output flange with the sealer and torque the nut to 
1 00 Nm (74 ft. l b.) . I nstall the new lockplate and bend the tab 
i nto the slot. 

B252 AUT. B ) 
Fig. 5-7. Locking tab for output flange collar nut (arrow) . 

Bend tab out of groove to remove nut. 
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CAUTlON -

Be careful not to mar the surface of the housing 
when removing the seal. 

Manual Valve Seal 

To replace the manual valve seal ,  remove the manual valve 
lever from the transmission, shown in Fig. 5-8. Pry out the old 
seal using a small screwdriver or hooked tool .  Lubricate the 
new seal with ATF, and drive it into p lace. 

When instal l ing the manual lever, torque the n ut to 8 to 1 0  
Nm (6 to 7 ft. l b.) . I f  the l inkage was not d isconnected from the 
manual valve lever, it should not be necessary to adjust the 
shift l inkage. 

CAUTION � 

Be careful not to mar the surface of the housing 
when removing the seal. 

Fig. 5-8. Manual valve lever and nut on transmission to be 
removed for replacement of seal . 
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6. TECHNiCAL DATA 

I. Automatic Transmission Test Data 

Stall speed specifications 

Tr ansmission M odel Converter Stall speed 
co de (rpm ) 

3 HP 22 All P 1 970-2070 

4 HP 22 H 31 8i U4 1 980 ___ 2220 
325, 325e(es ) R2 1 900-2050 
(through 1 987 ) 
325i , 325i Convertible W2 221 0-2420 
(through 1 987 ) 
325e ( 1 988-1 990 ) C7 1 900-21 00 
325i ,  325i Convertible W2 2200-2400 
(1 988- 1 990 ) 

4 HP 22 325, 325i , 325i R2 221 0-2420 
EH Convertible 

Main pressures 

3 HP 22 Transmission 1 6.5 to 1 8.3 bar 
accelerator cable pul led (240 to 265 psi ) 
out to kickdown 
position in R 

At 1 500 rpm, all other 5.5 to 6.4 bar 
drive ranges except in (80 to 93 psi ) 
R 

Transmission 7.2 to 8.0 bar 
accelerator cable pulled ( 1 04 to 1 1 6  psi ) 
fully out to kickdown 
position in all other 
drive ranges except R 

4 HP 22 At idle, in 0 6.0 to 7.5 bar 
(87 to 1 09 psi ) 

At idle, in R 1 1  to 1 3  bar 
(1 60 to 1 89 psi ) 

At 40 00 rpm, on road, 4.6 to 5.8 bar 
i n  any gear from 2 to 4 (67 to 84 psi ) 

m. Automatic Transmission Specifications. 

!I. Torque Specifications 

Bolt Torque 
Transmission to engine (hex-head ) . . . . .M 8: 24 Nm ( 18 ft. lb. ) 

M 1 0: 45 N m  (33 ft. lb. ) 
: 78-86 N m  (58-63 ft. lb. ) 

Transmission to engine (Torx®-head) . . • . . M 8: 21 Nm ( 1 5  ft. lb.) 
M 1 2: 72 Nm (53 ft. lb.) 

Rear transmission support (to body) . . .22-24 Nm (1 6-1 8 ft. lb. ) 
Rear transmission support 

(to transmission) . . . . . . . . . . . . . 43-48 Nm (32-35 ft. lb.) 
Torque converter to drive plate . . .M 8: 25-27 Nm ( 18-20 ft. Ib. ) 

M 10: 47-51 N m  (35-38 ft. lb. ) 
Transmission reinforcement plate . . . .22- 24 Nm (1 6- 1 8  ft. lb.) 
ATF cooler l ines to transmission case . . .  35 �3 N m  (26 �2 ft. lb. ) 
ATF fil ler tube to ATF sump 

3 H P  22 . . . . . . . . . . . . . . . .  100-1 1 5 N m  (74-85 ft. lb. ) 
4 H P  22 H/EH . . . . . . . . . . . . . . . . . .98 N m  (72 ft. lb. ) 

ATF sump drain plug . . . . . . . . M  1 0: 1 5- 1 7  Nm ( 1 1 - 1 3  ft. lb. ) 
Output flange collar n ut. . . . . . . . . . . . . . 100 Nm (74 ft. lb. ) 
Pressure tap plug . . . . . . . . . . . .  .40-46 Nm (30-34 ft. lb.) . 
Manual valve lever to transmission . . . . . .8- 1 0 Nm (6-7 ft. lb. ) 
Drive plate to flywheel 

M 1 2  . . . . . . . . . . . . . . . . .  11 3 -1 30 Nm (82- 94 ft. lb. ) 

Model 31 8i 3 1 8i 325 325e(es ) 325 325i, Convertible 325i, Convertible 

Type 3 HP 22 4 HP 22 H 4 HP 22 H 4 H P  22 EH 4 HP 22 EH 4 HP 22 H 

Code letters RX UC, XX VM,XS AB, TV, AR AP AC,GA 
XG,AB,AT 

Torque P U4 C7, R2 R2 R2 W2 
lConverter code 

Gear ratios 
1 st gear 2.73 2.73 2.48 2 .48 2.48 2.48 
2nd gear 1 .56 1 .56 i .48 1 .48 1 .48 1 .48 
3rd gear 1 .0 1 .0 1 .0 1 .0 1 .0 1 .0 
4th gear N/A 0.73 0.73 0.73 0.73 0.73 
Revers e 2.09 2.09 2.09 2 .09 2.09 2.09 
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Driveshaft and 
Final Drive 

Introduction 

The driveshaft transmits power from the engine and transmission to the final d rive. From the 
final drive, power is transmitted through the d rive axles and constant velocity joints to the drive 
wheels. 

While the driveshaft and final drive are very durable, the driveshaft flexible coupl ing wi l l  
eventually wear and require replacement. Service and repair of d rive axles is covered in 
SUSPENSION AND STEERING .  Repairs to the rear wheel bearings are also covered i n  
SUSPENSION AND STEERING. Repairs to the rear brakes are covered in  BRAKES. 

Repairs to the internal parts of the final d rive requ i re special tools and knowledge, and are 
beyond the scope of this manual. If you lack the ski l ls, the tools, or a suitable workplace for 
serviCing the final drive, we suggest you leave these repairs to an authorized BMW dealer or 
other qual ified shop. 

If i nternal f inal drive repairs are necessary, it may be possible to save some of the expense 
of professional repair by removing and instal l ing the unit yourself, using the procedures 
described in this section.  It is important to realize, however, that a partially disassembled final 
drive unit may be a problem for a mechanic. We strongly advise against taking the un it apart 
to perform any repair you cannot properly fin ish. 

• 
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1 .  GENERAL DESCRIPTION 
Fig. 1 - 1 shows the driveshaft and final drive removed from 

the car. Together, the two are often referred to as the drivel ine. 
The installed pOSition of the driveshaft and f inal d rive i n  relation 
to the rear axle carrier and rear suspension is shown in  SUS
PENSION AND STEERING.  

1 .1 Drriveshaft 

The driveshaft is made of two sections that are joined by a 
sl iding, spl ined coupl ing. This coupl ing compensates for the 
sl ight front-and-back movement of the engine and transmis
sion. A clamping s leeve at the coupl ing compresses a bushing 
on the spl ined shaft of the drives haft to seal out moisture and 
d i rt. 

The rear of the driveshaft is  solidly bolted to the final drive. 
The front is connected to the transmission by a flexible rubber 
coupl ing. The coupl ing-sometimes known as the guibo or 
flex-disc-isolates the driveshaft and final drive from the sud
den torque forces of the engine. On some models, a vibration 
damper is mounted between the flexible coupl ing and the 
transmission output flange. 

The middle of the driveshaft is supported by the center 
bearing. The bearing is rubber mounted to isolate drives haft 
vibrations. The bearing housing is bolted to the car body. 

Flexible 
coupling 

Centering 
guide 

Center 

Universal 
joint 

Front section of 
driveshaft 

Clamping 
sleeve 

Input shaft 
flange 

Fig. 1 -1 .  Driveshaft and final drive assemblies. 

The front of the drives haft is  aligned with the transmission by 
a centering guide. The guide is recessed into the front of the 
driveshaft. It engages a centering pin on the transmission 
output flange when the driveshaft is installed. Universal joints 
on the front and rear sections compensate for d ifferences in the 
installed angle of the driveshaft as it rotates. 

1 .2 Finai Drive 

The final drive consists of the drive pinion, the ring gear, the 
d ifferential, and the output flanges. The drive pinion is also 
known as the final drive input shaft. It is connected to the 
driveshaft by the input flange, and drives the ring gear. To
gether, the drive p in ion and r ing gear are known as the crown 
wheel set. 

The d ifferential is bolted to the ring gear and drives the rear 
wheels through the output flanges and drive axles. The differ
ential also allows the rear wheels to turn at d ifferent speeds, as 
is necessary when making turns (the outside wheel must travel 
farther than the inside wheel i n  the same amount of time) .  The 
final d rive assembly is bolted to the rear axle carrier, and is 
connected to the car body by flexible rubber bushings. 

Limited-S l i p  D ifferential  

Some models are equipped with a l imited-sl ip d ifferential in 
the final d rive. I n  a l im ited-sl ip  d ifferential the two output flanges 
are connected by a number of clutch plates. The plates create 

Universal 
joint ------:::::::;:-:::::::;(� 

. ----

Mounting f?XtJlJC!8 
points 
(to rear axle carrier) 



a solid connection so that both wheels are always driven, even 
if one is sl ipping. In cornering, when the rear wheels move at 
d ifferent speeds, the clutch plates al low a l im ited amount of sl ip 
between the rotational speed of the two axles. 

NOTE -

Limited-sl ip d ifferentials and non-sl ip d ifferen
tials may requ i re d ifferent lubricating oils. For 
more information on d ifferential lubrication re
qu i rements, see LUBRICATION AND MAINTE
NANCE. 

1 .3 Applications- Identifying Features 

Final drives are identified by a code that g ives drive ratio and 
manufacturing number. The code is stamped on a metal tag 
attached to the final drive. See Fig. 1 -2. The code on the tag 
depends on whether the final drive is the original one installed 
in the car or whether it is a replacement final drive. 

For original final d rives, the code g ives the drive ratio first 
and then the manufacturing number. So code 3.45 4002 iden
tifies an original equ ipment final d rive with a ratio of 3 .45 : 1 .  
Limited-sl ip  new final drives are identified with the prefix S (S 
3.45 4002) . 

Fig_ 1 -2. Final d rive showing location of identification tag 
(arrow) . 

For replacement final drives, the code also has the drive 
ratio and manufacturing number. However, the ratio is g iven 
indirectly, by the number of teeth on the ring and pinion. For 
example, 1 1  38 A 405 is an exchange final drive with a ratio of 
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3.45 : 1  (38 ring teeth d ivided by 1 1  pinion teeth) . The A is an 
additional indicator that it is a replacement final d rive. Limited
sl ip replacement final drives are identified by the suffix S (1 1 38 
A 405 S) . 

2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular t ime or mileage i ntervals for proper mainte
nance of the final drive. I nformation on performing these main
tenance steps, and on the prescribed maintenance intervals, 
can be found in LUBRICATION AND MAINTENANCE.  

1 .  Checking final drive oi l  level 

2. Changing final drive oi l 

3. TROUBLESHOOT!NG 

This troubleshooting section appl ies to  problems affecting 
the driveshaft and final drive. The basic function of these 
components is to smoothly transmit engine power to the drive 
axles and rear wheels. 

The source of drivel ine vibrations and noise can be d ifficult 
to p inpoint. Engine, transmission, rear axle ,  or wheel vibrations 
can be transmitted through the d riveshaft to the car body. 
Noises from the rear of the car may be caused by final drive 
problems, or by faulty wheel bearings or constant velocity (CV) 
jOints. Also check that the tires are correctly inflated and are not 
excessively worn. 

To isolate a vibration or noise problem, speed up the engine 
in the stopped car to the rpm range where the problem occurs. 
This el iminates the i nfluence of the rotating driveshaft and wi l l  
help indicate if the problem is caused by an engine condition. 

Drive the car at the speed where the problem occurs, then 
shift to d ifferent gear ranges to see if the problem changes with 
road-speed or engine-speed. Road-speed dependent prob
lems i ndicate trouble in the drivel ine. 

Detach the axle shafts at the final d rive and then operate the 
engine at the speed and gear/selector-lever position where the 
problem occurs. If the problem d isappears, then it may be in 
the CV joints or wheel bearings. 

NOTE -

No-load tests with the car stopped or the drive 
axles discon nected wil l  only g ive a general idea 
of the car's performance under the load of nor
mal operation .  

«II 
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For more i nformation on troubleshooting engine or  trans
mission problems, see ENGINE,  MANUAL TRANSMIS

SION o r  AUTOMATIC TRANSMISSION. For information 
on troubleshooting rear axle,  wheel  bearing o r  constant 
velocity joint p roblems, see SUSPENSiON AND STEER

ING.  

3.1 Basic Troubleshooting Principles 

Smooth operation of the d riveshaft and final d rive depends 
on the condition of the rubber isolation components and center 
bearing, the lubricant level in the final drive, and properly 
tightened fasteners. Any symptom of vibration or noise may be 
caused by worn or damaged d rivel ine components. 

Aside from i nspection for worn or broken parts, trouble
shooting should also consider the i nstalled angle of the drive
shaft. Also check the splined coupling for free movement. See 
4.1 Driveshaft Noise and Vibration for more i nformation. 

Table a l ists symptoms of d riveshaft and final d rive prob
lems and thei r  probable causes, and suggests corrective ac
tions. The numbers in bold type in the corrective action column 
refer to headings i n  th is section where the repairs are 
described. 

Table a. Driveshaft and Final Drive Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Vibration when 3. Center bearing rubber deteriorated a. Inspect center bearing. Replace if necessary. 4.4 

moving off (forward or torn 
or reverse) b. Flexible coupling darnaged or worn b. I nspect flexible coupling. Replace if necessary. 4.3 

c. Engine or transmission mounts faulty c. I nspect engine and transmission mounts. Align or replace, if 
necessary 

d. Front centering guide worn, or d. Check front centering guide and replace if necessary. 4.5 
driveshaft mounting flanges out of Check runout of driveshaft flanges. 4.1 
round 

e. Universal joints worn or seized e. Check universal joint play and movernent. 4.1 . Replace 
drives haft if necessary. 4.2 

1. Sliding coupling seized 1. Remove driveshaft and check movement of sl iding coupling. 
Clean coupling splines or replace parts as necessary. 4.2 

g. Driveshaft misaligned g. Check driveshaft alignment. 4.1 

2 .  Vibration at 25 to 30 aI. Front centering guide worn, or a. Check front centering guide and replace if necessary. 4.5 

mph (40 to 50 km/h) driveshaft mounting flanges out of Check runout of driveshaft flanges. 4.1 

round or damaged 

b. U niversal joints worn or seized b. Check universal joint play and movement. 4.1 . Replace 
driveshaft if necessary. 4.2 

c. Flexible coupling damaged or worn c. Inspect flexible coupling. Replace if necessary. 4.3 

d. Center bearing rubber deteriorated d. Inspect center bearing. Replace if necessary. 4.4 
or torn 

e. Sliding coupling seized e. Remove driveshaft and check movement of sliding coupling. 
Clean couplirig spl ines or replace parts as necessary. 4.2 

f. Driveshaft misaligned 1. Check driveshaft alignment. 4.1 

3.  Vibration, audible a. Front centering guide worn , or aI. Check front centering guide and replace if necessary. 4.5 

rumble over 35 mph driveshaft mounting flanges out of Check runout of drives haft mounting flanges. 4.1 
(60 km/h) round or damaged 

lb. Mounting flange bolts loose or holes b. Remove driveshaft and check transmission output flange and 
worn final drive input flange. Replace if necessary. 4.1 

c. Driveshaft unbalanced c. Check drives haft for loose or missing balance plates. Have 
drives haft rebalanced or replace if necessary. 4.1 

d. U niversal joints worn or seized d. Check universal jOint play and movement. 4.1 . Replace 
driveshaft if necessary. 4.2 

continued on next page 
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Table a. Driveshaft and Final Drive Troubleshooting (continued) 

Symptom Probable cause 

3. Vibration, audible e. Sliding coupling seized 
rumble over 35 mph 
(60 km/h) (cont'd) f. I ncorrect preload of center bearing 

g.  Center bearing faulty 

h.  Final drive rubber mount faulty 

i. Driveshaft misal igned 

4. Noise during on/off a. I nternal final drive fault 
throttle or when b. Drive axle or CV joint faulty 
engaging clutch 

c. Sliding coupling seized 

5. Rattling,  clicking or a. Universal joints worn or seized 
groaning 

b. Final drive lubricant level low 

c. Faulty CV joint or wheel bearing 

d. Loose flexible coupling mounting 
bolts 

6. Grinding noise when a. Faulty wheel bearing 
tuming corner 

b. Limited-sl ip differential faulty 

7. Continual drumming a. Final drive components worn or 
or humming noise damaged (pinion-to-ring-gear 
from rear end (goes clearance) 
away when 
accelerator pedal is 
released) 

4. DRIVESHAFT 

Most components of the driveshaft are easily replaced once 
the driveshaft is removed from the car. Repair kits for the 
universal joints may be avai lable, but it is not common practice 
to repair the universal joints on BMW driveshafts, and there are 
no BMW-recommended repair procedures. Worn or damaged 
universal joints usually require replacement of that section of 
the driveshaft. 

The driveshaft is balanced to very close tolerances. When
ever it is  to be removed or disassembled, the mounting flanges 
and driveshaft sections should be marked with paint or a punch 
before proceeding with work. This wil l  ensure that the drive
shaft can be reassembled or i nstalled in exactly the same 
orientation. 

Corrective action 

e. Remove driveshaft and check movement of sl iding coupl ing. 
Clean coupl ing splines or replace parts as necessary. 4.2 

f. Check preload of center bearing. Readjust if necessary. 4.2 

g. Replace center bearing. 4.4 

h .  Inspect final drive rubber mount and replace i f  necessary. 5.2 

i .  Check driveshaft alignment. 4.1 

a. Remove final drive and repair. 5.1 

b. I nspect drive axles and CV joints. Repair or replace as 
necessary. See SUSPENSION AND STEERING 

c. Remove driveshaft and check movement of sl iding coupling. 
Clean coupling splines or replace parts as necessary. 4.2 

a. Check universal joint play and movement. 4.1 . Replace 
driveshaft if necessary. 4.2 

b. Check for final drive leaks. Replace oil seals as necessary. 5.3 
Check and correct gear oil level if needed. See LUBRICATION 
AND MAINTENANCE 

c. Inspect CV joints and wheel bearings. Replace as necessary. 
See SUSPENSION AND STEERING 

d. Inspect flexible coupling and tighten bolts as necessary. 4.3 

a. I nspect wheel bearings, replace as necessary. See 
SUSPENSION AND STEERING 

b. Remove final drive and repair. 5.1 

a.  Remove final drive and repair. 5.1 

4.1 Driveshaft Noise and Vibration 

The causes of driveshaft noise and vibration can be d ifficult 
to pinpOint, and frustrating. When troubleshooting driveshaft 
problems, begin with a close visual inspection.  Check the • 
driveshaft for broken or missing balance weights. The weights 
are welded to the driveshaft, so broken welds wil l  ind icate 
where a weight may have fallen off. 

Check the torque of the fasteners at the flange connections, 
check the rubber of the flexible coupl ing and center bearing for 
deterioration or tearing, and check that the preload for the 
center bearing is correct. See 4.2 Removing and Installing 
Driveshaft for more information. 
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Check the universal joints for play. With the driveshaft 
installed, pul l  and twist the driveshaft whi le watching the joint. 
The BMW specification for play as l isted in  table b is  very smal l ,  
so almost any noticeable play could indicate a problem. 

Table b. Universal Joint Specification 

Maximum allowable play . . . . . . . . . . . . .  0 . 1 5 mm (.006 in . )  

Further inspection requires removal of the d riveshaft. Check 
the front centering guide for correct installation as described in  
4.5 Replacing Front Centering Guide. Also check runout at 
the transmission output flange and centering p in ,  and at the 
final drive i nput flange. Specifications are l isted in Table c. 

Table c. Driveshaft Flange Runout Specifications 

Axial play 
transmission output flange . . . .0 . 1 0  mm (.004 in . )  maximum 

Radial play 
transmission output flange . .0.07 mm (.003 in . )  maximum 
final drive input flange (measured at driveshaft 
centering l ip) . . . . . . .  0 .07 mm (.003 in . )  maximum 

Check for smooth operation of the center bearing. There 
should be sl ight resistance, but no binding or grittiness. Check 
that the spl ines of the sl iding coupl ing are properly lubricated 
and free from corrosion . Retorque the clamping sleeve to the 
proper torque as described in  4.2 Removing and I nstall ing 
Driveshaft and check that the coupl ing sl ides freely. If it 
doesn't, clean the spl ines and lubricate them with molybdenum 
disulfide grease (Molykote Longterm 2 or equivalent) . Replace 
the clamping bushing if necessary, then recheck movement. 

Check that the universal joints move freely without binding. 
If they are d ifficult to move or feel gritty, the driveshaft may have 
to be replaced. 

NOTE -

With the d riveshaft instal led,  the actual amount 
that the u niversal-jo ints can pivot is l im ited . 
Check un iversal-joints only in their normal 
range of movement (as with the driveshaft in
stal led) . 

If i nspection reveals nothing wrong with the driveshaft, it 
may need to be rebalanced. This can be done by any repair 
shop with the right equipment. Also, check the al ignment of the 
driveshaft as described below. 

NOTE -

Minor  driveshaft vibrations can often be cor
rected simply by disconnecting the d riveshaft at 

the final drive, and reposition ing the drives haft 
90°, 1 80° or 270° in relat ion to the final d rive 
i nput flange. 

Aligning Driveshaft 

The alignment of the driveshaft does not normally need to 
be checked unless the engine/transmission or the final drive 
have been removed and i nstal led . If, however, all other parts of 
the driveshaft have been inspected and found to be okay, but 
there is sti l l  noise or vibration,  it's probably a good idea to 
check driveshaft al ignment. 

There are two important driveshaft al ignment checks. The 
first is to make sure that the driveshaft runs straight from the 
transmission to the final drive, without any variation from side
to-side. Any unevenness is caused by the engine/transmission 
being uncentered in its mounts. You can make a basic align
ment check by sighting along the driveshaft from back to front. 
Any misalignment wil l be apparent from the center bearing 
forward . To adjust the side-to-side al ignment, loosen the trans
mission or engine mounts as necessary to reposition them, 
then retighten the mounts. The driveshaft is centered when it is 
positioned as shown in Fig. 4-1 . 

Fig. 4-1 . Driveshaft s ide-to-side al ignment. D riveshaft 
should be centered between the edges of the drive
shaft tunnel  as shown . 

The second important driveshaft al ignment check is more 
compl icated. It checks the amount the driveshaft is angled 
vertically at the joints. This angle is known as driveshaft deflec
tion. 

I n  general, there should be l ittle deflection at the flexible 
coupl ing and the universal joints. More precise checks require 
the use of a large protractor or some other means of measuring 
the angle. The angle of the front and rear driveshaft sections 
are compared to the transmission and final d rive to compute 
the amount of driveshaft deflection. To change the angle, shims 



are placed between the center bearing and the body or be
tween the transmission and its rear support. When using shims 
to change a deflection angle, keep i n  mind that the angle of 
adjacent joints wil l also change. Deflection angles should be as 
small as possible. Tab!e d l ists the correct specifications. 

CAUTION -

The maximum allowable change in height of the 
center bearing or transmission support using 
shims is 3 mm (. 1 18 in.). 

4.2 Removing and I nsta l l ing Driveshaft 

The driveshaft must be removed for complete inspection, 
for replacement of worn or broken driveshaft components, or 
when removing other components such as the engine or 
transmission. On models with an additional vibration damper, 
the damper is removed along with the driveshaft and flexible 
coupl ing. 

The procedure below describes the complete removal. of 
the driveshaft from the car. It is possible to disconnect only one 
end of the driveshaft and leave the other end connected, for 
instance when removing the transmission, but the center bear
ing must always be unbolted and the driveshaft securely sup
ported.  To prevent damage to the driveshaft and to make 
working under the car easier, the publisher recommends al
ways removing the complete drives haft. 

WARNING ........ 

Removal of the driveshaft will disconnect the 
transmission from the final drive. Do not rely on 
engagement of the transmission to prevent the car 
from rolling. Chock all wheels that are on the 
ground. Use extreme caution when working be
neath the car and lowering the driveshaft. 
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CAUTlON -

.. Do not let the driveshaft hang unsupported with 
only one end connected. Damage to the universal 
joints requiring driveshaft replacement could re
sult. If only one end of the driveshaft is discon
nected, use stiff wire to suspend the driveshaft out 
of the way, in as close to the installed position as 
possible. 

• Do not reuse self-locking nuts. These nuts are 
designed to b.e used only once and should be 
replaced whenever they are removed. 

To remove: 

1 .  Remove the exhaust system as described in EXHAUST 
SYSTEM AND EMISSION CONTROLS. 

2 .  Remove the rear reinforcement bar and , where applica
ble., the exhaust and gas-tank heat shields. See Fig .  4-2. 

CAUTION -

On some models, one of the reinforcement-bar 
bolts also secures the holder for the oxygen 
sensor plug. Take care not to damage the sen
sor leads. 

3. At the sl iding coupl ing, loosen the clamping sleeve by 
several turns, but do not remove it. See Fig. 4-3. 

4. Using paint or a punch , make matching marks on the 
driveshaft at the transmission output flange and flexible 
coupl ing, and at the final d rive i nput flange so that the 
driveshaft can be reinstal led in the same position .  

Table d.  Drivesi1aft Deflection Angle Specifications 

4-cylinder 6-cylinder 
Deflection angle being checked 

manual automatic manual automatic 
transmission transmission transmission transmission 

Flexible coupling (difference between - 27' to + 33' - 25' to + 35' - 47' to + 1 3' - 49' to + 1 1 '  
engine/transmission angle and front 
drives haft angle) 

Center bearing (difference between front - 48' to + 1 2' - 50' to + 1 0' - 1 °1 0' to - 1 0'  - 1 °8' to - 8' 
driveshaft angle and rear driveshaft angle) 

Rear universal joint (difference between rear - 1 0' to + 50' - 1 0' to + 50' - 1 0' to + 50' - 1 0' to + 50' 
driveshaft angle and final drive angle) 

r _� 
B307.DRI.B 
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Fig. 4-2. Rear reinforcement bar (A) and heat shields (8) to 
be removed after removing bolts (arrows) . 

Fig. 4-3. Clamping s leeve for s l id ing coupl ing (arrow) to be 
loosened. 

5.  Remove the bolts that hold the flexible coupl ing to the 
transmission output flange, but do not pul l  the driveshaft 
off. See Fig. 4-4. 

NOTE -

Removal of the bolts may be made easier by 
placing . a  large hose clamp around the flexible 
coupl ing,  and tightening the clamp sl ightly to 
compress the coupl ing .  

Fig. 4-4. Front driveshaft mounting bolts being removed . 

6. Support the driveshaft at the center and remove the 
center bearing bolts. 

7. Remove the bolts that hold the rear driveshaft section to 
the final drive. See Fig. 4-5 . 

CAUTlON -

Do not let the rear section rest on the fuel tank 
connection line. 

8. Remove the driveshaft. Bend it down at the center bear
ing,  and then pul l  it off of the centering pin on the 
transmission output flange. It may be necessary to sl ide 
the spl ined coupl ing together to make enough room. Do 
not pul l  the two sections apart. 

NOTE -

On models with a vibration damper, it is neces
sary to first turn the damper assembly 60° as 
shown in  Fig. 4-6 before pul l ing it off of the 
centering pin on the transmission output flange. 



Fig. 4-5. Rear driveshaft mounting bolts being removed . 

Fig. 4-6. On models with vibration damper, turn darnper 600 
in e ither d i rection before pul l ing d riveshaft off trans
m ission flange. 

If the spl ined coupl ing is to be cleaned or if the rubber 
bushing is being replaced, mark the two sections of the d rive
shaft before pul l ing the coupl ing apart. Lubricate the spl ines 
with molybdenum disulfide grease (Molykote Longterm 2 or 
equivalent) before reassembly. If the two sections are pul led 
apart without the driveshaft being marked, reassemble the 
spl ined coupl ing so that the universal joints are on the same 
plane as shown in Fig. 4-7. There is sti l l  the possibi l ity of the 
driveshaft being reassembled wrong by 1 800 and causing 
vibration. In  this case remove the driveshaft, separate the two 
sections at the spl ined coupl ing, turn one section 1 80°, and 
reassemble. 
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t = t 
Fig. 4-7. I f  d riveshaft sections are separated , rnake sure 

U-joints are on sarne plane as shown when drive
shaft is  reassernbled . 

To install :  

1 .  To protect against corrosion, l ightly lubricate the  center
ing pin on the transmission output flange with molybde
num disulfide grease (Molykote Longterm 2 or equiva
lent) . 

2. Reinstal l the driveshaft by first positioning it against the 
final drive i nput flange and then sliding it onto the cen
tering pin. Position the center bearing up against the 
body and loosely install the mounting bolts but do not 
tighten them. 

3 .  Using new self-locking nuts, reconnect the rear drive 
shaft section to the final drive. Al ign the marks made 
during removal. Torque the nuts to 72 Nm (53 ft. lb.) . 

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

4. Using new self-locking nuts, reconnect the flexible cou
pl ing to the transmission. Align the marks made during 
removal . Torque M 1 0  8 .8-grade bolts and nuts to 46 Nm 
(34 ft. lb.) . Torque M 1 0  1 0.9-grade bolts and nuts to 72 
Nm (53 ft. lb.) . Torque M 1 2  bolts and nuts to 1 23 Nm (91 
ft. lb.) . 

CAUTlON -

Avoid stressing the flexible coupling when 
torquing the bolts. Do this by holding the bolt 
steady and turning the nut on the flange side. 

NOTE -

@ Installation of the bolts may be made easier by 
first placing a large hose clamp around the flex
ible coupling, and then tightening the clamp 
slightly to compress the coupl ing. 

8 The bolt grade should be marked on the bolt 
head. 
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5. Preload the center bearing by moving it forward from its 
unstressed position 4 to 6 mm (. 1 57 to .236 i n . ) ,  and then 
torque the mounting bolts to 22 Nm ( 1 6 ft. lb.) See Fig. 
4"8. 

Fig. 4-8. Before tightening bolts, push center bearing to
wards the front (arrow) to preload it. 

6. Tighten the clamping sleeve on the spl ined coupl ing and 
torque it to 1 7  Nm ( 1 3  ft. l b.) . 

7. Reinstall the heat shields, the reinforcement bar, and the 
holder for oxygen sensor, where applicable. 

8 .  Reinstal l  the exhaust system. 

4,3 Replacing Flexible Coupl ing 

The flexible coupl ing between the front section of the drive
shaft and the transmission is made of rubber. The coupl ing is 
vulnerable to harsh elements and heat under the car, as wel l  as 
to the twisting torque of the drivetrain .  It wi l l  eventually deteri
orate and should be replaced. 

Although BMW specifies no maintenance i nterval for the 
flexible coupl ing it should be inspected regu larly, especially 
whenever the underside of the car is accessible because of 
other repair or i nspection work. Check the coupling for cracks, 
tears, miSSing p ieces, or d istortion .  When replacing the flexible 
coupl ing, use new self-locking nuts. 

To replace: 

1 .  Remove the d riveshaft as described above in 4.2 Re
moving and install ing Driveshaft. 

CAUT/ON -
It is possible to only partially remove the drive
sfJaft, • leaving it connected to the fina/drive. Use 
extreme care when .using this method. If the 
driveshafLha.ngs from the final drive .. unsup
ported, tfJere�( unIversal jOint may be dam
aged.The entire rear driveshaft section will then 
need to be replaced. 

Remove theflexible coupl ing from the driveshaft 

NOTE -

Removal and instaliation of the bolts may be 
made easier by placing a large hose clamp 
around the flexible coupl ing ,  and tightening the 
clamp sl ightly to com press the coupl ing .  

3.  Install the new flexible coupl ing using new self-locking 
nuts. If the coupl ing has arrows on i t ,  they should face the 
flange arms, as shown in Fig. 4-9. Torque M 1 0  8 ,8-grade 
bolts and nuts to 46 Nm (34 ft. lb.) . Torque M 1 0 1 0.9-
grade bolts and nuts to 72 Nm (53 ft. lb.) . Torque M 1 2 
bolts and nuts to 1 23 Nm (91 ft. lb.) . 

Fig. 4-9. When attaching flexible coupling to driveshaft or to 
transmission flange, arrows must point toward 
flange arms as shown. 

CAUTION -

lIP Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

(iI Avoid stressing . the flexible coupling when 
torquing the bolts. Do this by holding the bolt 
steady and tuming the nut on the flange side. 



NOTE -

• Remove the hose clamp if one was used during 
installation or if the flexible coupling came sup
plied with one. 

s The bolt grade should be marked on the bolt 
head. 

4. Reinstall the d riveshaft. 

4.4 Replacing Center Bearing 

The center bearing consists of a grooved bal l bearing as
sembly press-fit in a rubber mount. The bearing assembly is 
pressed onto the front section of the d rives haft and secured by 
a circlip .  See Fig. 4-1 0. 

Grooved 
ball bearing 

Dust 
cap 

Dust 

Fig. 4-1 0. Exploded view of center bearing components. 

The center bearing is  usual ly protected by dust caps on 
either side, but water and d i rt may contaminate the bearing and 
cause it to fail .  Driveshaft vibration may also contribute to 
bearing failure.  BMW does not specify any periodic mainte
nance or lubrication procedures for the center bearing. 

To properly inspect the bearing, the driveshaft must be 
removed from the car. Check the bearing for smooth move
ment, and check the condition of the mounting rubber. If the 
bearing is d ifficult to turn or if there is a gritty feel ing, only the 
bearing needs to be replaced. If the rubber is cracked or 
deteriorated, the entire assembly should be replaced. 

To replace: 

1 .  Remove the driveshaft as described in 4.2 Removing 
and I nstal l ing Driveshaft. 

2. Make matching marks on the front and rear sections of 
the driveshaft for reassembly as shown in Fig. 4-1 1 .  

3. Unscrew the clamping sleeve all the way and then pul l  
the two sections of the drives haft apart. Remove the 
rubber bushing, washer, and clamping sleeve from the 
front section of the driveshaft. 
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Fig. 4-1 1 .  Before pu l l ing apart d rives haft sections, make 
matching marks as shown . 

4. Inspect the condition of the rubber bushing for the 
spl ined coupl ing. It should be replaced if it is cracked or 
torn . 

5. Remove the center bearing circl ip, and dust guard if 
applicable. See Fig. 4-1 2. Then use a pul ler to pul l  the 
bearing off of the driveshaft. 

NOTE -

I nstal l  the pul ler so that it pul ls on the inner hub 
of the  bearing .  Pu l l i ng  on the  outer r i ng  of  the 
mount may tear the rubber, necessitat ing re
placement of the enti re bearing assembly_ 

Fig. 4-1 2  . •  Center bearing circl ip (arrow) to be removed. 
Driveshaft shown installed . 
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6. If the bearing is being replaced, press it out of the 
bearing mount and press a new bearing in .  

7. Make sure that the dust guard is on the driveshaft, and 
then press the center mount onto the driveshaft so that 
it is f lush with the dust guard. 

8.  Place the clamping sleeve, washer, and rubber bushing 
on the front driveshaft section. Lubricate the spl ines with 
molybdenum disulfide grease . (Molykote Longterm 2 or 
equivalent) and then reassemble the driveshaft. Make 
sure the matching marks al ign. Do not retighten the 
clamping s leeve unti l the driveshaft is installed . 

9. Reinstal l  the driveshaft. 

1 0 . Tighten clamping s leeve to 1 7  Nm (1 3 ft. l b. ) . 

4.5 Replacing Front Centering G u ide 

The front centering gu ide precisely positions the driveshaft 
i n  relation to the transmission. The guide is press-fit i nto a cavity 
in the front of the driveshaft and s l ides onto a guide p in on the 
transmission output flange. 

A worn centering guide wil l  allow the front of the driveshaft 
to wobble and cause vibration. It is necessary to remove the 
driveshaft to inspect and replace the centering guide. No 
specifications are given for wear of the guide, but generally the 
guide should f it snugly on the pin of the transmission output 
flange. 

NOTE -

Some d riveshafts have a dust cap i nstal led on  

the end of  the driveshaft , over the  centering 
guide. The dust cap may become bent or  dis
torted when the d riveshaft is removed or in
stal led.  Damage to the d ust cap should not 
affect the centering guide and should not be 

mistaken for guide wear. 

To replace: 

1 .  Remove the driveshaft as described in 4.2 Removing 
and . I nstall ing Driveshaft. 

2. Pack the cavity behind the centering guide with a heavy 
grease unti l the grease is flush with the bottom edge of 
the gu ide. 

3 .  I nsert a 1 4  mm (approximately % in . ) d iameter mandrel 
or metal rod into the guide, then strike it with a hammer. 
The pressure of the mandrel against the grease should 
force the centering guide out of the driveshaft. 

NOTE -

The mandrel needs to fit snugly in the centering 

guide so that the grease cannot escape around 

the s ides of the mandrel. 

4.  Lubricate the new centering guide with molybdenum 
disulfide grease (Molykote Longterm 2 or equivalent) 
and then drive it i nto the driveshaft. The sealing l ip  of the 
guide should face outward , and it should protrude from 
the face of the driveshaft by 4.5 mm (. 1 77 in . )  as shown 
in Fig.4-1 3. 

5 .  Reinstal l  the driveshaft. 

.55/3 . 1?R./.13 

4.5 mm 
� 1 17 It) 

Fig. 4-1 3. When i nstal l ing new driveshaft centering guide,  
check protrusion of guide as shown . 

5. FINAL DRIVE 

This heading covers removal and i nstallation of the final 
drive, as wel l  as those repair operations which do not require 
complicated disassembly of the final drive. Disassembly of the 
final drive requires special tools and knowledge, and is  beyond 
the scope of this manual. 

All final drive work requires some method of raising the car 
and supporting it securely whi le the work is performed. Jack 
stands and a floor jack can easily be used, but use extreme cau
tion when working beneath the car and lowering the final drive. 
For more information on raising the car see FUNDAMENTALS. 

5.1 Removing and I nstal l ing Final Drive 

The final drive is easily removed or instal led using ordinary 
hand tools. New self-locking nuts are required when reattach
ing the driveshaft and the final drive rubber mounting bushing,  

If the final drive is being replaced with a remanufactured 
un it, the speedometer pulse sender must be removed from the 
old final drive. The sender is not suppl ied on replacement final 
drives. Remanufactured final d rives are essentially new, and 
therefore require break- in .  For more i nformation see LUBRI
CATION AND MAINTENANCE. 



To remove: 

1 .  Raise the rear of the car and support it securely. 

2. Make matching marks on the driveshaft and final drive 
input flange, and then remove the bolts and nuts that 
hold the driveshaft to the final drive. Push the driveshaft 
forward sl ightly and suspend it from the body with stiff 
wire. 

CAUTlON -

• Do not let the driveshaft hang unsupported from 
the center bearing. Damage to the center bearing 
could result. If only one end of the driveshaft is 
disconnected, use stiff wire to suspend the drive
shaft out of the way, in as close to the installed 
position as possible . 

• Do not let the drives haft rest on the fuel tank 
connection line. 

3. Disconnect the drive axles from the final drive as de
scribed in SUSPENSION AND STEERING. 

CAUTlON -

Suspend the detached drive axle from the car 
body with a stiff wire hook to prevent damage to 
the outer constant velocity joint. 

4. Disconnect the wires for the speedometer pulse sender, 
as shown in Fig. 5-1 . 

NOTE -

If the final d rive is being replaced , remove the 
two bolts that hold the speedometer pulse 
sender, and remove the sender. Using a new 
O"ring,  i nstal l  the sender on the n ew final d rive. 
Torque the bolts to 1 0  Nm (7 ft. lb . ) . 
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5.  Remove the two rearmost final-drive mounting bolts on 
the top of the rear axle carrier, as shown in Fig . · 5-2.  

Fig.  5-2. Final d rive rear mounting bolt (arrow) , on top of  
rear axle carrier, being removed us ing box wrench. 
Also remove rear bolt from other side. 

6.  Support the final d rive with the floor jack, and then 
remove the two front final drive mounting bolts, as shown 
in  Fig. 5-3. 

Fig. 5-3. Final d rive front mounting bolt being removed. Also 
remove front bolt from other s ide.  

GI 
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7. Remove the nut and bolt for the rubber mounting bush
ing. See Fig. 5-4. Lower the final drive ,  and remove it 
from under the car. 

Fig. 5-4. Mounting bolt (arrow) for f inal drive rubber mount
ing bushing. Remove nut from other s ide.  

To instaii: 

1 .  Position the final drive in  place against its mounts and 
loosely instal l the two rear bolts first. Then instal l the two 
front bolts and the bolt for the rubber mounting bushing. 
Fastener torque specifications are l isted i n  Table e.  

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

2. Reattach the drive axles as described in SUSPENSION 
AND STEERING. 

Table e. Final drive mounting iboit torque values 

1 984-1 987 
final drive to rear axle carrier . . . . 1 1 0- 1 23 Nm (81 -91 ft. lb . )  
rubber mounting bushing to body 

(bolt and nut) . . . . . . .80-87 Nm (59-64 ft. lb.) 
1 988-1 990 

final d rive to rear axle carrier . . . . . .80 Nm (59 ft. lb .)  
rubber mounting bushing to body 

(bolt and nut) . . . . . . . . . . . .  87 Nm (64 ft. lb.)  

3. Using new self-locking nuts, reconnect the rear drive
shaft section to the final d rive. Al ign marks made during 
removal . Torque the nuts to 72 Nm (53 ft. lb.) . 

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

4. Reconnect the wires for the speedometer pulse sender. 

5 .  Check the final drive oi l  level and add or fi l l  as necessary. 
See LUBRICATION AND MAINTENANCE. 

5.2 Replacing Final Drive Rubber Mounting 
Bushi ng 

The final drive rubber mounting bushing can be replaced 
without removing the final drive or the drive axles. 

To replace: 

1 .  Remove the wires for the speedometer pulse sender. 

2 .  Support the final drive from below and remove the 
mounting bolts. 

3. Lower the final drive just unti l  the rubber mounting bush
ing is accessible. Press out the old mounting bushing 
and press in a new one. Orient the bushing as shown in 
Fig. 5-5. 

NOTE -

<Ill The mounting bushing is eccentric. Make sure 

the pressing tool works only against the metal 
sleeve of the bushing.  

Q Removal of  a seized bushing can be made 
easier by using a hacksaw to cut from the rubber 

part out through the metal sleeve. Take care not 

to cut i nto the final d rive cover flange.  

4. Raise the final drive up  against its mounts and instal l the 
two rear bolts first, then instal l the two front bolts and the 
bolt for the rubber mounting bushing with new self
locking nut. Fastener torque specifications are l isted i n  
Table e.  See 5 . 1  Removing and install ing Final Drive. 

CAUTlON � 

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 
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Fig. 5-5. I nstal led orientation of f inal dr ive rubber mounting 
bushing. 

5.3 Replacing Final  Drive O i l  Seals 

Oil leakage due to faulty final drive oi l  seals may be the 
cause of problems such as noisy operation or l imited-sl ip 
chatter. The drive flange oi l  seals can be replaced while the 
final drive is i nstal led in the car, but the final drive must be 
removed as described in 5.1 Removing and Install ing Final 
Drive to replace the input shaft oi l seal . Read the procedure to 
determine what other new parts are required before beginning 
repairs. 

To replace drive flange oil seals: 

1 .  Detach the drive axle from the final drive as described i n  
SUSPENSION AND STEERING. 

CAUTlON -

Suspend the detached drive axle from the car 
body with a stiff wire hook to prevent damage to 
the outer constant velocity joint. 

2. Pry the drive flange from the final drive as shown i n  Fig. 
5-6. Then remove the flange snap ring shown in  Fig. 5-7. 
I nspect the flange and replace it if there is a groove worn 
where it contacts the oil seal . 

3. Pry the faulty seal from its recess using a hooked seal 
removal tool ,  or a large screwdriver. 

CAUTION -

Be very careful not to mar the housing when 
removing the seal. 

4. Dip the new seal in finaldrive lubricant and drive the new 
seal i nto place until it is fully seated. 
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Fig. 5-6. Prying off drive flange. Use extreme care to avoid 
damaging f inal  drive . For l everage ,  use wooden 
dowels as shown . 

/336. /?R./ {3 

Fig. 5-7. D rive flange snap r ing (arrow) to be removed from 
differential housing.  

5. Install a new snap ring in  the groove of the d ifferential 
housing. Make sure both ends of the ring are fu l ly seated 
in the groove. 

6. Install the drive flange by preSSing it in by hand unti l the 
snap ring engages. It may be necessary to turn the drive 
flange sl ightly while pushing . 

7. Attach the drive axle as described i n  SUSPENSION AND 
STEERING. 

ell 
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To replace input Shaft oil seal: 

1 .  Remove the final drive as described in 5.1 Removing 
and Installing Final Drive.  

2. Drain the oi l  from the final drive. 

3. Make matching marks on the i nput shaft and i nput shaft 
collar nut as shown i n  Fig. 5-8. 

Fig. 5-8. Final drive input shaft, col lar nut, and flange, show
ing matching marks made with punch. 

4. Remove the lockplate, then hold the input flange and 
remove the collar nut. Using a puller, remove the i nput 
flange. 

5. Pry the faulty seal from its recess using a hooked seal 
removal tool or a large screwdriver. Dip the new seal in  
final d rive lubricant and drive the new seal into position. 

CAUTION = 

Be very careful not to mar the housing when 
removing the seal. 

6. Lightly l ubricate the input shaft and press the i nput 
flange back on, but do not bottom it out. I nstall the collar 
nut and slowly tighten it unti l the matching marks l ine up, 
coming as close as possible to the torque specified i n  
Table f. 

Table 1. i nput Shaft Collar Nut Torques 

31 8i .  . . . . . . . . . . . . . . . . . . .  at least 1 50 N m  (1 1 1  ft. lb.) 
unti l  matching marks l ine up 

Other models . . . . . . . . . . . . . .  at least 3 1 0  N m  (229 ft. lb.) 
u nti l  matching marks l ine up 

7. Install a new lockplate. 

CAUTION -

Do not tighten the collar nut past the matching 
marks to reach the specified torque, and .then 
move the nut back. This may over:compress the 
pinion shaft bushing and require disassembly of 
the final drive for replacement. 

6. TECHNICAL DATA 

I. Driveshaft Flange Runout Specifications 

Axial play 
transmission output flange . .  .0. 1 0  mm (.004 in . )  maximum 

Radial play 
transmission output flange . . . .0 .07 mm (.003 i n .) maximum 
final drive input flange 

(measured at d riveshaft 
centering l ip) . . .  . . . . . . .0 .07 mm (.003 i n .) maximum 

II. Universal Joint Play Specifications I Maximum allowable play . . . . . . . . . . . . . 0 . 1 5 mm (.006 in . )  

m. Driveshaft Instal lation Specifjcations 

Center bearing preload 
(towards front of car) . . . . . . . . . . .  A-6 mm (. 1 57-.236 in . )  

IV. Tightening Torques 

Driveshaft to final drive, bolt and nut . . . . . . . 72 N m  (53 ft. lb.) 
Flexible coupl ing to transmission or d rives haft 

M 1 0, 8.8 bolt and n ut .  . . . . . . . . . . . . A6 Nm (34 ft. lb.) 
M 1 0, 1 0.9 bolt and n ut . . . . . . . . . . . . . 72 Nm (53 ft. lb.) 
M 1 2  bolt and nut .  . . . . . . . . . . . . . . .  1 23 N m  (91 ft. lb.) 

Center bearing to body, bolt . . . . . . . . . . .  .22 Nm ( 1 6 ft. l b.) 
Clamping sleeve for splined coupl ing . . . . . .  1 7  N m  ( 1 3  ft. lb.) 
Final drive to rear axle carrier, bolts 

1 984-1 987 . . . . . . . . . . . . . .  1 1 0-1 23 Nm (81 -91  ft. lb.) 
1 988-1 990 . . . . . . . . . . . . . .  80 Nm (59 ft. lb.) 

Final drive rubber mounting bushing to body 
1 984-1 987 . . . . . .  . . . . . . .  .80-87 Nm (59-64 ft. lb.) 
1 988-1 990 . . . . . . . . . . . . . . . . . . . .  87 Nm (64 ft. lb.) 

Final drive flange to input shaft, col lar n ut 
31 8i  . . . . . . . . . . . . . . . . . .at least 1 50 Nm ( 1 1 1  ft. lb.) 

u ntil matching marks l ine up 
Other models . . . . . . . . . . . . .  at least 3 1 0  N m  (229 ft. l b.) 

u nti l  matching marks l ine up 
Speedometer pulse sender to f inal d rive . . . . . 1 0  Nm (7 ft.  l b.) 
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Brakes 

introduction 

All cars covered by this manual are equipped either with front d isc brakes and rear drum 
brakes, or  with d isc brakes on all four wheels. The brakes are a dual-circuit system ,  meaning 
there are separate hydraulic circuits for the front and rear brakes. 

The brakes are hydraul ically actuated by the master cylinder, with a vacuum-operated 
booster to reduce braking effort. In addition, 1 986 and later models are equipped with a Bosch 
anti-lock braking system (ABS) . This electronically-controlled system maintains stability and 
control during emergency braking by preventing wheel lock-up. 

Properly functioning brakes are essential to safe d riving.  If either the brake warning indicator 
or the ABS warning i ndicator comes on while d riving, it is imperative that the system be g iven 
a thorough check, even if braking action stil l  seems satisfactory. The brakes should be reg ularly 
inspected, and all brake work must be done with careful attention to cleanl iness, correct 
specifications and proper working procedures. 

This section contains information needed to perform routine maintenance and service of the 
brakes, although some of the information may only be useful to the professional mechanic. If 
you lack the skil ls, the tools, or a clean workplace for servicing the brakes, we suggest you 
leave these repairs to an authorized BMW dealer or other qualified shop. We especially u rge 
you to consult an authorized dealer before beginning repairs on a car which may be el igible 
for repair under the manufacturer's warranty. 
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1 .  GENERAL DESCRIPTION 
Fig. 1 -1 is a schematic d iagram of the dual-circuit hydraulic 

brake system. The master cylinder, operated by the brake 
pedal, creates pressure in the hydraulic system. At the wheels, 
the hydraulic pressure acts on the calipers or wheel cylinders 
which in turn mechanically apply the brakes. The use of hy
draul ics makes it possible for the driver to generate high brak
ing forces with a comparatively small amount of effort. 

WARNING -

" Friction materials such as brake linings or brake 
pads may contain asbestos fibers. Do not create 
dust by grinding, sanding, or cleaning the pads 
with compressed air. Avoid breathing any asbes
tos fibers or dust. Breathing asbestos can cause 
serious diseases such as asbestosis or cancer, 
and may result in death. 

� Brake fluid is poisonous. Wear safety glasses 
when working with brake fluid, and wear rubber 
gloves to prevent brake fluid from entering the 
bloodstream through cuts or scratches. Do not 
siphon brake fluid with your mouth. 

Fig. 1 -1 .  Schematic view of dual-circuit brakes. Four-wheel 
d isc brakes shown. Front disc and rear drum sys
tem is simi lar. 

CAUTlON -

Brake fluid is very damaging to paint. Any brake 
fluid that spills on the car should be cleaned off 
immediately. 

Master Cyl inder, Vacuum - Booster, 
and Brake Lines 

The master cyli nder has separate chambers for the two 
hydraulic cirquits. The front chamber operates the brakes on 
the front wheels, while the rear chamber operates the brakes 
on the rear wheels. In the event of a loss of pressure in one 
circuit, the other wil l  sti l l  supply a portion of the normal braking 
force. 

The vacuum booster uses engine vacuum to assist braking 
effort. The pedal pushrod is d irectly connected to the master 
cyl inder so that a fai lure of the vacuum booster, although it wi l l  
greatly increase braking effort, wil l  not result i n  total brake 
fai lure. 

The rigid brake l ines transmit hydraulic pressure to the 
wheels and resist expansion and pressure loss. Flexible hoses 
joining the rigid l ines to the brakes accommodate wheel move
ment due to steering and suspension action .  

Front brake rotor 
B22S.EXH.B 



Disc Brakes 

Each disc brake uses a cast-iron caliper with a single hy
draulic cylinder to clamp the rotor (disc) between two brake 
pads. Front and rear rotors are mounted to the wheel hubs. 
Disc brakes automatically adjust for brake pad and rotor wear. 

Rear Drum Brakes 

The self-adjusting rear drum brakes use a dual-opposed 
hydraulic wheel cylinder to apply pressure to the brake shoes, 
forcing the friction l inings against the inside of the brake drum. 

Anti-lock Braking System (ABS) 

The anti-lock braking system (ABS) is  designed to provide 
optimum deceleration and stability during emergency braking 
by adjusting the hydraulic pressure at each wheel to prevent 
wheel lock. 

The system's main components are the wheel speed sen
sors, the electronic control un it, and the hydraulic control un it. 
See Fig. 1 -2.  The wheel speed sensors continuously send 
wheel speed signals to the control un it. The control unit com
pares these signals to determine, in  fractions of a second, 
whether any of the wheels is about to lock. If any wheel is about 
to lock, the control unit signals the hydraulic un it to maintain or 
reduce hydraul ic pressure at the appropriate wheel (s) . Pres
sure is modulated by electrically-operated solenoid valves i n  
the hydraulic unit. 

Wheel 
speed 
sensor 

Electronic control un it Master 
cylinder 

Warning 
larnp 

Fig. 1 -2. Schernatic representation of the ASS systern used 
on cars covered by this rnanual. 

Parking Brakes 

The parking brake is mechanically operated . On cars with 
rear drum brakes, the parking brake operates the rear brake 
shoes. Cars with rear d isc brakes have a separate system with 
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mechanically operated parking brake shoes acting on a small 
drum inside the brake rotor. The position of the parking brake 
lever is held by a thumb-release ratchet. 

2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or mileage i ntervals for proper mainte
nance of the brakes. A number in bold type indicates that the 
procedure is covered in this section ,  u nder that numbered 
heading.  I nformation on other brake system maintenance and 
on the prescribed maintenance intervals can be found in lU
BRICATION AND MAINTENANCE. 

1 .  Checking brake f lu id level 

2. Inspecting brake hoses, l ines, and wheel calipers or 
cyl inders for leaks 

3. Checking brake pad and/or l in ing wear 

4. Replacing brake fluid 4.2 

3. TROUBLESHOOTING 

This heading describes symptoms of trouble with the 
brakes, and suggests probable causes and appropriate cor
rective actions. 

The sole function of the brakes is to generate friction to slow 
or stop the car. Brake problems are usually obvious because 
they affect the way the car slows and stops. Noise or problems 
with the car's handling may be caused by the brakes, but they 
may also be caused by faults in  the suspension or steering 
systems. I nformation on troubleshooting these systems can be 
found in  SUSPENSION AND STEERING. For more help in 
selecting the appropriate section ,  see the d iscussion of trou
bleshooting in FUNDAMENTALS at the front of the manual. 

3.1 Basic Troubleshooting Principles 

As with any troubleshooting,  careful analYSis of the symp-
toms is the key to isolating and identifying braking problems. • 
Reliable braking depends on creating and applying hydraul ic 
pressure, which requires a non-compressible fluid . Brake per-
formance is mainly affected by three things: the level and 
condition the brake fluid, the system's abil ity to create and 
maintain pressure, and the condition of the friction compo-
nents. On cars so-equipped, a fault in the anti-lock braking 
system may affect brake performance during emergency 
stops. 
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NOTE -

If an ASS system malfunction is detected by the 
electronic control un it , the ASS warning lamp 
will l ight and the ASS system will automatically 
turn off. Once the ASS system is turned off, the 
brakes will operate in the normal mode ( i.e . ,  the 
wheels may lock during emergency braking) , 

Secause air is compressible and brake fluid is not, air in the 
fluid wil l  make the brake pedal feel spongy during braking, or 
will increase the force required on the brake pedal to stop the 
caL Fluid contaminated by moisture or d i rt wil l  dramatically 
increase internal corrosion and wear. 

Seals are used throughout the system to maintain hydraulic 
pressure. Faulty seals or wear and corrosion on the sealing 
surfaces wil l  reduce braking efficiency. A symptom of this 
condition is the need to pump the pedal to get good braking. 
Simple leaks at the brake l ine or hose unions may cause the 
same problems. 

Worn or contaminated brake pads or l in ings are an obvious 
cause of poor braking performance. The friction material is 
slowly consumed by use of the brakes and must be periodically 
replaced. Also, pads and l inings which are oil-contaminated or 
glazed due to overheating cannot produce as much friction, 
and stopping distances wil l  increase. 

When troubleshooting the brakes, consider how quickly the 
problem occurred. Sudden brake fai lure is most l ikely caused 
by the failure of one component, such as a damaged hose or 
a d isconnected vacuum booster vacuum l ine. A gradual de
cline i n  braking efficiency probably indicates the general state 
of wear i n  the system,  and more than one component may 
need to be repaired or replaced. 

For ASS-equipped cars, most of this same troubleshooting 
information applies. ASS has no effect on normal braking. ABS 
activates automatically only when the brakes start to lock d ur
ing hard braking or on a slippery road surface. When the ABS 
is activated and is modulating brake pressure to one or more 
wheels to prevent lock-up, there will be some pulsation in the 
system which may be felt through the brake pedal. This con
d ition is normal. 

Table a l ists symptoms of problems commonly associated 
with the brakes, their probable causes, and suggested correc
tive actions. The numbers in bold type in the corrective action 
column refer to numbered headings in this section where the 
suggested repairs are described. 

3.2 Diagnostic Checks 

Component inspection and some general brake system 
checks can help isolate problems. 

Check the vacuum booster first by pumping the brake pedal 
approximately 1 0  times with the engine off, and then holding 
the pedal down. When the engine is started, the pedal should 
fall sl ightly. The booster diaphragm rarely fai ls, but leaks in the 
vacuum line, a faulty check valve, or a faulty O-ring between the 
master cylinder and .the vacuum booster . lNill decrease the 
vacuum assist. I nsufficient engine vacuum or a clogged vac
uum booster filter could also decrease vacuu m  assist. Test the 
check valve by removing it from the booster vacuum l ine and 
blowing through it. Air should pass through in the direction of 
the arrow, but not pass through the opposite way. 

Check the master cylinder by holding the pedal down hard 
with the car stopped and the engine running. The pedal should 
feel solid and stay sol id.  If the pedal slowly falls to the floor, 
either the master cyl inder is  leaking i nternally, or  flu id is escap
ing from the system. If no leaks can be found, the master 
cylinder is faulty and shOUld  be replaced. 

3.3 Brake Noise 

Occasional groaning or squeal ing sounds from the brakes, 
especially disc brakes, are usually caused by vibration being 
transmitted through the brake pads. Brake friction materials 
that contain l ittle or no asbestos, may contribute to an increase 
in brake noise. These noises, though d iscomforting, are normal 
and rarely i ndicate a problem in brake function or effectiveness. 

Although there is no permanent solution, proper mainte
nance and repair can help minimize brake noise. Disc brake 
cal iper assemblies include anti-rattle springs, designed to min
imize vibration and noise. As much as possible, brake pads 
and calipers should be kept free offoreign matter and corrosion 
which may inhibit smooth operation. Always resurface or re
place brake rotors when changing brake pads. 

Rear drum brake noise rnay be more easily corrected than 
rotor noise. Drum brake noise is usually caused by the brake 
shoes contacting the backing plate. To help el iminate squeak
ing d rum brakes, apply a small amount of multipurpose grease 
at the point where the brake shoes contact the backing plate 
(raised or embossed points) . 

CAUTlON -

Apply grease sparingly. Do not allow grease to 
contaminate the brake linings. 

To reach the contact points, the brake shoes must be 
removed as described i n  6.1 Reconditioning Rear Drum 
Brakes. 
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Table a. Brake Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Brake squeak or a. Normal condition a. See 3.3 
squeal b. I ncorrectly installed brake pads or b. Che.ck installation.  5.1 , 6.1 , 7.1 

brake shoes 

c. Brake pad carriers or backing plates c. Clean cal ipers and/or backing plates. 3.3, 5.1 , 6.1 , 7.1 
dirty or corroded 

d. Brake shoe return springs weak d. Replace return springs. 6.1 

e. Pad anti-rattle springs faulty or e. Install/replace anti-rattle springs. 5.1 , 7.1 
missing 

f. Brake pads or l in ings heat·glazed or f. Replace brake pads/l in ings. Clean rotors/drums. Replace leaking 
oil-soaked calipers/wheel cyl inders as required. 5.1 , 5.2, 6.1 , 7.1 Replace 

wheel bearing grease seals as required. See SUSPENSION 
AND STEERING 

g. Wheel bearings misadjusted g. See SUSPENSION AND STEERI NG 

2. Pedal goes to floor a. Insufficient brake fluid a. Check fluid level. See LUBRICATION AND MAINTENANCE 
when braking Check for leaks. Fi l l  and bleed system. 4.2 

b. Master cylinder faulty b. Replace master cyl inder. 4.3 

3.  Low pedal even after a. Master cylinder faulty a. Replace master cylinder. 4.3 
brake adjustment 
and bleeding 

4. Pedal feels spongy a. I nsufficient brake fluid a. Check fluid level. See LUBRICATiON AND MAINTENANCE 
or brakes work only Check for leaks. Fill and bleed system .  4.2 
after pedal is b. Air in  brake fluid b. Bleed system.  4.2 
pumped c. Master cylinder spring weak c. Replace master cylinder. 4.3 

d. Leaking l ine and hose unions d. Repair or replace l ines and hoses. Bleed system. 4.2 

5. Excessive braking a. Brake pads or l i nings wet a. Use l ight pedal pressure to dry brakes while driving. 
effort with little effect b. Brake pads or l in ings heat-glazed or b. Replace brake pads/lin ings. Clean rotors/drums. Replace leaking 

oil-soaked calipers/wheel cylinders as required. 5.1 , 5.2, 6.1 , 7.1 Replace 
wheel bearing grease seals as required. See SUSPENSION 
AND STEERING 

c. Vacuum booster or vacuum c. Inspect vacuum l ines. Test booster and replace as required . 4.3 
connections faulty 

6. Brakes pulsate, a. Warped disc brake rotors a. Recondition or replace rotors. 5.1 , 7.1  
chatter, or grab b. Brake drums worn or out-of·round b. Recondition or replace brake drums. 6.1 

c. Brake pads or l in ings worn c. Recondition brakes. 5.1 , 6.1 , 7.1 

d. Brake pads or l inings heat-glazed or d. Replace brake pads/lin ings. Clean rotors/drums. Replace leaking 
oil-soaked calipers/wheel cylinders as required. 5.1 , 5.2, 6.1 , 7.1 Replace 

wheel bearing grease seals as requ ired. See SUSPENSION 
AND STEERING 

7. U neven braking, car a. I ncorrect tire pressures a. Check and correct tire pressures. See LUBRICATION AND 

pulls to one side, MAINTENANCE 
rear brakes lock b. Brake pads or l inings heat·glazed or b. Replace brake pads/lin ings. Clean rotors/drums. Replace leaking 

GI 
oil-soaked calipers/wheel cylinders as required. 5.1 , 5.2, 6.1 ,  7.1 Replace 

wheel bearing grease seals as required. See SUSPENSION 
AND STEERING 

c. Pressure regulator valve faulty c. Replace pressure regulator. 4.5 
d. Caliper/wheel cylinders or brake . d. Clean and recondition brakes. 5.1 , 6.1 , 7.1 

pads/shoes binding 

e. Drum brake self-adjusters faulty e. Clean, repair, or replace self·adjusting mechanism. 6.2 

f. Brake fluid contaminated f. Drain ,  flush, refil l ,  and bleed brakes. 4.2 

g. Worn tires or suspension components g. See SUSPENSION AND STEERING 

8. Brakes drag, bind, or a. Brake shoe return springs weak a. Replace springs. 6.1 
overheat b. Brake caliper/wheel cylinder or brake b. Clean and recondition brakes. 5.1 ,  6.1 , 7.1 

pad/shoe binding 

c. Master cylinder faulty c. Replace master cylinder. 4.3 
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4. BRAKE SERViCE 
This section includes important information about brake 

flu id ,  methods for bleeding the brakes, and service and repair 
procedures for the master cylinder, the vacuum booster, and 
the pressure regulator. 

4.1 Brake Fluid 

Brake fluid is  the heart of the hydraul ic system.  It transmits 
the mechanical braking force at the pedal to the brake rnech
anisms at the wheels. Any contamination of the fluid will have a 
d irect i nfluence on braking performance and reliability. Dirt i n  
the system wil l  clog small passages and i ncrease wear of 
rubber parts. 

Brake fluid is hygroscopic, meaning it absorbs moisture. 
Moisture in the fluid lowers its boil ing point, allowing it to be 
boiled more easily by the heat generated during braking. 
Boi l ing the fluid wil l  create air bubbles i n  the system and, since 
air is compressible, will reduce braking effectiveness. Moi�ture 
in the system also causes corrosion. 

When adding brake flu id ,  use only new flu id from unopened 
containers. Do not reuse brake fluid that has been bled from 
the system, even if it is brand new. Bleeding the brakes aerates 
the f luid. See LUBRICATION AND MAINTENANCE for brake 
fluid specifications. For best performance and system reliabil ity, 
use only BMW-approved brake flu id .  

Because it readily absorbs moisture, brake f lu id should be 
changed annually, regardless of the number of mi les driven.  
The system should also be bled of air after any repairs i n  which 
brake l ines are d isconnected . See Replacing Brake Fluid for 
more i nformation. 

WARNING -

Brake fluid is poisonous. Wear safety glasses 
when working with brake fluid, and wear rubber 
gloves to prevent brake fluid from entering the 
bloodstream through cuts or scratches. Do not 
siphon brake fluid with your mouth. 

CAUTION -

Brake fluid is very damaging to paint. Immedi
ately wipe up any brake fluid that spills on 
painted surfaces. 

4.2 Bleeding Brakes 

Bleeding brakes is the process of purging aerated or con
taminated brake fluid from the system and replacing it with new, 
clean flu id .  Bleed ing brakes periodically is  good preventive 
maintenance, but it is essential if brake l ines or cornponents 
have been d isconnected, or any time air is i ntroduced i nto the 
system. Spongy or vague-feel ing brakes may indicate the need 
to bleed air from the system.  

There are three widely used methods of  bleeding brakes. 
Each employs some means · of forcing the flu id through the 
system to the calipers or wheel cylinders, and releasing con
taminated fluid through the bleeder valves. The system can be 
bled using a pressure bleeder, using a hand-held vacuum 
bleeder, or manually using the brake pedal and a helper. Each 
method accomplishes the same result. Pressure bleeding,  if 
available, is fastest. Manual bleeding is simple s ince it requ ires 
no special tools. 

For the best possible results, bleeding should start at the 
wheel farthest from the master cyl inder and end at the wheel 
closest to the master cyli nder. This bleeding sequence is as 
fol lows: 

1 .  R ight rear caliper or wheel cyli nder 

2. left rear caliper or wheel cyli nder 

3 .  Right front caliper 

4. left front caliper 

Although it is possible to b leed the brakes with the car on 
the ground, for best access to the bleeder valves, the car 
should be raised and firmly supported on jack stands. The 
wheels should be removed and · the engine should not be 
running. 

Use a box wrench to open and close the bleeder valves. Use 
a clear container to catch the expel led f lu id and a p iece of clear, 
flexible tubing (about 4 mm or 5/32 in .  inside d iameter) con
nected to the bleeder valve, as shown in Fig. 4-1 , so that 
outgoing air bubbles are visible. 

On both d isc brake cal ipers and drum brake wheel cyl in
ders, 7 -mm bleeder valves should be tightened to 3.5 to 5.0 Nm 
(31 to 44 in .  lb.) . Larger 9-mm bleeder valves should be tight
ened to 4.0 to 6.0 Nm (35 to 53 i n .  l b.) . 



Fig. 4-1 . Container (partially f i l led with brake fluid) connected 
to caliper bleeder valve with clear tubing for b leed
ing . brakes. Bleeding rear drum brake wheel cylin
der is  similar. 

P ressure Bleeding 

Pressure b leeding,  using special equipment and com
pressed air, is the method used by most commercial repair 
shops. It is the quickest method and the best way to prevent 
contaminants and air from entering the system. The pressure 
bleeder is connected to the brake fluid reservoir and fil ls the 
system with fluid under pressure. Fol low the instructions sup
plied by the equipment manufacturer. A pressure of 0.8 to 1 .0 
bar ( 1 2 to 1 5  psi) should be used to bleed the brakes. 

CAUTION -

Do not exceed a pressure of 2 bar (28 psi) when 
pressure bleeding the brake system. Excessive 
pressure will damage the brake fluid reservoir. 

Vacuum Bleeding 

Vacuum bleeding uses an inexpensive hand pump con
nected at the bleeder valve to draw the fluid through the 
system. It is a practical , do-it-yourself alternative to pressure 
bleeding, is faster than manual bleeding,  and can be accom
plished by only one person .  Pumps of this general type are 
available from auto parts and supply outlets. 

Follow the pump manufacturer's instructions very carefully. 
Make sure that the hose connection to the brake bleeder valve 
is secure and air-tight. Check the brake fluid level in the master 
cyl i nder often to guard against emptying the reservoir. 
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Manual Bleedi ng 

Manual bleeding, . using pressure created by pumping the 
brake pedal, is the most economical method. The only disad
vantage is that it requires a helper. 

When manually bleeding the brakes, first fi l l  the brake fluid 
reservoir on top of the master cylinder until the level is  well 
above the MAX mark, and replace the cap to prevent contam
ination of the flu id .  

Starting with the right rear caliper or cylinder, clean the area 
around the bleeder valve and remove the dust cap. Fit the box 
wrench to the bleeder valve, then sl ip one end ofthe hose onto 
the valve and submerge the other end in clean brake fluid in the 
clear container. 

Have a helper slowly pump the brake pedal about three 
times ( 1 2 times or more on cars with ABS) . The last time, hold 
the pedal down. Slowly open the b leeder valve approximately 
one-half turn. Close the bleeder valve when brake fluid stops 
flowing from it, then release the brake pedal. 

CAUTJON -

<l> Be sure that the bleeder valve is fully closed 
before releasing the brake pedal to avoid drawing 
air back into the system. 

'" On a car with high mileage, it is safest to avoid 
using the full stroke of the pedal while bleeding. 
This will prevent overrunning the master cylinder's 
normal stroke, which may damage the master 
cylinder piston seals if the inside of the master 
cylinder is worn or corroded beyond the normal 
piston stroke. This is especially likely on an older 
car, one that has had water in the fluid or one that 
has not had the brakes bled for quite some time. 

NOTE -
On cars with ABS, pump the brake pedal a min
imum of 1 2  times before opening the bleeder 
valve. This wil l  help to expel air trapped i n  the 

hydraulic unit .  

Repeat the bleeding procedure until clear flu id with no air 
bubbles is coming from the bleeder valve, then fully tighten the • 
valve and replace the dust cap. Using the sequence described . 
above, fol low the same procedure at the other three wheels. 
Check the fluid level in the master cyl inder frequently, and add 
more to keep the level at the MAX mark. 
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Replacing Brake Fluid 

BMW recommends that the brake fluid be replaced at least 
once per year. This short replacement interval is due to the fact 
that brake fluid readily absorbs moisture. Moisture in the brake 
fluid can adversely affect braking performance and may also 
damage the system, leading to costly repairs. 

Replace the brake flu id using the procedure described 
above in 4.2 Bleeding Brakes to expel the old fluid. Remove 
the filter/strainer trom the brake flu id reservoir and clean it i n  
new, unused brake fluid . Using new, unused brake flu id ,  pump 
at least 1 pint (500 cc) of brake f lu id through each caliper or 
wheel cyl inder to completely f lush the system and expel the old 
fluid. Then refil l  the reservoir and bleed the brakes as de
scribed above. See LUBRICATION AND MAINTENANCE for 
brake fluid specifications. Use only BMW-recommended brake 
fluid. 

NOTE -

On cars with hydraulic clutches, the brake fluid 
reservoi r  also suppl ies the clutch master cyl i n
der. It is a good idea to also flush the clutch 
slave cylinder when replacing the brake f luid. 

Flushing the Brake System 

Do not rely on flushing alone to clean a system contami
nated with dirt or corrosion. The flushing procedure may actu
ally force d i rt in the l ines i nto the cal ipers or wheel cyl inders. To 
do the job thoroughly, the system must be disassembled and 
the parts i nd ividually cleaned. Use only brake fluid to flush the 
l ines. Alcohol must not be used since it wil l encourage the 
accumulation of water i n  the system. 

Replacing Brake lines 

Only straight brakes l ines are available as replacements. To 
replace a brake l ine, first remove the old l ine from the car and 
measure its length . Using a straight brake l ine of the same 
length, bend the new line to match the pattern of the old l ine. 
Each bend radius should be no smaller than about 1 5  mrn (0/,6 
in . ) .  Check that the protective coating on the brake l ine is not 
damaged after bending. Make sure the new brake l ine has 
sufficient clearance from the body and suspension when in
stalled, to al low for suspension bottoming and steering travel .  
Tighten brake l ine un ions 10  to  1 5  Nm (7  to 1 1  ft. lb.) . Tighten 
brake hose un ions to 1 3  to 1 6  Nm (1 0 to 1 2  ft. lb.) . 

CAUTION -

The use of a tube bender is highly recom
mended for shaping replacement brake lines. 
Bending brake lines by hand can cause kinks 
that weaken the line and restrict fluid flow. Inex
pensive tube benders are available at most auto 
parts stores. See Fig. 4-2. 

Fig_ 4-2. Typical tube bender used to shape replacement 
brake l ines. 

4.3 Master Cyl inder and Vacuum Booster 

The master cyli nder and vacuum booster assembly are 
shown in Fig. 4-3. The vacuum booster and master cylinder are 
mounted to the firewall in the engine compartment. The brake 
pedal operates the master cyli nder via a pushrod which passes 
through the firewall .  The master cyl inder piston acts on the 
brake fluid to create pressure i n  the system. The brake flu id 
reservoir is mounted on the master cylinder. 

The vacuum booster, mounted between the pedal mecha
nism and the master cylinder, uses the d ifference between 
engine vacuum and atmospheric pressure to help actuate the 
master cyl inder and reduce pedal effort. 

When the engine is running, vacuum is applied equally to 
both sides of the booster diaphragm. When the brake pedal is 
pressed, atmospheric pressure reaches the pedal side of the 
diaphragm and creates the brake-boosting pressure d ifferen
tial. A check valve in the vacuum hose holds vacuum in the 
booster when the engine is stopped. The pedal pushrod is 
connected d irectly to the master cylinder, so fai lure of the 
vacuum booster does not normally result i n  total brake failure.  
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Vacuum hose 
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Fig. 4�3. Master cylinder and vacuum booster assembly. 

Removing and Installing Master Cyl inder 

The master cylinder can be removed and installed with 
ord inary hand tools. The O-ring between the master cyli nder 
and the vacuum booster should always be replaced. A faulty 
O-ring can be the source of a vacuum leak, causing a reduction 
in braking performance or an erratic idle speed. Be sure to 
have · an adequate supply of new, unopened brake fluid on 
hand, as bleeding the brakes will be necessary after installa
tion. See 4.2 Bleeding Brakes. 

Although master cyli nder parts and rebui ld kits are available 
for most models, replacing the master cyl inder as a complete 
unit may be preferrable. It wil l take more time to rebui ld the 
master cyl inder than to replace it. Also, whether or not it can be 
successfully rebui lt depends on its internal condition. This is 
very d ifficult to check until after it is d isassembled. 
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To remove: 

1 .  Disconnect the battery negative ( - ) terminal .  

2 .  Loosen and remove the brake fluid reservoir cap. 

3. Using a clean syringe or some equivalent, empty the 
brake fluid reservoir. 

WARNING -
Brake fluid is poisonous. Do not siphon brake 
fluid with your mouth. Wear safety glasses when 
working with brake fluid, and wear rubber gloves 
to prevent brake fluid from entering the blood
stream through cuts or scratches. 

4. Disconnect the brake l ines from the master cyli nder. On 
models with ma.nual transmission, d isconnect the hy
draulic clutch supply hose. 
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5. If the master cylinder is being replaced, remove the 
brake flu id reservoir from the top of the master cyl inder 
by gently prying it out of the rubber mounting grommets, 
and install the reservoir on the new master cyli nder. 

CAUTION ........ 

Use care when removing the reservoir from the 
master cylinder to avoid damaging the plastic 
fittings. Gently rock the reservoir while pulling it 
from the master cylinder. 

6. Remove the master cyli nder by removing the two nuts 
holding it to the vacuum booster. 

To instal l :  

1 .  Install the new master cyli nder, using new self-locking 
nuts and a new O-ring.  Torque the nuts to 22 to 24 Nm 
(1 6 to 17  ft .  lb.) . 

CAUTlON -

Do not exceed the recommended mounting 
torque on master cylinder mounting nuts. Over 
tightening may damage the vacuum booster. 

2. Connect the brake l ines and torque the unions to 1 0  to 
1 5  Nm (7 to 1 1  ft. lb.) . If applicable, connect the hydraulic 
clutch supply hose using a new hose clamp. 

3. Fil l the reservoir with new brake flu id, put the cap with the 
fluid level switch back on and b leed the system as 
described in  4.2 Bleeding Brakes. 

4. Reconnect the battery negative ( - )  terminal. 

5. Road test the car and, if necessary, bleed the brakes 
again .  

Removing and I nstal l ing Vacuum iBooster 

The vacuum booster is not repairable, and if faulty must be 
replaced. It can be removed and installed with ordinary hand 
tools. Replacing the vacuum booster requires removing and 
instal l ing the master cyl inder. See Removing and Install ing 
Master Cylinder above. 

To remove. the vacuum booster, d isconnect the vacuum 
hose from the booster. Working from inside the passenger 
compartment, remove the lower left trim panels above the 
brake pedal. D isconnect the pushrod from the brake pedal by 
disconnecting the brake pedal return spring,  prying off the 
retaining clip, and sl iding out the . clevis pin. See Fig. 4-4. 
Remove the four mounting nuts as shown in Fig. 4-5. Working 
from the engine compartment side, pull the vacuum booster 
from the pedal base. 

Fig. 4-4. Brake pedal retum spring (a) , retaining cl ip (b) and 
clevis pin (e) as viewed from inside passenger 
compartment. I nset shows removed clevis pin and 
clip. 

Fig. 4-5. Vacuum booster mounting nuts (arrows) as viewed 
from inside the passenger compartment. 

Inspect the small foam fi lter beneath the rubber boot on the 
brake pedal pushrod. See Fig. 4-6. If the fi lter is clogged, it 
could affect the booster's performance. The filter can be 
cleaned using a mild soap. If it cannot be sufficiently cleaned it 
should be replaced . 



Fig. 4-6. Vacuum booster foam filter and damper as viewed 
from inside passenger compartment. (Rubber boot 
tumed inside out for clarity.) 

Installation of the vacuum booster is the reverse of removal. 
When reinstall ing the filter, be sure the notches in  the fi lter 
offset the notches in the damper by 1 80°. Adjust the basic 
setting of the push rod's threaded clevis unti l the d imension is 
as shown in  Fig. 4-7. When the basic setting is correct, tighten 
the locknut. Tighten the mounting nuts to 22 to 24 Nm (1 6 to 1 7  
ft. lb.) .  Adjust the brake pedal travel and the brake l ight switch 
as described below. 

Brake 
pedal 

B228.BRA.B 

Fig. 4-7. Basic brake pedal pushrod adjustment as viewed 
from side. 
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4.4 Brake Pedal Adjustments 

Brake pedal freeplay should be adjusted whenever the 
master cylinder or the vacuum booster are removed or re
placed. Also covered under this heading is the adjustment of 
the brake l ight switch. 

Correct brake pedal freeplay is shown i n  Fig. 4-8. If not as 
specified, loosen the locknut on the rear of the pushrod clevis. 
Rotate the pushrod while holding the clevis stationary. When 
freeplay is correct, tighten the locknut. 

Push rod 
clevis 

235 �6°mm 

(9.25 �gAin ) 
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Fig. 4-8. Schematic drawing of brake pedal assembly show
ing brake pedal freeplay measurement. 

On 1 984 through 1 986 and most 1 987 models, the brake • 
l ight switch adjustment should be checked whenever any • 
brake service is performed. Check the adjustment with the 
pedal in the rest position. Measure the distance between the 
switch contact point on the brake pedal and the switch housing 
as shown in  Fig. 4-9. If the measurement is outside the spec-
ified range, the switch should be adjusted. 

NOTE -

On late 1 987 models and al l  1 988 through 1 990 
models the brake- l ight switch ,  identified by its 
rectangular housing, is non-adjustable .  



14 BRAKES 

Fig. 4-9. Schematic of brake l ight switch. Adjust so that 
dimension a is 5�6mm (O.2 �g4in . ) .  

Disconnect the electrical connector(s) and loosen the lock
nuts. Tum the brake l ight switch or adjust the locknuts to 
change the position of the switch. Tighten the locknuts and 
reconnect the electrical connector(s) . 

4.5 Bfa�e IPl!'essl!.lre Regulatol!' 
The brake pressure regulator is shown in Fig. 4-1 0.  It is 

mounted in-l ine below the master cylinder. The pressure reg
ulator l imits the amount of hydraulic pressure applied to the 
rear brakes and is non-adjustable. 

Testing Pressure Regulator 

Testing the pressure regulator requires measuring hydraul ic 
pressure at each wheel, using two pressure gauges with a 
range of at least 1 60 bar (2320 psi) connected i n  place of the 
brake bleeder valves. Because of this need for specialized 
equ ipment, we recommend having this test performed by an 
authorized BMW dealer or other qualified and suitably 
equipped shop. 

Fig.  4-1 (). Rear brake pressure regulator (arrow) viewed 
from beneath car. 

Replacing Pressure Regulator 

The pressure regulator is easily replaced by removing the 
brakes l ines and the retain ing clip. When install ing the new 
regulator, torque the l ine fittings to 1 0  to 1 5  Nm (7 to 1 1  ft. lb.) 
and then bleed the brakes as described in 4.2 Bleeding 
Brakes. 

CAUTION -

Compare the markings of the old regulator with 
those on the new regulator. The switching pres
sure and reduction pressure specifications 
must be the same. A regulator with different 
specifications should not be installed. 

4.6 Brake Pad Wear Warning System 

The brake pad wear warning system is designed to notify 
the driver when the brake pads have worn to the point where 
replacement is necessary. This warning system should not be 
ignored. Failure to replace the pads soon after the l ight comes 
on may cause caliper or rotor damage which will add to the cost 
of repairs. 

On 1 984 and most 1 985 models, the brake pad wear warn
ing system includes an early warning lamp that l ights only 
when the brake pedal is  depressed. This l ight notifies the d river 
in advance that the pads wil l  need replacement. On all models, 
the pads should be replaced when the red instrument panel 
lamp comes on continuously. 



The wear sensor is attached separately to the brake pads. 
See Fig. 4-1 1 .  On 3 1 8i models, the sensor is at the front left 
wheel . All other models have one sensor at the front left wheel 
and one at the rear right wheel .  The sensor is part of a closed 
circuit. As the brake pads wear, the sensor contacts the rotor. 
Part of the sensor is then worn away, breaking a wire. This 
opens the circuit and turns the instrurnent panel l ight on. For 
sensor replacement, see 5.1 Reconditioning Front Disc 
Brakes or 7.1 Reconditioning Rear Disc Brakes. 

Fig. 4·1 1 .  Front left brake pads with brake pad wear sensor 
(arrow) . 
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4.7 Anti-lock Brake System (ABS) 

Fig. 4-1 2 shows the main components of the ABS. The 
wheel sensors supply wheel speed information to the elec
tronic control un it in the form of electrical impulse Signals. The 
control un it continuously compares these signals to determine 
whether any of the wheels is about to lock. The hydraul ic un it 
modulates hydraulic pressure to prevent wheel lock. 

CAUTlON -

(!) Voltage spikes can damage
· 
the sensitive ABS 

control unit. If electrical welding is to be carried 
out on the car, disconnect the electrical connec
tor from the ABS electronic control unit. 

� Extreme heat can damage the sensitive ABS 
control unit. If the Car is to be subjected to sus
tained temperature above 1 85°F (85°C), the con
trol unit should be removed from the car. The ABS 
control unit is located beneath the instrument 
panel to the left of the steering column. 

NOTE � 

The ASS warning indicator should come on  
briefly when the car is started ,  then go out. I f  it 
comes on while the · car is  running,  the ASS 
system has detected a fau lt. Once a fau lt has 
been detected by the bu i lt-i n  safety circuit, the 
system is automatical ly turned off. 

The hydraul ic un it consists of a three-way electrically oper
ated solenoid valve for each wheel, a brake f luid reservoir for 
each brake circuit, a return pump, and two relays. During 
normal braking, the solenoid valves allow brake fluid to pass 

ABS waming indicator 

Hydraul ic 1;1 ______________ 
unit � 

M 
__ 

L

_ '  �----".L.__ Brake l ine 

Fig. 4·1 2. Schematic representation of typical anti-lock brak
ing system (ABS) . Exact location and configura
tion of components may vary. 
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freely from the master cylinder to the wheels. If a wheel sensor 
detects that a wheel is  about to lock, the control un it signals the 
appropriate solenoid valve to hold the brake pressure to that 
wheel constant. 

If holding constant pressure does not prevent the wheel 
from locking, the valve is repositioned and a small amount of 
brake fluid is al lowed to pass from the brake l ine i nto the 
hydraulic u nit reservoir to reduce the hydraul ic pressure at that 
wheel . During this regulating period, the return pump is acti
vated and any brake fluid in the hydraul ic unit reservoir is 
returned to the master cylinder reservoir. The regulating cycle 
continues as necessary until the car has reached a safe speed 
(approximately 4 mph, or until the brake pedal is released) . 

The ABS system is designed to be maintenance free. There 
are no adjustments that can be made to the system. Repair and 
troubleshooting of the ABS system requires special test equip
ment and knowledge, and are therefore outside the scope of 
this manual . 

I nspecting ASS System 

If the ABS warning indicator comes on, indicating a prob
lem, a visual i nspection of the system may help to locate the 
fault. Careful ly i nspect the wiring harness. Check especially the 
harness and connections near each wheel for chafing or dam
age due to i ncorrectly routed wires. If the wheel sensor harness 
is damaged, the wheel sensor with its i ntegral harness should 
be replaced. 

WARNING -
If the main ABS wiring harness is damaged in any 
way, it must be replaced. Do not attempt to repair 
the wiring harness. The ABS system is sensitive to 
very small changes in resistance. Repairing the 
wiring harness could alter resistance values and 
cause the system to malfunction. 

CAUTION == 
The ignition must be off before connecting or 
disconnecting any electrical connections. 

The pulse wheels themselves may be responsible for faulty 
speed signals reaching the control un it. I nspect the pulse 
wheels for damage such as cracks or missing teeth. Check to 
see that a crack has not made the pulse wheel loose. Spin the 
tire to check to see if the pulse wheel is out-of-round. Check for 
dirt or worn wheel bearings which could reduce the clearance 
between the sensor and the wheel . Even accumulated metall ic 
brake pad dust has been known to cause problems. A faulty 
pulse wheel should be replaced. See Fig. 4-1 3.  

NOTE � 

Front pulse wheels are replaced as part of the 
front wheel bearing assembly as described in 
SUSPENSION AND STEERING. Rear pulse 
wheels are replaced together with the rear out
put shaft as described in SUSPENSION AND 
STEERING.  

Fig. 4-1 3. Front-left ASS pulse wheel (arrow) . 

5. FRONT DISC BRAKES 

Fig. 5-1 is an exploded view of a front d isc brake. When the 
brakes are applied , the caliper pushes the i nside brake pad 
against the rotor. This moves the cali per body at the same time, 
pul l ing the outside pad against the rotor. 

Because the front brakes do more of the work of stopping 
the car, they are l ikely to wear faster and may require service 
more frequently than the rear brakes. The brake pads and 
rotors are subjected to the g reatest wear, and are the compo
nents most often needing attention. 

The brake pads are designed to be routinely replaced as 
they wear out. While it is possible to restore the brakes by 
replacing only the brake pads, the rotors should be resurfaced 
or replaced at the same time to achieve ful l  braking perfor
mance and maximize pad l ife. 

WARNING =-
Brake pad friction materials may contain asbestos 
fibers. Do not create dust by grinding, sanding, or 
cleaning the pads with compressed air. Avoid 
breathing any asbestos fibers or dust. Breathing 
asbestos can cause serious diseases such as 
asbestosis or cancer, and may result in death. 



Ventilated rotor 
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Fig. 5-1 . Exploded view of front disc brake assembly. 

� ____ Rotor 
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Checking Brake Pad Wear 

The inspection procedure and specifications for checking 
the brake pads are found in  LUBRICATION AND MAINTE
NANCE. For more complete inspection of pad condition , the 
pads must be removed as described in  5.1 Reconditioning 
Front Disc Brakes. 

5.1 Reconditioning Front Disc Brakes 

Reconditioning the front disc brakes typically includes re
placing the brake pads and resurfacing or replacing the brake 
rotors. Unless the cal ipers and hoses are damaged, visibly 
worn, or leaki ng flu id,  more extensive front brake repairs are 
not normally required . 

If the brake pads are soaked with oi l ,  grease, or brake fluid, 
the cause of the contamination must be found and corrected 
before new pads are installed . Brake rotors must be replaced 
when they cannot be resurfaced without exceeding specified 
l imits. See Removing, Reconditioning, and Install ing Brake 
Rotors for rotor thickness and runout (out-ot-round) specifica
tions. 

Changing brake pads or removing and instal l ing cal ipers 
calls for replacement of the cal iper mounting bolts. 

WARNING � 
Do not reuse self-locking fasteners. They are de
signed to be used only once and should be re
placed whenever they are removed. 

Removing and I nstal l ing Front Brake Pads 

Although the calipers must be partially removed to change 
the brake pads, this can be done without d isconnecting the 
flexible brake hose. Keeping the hydrau lic system sealed elim
inates the need to bleed the brakes afterward . 

Brake pads and the surfaces of the rotors wear sl ightly 
differently. Always replace brake pads in complete sets. If the 
old pads are to be reinstalled, such as after i nspecting them, 
always make sure they are refitted in their original locations. 

To remove: 

1 .  Raise the front of the car and support it securely on jack 
stands. Remove the front wheels. 

2. When working on the left wheel :  Separate the brake pad 
wear sensor connector and remove the wiring from the 
brake bleeder dust cap. See Fig. 5-2. 

Fig .  5-2. Brake pad wear sensor connector on front left 
wheel (arrow) . 

3. Using a hex wrench, remove the lower mounting bolt 
from the guide pin whi le holding the guide p in  stationary, 
then d iscard the bolt. See Fig. 5-3. 

NOTE -

The mounting bolts that thread i nto the gu ide 
pins are self-lock ing and should not  be reused . 

Fig. 5-3. Lower caliper mounting bolt being removed while 
guide pin is  held stationary with open end wrench. 

4. Swing the cal iper up, and remove the brake pads. See 
Fig. 5-4. When working on the left wheel : Gu ide the 
brake pad wear sensor wiring through the opening in the 
cal iper. 

CAUTlON � 
If the pads are to be reused, mark the pads so 
that they can be reinstalled in their original 
position. 



Fig. 5-4. Brake caliper being pivoted up to remove front 
brake pads. 

NOTE -
If the piston creeps out of the cal iper due to 
residual pressure in the brake l ines, place a 
strong rubber band around the piston and cal
i per to hold the piston.  

5.  I f  the pads are being replaced, use a drift to carefully 
drive the sensor pin out of the left pad assembly. See Fig. 
5-5. 

Fig. 5-5. Front brake pad and wear sensor. Remove sensor 
from pad by driving pin (arrow) down . 

NOTE -
- Inspect the plastic . pclJt of the brake pad .wear 
sensor. If the plastic part of the sensor . is worn 
through to the wires, the sensor sh()uld be re
placed. 
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e If the . pads are being replaced because the 
brake pad wear indicator l ight on the instrument 
panel came on, the sensor should be replaced, 
whether or not it appears worn. 

To install:  

1 .  When working on the left . wheel: Carefully press the 
brake pad wear sensor pin intothe new pad assembly. 

CAUTlON -

Inspect the retaining clip for the pad wear sen
sor pin. If either the pin or the retaining Clip was 
damaged during the pin's removal, the sensor 
should be replaced. 

2. Instal l  the brake pads i nto the brake pad carrier. When 
working on the left wheel :  Houte the pad wear indicator 
wires behind the bleeder and through the retain ing loop 
ofthe dust cap. See Fig. 5-2 above. 

CAUTION -

If the dust cap is broken or missing, it should be 
replaced (BMW Part No. 34 1 1  1 1 53 1 98). If the 
sensor wiring is incorrectly routed, it could be 
damaged by wearing against the tire. 

3. Gently push the piston back into the caliper to provide 
clearance for the thicker new brake pads. Be careful not 
to push the piston past the outer edge of the piston dust 
seal . See Fig. 5-6. 

NOTE -
Pushing in the caliper pistons to gain clearance 
for the thicker new brake pads wi l l  cause brake 
fluid to overflow a ful l  master cyl i nder fluid res
ervoir. To prevent this, use a clean syringe or 
some equivalent to first remove some flu id from 
the reservoir .  

4. Pivot the caliper i nto position over the pads, as shown in 
Fig . 5-7. Check the position ofthe dust seal as the caliper � 
is lowered i nto position. 

� 
CAUTION -

When reinstalling the caliper, carefully check 
that the dust seal is positioned so that it does 
not catch the edge ofthe piston when the pedal 
is depressed. Installing it incorrectly will dam
age the dust seal. 

5. I nstall a new self-locking lower mounting bolt. Torque the 
bolt to 31 to 35 Nm (23 to 25 ft. lb.) while holding the 
guide pin stationary. 

6. Mountthe wheeland l??f)ely i nstall the 
. 
lug bolts. Lower 

the. car and then torq!Je . the lug bolts to 1 00 ± 1 0  Nm 
(74 ± 7 ft. l b.) . 
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Fig. 5-6. Water pump pliers being used to careful ly push 
piston into caliper. 

CAIJTlON � 
Use rags or a scrap of wood to protect the 
caliper piston from being marred by the jaws of 
the water pump pliers. 

Fig. 5-7. Brake cal iper being pivoted into position on pad 
carrier over brake pads. 

NOTE � 
Lightly lubricate the wheel hub center with mul
tipurpose grease before install ing the wheel .  

7. Depress the brake pedal uSing several short strokes to 
adjust the caliper and brake pads to the rotor. 

8. Check the level of brake fluid in the reservoir. If neces
sary, add new brake fluid to fi l l  the reservoir to the MAX 
mark. 

WARNING -
New brake pads require some break-in. Allow for 
slightly longer stopping distances for the first 1 00 
to 1 50 miles of city driving, and avoid hard stops. 
See LUBRICATION AND MAINTENANCE for 
more information. 

Removing, Reconditioning,  and i nstal l ing B rake 
Rotors 

To remove the brake rotors, first remove the caliper and 
brake pads as described below in 5.2 Calipers. Using a hex 
wrench , remove the mounting screw from between two of the 
wheel bolt holes, and pul l  the rotor off the hUb. See Fig. 5-8. 
Use a soft-faced mallet to free a stuck rotor. 

CAUTlON -

Do not try to remove the rotor without first re
moving the caliper assembly. Excessive force 
may damage the rotor or the wheel bearing 
housing. 

Fig .  5-8. Front rotor mounting screw (arrow) . 

Installation is the reverse of removal . Make sure that the 
rotor and wheel hub mounting surfaces mate properly and are 
free of d irt and corrosion. 

NOTE -
New replacement brake rotors should be 
cleaned with a grease-free solvent, such as a 
commercially available brake cleaner, before 
instal l ing the caliper and brake pads. 



Check the brake rotor for wear anytime the brakes are 
serviced. Rotors which are scored with sharp ridges, warped,  
worn i rregularly or cracked should be replaced. 

Brake rotors should always be resurfaced i n  pairs, with an 
equal amount of material removed from both sides of each 
rotor. Table b l ists the d imensions for resurfacing solid and 
ventilated rotors-the minimum thickness of a rotor which can 
stil l  be resurfaced , the minimum allowable thickness after re
surfacing, and the maximum allowable runout. Rotors which fai l  
to meet these requirements should be replaced. 

Table b. Front Rotor Reconditioning Specifications 

Solid rotors Ventilated rotors 

Minimum 1 1 . 1 mm 20.4 mm 
thickness (0.437 in.)  (0.803 in . )  
after machining 

Wear l imit 1 0.7 mm 20.0 mm 
(minimum (0.421 in.) (0.787 in.) 
permissible 
thickness) 

Thickness 0 .02 mm 0.02 mm 
tolerance (0.0008 in . )  (0.0008 in . )  
(difference 
between any two 
measurements) 

Axial runout 
(maximum 
permissible) 

rotor removed 0.05 mm 0.05 mm 
(0.002 in . )  (0.002 in . )  

rotor installed 0.20 mm 0.20 mm 
(0.008 in . )  (0.008 in.) 

NOTE = 

On orig inal equipment rotors, the min imum 
thickness d imension can be found stamped 
into the rotor's hub. See Fig . 5-9. 

Brake 
cal iper 
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Fig. 5-9. Front rotor min imum d imension stamped on rotor 
hub (arrow) . 

Use a micrometer to measure the rotor thickness at eight to 
ten positions along the rotor's braking surface. Rotor runout 
should be measured using a d ial indicator setup. If a low speed 
shimmy goes away when the brakes are released, excessive 
rotor runout is probably the cause of the shimmy. If the rotor's 
runout is with in l imits, and the shimmy sti l l  persists, check the 
front wheel bearings as described in  SUSPENSION AND 
STEERI NG. Brake rotors can be resurfaced by most local 
automotive machine shops. 

5.2 Calipers 

Fig. 5-1 0 is an exploded view of the front d isc brake caliper. 
The piston seal holds the hydraul ic pressure i n  the system as 
the piston moves, and also contributes to the caliper's self
adjusting action.  

Pad wear 
sensor (left 
wheel only) 

B234.BRA.B 

Fig. 5-1 0. Exploded view of front d isc brake caliper. 
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The caliper is  self-adjusting. When the piston moves and 
presses on the brake pads, the seal is distorted sl ightly. When 
the pressure is removed, the seal returns to its normal shape 
and pulls the piston back sl ightly, creating a small gap between 
pad and rotor to minimize wear. As the pads wear, the seal 
moves with the piston, so the gap always remains about the 
same. 

Brake flu id leaks around the brake caliper piston are the 
result of a failed or damaged p iston seal , perhaps caused by 
corrosion, scoring, or pitting of the piston or caliper bore. The 
seal can be replaced, but a damaged p iston will promptly 
destroy the new seal. To remedy a leaking cal iper piston seal 
and avoid future problems, complete replacement ofthe caliper 
is recommended . A damaged cal iper dust seal can be re
placed separately. 

Te remove: 

1 .  Raise the front of the car and support it securely on jack 
stands. Remove the front wheels. 

2 .  When working on the left wheel: D isconnect the pad 
wear indicator connector as shown above in Fig. 5-2. 

3. Loosen the hose fitting on the caliper. Remove the two 
mounting bolts from the steering knuckle. See Fig. 5-1 1 . 

4. Disconnect the brake hose from the cal iper by spinning 
the caliper off the fitting.  Drain the brake flu id i nto a 
container. Cap the end of the brake l ine to prevent dirt 
and moisture from entering the brake system. 

CAUTION -

Do not let brake fluid contaminate the brake 
pads or brake rotor surface. 

Installation is the reverse of removal. Start all brake l ine 
fittings by hand to avoid cross-threading.  Torque the brake 
hose fitting to 1 3  to 1 6  Nm (9 to 1 2  ft. lb.) . 

Bleed the brakes as described in 4.2 Bleeding Brakes. 
When working on the left wheel :  Reconnect the pad wear 
i ndicator connector. Torque the caliper mounting bolts to 1 1 0 to 
1 23 Nm (80 to 89 ft. l b. ) .  

Fig.  5-1 1 .  Front brake caliper mounting bolts (arrows) . 

60 REAR DRUM BRAKES 
Fig. 6-1 is an exploded view of the rear drum brake assem

bly used on 3 1 8i models. Retain ing springs hold the brake 
shoes in place. The shoes rest against a fixed bracket at the top 
of the backing plate. When the brakes are applied, the wheel 
cyli nder pushes against the bottoms of the shoes to force them 
against the brake drum. Return springs retract the brake shoes 
when the brakes are released. 

The rear drum brakes are equipped with a self-adjusting 
mechanism which compensates for wear and thermal expan
sion. At the bottom of the forward brake shoe, a spring loaded 
lever rests against an adjusting wheel on the adjusting bar. As 
the brake l in ing wears and brake shoe travel i ncreases, the 
lever automatically advances the adjusting wheel , lengthening 
the adjusting bar and keeping the brake shoes from retracting 
too far from the drum. 

To prevent the self-adjusting mechanism from making in
correct adjustments when the brake is hot, a thermo-cl ip is 
i ncorporated in  the adjusting bar. The thermo-clip changes the 
length of the adjusting bar based on temperature, to compen
sate for heat generated by brake friction. 

Because the rear brakes do less of the work of stopping the 
car, they are not l ikely to wear as quickly or require service as 
frequently as the front brakes. Unless problems obviously affect 
only the rear brakes, brake troubleshooting should always 
include the front brakes. If the rear brakes are worn and require 
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Fig. 6-1 . Exploded view of rear drurn brake assernbly (31 8i) . 

service, then at the very least the front brakes should also be 
thoroughly i nspected. The brake shoes, the drums, and the 
attaching and adjusting parts are subjected to the greatest 
wear, and are the components most often needing attention. 

The brake shoes are designed to be routinely replaced as 
they wear out. While it i s  possible to restore the brakes by 
replacing only the brake shoes, the drums should be resur
faced or replaced at the same time to achieve full braking 
performance and maximize l ife of the new l in ings. The return 
springs and the adjusting bar thermo-clip  should be replaced 
whenever the brake shoes are replaced. 

WARNING = 

Brake pad friction materials may contain asbestos 
fibers. Do not create dust by grinding, sanding, or 
cleaning the pads with compressed air. Avoid 
breathing any asbestos fibers or dust. Breathing 
asbestos can cause serious diseases such as 
asbestosis or cancer, and may result in death. 

Checking Brake lining Wear 

The i nspection procedure and specifications for checking 
the brake l in ing wear are found i n  LUBRICATION AND MAIN
TENANCE. For more complete inspection of l in ing condition, 
the drums must be removed, as described in 6.1 Recondi
tioning Rear Drum Brakes. 

Brake l in ing (friction rnaterial) 

Thermo
cl ip 

NOTE -
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Internal-hex head 
screw -----, 

Although the cars with rear drum brakes cov
ered by this manual incorporate a wear i nd ica
tor system that i l luminates an instrument panel 
l ight when the front brake pads need replace
ment, this system does not notify the driver 
when the rear brake shoes are worn. It is a good 
idea to period ically check the brake shoes for 
wear. 

6.1 Reconditioning Real' Drum Brakes 

Reconditioning the rear drum brakes typically i ncludes re
p lacing the brake shoes, resurfacing or replacing the brake 
drums, and replacing the attaching and adjusting hardware. 
Unless the wheel cylinders or hoses are damaged or leaking 
flu id ,  more extensive rear drum brake repairs are not normally 
requ ired. 

If the breke l inings are soaked with grease or brake fluid, the 
cause of the contamination must be found and corrected 
before new brake shoes are installed. Brake drums must be 
replaced when they cannot be resurfaced without exceeding 
specified l imits. See Reconditioning Brake Drums for 
specifications. 
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Removing and I nstal l ing Brake Shoes 

The brake shoes only need to be removed when they are 
being replaced. If the backing plate must be removed for other 
repairs, the brake shoes can remain attached to it. Bleeding the 
brakes wil l  not be necessary as long as the brake l ines or hoses 
are not d isconnected. 

To remove: 

1 .  Raise the rear of the car and support it securely on jack 
stands. Remove the wheels. 

2. Remove the internal-hex head mounting screw from the 
brake drum. See Fig. 6-2. 

Fig. 6-2. Rear drum brake mounting screw being removed. 
Brake drum shown removed for clarity. 

3. With the parking brake released, rotate the brake drurn 
unti l the automatic adjusting mechanism can be seen 
through a wheel bolt hole. Using a screwdriver as shown 
in Fig. 6-3, rotate the adjusting wheel unti l the drum can 
be pulled straight off. 

Fig. 6-3. Hear drum brake with screwdriver inserted i nto 
wheel bolt hole. Rotate screwdriver in d irection of 
arrow to retract brake shoes. 

4. Whi le supporting the head of one shoe retaining pin from 
behind the backing plate, push the spring retainer in and 
rotate it 90° to remove it. See Fig. 6-4. Repeat the step for 
the other retainer. 

Fig. 6-4. Rear brake assembly brake shoe retaining pin and 
spring retainer (arrow). 

5. Unhook the lower return spring from the forward brake 
shoe. Disengage the lower part of the shoes from the 
wheel cyli nder. See Fig. 6-5. 

Fig. 6-5. Rear brake lower retum spring (1 ) and upper retum 
spring (2) . 



6. Unhook the upper return spring from the forward brake 
shoe. Pu l l  the shoes away from the backing p late. Un
hook the parking brake cable from the top of the rear 
shoe and remove the shoes. See Fig. 6-6. 

CAUTlON -

Used brake shoes and brake parts should not 
be interchanged. If the shoes are to be reused, 
mark each shoe 's position for reinstallation. 

. 

Fig. 6-6. Parking brake cable d isconnected from attachment 
point (arrow) on rear shoe. 

To install :  

1 .  Disassemble the automatic adjusting mechanism. See 
Fig. 6-1 , above. Clean the threads of the adjusting pinion 
and check that the adjusting parts are free of corrosion 
and that the assembly operates smoothly. 

2 .  Replace the thermo-cl ip and l ightly lubricate the threads 
before reassembling the mechanism. The thermo-cl ip 
compensates for thermal expansion of the brake drum. 

CAUTION """""'" 
The left and right automatic adjusting mecha
nisms should not be interchanged. The left-side 
adjusting rod has a right-hand thread and the 
right-side adjusting rod has a left-hand thread. 

NOTE -
The thermo-cl ip and both return springs should 
be replaced. 

3.  Position the shoes into their installed position.  Connect 
the new upper return spring to the forward shoe. Attach 
the parking brake cable to the upper part of the rear 
brake shoe as shown in Fig. 6-7. Connect the upper 
return spring to the rear shoe. 
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Fig. 6-7. Parking brake cable attached to rear brake shoe 
(arrow) . 

4. I nstall the automatic adjusting mechanism and connect 
the lever tenSioning spring.  See Fig. 6-8. Make sure the 
groove in  the thermo-clip  engages the self-adjusting 
lever. 

Fig. 6-8. Automatic adjusting lever tensioning spring cor
rectly installed. 

5. Install the new lower return spring .  See Fig. 6-9. 

6. Instal l  the shoe retaining pins, the springs, and the spring 
retainers. Turn the retainers 90° to lock them in p lace. 

7. Instal l  the brake drum and instal l  and tighten the i nternal
hex head screw. 



26 BRAKES 

Fig. 6-9. · Automatic adjusting mechanism correctly installed 
to brake shoes. Install lower retum spring with 
bends as shown. 

8. Mount the wheels and i nstall the wheel lug bolts. Lower 
the car and then torque the lug bolts to 1 00 ± 1 0  Nm 
(74 ± 7 ft.  lb.) . 

NOTE � 
Lightly l ubricate the wheel hub center with mul
tipurpose grease before instal l ing the wheel . 

9. After completing the installation on both rear brakes, 
firmly apply the brake pedal several times to set the 
self-adjusting mechanism. The mechanism wil l  make a 
l ight cl icking sound until the brakes are fully adjusted. 

WARNING -
New brake linings require some break-in. Allow 
for slightly longer stopping distances for the first 
100 to 1 50 miles Of city driving, and avoid hard 
stops. See lUBRICATION AND MAINTENANCE 

for more information. 

1 0. Check the adjustment of the parking brake cable as 
described in 6.2 Parking Brake (Drum Brakes). 

Reconditioning Brake Drums 

Both rear brake drums should be resurfaced whenever new 
brake shoes are installed. The brake drums can be resurfaced 
to a maximum inside diameter of 229.5 mm (9.035 in. ) . See Fig. 
6-1 0 .  Drums which exceed the maximum d iameter are too thin 
to be reliably used and should be replaced. Check the drum's 
warping or radial runout (out-ot-round) using a dial indicator. If 
runout exceeds 0.05 mm (0.002 in . ) ,  the drum should be 
replaced. 

Fig. 6-1 0. Rear brake drum shOWing location of stamped 
drum diameter Sp8c;ifications (arrow) . Check di
ameter of drum at several points. 

If a warped drum is suspected, the parking brake can be 
used to quickly check for excessive . runout. While . driving at 
approximately 1 5  mph, apply l ight pressure to the parking 
brake. If a thumping or vibration is felt, the drum is probably 
excessively warped. 

Brake drums can be resurfaced by most local automotive 
machine shops. Torquing a wheel to a brake drum changes its 
shape sl ightly. If possible, the drums should be resurfaced with 
a wheel mounted to the drum and the wheel lug bolts torqued 
to 1 00 ±  1 0  Nm (74 ± 7  ft. l b.) . 

inspecting and Replacing Wheel Cyl inder 

The wheel cylinder is mounted at the bottom of the backing 
plate between the brake shoes. It is reached by removing the 
brake drum as described in Removing and Install ing Brake 
Shoes. I nspect the wheel cyl inder by observing the action of 
the brake shoes while an assistant slowly depresses the brake 
pedal a small amount. Replace the cyli nder if the p istons stick, 
or if the brake shoes do not move an equal d istance at a 
uniform rate. Also replace the cyl i nder if there are signs of brake 
fluid leakage under the dust boot. To replace a wheel cyli nder 
the brake line must be d isconnected, and it wil l  be necessary 
to bleed the brakes. See 4.2 Bleeding Brakes. 

NOTE -

When the brake drum is removed, i nsert two 
screwdrivers behind the backing plate flange 
and press them against the brake shoes to l im it 
their travel .  



To replace the wheel cyl inder, first remove the brake shoes 
as described in Removing and Install ing Brakes Shoes. 
Disconnect the brake line from the cylinder behind the backing 
plate. Cap the brake l ine to prevent contamination. Remove the 
two bolts that hold the wheel cyl inder to the backing plate, and 
remove the wheel cylinder. 

CAUTION -

Do not let brake fluid contaminate the brake 
shoes or brake drum surface. 

Insta"ation is the reverse of removal. Tighten the wheel 
cylinder mounting bolts to 9 to 1 0  Nm (6.5 to 7 ft. lb. ) .  Torque 
the brake l ine u nion to 1 0  to 1 5  Nm (7 to 1 1  ft. lb.) . Install the 
brake shoes as described in  Removing and installing Brake 
Shoes, and bleed the brakes as described in 4.2 Bleeding 
Brakes. 

6.2 Parking Brake (Drum Brakes) 

The parking brake lever and its cable connections are 
shown in Fig. 6-1 1 .  The mechanical parking brake operates 
only on the rear wheels, and is independent of the hydrauliC 
brake system.  Each of the two parking brake cables is con
nected to a lever on one of the rear brakes shoes. See Fig. 6-7 
above. When the parking brake is applied, the brake shoes are 
forced out against the brake drum. A parking brake switch 
located under the parking brake lever activates the parking 
brake indicator l ight when the parking brake lever is pul led up. 

Fig. 6-1 1 .  Parking brake lever assembly showing cable con
nections and adjustment points. 

BRAKES 27 

Adjusting Parking Brake 

Adjusting the parking . brake should only be necessary if a 
cable is replaced. Failure ofthe brake to hold the car most l ikely 
indicates worn brake shoes or a faulty self-adjusting mecha
nism. Check to see that the parking brake functions properly 
whenever the cables have been detached· for rear brake ser
vice. 

To adjust: 

1 .  Raise the rear of the car and support it securely on jack 
stands. 

2.  With the parking brake fully released, fi rmly apply the 
brakes several times. 

3 .  Move the parking brake lever to the fifth detent (click) 
from the bottom. 

4 .  Tighten or loosen the adjusting nuts by equal amounts 
just unti l the rear brake shoes contact the brake drum. 
Check that both wheels rotate with the same amount of 
friction. 

5. Release the parking brake and check that both rear 
wheels rotate freely. Readjust if necessary. 

Replacing Parking Brake Cable 

The cables can be replaced separately. Remove the adjust
ing nut that holds the cable to the parking brake lever. Remove 
the rear brake drum as described in Removing and Install ing 
Brake Shoes, and then unhook the parking brake cable from 
the lever on the rear brake shoe. Pul l  the cable and condu it out 
of the backing plate and remove the cable from the guides and 
hangers which secure it to the underside of the car. 

Remove the old cable from the body working from the wheel 
end of the cable. Lubricate the new cable with multipurpose 
grease before inserting it. Feed the cable i nto the backing 
plate, and hook the end to the brake shoe. Avoid kinking the 
cable. 

Reinstal l the rear brake drum as described in  Removing 
and Install ing Brake Shoes. At the parking brake lever inside GI 
the car, instal l  the adjusting nut and the locknut on the cable 

'. 

and adjust the parking brake as described above in Adjusting 
Parking Brake. 
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1. REAR DISC BRAKES 

The components of the rear disc brakes are shown in Fig. 
7-1 . The rear d isc brakes operate i n  much the same way as the 
front d isc brakes described i n  5. Front Disc Brakes, except 
that the rear rotor doubles as the brake drum for the parking 
brake. The rotor is easily removed without having to remove the 
rear axle bearings. 

Because the rear brakes do less of the work of stopping the 
car, they are not l ikely to wear as quickly or require service as 
frequently as the front brakes. Unless problems obviously affect 
only the rear brakes, brake troubleshooting should always 
include the front brakes. If the rear brakes are wom and require 
service, then at the very least the front brakes should also be 
thoroughly i nspected. The brake pads and rotors are subjected 
to the greatest wear, and are the components most often 
needing attention .  

The brake pads are designed to be routinely replaced as 
they wear out. While it is possible to restore the brakes by 
replacing only the brake pads, the rotors should be resurfaced 
or replaced at the same time to achieve ful l  braking perfor
mance and maximize life of the new pads. 

Brake shoe 
retain ing pins� 

�_ v _______ . . �J'�t 
Parking 

-J' 
brake 
cable 

adjuster 

Parking brake 
actuator----' 

Fig. 7-1 . Exploded view of rear disc brake assembly. 
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WARNING -

Brake pad friction materials may contain asbestos 
fibers. Do not create dust by grinding, sanding, or 
cleaning the pads with compressed air. Avoid 
breathing any asbestos fibers or dust. Breathing 
asbestos can cause serious diseases such as 
asbestosis or cancer, and may result in death. 

Checking B rake Pad Wear  

The inspection procedure and specifications for checking 
the brake pads are found i n  LUBRICATION AND MAINTE
NANCE. For more complete i nspection of pad condition,  the 
pads must be removed, as described in 7.1 Reconditioning 
Rear Disc Brakes. 

7."1 Reconditioning Rear Disc Brakes 

Reconditioning the rear disc brakes typically includes re
placing the brake pads and resurfacing or replacing the brake 
rotors. Unless the cali pers and hoses are damaged, visibly 
worn, or leaking flu id,  more extensive rear brake repairs are not 
normally required. 

Brake 

Brake pad 

��'�'" 
Brake pad 

Anti-rattle 
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head 
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If the brake pads are soaked with o i l ,  grease, or brake flu id ,  
the cause ofthe contami nation must be found and corrected 
before new pads are instal led. Brake rotors must be replaced 
when they cannot be resurfaced without exceeding specified 
l imits. See Removing, Reconditioning, and Installing Rear 
Brake Rotors for rotor thickness specifications. 

Removing and I nsta l l i ng Rear Brake Pads 

Although the cal ipers must be removed to change the brake 
pads, this can be done without d isconnecting the flexible brake 
hose. Keeping the hydraulic system sealed el iminates the need 
to b leed the brakes afterward . 

Brake pads and the surfaces of the rotors wear sl ightly 
differently. Always replace brake pads in complete sets. If old 
pads are to be reinstalled, after inspecting them for example, 
always make sure they are refitted i n  their original locations. 

To remove: 

1 .  Raise the rear of the car and support it securely on jack 
stands. 

2 .  Remove the rear wheels. Release the parking brake. 

3. Working on the right wheel : Separate the brake pad wear 
sensor connector and remove the wire from the cl ip on 
the guide bolt cap. See Fig. 7-2. 

Fig. 7-2. Brake pad wear sensor connector for r ight-rear 
wheel (arrow) . 
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4. Pry out the two plastic caps which protect the caliper 
gu ide bolts. Remove the two i nternal-hex head guide 
bolts. See Fig. 7-3. 

Fig. 7-3. Upper and lower caliper guide bolts (arrows) being 
removed. 

5. Remove the anti-rattle spring as shown in Fig. 7-4. 

Fig. 7-4. Anti-rattle spring being removed. Unhook spring 
from caliper housing at arrow. 



30 BRAKES 

6. Pull the caliper straight off the rotor. Lift out the outer 
brake pad from the pad carrier. Pul l  out the i nner pad 
from the caliper together with its spring.  

CAUTION-
G Do not let the brake hose support the weight of 
the caliper. Suspend the caliper and pad carrier 
assembly from the. suspension or body Avoid 
stretching or.kinking the hose. 

G Do not interchange used pads. If the pads are to 
be reused, mark them for reinstallation in their 
same positions. 

7. When working on the right wheel : Remove and i nspect 
the pad WE!ar sensor. If the plastic housing ofthe sensor 
is worn through to the wires by contact with the rotor, the 
sensor should be replaced. If the brake pad wear indi
cator l ight on the instrument panel l ight came on, the 
sensor should be replaced. 

To i nstall: 

1 .  Place the outer brake pad in  position on the brake pad 
carrier. Place the inner brake pad with its spring into 
position on the brake cali per. 

2 .  Gently push the piston back i nto the caliper to provide 
clearance for the thicker new brake pads. Be careful not 
to push the piston past the outer edge of the piston dust 
seal . See Fig. 7-5. 

Fig. 7·5. Water pump pl iers being used to careful ly push 
piston into caliper. 

CAUTlON -

Use rags or a scrap of wood to protect the 
caliper piston from being marred by the jaws of 
the water pump pliers. 

NOTE -

Pushing the caliper piston in to gain clearance 
for the thicker new brake pads may cause brake 
fluid to overflow from the master cyli nder f luid 
reservoir. To prevent this, use a clean syringe or 
some equivalent to first remove some flu id from 
the reservoir. 

3. Carefully i nspect the gu ide bolts. If they are damaged i n  
any way, they should be replaced. Position the cal iper 
onto the brake pad carrier and i nstall the guide bolts. 
Torque the guide bolts to 30 to 35 Nm (22 to 25 ft. lb.) . 
Install the protective caps. 

4. When working on the right wheel : Reconnect the pad 
wear sensor connector and attach it to the mounting cl ip. 
Route the wir ing through the cl ip on the guide bolt cover. 
See Fig. 7-6. 

CAUTlON-
If the guide bolt cover is broken or missing, it 
should be replaced. If the sensor wiring is in
correctly routed, it could be damaged by wear
ing against the tire. 

Fig. 7-6. Rear brake pad wear sensor shown correctly 
routed through cl ip (arrow) . 

5. Mount the wheel and loosely instal l  the lug bolts, then 
lower the car and torque the bolts to 1 00 ± 1 0  Nm (74 ± 7 
ft. lb.) . 

NOTE -

Lightly lubricate the wheel hub center with mul
tipurpose grease before· instal l ing the wheel. 



6. Before running the engine or moving the car, slowly 
pump the brake pedal using several short strokes to seat 
the brake pads. 

7. Check the level of brake flu id in  the reservoir. If neces
sary, add new brake fluid to fi l l the reservoir  to the MAX 
mark. 

WARNING -
New brake pads require some break-in. Allow for 
slightly longer stopping distances for the first 100 
to 150 miles of city driving, and avoid hard stops. 

Removing, Reconditioning,  and Install ing Rear 
Brake Rotors 

To remove the rear brake rotors, first remove the brake pad 
carrier mounting bolts from the trai l ing arm as shown in Fig. 7-7. 

CAUTION -

Do not let the brake hose support the weight of 
the caliper. Suspend the caliper and pad carrier 
assembly from the suspension or body. Avoid 
stretching or kinking the hose. If the brake hose 
remains connected, it will not be necessary to 
bleed the brakes. 

Fig. 7-7. Rear d isc brake pad carrier mounting bolts (ar
rows) . 

Using a hex wrench, remove the mounting screw from the 
front of the rotor and remove the rotor from the hub. See Fig. 
7-8. Use a soft-faced mallet to free a stuck rotor. 

Installation is the reverse of removal. Instal l  the rotor and the 
internal-hex head screw. Install the brake caliper and brake pad 
carrier assembly to the trail ing arm. Torgue the pad carrier 
mounting bolts to 60 to 67 Nm (44 to 49 ft. lb.) . After replacing 
rotors, adjust the parking brake as described in . 7.2 Parking 
Brake (Disc Brakes) . 
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Fig. 7-8. Rear rotor mounting screw (arrow) . 

NOTE -

New replacement brake rotors should be 
cleaned with a grease-free solvent, such as a 
commercially available brake cleaner, before 
instal l ing the caliper and brake pads. 

Check the rotors for wear any time the brakes are serviced. 
Rotors that are scored with sharp ridges, warped, worn i rreg
ularly or cracked should be replaced. 

Brake rotors should always be resurfaced or replaced in  
pairs, with an  equal amount of material removed from both 
sides of each rotor. Table c l ists the d imensions for resurfacing 
the rear rotors-the minimum thickness of a rotor which can stil l  
be resurfaced, the minimum allowable thickness after resur
facing, and the maximum allowable runout. Rotors which fai l to 
meet these requirements should be replaced. 

NOTE -

On original equipment rotors, the min imum 
thickness dimension can be found stamped 
i nto the rotor's hUb. See Fig. 7-9. 

Table c. Rear Rotor Reconditioning 
Specifications 

Minimum thickness 
(after machining) . . . . . . . . . . 

Wear l imit 
(minimum permissible thickness) . 

Thickness tolerance 
(difference . between any two 
measurements) . . . . . 

Axial runout 
(maximum permissible) 

rotor removed . 
rotor installed . . . . . . . . . 

. .8.4 mm (0.331 in . )  

. .8.0 mm (0.31 5 in . )  

.0.02 m m  (0.0008 in.) 

.0 .05 mm (0.002 in . )  

.0.20 mm (0.008 in . )  

• 
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Fig. 7-9. Rear rotor minimum d imension stamped on rotor 
hub. 

Use a micrometer to measure the rotor thickness at eight to 
ten positions along the rotor's braking surface. Rotor runout 
should be measured using a d ial indicator setup. If a low speed 
shimmy goes away when the brakes are released ,  excessive 
rotor runout is probably the cause of the shimmy. If rotor runout 
is withi n  l imits, and the shimmy sti l l  persists, check the rear 
wheel bearings as described in SUSPENSION AND STEER
iNG. Brake rotors can be resurfaced by most local automotive 
machine shops. 

7.2 Parking Brake (Disc Brakes) 

The parking brake used on models with 4-wheel d isc brakes 
is s imilar to the system used on the models with the rear drum 
brakes. A small brake drum is i nside the rotor hub and the 
parking brake shoe assembly is fitted i n  the drum. See Fig. 7-1 
above. 

The parking brake lever and its cable connections are 
shown earlier in Fig. 6-1 1 .  The mechanical parking brake 
operates only on the rear wheels and is independent of the 
main hydraul ic brake system. Each of the two parking brake 
cables is connected to an actuator lever on one of the rear 
parking brake shoes. When the parking brake is applied, the 
brake shoes are forced out against the brake drum. 

Adjusting Parking Brake 

There is no automatic adjusting mechanism for the parking 
brake on cars with 4-wheel disc brakes. The parking brake 
needs periodic adjustment to compensate for wear of the brake 
l in ings. The parking brake should also be adjusted if the cable, 
the brake rotor, or the parking brake shoes are replaced. 
Check to see that the parking brake functions properly when
ever the cables have been detached for rear brake service. 

To quickly check the parking brake adjustment, apply the 
parking brake while counting the number of cl icks at the lever. 
If the brake l in ings have worn to the paint where the parking 
brake lever can be pulled up further than the eighth detent 
(cl ick) , the parking brake should be adjusted. 

To adjust: 

1 .  Raise the rear of the car and support it securely on jack 
stands. Remove one lug bolt from each rear wheel . 
Release the parking brake. 

2 .  Position the wheel so that the adjuster (star) wheel is 
visible through the bolt hole. I nsert a screwdriver i nto the 
bolt hole and turn the adjuster wheel unti l  the brake 
shoes just begin to contact the brake drum. See Fig. 
7-1 0.  Then back off the brake shoes until they are no 
longer contacting the drum. (three to four  teeth on the 
adjuster wheel) . 

NOTE -

When adjusting the left rear wheel ,  pivot the 
screwdriver down to retract the brake shoes. 
When adjusting the r ight rear wheel, pivot the 
screwdriver up to retract the brake shoes. 

Fig. 7-1 0. Screwdriver inserted i nto lug bolt hole on left rear 
wheel to adjust parking brake shoes. Shown with 
brake drum removed for clarity. 

3. Set and release the parking brake three times to stretch 
and seat the cables. Then pul l  the lever up to the fifth 
detent (click) from the bottom.  

4. Working i nside the car, t ighten or loosen the parking 
brake cable adjusting nuts . by equal amourts just until 
the rear brake shoes contact the brake drum. See Fig. 
6-1 1 above. Check that both wheels rotate with the same 
amount of friction. 



NOTE -

When adjusting the left rear wheel, pivot the 
screwdriver up to expand the brake shoes. 
When adjusting the right rear wheel , pivot the 
screwdriver down to expand the brake shoes. 

5. Release the parking brake and check that both rear 
wheels rotate freely. Readjust if necessary. 

6. Loosely instal l  the lug bolt. Lower the car and torque the 
lug bolts to 1 00 ±  1 0  Nm (74 ± 7  ft. lb.) . 

Replacing Parking Brake Shoes 

Always replace parking brake shoes i n  complete sets. Make 
sure the parking brake is released before beginning. Remove 
the rear rotor as described in Removing, Reconditioning, and 
Install ing Rear Brake Rotors. 

Using brake spring pl iers, disconnect the lower return 
spring from the forward brake shoe. While supporting the head 
of one shoe retain ing p in from behind the backing plate, push 
the spring retainer i n  and rotate it 900 to remove it. See Fig. 
7-1 1 .  Repeat the step for the other retainer. Spread apart the 
lower part of the shoes and l ift the shoes out from above. 

NOTE -

A special tool (BMW Part No. 34 4 000) is 
available to remove and instal l the spring retain
ers. The tool is  available from an authorized 
BMW dealer parts department. 

Fig. 7·1 1 .  Rear parking brake shoe retaining spring and 
spring retainer (arrow) . I nset shows retainer as
sembly. 

Installation is the reverse of removal. I nspect . the return 
springs and replace any that are damaged . . Adjust the parking 
brake as described above .i n  Adjusting Pai"king Brake. 
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NOTE -

New parking · brake l in ings require a break-in 
procedure. Begin by making five ful l  stops from 
a speed of 30 mpl). Allow the brakes to cool , 
then repeat the procedure. This break-in pro
cedure ensures proper seating of the parking 
brakes. 

Replacing Parking B rake Actuator 

Remove parking brake shoes as described above. Remove 
the parking brake actuator by pul l ing the outer cam from the 
actuator off towards the rear. See Fig. 7-1 2.  Push out the pivot 
p in .  Disconnect the i nner cam from the parking brake cable. 

Fig. 7·1 2. Parking brake actuator components used on cars 
with rear disc brakes. 

I nstallation is the reverse of removal .  Lightly coat the moving 
parts and the pins with molybdenum disulfide (Molykote G 
paste or equivalent) grease. Adjust the parking brake as de
scribed above, i n  Adjusting Parking Brake. 

CAUTION -

Apply grease sparingly. Do not allow grease to 
contaminate the brake linings. 

Replacing Parking Brake Cable 

The cables can be replaced separately. Remove the adjust· 
ing nut that holds the cable to the parking brake lever. Remove 
the parking brake shoes and the parking brake actuator as 
described above in Replacing Parking Brake Shoes and 
Replacing Parking Brake Actuator. Unhook the cable from 
the guides and hangers which secure it to the trail ing arm and 
the body. 

GI 
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Pull the old cable out of the body, working from the wheel 
end of the cable. See Fig . •  7-1 3. Lubricate the new cable with 
multipurpose grease . before inserting it. Without kinking the 
cable, feed it through the protective tube and into the passen
ger compartment. Attach the cable to the guides and . hangers 
which secure it to the trail ing arm and the body. Insert the cable 
end into the brake backing plate. At the parking brake lever 
inside the car, make sure the cable is correctly Jouted through 
the lever. Instal l the adjusting . nut on the cable.  Heinstall . the 
wheel actuator and the brake shoes as described below. Adjust 
the parking brake as described above in Adjusting Parking 
Brake. 

Fig. 7-1 3. Parking brake cable removed from backing plate. 

Guide bolt 
covers 

Brake 

Dust 
seal 

7.3 Calipers 

Fig. 7-14 is an exploded view ofthe rear d isc brake cal iper. 
Brake fluid leaks around the brak� caliper piston ar� the result 
of a failed or damaged piston seal , perhaps caus�d by corro
sion, scoring, or pitting ofthe piston or caliper bor�, The sea

.
1 

can be
.
replaced, but a dalllaged pistorlwiU prornptly destroy 

the new seaLTo remedy a leaking caliperpiston seal and avoid 
future problems, complete replacement oUhe caliper is rec
ommended. A damaged . caliper dust seal. can be replaced 
separately. 

To replace a cal iper, loosen the brake hose fitting at the 
cal iper. See Fig. 7-1 5.  Remove the two brake pad carrier 
mounting bolts from the trai l ing arm, as shown above in Fig. 
7-7. Remove the caliper from the wheel bearing housing and 
rotate the caliper to remove it from the hose fitting.  Drain the 
brake fluid into a container. Cap the end . of the brake l .. ine to 
prevent dirt and moisture from entering the brake system . 
When working on the right wheel : Disconnect the brake pad 
wear sensor and remove the wiring from the g uide bolt cover 
and mounting clip. 

CAUTlON -

Do not let brake fluid contaminate the brake 
pads or brake rotor surface. 

� Brake pad . · _0/. W_ ""'" 

---_. 
Brake 
pad 

Anti-rattle 

Fig. 7-14. Exploded view of rear brake caliper. 



Fig. 7-1 5. Rear brake caliper brake hose fitting (arrow) . 

Installation is the reverse of removal. Torque the brake hose 
fitting to 1 3  to 1 6  Nm (9 to 1 2  ft. lb.) . Torque the brake pad 
carrier mounting bolts to 60 to 67 Nm (44 to 49 ft. lb.) . Recon
nect the brake pad wear sensor and route the wire through the 
clip on the gu ide bolt cover. Bleed the brakes as described i n  
4.2 Bleeding Brakes. 

WARNING � 
New brake pads require some break-in. Allow for 
slightly longer stopping distances for the first 100 
to 150 miles of city driving, and avoid hard stops. 

CAUTION ==-
If the guide bolt cover is broken or missing, it 
should be replaced. If the sensor wiring is in
correctly routed, it could be damaged by wear
ing against the tire. 
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8. TeCHNICAL DATA 

I .  Tolerances, Wear limits, and Settings 

Brake rotor, front sol id 
thickness after machining (minimum) . 
wear l imit (minimum thickness) . . . 
axial runout (maximum permissible) 

rotor installed . . . 
rotor removed . . . . . . . . . . . .  . 

thickness tolerance 

. 1 1 . 1 mm (0.437 in . )  

. 1 0.7 mm (0.421 in . )  

.0 .20 mm (0.008 in. )  
.0 .05 mm (0.002 in.) 

(maximum permissible) . . . . . . . . . .0.02 mm (0.0008 in.)  
Brake rotor, front ventilated 

thickness after machining (minimum) . . . .  23.4 mm (0.921  in.) 
wear l imit (minimum thickness) . . . . . . . .23 mm (0.905 in . )  
axial runout (maximum permissible) 

rotor installed . . . . . . . .0.20 mm (0.008 in . )  
rotor removed. . . . . . . . . . . . . . . .0.05 mm (0.002 in. )  

thickness tolerance 
(maximum permissible) . . . . . . . . . .  0 .02 mm (0.0008 in . )  

Brake drum, rear 
inside diameter, maximum 

after resurfacing . . . . . . . . . . . . . .  229.5 mm (9.035 in .) 
radial runout (maximum permissible) . . . .0.05 mm (0.002 in .) 

Brake rotor, rear 
thickness after machining (minimum) . . . .8.4 mm (0.331 in.) 
wear l imit (minimum thickness) . . . . . . . .  8.0 mm (0.3 1 5  in.) 
axial runout (maximum permissible) 

rotor i nstalled . . . . . .0.20 mm (0.008 in. )  
rotor removed . . . . . . . . . . . . . . . .  0 .05 mm (0.002 in. )  

thickness tolerance 
(maximum permissible) . . . . . . . . . .0.02 mm (0.0008 in . )  

I I .  Tightening Torques 

Front brake caliper to steering 
knuckle (bolt) . . . . . . . . . . . . . 1 1 0- 1 23 Nm (80-89 ft. lb.) 

Front brake caliper to guide bolt 
(self-locking bolt) . . . . . . . . .31 -35 Nm (23-25 ft. lb.) 

Rear brake caliper to brake pad 
carrier (guide bolt) . . . . . . . . .30-35 Nm (22-25 ft. lb.) 

Rear brake pad carrier to trail ing 
arm (bolt) . . . . . . . . . . . . . .60-67 Nm (44-49 ft. lb.) 

Wheel cylinder to backing plate . . . . . . 9-1 0  Nm (6.5-7 ft. lb.) 
B leeder valve to caliper or wheel cylinder 

7-mm . . . . . . . . . . . . . . . . . .  3 .5-5.0 Nm (31 -44 in. lb.) 
9-mm . . . . . . . . . . . . . . . . . .4.0-6.0 Nm (35-53 in. lb.) 

Brake l ine un ions (union nuts) . . . . . . . 1 0- 1 5  Nm (7-1 1 ft. lb.) 
Brake hose un ions (union nuts) . . . . 1 3-1 6 Nm (1 0-1 2 ft. lb.) 
Master cyl inder to vacuum 

booster (nut) . . . . . . . . . . . . . . . 22-24 Nm (1 6-1 7 ft. l b. )  
Vacuum booster to pedal base (nut) . . .22-24 Nm (1 6-1 7 ft. lb . )  
Wheel to rotor or brake 

drum (lug bolt) . . . . . . . . . . . .  1 00 ± 1 0  Nm (74 ± 7 ft. lb.) 





Section 1 3  

SUSPENSION 
AN D STEERI NG 

Contents 
Introduction . . . . . . . . . . . . . . . .  3 

1 .  General Description . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1 . 1 Front Suspension . . . . . . . . . . . . . . . .  4 
1 .2 Rear Suspension . . . . . . . . . . . . . . . . . . . . . . .  5 
1 .3 Steering . . . . . . . . . . . . . . . . . . . . . .  5 

2. Maintenance . 6 

3. Troubleshooting . . . . . . . . . . . . .  6 
3 . 1  Basic Troubleshooting Pri nciples . . . . . . . . . 6 
3.2 Diagnostic Inspection and Testing . 8 

8 
9 

9 

Tire Wear . 
Isolating Pul l ing Symptoms . .  
Vibration . .  

4. Wheels, Tires, and Alignment . 9 

4. 1 Wheels and Tires. . . . . . . . . . . . . . . . . . 9 
Wheels . . .  . .  . . . . . .  9 
Tires . . . . . . . . . . . 1 0  
Winter Tires . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

4.2 Alignment . . . . . . . . . . . . . .  1 0  

4.3 

Four-Wheel Al ignment . 1 1  
Front Wheel Toe Adjustment . . . . . . . . .  1 2  
Front Wheel Camber Correction . . . . . . . . . . . 1 2  
Rear Wheel Toe Correction 1 3  
Alignment Specifications . . . . . . . . . .  . 1 4  

5. Front Suspension. . . . . . . . . . . . . . . . . . . . . . .  1 5  
5. 1 Front Suspension Struts . . . . . . . . . . .  1 5  

Checking Shock Absorbers . 1 6  

5.2 

5.3 
5.4 

Removing and I nstal l ing Front Suspension 
Struts . . . . . . . .  . 
Removing and I nstal l ing Strut Bearing 
(Upper Mount) . .  
Replacing Front Strut Shock Absorber 
Cartridges . 
Checking and Correcting Ride Height . 
Control Arms . 
Inspecting Control Arm Mounts . . . . . . . . . .  . 
Removing and Instal l ing Control Arms . .  
Replacing Control Arm Rubber Bushing . 
Front Wheel Bearings . 
Front Stabi l izer Bar . 

6. Rear Suspension . 

6. 1  Shock Absorbers and Springs . 

6.2 

6.3 

6.4 

Removing and Instal l ing Shock Absorbers . 
Removing and I nstal l ing Rear Coil Springs . 
Drive Axles and Constant Velocity (CV) 
Joints . 
Removing and I nstal l ing Drive Axles . .  
Removing and Install ing Inner CV Joint and 
Replacing CV Joint Protective Boots . .  
I nspecting CV Joints . . . . . . . . . . .  . 

Rear Suspension Trai l ing Arms . 
Removing and Install ing Trail ing Arm 
Bushings . . . . . . . .  . 
Rear Wheel Bearings . .  

7. Steering 

Supplemental Restraint System . 
7 . 1  Steering Column . . . . . . . .  . 

Removing and Instal l ing Steering Wheel . 

. \ 

1 6  

1 8  

1 9  
20 
22 
23 
23 
25 
25 
27 

28 
28 
28 
30 

31 
32 

33 
34 
34 

35 
37 

38 
38 
39 
39 

GJ 



2 SUSPENSION AND STEERING 

7 .2  

7.3 

Removing and I nstall ing Steering Column 
Switches . . . . . . . . . . . . . . . . . .  40 
Replacing Ign ition Switch/Steering Lock . . 41  
Steering Gear and Tie Rods . . . . . . . . . . . . .  42 
I nspecting Tie Rod Ball Joints . . . . . . . . . . . . . 43 
Replacing and Adjusting Tie Rods. . . . . . . . . . 43 
Removing and Instal l ing Steering Gear . . . . . . 44 
Power Steering Pressure System . . . . . . . . . .  45 
Fi l l ing and Bleeding .  . . . . . . . . .  45 
Pressure Testing . .  . . . . . . . . . . . . . .  45 

Power Steering Pump . . . . . . . . . 46 

8. Technica! Data . . . . . . . . .  . . . . . . . . . . . . .  47 
i. Tightening Torques . .  . 47 

TABLES 
a. Suspension and Steering Troubleshooting . . . . . . . . .  6 
b. Wheel Bolt-Torque and Runout Specifications . 1 0  

c. Front Wheel Al ignment Specifications . . . . . . . . . . . . . 1 4  
d .  Rear Wheel 'Al ignment Specifications . . . . . . . . . . . .  1 5  
e .  Front Strut Torque Specifications . . . . . . . . . . . . . . . 1 8  
f. Front Ride Height Specifications . . . 20 
g .  Front Coi l Spring Appl ications: 1 984-1 986 . . . . . . 2 1  
h.  Front Coil Spring Appl ications: 1 987-1 990 

(except Convertible and models with M-Technic 
Sport Suspension) . . 2 1  

i .  Front Coil Spring Appl ications: 1 987� 1 990 
(325i Convertible) . . . . . . . . . . . . . . . . . . . . . .  22 

j. Front Coil Spring Applications: 1 987-1 990 
(with M-Technic Sport Suspension) , . . . . . . . . . 22 

k. Suspension Control Arm Torque Specifications . . 25 
I. Front Stabi l izer Bar Torque Specifications . . . . 28 
m.  Rear Shock Absorber Torque Specifications . . . . . . 29 
n .  Rear Spring Installation Specifications . . 30 
o. Rear Suspension Torque Specifications . . . . . . . . . 3 1  
p. Steering Gear Torque Specifications . . . . 45 



SUSPENSION AN D STEERING 3 

Suspension 
and Steering 

I ntroduction 

BMW 3-Series cars are equipped with a strut-type i ndependent front suspension and 
i ndependent rear suspension with semi-trai l ing arms. The front suspension struts are i ntegral 
spring and shock absorber units, while the rear suspension has separate shock absorbers and 
coil springs. 

The power-assisted steering is a rack and p in ion steering gear with tie rods connecting to 
the front suspension steering arms. The rack and p in ion design offers superior steering feel 
and precise control in a compact housing, min imizing weight and space requirements. The 
steering column is connected to the steering gear by a universal joint shaft. 

The front suspension struts and many other parts of the front and rear suspension and the 
steering can be disassembled for repair, but much of this work requires special tools and 
experience. If you lack the ski l ls, the tools, or a suitable workplace for suspension and steering 
work, we suggest you leave such repairs to an authorized BMW dealer or other qual ified repair 
shop. We especially urge you to consult your authorized BMW dealer before beginn ing any 
repairs on a car that may be el igible for repairs under BMW's extensive warranty coverage. 

til 
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1 .  GENERAL DeSCRIPTION 

The BMW 3-series suspension and steering systems are 
engineered to provide a sophisticated compromise between 
taut, responsive handl ing and ride comfort. Although the front 
and rear suspension assemblies are independent sub
systems, and are of completely d ifferent designs, they work 
together to achieve BMW's overall combination of precise 
handl ing and comfort. Maintenance, troubleshooting and re
pair of these systems should always consider the condition of 
both front and rear suspension , as well as the steering. 

1 .1 Front Suspension 
Fig. 1 -1 shows the components of the front suspension 

system.  The lower control arms, sometimes called wishbones, 
connect the lower ends of the suspension struts to mounting 
pOints on the subframe. 

Each front suspension strut is an assembly i ncluding a 
shock absorber cartridge inside the tubular strut housing, and 

Strut upper 
mount 

a concentrically-mounted coil spring.  The lower end of each 
strut, which i ncludes the stub axle for the front wheel bearing 
and hub, connects to a bal l-joint on the suspension control 
arm. The front suspension is designed with min imum positive 
steering offset. This geometry contributes to stabil ity in braking ,  
particularly when traction is u nequal from s ide to s ide .  Suspen
sion travel is  l im ited by rubber bump stops in the strut 
assembl ies. 

The three-point mounting of each L-shaped control arm 
precisely controls the front-to-rear and side-to-side position of 
the strut, while the flexibi l ity of the joints and mounts also allows 
the movement necessary for suspension travel .  The control 
arm mounting points are designed with anti-dive geometry. The 
suspension reduces the normal tendency for the front of the car 
to "dive" under braking. 

Control arm position is fixed , with no adjustment to the 
control arms for altering front wheel al ignment. See 4.2 Align
ment for more i nformation .  A stabi l izer bar mounted to both 
control arms helps to reduce body rol l  when cornering .  

Control arm 
rear mount 

gear ----� 

Control arm 
ball joint --� 

Fig. 1 -1 .  BMW 3-series front suspension . 

Tie 
rod B1 62SUS.B 



1 .2 Rear Suspension 

The BMW 3-series rear suspension is shown i n  Fig. 1 -2.  The 
f inal drive housing is  firmly mounted to the chassis, and the 
independent suspension allows each rear wheel to react i nde
pendently to bumps and other suspension loads. The rear 
suspension is designed with anti-squat geometry. It reduces 
the normal tendency for the rear of the car to "squat" during 
acceleration. 

The rear axle carrier spans the width of the car and is the 
main mounting for the final drive housing and the rear suspen
sion. Trai l ing arms, mounted to pivot pOints on the rear axle 
carrier, are the main suspension components. These trai l ing 
arms also house the rear wheel bearings. Suspension loads 
are taken up by separate coil springs and shock absorbers 
mounted between the trail i ng arms and the underbody. 

1 .3 Steering 

All models covered by this manual feature a power-assisted 
steering system,  where hydraul ic pressure, suppl ied by an 
engine-driven pump, reduces steering effort. The two main 
components of the system are the pressure pump mounted in  

\ 
Coil 

Shock absorber 

Rear axle 
carrier -_-/ 

Fig. 1 -2. Rear suspension assembly. 

Trai l ing arm 
mount ----" 
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the engine compartment and driven by a V-belt, and the rack 
and p in ion steering gear, mounted in front of the front suspen
sion subframe. Tie rods connect the steering rack to the steer
ing arms which are an i ntegral part of each front suspension 
strut. 

The power-assisted steering provides varying amounts of 
assist, depending on engine speed. The flu id flow rate from the 
pressure pump is h ighest at low engine speeds, to provide 
more assist for low speed maneuvers such as parking. It is 
reduced at h igher engine speeds, to prevent over-assist and to 
maximize road feel at highway speed. 

The system also responds to varying amounts of steering 
effort. When steering effort is h igh-as when turning the 
wheels while stopped-the power assist is greater. When 
steering effort is reduced-when driving on sl ippery surfaces 
for example-the amount of power assist is also reduced. 

Neither the steering gear nor the tie rod ends require any 
routine lubrication service during normal service l ife, and there 
is no provision for routine adjustment for wear in the mechan
ical steering gear. 

Trai l ing 
arm 

B1 58SUS.B 
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20 MAINTENANCE 

Scheduled maintenance i ncludes checking the f lu id level 
for the power-assisted steering, and periodic inspections of the 
suspension and steering components for wear and damage. 

Another periodic requirement is precise adjustment of 
wheel al ignment. This can be done by an authorized BMW 
dealer service department or other qual ified alignment shop. 
See 4. Wheels, Tires, and Alignment. 

BMW recommends that the fol lowing items be routinely 
checked at periodic i ntervals as described in  LUBRICATION 
AND MAINTENANCE. Detailed descriptions of these mainte
nance operations can be found either in this section of the 
manual under the boldface numbered head ings shown, or i n  
LUBRICATiON AND MAINTENANCE. 

1 .  Checking fluid level and checking power steering for 
leaks 

2. I nspecting suspension and control arm joints. 5.2 

3. I nspecting steering gear and steering coupl ing. 7.2 

4. Inspecting tie rods and tie rod boots. 7.2 

The fol lowing add itional periodic maintenance is recom
mended by the publisher of this manual : 

5. Inspecting drive axle constant velocity (CV) joint boots. 
6.2 

6. Checking tightness of anchor bolts at front suspension 
subframe.  5.2 

3. TROUBLESHOOTING 

This troubleshooting section applies to  problems affecting 
ride comfort, handl ing and stabil ity, and steering. Such prob
lems are usually caused by faults in the suspension orsteering 
systems, but a problem such as consistently pull ing to one side 
may also be caused by faulty brakes. For brake system trou
bleshooting, see BRAKES. For more basic help in determining 
the appropriate section for troubleshooting a particular symp
tom, see FUNDAMENTALS at the front of the manual . 

3.1 Basi c  Troubleshooting Principles 

Stable handl ing and ride comfort both depend on the in
tegrity of the suspension and steering. These systems must 
preCisely position the wheels so that the car is stable and 
controllable, but also allow movement so that the wheels can 
steer and react to bumps. Any symptom of instabi lity or i mpre
cise road feel may be caused by worn or damaged suspension 
and steering components. 

In addition to inspecting for worn parts, troubleshooting 
must also consider the condition of ti res, wheels, and their 
al ignment. Tire wear and incorrect i nflation pressures can dra
matical ly affect handl ing. Subtle i rregularities in wheel al ign
ment angles also affect stabil ity. M ixing d ifferent types or s izes 
of tires, particularly on the same end of the car, can affect 
al ignment and may unbalance a car's handl ing.  

Table a l ists symptoms of suspension and steering prob
lems and their probable causes, and suggests corrective ac
tions. The boldface numbers i n  the corrective action column 
refer to headings where the repairs are described . 

Table a. Suspension and Steering Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Pull to one side, a. I ncorrect tire pressure a. Check and correct t ire pressures. See LUBRiCATION AND 
wandering MAINTENANCE 

b. Defective/unevenly worn tire b. I nspect tires and replace as needed. 4.1 
c. Incorrect wheel alignrnent c. Check and adjust wheel al ignment. 4.2 
d. Faulty brakes (pull u nder braking) d. See BRAKES 

2. Steering heavy, a.  Incorrect t ire pressure a. Check and correct tire pressures. See LUBRICATION AND 
noisy, poor MAINTENANCE 
retum-to-center b. Low power steering fluid b. Check power steering fluid and add as required. See 

LUBRICATION AND MAINTENANCE 

c. Loose or broken power steering c. I nspect V-belt. Tighten or replace as necessary. See 
pump V-belt LUBRICATION AND MAINTENANCE 

d. Worn front strut u pper mount(s) d.  Remove and disassemble front struts. Replace strut mounts. 5.1  
e.  Worn or damaged steering coupling e. Replace steering coupl ing. 7 

f. Faulty power steering pump f. Test and , if necessary, replace pump. 7.3 

g. Air in power steering fluid g. Repair air leak and, if necessary, add flu id.  7.3 

continued on next page 
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Table a. Suspension and Steering Troubleshooting (continued) 

Symptom Probable cause Corrective action 

3. Front-end vibration a. I ncorrect tire pressure a. Check and correct tire pressures. See LUBRiCATION AND 

or shimmy MAINTENANCE 

b. Unbalanced· wheels/tires b. Balance tires. Check for u neven wear patterns. 4.1 

c. Loose wheel lug bolts c. Tighten lug bolts to proper torque. 4 
d.  Bent wheel r im (radial or lateral d. I nspect wheels and replace as necessary. 4 

runout) 

e. Tire(s} out-of-round (radial runout) e. Measure tire radial runout and remou nt or replace 
as necessary. 4 

f. Severely worn shock absorbers f. Replace front strut cartridges. 5.1  

g. Worn or defective control arm rubber g. Replace control arm rubber mounts. 5.4 

mounts 

4. Steering loose, a. I ncorrect tire pressure a. Check and correct tire pressures. See LUBRICATION AND 

imprecise MAINTENANCE 

b. Loose steering rack mounting bolt(s) b. Inspect and tighten bolts. 7.2 

c. Worn tie rod end(s) c. Replace tie rod(s) and align .  7.2 

d. Worn control arm joint(s) d.  Replace control arm(s) and align .  5.2 

e.  Faulty front wheel bearing e. Replace wheel bearing and hub. 5.3 
f. Worn or damaged steering coupling f. Replace coupling. 7.1 

g.  Worn or damaged steering gear g.  Replace steering gear. 7 

5. Poor stability, a. Weak shock absorbers a. Replace front strut cartridges and rear shock absorbers. 5.1 , 6.1  

repeated bouncing 
after bumps, 
suspension bottoms 
out easily 

6. Suspension noise a. Worn front strut upper mount(s) a. Replace strut upper mounts. 5.1 
(especially over b. Loose shock absorber cartridge ( in b. Disassemble strut, check for damage, tighten cartridge. 5.1 
bumps) front strut) 

c. Faulty rubber shock absorber c. Replace rubber damper. 5.1 

damper 

d. Worn control arm joints d. Replace control arm(s) . 5.2 

e. Loose or worn stabilizer bar rubber e. Retorque stabilizer bar rubber mounts; replace rubber mounts 
mounts as necessary. 5.4 

f. Poorly seated control arm mounts 1- Clean front control arm mount tapered seats. See i nstallation 
procedure at 5.2 for more information 

g. Loose front suspension subframe g. Check for damage; tighten mounting bolts 

7. Uneven ride height a. I ncorrect coil springs a. Measure ride height and replace springs as required. 5.1 , 6 .1  

b. Bent or damaged suspension b. Inspect and repair/replace as necessary 
components 

c. Sagging coil springs c. Replace front and/or rear springs in pairs. 5.1 , 6.1  

8. Front wheel noise, a. Worn front wheel bearing a. Replace front wheel bearing and hub. 5.3 
continuous growling, 
may .be more 
noticeable when 
turning til 

9. Rear wheel noise, a. Worn rear wheel bearing a. Replace bearings. 6.2 
scraping, dragging b. Faulty rear brakes b. See BRAKES 
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3.2 Diagnostic Inspection and Testing 

Suspension and steering problems can usually be isolated 
and at least partial ly d iagnosed by careful observation of the 
symptoms and i nspection of the components which are the 
most l ikely cause. 

Tire Wear 

Tire wear can, over a period of t ime, be an i ndicator of 
suspension and steering problems. Proper tread wear is diffi
cult to notice, so tires are made with wear-indicator bands that 
indicate when the tire is nearly worn-out. On an evenly worn 
tire, these wear-indicator bars wi l l  eventually appear as even ly 
spaced bald "stripes" about % i n .  wide runn ing across the 
tread surface, as shown in Fig. 3-1 . The appearance of these 
tread-wear bands on only one part of the tread indicates 
uneven wear. 

8257SUS.B 

fig. 3-1 . Ti re tread wear-indicator bands showing on worn 
tire indicate that replacement is  necessary. 

Uneven tire wear is usually caused by improper tire inflation 
pressures or m isal ignment. Fig. 3-2 i l lustrates the influence of 
inflation pressures on tire wear. Fig. 3-3 i l lustrates uneven tread 
wear resu lt ing from prolonged over- or underinflation. For more 
i nformation on maintaining proper tire i nflation ' pressures, as 
well as other general tire maintenance, see LUBRICATION 
AND MAINTENANCE. 

A B c 
IV V V 

8260.SUS.B 

Fig.  3-2. Effect ·of t i re inflation pressure on wear pattern . 
Condition A is normal . Condition B is overinflation 
which causes increased wear i n  center of t i re tread . 
Condition C is underinflation which causes in
creased wear on outer edges of t i re tread . Dimen
sion 1 is t i re contact area. 

Overinflation Underinflation 

Fig. 3-3. Examples of uneven tread wear caused by over
inflated and underinflated t i res. Drawings courtesy 
of Goodyear Tire and Rubber Co. 

Other kinds of uneven tread wear may be the result of faulty 
components or improper al ignment. See Fig. 3-4. Tire wear that 
is uneven across the tread-one side worn more than the 
other, or unusual wear of ind ividual tread ribs-indicates an 
al ignment problem, and perhaps worn suspension or steering 
components. Cupping or scal loping-wear that is  uneven 
around the circumference of the tire-is a telltale sign of an 
unbalanced tire or a worn-out shock absorber. 



Feathering 

Uneven wear 
(one-side) 

Cupping 

Fig. 3-4. Examples of uneven tread wear caused by mis
al ignment and/or worn or damaged components. 
Feathering suggests incorrect al ignment. Uneven 
wear on one side suggests i ncorrect al ignment or 
repeated hard cornering .  Cupping results from vi
bration, often caused by unbalanced t ire or faulty 
shock absorber. Drawings courtesy of Goodyear 
Tire and Rubber Co. 

Isolating Pul l ing Symptoms 

Consistent pul l ing to one side in a car driven straight ahead 
on a level road may be caused either by suspension misal ign
ment or by a faulty t ire. In more unusual cases, a brake problem 
may be the cause. 

To help decide whether tires or al ignment are at fault, tem
porarily swap the front wheels (and tires) , and then road-test 
the car. If a tire problem is the cause of the pul l ing symptom, 
the problem should switch to the other side of the car when the 
wheels are switched, and it should now pul l  to the other side. 
If the symptom persists, then the problem is probably caused 
by faulty al ignment. 

Vibration 

Abnormal vibration,  if not caused by a mechanical problem, 
wil l  most often be caused by wheels and tires which are out of 
balance. Another, less l ikely cause of vibration is a tire which 
has become distorted and out-of-round. These and other tire 
conditions can be checked by any reputable tire professional . 

Before spending the money for balancing,  look for an ob
vious cause of imbalance. Caked-on mud, ice, or snow can 
dramatically affect wheel balance. Clean the wheels and tires 
and road-test the car before investigating more serious causes. 
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4. WHEELS, TIRES, AND ALIGNMENT 

For stabi l ity and control ,  wheels and tires must be in good 
condition and be properly aligned. Tire inflation pressures, tire 
wear and wheel alignment will al l  i nfluence how the car feels 
and responds on the road. 

Precise wheel alignment can on ly be accomplished when 
the tires, the suspension, and the steering are in  good condi
tion .  Uneven t ire wear, different s ize tires, or worn suspension 
and steering parts all affect wheel al ignment. Reputable wheel 
alignment technicians wil l  always inspect the suspension and 
steering for worn parts before an al ignment, and wi l l  recom
mend that any necessary repairs be made first. Alignment of a 
car with worn suspension and steering parts is a complete 
waste of time and money. 

4. 1 Wheels and Tires 

Wheels and tires are �ubject to many stresses. They wi l l  
perform as i ntended only i f  undamaged, properly i nflated, and 
correctly balanced. If properly maintained, tires of the correct 
size wil l  provide long service with comfort and safety. See 
LUBRICATION AND MAINTENANCE for information on wheel 
size, tire size, recommended i nflation pressures, and other 
routine t ire maintenance. 

NOTE -

A thin coating of mu lti-purpose g rease applied 
to the wheel mounting surface of the brake 
drum or disc brake rotor wi l l  help prevent cor
rosion .  

Wheels 

The BMW wheels supplied as original equ ipment are de
signed for tubeless, radial-ply tires of a specific size. Replace
ment tires of non-standard size or construction should be 
installed only if the tire manufacturer specifies them for your 
specific make and model. See LUBRICATION AND MAINTE
NANCE for i nformation on the sizes of BMW 3-Series original 
equipment wheels. 

The wheels are s ized according to d iameter, width, and 
offset. Offset is the distance between the wheel's mounting 
surface and the r im's true centerl ine. When fitting a non
standard wheel with different dimensions, there is danger of 
wheels or tires i nterfering with the body or with suspension 
parts. Even if there is no i nterference, incorrectly s ized wheels til 
may p lace additional loading on wheel bearings or adversely 
affect steering geometry. For best results, rely on the advice of 
your BMW dealer or reputable wheel and tire professionals. 
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Wheel l u g  bolts should always b e  tightened using atorque 
wrench. Too l ittle torque is obviously dangerous as the wheel 
may come loose, but excessive torque is also a problem. 
Over-tight wheel lug bolts can warp the hub, causing vibration 
and other problems affecting stabil ity and braking. The proper 
torque value for wheel lug bolts is l isted in Table b . 

Damaged wheels may also be a source of vibration prob
lems. Check for a bent wheel by . measuring lateral or radial 
runout at the part of the wheel where the tire bead meets the 
rim.  Maximum allowable runout values are l isted in Table b. 

Table b. Wheel Bolt-Torque and 
Runout Specifications 

Wheel lug bolt 1 00 ± 1 0  Nm (74 ± 7 ft. lb.) 
torque 

Mode! lateral Runollt Radial Runout 
(maximum) (maximum) 

1 984-1 987 (all) 0.5 mm (0.020 in . )  0.5 mm (0.020 in.)  

1 988- 1 990 1 .0 mm (0.039 in .) 1 .0 mm (0.039 in .) 
(w/steel wheels) 

1 988-1 990 0.6 mm (0.024 in . )  0.6 mm (0.024 in.) 
(w/alloy wheels) 

Tures 
Radial-ply ti res are installed as standard equipment on all 

cars covered by this manual. To retain the car's excellent 
handl ing characteristics, it is recommended that the tires only 
be replaced with those of the same (radial-ply) construction ,  
size and speed rating, 

Winter Tires 

Though i nferior to regular tires for dry-road wear and han
dl ing, winter (mud and snow) tires offer a big improvement on 
snow-covered winter roads. Studded winter t ires improve trac
tion on icy surfaces, but may be more dangerous than non
studded tires on dry roads. They should be used only if icy 
conditions predominate. Check local laws. Studded tires are 
restricted or completely prohibited in many states. 

WARNING -

If winter tires are to be installed on only two of the 
four wheels, they Should be installed on the rear 
driving wheels. To avoid creating dangerous han
dling characteristics, they must be of the same 
type (radial-ply construction) as those on the front 
of the car. 

4.2 Alignment 

Wheel alignment is the precise adjustment of the suspen
sion to ensure that all wheels are oriented correctly, compared 
to the other wheels, the chassis and the d irection of travel .  
Small changes can have a big effect on how the car drives. 
Proper alignment provides the best compromise between re
sponsiveness, stability, and tire wear. 

Alignment specifications d iffer from model to model .  It is  
important to use the correct al ignment specifications for the 
specific car. Wheel al ignment can also be fine-tuned for spe
cific d riving conditions. If, for example, the car normally carries 
only one person or is often heavily loaded, this i nformation wi l l  
help the al ignment techn ician. Like tire pressure, wheel al ign
ment also has some influence on fuel economy, because of its 
potential to affect the tires' rOi l ing resistance. The important 
al ignment angles are camber, caster, and toe. 

Camber is the angle at which the wheels t i lt away from 
vertical , as viewed from the front or rear. Camber is i l lustrated 
i n  Fig. 4-1 . Wheels ti lting i n  at the top d isplay negative ( - )  
camber. Wheels tilting out at the top d isplay positive ( + )  
camber. 

I 
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Fig. 4-1 . Camber angle viewed from front or rear. 



Camber i nfluences cornering and d irectional stability. A 
d ifference i n  camber between two front or two rear wheels may 
cause the car to pul l  to one side. M isadjusted camber wil l 
cause uneven tire wear. 

On the cars covered by this manual, camber is sl ightly 
negative by design and is not normally adjustable. Some cam
ber correction can be achieved on the front wheels with the 
installation of alternate parts, available from BMW. See Front 
Wheel Camber Correction below. 

Caster is the angle at which the steering axis deviates from 
vertical, i l lustrated in Fig. 4-2. The steering axis is an imaginary 
l ine about which the front wheels turn. Most cars are designed 
with a steering axis which is i ncl ined toward the rear at the top 
(positive caster) , g iving them d irectional stability and self
centering steering.  

/ 

Fig. 4-2. Caster: angle of steering axis incl ination from ver
tical . Caster is non-adjustable on cars covered by 
this manual. 

Caster should be checked as part of any alignment. It is not, 
however, an adjustable angle on cars covered by this manual . 
Caster which is out of specification suggests worn or damaged 
components. Uneven front wheel caster wi l l  cause the car to 
pul l  to one side. Too l ittle caster reduces d irectional stabi l ity. 
Too much caster i ncreases turn ing effort. 

Toe is a measurement of the amount that two wheels on the 
same axle point toward each other (toe-in) or away from each 
other (toe-out) i n  their  d i rection of travel .  Toe-i n  is i l lustrated in  
F ig .  4-3. Toe is the primary al ignment adjustment for cars 
covered by this manual. 
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Toe affects d irectional stabi l ity and tire wear, and also has 
some effect on how the car responds to steering i nput. Too 
much toe wil l  cause the tires to "scrub" and to wear unevenly 
and more quickly. Too little toe-too near zero-may cause the 
car to be less stable and wander s l ightly at highway speeds. 
See Front Wheel Toe Adjustment for i nformation on adjusting 
toe. 

Front 

B259SUS.B 

Fig. 4-3. I l lustration of toe-in of front wheels. Toe angle is  the 
measurement of how far the wheels point away 
from the direction of travel .  The total toe specifica
tion is the sum of the toe angles of both wheels. 

Because of the emphasis on precision , wheel al ignment has 
become very sophisticated. Modern computerized equipment, 
using special optics or laser beams for precise measurement, 
helps the qual ified technician do the job more quickly and more 
accurately than is possible for the do-it-yourselfer. For this 
reason, this manual covers only the specific adjustment meth
ods, and not the basic procedures for measuring wheel al ign
ment angles. The reasonable cost of a professional wheel 
al ignment is money well spent. 

Fou r-wheel Al ignment 

A four-wheel al ignment considers not just the individual � 
wheels or pairs of wheels, but also the al ignment of the wheels � 
relative to the car's centerl ine and the relationships between 
the front and rear wheels. Because of the independent rear 
suspension design on cars covered by this manual , it is espe-
cially important to have all four wheels properly al igned . 
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Front Wheel . Toe Adjustment 

Toe at the front wheels is adjusted by changing the length of 
the. steering tie rods. �ecause c;amber also . affects toe, any 
camber correction as described in Front Wheel CCimber Cor
rection below should be made, before adjusting toe. 

First, center the steering wheel so that the front wheels are 
pointing straight ahead, as i ndicated by the alignment of the 
marks on the steering shaft and steering gear housing. See 
Fig. 4-4.To adjust toe on each s ide, loosen the tie rod clamping 
bolt and thread the two parts closer together or farther apart to 
shorten or lengthen the tie rod . See Fig . 4-5. 

Fig. 4-4. Marks on · steering gear housing align as shown 
when steering gear is centered and front wheels are 
in straight-ahead position. 

Fig .  4-5. Front wheel toe is adjusted by shortening or length
ening tie rod. Loosen tie rod clamping bolt (arrow) 
and turn tie rod as shown. (Shown with steering 
turned off-center for clarity) . 

NOTE -

Shorten the tie rod to i ncrease toe- in;  lengthen 
it to reduce toe-in .  

When thetoeon each siqe is  correctly adjust€ld, tighten and 
torque the clamping boitsto 1 4  Nm (1 O ft.Jb.) . Make certain that 
the rubber.boots are not twisted and that the tie rod ends are 
positioned correctly. SeE) Fig. 4-6. 

Fig. 4-6. Tie rod end and rubber boot shown in correct 
pOSition (not twisted) . 

Front Wheel Camber Correction 

Although there is no provision for routine camber adjust
ment on the BMW 3-series models covered by this manual, 
some correction is possible for those cases where the mea
sured camber fal ls outside the specification. 

The original three-cornered upper strut mount, shown in 
Fig. 4-7, can be replaced with an eccentric version which 
repositions the top of the strut. Depending on the i nstalled 
position, the new strut mounts add or subtract 30' (%0) of 
camber. 



Fig. 4-7. Three mounting points of upper strut mount. Avail
able replacement mount moves strut off-center to 
alter front wheel camber. 

For the cars covered by this manual, the eccentric strut 
mount is BMW Part No. 3 1  33 1 1 27 51 5. Each mount wil l  also 
require three new studs, BMW Part No. 31 33 1 1 24 547. For 
more i nformation on removing and install ing the front suspen
sion struts and replacing the upper mounts, see 5. Front 
Suspension. 

WARNING -

Eccentric strut mounts should not be installed to 
try to correct camber measurements which are 
out of speCification due to crash damage. 

CAUTION -

BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
an authorized BMW dealer parts department for 
the most up-to-date and accurate parts informa
tion. 

Rear wheel camber is not adjustable. Rear wheel camber 
which does not meet speCifications suggests damaged com
ponents. See 6. Rear Suspension for more i nformation. 

Rear Wheel Toe Correction 

Although there is no provision for routine rear wheel toe 
adjustment on the cars covered by this manual, some correc
tion is possible i n  those cases where rear wheel toe falls 
outside the l imits of the toe specification. 
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The correction is made by removing the trail ing arm and 
replacing the outer rubber trai l ing ann pivot bushing, shown i n  
Fig. 4-8, with a n  alternate, eccentric version. The eccentric 
version, BMW Part No. 33 32 9 1 23 1 05, repositions the trai l ing 
arm sl ightly, resulting in a toe change. 

Fig. 4-8. Rear trail ing arm pivot bushing ( inner) . I nstaliation of 
replacement eccentric bushings can correct rear 
wheel toe. 

The eccentric bushings are marked, indicating increments 
of change, and can be installed i n  any position to produce a 
specific amount of toe correction .  In extreme cases, two ec
centric bushings can be i nstalled in both pivot points of a single 
trail ing arm for twice as much correction.  For information on 
removing and instal l ing the trail ing arms, see 6. Rear Suspen
sion. 

WARNING -

Eccentric bushings should not be installed to try 
to correct toe measurements which are out of 
specification due to crash damage. 

CAUTlON -

BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
an authorized BMW dealer parts department for 
the most up·to-date and accurate parts 
information. 

• 
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4.3 Alignment Specifications 

Alignment specifications for all models covered by this man
ual are l isted in Table c and Table d. These specifications apply 
only under the following conditions: 

1. Correct wheels and tires are instal led, in  good condition , 
at the correct inflation . pressures. 

2. Wheel bearings are in good condition. 

3. Ride height is in  accordance with specifications. 

4. Car is loaded as fol lows: 68 kg (150 lb.) on each front 
seat, 68 kg (1 50 lb.) in the middle ofthe rear seat, 21 kg 
(46 lb.) in the trunk, and a ful l  tank of fue l .  

NOTE-
Detailed alignment specifications are furnished 
for reference only. Many .of these measure
ments are beyond the capabi l ities of anyone 
but an experienced alignment tec hn ician using 
sophisticated equ ipment. 

Table c. Front Wt".!eel Alignment Specifications* 

1984-1986 1987-1990 1987-1990 
(all) (all except M-Technic (all with M-Technic 

sports suspension) sports suspension) 

Toe angle (total) 1 S' ± 05' 1 S' ± 05' 1 S' ± 05' 

corresponding l inear toe measurement 2 .0±0.6 mm 2.0 ± 0.6 mm 2.0 ± 0.6 mm 
(0.079 ± 0.024 in.) (0.079 ± 0.024 in.) (0.079 ± 0 .024 in.) 

toe d ifference angle _ 1 °  40' ± 30' _1 ° 40' ±30' _1 ° 50' ± 30'  

(inside wheel @ 20° lock) 

maximum permissible d ifference between 30' 30' 30' 
right and left 

Camber 
wheels straight ahead - 40' ± 30' - 40' ± 30' _1 ° 10' ±30' 

Caster 

@ 1 0° wheel lock SO 30' ± 30' So 30' ± 30' So 46' ± 30' 

@ 20° wheel lock So 46' ± 30' So 46' ± 30' 9° 03'±30' 

maximum permissible difference between 30' 30' 30' 
sides 

iKingpin !nclinatiol1 

@ 1 0° wheel lock 1 3° 37' ± 30' 1 3° 52' ± 30' 1 4° 22' ± 30' 

@ 20° wheel lock 1 3° 51'±30' 1 4° 1 5' ± 30' 1 4° 45' ± 30' 

Front Wheel Displacement ±1 5' ± 1 5' ± 1 5' 

Full lock 

inside wheel (approximate) 41 .3° 41 .3° 41 .3° 

outside wheel (approximate) 33.9° 33.9° 41 .3° 

*special measurement conditions apply. See 4.3 above. 
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Table d. Rear Wheel Alignment Specifications* 

1984-1986 1987 1987 
all 318i, 325, 325e 325i 

Toe angle 1 8'±07' 1 8' ± 07' 23' ± 07' 
(total) 

correspon din g  2 .0 ± 0.8 mm 2.0±0.8 mm 2.6 ± 0.8 mm 
l in e ar toe (0.079±0.031 in .) (0.079 ± 0.031 in .) (0. 1 02 ± 0.031 in .) 
measuremen t  

maximum 1 5' 1 5' 1 5' 
permissible 
deviation from 
drivin g  
d irection 

Camber 

eac h  side _1 ° 50' ± 30 '  _1 ° 40' ± 30' _2° 1 5' ± 30'  

maximum NA 30' 30' 
permissible 
differen ce 
between sides 

*special measurement conditions apply. See 4.3 above. 

5. FRONT SUSPENSION 

The BMW 3-series cars covered by this manual, though 
renowned for their excellent road holding and responsive han
dling, feature a relatively simple front suspension design .  The 
l imited number of parts that wear can be easily replaced. Some 
of these repairs do, however, require special tools and equip
ment. To avoid starting a job that may be difficult to complete, 
please read the entire procedure before beginning. 

When doing any front suspension maintenance or repair, 
please observe the following general cautions: 

CAUTION-
o Do not install bolts and nuts coated with under
coating wax, as correct tightening torque cannot 
be assured. Always clean the threads with solvent 
before installation, or install new parts. 

@ Do not attempt to weld or straighten the suspen
sion struts, the control arms, or the subframe. 
Replace damaged parts. 

'" Do not reuse self-locking nuts. These nuts are 
designed to be used only once. 

5.1 Front Suspension Struts 

Fig. 5-1 shows the main components of the front strut 
assembly. These are the strut housing, the shock absorber 
cartridge, the upper strut mount, and the coil spring. Each of 

1988-1990 
all except 

Convertible 
and M-Technic 

sports 
suspension 

20' ± 07' 

2.2 ± 0.8 mm 
(0.087 ± 0.031 in .) 

1 5' 

-2° ± 30' 

30' 

Coi l  
spring, 

Threaded 

1988-1990 1988-1990 
325i all with 

Convertible M-Technic 
sports 

suspension 

1 8'±07' 26' ± 07' 

2.0 ± 0.8 m m  3.0 ± 0.8 m m  
(0.079 ± 0.031 in .) (0. 1 1 8±0.031 in .) 

1 5' 1 5' 

_1 ° 50' ± 30' _2° 30' ± 30' 

30' 30' 

_..._--- Upper 
strut 
mount 

i'----� Rubber 
bumper 

Protective 

_-- Strut housing 

Fig. 5-1. Front suspension strut assembly. 
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these main components can be replaced separately as re
quired. The strut housing itself need only be replaced if it is 
damaged. 

The procedures which follow, beginning with Removing 
and Instal l ing Front Suspension Struts, describe in  order the 
steps which should be followed to completely  disassemble the 
strut. 

Differences from side to side wil l  affect handling and stabil
ity. It is strongly recommended that springs, shock absorber 
cartridges, or strut mounts be replaced in pairs. 

Checking Shock Absorbers 
Springs are what support the weight of the car and al low the 

suspension to travel smoothly over bumps and other road 
irregularities. A spring, however, absorbs only minor amounts 
of energy. A spring which is compressed by a bump simply 
rebounds, springing in the other d irection with nearly the same 
force that compressed it. 

The function of a shock absorber, or damper, is to moderate 
the spring action. It slows the bounce and helps the spring 
return to its normal position. Shock absorbers require no rou
tine maintenance. An adequate supply of fluid is placed in them 
during manufacturing to compensate for small leaks. Minor 
leakage is acceptable if the shock absorber stil l  functions 
correctly. Shock absorbers cannot be serviced, and need to be 
replaced when they lose their abil ity to control the suspension.  

The best evidence of fail ing shock absorbers is their behav
ior in normal driving. Worn shock absorbers wil l al low extra 
skittishness over bumps, and a less-controlled and wallowing 
feel in  corners and after bumps. When seriously worn, the 
shock absorbers present little resistance to spring oscil lations. 
Secause they so easily reach the l imits of their travel ,  they may 
knock when going over bumps. 

The most common�though not entirely accurate-test of 
shock absorber function involves vigorously bouncing each 
end or corner ofthe car, and then releasing and observing how 
quickly the bouncing stops. More than one bounce usually 
suggests that the shock absorbers are not properly damping 
the spring action and need to be replaced. 

Some evaluation of a shock absorber's condition can be 
made by removing and disassembling the strut and checking 
the shock absorber's resistance to movement. When held 
vertically, the shock absorber shaft should move firmly and 
smoothly throughout its entire range oftravel .  If pOSSible, com
pare the movement of the shock absorber in question to a new 
one. 

Removing and instal ling Front Suspension Struts 

The struts can be easily removed for replacement of com
ponents. Special tools may be necessary to remove the control 
arm mount and the tie rod end from the strut. See the proce
dure below for more i nformation .  

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

The exact mounting of the struts affects wheel al ignment. A 
wheel alignment is h ighly recommended any time the struts 
have been removed. 

To remove front struts: 

1 .  Loosen the wheel lug bolts, then raise the front of the car 
and support it securely on jack stands which are de
signed for the purpose. 

2 .  Remove the wheel . 

3. On cars equipped with anti-lock brakes (ASS) , discon
nect the electrical connections for the ASS sensor. On 
the left side only, d isconnect the electrical connector for 
the brake pad wear indicator. See Fig. 5- 2 .  Remove 
these wires from their hold-down on the strut housing. 

!Fig. 5-2. Electrical connection at front strut for brake pad 
wear i ndicator (A) . I nternal-hex-head screw (B) se
cures ASS sensor. 

4. Using a 5 mm hex wrench, remove the mounting screw 
and the ASS sensor, shown above in Fig. 5- 2 .  



CAUTlON -

Make sure that the ignition is off when removing 
ABS sensors. 

5 .  Without disconnecting the flexible brake hose, remove 
the brake caliper mounting bolts shown in Fig .  5-3 and 
slide the caliper off the brake rotor and strut housing. To 
avoid kinking or damaging the hose, use stiff wire to 
suspend the caliper from the u nderbody. 

Fig. 5-3. Front brake caliper mounting bolts (arrows) . Right 
(passenger) side shown. 

6. Disconnect stabil izer bar from stabi l izer bar connecting 
l ink.  See Fig. 5-4. 

lFig. 5-4. N ut (arrow) fastens stabil izer bar to stabi lizer bar 
connecting l ink. Right (passenger) side shown. 
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7. After removing the self-locking nuts, d isconnect the con
trol arm joint from the strut housing ,  and disconnect the 
tie rod end joint from the steering arm. See Fig .  5-5. 

Fig. 5-5. Self-locking nuts (arrows) secure the control arm to 
the strut housing and the tie rod to the steering arm. 

8. Pul l  the bottom of the strut out away from the car, far 
enough to clear the end of the control arm. 

9. Working in the engine compartment, remove the three 
mounting nuts at the top of the strut tower. See Fig. 5-6. 

10 . Remove the strut. 

CAUTlON -

Support the weight of the strut while removing 
the bolts. 

Fig. 5-S. Strut mounting nuts in engine compartment. 

• 
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WARNING-
Further disassembly of the strut requires special 
tools and extreme cauti on to avoid serious per
sonal injury. Do not proceed without reading the 
procedure. below. 

I nstallation isthe revers� of r�rnOval . . lnstaJ I new self-locking 
nuts on the control arm j� int; thetie rod endjoint, and the upper 
strut mount The mating su�a?esof the control arm mounts 
should be kept c1�anand freeotgrease. BMw recommends 
coating theABS sensor and hOl!sing with Molykote Longterm 
2 before i nstall ing. Fastener torque specifications are l isted in  
Table e. 

CAUTION-
Shock absorbers should �e

. 
stored upright, im

itating their normal installed position. If they are 
stored. horizontally or upside-down for an ex
tended period, they should be placed upright at 
room temperature with shock absorber rods 
fully extended for at least 24 hours prior to 
installation: 

Table e. Front Strut Torque Specifications 

Brake calipe r moun tin g  bolts . . . . .1 1 0-1 23 N m  (80-90 ft. lb.) 
Con trol arm join t  locknu t . . . . . . . . . . . . . 65 N m  (47 ft. lb.) 
Stabilizer bar to l in k  . . . . . . . . . . . . . . . .42 Nm (30 ft. lb.) 
T ie rod en d lockn ut . . . . . . . .36.5 ± 3.5 Nm (26.5 ± 2.5 ft. lb.) 
Strut mo un tin g n uts (top) . . . . . . . . . . . . .22 N m  (1 6 ft. lb.) 
Wheel lug bolts . . . . . . . . . . . . . 1 00 ± 1 0  Nm (74 ± 7 ft. lb.) 
Shock absorber top n ut . . . . . . . . . . 65 ± 6  Nm (47 ± 5  ft. lb.) 
Shock ab sorber cartridge 

t hread ed collar . . . . . . . . . . . .  1 30 ±  1 3  Nm (96 ± 9  ft. lb.) 
Wheel hub collar n ut . . . . . . . . . 290 ± 29 Nm (21 4 ± 21 ft. lb.) 

Removing and Insta l l ing Strut Bearing 
(Upper Mount) 

Replacement of the strut bearing requires removal of the 
strut from the car and partial disassembly of the strut Even 
when the strut is removed from the car, the spring is preloaded, 
exerting considerable force on the ends of the strut Attempting 
to disassemble the strut without first compressing the spring is 
extremely dangerous. Read the procedure carefully. 

WARNING-
Do not attempt to disassemble the struts without a 
spring compressor that is designed specifically 
for this particular job. 

. 

CAUTION-
Do not attempt to disassemble a strut by remov
ing the upper mounting nut while the strut is still 
installed in the car. To avoid damage to other 
steering and suspension components, the strut 
must be completely .removed from the car be
fore being disassembled. 

To remove: 

1. Install a p�oper spring compressor and rel ieve the pre
load on the upper spring retainer by compressing the 
coi l  spring. 

WARNING-
Work slowly. Keep watch to make sure the spring 
comp[essor stays securely in place on the spring. 

2 .  Pry the protective cap off the top nut Holding the shock 
absorber shaft so that it cannot turn, s lowly loosen the 
top self-locking nut Remove the nut and the Washer. 

WARNING-
Do not remove the top nut from the shock ab
sorber rod until the coil spring is compressed and 
there is no spring force against the upper mount. 

NOTE -
BMW Special T ool 3 1  3 1 1 5 is an exten sion that 
temporarily threads on to the en d of the shock 
absor ber shaft to.make disassembly an d reas
sembly easier an d safer. U se of this tool is  
highly recommen ded.  

3. Lift off the strut bearing ,  the insulator, and the large 
washer. 

4. To remove the coil spring, l ift off the upper spring retainer 
and the rubber ring at the top of the spring. 

5. Release the spring compressor careful ly, letting the 
spring slowly expand to its free length. 

NOTE-

If the strut is to be disassembled for on ly a short 
tim e ,  it may be simp ler  an d more con ven ien t  to 
leave th e sprin g  compressor attached .  If so, 

make certain the com pressor is secure an d 
hand le the compressed spr in g with extreme 
caut ion .  

Installation is the reverse. of removal. Always use a new 
self-locking top nut Check the shock absorber protective tube 
and rubber bumper and replace them if they are worn or 
damaged. 



Align the ends of the coi l  spring to mate properly with the 
shoulder of the rubber ring and with the spring retainers, as 
shown in Fig. 5-7. With the spring compressed so that there is 
no pressure on the upper mounting, torque the top n ut to 65 
Nm (4 7 ft. lb.) .  

fig. 5-7. Correct assembly o f  coil spring, rubber ring, and 
spring retainer. 

Springs of different specifications are identified by a number 
stamped on the top coil ,  and may or may not be marked with 
a red stripe. Springs are matched to one of two .different size 
rubber r ings. All of these characteristics should match when 
instal l ing replacement parts. See Checking and Correcting 
Ride Height for more i nformation. 

Replacing Front Strut Shock Absorber Cartridges 

To replace the cartridges, the struts must be removed from 
the car and partially d isassembled as described in Removing 
and Install ing Strut Bearing (Upper Mount) above. With the 
strut upper mounting and the coil spring removed, loosen and 
remove the threaded collar, as shown in Fig. 5-8. The shock 
absorber cartridge can then be pulled out of the strut housing. 
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Fig. 5-S. Threaded col lar (arrow) on top of strut housing 
retains shock absorber cartridge. 

To i nstal l: 

1. Pour the old oi l from the strut housing. 

2 .  For installation of all except gas pressure shock absorb
ers, fill the strut housing with 20 to 2 5  ml (% fl. oz.) of 
ord inary engine oi l. 

CAUTlON-

The strut housing must NOT be filled with oil 
when installing gas-pressure shock absorber 
cartridges. 

NOTE ......... 

In struts fitted with con ven tion al hydraulic shock 
absorber cart ridges, the oil helps cool the shock 
absorber by tran sferrin g  heat to th e strut housin g. 
The grade of en gin e  oil is n ot critical. 

3 .  Slide the shock absorber cartridge into the strut housing 
and install the threaded collar. The correct tightening 
torque for the threaded coliar is 130 Nm (96 ft. l b.) . 

4 .  Reassemble the strut as described above in Removing .. 
and Install ing Strut Bearing (Upper Mount). � 
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Checking and Correcting Ride Height 

Ride height is measured frorn the lower edge of the wheel 
arch to the center of the bottom edge of the wheel rim ,  as 
shown in Fig .  5-9. 

Fig. 5-9. Ride height measurement is taken from bottom of 
wheel arch to edge of wheel r im. (Measure with car 
on ground and loaded. See text.) 

Table f l ists front suspension ride height specifications for 
the cars covered by this manual . These specifications apply to 
a car loaded as fol lows: 68 kg (150 lb.) on each front seat, 68 
kg ( 1 50 lb.) in the middle of the rear seat, 21 kg (4 6 l b.) in the 
trunk, and a ful l  tank of fuel. 

labie 11. Frron1l: Ride Height Specifications* 

Mode! Ride Height 

1 984-1 987 570 ± 1 0 mm 
3 1 8i ,  325, 325e (22.441 ± 0.394 in .) 

1 984-1 987 565 ± 1 0  mm 
325i (22.244 ± 0.394 in.)  

1 988-1 990 565± 1 0  m m  
all except Convertible and (22.244 ± 0.394 in .) 
M-Technic sports suspension 

1 988-1 990 570 ± 1 0  mm 
325i Convertible (22.441 ± 0.394 in . )  

1 988-1 990 550 ± 1 0  mm 
M-Technic sports suspension (21 .653 ± 0.394 in .) 

*special measurement conditions apply. See above. 

BMW offers a wide assortment of springs to accommodate 
virtuall y  any combination of "extra" weight  added by options 
and accessories. If the ride height is outside the specification, 
new springs can be selected to correct the r ide height ,  knowing 
only what springs are i nstalled and how much correction is 
needed. 

The various springs which are available are l isted in Table g ,  
Table h ,  Table i ,  and Tablej below. The springs are identified 
by a number found on the top coil .  

To use the tables, find the number of the installed springs i n  
the top row. Moving down in  that column, each spring n umber 
l isted wil l  g ive the ride height correction shown in  that row at the 
left of the table. 

For example, i n  Table g ,  if the original springs are number 1 
127282 and the ride height is too low, instal l ing springs marked 
with number 1 128 349would i ncrease ride height by 7 mm (%2 
in . ) .  Install ing springs marked with number 1 129880 would 
increase r ide height by 13 mm (V2 in . ) .  

The identifying numbers marked on the springs are not 
BMW part numbers. To get the part number for a spring with a 
red stripe, add 1 to the spring number. For springs without a 
red stripe, add 2 .  For example, if the spring is number 1 131 

937 and has a red stripe, it is BMW Part No. 1 131 938. If the 
spring is number 1 130 043 and does not have a red stripe, it 
is BMW Part No. 1 130 0 45 .  

CAUTION -

BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
an authorized BMW dealer parts department for 
the most up-to-date and accurate information. 

To change springs, remove the front suspension struts from 
the car, as described in Removing and Install ing Front Sus
pension Struts. Then remove the upper strut mount and the 
old springs as described in Removing and Installing Strut 
Bearing (Upper Mount). 

All springs are installed with a rubber ring which fits between 
the top coil and the upper spring retainer. The coi l  rests on the 
shoulder of the rubber ring. This ring comes in two thicknesses. 
The correct size depends on whether or not the spring is 
marked with a red stripe. 



Springs marked with a red stripe use a thicker rubber ring:  
the shoulder on which the spring rests is approximately 9 mm 
(% in .) thick. Springs without a red stripe use the thinner 
rubber ring:  the shoulder is approximately 3 mm (Va in . )  thick. 

NOTE-
I n  some cases, a small ride height adjustment is 
available by exch anging the rubber r ings. Re
placing the thinner r ings with thick ones wil l 
increase ride height by about 5 mm (3/16 in.). 
Replacing the thick rings with thinner ones wi l l  
reduce ride height by about 5 mm (3/16 in . ) . 

Table g. Front Coi l  Spring Applications: 1984-1986 

Installed Spring Height Correction Replacement 
(mm) Spring 

1 127935 +6 1 126 397 
+ 1 4  1 1 27279 
+20 1 126 5 16 

1 126 39 7 -6 1 1 279 35 
+8 1 127 279 
+ 1 4 1 1 26 5 16 
+ 21 1 1 27 282 

1 127 279 -1 2 1 1 27 935 
-7 1 1 26 397 
+7 1 1 26 5 1 6  
+ 1 4 1 1 27 282 
+ 20 1 1 28 349 

1 1 26 5 1 6  -1 2 1 1 26 397 
-7 1 1 27279 
+7 1 1 27282 
+1 4 1 1 28 349 
+ 20 1 1 29 880 

1 1 27 282 -12 1 127279 
-7 1 1 26 51 6 
+ 7  1 1 28349 
+ 1 3  1 1 . 29 880 
+19 1 125 341 

1 1 28 349 -12 1 1 26 5 16 
-6 1 1 27 282 
+ 6  1 1 29 880 
+ 1 1  1 1 25 341 
+ 1 6 1 1 27 503 

1 129 880 -1 1  1 1 27 282 
-5 1 1 28 349 
+ 4  1 1 25 341 
+ 9  1 1 27 503 
+ 1 5 1 1 25 726 
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Table g. Front Coil Spring. Appl ications: 1984-1986 

(continued) 

installed Spring Height Correction Replacement 
(mm) Spring 

1 1 25 341 -9 1 1 28 349 
-4 1 1 29 880 
+ 4  1 1 27 503 
+ 1 0  1 1 25 726 

1 1 27 5 03 -8 1 1 29 880 
-4 1 125 341 
+ 6  1 1 25 726 

1 1 25 726 -1 0 1 1 25 3 41 
-6 1 1 27503 

Table h. Front Coii Spring Applications: 1987-1990 

(except Convertible and models with 
M-Technic Sport Suspension) 

Installed Spring Height Correction Replacement 
(mm) Spring 

1 1 31 324 + 8  1 1 3 1  327 
+15 1 131 027 
+ 21 1 1 3 1  030 

1 1 31 327 -8 1 1 3 1  324 
+ 7 1 1 31 027 
+ 1 4 1 1 31 030 
+ 20 1 1 31 330 

1 1 3 1  027 -1 6 1 1 31 324 
-8 1 1 3 1  327 
+ 7  1 1 31 030 
+ 1 4 1 1 31 330 
+ 20 1 1 31 333 

1 1 31 030 -15 1 1 31 327 
-7 1 1 31 027 
+ 7  1 1 31 330 
+ 1 3 1 1 31 333 

1 1 3 1  330 - 1 5  1 1 31 027 
-7 1 1 3 1  030 
+ 6  1 1 31 333 

1 1 31 333 -1 4 1 1 31 030 
-7 1 1 31 333 
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Table i. Front Coi l  Spring Applications: 1987-1990 

(325i Convertible) 

installed Spring Height Correction Replacement 
(mm) Spring 

1 132 073 + 8  1 131 937 
+ 15 1 131 940 
+ 22 1 131 943 

1 131 937 -9 1 132 073 
+ 8  1 131 940 
+ 15 1 131 942 
+ 21 1 131 946 

1 131 940 -17 1 132 073 
-8 1 131 937 
+ 7  1 131 943 
+ 14 1 131 946 

1 131 943 -17 1 131 937 
-8 1 131 940 
+ 7  1 131 946 

1 131 946 -16 1 131 940 
-8 1 131 943 

Table j. Front Coil Spring Applications: 1987-1990 

(with M-Technic Sport Suspension) 

installed Spring Height Correction Replacement 
(mm) Spring 

1 130 037 + 8  1 130 040 
+ 15 1 130 043 
+ 21 1 130 046 

1 130 040 -8 1 130 037 
+ 8  1 130 043 
+ 15 1 130 046 
+ 20 1 130 049 

1 130 043 -16 1 130 037 
-8 1 130 040 
+ 7  1 130 046 
+ 14 1 130 049 
+ 19 1 130 054 

1 130 046 -15 1 130 040 
-7 1 130 043 
+ 7  1 130 049 
+ 14 1 130 054 

1 130 049 -14 1 130 043 
-7 1 130 046 
+ 7  1 130 054 

1 130 054 -14 1 130 046 
-7 1 130 049 

5.2 Control Arms 

The control arms l ink the front suspension subframe and the 
lower part of the front suspension strut. They g ive precise 
control of wheel angles yet stil l  allow the suspension to move. 
There are three mounting pOints on each control arm. See Fig . 
5-10 . The two inner mounting points-a ball joint at the front 
and a rubber bushing at the rear __ allowthe outer end of the 
control arm to pivot up and down. The third mounting point-a 
bal l joint at the outer end of the control arm-connects the 
control arm to the susperision strut. 

Fig. 5-1 0. Front suspension control arm viewed from below, 
showing inner ball joint (A) and rubber bushing (8) 
mounts, and outer ball joint (C) mount. Arrow 
points to front. 



The ball jOints are permanently lubricated and surrounded 
by a protective rubber boot. The only recommended routine 
maintenance is a periodic inspection for damage and wear. 
The rubber bushing at the rear of each arm is replaceable. The 
ball joints, however, cannot be replaced separately. If the ball 
joints are worn, the entire control arm must be replaced as a 
un it. 

Inspecting Control Arm Mounts 

The ball joints are checked for freeplay. To inspect them, l ift 
the front end of the car and support it securely on jack stands. 
Check for movement between the control arm and the mount
ing point (either the subframe or the strut housing) . See Fig. 
5- 1 1  . Even a worn joint may be stiff. Grip the top and bottom of 
the jOint with a large pl iers and squeeze to check for play. If play 
exceeds 1.4 mm (0 .05 5  i n .) ,  then the joint is excessively worn 
and the control arm should be replaced. 

Fig. 5-1 1 .  Outer control-arm ball joint. I nner ball joint is sim
i lar. Excessive play between control arm and sub
frame or suspension strut (arrow) i s  cause for 
replacement. 

To check a rubber bushing, the car must be at rest in its 
normal position on the ground. BMW defines normal position 
as loaded with 68 kg (150 lb.) on each front seat, 68 kg (150 lb.) 
i n  the middle of the rear seat, 2 1  kg (4 6 lb.) i n  the trunk, and a 
ful l  tank of fuel . Using a feeler gauge, measure the gap i n  the 
bushing as shown in Fig. 5-1 2 .  The gap should be 0.7 to 1 .7 
mm (0 .0 28 to 0 .067 i n . ) .  If not, the rubber bushing should be 
replaced as described in Replacing Control Arm Rubber 
Bushing. 
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Fig. 5-12. Control arm rubber bushing. Measure gap (A) 
with car at rest on ground and loaded. See text. 

Removing and I nstalling Control Arms 

Replacement of the control arm is the only way to correct for 
worn or damaged ball joints or a damaged control arm. Instal
lation of a new control arm also requi res a new rubber bushing,  
as the old bushing cannot be reused once it  is removed. See 
Replacing Control Arm Rubber Bushing below. 

The self-locking nuts that secure the ball jOints are meant to 
be used only once .  They should be replaced any time they are 
removed. In the procedure below, the suspension strut re
mains attached to the body at its top mounting point. 

CAUTlON -

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

I n  the procedure below, the suspension strut remains at
tached to the body at its top mounting point. 

To remove: 

1. Loosen the wheel lug bolts, then raise the front of the car m 
and support it on jack stands which are designed for the 
purpose. The front wheels should be off the ground so 
that the suspension is not bearing any weight. 

2 .  Remove the wheel . 

3 .  Remove the two bolts holding the rubber bushing 
bracket to the underbody. See Fig .  5- 13 . 
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Fig. 5-13. Bracket for rubber bushing mounts to underbody 
with two bolts. 

4 .  Disconnect the stabi lizer bar from the stabi l izer-bar con
necting l ink.  See Fig. 5-14 . 

Fig. 5-14. Nut (arrow) fastens stabi l izer bar to stabilizer-bar 
connecting l ink. Right (passenger) side shown. 

5 .  Remove the self-locking nut which fastens the ball jOint to 
the subframe. See Fig. 5-15. Using a soft-faced hammer, 
l ightly tap the ball joint to free it. 

6 .  After removing the self-locking nut, d isconnect the outer 
ball joint from the strut housing. See Fig. 5-16 . 

Fig. 5-15. SelHocking nut· (arrow) secures ball jOint to 
subframe .  

Fig. 5-16. Outer ball joint connection to  lower part of strut 
housing . (Shown with disc brake rotor and caliper 
removed) . Self-locking nut (arrow) should always 
be replaced. 

7. Remove control arm. 

Installation is the reverse of removal . Use new self-locking 
nuts on the bal l  joints. The mating surfaces should be kept 
clean and free of grease. Fastener torque specifications are 
l isted in Table k. 



Table k. Suspension Control Arm Torque 
Specifications 

Control arm ball joint 
to strut housing . . . . . . . . . . . . . . . . .  65 Nm (47 ft. lb.) 

Control arm bal l jOint 
to subframe . . . . . ....... . . . . . . .  85 Nm (61 ft. lb. ) 

Control-arm rubber-bushing 
mounting bracket . . . . . . . .  . . . .  . .• .42 Nm(30 ft. lb.) 

Stabilizer bar to link . . . . . . . . . . . . . . . .42 Nm (30 ft. lb.) 
Subframe anchor bolts 

M10 . . . . . . . . . . . . .  , . . . . . . .  , . .42 Nm (30 ft. lb.) 
M1 2 . . . . . . . . . . . . . . . . . . . . . . . . 77 Nm (56 ft. lb.) 

Replacing Control Arm Rubber Bushing 

The rubber bushing with mounting bracket is replaceable 
separately from the control arm. It is, however, a very snug fit. 
It is worth noting that BMW's method calls for special tools for 
both removal and installation . 

To remove the bushing and bracket, remove the two bolts 
holding it to the underbody, as shown above in Fig .  5-13. Then, 
using a puller, remove the bracket and bushing from the end of 
the control arm. 

NOTE -

When using a puller to remove the bracket and 
bushing , it may be helpful to first centerpunch 
the end of the control arm to give the puller a 
p lace to seat. 

Then.Jbber bushings should always be replaced in pairs, 
and the two bushings should have the same markings, indi
cating that they come from the same manufacturer. After the 
mOlJnti�g bracket is removed from the control arm as de
scribed above, the old rubber bushing is pressed out and the 
new one is pressed in .  Fig .  5-17 shows the correct orientation 
of the rubber bushing in the bracket. 

Fig. 5-17. When correctly installed in mounting bracket, ar
row on rubber bushing (arrow) is aligned with 
mark on bracket. 

SUSPENSION AND STEERING 25 

To install: 

1. Coat the end of the control arm with BMW's special 

lubricant. 

CAUTION -

BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
ah authorized BMW dealer parts department for 
the most up-to-date and accurate information. 

2 . Press the new bushing and bracket onto the arm, all the 
way to the stop. 

NOTE -

The bracket's mounting holes provide a clue. to 
the proper installation position .  When properly 
oriented, the side of the bracket with the larger 
counterbored holes faces u pward , toward the 
centering sleeves on the underbody. 

3. Immediately bolt the bracket to the underbody, torque 
the bolts to 42 Nm (30 ft. lb.) , and lower the car. 

4. Leave the car in its normal position at rest on the ground, 
loaded as described above, without moving,  for at least 
30 minutes. 

CAUTION -

Failure to fol/ow the above procedure when 
replacing control arm bushings may impair the 
car's handling and stability. 

NOTE -

After 30 minutes, the lubricant becomes inac
tive and th e rubber bushing is permanently 
located in its proper position .  

5.3 Front Whee! Bearings 

The front wheel bearings are permanently sealed and lubri
cated. They do not requ ire any routine maintenance. The 
sealed bearing and the front hub are removed and installed as 
a un it .  The bearing cannot be replaced separately. The bearing 
inner race is press-fit onto the stub axle-an integral part of the 
front strut housing'-and held in  place with a large col lar nut. 

The bearing and hub will normally be damaged as it is 
removed, and therefore cannot be reinstal led. In addition to a 
new bearing and hub, a new collar nut and a new grease cap 
are required when replacing a wheel bearing .  

tEl 
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NOTE -

I nstal l only the later, smaller volume grease cap, 
BMW Part No. 31 21  1 1 30 1 25.  This later cap 
will fit all cars covered by this manual .  It is not 
reusable. 

Removing the bearing and hub requires a puller, and instal
lation requires special tools. Read the procedure before start
ing work. If the necessary tools are not available, this work may 
be best left to an authorized BMW dealer or other qual ified 
repair shop. 

To remove: 

1 .  loosen the wheel lug bolts, then raise the front of the car 
and support it securely on jack stands. The front wheels 
should be off the ground so that the suspension is not 
bearing any weight. 

2 .  Remove the wheel . 

3. Using a thin ,  flat-blade screwdriver or a brass drift, re
move the dust cap i n  the center of the front wheel hub. 
Remount the wheel , instal l  the lug bolts hand tight, and 
lower the car to the ground . 

4. Using a chisel ,  unlock the col lar nut by breaking away 
the portion that engages the slot in  the stub axle. See 
Fig. 5-1 8. With the car on the ground, loosen the collar 
nut but do not remove it. 

Fig. 5-1 8. Collar nut locked in to front stub axle. Unlock nut by 
breaking locked portion (arrow) with chisel. 

WARNING -

Always loosen and tighten collar (axle) nuts only 
while the car is on the ground. The leverage 
required to do this could topple the car off a lift or 
jack stand. 

5 .  Raise the front end of the car, support it securely on jack 
stands, and remove the wheel .  

6. Without d isconnecting the flexible brake hose, d ismount 
the brake caliper as described in BRAKES. See Fig. 
5- 19. To avoid kinking or damaging the hose, use stiff 
wire to suspend the cal iper from the u nderbody. 

CAUTlON -

e Do not allow the caliper to hang by the brake 
line. Doing this could damage the line and cause 
later brake failure . 

• Do not step on the brake pedal or operate the 
brakes while the caliper is removed. 

NOTE -

By leaving the brake l ine attached to the cal iper 
there wi l l  be no need to bleed the brake system. 

Fig. 5-19. Front brake caliper mounting bolts (arrows) . Right 
(passenger) side shown . 



7. Using a 5 mm hex wrench, remove the countersunk 
screw that holds the brake rotor to the wheel hub, and 
remove the rotor. Also see BRAKES for i nformation on 
disassembling and assembling brake components. 

8. Remove the collar nut and, using a puller, remove the 
hub and bearing from the stub axle. 

9. If the inner race of the bearing remains on the stub axle, 
as it probably wil l ,  remove the rubber boot (dust shield) 
behind the bearing. Then use a puller to remove the 
bearing inner race. 

To install: 

1 .  Install a new rubber dust shield. 

2 .  Applying force only to the bearing's i nner race, press the 
hub and bearing onto the stub axle. 

3. I nstall a new collar nut and tighten it sl ightly. Do not try to 
tighten it to its final torque value. 

4 .  Mount the disc brake rotor with its countersunk screw. 

5. Mount the wheel and lower the car to the ground. Torque 
the collar nut to 290 Nm (21 0 ft. lb.) and bend the collar 
to lock it to the stub axle as shown in Fig. 5-1 8 above. 

WARNING -

Always loosen or tighten col/ar (axle) nuts while 
the car is on the ground. The leverage required to 
do this could topple the car from a lift or jack 
stand. 

6. Raise the front end of the car, support it securely on jack 
stands, and remove the wheel. 

7. Making sure that the flexible brake hose is not twisted or 
kinked, remount the d isc brake caliper. The correct 
mounting bolt torque is 1 1 0 to 1 23 Nm (80 to 89 ft. lb.) . 

8. Apply Loctite® 638 sealant to a new grease cap, then 
install it using a soft-faced mallet to gently drive it i nto 
place. 

NOTE -
I nstal l only the later ,  smaller volume grease cap, 
BMW Part No. 31 21  1 1 30 1 25. This later cap 
will fit al l cars covered by this manual . It is not 
reusable. 

9. Lubricate the wheel  and hub contact surface with a thin 
fi lm of mu lti-purpose grease and mount the wheel. Lower 
the car to the ground and torque the wheel lug bolts to 
1 00 ±  1 0  Nm (7 4 ±7 ft. lb.) . 
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5.4 Front>Stabil izer Bar 
The stabil izer bar is essentially a spring that helps to dis

tribute cornering loads ano reduce body rol l .  The stabi lizer bar 
only requires attention if it is broken or bent, or if the mountings 
are faulty. Deterioration of the rubber mountings may cause 
some clunking ' noise in the suspension when going over 
bumps or starting into turns. 

The one-piece stabi l izer bar is mounted to the underbody of 
the car in rubber bushings which allow it to twist. These can be 
replaced separately if necessary. The ends of the bar are 
mounted via short connecting l inks fo the control arms. The 
connecting l inks and their rubber parts are not available sep
arately. If worn, the entire l ink must be replaced. 

To remove: 

1 .  Remove the single nut on each side that fastens the bar 
to the connecting l inks. See Fig. 5-20. 

Fig. 5·20. Nut (arrow) fastens stabi l izer bar to stabi l izer bar 
connecting l ink .  R ight (passenger) side shown. 

2. Disconnect the left-side (driver's side) control-arm 
rubber-bushing mounting bracket from the underbody. 
See Fig. 5-1 3 above. 

3. Remove the mounting bolts and brackets which fasten 
the middle part of the bar to the subframe. See Fig. 5-21 . 
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Fig. 5-21 . Brackets and rubber bushings mount stabi l izer 
bar to front suspension subframe. 

To replace the connecting l inks, s imply remove the nut and 
through-bolt which fastens each link to its respective control 
arm bracket. As an altemative, remove each bracket's mount
ing nut and remove the bracket with the l ink,  d isassembling the 
two afterwards. See Fig. 5-22. 

Fig. 5-22. Stabi l izer bar connecting l ink (A) and control arm 
mounting bracket (8) . Left (driver's) side shown. 

Installation is the reverse of removal . Fastener torque spec
ifications are l isted in Table I .  

NOTE -
Installation of the bar and proper tightening of 
the mountings wi l l  be easiest with the car level 
(front wheels at the same height) ,  and as near 
normal ride height as possible. 

Table I.  Front Stabilizer Bar Torque Specifications 

Connecting l ink to bracket . . . . . . . . . . . . 22 Nm (16 ft. lb.) 
Connecting link bracket to control arm . . .  . .42 Nm (30 ft. lb.) 
Control-arm rubber-bushing 

mounting bracket . . . . . . . . . . . . . . .  .42 Nm (30 ft. lb.) 
Stabi l izer bar to connecting l ink . . . . . . . . .42 Nm (30 ft. lb.) 
Stabilizer bar mounting brackets 

to subframe . . . . . . . . . . . . . . . . . .  .22 Nm (1 6 ft. lb.) 

6. REAR SUSPENSION 

The main rear suspension components are the trai l ing arms. 
Mounted in rubber bushings at pivot points on the rear axle 
carrier, they also house the wheel bearings and serve as lower 
mounting pOints for both shock absorbers and struts. The 
l imited number of parts that normally wear can . be replaced. 
Some of these repairs requ i re speCial tools and equipment. To 
avoid starting a job that may be d ifficult to complete, p lease 
thoroughly read the entire procedure before beginning each 
repair. 

This portion of the manual covers servicing of the rear 
suspension and the drive axles. I nformation on the final drive 
and its mounting is i n  DRIVES HAFT AND FINAL DRIVE. 

6.1 Shock Absorbers and Springs 

I n  the rear suspension, un l ike the front, the shock absorbers 
and the springs are separate components. The shock absorb
ers can be simply and easi ly replaced as necessary, without 
touching the springs. The springs, if necessary, can be re
moved and installed without the need for special tools. 

Although their mounting is d ifferent, the rear shock absorb
ers function identically to the front ones. See Checking Shock 
Absorbers in 5.1 Front Suspension Struts for more i nforma
tion . 

Removing and I nstalling Shock Absorbers 

At ful l  extension,  the rear shock absorbers also l imit rear 
suspension travel .  This helps prevent damage to the drive axle 
constant velocity (CV) jOints. 

CAUTlON-
To avoid damaging the CV jOints when removing 
the rear shock absorbers, the suspension must 
remain approximately within its normal range of 
travel. It should be supported either by a stand 
under the trailing arm or by the wheel in contact 
with the ground before removing the shock abo 
sorber. 

To remove: 

1. Disconnect the lower shock absorber from its mounting 
on the trai l ing arm by removing the mounting bolt, shown 
in Fig. 6-1 .  



Fig. 6-1 . Lower mount for rear shock absorber (arrow) . 

2. I n  the trunk, partially remove the trim to expose the upper 
shock absorber mounts on each side. See Fig. 6-2. 

Fig. 6-2. Rear shock absorber upper mounting nuts (arrows) 
in trunk. Shown with tr im partially removed for ac
cess. 

3. loosen the two upper shock absorber mounting nuts. 
While supporting the shock absorber from below, re
move the mounting nuts, the shock absorber, and the 
gasket. See Fig. 6-3. 
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NOTE -

When replacing shock absorbers, it may be 
necessary to reuse the mounting hardware 
from the top of the old shock absorber. If so, 
remove the hardware by loosening the single 
nut on the end of the shock absorber shaft. 

Fig. 6-3. Rear shock absorber upper mounting viewed from 
below. Notice location of gasket (arrow) . 

Installation is the reverse of removal. Make sure there is a 
gasket between the mounting hardware and the body as 
shown in Fig. 6-3, and use new self-locking nuts on the upper 
mounts. Fastener torque specifications are l isted in  Table m .  

CAUTION-

Do not reuse self-locking nuts. These nuts are 
designed to be used only once and should be 
replaced whenever they are removed. 

Table m. Rear Shock Absorber Torque 
Specifications 

Lower mount to trail ing arm . . . . . . . 72-87 N m  (52-63 ft. lb.) 
Shock absorber to upper 
mounting bracket . . . . . . . . . . . . . .  1 3- 1 5  Nm (9- 1 1 ft. lb.) 
Upper bracket mounting nuts . . . . . .22-24 Nm (1 6-1 7 ft. lb.) 

CAUTION-

Shock absorbers should be stored upright, imitat
ing their normal installed position. If they are 
stored horizontally or upside-down for an ex
tended period, they should be placed upright at 
room temperature with shock absorber rods fully 
extended for at least 24 hours prior to installation. 
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Removing and Install ing Rear Coi l  Springs 

The springs are held in  position by the upper spring seats 
on the u nderbody and the lower spring seats on the trai l ing 
arms. They are removed simply by allowing the trail ing arms 
enough downward travel to release the springs. 

All rear springs are installed with rubber pads which fit 
between the end coils and the spring retainers. This . pad is 
available in three sizes. The correct size depends on the 
springs' color code. See Table. n. 

Table n. Rear Spring Installation Specifications 

Spring Color Rubber Pad Thickness 
Code 

None Thin 3 mm (Va in.) 

White stripe Intermediate 6 mm (V. in.) 

Red stripe Thick 9 mm (3/a in . )  

The rear springs should only be replaced in  pairs, and 
should always be replaced with springs of the same number 
and color code as those which Were removed. Note that dif
ferent models are equipped with different springs. They are not 
necessarily interchangeable. 

To remove: 

1 .  Disconnect the hangers and brackets which support the 
rear of the exhaust system,  and temporarily lower the 
exhaust system.  

CAUTION -

To avoid damaging the exhaust system, lower it 
only as far as necessary to lower the suspen
sion and remove the springs, and suspend it 
from the body using a piece of wire. 

2. Remove the rear final drive mounting bolt from the rub
ber mount, push the rear of the un it down, and wedge it 
into this lowered position using a block of wood or other 
suitable object. See Fig. 6-4. 

NOTE -
Disconnecting the mount and pushing the final 
d rive down reduces d rive axle angle.  This pre
vents damage to CV joints as trai l ing arms are 
lowered to remove springs. 

3. On cars equipped with a rear stabil izer bar, d isconnect 
the bar from its connecting l inks, or d isconnect the con
necting l inks from each trail ing arm. 

Fig. 6-4. Final drive rear mount. 

4. Disconnect the shock absorber from its lower mounting 
on the trai l ing arm by removing the mounting bolt, shown 
in Fig. 6-5. 

Fig. 6-5. Lower mount for rear shock absorber (arrow) . 

CAUTlON � 

To avoid damaging the CV joints when removing 
the rear shock absorber mounting bolt, the sus
pension must be supported before disconnect
ing the shock absorber. Lower the trailing arm 
only far enough to remove the spring. 



CAUTlON -
When using a stand or other support under the 
trailing arm, position it carefully to avoid dam
aging the brake line. 

Installation is the reverse of removal. As the spring and 
trail ing arm are being returned to .their normal positions, check 
to see that the spring is seating properly, as shown in Fig. 6-6. 

Tighten the fasteners using the torque values provided in  
Table o. Note that the stabilizer bar should b e  tightened with 
the car resting at normal ride height. See 4.3 Alignment Spec
ifications for information on BMW's definition of normal ride 
height. 

Fig. 6-6. Normal instal led position of rear coil spring. 

Table o. Rear Suspension Torque Specifications 

Final drive rubber mount to body . . . .80-87 Nm (58-63 ft. lb.) 
Lower shock absorber mount 

to trai l ing arm . . . . .. . . . .... . 72-87 Nm (52-63 ft. lb.) 
Brake caliper mounting bolts . . ... . .  60-67 Nm (43-48 ft. lb.) 
Stabi lizer bar to trail ing arm 

(tighten in normal position) . . . .. .22-24 Nm (1 6- 1 7  ft. lb.) 
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6.2 Drive Axles and Constant Velocity (CV) Joints 

Since the 3-series BMW models covered by this manual 
feature independent rear suspension and a final drive mounted 
to the underbody, the drive axles must be able to move at an 
angle, following the movement of the rear suspension.  To 
accomplish this, a constant velocity (CV) jOint is located at each 
end of each drive axle. 

A CV joint is simi lar in function to the more familiar "univer
sal" joint. The. CV joint allows for the smooth flow of power to 
the drive wheels, even though the final drive, axles and wheels 
are not precisely straight. The advantage of the more compl i
cated CV joint is that it operates more smoothly and can accept 
more radical drive axle angles than a u niversal joint. A complete 
drive axle in its installed position is shown in Fig. 6-7. 

Fig. 6-7. Drive axle and CV joints. Rubber boots (arrows) 
retain lubricant and protect joints from dirt. 

The inner CV joints are bolted to the drive flanges of the final 
drive. On the outer CV jOints, spl ined stub axles engage the 
splines of the wheel hubs and are secured by a large nut. Each 
joint is packed with a special lubricant and sealed by a rubber 
boot. 

The rubber boots retain the CV joint lubricant and protect 
the joints. The boots should be inspected periodically to see 
that they are in good condition. A damaged boot will let in  d i rt 
which wil l  very quickly destroy the jOint. The CV joints are not 
rebui ldable. If necessary, the inner joint can be replaced sep-
arately. The outer joint and the drive axle must be replaced as � 
a un it. 

� 
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Removing and I n stal l ing Drive Axles 

The large n ut securing the stub axle to the hub is very tight, 
and the stub axle is press-fit i nto the hub. Removing the stub 
axle from the hub, instal l ing it, and torquing the nut properly 
may require special tools. The inner CV joints are mounted to 
the drive flanges with i nternal-hex-head bolts which require a 
special wrench. Read the procedure carefully before starting 
work. I f  you lack the necessary tools and equipment, or a 
suitable workplace, we suggest leaving these repairs to an 
authorized B MW dealer or other qualified repair shop. 

To remove: 

1 .  With the car on the ground, pry off the dust cap in the 
center of the wheel hub, l ift out the lockplate around the 
nut, and loosen (do not remove) the nut. See Fig. 6-8. 

WARNING -

Always loosen or tighten axle nuts onlywhile}he 
car is on the ground. The leverage required could 
topple the car from a lift or jack stands. 

fig. 6-8. View of rear hub showing axle nut and lockplate 
(arrow) . 

2. Raise the rear end of the car and support it securely on 
jack stands. 

3 .  Clean around the inner CV jOint and remove the six 
internal-hex-head bolts that hold it to the drive flange. 

CAUTION -

To prevent damage to the outer CV joint, do not 
allow the inner end of the axle to hang free. Use 
stiff wire to suspend the inner end of the drive 
axle from a convenient point on the underbody. 

4. Remove the axle nut and press the stub axle out of the 
wheel hub, using a pul ler as shown in Fig. 6-9. 

Fig. 6-9. Pul ler being used to press rear stub axle from wheel 
hub to remove axle shaft 

Installation is the reverse of removal. Lubricate the i nner 
surface of the axle nut with oil . Torque the inner CV jOint 
internal-hex-head bolts to 58 to 63 Nm (42 to 46 ft. lb.) . Torque 
the axle nut to 1 95 to 21 0 N m  ( 1 44 to 1 55 ft. lb.) , and install a 
new lockplate. 

WARNING -

Always loosen or tighten axle nuts only while the 
car is on the ground. The leverage required could 
topple the car from a lift or jack stands. 



Removing and installing I nner CV Joint and 
Replacing CV Joint Protective Boots 

The CV joints and boots are serviced by removing the inner 
joint from the shaft. 

Begin either procedure by removing the drive axle as de
scribed above. Then, using a .  small punch and a hammer, 
carefully drive the covers off the joints,andfold the rubber boot 
away from the joint, inside out over the axle shaft. 

To remove the . inner CVjoint, remove the circlip holding the 
inner joint to the axle. See Fig. 6-10. While supporting the inner 
CV joint hub, press the joint off the axle.  See Fig .  6-1 1 .  I nspect 
the shaft and the splines for wear or damage. 

CAUTION -

Always install a new circlip on the .inner joint. 

B242 .SU:7.B 

Fig. 6-1 0. Circiip (arrow) securing inner CV joint to axle shaft. 
Always replace . 

CAUTION -

Do not pivot the ball hub more than 20° in the 
outer ring of the joint. The balls will fall out if the 
hub is pivoted too far. 
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Fig. 6-1 1 .  When pressing inner C V  joint from axle shaft , 
support joint on i nner hub only (arrows) . 

To replace a CV joint boot, use a complete CV jOint boot 
repair kit. The kit wil l  i nclude a new boot, clamps, lubricant, and 
a new inner CV jOint circlip. With the inner joint and the old 
boots removed, carefully slide the new boot(s) and clamps over 
the shaft. 

To reinstall the inner joint, first clean all the old l ubricant off 
the shaft spl ines and the joint's inner splines, then coat the 
splines with locking compound. Press the joint into place on 
the shaft spl ines and instal l  a new circlip. 

NOTE -

BMW recommends Loctite® No. 270 locking 
compound. Use care to keep it from entering 
the jOint and contacting the joint's balls or bal l 
g rooves. 

Pack each CV jOint and rubber boot with approximately 80 
gm (2.8 oz.) of the l ubricant . suppl ied in  the boot kit. Apply 
adhesive to the large end of the boot and mount it on the joint. 
Secure the boot with the clamps. Then apply sealer to the joint 
cover(s) and install them. 

NOTE -

BMW recommends Bostik 1 51 3  or Epple 4851 
adhesive, and Epple 39 or Curil K sealer. These 
materials or suitable equivalents are available 
from your BMW dealer. 
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I nspecting CV Joints 

The components of . each CV joint are precisely matched 
during manufacture and cannot be serviced or replaced indi
vidually. To inspect a CV jOint, clean away the grease and look 
for gal l ing, pitting and other signs of wear or physical damage. 
Any of these is cause for replacement. Discoloration due to 
overheating indic;ates lack oflubricatioll, Ajoint that is other
wise .i n good condilion may be reinst91l�d ifth9roug� lydeaned 
and repacked witll fhe proper amount ot new gr(3ase. 

NOTE -
Polished i nterior surfaces or vis ible ball tracks 
alone are not necessari ly cause for replace
ment. 

The balls and grooves allow the hub to move, but the 'parts 
should fit snugly and move only with some effort. A joint with 
obvious freeplay between inner hub, balls and outer cage 
should be replaced. 

Disassembly of the CV jOints is not normally recommended. 
If the jOint must be disassembled for cleaning, mark the relative 
positions of the inner hub, the ball cage, and the outer housing.  
Remove the bal ls one at a time, and keep track of them so that 
each can be reinstalled in its original position in the hub and 
cage. 

CAUTION -
@ The cage, housing, and balls are precisely 
matched during manufacture. When disassem
bling more than one joint, do not intermix compo
nents. 

Gl The. CV joint should go together firmly but 
smoothly. Heavy force should not be required. If in 
doubt, start over and recheck the alignment. A 
joint which is forced together incorrectly may lock 
and not come apart again. 

6.3 Rear Suspension Trai l ing Arms 

Fig . 6-1 2  shows the installed position of one of the rear 
trail ing arms. The trai l ing arms and their mounting points con
trol the position and movement of the rear wheels. A damaged 
trail ing arm or worn mounting bushings will change rear wheel 
alignment, and may adversely affect handl ing and stability. 

CAUTlON -
Do not attempt to straighten a damaged trailing 
arm. Bending or heating may weaken the orig
inal part. Replace damaged parts. 

Fig. 6-12. Rear :Suspension trai l ing arm (arrow) instal led po
sition . 

To remove a trail ing arm the rear brake l ines must be 
d isconnected, thys the brakes wi II have to be refil led with flu id 
and bled when the trai l ing arm is reinstalled . To replace a 
trai l ing arm the drive axle must be removed, and this may 
require special tools. See 6.2 Drive Axles and Constant Ve
locity (CV) Joints. 

To remove: 

1 .  Remove the drive axle as described in 6.2 Drive Axles 
and Constant Velocity (CV) Joints. 

2. Disconnect the rear brake l ines at the u nion shown i n  
Fig. 6-1 3, and drain the brake ·fluid or plug the l ine. 
Disconnect the parking brake cable, as described in 
BRAKES. 



Fig. 6-1 3. Rear brake l ine union (arrow) near rear suspen
sion trai l ing arm inner mount. 

3. Disconnect the lower shock absorber mount, lower the 
trail ing arm, and remove the bolts from the trail ing arm 
mounts, shown in Fig. 6-1 4 and Fig. 6-1 5.  

Fig. 6-1 4. Outer rear suspension trai l ing arm mount on top of  
rear axle carrier. 

SUSPENSION AND STEERING 35 

Fig. 6-1 5. Inner rear suspension trai l ing arm mount on top of 
rear axle carrier. 

Installation is the reverse of removal . When instal l ing the 
trai l ing arm mounting bolts, begin with the inner bolt. Fastener 
torque specifications are l isted in Table m and Table 0, earlier 
in  this section. Refil l  and bleed the brake system as described 
in  BRAKES. 

Removing and Instal l i ng Tra i l i ng Arm Bushings 

With the trail ing arm removed as described above, the 
rubber mounts can be removed for replacement due to wear or 
for installation of eccentric bushings to correct toe (rear wheel 
al ignment) . 

The rubber bushings are pressed i nto the trai l ing arms. 
BMW specifies special tools to remove them and to i nstall 
replacements. Each bushing has a larger d iameter shoulder on 
one end.  This shoulder always faces away from the trail ing arm. 
In  other words, the inner bushing's shoulder faces the center of 
the car, and the outer bushing's shoulder faces away from the 
car. See Fig. 6-1 4 and Fig. 6-1 5 above. 

Standard replacement bushings are concentric. They need 
not be l ined up in any particular way for installation . When 
install ing the eccentric bushings to change toe, however, their 
installed position is critical . Fig. 6-1 6 and Fig. 6-1 7 i l lustrate the 
installation of the eccentric bushings according to the markings 
on the bushings. Fig. 6-1 8 shows in g raph form the nominal toe 
change resulting from each of the d ifferent bushing i nstallation 
angles. 
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Fig. 6-1 6. Instal led angle of eccentric bushing (which deter
mines amount of toe correction) is measured from 
imaginary reference l ine (paral lel to trai l ing arm as 
shown) . 

NOTIE -

The maximum amount the bushing should be 
turned either way is 4% (90°) . 
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Fig. 6-1 7.  Examples of matching eccentric bushing instal la
tion marks to imaginary reference l ine .  A is set at 
"7".  B is set at "4%" (maximum correction) . C i s  
set  at  " 1  " .  
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Fig. 6-1 8. Nominal toe correction (mm) vs. installed position 
of trai l ing arm eccentric bushings. Notice that po
sitions for left and right side trai l ing arms are 
different. 



6.4 Rear Wheel Bearings 
The wheel bearings are permanently sealed and lubricated. 

As such, they do not require any routine maintenance. Bear
ings are serviced by replacement only, as they are normally 
damaged when removed. 

The bearing is pressed into the trail ing arm wheel bearing 
housing, and the outer race . is secured with a large circlip. The 
wheel hub is in turn . pressed into the bearing inner race, and 
held in place by the installation of the outer CV joint stub axle 
and its nut 

Removal and installation of the drive axle, the wheel hub, 
and the wheel bearing requires some special tools . . if proper 
tools are not available, this work may be best left to an autho
rized BMW dealer or other qualified repair shop. 

To remove rear wheel bearings: 

1. Remove the drive axle as described in 6.2 Drive Axles 

and Constant Velocity (CV) Joints. 

2. On models with rear d isc brakes, leave the flexible brake 
hose connected and dismount the brake caliper. See 
BRAKES. To avoid kinking or damaging the brake hose, 
use stiff wire to suspend the caliper from the u nderbody. 

CAUTION ==-
Do not allow the caliper to hang by the brake 
line. Doing this could damage the line and 
cause later brake failure. 

NOTE == 
Leaving the brake l ine attached to the caliper 
el iminates the need to bleed the brake system 
after reassembly. 

3. Remove the countersunk screw that holds the brake 
rotor or drum to the wheel hub, and remove the rotor or 
drum. Also see BRAKES for more information on brake 
components. 

4. From behind, drive the wheel hub out of the wheel 
bearing. See Fig. 6-1 9. 

5. Remove the large circl ip which holds the wheel bearing 
in  the wheel bearing housing, then drive the bearing out 

6. If the bearing inner race remains attached to the hub 
when the hub is removed, as i t  probably wil l ,  it wi l l  be 
necessary to use a pul ler  to remove the bearing inner 
race from the hub. 
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Wheel bearing 
housing-_--,f-...t:... 

Fig. 6-1 9. Trai l ing arm wheel bearing housing, hub, and 
wheel bearing .  Hub is  driven out from behind after 
removing drive axle and outer CV joint Bearing is 
pressed out after removing circl ip from wheel 
bearing housing. 

While installation is baSically the reverse of removal , some 
care is necessary to avoid damaging the new bearing. Special 
tools are required to press the bearing i nto the bearing hous
ing,  to press the hub into the bearing,  and to pul l  the spl ined 
drive axle i nto position in the hub. 

To install rear wheel bearings: 

1 .  Applying force to the bearing on the outer race only, 
press the bearing into position in the trai l ing arm wheel 
bearing housing and fit a new circlip. 

CAUTlON -

Make sure that the bearing is pressed in far 
enough to contact the shoulder at the backside 
of the housing, and that the circlip is fully seated 
in its groove. 

2. Applying force to the bearing on the inner race only, 
press the hub into position. 

3. Reinstall the drive axle.  

4. Reinstall the brake rotor or drum. On cars with rear d isc 
brakes, remount the caliper, making sure that the flexible 
brake hose is not twisted or kinked. Torque the cal iper 
mounting bolts to 60 to 67 Nm (43 to 48 ft. lb.) . 

5. Lubricate the wheel and hub contact ,u"ace ..,h a thin III 
fi lm of mUlti-purpose grease, and mount the wheel .  
Lower the car to the ground, and torque the wheel lug 
bolts to 1 00 ± 1 0  Nm (74 ± 7 ft .  lb.) . 
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7. STEERING 

The steering wheel and steering column are connected to 
the mechanical rack and pinion steering gear . by a short uni
versal joint shaft. Turning the steering wheel turns the steering 
gear pin ion which in  turn moves the rack and t ie rods to turn the 
wheels. The steering gear and tie rods are shown instal led on 
the. car in  Fig .  7�1 . 

Fig. 7-1 . Rack and pinion steering gear, operated by steer
ing whee l ,  is connected to wheels by tie rods (ar
rows) . 

The steering gear is power-assisted. Hydraulic pressure 
boosts the response of the steering gear and reduces steering 
effort. An engine-driven pump delivers power steering fluid to 
the system under pressure.  

The steering column and universal joint shaft connect to the 
steering gear pin ion via the power steering control valve, which 
controls the pressure and flow of the power steering fluid in 
response to the driver's steering inputs. 

A hydrau lic operating cylinder, bui lt i nto the steering gear 
housing, is operated by the pressurized fluid to help move the 
steering rack. Fig . 7-2 is a view of the control valve (part of the 
steering gear) and the universal jOint shaft. 

Wear and excessive play or clearance anywhere in the 
system wil l cause sloppy, loose-feel ing, and imprecise steer
ing. On cars with high mi leage, the tie rod end joints, the 
universal joints on each end of the universal jOint shaft, and the 
rubber coupl ing on the universal jOint shaft are particularly 
prone to wear. 

Fig. 7-2. Power steering control valve (arrow) is part of steer
ing gear. Universal joint shaft connects steering 
column to steering gear pinion at control valve. 

There are no provisions for either periodic l ubrication or 
adjustment of the steering gear. The steering system is ser
viced only by the replacement of worn parts. Checking and 
fil l ing power steering fluid is covered in  LUBRICATION AND 
MAINTENANCE. 

If steering requires excessive effort or lacks precise feel ,  the 
steering mechanism may not be to blame. Faulty front strut 
bearings (upper mounts) or other worn front suspension parts 
may also cause or contribute to the symptoms. Before check
ing for any suspension or steering problems, check the tires 
and tire inflation pressures. For more information, see 3. Trou
bleshooting and 5. Front Suspension. 

Supplemental Restraint System 

Some of the cars covered by this manual are equipped with 
a Supplemental Restraint System (SRS) , which automatically 
deploys an airbag to protect the driver in the event of a frontal 
impact. Crash sensors in the front of the car detect frontal 
impact and electrically ignite a powerful gas generator to inflate 
the airbag, located in the steering wheel .  

The airbag unit is l iterally a pyrotechnic device. Handled 
improperly or without adequate safeguards, the system can be 
very dangerous. Because of this danger, both BMW and the 
publisher of this manual strongly recommend that the system 
be serviced only by professional, BMW-trained technicians. 
Procedures for servicing the SRS are, therefore, not included in  
this ma.nual. 



On cars equipped with the Supplemental Restraint System, 
the fol lowing precautions must be observed, to prevent injury 
due to unwanted activation of the system:  

WARIVING-
.. Tests and installation/removal should only be 
performed by personnel with qualified training in 
BMW service . 

• The supplemental restraint system can only be 
checked electrically, in the car, and only with the 
testers specified by BMW 

@ Always disconnect the battery, cover the nega
tive terminal, disconnect both plugs from the front 
crash sensors in the engine compartment, and 
disconnect the orange SRS plug at the steering 
column to be sure that the power supply to the 
gas generator is interrupted prior to any work on 
the SRS, any body straightening, or any electric 
welding. 

II) Never .treat the airbag unit with cleaning solu
tions or grease. 

® Never subject an airbag unit to temperatures 
above 212DF (100DC). 

II) Never install airbag units, crash sensors, or SRS 
electronic units which have been dropped from a 
height of '12 meter (1 '/2 ft.) or more. 

ili ff  an airbag has been activated, all components 
must be replaced. The wiring harness, if it is 
undamaged, may be reused. 

II) Cars which are to be scrapped must have the 
gas generator rendered unusable prior to scrap
ping. Consult an authorized BMW dealer service 
department for the proper procedure. 
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7. 1 Steering Column 

The. steering column connects the steering wheel to the 
steering gear. The column is supported by the steering column 
housing which is fastened to the instrument panel (by shear
boltsjand to the. firewall .  Several accessory switches are .also 
mount�d on the steering column housing. The steering column 
housing and its firewall mounting point are shown in  Fig. 7-3. 

Fig. 7-3. Firewall mounting point for steering column hous
ing. Clamp attaches steering column housing to 
f irewall mount. 

Removal and installation of the steering column switches, 
including the windshield wipers and washers, the turn signals, 
and the head light high beam switch, are covered here. For 
information on the e lectrical functions and troubleshooting of 
these switches, see ELECTRICAL SYSTEM. 

Removing and Instal l ing Steering Wheel 

The steering wheel must be removed for access to the 
steering column switches and the ign ition switch. The steering 
wheel is he ld in  place with a self- locking nut which should 
always be replaced. 

To remove: 

1 .  Disconnect the battery negative ( - ) terminal. 

2 .  Use a small screwdriver to gently pry up the center cover 
(the BMW emblem) .  Center the wheel and mark its m 
position relative to the steering column shaft, so that it 
can be properly aligned when reinstalled. See Fig. 7-4. 
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Fig. 7-4. Large nut secures steering wheel to steering col
umn. Mark wheel and steering column shaft prior to 
removal to ensure proper al ignment for reinstal la
t ion. 

3. Holding the steering wheel, remove the nut and washer 
that hold it to the steering column. 

4. I nsert the ignition key into the ignition switch. Turn the 
key to the first position to un lock the ignition lock. Do not 
switch on the ignition. 

5. Pull the steering wheel straight off the steering column, 
and d isconnect the wiring from the horn pad or pads. 

Installation is the reverse of removal. If it is necessary to 
realign the steering wheel with the steering column spl ines, or 
if a new, unmarked steering wheel is being installed ,  first make 
sure that the marks on the steering gear shaft and the steering 
gear housing are aligned, as shown in  Fig. 7 -S. Then instal l the 
steering wheel . Torque the nut to 80 Nm (S8 ft. lb.) .  

NOTE -

In some cases, sl ight i nterference between the 
steering column housing and the instal led 
steering wheel may cause noise. To solve this 
problem, BMW makes a washer available which 
can be instal led between the steering wheel 
and the collar on the steering column (under the 
steering wheel) . I nstall BMW Part No. 07 1 1  9 
932 650. If the problem persists, install the 
thicker washer, BMW Part No. 32 31 2 682 1 44. 

CAUTlON -
BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
an authorized BMW dealer parts department for 
the most up-to-date and accurate parts 
information. 

Fig. 7-5. Marks on steering gear housing al ign as shown 
when steering gear is centered and front wheels are 
in straight-ahead position. 

Removing and I nstal l i ng Steering 
Column Switches 

For access to the turn signal/headl ight flasher switch, and 
the windshield wiper/washer switch, remove the lower left-side 
i nstrument panel trim ,  as i nd icated in  Fig . 7-6, and the lower 
steering column trim panel ,  shown in Fig. 7-7. 

Fig. 7-6. Tum fasteners (arrows) % tum counterclockwise to 
release lower left-side instrument panel tr im for 
access to i nstrument column. 



Fig. 7-7. Remove four screws (arrows) to release lower 
steering column trim panel for access to switches 
on steering column. 

Each switch is fastened to the steering column with screws, 
as shown in Fig. 7-8. The lower screws are also ground wire 
connections. To remove a switch, remove the two screws on 
that side of the steering column and d isconnect the appropriate 
wiring harness connectors. Fig. 7-9 shows the main harness 
connector cluster for all steering column wiring on 1 989 mod
els. Other models are simi lar. Installation is the reverse of 
removal. 

Fig. 7-8. Screws fasten steering column switches (A) and 
ground wires (8) . 
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Fig. 7-9. Main harness connector cluster for steering column 
wiring. Connector snaps into bracket (arrow) on top 
of column housing. ( 1 989 model shown) . 

Replacing Ignition Switch/Steering Lock 

The ignition switch snaps i nto p lace on the steering lock 
housing,  on the end opposite the lock cylinder. The ignition 
switch and switch harness can be removed from the back of 
the ignition lock by using a small screwdriver to release the 
spring catch.  

To remove the ignition/steering lock cyl inder insert the key 
and work through the small hole to release the lock. On 
1 984-1 986 models, the lock can be released by pressing in  
with a small screwdriver as the key is turned, as shown i n  Fig. 
7-1 0. 

On 1 987-1 990 models, turn the key clockwise 600 and 
insert a 1 .2 mm (0/64 in.) diameter wire into the hole in the lock 
cylinder to release the lock. 
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Fig. 7-1 0. Screwdriver inserted in small hole (arrow) wil l  re
lease ignition/steering lock on older (1 984-1 986) 
models. Newer models are similar. See text. 

Removal of the steering lock mechanism from the steering 
column is more i nvolved. With the trim and the steering column 
switches removed as described above, remove the collar, the 
snap r ing, the washer, the spring,  and the plastiC sleeve, in  that 
order, from the end of the steering column. Then, use two 
screwdrivers to pry up the upper steering column bearing. See 
Fig. 7-1 1 .  With the electrical harness connectors disconnected, 
chisel off the head of the shear bolt. Then remove the steering 
lock mechanism from the steering column. 

Installation is the reverse of removal . The new shear bolt is 
BMW Part No. 32 3 1  1 1 54 1 76. Tighten it until the head shears 
off. If the lock mechanism is being replaced, remove the carbon 
contact, shown in Fig. 7-1 1 ,  from the old mechanism by dri l l ing 
out the rivets, and i nstall it on the new mechanism. Screws, 
washers, and n uts for this purpose are available from your 
authorized BMW dealer. 

CAUTUON -

BMW part numbers are provided for reference 
only and are subject to change. Always rely on 
an authorized BMW dealer parts department for 
the most up-to-date and accurate parts informa
tion. 

Fig. 7-1 1 .  Collar, spring ,  upper bearing (A) and related parts 
must be removed for access to steering lock 
mechanism. Shear bolt (8) fastens ignition/steer
ing lock mechanism to steering column housing. 
Carbon contact is for horn. 

7.2 Steering Gear and Tie Rods 

I n  the rack and pinion steering gear, the steering pin ion 
translates rotating motion of the steering wheel i nto the side
to-side motion of the steering rack, which is essentially a long, 
straight gear. Tie rods connect the ends of the steering rack to 
the steering arms on the front suspension struts, near the 
wheels. 

The inner and outer tie rod ends are ball-jointed to combine 
preCise steering with the flexibi l ity necessary to accommodate 
suspension movement. Rubber boots protect the joints and 
retain lubricant. Other than periodic inspections for wear or 
damage, the joints require no maintenance or additional 
lubrication. 



Parts of the · steering mechanism are fastened · with self
locking nuts. To guard against hydraulic leaks when servicing 
the hydraulic fluid l ines, the sealing washers should always be 
replaced. Note too that adjustment or replacement of tie rods 
wil l  always affect whee l alignment. A wheel al ignment should 
be .included as the final step in any .such repair work. 

CAUTlON -
Do not reuse self-locking nUts. These nuts are 
designed to be used only once .and should be 
rep/aced whenever they are removed. 

inspecting Tie Rod! Bail Joints 

Two areas are most important when inspecting tie rod ends 
and their protective boots. Look for wear and excess play in  the 
tie rod ball joints, and look for damage to the boots which will 
al low dirt to get in and cause them to wear faster. 

Checkthe condition OUhe innertie rod boots and the small 
rubber boots that protect the outer tie . rod end · ball joints. 
Cracked or ripped inner tie rod boots can be replaced sepa
rately,. perhaps prolonging the l ife of the tie rod end. Damage to 
the outer tie . rod boots requires replacing the tie rod or the tie 
rod end. 

Inner tie rod boots can. be replaced without removing the tie 
rod from the steering rack, and re-alignment is not necessary 
as long as tie rod length is unchanged. D isconnect the outer tie 
rod end from the steering arm. Use a pul ler to avoid damaging 
the threads. Remove the boot clamps and sl ide the boot off 
over the outer tie rod end. Installation is the reverse of removal. 
TorqLJe the tie rod encl self-locking nut to 36.5 ::t 3.5 Nm 
(26.5 ::t 2.5 ft .  lb.). 

To i nspect the tie rod ends, raise the car and support it 
securely on jack stands. Grasp the tire firmly and check for play 
between the steering rack and the tie rods at the inner tie rod 
ball joints (under the boot) , or between the tie rod ends and the 
steering arms. 

At the four  tie rod ball joints, inner and outer, there should be 
l ittle or no lateral play. Any tuming motion of the wheel should 
be translated d irectly to the steering gear with no freeplay in 
between. At the outer tie rod ends, there should be no vertical 
freeplay. Try forcing the mating parts in opposite d irections and 
looking for free play. See Fig. 7-1 2. Replace any worn tie rod, as 
described in Replacing and Adjusting T ie Rods. 
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Fig. 7-1 2. Inspecting tie rods. There should be no noticeable 
play (arrows) between mating parts. 

Replacing and Adjusting Tie Rods 

Use a pul ler to disconnect outer tie rod ends from the 
steering arms. Remove the clamps that hold the t ie rod boots 
to the steering gear housing, and sl ide the boots back over the 
tie rod to expose the inner tie rod end. 

To disconnect the inner tie rod end from the steering rack, 
first bend open the folded tabs of the lockplate. See Fig. 7-1 3. 
Then, turn the steering so that the tie rod end is up against the 
steering gear housing and there is just enough room for a 
wrench. Loosen and remove the tie rod. 

Ftg. 7.1 3. Icc," II, ",d eo' ball ;oiet acd le'kpl", reb oe • 
lockplate (arrow) fits i nto notch on steering gear 
housing. (Shown with protective boot pul led 
back) . 
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I nstallation is the reverse of removal. When replacing a tie 
rod, loosen the clamping bolt and adjust the new part to match 
the old, using a measuring tape to compare their lengths. This 
way the tie rod adjustment (toe-in) with the new part wil l be 
approximately correct. Recheck toe as part of a wheel align
ment after the job is complete. See 4.2 Alignment. 

Use a new lockplate to secure the inner tie rod ends to the 
steering rack, as shown in Fig. 7-1 3  above. Bend the edges of 
the lockplate to lock the tie rod end nut i n  p lace. Use a new 
self-locking nutto fasten the outer tie rod end ball joint to the 
steering arm. Torque it to 36.5 ± 3.5 Nm (26.5 ± 2.5 ft. lb.) . 

Removing and Install ing Steering Gear 

If the steering gear requires repair or replacement, it is most 
easi ly removed as a unit. As this is written, i nternal seals and 
gaskets, avai lable as a set, are the only repair parts available 
from BMW. 

To remove: 

1 .  Remove the nut and bolt which secure the universal joint 
shaft to the steering gear (pinion shaft) , and loosen the 
upper nut and bolt. See Fig. 7-1 4. 

Fig. 7-1 4. Steering universal joint shaft with universal joints 
and rubber coupl ing. Lower bolt (A) fits in slot on 
steering gear pinion shaft and must be completely 
removed. Loosen upper bolt (8) to aid removal of 
universal joint shaft. 

NOTE -

If the rubber coupl ing or either of the u niversal 
joints is worn or defective, the entire universal 
jOint shaft should be replaced. 

2. Using a large syringe, a hand pump, or other suitable 
method, empty the power steering flu id reservoir in the 
engine compartment. 

3. Disconnect the pressure l ine from its connection at the 
steering control valve. See Fig. 7-1 5. Disconnect the fluid 
return l ine (to the reservoir) from the steering gear. 

NOTE -

It may be helpful at this point to mark the l ines 
for identification during  reassembly. 

Fig. 7-1 5. Power steering pressure l ine connection (arrow) at 
steering control valve. 

4. Disconnect the outer tie rod end joints from the steering 
arms, as described in ReplaCing and Adjusting Tie 
Rods. 

5. Remove the steering gear mounting bolts and n uts and 
remove the steering gear. See Fig. 7-1 6. 



Fig. 7-1 6.  Mounting bolts (arrows) and self-locking nuts 
mount steering gear to front suspension sub
frame. Always replace self-locking nuts. 

Installation is the reverse of removal. Make sure that the 
steering gear is centered, as shown in Fig. 7-5 above. Use new 
self-locking nuts on the universal joint shaft, the tie rod ends, 
and the steering gear mounting bolts. Use new sealing wash
ers on the power steering pressure l ine connection to the 
steering gear. Fastener tdrque specifications are l isted in Table 
p. Refil l  the power steering system with new flu id and bleed the 
air from the system as described in 7.3 Power Steering Pres
sure System.  

Table p.  Steering Gear Torque Specifications 

Hydraulic l ine (pressure) connection 
to steering gear . . . . . . . . . . . . . . . . .40 Nm (29 ft. lb.) 

Steering gear to front 
suspension subframe . . . . . . . . . . . . . .  .42 Nm (30 ft. lb.) 
Tie rod end self-locking nut . . .  36.S ± 3.S Nm (26.S ± 2.S ft. lb.) 
Universal joint shaft clamping bolts . . . . . .  .22 Nm ( 1 6 ft. lb.) 
Universal jOint shaft coupling . . . . . . . . . . .22 Nm (1 6 ft. l b.) 

CAUTION -

Do not reuse power steering fluid which has 
been drained from the system. 

If necessary, the steering column (shaft) can also be re
moved once the universal jOint shaft is out of the way. Remove 
the steering wheel as described in 7.1 Steering Column. 
Remove the parts which secure the upper end of the steering 
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column and the upper steering column bearing, as described 
in  7.1 Steering Column. Then pul l  the steering column down 
sl ightly out of the lower bearing and remove the simi lar snap 
ring,  col lar, and ring from the lower end of the steering column. 
Remove the steering column from the top. 

7.3 Power Steering Pressure System 

This heading covers the hydraulic pressure portion of the 
power steering system.  I nformation on adjusting or replacing 
the power steering pump V-belt is fou nd in  LUBRICATION 
AND MAINTENANCE. 

Fi l l ing and Bleeding 

Checking and correcting the f lu id level i n  the f lu id reservoir 
is covered in LUBRICATION AND MAINTENANCE. The layout 
of the system ensures that, under normal conditions, any 
trapped air escapes from the fluid in operation. If, however, the 
system is being refil led after being drained or to compensate 
for severe leaks, it may be necessary to del iberately b leed 
unwanted air from the system.  Air in the system may cause 
noisy and inconsistent operation. 

To bleed the system,  make sure the f lu id level i n  the reser
voir is at the MAX mark, as shown in LUBRICATION AND 
MAINTENANCE, and start the engine. With a helper, turn the 
steering wheel back and forth from ful l  left to ful l  right, gradually 
adding flu id to the reservoir as the level drops. When the fluid 
level remains constant, continue turning the steering wheel 
until no more air bubbles appear in the reservoir . Add fluid u ntil 
the fluid level is at the MAX mark. Replace the cap gasket if it is 
damaged. 

NOTE -
Total fluid volume in the power steering hydrau
l ic system is approximately 1 200 ml  (40 fl .  oz.) . 

Pressure Testing 

The power steering pump is tested by measuring its output 
pressure, using a pressure gauge instal led i n-l ine, as i l lustrated 
in Fig. 7-1 7. The pressure gauge requires a range that is 
adequate to measure the pump's rated pressure of 1 1 0-1 20 
bar ( 1 565-1 705 psi) , and a valve between the gauge and the 
pressure line to the steering gear. Connect the gauge, with the 
valve open, between the pump and the pressure hose. Use 
new seal ing washers to avoid leaks and ensure an accurate 
measurement, and torque the connections to 40 Nm (29 ft. lb.) . � 
Center the steering.  Start the engine and let it idle. � 
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To test the pump, close the valve for n o  more than ten 
seconds, quickly read the pressure, then open the valve. With 
the valve closed, the pressure should rise to at least 1 00 bar 
(1 470 psi) . If not, the pump should be replaced. 

CAUTlON -

The valve should be closed for no more than 10  
seconds. A longer test risks damaging the steer
ing gear, the pump, and/or the V-belt. 

Valve 

.Pressure 
gauge 

Pressure l ine---+
(disconnected from 
steering gear 
control valve) 

Gauge l ine (connects to open port 
on steering gear control valve, 
in place of pressure l ine) 

B244.SUS. g, 

Fig. 7-1 7. Pressure gauge set-up for measuring power 
steering pump pressure . D isconnect original 
pressure l ine from steering gear and connect to 
gauge as shown. Connect gauge line to open 
pressure l ine connection on steering gear. 

To test system pressure, leave the gauge valve open and 
have a helper turn the steering wheel ful l  r ight and ful l  left, 
holding it in each position for about 5 seconds. BMW recom
mends applying a force of 1 00 N (22 lb.) to the wheel, mea
sured with a force gauge. At each position, the pressure with 
the valve open should equal the pump pressure measured 
above. Lower pressure during this test indicates i nternal leaks, 
and the steering gear should be overhauled or replaced. 

Power Steering Pump 

The powerstElering pump is  mounted on a bracket attached 
to the engine block. The pump, mounting brackets, and belt
tensioner are. shown in Fig. 7-1 8 and Fig. 7-1 9. For i nformation 
on V-belt adjustment or replacement, see LUBRICATION AND 
MAINTENANCE. 

Fig. 7-1 8. Power steering pump mounting bolts (arrows) . 

Fig. 7-1 9. Power steering pump belt tension adjuster (ar
row) . 

When install ing the power steering pump, torque the mount
ing bolts to 22 Nm ( 1 6 ft. lb.) and the hose connections (banjo 
bolts) to 40 Nm (29 ft. l b. ) . 



8. TECHNICAL DATA 

I. Tightening Torques 

Connecting l ink to bracket . . . . . . . . 
Connecting l ink bracket to control arm . 
Control arm ball joint to strut (locknut) . 
Control arm ball joint to subframe (locknut) . 
Control arm rubber bushing 

.22 Nm (1 6  ft. lb.) 

.42 Nm (30 ft. lb.) 

.65 Nm (47 ft. lb.) 

.85 Nm (61 ft. lb.) 

(bracket to underbody, bolts) . . . . . . . .  .42 Nm (30 ft. lb.) 
Final drive rubber mount to body . . . .80-87 Nm (58-63 ft. lb.) 
Front brake caliper to 

suspension strut (bolt) . . . . . . . . 1 1 0- 1 23 Nm (80-90 ft. lb.) 
Front strut mounting n uts (top) . . . . . . . . . .  22 Nm (1 6  ft. lb.) 
Front shock absorber cartridge 

threaded collar . . . . . . . . . . . .  1 30 ± 1 3  Nm (94 ± 9 ft. lb.) 
Front shock absorber top nut . . .  . . .  65 ± 6  Nm (47 ± 5  ft. lb.) 
Front wheel bearing collar 

(axle) nut . . . . . . . . . . . . . .290 ± 29 Nm (21 0  ± 21  ft. lb.) 
Power steering pressure l ine 

to steering gear . . . . . . . . . . . . . . . . .40 N m  (29 ft. lb.) 
Rear brake caliper to 

wheel bearing housing (bolts) . . . . .  60-67 Nm (43-48 ft. lb.) 
Rear shock absorber to trail ing arm . . . 72-87 Nm (52-63 ft. lb.) 
Rear shock absorber to upper 

mounting bracket . . . . . . .  . . . .  . 1 3-1 5 Nm (9-1 1 ft. lb.) 
Rear stabil izer bar to trail ing arm 

(tighten in  normal position) . . . . . . .22-24 Nm (1 6- 1 7  ft. lb.) 
Stabilizer bar to connecting l ink . . . . . . . . . .42 Nm (30 ft. lb.) 
Stabi lizer bar mounting brackets to subframe . .22 Nm (1 6  ft. lb.) 
Steering gear to front suspension subframe . .42 Nm (30 ft. lb.) 
Subframe anchor bolts 

M 1 0  . . . . . . . . . . . . . . . . . . . . . .  .42 Nm (30 ft. lb.) 
M 1 2  . . . . . . . . . . .77 Nm (56 ft. lb.) 

Tie rod end locknut . .  . . . . .  36.5 ± 3.5 Nm (26.5 ± 2.5 ft. lb.) 
Universal joint shaft clamping bolts . . . . . . . .22 Nm (1 6  ft. lb.) 
Universal joint shaft coupling . . . . . . . . . . . 22 Nm (1 6  ft. lb.) 
Upper bracket to body (nuts) . . . . . . .22-24 Nm ( 1 6- 1 7 ft. lb.) 
Wheel lug bolts . . . . . . . . . . . . .  1 00 ± 1 0  Nm (74 ± 7 ft. lb.) 
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80dy and I nterio.r 

Introduction 

The BMW 3 1 8  and 325 have un it construction steel bodies that are exceptionally strong and 
l ight. Their l ightness contributes greatly to the outstanding performance and fuel economy of 
the cars. Because very few screws and bolts are used i n  assembling the body, fewer rattles are 
l ikely to develop. The ride is quieted further by the application of sound-dampening material to 
the floor plates and the body panels. 

During manufacture, the various body panels, subassemblies, and a number of smaller 
pressed-steel panels and plates are joined by electric welding.  Although all body panels are 
available as replacement parts, most of these replacement panels must be butt-welded to the 
body after the damaged panels have been cut away. This work should be left to an experienced 
body repair technician . 

The front fenders, however, are bolted to the main body structure and can be easi ly and 
economically replaced in the event of damage. The hood, the gri l le, the doors, and the trunk 
l id are also removable. These bolt-on components are easi ly replaced even i f  you have l ittle or  
no knowledge of  auto body repair. 

Also covered in this section is the ventilation and heating system.  Electrical repairs to the 
i nstrument cluster, i ncluding the gauges and l ights, are covered in  ELECTRICAL SYSTEM. 

Care of the body, trim, upholstery, and windows is described in LUBRiCATION AND MAIN

TENANCE . 

If you lack the ski l ls, speCial equipment, or a suitable workshop for extensive body repairs, 
we suggest that you leave this work to an authorized BMW dealer or other qual ified repai r shop. 
We especially urge you to consult a BMW dealer before beginn ing repairs on a vehicle that may 
be subject to BMW's warranty coverage. 
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1 .  GENERAL DeSCRIPTION 

1 . 1 I nstrument Panel  and Instrument Cluster 

The padded instrument panel houses the instrument cluster 
and the ventilation and heating system. It is fastened to the 
body and can be removed using ordinary hand tools. The 
i nstrument cluster is removable as a u nit without removing the 
instrument panel. All electrical repairs to the instrument cluster 
are covered in ELECTRICAL SYSTEM. 

1 .2 Seats, Seat Belts, and I nterior 

The front seats are mounted to the floor. Rear seats are 
bolted to the body and are easi ly removed for access to the rear 
seat belt mountings. The seat belts are typical three-point belts 
that cross the hips and the shoulder. All interior trim is easi ly 
removed using ordinary hand tools. 

1 .3 Venti lation, Heating, and Air Conditioning 

Fresh a i r  continuously enters the car at the a i r  i ntake, lo
cated at the base of the windshield in the body cowl. I nterior air 
exits through vents located in the side panels of the luggage 
compartment and through slots at the base of the rear window. 
The incoming air can be either heated or cooled as it flows 
through the i ntegrated heating and air-conditioning system 
contained in the heater box located behind the instrument 
panel. A fresh air blower assists air flow. 

The heating system is a blend system with controlled cool
ant flow through the heater core. In a blend system, tempera
ture is regulated by a blending flap. See Fig. 1 -1 .  The flap 
controls the amount of fresh air that passes through the heater 
core before it enters the passenger compartment. Coolant flow 
through the heater core is regulated by an solenoid valve that 
is controlled by the dash-mounted temperature control .  Air flow 
to the windshield and to the footwells of the passenger com
partment is control led by two additional flaps in the heater box. 

On cars with air conditioning, the fresh air can first be cooled 
and dehumidified by the evaporator. A portion of the air can 
then be directed by the blending flap through the heater core 
to maintain the desired temperature. In very hot conditions the 
interior air can be recirculated for maximum cooling. 

1.4 Body 

The body is of welded, unitized construction, meaning it 
does not have a separate frame. This design forms a very rigid 
passenger compartment, with large crumple zones in  the front 
and rear for energy absorption in the event of a coll ision. 

Coolant inlet (from engine to heater core) 

drain 

Fig. 1 -1 .  Schematic view of heating and air conditioning sys
tem .  

For corrosion protection,  a l l  steel is treated and has a mu lti
layer finish. The body seams are then sealed using a PVC 
compound. The front fenders are flanged to allow trapped 
moisture to evaporate. The body is u ndercoated and all i nterior 
cavities are flooded with a rust preventative sealant. 

2. MAINTENANCE 

BMW specifies the maintenance steps below to be carried 
out at particular time or m ileage intervals for proper mainte
nance of body and i nterior components. A number in bold type 
i ndicates that the procedure is covered in this section,  u nder 
that numbered heading. I nformation on other body and i nterior 
maintenance and on the prescribed maintenance intervals can 
be found in LUBRICATION AND MAINTENANCE. 

1 .  Lubricate door h inges 

2. Check headl ight and driving l ight aim. 6.1 

3.  Clean and l ubricate sunroof slide rai ls. 7 

4. Check air conditioner function and refrigerant charge. 9 

5. Check seat belts. 4.5 

6. Check windshield wiper/washer system 

7. Check wiper blade condition 



3. TROUBLESHOOTING 

Because the components and assemblies covered in this 
se.ction varyvvidely, specific tr()ubleshootin� is covered with the 
repair information inthis section. For more help when trouble
shooting electrical problems, se� ELECTRICAL SYSTEM, or 
see the discussion of troubleshooting in FUNDAMENTALS at 
the beginning �f the manual . 

4. INTERIOR 

This section covers the removal and replacement of i nterior 
components. Repairs to i nterior electrical components are de
scribed i n  ELECTRICAL SYSTEM. I nformation on interior door 
trim ,  door locks, window controls, and other mechanical parts 
of the door are covered in 5. Doors. 

4.1  I nstrument Cluster and I nstrument Panel 

This heading covers the removal and installation of instru
ment panel components and related trim.  

Removing and I nstal l ing I nstrument Cluster and 
Instrument Panel Tri m  

The instrument c luster and other instrument panel trim can 
be removed using ordinary hand tools and without removing 
the instrument panel. 

To remove instrument Cluster: 

1 .  Disconnect the negative ( - ) cable from the battery. 

2. Remove the. steering wheel as described in SUSPEN
SION AND STEERING. 

WARNING -
Some of the 1990 cars covered by this manual are 
equipped with a Supplemental Restraint System 
(SRS) that automatically deploys an airbag. The 
airbag unit uses a pyrotechnical device to electri
cally ignite a powerful gas. On cars so equipped, 
any work involving the steering wheel should only 
be performed by an authorized BMW dealer. Per
forming repairs without disarming the SRS may 
cause serious personal injury. 

3. Remove the lower-left instrument panel trim by removing 
the screws indicated in Fig. 4-1 . 

4. Remove the instrument trim panel shown in Fig. 4-2 by 
removing the two knurled nuts from behind the panel . 
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Fig. 4-1 . Retaining screws (arrows) to be removed from left
side instrument panel trim .  

Fig.  4-2. I nstrument t r im panel (1 )  to be removed by remov
ing two knurled nuts from up behind panel (A) . 

5. Remove the instrument cluster trim plate by removing 
the retaining screws shown i n  F ig .  4-3. 

6.  Remove the two instrument cluster retaining screws in
dicated in Fig. 4-4, then pul l  the cluster out sl ightly. 
Disconnect the electrical connectors from the back of the 
cluster and remove the cluster. 

• 
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Fig.  4-3. I nstrument c luster t r im plate retaining screws (ar
rows) to be removed. 

Fig. 4-4. Instrument c luster retaining screws (arrows) to be 
removed. 

To remove shift console: 

1 .  Disconnect the negative ( - ) cable from the battery. 

2. Remove the lower-left instrument panel trim as shown i n  
Fig. 4-1 above. 

3. Remove the parking brake handle trim by l ifting out the 
ashtray and removing the screw shown in Fig. 4-5. Pul l  
the tr im back sl ightly to disengage the tab at the front and 
l ift it off the brake handle. 

Fig. 4-5. Screw under ashtray (arrow) that secures parking 
brake handle trim .  Remove screw and pull tr im 
back sl ightly to release at front. 

4. On cars with manual transmission, pul l  the shift knob up 
and off the shift lever, and then remove the shift boot. 

5. On cars with automatic transmission, pry out the selector 
lever trim plate, remove the two screws shown in Fig. 4-6, 
and then remove the sh ift lever trim panel .  

Fig.  4-6. Screws to be removed (arrows) for removal of shift 
lever trim panel .  

6. Remove the i nsulation material and then remove the 
console mounting nut, shown in Fig. 4-7. 



Fig. 4-7. Console mounting nut being removed. 

7. Pry out the eleCtric window switches, the heated seat 
switChes, and the automatic transmission switch, where 
applicable, and d isconnect the wiring connectors. 

8. Remove the ashtray and Cigar l ighter console by remov
ing the two screws shown in Fig. 4-8, and then d iscon
nect the wiring.  

Fig. 4-8. Ashtray console retaining screws (arrows) . 
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9. Remove the screw u nder the l ip  of the heater controls, 
shown in Fig. 4-9, and turn the console retainers on 
either side as shown in Fig. 4-10.  Remove the shift 
console by pul l ing it out to the rear. 

Fig. 4-9. Shift console mounting screw (arrow) under l ip  of 
heater controls. 

Fig. 4-1 0. Console retainer. To unlock, turn 90° (% turn) 
counterclockwise. Remove retainers from both � 
sides. � 
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To remove glove box: 

1 .  Open the glove box and d isconnect the retaining straps 
by pushing out the securing p ins. See Fig. 4-1 1 .  

Fig. 4-1 1 .  Glove box retaining strap with pin partially re
moved (arrow). Remove pins from both sides. 

2.  Close the glove box and remove the screws that hold it 
to the body. The screws are located beneath the back of 
the glove box. 

3. Lower the glove box slowly while d isconnecting the l ight 
wiring from the side of the glove box. 

NOTE -
When install ing the glove box, it may be nec
essary to loosen the striker plate screws and 
adjust the plate up or down so that the lock fully 
engages. 

Removing and Instal l ing Instrument Panel 
This heading describes the · general steps necessary to 

remove the instrument panel. The instrument panel is held to 
the body by six bolts, two on each end and two underneath 
attached to brackets. It wil l be helpful to label all wires when 
disconnecting them to ensure correct reinstallation. 

To remove and install: 

1 .  Remove the instrument cluster, instrument panel trim,  
shift console, and glove box as described above. Addi
tional tr im at the top and left side of the passenger 
footwel l  must also be removed. 

2. Disconnect the wiring from the instrument panel 
switches. In some cases it is necessary to. pry out the 
s'Nitch first. Also d isconnect and remove the fuel i njection 
control un it as described i n  FUEL SYSTEM. Remove 
the radio as described in �.2 Radio and An!enna. 

3 .  Remove the Wiripg and cables
. 
�rom the heater controls 

as described in 4.4 Heater and Controls and remove 
the controls. 

4. Remove the interior A-pi l lar trim above the ends of the 
instrument panel by prying back the edge guard . 

5. Remove the steering column trim,  switches, and levers 
as described in SUSPENSION AND STEERING. 

6. Locate and u ndo al l plastic ties that hold the instrument 
panel and radio wiring harnesses to the i nstrument 
panel .  

7. Remove the instrument panel mounting bolts. Make one 
last check for any installed bolts or wires that may sti l l  be 
connected, then carefully pull out the i nstrument panel . 

Installation is the reverse of removal. Make sure the ventilation 
air ducts are fully seated in the instrument panel before i nstal
lation, and that the cruise control lever engages both tabs when 
installed on the steering column.  

4.2 Rad io and Antenna 

Factory installed radios are he ld i n  place by clips on either 
side of the radio. On early models, the clips can be released by 
inserting stiff wire hooks i nto the access holes in the radio's 
face plate. The special wire tools are avai lable from an autho
rized BMW dealer or from a specialty car stereo shop. See Fig. 
4-1 2. On later models, the cl ips are released by backing out the 
i nternal-hex head screws. See Fig. 4-1 3.  Whenever removing 
or install ing the radio, always d isconnect the battery negative 
( - ) cable. 

Fig. 4-1 2. Access holes (arrows) for retaining cl ips of early 
BMW radios. Release cl ips by i nserting stiff wire in  
holes. 



Fig. 4-1 3. Access hole (arrow) for internal-hex head screw 
used to retract retaining cl ip on late model BMW 
radios. 

CAUTION -

On BMW cars equipped with anti-theft radios, 
make sure you know the correct radio activation 
code before disconnecting the battery. If the 
wrong code is entered into the radio when 
power is restored, the radio may lock up and be 
rendered inoperable, even if the correct code is 
then entered. For more information, see your 
owner's manual. 

Radios on some 1 986 and 1 987 models may have a high
frequency background noise when the radio is played with the 
ignition key in the Accessory position. This i nterference is most 
l ikely due to a fault in the Service Indicator printed circuit board . 
To check if the noise is caused by a faulty service indicator, 
remove the instrument cluster as described in 4.1 I nstrument 
Cluster and I nstrument Panel .  Disconnect the cluster wiring 
and then turn on the radio with the key in  the Accessory 
position. If the noise goes away, the circuit board is faulty and 
should be replaced as described in ELECTRICAL SYSTEM. 

Power ·  Antenna and Mast 

For best power antenna operation, BMW recommends 
monthly cleaning of the antenna mast. Clean the mast in its up  
position. Failure of the mast to operate may be due  to an 
electrical fault, to dirt or corrosion in the power assembly, or to 
a faulty mast. Replacernent power antenna masts are available 
from an authorized BMW dealer parts department. The entire 
power antenna assembly does not have to be replaced due to 
a damaged mast. 
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NOTE -
Two d ifferent replacement masts are available,  
depending on the type of p0V>ier antenna 
sembly. Power antenn.�s with a plastic 
use mast Part No; 88 88 0 825 . 948. ""I''''''' IHS 
With a metal housing . a.�d a plastic 
mast Part No. 88 88 0 882 · 090. 

"",c,"m,hl" is located i n ��e 

Fig. 4-1 4. Power antenna with plastic housing in trunk. An
tenna with metal housing is similar. Housing 
mounting bolts are at A, ground strap is at B. 

To replace power antenna mast: 

1 .  Turn on the radio to extend the mast as far as possible, 
then loosen the mast clamping nut shown in  Fig. 4-1 5. 

2. Firmly pun on tQe antenna mast untiUhe mast and the 
plastic actuating cable are free of the guide slerave. 

3. Slide the plastic tip of the new antenna mast • into the 
guide sleeve until it is feltt o  contact the motor guide 
roller. 

4. Turn off thra radio sothauhfrpl�stic cable is retrClcted by 
the motor, and guide the mast into the sleeve at the 
same time. Tighten the clamping nut when finished and 
recheck antenna operation.  
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Fig. 4-1 5. Antenna mast Clamping nut (arrow) . 

4.3 Interior Lights 

A l ight fai lure may be caused by a blown fuse, especial ly if 
more than one bulb is dut. Check arid, if necessary, replace 
fuses as described in ELECTRICAL SYSTEM. Dashboard l ight 
replacement is also covered there. 

Replacing Interior Light Bulbs 
Always turn off the ignition before replacing a bulb. Avoid 

leaving fingerprints on the bulb. Fingerprints can cause hot 
spots or evaporate when the g lass gets hot and dim the l ight or 
reflector. Wipe off any fingerprints using a soft cloth. 

To replace the interior dome l ight bulb, press against the 
spring clip indicated in Fig. 4-1 6  and withdraw the assembly. 
Press the assembly back i nto position after install ing the new 
bulb. 

Fig. 4-1 6. Spring clip (arrow) that holds interior dome l ight in 
headliner. 

To replace the luggage compartment l ight bulb, use a small 
flat-blade screwdriver to pry the l ight assembly Cis shown in Fig. 
4-1 7, then withdraw the assembly. I nstall the wiring connector 
end first, and press the assembly back into position. Replace 
the glove compartment bulb the same �aY. 

Fig. 4-1 7. Luggage compartment l ight assembly being pried 
out. 

For 1 987 and earlier cars, the center stop l ight is reached 
from inside the car. Pul l  the assembly cover up at an angle, 
then compress the tabs on either side of the bulb holder and 
pul l  out the holder. Replace the bulb and press the holder back 
i nto place until the tabs lock. 

For 1 988 and later cars, the center stop l ight is reached from 
inside the luggage compartment. Remove the bulb and its 
holder by turning it counterclockwise. See Fig. 4-1 8. After 
install i ng the new bulb, turn the bulb housing clockwise to 
install . 

. 

Fig. 4-1 8. Center stop l ight housing (arrow) in trunk, for 1 988 
and later models. Stop l ight for 1 987 and earlier 
models is reached from inside passenger 
compartment. 



On convertibles, replace the center stop l ight by first remov
ing the screws that secure the l ight lens. Remove the lens and 
then remove the bulb. 

4.4 Heater and Controls 

The heater box and its components are shown in Fig. 4-1 9. 

Temperature and air flow are control led by instrument panel 
levers, by a knob that actuates cables connected to flapsjn the 
heater box, and by the electrical ly-operated heater core valve. 

The rotary temperature-regulating knob controls both the 
opening ofthe blending flap and the opening ofthe heater core 
solenoid valve. The cable connection controls the flap. An 
electrical contact on the knob controls the power to the valve. 
Whenever the knob is positioned more than 20° from its coldest 
setting, power to the valve is i nterrupted and the valve opens. 
When the knob is turned back to its cold setting (last 20° on 
scale) ,  the valve closes and stops coolant flow through the 
heater core. 

On 1 987 and earlier cars with air conditioning (A/C) , the 
lever that regulates air flow for the i nstrument-panel vents also 
electrically controls the AIC compressor. To prevent condenser 
freeze-up and AIC system damage, the compressor is 
switched off if the lever is set below a certain pOint. 

Air 

Ale 

core 

Fig. 4-1 9. Heater box for heating and venti lation system with 
air conditioning shown removed from car. 
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The flaps for air recirculation are opened and closed by 
small electric motors. The motors are connected to the flaps by 
adjustable rods. The motors are activated by a relay mounted 
on the heater box, just behind the control panel. See ELEC
TRICAL SYSTEM for general i nformation on troubleshooting 
heating and venti lation electrical circuits. 

Heater Core and Heater Valve 

I nsufficient heater output may be caused by a faulty heater 
valve, by a misadjusted blending flap cable, or by a cooling 
system fault. Coolant leaking visibly i nto the passenger com
partment is a sign of a faulty core or coolant hose. A sweet, 
anti-freeze odor in the car's i nterior, or a constantly fogged 
windshield may also indicate a faulty core. I nspect the carpet 
and the area near the footwell vents for any moisture or coolant. 
A leaking heater core may be caused by over pressurization of 
the cooling system. See COOLING SYSTEM for more i nforma
tion. 

When replacing the heater core or heater valve, be pre
pared to catch any coolant that may spi ll when the coolant pipe 
connections are opened. Also have some pre-mixed coolant 
on hand to top up the cooling system when finished. 

Recirculation flap lever 

Air recirculation 
flap motor 

Air recirculation 
flap motor 

Instrument panel vent lever 

Rotary temperature lever 

Recirculation flap 
motor relay • 
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To replace heater valve: 

1 .  Disconnect the negative ( - ) cable from the battery. 

2. Drain the coolant as described . i n  COOLING SYSTEM. 

3. In the engine compartment, d isconnect the coolant 
hoses from the heater core in let and outlet pipes. See 
Fig. 4-20. 

Fig. 4-20. Coolant hoses leading to heater core (arrow) . 

4. I n  the passenger compartment, remove the lower left 
i nstrument panel trim and the shift console as described 
in 4.1 I nstrument Cluster and Instrument Panel. 

5. Disconnect the wiring connector from the heater valve. 

6. Remove the heater ducts shown in Fig. 4-2 1 . 

Fig. 4-21 . Heater ducts (arrows). Remove screw (A) then 
gently pry out ducts. 

7. At the .left side of the valve, remove the clamp and the two 
mounting flange bolts shown i n  Fig. 4-22. 

Fig. 4-22. Heater valve clamp ( 1 )  and flange bolts (2) . 

8. Remove the heater core flange bolts shown i n  Fig. 4-23 
and remove the heater valve along with the coolant 
pipes. 

Fig. 4-23. Heater core flange bolts (arrows) between heater 
valve and heater core. 

When install ing the heater valve, use new O-rings between 
the mounting flanges. 



To replace heater core: 

1 .  Disconnect the negative ( - )  cable from the battery. 

2. Drain the coolant as described i n  COOLING SYSTEM. 

3. In the passenger compartment, remove the lower left 
instrument panel trim and the shift console. Then remove 
the instrument panel . See ' 4.1 . lnstrument Clu.ster and 
Instrument Panel . 

, .  . 

" 

4. Remove the heater connector and duct stiown above in  
Fig. 4-22. 

5. Remove the clamp shown above in Fig. 4-22. 

6. Remove the mounting flange Qolts shown above in Fig. 
4-23. 

7. Remove the two heater core mounting screws shown in  
F ig .  4-24 and slide the heater core out of  its mounting. 

Fig. 4-24. Heater core mounting screws (arrows) . 

8. When install ing the heater core, use new O-rings be
tween the coolant pipe mounting flange. 

Replacing and Adjusting Control Cables 

The heating and ventilation control cables and the motors 
and relays that control air recirculation can be reached by 
removing the footwell trim and shift console as described in 4.1 
Instrument Cluster and I nstrument Panel.  I n  addition, the 
radio must be removed and the heater trim panel pulled out 
sl ightly for access to the cable mountings on the heater control 
levers. 
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To pull out the heater trim panel, pry out the switches or trim 
blanks at the top of the panel, then remove the screws shown 
in Fig. 4-25. 

The .control cables are held to the . operating levers I;>y 
removable clips. When replacing control cables, m�ke sure th.at 
the end of the, cable nearest the he?tElr box flap is flush with the 
stop before. reinstalling the clip. See Fig. 4-26. 

Fig. 4-25. To release heater trim panel for access to back of 
operating levers, remove screws from undemeath 
(A) and behind switches (B) . 

Fig. 4-26. Heater control cables, are held to operating levers 
and flaps by c l ips (1) .  Make sure cable ends are 
flush with stop (2) before attaching clip . 

m 
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Replacing or .adjusting the temperature regulating flap con
trol cable requires special attention. The cable is adjusted with 
a knurled adjusting knob so that when the dash-mounted. knob 
is in  the ful ly cold position ,  air flow past the heater core is 
blocked . . To adjusHhe cable, first place the dash-mounted 
temperature. knob in the fully cold position. Place . the temper
ature flap in the . fully cold · (downl position: Turri t�e cable 
adjusting knob until it is correctly aligned with its openihg and 
secure the cable with the clip. See Fig. 4-27. 

Fig. 4·27. Temperature flap control cable showing adjusting 
knob (A) and cable retaining cl ip (8) . 

The recircu lation flflP motors aremount�d to the hea!er box. 
If a motor is replaced •. or if a flap ?oes·. not fu lly.dose; the control 
rods should be adjusted. Adjust the length of th� rods by 
unscrewing ,ind turning the motor with the rod. See Fig. 4-28. 

G�=='FZB�·.. rai= . ••• ;;;i;;;i. . . �===�J 
fi%t. . MP· 8  

Fig. 4·28. Air recirculation flap control rod and motor. Adjust 
flap by unscrewing motor and tuming to change 
length of rod . 

To remove the air conditioning control switch assembly and 
operating levers, pry out the trim plate as shown i n  Fig. 4-29. 

The switch assembly retain ing screws are behind the plate. 
Partially remoyethe heater trim panel a� shown in Fig.  4-25 

above, then remove the switch assembly. 

Fig. 4-29. Remov ing air conditioning control switch assem
bly trim plate. 

Fresh Air Blower 

The fresh air blower is located in the front body cowl just 
behind the firewall .  It is reach�? from the engine compartment 
after removing a cover. The cover must also be removed for 
testing of the motor seriesi resi�tqrs . •  If replacing the blower 
motor, check the blower motbr code number on the motor 
body to identify the correctreplacement part. See ELECTRI· 
CAL SYSTEM for electrical tests of the blower motor. 

CAUTlON -
Do not remove the fan wheels or reposition 
them on the motor shaft. Blower motors are 
balanced in their assembled state. Changing 
the pOSition of the fans can lead to noisy oper
ation and rapid bearing failure. 

To remove and install :  

1 .  Remove the firewall access cover shown i n  Fig. 4-30. 

The cover is held in· place by four  bolts and two plastic 
nuts. Disconnect all wiring harnesses from the cover by 
u nclipping the plastiC ties. 



Fig. 4-30. Firewall access cover being removed. 

2. Remove the blower housing cover by d isconnecting the 
plastic retaining straps as shown in Fig.  4-3 1 . 

Fig. 4-31 . Blower motor housing retaining straps being 
removed. 
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3. Disconnect the blower wiring shown i n  Fig. 4-32, then 
unclip the blower retaining clip shown in  Fig. 4-33 and 
remove the blower motor. 

Fig. 4-32. Blower motor wires (arrows) to be removed. 

Fig. 4-33. Blower motor retaining clip being removed using 
screwdriver (arrow) . 

4. When instal l ing the motor, note that the motor is located 
by a tab on its mounting. It may be necessary to move .. 
the motor around sl ightly i n  position u ntil it is felt to � 
engage the tab. 
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I t  is necessary to remove the blower motor housing for 
access to the windshield wiper motor and l inkage. With the 
blower motor removed as described above, disengage the air 
reci rculation flaps from the housing. See Fig. 4-34. Then u ncl ip 
the four  retain ing clips that hold the blower motor housing to 
the heater box and remove the housin�. 

Fig. 4-34. Air recirculation flap being disengaged from 
blower motor housing. Disengage both sides. 

4.5 Seat Belts 

The .seat belts installed o n the cars covered by this manual 
are cornbination lap-shoulder belts (three-point) .  The seat belts 
should be periodical ly inspected for webbing defects and 
proper operation.  Ifthe seats belts are removed for any reason ,  
i t  is  of extreme importance to reinstall them correctly. 

WARNING -
CI> For maximum protection from injury, seat belts 
should be replaced as a set if they are subjected 
to occupant loading in a collision. 

• Do not bleach or dye �eat belt webbing. Web
bing that is severely faded or redyed will not meet 
the strength requirements and must be replaced. 

I nspecting Seat Belts 

When i nspecting belt webbing,  replace belts with broken or 
pul led threads, cut loops at the belt edge, bowed, creased, or 
melted webbing, faded areas, orcuts. Pul l  the belt out ful ly and 
let it retract. If it does not move smoothly i n  either direction, 
check for dirt, grease, or gum on the webbing. If the belt cannot 
be cleaned using only a mi ld soap solution recommended for 
cleaning upholstery or carpet, replace the belt. 

Replace the belt if the buckle cover . is cracked, if the push 
button is loose, or if the buckle does not lock securely. Check 
al l  mounting. pOints. The mounting bolts mustbe tight, yet al low 
the harcjware to swivel freely. Clean any corrosion awayfrom 
the anchoring points, and . replace any corroded hardware .. 

The belt mechanism .should lock up when the belt is tlJgged 
out q uickly, or when the car is stopped quickly from a sPE3ed 
approximately twice that of walking speed. Replace any belt 
that does .not lock u p. 

I nstal l ing or Replacing Seat Belts 

All seat belt mounting bolts should be installed to a torque 
of 43 to 48 Nm (32 to 35 ft. lb.) . Front seat belt buckles are 
bolted to the seat frame. On 4-door and convertible models, the 
lower belt anchor is bolted to the seat. On 2-door models, the 
lower belt is attached to a rai l . that is bolted to the body. On al l  
except cOl1vertibles, the belt retractor is · . bolted to the body 
behind the B-pi l lar (center pi llar) trim. On convertibles, the 
retractor is behind the interior trim panel for the rear seat. 

WARNING -

For maximum protection from injury, do not inter
change buckle and retractor assemblies with 
those designated for other seating positions or 
other models. 

To remove the B-pi l lar trim panel ,  first remove the screws 
shown in Fig. 4-35 and then pu l l  the panel out to d isengage two 
retaining cl ips. Guide the belt through the trim panel opening.  

The rear i nterior tr im panel on convertibles is held i n  place 
by two screws and the rubber door seal. First remove the rear 
seat as described i n  4.7 Rear Seats. Pry out the trim plate i n  
the trim panel by sl iding i t  towards the rear and then l ifting i t  out. 
See Fig. 4-36. Disconnect any speaker wires and remove the 
trim panel .  

On all models except convertibles, the height of the upper 
anchor point for front seat belts can be changed. A special kit 
is avai lable from BMW that permits the anchor point to be 
moved lower or h igher. The B-pil lar trim and seat belt is re
moved, and then additional holes are dri l led in the trim to 
permit anchor bolt reinstallation. A new trim piece covers the 
holes in the B-pil lar trim.  The kit is available as B MW Part No. 72 
1 1 9 06 1 1 38. 

. 

NOTE -
Part numbers are for reference on ly. Always 
check with your lOcal BMW parts department 
for the latest parts i nformation . 



Fig. 4-35. B-pi l lar trim panel showing upper seat-belt anchor 
bolt ( 1 )  and panel retaining screws (2) . 

Fig. 4-36. Exploded view of rear interior trim panel on con
vertible models. Trim panel must be removed for 
access to upper anchor for front seat belt. 
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Rear seat belt lower anchor paints are underneath the rear 
seat, as shown in Fig. 4-37. On models up to 1 986, the belt 
retractor is mounted in the trunk as shown in Fig. 4-38. On 1 986 
and later models, the retractor is  mounted under the hatrack 

trim panel. For access to the retractor on 1 986 and later 

models, first remove the rear seat and backrest as described i n  
4.7 Rear Seats. Lift up the belt guide on the hatrack and unclip 
the hatrack panel at its center. On convertible models, the rear 

seat backrest must also be removed tor access to the retractor. 

Fig. 4-37. Rear seat belt anchorbolts (arrows). 

Fig. 4-38. Rear seat belt retractor mounting · in trunk (arrow) 
for models up to . 1 986 
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4.6 . Front Seats 

Front seats are held to the floor by fou r  n uts, two at the front 
and tw() at the rear. See Fig. 4-39. To remove a seat, first sl ide 
the seat al l  the way to the rear. Remove the nut covers and then 
remove the n uts. Slide the seat forward and then remove the 
two reilr mounting nuts, then remove. the seat. On +door 
models and convertibles, also remove the bolt that holds the 
seat belt to the seat. When . i nstall ing the seat, torque the seat 
beli bolt to 43 to 48 Nm (32 to 35 Nm) .  

Fig. 4-39. Front -seat mounting nuts at front o f  seat rai ls 
(arrows) . One nut cover is shown removed. Also 
remove two nuts at rear of seat rails. 

4.1 Rear Seats 

Two types of rear seats are used on the cars covered by this 
manual. Rear seats with a spring suspension are held in by two 
bolts below the front edge of the seat. See Fig . 4-40. Remove 
the .bolts and pul l  the seat forward. Rear seats with a foam 
suspension are held in place by two cl ips at the front corners. 
Lift up firmly at the corners unti l  the seat is d isengaged .  

Fig. 4-40. Rear seat mounting bolt on seat with spring sus
pension .  Remove bolts from both sides. 

The rear seat backrest isheld in place by two bolts and clips. 
Remove the bolts shown in Fig . 4-41 , then pul l  the backrest 
straight up and off the cl ips. 

Fig. 4-41 . Rear seat backrest mounting bolt (arrow) . There is 
one on each s ide .  On some models, bolts may be 
at center of backrest 



5. DOORS 

This heading covers removal and alignment of the doors, as 
well as removal and instal lation of i ntemal door components 
and door trim. 

Removing and Instal l ing Doors 

Doors are mounted to the body with two h inges. The front 
half of each hinge .is welded to the car body, while the rear half 
is bolted to the door. The two hinge halves are held together by 
a center pin and bolt. The center bolt screws i nto a replaceable 
hinge pin and bushing. The h inge pin is held by a circ1ip. See 
Fig. 5-1 . 

Fig. 5-1 . Top hinge on front door, showing mounting .hard
ware. Bottom hinge is similar, except mounting bolt 
installs from top. 

Although a door can be removed by u n bolting the rear 
hinge halffrom the door, this can change door al ignment. In the 
procedure below, the h inge pin bolts are instead removed so 
that door alignment is  undisturbed. The hinge half only needs 
to be unbolted from the door if the entire door assembly is 
being replaced since new doors do not come with h inges. 
Replacement doors should be aligned after installation. 

NOTE -
IS If the rear hinge half must be removed from the 
door, mark the hinge's location on the door so 
that it can be reinstalled as close to its original 
position as possible. 

<0 The body is  painted at the factory after assem
bly. Realignment of body panels may expose 
unpainted metal. To prevent rust, paint all ex
posed metal as soon as possible. 
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To remove: 

1 .  Pul l  back the rubber protector on the door check rod. 
See Fig. 5-2 . •  Disconnect the check rod by removing the 
circlip  and then pressing out the pin .  

Fig. 5-2. Door check rod (arrow) . Remove circl ip and press 
out p in .  

2. Disconnect the door wiring.  On front doors, pu l l  back the 
protective boot and · disconnect the wir ing by squeezing 
the tabs on the connector and then pul l ing it out. See Fig.  
5-3. On rear doors, the wiring connector is behind the 
B-pil lar (center pi l lar) tr im panel .  Remove the panel as 
described in 4.5 Seat Belts and then d isconnect the 
wiring. 



20 BODY AND INTERIOR 

3 .  Unscrew and remove the u pper and lower h inge p i n  
bolts. S e e  Fig .  5-1 above. 

4. Lift the door up and off the h inges, being careful not to 
scratch the paint with the door check rod. 

Installation is, the reverse of removal. 

Adjusting DQor:s 
Misaligned doors can cause 'wil1d noise or damage to the 

pai nt due to abrasion by road debris. Check the . door's depth 
compared to the adjacent body panels, and the door's fore-aft 
and height position compared to the door opening of the car 
body. Adjustments can be made at both ends of the door. 
Some adjustments may require new shims between the hinge 
and the door. 

NOTE -

�or adjui:ltm�nt of the rear door on 4-door mod
els, the door's interior 'trim panel rnust first be 
removed to access the hinge bolts. See 5.1 Door Assembly for removal 'of the i nterior trim 
panel. 

Front edge depth as well as small height adjustments can 
be made by simply loosening the hinge mounting bolts and 
repositioning the door in the opening. If the door's fore-aft 
position requires adjustment, or if the door is crooked i n  its 
opening, a combination of shims wil l  be needed to correctly 
align the door. See Fig. 5-4. By varying the number of shims at 
the top and bottom, door alignment is changed. 

NOTE -
Two d ifferent types of shims are available from 
authorized BMW dealer. Large i n itial adjust
m ents are made with a shim 1 .0 mm (.039 in . )  
th ick (BMW Part No. 41  5 1  1 888 3 1 9) .  The 
hinge bolts must be removed to install this 
shim. Fine adjustments are made with a shim 
0.5 mm (.020 in.) thick (BMW Part No. 41 51 1 
91 6 686) or a shim 1 .0 mm (.039 in .) thick (BMW 
Part No. 41 51 1 9 1 6 71 9) .  These shims sl ide 
between the hinge and door when the bolts are 
loosened .  

Adjust t h e  door's rear edge position b y  changing the posi
tion of the door strikerplate. See Fig. 5-5. Using a Torx® driver, 
loosen the bolts and move the striker to the right or left to adjust 
the closed position of the door. Make sure that the striker plate 
is adjusted vertically so that the door lock . engages the striker 
equally on the top and bottom when the door is  closed. 

o 1- 2 o 

Fig. 5-4. Door hinge showing location of shims between 
hinge and door, In itial adjustment made with shim 
style 1 .  Fine adjustment made with shim style 2 
(available in 1 ,0 mm or 0,5 mm thickness) ,  

Fig. 5-5. Door striker plate, Loosen bolts and move i n  o r  out 
to adjust closed position of door (arrow) , 

NOTE -
The fore-aft position of the door is correct when 
there is an equal amount of space between the 
door's edges and its adjacent panels. The door 
height is correct when the stamped creases in 
the upper and lower part of the door are aligned 
with the same creases i n  the adjacent panels. 



NOTE -

Door depth is correct when the door's front 
edge is sl ightly deeper than its adjacent panel 
or door and its rear edge is sl ightly higher than 
its adjacent panel or door. 

5.1 Door Assembly 

The i nterior door trim,  the g lass, door handles and locks, 
side mirrors, and internal door components are all  removable 
with the door installed on the car. The i nterior trim must be 
removed for aCcess to the internal door components. 

I nterior Tri m  

Although the procedures below apply to the fron� doors, 
they can be used as a general gu ide when removing the 
interior trim from the . rear doors on 4-d60r · models. 

To remove interior trim panel: 

1 .  Unscrew and remove the lock button. Ful ly lower the 
window. 

2. Remove the door handle trim by sliding it to the rear and 
then pul l ing it off. See Fig. 5-7. 

Fig. 5-7. Door handle trim being removed. Slide trim to rear 
then pull off. 
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3 .  On modelswith manual windows, pry the trim. off ofthe 
window crank, remove . the crank mounting •. screw, and 
then remOVE) the crank. See · Fig . 5-8. 

Fig. 5-8. Window crank and mounting screw (arrow) . Trim 
and crank may d iffer s l ightly on other models. 

4.  On front doors, remove the screws that hold the armrest 
to the door. See Fig. 5-9. Pul l  the armrest forward and u p  
to disengage the locking tabs from the trim .  See Fig.  
5-1 0. 

Fig. 5-9. Front armrest screws to be removed (arrows) . Up
per screw is behind tr im piece or power m irror 
switch, which should be pried out. 
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Fig. 5-1 0. Front armrest being disengaged from door trim 
panel .  Note locking tabs (arrows) . Pull armrest 
forward and out 

5. On rear doors, remove the two trim panel securing 
screws shown in Fig. 5-1 1 ,  but do not remove the arm
rest. It is held to the trim panel by an additional screw 
behind the panel.  

Fig. 5-1 1 .  Rear door trim panel securing screws (arrows). 
Armrest remains secured to panel after screws 
are removed. 

6. On rear doors of 4-door models with power windows, pry 
out the window switch and disconnect the wiring.  

7. Beginning with one of the lower corners of the doors, 
work around to the top to uncl ip  the trim panel from the 
door. See Fig. 5-1 2. Work slowly to ensure that the cl ips 
are not broken. When al l  of the clips are u ndone, push 
the trim panel straight up. The window seal may be 
removed with the trim panel . 

Fig. 5-1 2. Door interior trim panel being removed, showing 
securing clips (arrows) . 

Installation is the reverse of removal. Replace any broken 
cl ips. If the window seal was removed with the trim panel,  i nstall 
it at the same time as the panel. On models with manual 
windows, the crank handle should face forward with the win
dow fully raised. 

Wi ndow Regulator 

The procedure below applies to both manual and power 
window regulators, for front and rear windows. Rear convertible 
windows are covered separately i n  the second procedure. 
Whenever the regulator is removed and installed, check that 
the window contacts the top of the window frame squarely as 
it is raised. If the window does not meet the frame squarely, 
loosen the regu lator or window mounting bolts and reposition 
the window. 

NOTE -
Check the power window electrical circuit and 
switches as described i n  ELECTRICAL SyS
TEM before assuming that the power regulator 
is faulty. 



To remove: (all except convertible rear window 
regulators) 

1 .  Remove the i nterior trim panel as described above. 

2. Peel back and remove the plastic door moisture seal , 
taking care not to tear it. 

3. Raise the window . ,  enough for access to the window 
securing bO,lts shoWn in Fig. 5-1 3. While supporting the 
window, remove the bolts. 

Fig. 5-1 3. Bolts ( arrows) that secure window g lass to window 
regulator. 

4. Swing the front of the window out of the regulator guide 
roller and lower the window i nto the door. 

5.  On power window regulators, disconnect the electrical 
plug. 

6. Remove the screws and wire t ies shown in  Fig. 5-1 4. 

7. On front doors of convertible models, remove the addi
tional screws shown i n  Fig. 5-1 5. 

8. Tilt the regulator u p  sl ightly and remove the regu lator. 

Installation is the reverse of removal.  When install ing the 
regulator on convertible front windows, make sure the regulator 
rollers are inserted i nto the guides on the bottom of the g lass 
before install ing the regulator bolts. 
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Fig. 5-1 4. Window regulator retaining screws (arrows) and 
wire ties (A) . Plastic moisture barrier must be 
removed for access. 

Fig. 5-1 5. Additional screws (arrows) on convertible front 
windows to be removed for window regulator re
moval. 

To remove: (convertible rear window regulators only) 

1 .  Remove the rear i nterior trim panel as described in 4.5 

Seat Belts. 

2. Raise the window, then d isconnect the regulator electri
cal harness connector. 

3. Remove the screws shown in Fig. 5-1 6, then remove the 
window and rElgulatortogether. 
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A 

B 
Fig. 5·1 6. Convertible rear window regulator mounting 

screws (8) . Screws at A do not apply to this 
procedure. 

Windows 

This heading covers removal of front and rear door win
dows, as well as the fixed rear door window. Convertible rear 
side window removal is covered as part of the regulator re
moval procedu re above. On convertible models, replacement 
of the front door window wil l  require new rivets to reinstall a 
small trim piece on the door. 

To remove front door windows: 

1 .  Remove the door interior trim panel as described above. 

2.  Peel back and remove the plastic door moisture seal , 
taking care not to tear it. 

3. If the i nner window channel seal , shown in Fig. 5-1 7, was 
not removed with the trim panel ,  remove it and the panel 
retain ing cl ips from the door. 

Fig. 5·"17. Inner window channel seal (A) and interior trim 
panel retaining clip (8) . 

4. On convertible models, remove the trim at the end of the 
door by prying out the rivets. See Fig. 5-1 8.  Then remove 
the outer window-channel seal as shown in Fig.  5-1 9. 

Fig. 5·1 8. Door trim and securing rivets (arrows) on convert
ible models. 

Fig. 5·1 9. Outer window channel seal being removed using 
wooden wedge. 8e careful not to damage paint. 

5.  On convertible models, remove the bolts that secure the 
window regulator as s hown in  Fig. 5-1 5 above. 

6. On all models, whi le holding the g lass, remove the bolts 
shown in Fig. 5-1 3 above. 

7. Disengage the forward end of the glass from the regu
lator guide roller, then tilt the g lass on its side as it is 
removed through the window channel. 



I nstallation is the reverse of removal. When install ing the 
window on convertible models, make sure the window regula
tor rollers are inserted into the guides on the bottom of the 
glass before install ing the · regulator bolts. Use new rivets to 
install the door trim.  

To remove rear door windows: 

1 .  Remove the door interior trim panel as described above. 

2. Peel back and remove the plastic door moisture seal , 
taking care not to tear it. 

3. If the inner window channel seal , shown in Fig. 5-1 7 

above, was not removed with the trim panel ,  remove it 
and the panel retaining cl ips from the door. 

4.  Remove the outer window channel seal as shown in Fig . 
5-1 9  above. 

5. Remove the bolts that hold the window glass to the 
window regulator, as shown in Fig. 5-1 3 �bove .

. 
Then 

disengage the window glass from the front guide roller. 

6. Remove the front and rear rubber window . guides by 
pul l ing them out of their channels in the door frame. 

7. Remove the bolts that hold the door opening lever to the 
door and let it hang down. 

8. Remove the bolts that hold the rear window frame, 
shown in Fig. 5-20, and push the frame i nto the door. 
Note how the tabs on the rubber part of the frame 
engage the metal for reinstallation. 

13370. got? {3 

Fig. 5-20. Securing screws (arrows) for rear window frame. 

9. If removing the door glass, ti lt it slightly and pull it up 
through the window channel. If removing the fixed quar
ter window, tilt it forward sl ightly and pull it out. 
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I nstallation is the reverse of removal. The use of a l ight soap 
solution wil l  make installation of the fixed window and rubber 
gu ides easier. When install ing the door opening lever, preload 
the lever assembly sl ightly forward the front . of the .car before 
tightening the bolts. 

. 

Handles .and Locks 
Fig . 5-21 shows the basic . lock . l inkage used on the cars 

covered by this manual .  The lever on the top of the lock 
assembly is actuated by the outside door handle to open the 
door. It is necessary to remove the o utside door handle and the 
lock assembly for access to the door lock cylinder. On some 
models, l ifting the driver'S outside door handle actuates a 
microswitch that turns . bn . the heated locks or the delayed 
interior l ight. For information related to troubleshooting these 
electrical circljits, see ELECTRICAL SYSTEM. 

Door handle 
l inkage (with 
microswitch for 
heated locks) 

to lock button 
(front door of 
4-door models) 

assembly 

Lock button l inkage 
(2-door models or 

Lock cylinder 

rear door on 4-door models) 
to door 
operating 
lever 

Locking drive 
(with central locking only) 

Spacer (with 
microswitch with 
central locking) 

Fig. 5·21 . ·· Phantom view oIlock l inkage used on front doors 
of f-door models vvitr central locking. Linkage 
differstslightly for ojher door appl ications. 
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To remove lock assembly and l inkage: 

1 .  Remove the door i nterior trim panel as described above. 

2.  Peel back and remove the plastic door moisture seal,  
taking care not to tear it. 

3. Remove the screws that secure the door operating lever, 
shown in Fig. 5-22. Unclip operating rod from the lever 
and let the lever hang down. 

Fig. 5-22. Door operating lever and securing screws (ar
rows). 

4. On 2-door models or on rear doors, u nscrew the nut or 
bolt that holds the lock button l inkage to the door. 

5. On rear doors, disengage the lock button l inkage from 
the . Iock assembly and remove it from the door. 

6. On .cars with central locking, remove the nuts that hold 
the locking drive to the door. See Fig. 5-23. Disengage 
the locking l inkage from the lock assembly, d isconnect 
the locking d rive harness connector, and · rernove the 
drive from the door. 

Fig. 5-23. Central locking drive 

7. On convertible models, remove the lock cylinder as 
described below. 

8. Remove the bolts that hold. the lock assembly to the 
door. See Fig . 5-24. Then remove the lock assembly and 
l inkage. 

Fig. 5-24. Lock assembly securing bolts (arrows) on edge of 
door. 

Installation is the reverse .of removal. When install ing the 
door operating . lever, preload it sl ightly towards the front of the 
car before tightening the screws. On models with central lock
ing,  install and adjust the locking drive as described in 5.2 

Central locking System. 

To remove door lock cylinder: 

1 .  Remove the door i nterior trim panel as described above. 

2. Peel back and remove the plastic door moisture seal , 
taking care not to tear it. 

3. Working i nside the door, pul l  the retaining ring off of the 
lock cylinder. See Fig. 5-21 above. 

4. Remove the spacer and withdraw the lock cyl inder from 
the outside of the door. 

To remove outside door handle mechanism: 

1 .  Remove the door interior trim panel as described above. 

2. Peel back and remove the plastiC door moisture seal , 
taking care not to tear it. 

3. Remove the outside · door handle by removing the 
screws shown in Fig; 5�25. 



Fig. 5-25. Door handle retain ing screws (arrows) . 

4. On models with heated door locks, d isconnect the elec
trical connector inside the driver's side door thatleads to 
the microswitch and control unit on the door handle 
rnechanism. 

5. Working from i nside the door, remove the two n uts that 
secure the handle mechanism and remove the mecha
nism. 

When installing the door handle on models with heated 
door locks, the tab on the handle l inkage should actuate the 
microsWitch when the handle is  pulled up. If it does not, bend 
the actuating tab on the handle l inkage. 

5.2 Central locking System 

The central locking system consists of solenoid locking 
drives at each of the doors, at the rear lid, and at the gas tank 
fi l ler flap. The drives are connected to the lock by a l inkage rod. 
When the key is turned i n  the driver's door or trun k  lock, the 
central locking control u nit activates the drives to open or close 
the locks. The central locking system control u nit and safety 
switch, which opens the locks in an accident, are located 
behind the speaker in the d river's footwell .  

This heading covers only the removal and installation of the 
mechanical parts. For general electrical information to aid i n  
troubleshooting the central locking electrical circuit, see ELEC
TRICAL SYSTEM. 

Different locking drives are used depending on the appli
cation. The drives are identified by the color of the housing. See 
Fig. 5-26 and Table a .  On 2-door models, the upper section of 
door drives faces toward the front of the car. On 4-door models, 
the upper section faces toward the rear of the car. 
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Upper section 

Fig. 5-2S. Central locking system locking drive. See Table a. 
for correct identification of drives. 

Table a. Central Locking System locking Drive 
Identification 

Locking drive Upper section Lower section 
color color 

Driver's door White Red 

Passenger door Red Red 

Rear doors Red White 

Trunk l id White Red 

Removing, Installing, and Adjusting Locking 
Drives 

The door locking drives are removed by first removing the 
i nterior door tr im panel as described i n  5.1  Door Assembly. 
Remove the drive mounting nuts shown in  Fig . 5-23 above, 
disconnect the lock l inkage and harness connector, and re
move the drive. 

The trunk locking drive is mounted behind the trunk rear 
trim panel .  See Fig.  5-27. The gas tank flap activator is  located 
behind the trunk right side trim panel. Remove the mounting 
bolts, disconnect the lock l inkage and harness connector, and 
remove the drive. 

central locking dr ive mounting bolts 
(arrows) . 

GI 
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To install and adjust drives: 

1 .  Place the door or trunk lock in the locked position .  Make 
sure that the lock l inkage is installed correctly and also in  
the locked position. 

2. Engage the locking d rive with the lock l inkage and 
loosely i nstall the bolts to hold the drive in position. 

3. Compress the drive tab shown in  Fig. 5-26 above, pul l  
down l ightly on the entire d rive assembly to take u p  slack 
in the l inkage, then tighten the mounting bolts. 

5.3 Side Mirrors 

The mirror housing is held to the car door by two mounting 
bolts. The mirror glass is held in  the housing by a locking ring. 

To remove the m irror housing, pry out the mirror trim panel 
Ot\ upper speaker on the i nside of the door. U nclip the wiring 
harness connector. Remove the two bolts shown in  Fig. 5-28 
and remove the mirror housing. 

Fig. 5-28. Side mirror housing mounting bolts (arrows), be
hind small trim panel or radio speaker. 

To remove the mirror glass, i nsert a screwdriver into the 
housing from below as shown in  Fig. 5-29. Engage the tab on 
the locking ring with the screwdriver and push it to one side or 
the other to disengage the ring. Fig. 5-30 shows the mounting 
screws for the mirror motor on electric side m irrors. To instal l 
the glass, push the locking ring to its stop on one side, then 
mount the glass and use the screwdriver to push the tab to one 
side to lock the glass. 

Fig. 5-29. Insert screwdriver as shown to engage tab on 
mirror-glass locking r ing, then push i n  either di
rection to unlock glass. 

Fig. 5-30. Motor and mounting screws (arrows) for electric 
side mirrors. 

6. EXTERIOR 

The exterior body parts and trim discussed u nder th is  head
ing are fastened with conventional fasteners, and are easily 
removed using ordinary hand tools. A thorough knowledge of 
automobile body repair is not . needed to perform the proce
dures. 

6.1 Headlights 

The cars covered by this manual have dual high and low 
beam headlights. 1 984 through 1 987 models have sealed
beam halogen headlights that are held in the housing by a 
retaining ring. Each headl ight is aimed with two screws, and the 
bulb and lens must be replaced as one assembly. 

1 988 and later models have halogen headl ights with a 
one-piece lens and reflector assembly that is held in p lace with 
cl ips. The halogen bulb locks i nto the lens assembly and is 
replaceable. Two screws are used to aim ea.ch of the head
l ights. 



It should not be necessary to aim the headl ights after 
replacing a bulb if the adjustment screws have not been 
touched, however, it is  a good idea to check headlight aim as 
described below. 

To replace sealed beam headlights: 

1 .  Remove the front gri l le as described in 6.4 · Trim, 
Bumpers, and Body. 

2. Remove the retaining ring screws shown in Fig. 6-1 , then 
remove the l ight and disconnect the wiring.  

Fig. 6-1 . Sealed beam headl ight and retain ing r ing screws 
(arrows) . 

3. When instal l ing the new l ight, make sure the part of the 
lens marked TOP is u ppermost, and that the tabs on the 
l ight engage the recesses in the headl ight housing. 

To replace two-piece headlight lens or bulb: 

1 .  Remove the front gri l le as described i n  6.4 Trim, 
Bumpers, and Body. 

2. Using a hot air blower, heat the lens-assembly retaining 
clips shown i n  Fig. 6-2, then pul l  outthe l ight assembly. 
Replace any broken cl ips. 

3 . Disconnect the wiring and twist the bulb 900 to remove it. 

CAUT80N � 

Do not touch the bulb glass. Dirt and oil depos
its on the glass can cause hot spots and rapid 
bulb fai/ure. Clean off fingerprints using a soft 
cloth. 
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NOTE -
Do not interchange the bulbs for high and low 
beams. The high beam halogen bulb is identi
fied by the black tip. 

Fig. 6-2. Headlight assembly for models with two-piece 
halogen l ights with replaceable bulb. Lens
assembly retain ing c l ips are at A. Headlight hous
ing retaining screws for al l  models are at B. 

4. When instal l ing the lens assembly, first install the clips 
i nto the headl ight housing, then press the lens assem bly 
onto the cl ips. 

To replace the headlight housing on all models, remove the 
retain ing screws shown in  Fig. 6-2 above. Pul l  the housing 
forward off the car and disconnect the wiring.  

Aiming Headlights 
Headl ights are usually aimed using special adaptors and 

equipment. Headl ight aiming can also be done as described 
below without any special tools, however,  the results will not be 
as exact. 

NOTE -
Check your state laws to see if headl ight adjust
ments must be made by a l icensed shop. Some 
states may also have d ifferent aiming specifica
tions from those. described here. 

To aim h eadlights without using special tools, position the 
car on a level surface, 7.65 meters (25 ft.) from a vertical wall .  
The gas tank should b e  ful l ,  t ire pressures should be correct, 
and there should be a weight of approximately 1 55 1bs. in the 
back seat. Turn the headlights to low beam. With a person in GI 
the driver's seat, the low beams m ust be in the areas shown i n  � 
Fig. 6-3. If re-aiming is necessary, open the hood and remove 
the cover shown in Fig. 6-4. The head light adjusters are shown 
in Fig.  6-5. Use a screwdriver on the vertical and horizontal 
adjusting screws to move the headlight. 
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2 I nches 

' LOW BEAM', 
INTENSITY : ZONE ' 

2 I nches -- ---,-

LOW BEAM'" 
INTENSITY ' . ZONE ' 

837 1 . 800.8 

Fig. 5-3. Headlight aiming target on vertical wall. Low beam 
l ight intensityareas are at 1 .  Line 2 is at height of 
headlight centers. Line 4 is car centerline. Lines 3 
and 5 are d istance from centerl ine to centers of 
headl ights. 

Fig. 6-4. Headl ight cover (A) in  front part of engine compart
ment. Turn fasteners (8) 900 to remove cover. 

Fig.  6-5. Headl ight aiming screws for horizontal adjustment 
(A) and vertical adjustrnent (8) 

6.2 Taillight Assembly 
All rear bulbs and the tai l l ight lens are replaced from the 

luggage compartment. Replacementof the center brake l ight is 
covered i n  4.3 I nterior lights.  

Replace a faulty tail l ight bulb by first removing the .bulb 
holder. Turn the bulb carrier .Iock shown in  Fig.  6-6 and remove 
the bulb carrier. Push in on the bulb and twist to remove, push 
i n  and twist to install. 

Fig. 6-6. Rear tai l l ight bulb carrier being removed . 1 988 and 
later models shown . On earlier models, there are 
two locks. Turn counterclockwise to release. 

To replace the tail l ight lens, first remove the bulb carrier. 
Disconnect the wiring harness connector by compressing the 
tabs on the connector. Remove the six n uts in  the luggage 
compartment that hold the lens to the body. See Fig. 6-7. From 
outSide, pul l  the lens off the car with its gasket. 

Fig. 6-7. Retain ing nuts (arrows) for tai l l ight lens .. Remove 
harness connector (A) before removing lens. On 
some models, connector may be to side of lens. 



6.3 Side Marker, Front Turn Signal,  and 
Fog Lights 

To replace a front turn signal bulb or  lens, remove the 
Phi l l ips screws and pull the lens away from the fender or 
bumper. Push and turn the bulb counterclockwise to remove it. 

To replace a side marker bulb or lens, pry out the lens and 
bulb as shown in Fig. 6-8. Disconnect the wiring connector. 
Turn the bulb holder counterclockwise to remove the bulb. 

!Fig. 6-8. Side marker lens being removed. Use screwdriver 
to pry at front of housing . 

To replace a fog l ight bulb, first remove the front engine 
splash · shield under the bumper. Remove the access . cover 
shown i n  Fig. 6-9, then d isconnect the wiring and u ncl ip the 
bulb. When install ing the new bulb, make sure the notch i n the 
bulb assembly fits correctly. 

Fig. 6-9. Access cover (arrow) for fog l ight bulb. Mounting 
screws are at A. 
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To replace the entire fog l ight lens and assembly, d iscon
nect the harness connector, and then remove the four  mount
ing bolts shown in Fig. 6-1 0.  Do not lose the gasket between 
the lens and the spoiler. 

Fig . 6-1 0. Fog l ight mounting bolts (arrows) . 

The fog l ights are adjusted from the front, with two screws. 
See Fig.  6-1 1 .  The screws are behind two rubber plugs. 

Fig. 6-H. Fog l ight adjusting screws (arrows) . 
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6.4 Trim,  Bumpers, and Body 

This heading covers removal of components such as the 
fenders, hood, and trunk,  as well as alignment of those com
ponents. 

Removing and Install ing Fenders 

For corrosion protection , the fenders are assembled with a 
sealant strip between the top mating surtaces to prevent mois
ture from becoming trapped. This strip should be replaced any 
time the fenders are removed. 

NOTE � 
The sealant stri p  is i nstal led as part of the cor
rosion warranty. If in doubt about warranty pro
tection ,  consult an authorized BMW dealer. 

To replace fenders: 

1 .  Remove the front bumper and, where applicable the 
bumper side pieces, as described below. 

2. Remove the wheelhouse l iner by removing the bolts 
shown in Fig. 6-1 2.  

3 .  Remove the fender mounting bolts. There are six bolts 
along the top of the fender, fou r  bolts i nside the wheel
house that hold the fender to the body, and two bolts at 
either end of the fender bottom. 

4 .  Peel back the rubber seal along the top edge of the 
fender. Carefully use a heat gun and razor knife to cut 
through the sealant along the edge of the fender, and to 
cut through the PVC coating along the A-pi llar where the 
fender meets the body. 

Fig. 6-1 2. Wheelhouse l i ner mounting bolts (arrows). 

CAUTION -
Use extreme care when applying heat to the 
body to avoid blistering the paint or discoloring 
the PVC body coating. 

5. Gently pry the old fender off of the body. Clean the old 
sealant and coating off of the body mounting surtaces. 

When instal l ing the new fender, first instal l a new sealant 
strip between the top edge of the fender and the body. The 
sealant strip is avai lable from an authorized BMW dealer as 
BMW Part No. 51 71 1 933 209. Loosely i nstall the fender 
mounting bolts. Position the fender so that it l ines up correctly 
with the door and .A-pi l lar, then tighten the bolts. Reinstall the 
wheelhouse liner and the bumper. 

NOTE -
Part n umbers are for reference only. Always 
consult with an authorized BMW parts depart
ment for the most up-tO-date parts i nformation.  

Removing and Instal l i n g  Body Tri m  and Fron'/: 
Gri l le 

Body trim includes the body s ide moldings, the rain gutter 
tri m ,  and the front gri l le components. The body side moldings 
are held in place with clips and screws. The gri l le trim is held by 
clips. 

To remove body side moldings on the front fender, pry the 
molding straight off the cl ips. Replace any broken clips, and 
press the molding onto the cl ips. 

To remove a door or rear side panel body molding,  first 
remove the securing nut. See Fig . 6-1 3 or Fig. 6-1 4. Pry the 
molding straight off the cl ips, and replace any broken cl ips. 
When install ing the molding, first sl ide it onto the beveled clip, 
as shown in Fig. 6-1 5, . and then press the molding onto the 
other cl ips. 

Fig. 6-1 3. Mounting nut (arrow) for front door body s ide 
molding. Nut for rear side panel body molding is 
similar. 



Fig .  6-1 4. Mounting nut for rear door body side molding is 
beneath rubber p lug (arrow) . 

Fig. 6-1 5. Beveled cl ip (arrow) for body side moldings. S l ide 
molding onto clip first, then press onto other cl ips. 

To remove a rain g utter molding,  first slide the clamp shown 
in  Fig. 6-1 6 towards the back of the car. Beginning at the front 
of the car, pry the molding from the rain gutter. Twist and l ift the 
molding as you go along. Before installation,  replace any cl ips 
at the front of the rain  g utter, and l ightly lubricate the i nside of 
the molding with ' s i l icone. I nstall the molding from the rear of 
the car forward. 
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Fig. 6-1 6. Clip on rain gutter molding (arrow) to be moved 
back. 

The front center gri l le is held by two clips. The front side 
gri l les are held by two screws and three cl ips. See Fig.  6-1 7. 

Fig. 6-1 7. Front center gr i l le retain ing cl ips (A) , and s ide gr i l le 
retain ing cl ips (8) and screws (e) . 
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Removing a n d  Insta l l ing Bumpers 

Two types of bumpers are used on the models covered by 
this manual . 

Models up to 1 989 and convertibles have three-piece 
bumpers. The main bumper is bolted to shock absorbers that 
are bolted to the frame, and two side pieces are bolted to the 
car body. Upper and lower bumper trim is also bolted to the 
body. 

1 989 and later models have a one-piece bumper that is 
bolted to frame-mounted shock absorbers. All trim is clipped or 
bolted to the bumper. 

To remove three-piece bumpers, work u nder the car to 
remove the fou r  bolts that hold the bumper to the shock 
absorbers (two bolts per absorber) . On front bumpers, also 
d isconnect the turn Signal harness connectors. Pull the bumper 
straight off the car. When instal l ing the bumper, torque 
bumper-to-shock absorber bolts to 22 to 25 Nm (1 6 to 1 8 ft. lb.) . 

Front side pieces on three-piece bumpers are held to the 
car by two bolts inside the fender, and three bolts below the 
headl ights. Pull the side piece away from the car sl ightly after 
removing the bolts and d isconnect the side marker l ight har
ness connector. Rear bumper side pieces are held by two nuts 
and one bolt in the trunk as shown in Fig. 6-1 8, and one bolt 
and one nut u nder the car at the rear edge of the wheelhous
ing.  When instal l ing side pieces, torque all bolts and nuts to 6 

to 9 Nm (4 to 7 ft. lb.) . 

Fig. 6-1 8. Mounting nuts and bolt inside trunk (arrows) for 
r ight rear side piece on three-piece bumpers. Left 
side is s imilar. Additional mounting bolt and nut 
are at rear edge of wheel housing. 

To remove one-piece bumpers, use a 1 0  mm hex wrench 
and work from below the bumper to remove the two mounting 
bolts . See Fig. 6-1 9.  Pull the bumper away from the body 
sl ightly and disconnect the turn signal and side marker l ight 
harness connectors. When instal l ing the bumper, ' torque the 
mounting bolts to 87 Nm (64 ft. lb . ) .  

Fig. 6-1 9. Mounting bolt (arrow) for one-piece bumper. Re
move bolts from both sides. 

Hood and Hood lock 

When removing the hood, first mark the h inge plate loca
tions on the hood for reinstallation.  Raise the hood and u nclip 
the gas strut and support from the right side of the hood. 
Loosen the mounting bolts shown i n  Fig. 6-20, then with a 
helper supporting the opposite side, remove the bolts. Instal l 
the original hood by aligning the matching marks made earl ier. 

Fig. 6-20. Left-side hood mounting bolts (arrows) . Remove 
bolts from right s ide also. 



NOTE -
The body is painted at the factory after assem
bly. Real ignment of body panels may expose 
unpainted metal . To prevent rust, paint all ex
posed metal as soon as possible. 

Hood alignment considers front-to-back and side-to-side 
alignment, front height, rear height, and hood guide alignment. 
Before making any adjustments, first screw the hood stops all 
the way i n .  See Fig. 6-21.  When finished with any adjustments, 
screw the stops out u ntil the hood rests On them, u nlocked, 
with s light pressure. 

To make front-to-back or side-to-side adjustments, loosen 
the hood mounting bolts, shown in Fig. 6-20 above, just 
enough so that the hood can be moved with some effort. Close 
the hood and then move it as necessary unti l  it is aligned. Open 
it gently when finished and tighten the bolts. 

Fig. 6-21 . Hood stop (arrow) . Screw stops all the way in on 
both sides before making any hood adjustments. 

To make front height adjustments, loosen the two bolts on 
either side of the hinge assembly. See Fig. 6-22. The correct 
height of the hood at the front is approximately 1 mm (.04 in . )  
lower than the tops of  the fenders. 
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Fig. · 6-22. Left-side hood hinge bolt (arrow) t" h" .jr,("1,""r,,,rl 
for front hood height adjustments. Loosen bolts 
on right side also. 

To make rear hood height adjustments, loosen the rear
guide bolts on either side. See Fig. 6-23. The correct height of 
the hood at the rear is even with the tops of the fenders. To 
center the rollers that engage the rear catches, loosen the rol ler 
mounting bolts. 

Fig. 6-23. Right-side hood rear-guide bolts (arrows) to be 
loosened for rear hood height adjustments. Left 
side is s imilar. 
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The .hood lock and cable are not adjustable.  The only repair 
is replacement. Fig. 6-24 shows the hood lock mounting bolts, 
behind the front gri l le trim.  

Fig.  �24. Hood lock mounting bolts (arrows) . 

To replace hood lock cable: 

1 .  Remove the headlight assembly as described i n  6.1 
Headlights. 

2. Remove the lock mounting bolts and remove the lock. 

3.  U nclip the plastic cover on the lock and unclip the cable 
from the lock. 

4. Working in the passenger compartment, remove the 
screws holding the release handle to the body. Pull the 
cable through the firewall .  

5. When install ing the new cable, check that the firewall 
grommet is correctly seated for an air-tight seal . Install 
the release handle and cable to the body first before 
attaching the cable to the lock. 

Trunk lid and · Trun k  Lock 

When removing the trunk l id ,  first mark the hinge plate 
locations on the l id for reinstallation. Raise the trunk l id and 
loosen the mounting bolts, then with a helper supporting the 
opposite side, remove the bolts. I nstall the original l id by align
ing the matching marks made earlier. 

NOTE -

The body is painted at the factory after assem
bly. Real ignment of body panels may expose 
unpainted metal . To prevent rust. paint all ex
posed metal as soon as possible. 

Trunk l id alignment considers front�to-back and side-to-side 
alignment, front height, and rear h eight alignment. Before mak
ing any adjustments, first screw the lid stops all. the way in .  See 
Fig. 6-25. When finished with any adjustments, screw the stops 
out u ntil the trunk l id rests on them,' unlocked, with sl ight 
pressure. 

Fig. 6-25. Trunk l id stop being adjusted. Screw stops al l  the 
way in  on both sides before making any adjust
ments to trunk l id .  

To make front-to-back or side-to-side adjustments, loosen 
the trunk hinge and latch mounting bolts just enough so that 
the lid can be moved with some effort. Close the trun k  lid and 
then move it as necessary u ntil it is aligned. Open it gently 
when finished and tighten the bolts. 

To make height adjustments at the hinges, loosen the 
mounting bolts and insert shims between ti"le trunk l id and the 
hinge. The .correct height of the l id at the hinges is even with the 
tops of the fenders. The shims are available as BMW Part No. 
41  62 1 922 498. 

NOTE -

Part numbers are for reference only. Always 
check with an authorized BMW parts depart
ment for the latest parts avai labil ity i nformation .  

Adjust the height of  the trunk l id at the rear by moving the 
locking bar on the latch i n  or  out as necessary. See Fig. 6-26. 
The correct height of the trunk lid at the rear is approximately 1 
mm (.04 in . )  lower than the tops of the fenders. 

The trunk lock is located behind the rear trunk trim panel .  
See Fig. 6-27. To remove the lock,  first pul l out the rear trunk 
trim panel .  Remove the lock mounting bolts and slide the lock 
out from the side. The lock cyl inder is held in by a circlip. On 
models with central locking,  see 5.2 Central locking System 
for information on removing the locking d rive. 



Fig. 6-26. Trunk l id latch. To adjust, turn nut to move latch bar 
in or out (arrows) . 

Fig. 6-27. Trunk lock mounting bolts (arrows) . 

1. SUNROOf 
The sunroof is controlled by a set of cables that pull the 

sunroof panel along guide rails when the crank is turned or the 
motor is operated. The sunroof can be adjusted without remov
ing it from lI ,� �:=tr. Replacement of the. sunroof l iner or com
ponents such as thb cable assembly require sunroof removal. 
If the sunroof leaks o r  sticks, adjust it as described i n  7.2 
Adjusting Sunroof Fit before deciding that it needs to be 
removed from the car. 

BODY AN D I NfERIOR 37 

Leaks may also b e  caused b y  clogged drain hoses. The 
front hoses lead from the top of the A-pi l lar i nto the space 
between the front fender and the door. The rear hoses run i nto 
the rear fender wells, to the air extraction vents behind the trunk 
side trim.  See Fig. 7-1 . Clean the hoses with a length of flexible 
cable, such. as an old speedometer cable. 

Fig. 7-1 . Sunroof rear drain hose (arrow) behind trunk side 
trim .  

Creaking of the sunroof when opened or closed on hot and 
humid days may be due to grease and dirt bui ld-up on the sl ide 
rai ls. To correct this problem, use a grease-free solventto clean 
the slide rai ls and any other mechanical components that come 
in contact with the plastic shoes of the sunroof. 

7.1 Removing and Install ing Sunroof Panel 

The sunroof mounting screws are coated with a special 
adhesive to prevent loosening due to vibration. Whenever the 
sunroof panel is removed and i nstalled, new self�locking sun
roof mounting screws should be used. The screws are avail
able as BMW Part No. 54 1 2  1 907 282. If the sunroof seal is  
being replaced, install it as shown in  Fig. 7-2. 

NOTE -
Part numbers are for reference only. Always 
check with an authorized BMW parts depart
ment for the latest parts avai labi l ity information.  

• 
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...... __ -- Front 

Fig. 7-2. Cross-section of sunroof seal showing correct in
stallation of seal to sunroof panel. Note seal ing l ip 
(arrow) on forward portion .  

To remove and install: 
1 .  Open the sunroof approximately a quarter of the way. 

Using a wooden or plastic wedge, u nclip the trim panel 
retain ing cl ips at the front edge of the sunroof. See Fig. 
7-3. Pry as close as possible to each of the cl ips. Close 
the sunroof and push the trim panel back i nto the roof. 

Fig. 7-3. Cl ips (arrows) that hold trim panel to sunroof. 

2. Remove the sunroof mounting screws from the left and 
right as shown in Fig. 7-4 and l ift the sunroof panel out of 
the car. 

3. Instal l  the sunroof panel and new self-locking screws. 
Loosely tighten the screws, then adjust the sunroof panel 
as d escribed in 7.2 Adjusting Sunroof Fit. 

Fig. 7-4. Sunroof left-side mounting screws (arrows) . Re
move screws from both right and left sides . 

4. Pul l  the sunroof trim panel as far forward as possible. 
Whi le holding the rear of the trim panel up, open the 
sunroof sl ightly to engage the trim panel onto the rear 
guide p in .  See Fig. 7-5. Press in the trim panel mounting 
cl ips. 

Fig. 7-5. Rear guide pin engaged in  sunroof tr im panel cl ip . 
Sunroof shown raised for clarity. 

7.2 Adjusting Sunroof Fit 

The sunroof should be adjusted whenever the top of the 
closed sunroof does not l ie  flush with the roof of the car, if it 
does not close squarely, if there are wind noises at high speed, 
if there are water leaks, or if the sunroof has been removed. 

To adjust: 

1 .  Open the sunroof approximately a quarter of the way. 
Using a wooden or plastic wedge, u ncl ip the trim panel 
retaining cl ips at the front edge of the sunroof. See Fig. 
7-3 above. Pry as close as possible to each of the cl ips. 
Close the sunroof and push the trim panel back i nto the 
roof. 

2. Loosen the mounting screws on both sides that hold the 
sunroof to the guides. See Fig. 7-4 above. 



3. Lock the sunroof guides in place to ensure parallelism of 
the guides and cables. Using a 4 m m  allen wrench or 
equivalent on both sides, i nsert the wrench through the 
rear guide i nto the lift channel.  See Fig. 7-6. 

Fig. 7-6. Allen wrench i nserted through rear guides to lock 
guides in place. Lock both sides. 

4. Adjust the sunroof by tilting it as necessary u ntil the front 
edge is lower than the roof by 1 mm (0.04 in . ) , and the 
rear edge is higher than the roof by 1 mm (0.04 in . ) .  
When the adjustment is correct, torque the sunroof 
mounting screws to 4 to 5 Nm (3 to 4 ft. lb.)  and remove 
the allen wrenches. 

8. CONVERTIBLE Top 

The Convertible model is essentially a two-door BMW with 
a number of structural additions to compensate for the loss of 
the rigidity of the hardtop. These modifications include thicker 
body side member and sill steel , additional reinforcement to 
the side members and the front of the transmission tunnel , 
plates installed between the engine mountings and the front 
bulkhead and also across the width of the car in the rear, a steel 
exhaust heat shield ,  stiffer front seat cross members, and a 
reinforced bulkhead betWeen the passenger compartment and 
the trunk. 

The joints of the top frame do not require l ubrication. The 
only parts that should be lubricated are the guides in  the frame 
assembly near the mounting bolts. If the top is d ifficult to raise 
from its stored position, then it is most l ikely that the gas struts 
need replacement. The rear window is not available as a 
separate part. Light scratches in the window or cloudy or 
smeared areas may be corrected by heating the area to a 
maximum of 90°C (1 95°F) with a hot air b lower. 
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Adjustments can be made to the convertible top and to the 
windows i n  order to ensure proper weather sealing. I n  general , 
if the top is d ifficult to open or close, or if d rafts, water leaks, or 
fluttering noises come from around the top's front header, the 
top frame needs to be adjusted. If there are rattles or air leaks 
around the windows, then either the frame or the windows m ust 
be adjusted. Make all adjustments with the car on level ground.  

8.1 Frame Adjustments 

Frame adjustment should be checked whenever the top is 
replaced, if there are air or  water l eaks at the front edge of the 
top, or  if there are air or water leaks where the top contacts the 
body at the rear. The frame can be adjusted fore-and-aft and 
side-to-side. 

To adjust vertical fit of top against body: 

1 .  Remove the entire top assembly by lowering it and then 
removing the mounting bolts and n uts. See Fig. 8-1 . Lift 
the top and its frame out of the car. 

Fig. 8-1 . Left-side convertible top mounting bolt (A) and 
mounting nuts (8) . Remove nuts and bolts from 
both sides of frame. 

2.  Measure the distance from the frame mounting studs on 
the body floorpan to the top edge of the rear quarter 
panel .  To do this, peel up part of the weatherstripping on 
either s ide,  then lay a straightedge across the width of 
the car. M easure from the bottom edge of the straight- til edge down to the base of the frame mounting studs. See • 
Fig. 8-2. Measure both sides. 
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Front 
frame 
mounting 
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A l ine 
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Fig. 8-2. Checking vertical adjustment of convertible frame. 
Distance from bottom edge of straightedge to stud 
A should be 1 81 mm (7. 1 3  in . ) .  Distance from stud 
B to bottom edge of straightedge should be 1 59 
mm (6.26 in . ) .  

3 .  I f  the measurement is incorrect, shims are placed on the 
studs u ntil the correct distance is achieved. The shims 
are avai lable in  1 mm (.04 in.) thickness, BMW Part No. 
54 3 1  1 932 744. 

4. Reinstal l  the convertible top and frame and install the 
mounting nuts and bolts 

To adjust top fit against windshield frame: 

1 .  Remove the top frame mounting bolts and loosen but do 
note remove the mounting nuts. See Fig.  8-1 above. 

2. With the top lowered, check that the frame is centered in 
the body in  relation to the quarter panels. 

3 .  Loosely instal l the mounting bolts, then raise the top and 
latch the latches. 

4. Take up any space between the convertible frame and 
the front frame mounting by i nserting shims over the 
bolts, between the frame and the mounting. See Fig . 8-3. 

The shims are available in 1 mm (.04) thickness, BMW 
Part No. 54 3 1  1 932 743. 

NOTE -

Part numbers are for reference only. Always 
check with an authorized BMW parts distributor 
for the latest parts avai labi l ity information .  

Shim ----\\-

Fig. 8-3. Adjusting front-to-back position of convertible top 
frame with top raised and latched . Insert only as 
many shims as necessary to take up space be
tween frame and front mounting. 

5. Tighten all mounting n uts and bolts and then raise and 
lower the top a few times to check operation .  

8.2 Window Adjustments 

Two adjustments are made to the front and rear side win
dows to ensure a weather tight fit and smooth operation. The 
adjustments include the window fit against the convertible top 
seal , and the paral lel fit of the window in its frame. The correct 
fit of the windows against the convertible top seal is shown in  
F ig .  8-4. 

Fig. 8-4. Correct fit of convertible windows against window 
seals. 



Make sure the convertible top is adjusted correctly as de
scribed in 8.1 frame Adjustments before making any window 
adjustments. Front window adjustments are made with the 
door trim panel removed as described in 5.1 Door Assembly. 
Also make sure the door is adjusted correctly. Rear window 
adjustments are made with the rear seat and side trim panel 
removed as described in 4.7 Rear Seats. 

To adjust the parallel  fit of a front windows, lower the window 
half way and then loosen the two screws shown in Fig. 8-5. 
While preSSing the window against the front window guide rail ,  
shut the window. Tighten the two screws when fin ished and 
check window operation. 

Fig. 8-5. Screws to be loosened (A) to make paral lel fit of 

window glass. Other arrows do not apply to this 

procedure. 

The vertical fit of the window g lass against the top seal is 
adjusted with a screw on the power window regulator frame. 
See Fig. 8-6. The screw l imits the vertical travel of the regulator. 
To adjust, lower the window sl ightly and turn the screw, then 
recheck the window fit. 

Rear window parallel fit against the front window, and ver
tical fit against the top seal are adjusted with the screws shown 
in  Fig. 8-7. 
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Fig. 8-6. Window stop adjustment point (A). Other arrows 

do not apply to this procedure. 

B 
Fig. 8-7. Convertible rear window adjustment screws for 

parallel fit (A) and vertical fit (6). 
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9 .  AI R CONDiTIONING 
Air  conditioning (A/C) service and repair requires special 

equipment and knowledge. Incorrect procedures not only may 
damage the system, but also may be hazardous. Pressures in 
excess of 300 psi are created in the system when it is operating.  
The refrigerant used (R-1 2) is not poisonous, but in  its vapor 
form it can accumulate in areas with poor ventilation and cause 
suffocation.  Also, in vapor or l iquid form R-1 2 can immediately 
freeze anything it contacts, including eyes and skin .  

Although tests can determine Ale efficiency, i t  is recom
mended that all service to the system be left to an authorized 
BMW dealer or other qual ified repair shop. For information on 
the i nterior Ale control switch assembly, see 4.4 Heater and 
Controls. Dismounting of the Ale compressor and the con
denser, without d isconnecting the hoses, is covered as part of 
the engine removal procedure in ENGINE. If any of the hoses 
or components are disconnected and the system is opened, 
special equipment wil l  be needed remove moisture from the 
system before it can be closed back up. 

9. 1 System Description 

Fig. 9-1 is a schematic view of a typical BMW Ale system. 
The air conditioning system removes heat and moisture from 
the passenger compartment. It accomplishes this through the 

Receiver/Drier 
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and sight g laSS� r r 
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cooling fan 
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Fig. 9-1 . View of typical BMW air conditioning system. 

-

application of four principles: materials absorb heat as they 
change from a l iquid to a gas (evaporate) ; materials give off 
heat as they change from a gas to a l iquid (condense) ;  the 
boil ing point of a l iquid varies with its pressure; and, heat 
always flows from hot to cold. For example, the first principle is 
demonstrated by wetting your hand and then blowing on it. As 
the water evaporates, it takes some heat with it and your hand 
feels cooler. 

In the air conditioning system, the heat from the passenger 
compartment boi ls (evaporates) the refrigerant (R-1 2) in  the 
evaporator, causing heat to be absorbed by the R-1 2. This heat 
is then released into the atmosphere when the R-1 2 is cooled 
and condensed into a l iquid at the condenser. Moisture is 
removed at the evaporator i n  the same way that water drops 
form on a cold g lass. The moisture drips onto the water tray 
beneath the evaporator i n  the heater box and is routed outside. 
This is the reason a water puddle may often be seen under the 
car when the Ale is operating .  

The compressor forces the R-1 2 through the system and at 
the same time pressurizes it, raising the R-1 2's boi l ing point to 
make it more easi ly condensed. The compressor is engaged 
by an electro-magnetic clutch that is actuated when the Ale is 
turned on. The thermostat switch automatically disengages the 
clutch when the temperature in  the passenger compartment 
reaches the level set on the operating controls. 
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The condenser, which looks l ike asmall radiator, is located 
i n  front of the engine radiator. The receiver/drier removes small 
amounts of moisture and d i rt from the system.  The freeze 
protection switch on the evaporator interrupts power to the 
compressor clutch if the temperature in the system is too cold .  

Safety Features 

To prevent system freeze-up, the fresh air blower comes on 
at low speed whenever the A/C is turned on. A low-pressure 
switch prevents engagement of the compressor clutch if the 
R-1 2 charge is too low. A high-pressure switch interrupts power 
to the compressor clutch if the pressure in the system is 
excessive. Additional temperature switches on the radiator 
increase radiator fan speed in steps if the coolant temperature 
is excessive. Depending on the model , there may be two 
switches or one combined switch. 

9;2 Inspections and Tests 

Periodic i nspections wil l  help keep the A/C operating at its 
peak. There are almost always small leaks in the system that 
wil l  require that it eventually be recharged with R-1 2. The V-belt 
that drives the compressor is subject to wear. The condenser 
fins can become bent or covered with debris, reducing air flow 
and raising system pressure to damaging levels. 

With the engine off, clean any debris or bugs from the front 
of the condenser. Straighten any bent fins using a fin comb. 
Check the fresh air intake for obstructions. I nspect the com
pressor, the hoses, and all visible components for any oil leaks. 
These leaks are often seen at the bottom side of the fittings and 
components. I nspect the wiring to the pressure switches and 
compressor clutch . Check the compressor mountings for tight
ness, and check the condition and tension of the V-belt as 
described in LUBRICATION AND MAINTENANCE. 

WARNING -

Wear eye protection when inspecting the system. 
R-12 at normal atmospheric pressures can evap
orate and freeze anything it contacts. 

The fol lowing tests wil l  aid in  evaluating system perfor
mance. 

Checking Refrigerant Charge 

Inspect the refrigerant charge of R-1 2 by starting the engine 
and turning the air conditioner on to MAX A/C. With the com
pressor running (clutch cycled on) view the sight glass, located 
in the engine compartment just behind the passenger-side 
headl ights. See Fig. 9-2. There should be few or no bubbles 
visible in the g lass. A constant foaming indicates that the 
system charge is low. Streaks on the interior of the glass may 
indicate that the system is totally discharged. 
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Fig. 9-2. Air conditioning sight glass (arrow) on receiver/ 
drier. 

If using an aftermarket refrigerant product to recharge the 
system,  fol low the manufacturer's d irections closely. To prevent 
component damage, a totally d ischarged system must be 
evacuated (sometimes called pul l ing a vacuum) using special 
equipment before recharging. This removes any moisture from 
the l ines and components, which can damage the system.  

WARNING -

Adding refrigerant or servicing the system without 
the proper tools, equipment, or knowledge may 
cause severe personal injury as well as damage 
to the A/C components. 

9.3 Air Conditioning Specifications 

The specifications l isted below i n  Table b are intended to be 
used by those experienced in air conditioning service. 

Table b. Air Conditioning Specifications 

Refrigerant capacity (R-1 2) . . . . . . . . . . .975 grams (2. 1  Ibs.) 
Refrigerant oil capacity (total) 

Swash plate-type compressor . . . . . . . . . . . . . . .300 cc 
Valve-type compressor . . . . . . . . . . . . . . . . . . .200 cc 

Oil to add after replacement of: 
Drier . . . . . . . . . . . . . . . . . . . . . . . 1 0  grams (.35 oz.) 
Evaporator . . . . . . . . . . . . . . . . . . .  .40 grams ( 1 .4 oz.) 
Condenser . . . . . . . . . . . . . .  20 grams (.70 oz.) 
Any pipe or hose . . . . . . . . . . . . . . . . 1 0  grams (.35 oz.) 

High pressure switch 
Opens . . . . . . . . . . . . . . . .  25.5-27.5 bar (370-399 psi) 
Closes . . . . . . . . . . . . . . . . .  20-22.5 bar (290-326 psi) CII" Low pressure switch '" 
Opens . . . . . . . . . . . . . . . . . .  1 .72-2.22 bar (25-32 psi) 
Closes . . . . . . . . . . . . . . . . . . .2.0-2.4 bar (29-35 psi) 

Temperature switches 
Low fan speed, closes . . . . . . . . . . .  approx. 9 1 °C ( 1 96°F) 
High fan speed, closes . . . . . . . . . . .  approx. 99°C (21 0°F) 
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Electrical System 

Introduction 

The electrical system is an efficient means for d istributing power to the electrical compo
nents of the car. It does this with the help of the alternator, which converts some of the engine's 
mechanical energy i nto electrical energy. The electrical energy is then carried through wires to 
the various electrical components such as motors, l ight bulbs, or electronic control u nits. The 
battery in  the system supplies electrical power when the engine is not running, and also 
supplies power to start the engine. 

The electrical system is based on negative ( - ) g round.  In other words, the negative terminal 
of the battery is connected to the car body, and any electrical connection to the body is a 
connection to ground. This greatly reduces the amount of wire used in the system .  Voltage from 
the battery to the various electrical components is carried by the wiring harness. Most 
components are then grounded through either d irect mounting to the car body or by a ground 
wire leading to the car body. It is very important for trouble-free operation of the e lectrical 
system that the ground connections, i ncluding the negative battery cable and the body ground 
straps, remain sound and free of corrosion. 

The connecting terminals on components and wiring harness connectors can be either 
pins, or sockets into which pins fit. Most terminals are identified with a number stamped next 
to the pins on the components. On relays, the terminals are also identified by n umbers on the 
relay. Throughout this section,  sockets on the fuse/relay panel are identified by referring to the 
pin that fits into them. The terminal numbers and the location of all the major e lectrical 
connections can be found in the d iagrams i ncluded in this section and in the BMW Electrical 
Troubleshooting Manual (ETM) for your  specific vehicle. BMW ETMs are available through an 
authorized BMW dealer parts department. 

All electrical circuits except those required for starting and operating the engine are 

protected by fuses. To prevent accidental shorts that might blow a fuse or damage wires and 
electrical components, the negative ( - )  battery cable should always be disconnected before 
working on the electrical system.  On models equipped with anti-theft radios, the anti-theft 
circuitry is activated when power to the battery is removed, such as when the battery cables 
are removed. Be sure to have the anti-theft code on hand before removing the battery terminals 
or the radio fuse. 

If you lack the skil ls or the equipment needed for testing and repairing the electrical system,  
we suggest you leave this work to an authorized BMW dealer or other qualified repair shop. We 
especially u rge you to consult an authorized BMW dealer before beginning repairs on a car that 
may be subject to warranty coverage. 
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1 .  GENERAL DESCRIPTION 

A brief description of the principal parts of the electrical 
system is presented here for famil iarization with the system.  
The components are each discussed in  greater detail later i n  
this section. 

Voltage and Polarity 

The cars covered by this manual have a 1 2-volt, d irect 
current (DC) , negative-ground electrical system. The voltage 
regulator maintains the voltage in the system at approximately 
the 1 2-volt rating of the battery, and all circuits are grounded by 
d irect or indirect connection to the negative ( - ) terminal of the 
battery. 

Battery 
On models with 4-cylinder engine and all convertibles, the 

battery is located in the engine compartment, near the firewall .  
On sedan models with 6-cylinder engine, the battery is located 
in the passenger's side of the luggage compartment. 

The six-cel l ,  1 2-volt lead-acid battery capacity is determined 
by the amount of current needed to start the car, and by the 
amount of current consumed by the electrical system .  BMW 
batteries are rated by ampere/hours (Ah) and cold cranking 
amps (GGA) rating. The Ah rating is determined by the average 
amount of current the battery can deliver over time without 
dropping below a specified voltage. The GGA is determined by 
the battery's abil ity to deliver starting current at O°F ( - 1 S°C) . 

Starter 

The starter and its attached solenoid are mounted to the left 
(driver's) side of the engine. To maximize the amount of current 
available to the starter, load-reduction relays i nterrupt the 
voltage to many of the electrical accessories when the ignition 
key is in the START position. 

Charging System 

The charging system consists of a belt-driven alternator and 
a voltage regulator. The voltage regulator, which is mounted on 
the alternator, also serves as the alternator brush holder. The 
alternator may be one of four capacities-65 amperes, SO 
amperes, 90 amperes, or 95 amperes-depending on the type 
and number of electrical accessories fitted to the car. 

Ign ition System 

The transistorized ignition system is covered in IGNITION. 
To avoid personal i njury, as wel l  as damage to the sensitive 
electronic components of the ignition system,  review the cau
tions and warnings in that section before troubleshooting or 
repairing any ignition related part of the electrical system.  

Wiring, Fuses, and Relays 

Nearly all parts of the wiring harness connect to compo
nents of the e lectrical system with keyed, push-on connectors 
that lock i nto place. Notable exceptions are the heavy battery 
cables and the alternator wiring.  The wiring is color-coded for 
circuit identification.  

With the exception of the battery charging system, a l l  elec
trical power is routed from the ignition switch or the battery 
through the fuse/relay panel ,  located in the left rear side of the 
engine compartment. Fuses prevent excessive current from 
damaging components and wiring.  Fuses are color coded to 
indicate their different current capacities. 

The relays are electromagnetic switches that operate on low 
current to switch a high-current circuit on and off. Most of the 
relays are mounted on the fuse/relay panel or the auxil iary relay 
panel .  For information concerning relay and fuse locations, see 
1 4. Fuse/Relay Panel .  

lights 

The l ighting system includes the parking l ights, the side 
marker l ights, the turn signals, the back-up l ights, the interior 
l ighting,  the headlights, and the driving or fog l ights. The head
l ight dimmer switch is on the steering column. The headl ight 
circuit contains separate relays for the high beams, the low 
beams, and the fog l ights. High/low beam switching is handled 
at the contacts in the dimmer control switch. I nformation on 
changing bulbs and lenses can be found in  BODY AND INTE
RIOR. I nformation on relay location can be found under 1 4. 
Fuse/Relay Panel.  

Heatin g  and Ventilation 
The heating and venti lation system includes either a three

speed or a four-speed fresh air blower control led by a 
dashboard-mounted switch. The control levers for the air con
d itioning (A/C) system switch power to the A/G compressor ,  
the fresh air b lower, and the radiator cooling fan. Removal and 
installation of the heating and ventilation components is cov
ered i n  BODY AND INTERIOR. 



Windshield Wipers and Washers 

The blades of the two-speed windshield wiper system with 
intermittent operation come to rest in the "park" position auto
matically when the wiper switch is turned off. The wiper switch 
includes a windshield washer control. A motor-driven pump 
supplies the washers with flu id. 

Instruments 

The dashboard instruments, including the speedometer, 
are all electrical .  All d ifferences in instrumentation among mod
els are covered in the applicable BMW ETM wiring d iagrams. 
Removal and instal lation of the instrument cluster is described 
in BODY AND INTERIOR. 

2. MA!NTENANCE 
No routine lubrication of the alternator, the starter, or other 

motors is required. The following electrical system mainte
nance is described in LUBRiCATION AND MAINTENANCE. 

1 .  Checking the battery 

3. TROUBLESHOOTiNG 

This heading describes general procedures for electrical 
system circuit and component troubleshooting, and provides 
specific troubleshooting information for the battery, the starter, 
and the charging system.  For i nformation regarding the fuses 
and relays mounted in the fuse/relay panel ,  see 1 4. Fuse/ 
Relay Panei. For information regarding spl ice, ground, har
ness connector, relay, and component locations see 1 3. Har
ness Connector, Ground, Splice and Component 
locations. Read the fol lowing cautions before testing any part 
of the electrical system.  

CAIJTlON � 

@ Connect or disconnect multiple connectors and 
test equipment leads only while the ignition is off. 
Switch multimeter functions or measurement 
ranges only with the test probes disconnected. 

@ Before operating the starter without starting the 
engine (as when making · a compression test), 
disable the ignition. For more information see 
IGNiTiON. 

<ill Do not connect terminal 1 of the coil to ground 
as a means of preventing the engine from starting 
(for example, when installing or servicing anti-theft 
devices).  
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CAUTION -

ola Do not connect test instruments with a 12-volt 
current supply to terminal 15 ( +) of the ignition 
coil. The voltage backflow will damage the igni
tion control unit. In general, make test connec
tions only as specified by BMW, as described in 
this manual, or as described by the instrument's 
manufacturer. 

@ Do not disconnect the battery while the engine 
is running. 

G Do not quick-charge the battery (for boost start
ing) for longer .than one minute, and do not .ex
ceed 16.5  volts at the battery with the boosting 
cables attached. Wait at least one minute before 
boosting the battery a second time. On models 
equipped with on-board computers, remove the 
computer fuses (no. 10, no. 12, no. 21 ,  no. 23, no. 
27) prior to quick-charging to prevent damaging 
the computer. 

.. Do not wash the engine while it is running, or 
any time the ignition is switched on. 

• Disconnect the battery when doing any electric 
welding on the vehicle or charging the battery. 

iii Do not use a test lamp that has a normal incan
descent bulb to test circuits containing electronic 
components. The high electrical consumption of 
these test lamps may damage the components. 

3.1 Basic Electrical Troubleshooting Principles 

Four things are required for current to flow i n  any electrical 
circuit: a voltage source, wires or connections to transport the 
voltage, a consumer or device that uses the electricity, and a 
connection to ground. Most problems can be found using only 
a multimeter (volt/ohm/amp meter) to check for voltage supply, 
for breaks i n  the wiring (infinite resistance/no continuity) , or for 
a path to ground that completes the circuit. 

E lectric current is logical in its flow, always moving from the 
voltage source toward ground.  Keeping this in  mind, electrical 
faults can be located through a process of el imination . When 
troubleshooting a complex circuit, separate the circuit into 
smaller parts. The general tests outlined below may be helpful 
in finding electrical problems. The i nformation is most helpful 
when used with the wiring d iagrams found throughout this 
section and in  the applicable BMW ETM. 

GI 
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Testing For Voltage and Ground 
The most useful and fundamental electrical troubleshooting 

technique is checking for voltage and ground. A voltmeter or a 
simple test l ight should be used for this test. For example, if a 
parking l ight does not work, checking for the presence of 
voltage at the bulb socket will determine if the circuit is func
tioning correctly or if the bulb itself is faulty. If voltage and 
ground are found at the bulb connector, but the bulb does not 
i l luminate, the bulb is most l ikely faulty. 

NOTE -

Test l eads with flat male connectors should be 
used to prevent damaging terminal connec
tions. For basic i nformation on using a m u ltim
eter or constructing test leads, see FUNDA
MENTALS at the front of the manual. 

To check for positive ( + )  battery voltage using a t�st l ight, 
connect the test l ight wire to a clean, unpainted metal part of 
the car or a known good ground. Use the pointed end of the 
l ight to probe the positive ( + ) wire. See Fig .  3-1 . To check for 
continuity to ground, connect the test l ight wire to the positive 
( + ) battery post or a battery source. Use the pointed end of the 
l ight to probe the wire leading to ground. In either case, the test 
l ight should l ight up. 

NOTE ==-

aI A test l ight only determines if voltage or ground 
is present-it does not determine how much volt
age or how good the path to ground is. If the 
actual voltage reading is important, such as when 
testing a battery, use a digital voltmeter. To check 
the condition of the ground connection ,  check 
voltage drop on the suspected connection as 
described below. 

e The pointed end of the test l ight can be used to 
pierce through the wire's insulation. This may 
help locate areas where wires are broken or con
nections are faulty. 

To check for voltage using a voltmeter, the meter should be 
set to DCV and the correct scale.  Connect the negative ( - ) test 
lead to the negative ( - )  battery terminal or known good 
ground. Touch the positive ( + ) test lead to the positive wire or 
connector. To check for ground,  connect the positive ( + ) test 
lead to the positive ( + )  battery terminal or voltage source. 
Touch the negative ( - ) test lead to the wire leading to ground. 
I n  either case the meter should read battery voltage. See Fig.  
3-2. 

NOTE = 

When using an analog (swing needle) voltme
ter, be careful not to reverse the test leads. 
Reversing the polarity may damage the meter. 

Battery voltage 
in  accy. ,  run or start 

B41 0 . ELE .B 

(+) 

(-) 

Ground (G300) -=-

Fig. 3-1 . Test l ight being used to check for Voltage. A test 
l ight is the best tool to quickly check for voltage or 

ground. 

Battery 

1 
S<oke Ugh! sw;!ch IZJ 

I 
Brake l ight 

I 
Ground (G300) -=- B420 . ELE.B 

Fig. 3-2. Voltmeter being used to  check for ground. 



Continuity Test 

The continuity test can be used to check the integrity of a 
circuit or a switch. Because most automotive circuits are de
signed to have l ittle or no resistance, a circuit or part of a circuit 
can be easily checked for faults using an ohmmeter or a 
self-powered test l ight. An open circuit or a circuit with high 
resistance wil l  not allow current to flow. A circuit with l ittle or no 
resistance allows current to flow easily. 

When checking continuity, the ignition should be off. On 
circuits that are hot at al l times, the battery should be discon
nected . Fig. 3-3 shows a brake l ight switch being teste9 for 
continuity using an ohmmeter. Using the appropriate wiring 
diagram, a circuit can be easi ly tested for faulty connections, 
wires, switches, relays, and engine sensors by checking for 
continuity. 

Brake pedal i n  rest position 

Brake 
l ight switch 

Brake pedal depressed 

Brake 
light switch 

Fig. 3-3. Brake l ight switch being tested for continuity. With 
brake pedal i n  rest position (switch open) there is 
no continuity (infinite ohms) . With the pedal de
pressed (switch closed) there is continu ity (zero 
ohms) 
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CAUTlON -

Do not use an analog (swing-needle) ohmmeter to 
check circuit resistance or continuity on any elec
tronic (solid-state) components. The internal 
power source used in most analog meters can 
damage solid state components. Use only a high 
quality digital ohmmeter having high input imped
ance when checking any electronic component. 

Short Circuit Test 

A short circuit is exactly what the name implies. The circuit 
takes a shorter path than it was deSigned to take. The most 
common short that causes problems is a short to ground 
where the i nsulation on a positive ( + ) wire wears away and the 
metal wire is exposed. When the wire rubs against a metal part 
of the car or other ground source, the circuit is shorted to 
ground. If the exposed wire is l ive (positive battery voltage),  a 
fuse wil l  blow and the circuit may possibly be damaged. 

CAUTlON -

On circuits protected with large fuses (25 amp 
and greater), the wires or circuit components may 
be damaged before the fuse blows. Always check 
for damage before replacing fuses of this rating. 

Shorts to ground can be located with a voltmeter, a test 
l ight, or an ohmmeter. Short circuits are often difficult to locate 
and may vary in  nature, Therefore, it is important that the 
correct wiring diagram is available. Short circuits can be found 
using a logical approach based on the current path. 

CAUTlON -

When replacing blown fuses, use only fuses hav
ing the correct rating. Always confirm the correct 
fuse rating printed on the fuse/relay panel cover. 
See 1 4. Fuse/Relay Panel at the end of this 
section. 

To check for a short circuit to ground, remove the blown fuse 
from the circuit and d isconnect the cables from the battery. 
Disconnect the harness connector from the circuit's load or 
consumer. Using a self-powered test l ight or an ohmmeter, 
connect one test lead to the load side fuse terminal (terminal 
leading to the ci rcuit) and the other test lead to ground.  See 
Fig.  3-4. 
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: - T - - - -Fu�;/�eiay -: , panel 
Fuse ---+--
shown • , 
removed '. _ _ - - - - - _ - - a 

Rear [JJ 
defogger 

heating 
element 

( load) 

Ground (G300) B423 .ELE .B  

FiQl. 3-4. Ohmmeter being used to  check for a short circuit to 
ground. 

Short circuits can also be located using a test l ight or a 
voltmeter. Connect the i nstrument's test leads across the fuse 
terminals (fuse removed) and turn the circuit on. See Fig. 3-5. 
If necessary, check the wiring diagram to determine when the 
circuit is l ive. 

Working from the wire hamess nearest to the fuse/relay 
panel, move or wiggle the wires while observing the test l ight or 
the meter. Continue to move down the harness until the test 
l ight bl inks or the meter displays a reading. This is the location 
of the short. Visually inspect the wire harness at this pOint for 
any faults. If no faults are visible, carefully slice open the 
harness cover or the wire insulation for further inspection .  
Repair any faults found.  

Voltage Drop Test 

The wires, connectors, and switches that carry current are 
designed with very low resistance so that current flows with a 
minimum loss of voltage. A voltage drop is caused by higher 
than normal resistance in  a circuit. This additional resistance 
actually decreases or stops the flow of current. A voltage drop 
can be noticed by problems ranging from dim headl ights to 
sluggish wipers. Some common sources of voltage drops are 
faulty wires or switches, d irty or corroded connections or con
tacts, and loose or corroded ground wires and ground con
nections. 

a - - - - - - - - - - - - - -
• Fuse/relay : : panel 

Fuse ------r-
shown • 
removed '- -

Rear 00 
defogger 

heating 
element 

( load) 

Ground (G300) B424. ELE .B  

Fig. 3-5. Voltmeter being used to  check for a short circuit to 
ground. 

Voltage drop can only be checked when current is running 
through the circuit, such as by operating the starter motor or 
turning on the headlights. Making a voltage drop test requires 
measuring the voltage in the circuit and comparing it to what 
the voltage should be. Since these measurements are usually 
smal l ,  a digital voltmeter should be used to ensure accurate 
readings. If a voltage drop is suspected, turn the circuit on and 
measure the voltage at the circuit's load. See Fig. 3-6. 

NOTE � 

<1) A voltage d rop test is generally more accurate 
than a simple resistance check because the re
sistances involved are often too small to measure 
with most ohmmeters. For example, a resistance 
as small as .02 ohms would results in a 3 volt d rop 
i n  a typical 1 50 amp starter circuit. ( 1 50 amps 
x .02 ohms = 3  volts) . 

.. Keep in mind that voltage with the key on and 
voltage with the engine running are not the same. 
With the ignition on and the engine off (battery 
voltage) , voltage should be approximately 1 2.6 
volts. With the engine running (charging voltage) , 
voltage should be approximately 1 4.5 volts. Mea
sure voltage at the battery with the ignition on and 
then with the engine running to get exact 
measurements. 



Ii - . . .. . . . .  - ... ... ... ... - - - ... -
Fuse/Relay Panel : 

s. _ _ _ _ _  _ 
1 WTIVI 

Fuse 1 
(7 .5 amp) 

Fuse 1 3  
7.5  amp) 

... _ . &1  
l YUWT 

left � �x 
h ig h � 

beam v left 

11 Br v 
dual L:.l beam 

I .  bl / 

Left front 8 1 00 
fender, behi nd 

headl ight (Gl  04) 

Car chassis 
(ground) 

B42 1 ELE .B 

Fig. 3-S. Example of voltage drop test on d im headl ights. 
Voltmeter showed 1 .6 volt drop between ground 
connector and chassis ground. After removing and 
cleaning head l ight g round connector (Gl 04) , volt
age drop returned to normal (0.2 volts) and head
l ights were bright. 

NOTE -

The maximum voltage drop in an automotive 
circuit, as recommended by the Society of Au
tomotive Engineers (SAE) , is as follows : 0 volt 
for small wire connections; 0 . 1  volt for h igh 
current connections; 0.2 volt for h igh current 
cables; and 0.3 volt for switch or solenoid con
tacts. On longer wires or cables, the d rop may 
be sl ightly h igher.  In any case, a voltage drop of 
more than 1 .0 volt usually indicates a problem. 

To troubleshoot a circuit: 

1 .  Check to see that all the connections in the circuit are 
tight and free of corrosion. Pay special attention to all 
ground connections. 

2. Check the fuse. in the circuit example shown in Fig. 3-7 
below, the circuit receives power through a 7.5 amp fuse 
in position 1 0  on the fuse/relay panel. 
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Battery voltage 
in run or start 

Fuse/relay • • • •  - - - • • •  -, 
panel Fuse 1 0  I 

(7.5 amp) : 
� 7.5 amp fuse 

_ • •  _ • _ • � in position 1 0  
.75 on fuse/relay panel 

G N/WT 

1 IC301 
.75 � 

G NIWT 

B'ck-". m ______ 

Connector 301 
at base of 
shift lever 

light switch � � 
(Closed i n  

I reverse) 
Back-up l ight 
switch threaded 

.75 BU/WT i nto transmission case 

2 C301 

.75 BUIWT 

.75 BU/WT 

I Back-up 
l ight 

left rear 
l ig ht assy. 

1 .5 B R  1 .5 B R  

1 .5 BR 

/ 
Ground 300 under 
left side of rear seat 

8324 

-= G300 

WIRING 
COLOR CODE 
BK 

BR 

RD 

YL 

GN 

BU 

VI 

G Y  

WT 

PK 

BLACK 

BROWN 

RED 

YELLOW 

GREEN 

BLUE 

VIOLET 

GREY 

WHITE 

PINK 

- - - - - - - - ,  

Back-up  
l ight 

I 

R ight rear 
l ig ht assy. 

Fig. 3-7. Sample of BMW wiring d iagram of back-up l ights 
circuit for cars with manual transmission. 

GI 



1 0 ELECTRICAL SYSTEM 

NOTE -

A fuse that repeatedly fai ls indicates an unusu
ally h igh  current flow, probably caused by a 
damaged wire, a faulty component, or a short 
d irectly to ground.  

3. Check for voltage reaching the circuit. Connect a volt
meter or test l ight between a point in the circuit and 
ground (a clean, unpainted metal part of the car) . In the 
example, the ignition must be switched on since fuse 1 0  
only receives power when the ignition is on or the engine 
is running. 

4. In  the example, the blue/white wire (terminal 4) at the rear 
l ight assembly should be getting voltage when the igni
t ion is on and the transmission is in  reverse. Voltage 
indicated by the voltmeter (or by the test l ight coming on) 
means that the circuit is doing its job. 

5. If there is no indication of voltage, something has inter
rupted the circuit between the power source and the test 
point. P ick a new test point farther "upstream" in the 
current path. In the example, the g reen/white wire at the 
back-up l ight switch would be a good point. If there is 
voltage at this point, then the fault l ies somewhere be
tween the two test points. 

6. Check circuit integrity between two points using an ohm
meter. Continuity (little or no resistance) between two 
points indicates that part of the circuit is complete and is 
allowing current flow. No continuity ( infin ite resistance) 
indicates that part of the circuit is interrupted and would 
not allow current flow. I n  the example, operation of the 
back-up l ight switch could be checked by d isconnecting 
the connectors from the switch and testing for continuity 
across its terminals. There should be continuity only 
when in reverse gear-otherwise the switch is faulty and 
should be replaced. 

7. If the back-up l ights work intermittently, check voltage 
drop at the switch with the transmission in reverse. Con
nect the digital voltmeter test leads to the rear of each 
con nector at the switch. Turn the ignition on.  A voltage 
reading of more than 1 volt indicates a faulty switch . 

3.2 How To Use The Wiring Diagrams 

The wiring diagrams presented in  this section of the manual 
are organized to indicate current flow, from positive to negative. 
The diagrams are also organized to show the actual routing of 
the wires in  the car's wiring harness. 

As a general rule, the d iagrams show current flow from 
positive ( + )  to negative ( - ) . The fuse, or source of voltage, is 
normally shown at the top of the d iagram and the circuit ground 
is normally at the bottom of the d iagram. 

Fig . 3-8 is an example of a wiring diagram in this section,  
showing the meanings of various symbols. These are general 
examples. They do not show al l of the symbols used. For a 
complete l isting of the symbols, see Wiring Diagram Symbols 
below. 

Wiring Diagram Symbols 

Fig . 3-9 is a ful l  l isting of the wir ing and component symbols 
appearing in the diagrams. A complete l ist of ground,  splice, 
connector, and component locations, can be found under 1 3. 
Harness Connector, Ground, Splice, and Component lo
cations. 

Terminal and Circuit Identification 

Most terminals are identified by numbers on the compo
nents and harness connectors. The terminal numbers for the 
major electrical connections are shown in the circuit d iagrams 
throughout this section and in the BMW ETM.  

Though many terminal numbers appear only once to  iden
tify a particular terminal, several numbers appear in numerous 
places throughout the electrical system and identify certain 
types of circuits. A letter suffix is sometimes added to the 
number to d istinguish between two different circuits, or be
tween two parts of the same circuit. Table a l ists several of the 
most common circuit numbers, and identifies the circuit type 
and the wire color normally used. 

3.3 Battery, Starter and Charging System 
Troubleshooting 

The causes of a dead battery or an inoperative starter are 
often interrelated and hard to pinpoint. Table b l ists symptoms 
of trouble with the battery, starter, and charging system,  their 
probable causes, and suggested corrective actions. The bold 
numbers in the corrective action column refer to the numbered 
headings in this section where the suggested repairs can be 
found. 
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1 VI/GN 

Fuse i n  location 6,  
7 .5 amp rating 

Dashed l ine ind icates 
a partial section of the 
fuse/relay panel �= : -

- 1-

-

- - - - - -;: _�I!--------l panel : �" F 6 '-, use ' I 5 C 5 L-_________ ..J 
• 7.5 amp : I VliGN 302 VliwT 

Schematic symbol for 
l ight emitt ing diode 
(LED) 

Dashed l i ne i nd icates 

, , . ),..---
: _ _ _ _  �l _ _ _ _ _  : Vli�NfS340 R Tgo����fe 

Hot in accy. ,  system 
run or start 

S�i��� [] 
Closed With To anti.lock 
brake pedal brake depressed 

:��t�� �� i� _ _ _ _ _ 1 
( 1 986 and later models) 

Al;';ve c heck 1: system 

partial section of the 1--_ l ights , models) R D  
, 

Brake ®// ' ( 1 984 GN .5 G N/RD 

active check control un it ' , S306 
, 54kl 54 . ) •• .!IB' ..... .a..),... ... 

Wire size ( . 5  mm) 
and color (Green/Black) 

, - - - - - - - - - - - - , S31 6 

5X (Ex . 1 984 

VG N/BK models) 
Stop l ight 
( 1 98(; and later models) 

I ). . . .. . . . . . .  n . . .� I ���ter 
• T .r. . models) 

G N/B�l Rear l ights 

.75 BR� G300 � 
C2 check relay /c1 

Al l  switches are shown 
in their rest position 
with the ign it ion off 

G round, location 300 
(see 1 3. Harness 
Connector, Ground, 
Splice and Component 
Locations for exact 
location) 

Schematic symbol for 
relay (Dashed l ine 
shows mechanical 
connection to solenoid) f, 54ki).-. .  -.-. .  -.

-
. .  -.-

- - - - - - - - - - - - - -54 �
, j _ 

Dashed l ine shows part ial 

l ) . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . : -";

I
:---�_�_�_�_�_�_�e_�_:_�e_a

_
r
_
l
_
i9

_
h
_
ts 

__ 
..J 

Wire spl ice, location 
S324 (see 1 3. Harness 
Connector, Ground, 
Splice and Component 
locations for exact 
location) 

Connector C208 
(see 13. Harness 
Connec�or, Ground, 
Splice and Component 
locations for exact 
location) 

L _ _ _ _ _  9 _32 _ _ �4� _ _ _ _ _ _ _ _ _ _ �� � 
C2 X C1 1 G NNL X C 1  

1 G N/BU 
Right ;- - - -�

-

- -, Left ;- - - -�- - - -, 
rear ' Stop • rear ' Stop • 

.75 BR l ight : l ig ht : l ight : l ight : 
assy. , , assy. , • 

II .. .. ... ... _ . 1 11 _ _ _ _ _ _  II 

___ S
_
32 

.... 
411 .5 B R  

" 1 � 1 .5 B R  1 .5 BR 

G300 -=-

Models with 
manual 

transmision A 
C208 

I � Clutch 
switch 
Opens when 
clutch pedal 
is depressed 

.5 G N/RD 

.5 G N/RD 

Models with 
automatic 

transmision 

\ 

.5 G N/RD 

J 

To cruise 
control system 

Fig. 3-8. Sample wiring diag ram of stop light c i rcuit on mod· 
els with active check control. 

Relay terminal 
identification (found 
on u nderside of relay) 

Schematic symbol 
for l ight bu lb 

Symbol for push·on 
type connector 

When a wire abruptly 
ends, text will indicate 
where wire is continued 
(usually not associated 
with the ci rcuit) 
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® 
® 
® 
® 
® 
� 
$ 

D 
D <= "'" ." "" 0  , 
, , 
D"" ... ... "" J! 

Solid state 

Motor 

B lower motor 

Starter motor 
with engagement 
solenoid 

Alternator 

Lamp,  Head lamp 

Dual beam 
headlamp 

LED 

Battery 

Horn 

Entire 
component shown 

Part of 
component shown 

Models with 1 Models with 
manual automatic 

transmission transm ission 

� Fuse 

o Resistor 

[f] Filter (capacitor) 

-* 
� 

) 1  
)- - - - - - - -) T T 

� T 

Diode 

Windings 

Switch 

Dashed line indicates 
a mechanical 
connection 
between switches 

Switch 
(mechanical) 

Fixed connection 

o Seperable connection 

G round 

.5 GY/RD I 
4 A C209 Connector on 

component lead 
.5 RD (pigtai l )  

I 

WIRING 
COLOR CODE 
BK BLACK 

BR BROWN 

RD RED 

YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

G Y  GREY 

WT WHITE 

PK PINK 

Internal 
connection 

-e- Splice 

Connector attached 
to component 

� __ ..JA ... __ � r- \ 

1

2

.

5 I 
Brackets identify 
wire choices where 
options exist 

,4A ....... __ .. """"',,,,"", ,�,/ Wire is continued 

BKIYL 
2 .5 BK 

Fig. 3-9. Wiring and component symbols i n  the  wiring dia
grams in  this section of the manual .  

B409. ELE.B 



Table a. Terminal and Circuit Numbers 

Number Circuit Most common 
description wire color 

1 Low voltage Black 
ground ( - )  
terminal of coil 

4 High voltage center -
terminal of coil 

1 5  Originates at -
ignition switch. 
Supplies power 
when ignition 
switch is in ON or 
START position 

30 Battery positive Red 
( + )  voltage. 
Supplies power 
whenever battery is 
connected. (Not 
dependent on 
ignition switch 
position) 

3 1  Ground Brown 
battery negative ( - )  

50 Supplies power Black/yellow 
from battery to 
starter solenoid 
when ignition 
switch is in START 
position 

continued 
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Table a. Terminal and Circuit Numbers (continued) 

Number Circuit Most common 
description wire color 

D +  Alternator warning Blue 
l ight and field 
energizing circuit 

85 Ground side ( - ) of Brown 
switching relay 

86 Power-in side ( + )  -
of switching relay 

87 Relay change-over -
contact 

4. BATTERY 
The battery does not actually store electricity-it stores 

energy chemically. The battery contains a number of negative 
and positive lead plates, along with a l iquid solution of sulfuric 
acid and water called the electrolyte. When an electrical load is 
placed across the battery, the sulfuric acid combines with the 
lead i n  the plates to produce lead sulfate and water. A great 
number of electrons are released as e lectrical current flow by 
this chemical process. Charging the battery reverses the reac
tion-lead sulfate is released from the plates and sulfuric acid 
is formed. 

Table b. Battery, Starter and Charging System Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Engine cranks slowly a. Battery cables loose, d irty, or 8_ Clean or replace cables. See LUBRICATION AND 
or not at all, solenoid corroded MAINTENANCE 
clicks when starter is b. Battery discharged b. Charge battery; test and replace if necessary. 4 
operated c. Body ground strap loose, d irty, or c. Inspect ground strap; clean , tighten, and replace as necessary 

corroded 

d. Poor connection or no voltage at d. Check connection , test for voltage at starter. 6. Test 
starter motor terminal 30 neutral/park/reverse l ight switch (auto. trans.) . 1 0.1  

e. Starter motor or solenoid faulty e. Test starter. S.l 

2. Battery wi l l  not stay a. Shorted circuit draining battery a. Test for current drain.  5.2 
charged (more than b. Alternator V-belt loose or damaged b. I nspect alternator V-belt. 5.3 
a few days) c. Battery faulty c. Test battery and replace if necessary. 4.1 

d. Battery cables loose, d irty, or d. Clean or replace cables. See LUBRICATION AND 
corroded MAINTENANCE 

e. Alternator or voltage regulator faulty e. Test alternator and regulator. 5.2 

3. Battery losing water a. Battery being overcharged a. Test voltage regulator. 5.2 

4. Lights dim, l ight 8. Alternator V-belt loose or damaged a. Inspect alternator V-belt. 5.3 
intensity varies with b. Alternator or voltage regulator faulty b. Test alternator and voltage regulator. 5.2 
engine speed c. Body ground straps loose, d irty, or c. I nspect ground straps; clean, tighten,  and replace as required 

corroded 
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Charging the battery does not remove all of  the sulfate from 
the plates. The battery wil l gradually become sulfated and wil l  
no longer hold a sufficient charge to start the car. Replacement 
of the battery is the only remedy. Temperature also affects the 
efficiency of the battery. The current-producing capacity of a 
battery at 5°F ( - 1 5°C) is only half its capacity at 68°F (20°C) , 
and partly-discharged batteries can freeze due to the higher 
proportion of water i n  the electrolyte. A frozen battery produces 
no current, but can usually be restored when thawed. 

Low-maintenance batteries have been supplied as original 
equipment in the cars covered by this manual . These batteries 
have vented fi l ler caps and may require d istil led water to be 
added periodically to maintain the electrolyte level . Under nor
mal operation the battery is maintenance-free, the electrolyte 
does not need to be periodically checked, and normal charging 
can be done without removing the caps. 

For more i nformation on checking the battery and on.battery 
maintenance, see LUBRICATION AND MAINTENANCE. For in
formation on starting with jumper cables, see FUNDAMENTALS. 

WARI\IING � 
() Wear goggles, rubber gloves, and a rubber 
apron when working with battery electrolyte. Bat
tery electrolyte contains sulfuric acid, and can 
cause severe burns and damage to clothing. If 
electrolyte is spilled on your skin or clothing, flush 
the area at once with large quantities of water. If 
electrolyte gets into your eyes, bathe them with 
large quantities of clean water for several minutes 
and call a physician. 

Q) Batteries generate explosive gasses. Keep 
sparks and open flame away. Do not smoke. 

CAIJTION -
Replace batteries with cracked or leaking cases. 
Leaking electrolyte can damage the car. If acid is 
spilled on the car, clean the area with a solution of 
baking soda and water. 

4.1 Testil11lg Battery 
Before testing the battery check that the cables are tight and 

free of corrosion . On models with trunk-mounted battery, check 
that the wiring at the junction block is correctly routed, tight and 
free of corrosion and damage. Fig. 4-1 shows the correct 
routing of the battery wiring at the junction block. 

Battery testing determines the state of battery charge. On 
conventional or low-maintenance batteries the most common 
method of testing the battery is that of checking the specific 
gravity of the electrolyte using a hydrometer. 

Fig. 4-1 . Battery j unction block in rear of engine compart
ment on models with battery in trunk. 

NOTE -

On 325e models produced up to October 1 985, 
the wire shown at A i n  F ig .  4-1 may be con
nected to the wrong  post (8) on the junction 
block. This can result i n  a no start condit ion (no 
ign it ion spark) d ur ing low o utside temperatures 
only. 

Hydrometer Testing 

The hydrometer consists of a g lass cylinder with a freely 
moving float i nside. When electrolyte is drawn into the cyl inder, 
the level to which the float sinks indicates the specific gravity of 
the electrolyte. The more dense the concentration of sulfuric 
acid in the electrolyte, the less the float will sink, resulting in a 
higher reading (and state of charge) .  

Electrolyte temperature affects the reading, s o  a thermom
eter should be used to determine electrolyte temperature be
fore making a hydrometer test. Add .004 to the hydrometer 
reading for every 1 0°F (6°C) that the electrolyte is above 80°F 
(2rC) . Subtract .004 from the reading for every 1 0°F (6°C) that 
the electrolyte is below 80°F (27°C) . 

Before checking the specific gravity of a battery, load the 
battery with 1 5  amps for one minute. This can be done by 
turning on the headl ights without the engine running if the 
battery is installed in the veh icle. Table c l ists the percent of 
charge based on specific g ravity values. 



Table c. Specific Gravity of Electrolyte 
at 80°F (27°C) 

Specific gravity State of charge 

1 .265 Fully charged 
1 .225 75% charged 
1 . 1 90 50% charged 
1.1 55 25% charged 
1 . 1 20 Ful ly d ischarged 

The battery is in satisfactory condition if the average specific 
gravity of the six cells is at least 1 .225. If the specific gravity is 
above this level, but the battery lacks power for starting, deter
mine the battery's service condition with a load voltage test, as 
described below. If the average specific gravity of the six cells 
is below 1 .225, recharge the battery. If, after recharging, the 
specific gravity varies by more than . 050 between any two cells, 
replace the battery. 

Open-Circuit Voltage Test 

An open-circuit voltage test checks battery voltage by con
necting an accurate dig ital voltmeter to the battery posts after 
d isconnecting the battery ground cable. Before making an 
open-circuit voltage test on a battery, first load the battery with 
1 5  amps for one minute. If the battery is i nstalled in a car, this 
can be done by turn ing on the headl ights without the engine 
running. Open-circuit voltage levels and their corresponding 
percentages of charge are in  Table d .  

Table d .  Open-Circuit Voltage and Battery Charge 

Open-circuit voltage State of charge 

1 2.6 V or more Fully charged 
1 2.4 V 75% charged 
1 2.2 V 50% charged 
1 2.0 V 25% charged 
1 1 .7 V or less Ful ly discharged 

The battery is in satisfactory condition if the open-circuit 
voltage is at least 1 2.4 volts. If the open-circuit voltage is at this 
level or above, but the battery lacks power for starting, make a 
load voltage test to determine the battery's service condition . If 
the open-circuit voltage is below 1 2.4 volts, recharge the bat
tery. If the battery cannot be recharged to at least 75%, it should 
be replaced. 

load Voltage Testi ng 

A load voltage battery test should be performed by an 
authorized BMW dealer or qualified repair facility if, after the 
tests described earlier, the battery appears to 

. 
be in good 

condition but stil l  can't provide enough current for starting . 
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4.2 Battery Charging 

Discharged batteries can be recharged using a battery 
charger, but a battery can never be charged to a voltage i n  
excess of that which i t  i s  capable of producing electro
chemically. During charging, the battery's voltage builds to a 
peak called the terminal voltage. If charging is continued be
yond the terminal voltage, the water i n  the electrolyte begins to 
decompose i nto hydrogen and oxygen.  This condition, called 
gassing, will evaporate the electrolyte to a level that can dam
age the battery. 

Thoroughly read the i nstructions provided by the battery 
charger's manufacturer and always fol low the instructions care
ful ly. Do not use a charger if the instructions are not available. 
Table e l ists charging rates and times that should be followed 
when charging batteries. 

WARNING -

The gasses given off by the battery during charg
ing are explosive. Do not smoke. Keep open 
flames away from the top of the battery, and pre
vent electrical sparks by turning off the battery 
charger before connecting or disconnecting it. 

CAUTION -

C Always allow a frozen battery to thaw before 
attempting to recharge it. 

III On models equipped with on-board computers, 
remove the computer fuses (no. 10, 12, 2 1, 23, 
and 27) prior to fast-charging to prevent damag
ing the on-board computer module. 

Table e. Battery Charging Specifications 

Charging rate Specific gravity Approximate 
(low-maintenance charging time 
batteries only) 

Fast charge (at 1 . 1 50 or less 1 hour 
80% to 90% of 
battery's capacity, 1 . 1 50 to 1 . 1 75 3/4 hour 
example: 44 to 50 
amperes for a 1 . 1 75 to 1 .200 1 /2 hour 
55-ampere hour 
battery) 1 .200 to 1 .225 1 /4 hour 

Slow charge (at Above 1 .225 Slow charge only, 
1 0% of battery's to a specific gravity 
capacity, example: of 1 .250 to 1 .265 
5.5 amperes for a 
55-ampere hour 
battery) 

• 
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5. CHARGING SYSTEM 
The charging system provides the current necessary to 

keep the battery charged. The system includes an alternator 
driven from the engine crankshaft by a V-belt to generate the 
charging current, and a voltage regulator to control the rate at 
which the battery is charged. 

The charging capacity ofthe alternator instal led on each car 
depends on the tYpe and number of electrical accessories. The 
alternator rating can be found on its housing. The voltage 
regulator is mounted on the back of the alternator housing . 
Voltage regulators and alternators are avai lable as replacement 
parts from an authorized BMW dealer. BMW remanufactured 
alternators are also available as an alternative to new ones. 

To prevent damage to the alternator or regulator when 
making tests or repairs, make all connections with negative ( - ) 
to negative, and positive ( + )  to positive unless directed other
wise. Even momentary contact with a conductor of the wrong 
polarity can cause damage to the alternator's diodes. !'v1ake 
certain that the battery ground strap is connected to the bat
tery's negative ( - ) terminal and that the cable to terminal 30 on 
the starter is connected to the battery's positive ( + )  terminal. 

CAUTlON � 

Never operate the engine with the battery discon
nected. Never operate the alternator with its out
put terminal (B + or 30) disconnected and the 
other terminals connected. Never short, bridge; or 
ground any terminals of the charging system ex
cept as specifically described in 5.1 Charging 
System Troubleshooting. 

5.1 Charging System Troubleshooting 

Charging system trouble is indicated by an i l luminated al
ternator warning l ight on the instrument panel , or by an under
or overcharged battery. 

The alternator generates electrical current by electrical in
duction. That is, a magnetic field is placed in  motion to induce 
a current in a stationary coi l .  When the engine is running and 
the alternator is spinning, part of the current it produces ener
gizes its electromagnetic field .  When starting, some other cur
rent must be provided to initially energ ize the field and begin 
the current generating process. This current is provided by the 
battery through the alternator warning l ight in  the instrument 
cluster. 

NOTE = 
On models built up to late 1 986, a burned out 
alternator warning l ight will prevent the alterna
tor from charging.  On late 1 986 and later mod
els, a resistor is wired in  paral lel with the alter
nator warning l ight. This will al low current to 
reach the alternator during starting when the 
warning l ight is burned out. See Fig. 5-1 . 

As soon as the alternator's output equals the battery's 
voltage, the l ight goes out. Normally, the warning l ight should 
be off when the ignition is off and the engine is stopped. The 
l ight should only come on when the ignition is turned on 
(current to the rotor) and go out again when the engine is 
started and the battery is being charged. 

Table f describes symptoms of trouble indicated by the 
warning l ight, l ists tests and probable causes for the problem, 
and suggests corrective actions. The bold numbE;lrs in  the 
corrective action column refer to the numbered headings in this 
section where the suggested repairs can be found. Fig. 5-1 is 
a simplified wiring schematic of the charging system that can 
be used as a guide during troubleshooting. 

WARNING -
Disconnect the battery negative ( -) cable before 
disconnecting any wires from the rear of the al
ternator. Battery voltage is wired directly to the 
alternator without fuse protection. Reconnect the 
battery cable after all wires have been safely dis
connected. 

An undercharged battery is usually associated with starting 
trouble. Again,  make sure that the battery is in good condition 
and capable of accepting a ful l  charge before blaming the 
charging system.  Causes of an undercharged battery are: the 
simultaneous use of many electrical accessories for long peri
ods of time, leaving accessories or l ights in operation with the 
engine stopped, frequent long periods of starter usage, and 
frequent short-trip driving. 

Broken or frayed charging system wiring or corroded con
nections at the D + and B + terminals of the alternator, as well 
as worn , corroded, or loose battery cable connections wil l  also 
prevent adequate charging or increase charging time. 

5.2 in-Car Testing of C harging System 

The tests described here wil l  help determine the cause of 
charging system trouble. The battery should be ful ly charged 
and the alternator V-belt correctly tensioned. If in doubt about 
either, test the battery as described in 4.1 Testing Battery, and 
adjust the V-belt as described in 5.3 Removing and I nstalling 
Alternator and Voltage Regulator. The charging system warn
ing l ight should be operating correctly. All electrical connec
tions should be clean and tight. Replace wires that are hard or 
cracked. 
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Table 1. Warning light Troubleshooting 

Symptom Test and probable cause Corrective action 

1 .  Ignition off, engine (TEST) Disconnect blue wire (0 + ) from 
not running, warning altemator. 
l ight g lowing or on a. Light goes out: Faulty altemator d iodes a. Repair or replace alternator. 5.3 

b. Light does not go out: Short to ground in b. Repair or replace faulty wiring 
wiring harness or wiring connector 

2.  Ign ition on, engine a. Battery ful ly discharged .  a. Charge battery. 4.2 
not running, warning b. Bulb burned out b. Remove and test bulb. Replace faulty bulb. 7.1 
l ight off (TEST) Disconnect blue wire (0 + ) from 

alternator. With battery connected and ignition 
on, touch blue wire to ground 

c. Light does not come on : Faulty bulb socket, c. Replace printed circuit board. Repair wires or connections 
open circuit between socket and terminal 1 5  
of ignition switch, or open circuit between 
blue wire (0 + ) on alternator and instrument 
cluster. 

d. Light comes on: Loose connection between d. Inspect brushes. Correct loose connections. 5.3 
regulator and alternator or loose connection 
between brushes and regulator 

e. Light comes on, no faults with regulator: e. Repair or replace alternator or voltage regulator. 5.3 
Internal alternator faults or faulty regulator 

3. Engine running at Ol. Loose or broken alternator V-belt a. Replace or adjust V-belt. See LUBRICATION AND 
any speed, warning (TEST) Disconnect red wire (8 + ) from MAINTENANCE 
l ight stays on altemator. Using a voltmeter, test between red 

wire and ground with battery terminal 
connected 

b. No voltage to altemator: open circuit b. Repair wire or connections between alternator and starter 
between red wire on alternator and starter or 
between starter and battery positive ( + ) 
pole 

c. Exciter d iodes burned out c. Repair or replace alternator. 5.3 

d. Faulty regulator or faulty alternator windings d. Test charging system and replace faulty components as 
needed. 5.2 

e. High voltage drop between red alternator e. Repair wires or connections 
positive ( + )  wire and starter due to broken, 
loose, or corroded wires 

A general test of charging system output can be made with 
an accurate digital voltmeter. The most accurate testing is done 
using an alternator and regulator tester that applies a high
current load to the alternator. Conclusive tests using this equip
ment can be made inexpensively by an authorized BMW dealer 
or other qualified shop. 

CAUruON = 
An alternator must never be run with the battery 
disconnected. This will severely damage the al
ternator, the voltage regulator, or electronic com
ponents. The alternator wiring should be secure. 

Testing Alternator and Regulator 

Start the engine and run it at about 1 500 rpm with all 
electrical accessories turned off. Set the voltmeter to the DCV 
scale and measure the voltage between the positive and neg
ative terminals of the battery. Make sure that the tester is 
connected to clean areas of the terminals. A reading between 
1 3.5 to 1 4.2 volts indicates a correctly operating system.  A 
reading much higher than 1 4.2 volts most l ikely indicates a 
faulty voltage regulator. 
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Fig. 5-1 . Simpl ified charging system circuit. 

A reading below 1 3.5 volts means that the battery is not 
being adequately charged. This may be due to either a faulty 
regulator or alternator. To determine which, keep the car run
ning at about 1 500 rpm and turn on all electrical accessories, 
then check voltage across the battery. A reading that is the 
same as the first most l ikely indicates a faulty regulator. A 
reading that is lower most l i kely indicates a faulty alternator. 

Testing Current Drain 

I f  tests show that the alternator and regulator are operating 
correctly, but the battery stil l  continually runs down, there may 
be a short in the electrical system causing a continuous current 
drain .  

To test for current drain ,  turn off the ignition switch,  the radio, 
and all l ights. Turn on the switches for the blower motor, the air 
conditioning, and the heated seats. This wil l  determine if the 
load reduction relays are faulty. Disconnect the negative ( - ) 
cable from the battery and connect a test l ight between the 
cable and the negative post. 

If the test l ight comes on ,  some electrical accessory or a 
short in the electrical system is draining current from the bat
tery. Isolate the faulty circuit by removing and replacing the 
fuses one at a time. When the test l ight goes out, the circuit with 
the short is located. If no fault is found in this way, a fault may 
exist in the components without fuses, such as the alternator, 
the starter motor, and the instrument cluster. D isconnect the 
items one at a time until the test l ight goes out. 

Low level current drain may not be detectable with a test 
l ight. If the l ight does not come on,  but a current drain is stil l  
suspected, repeat the test us ing an ammeter set to the 0 to 200 
mA range. 

Noisy Alternator 

Alternator noises are usually mechanical in origin ,  but a 
high,  soft whistling sound may be produced by an alternator 
that is overcharging because of a faulty regulator diode. The 
same sound may be heard if there is a shorted diode placing 
an abnormal electrical strain on the alternator. Some alternators 
make this sound when operating normally at maximum output. 

Alternator mechanical noises are usually the resu lt of m is
al ignment between the V-belt and the pul ley, a loose or broken 
pul ley, worn bearings, or a bent rotor shaft. Check for bad 
bearings by removing the V-belt as described below and rotat
ing the alternator pulley by hand. If the shaft grinds or grates, 
the alternator should be replaced. 



5.3 Removing and Instal l ing Alternator and 
Voltage Regulator 

The alternator is con nected to battery current even when the 
ignition is turned off. To prevent shorts and electrical damage, 
always disconnect the battery negative ( - ) cable before re
moving the alternator. 

To remove: 

1 .  Disconnect the negative ( - ) battery cable from the bat
tery. 

2. Remove the two mounting nuts for the wiring and re
move the wiring from the back of the alternator. On 
models with 4-cylinder engine, remove the ground wire 
mounting bolt and the ground wire. See Fig. 5-2. 

3. Loosen the upper and lower alternator mounting bolts. 
Loosen the nut that holds the alternator belt adjusting 
bracket to the front of the engine. 

4. Push the alternator as far as possible toward the engine, 
then take the V-belt off the alternator pu lley. 

5. Remove the lower alternator mounting bolt, then remove 
the upper alternator mounting bolt and remove the alter
nator from the engine. 

Fig. 5-2. Alternator wiring mounting nuts and wiring on mod
els with 6-cyl inder engine (arrows) . Models with 
4-cylinder engine have additional g round wire. 

ELECTRICAL SYSTEM 1 9  

Installation is the reverse of removal . Torque the larger nut 
on the B + terminal (red wire) to 7.5 to 8 .0 Nm (66 to 71 i n .  lb.) , 
and torque the smaller nut on the D + terminal (blue wire ) to 
1 .6 to 2.3 N m  (1 4 to 20 in .  lb.) . Use a torque wrench and a 
crowfoot wrench to tension the V-belt. Turn the tensioning gear 
bolt counterclockwise until the torque wrench reads 7 Nm (62 
in .  lb.) . Hold the wrench steady and tighten the nut on the rear 
of the alternator to 35 Nm (26 ft. lb.) . Tighten all other mounting 
nuts and reconnect the ground wire if appl icable. 

Brushes and Voltage Regulator 

The brushes contact the alternator's sl ip rings to supply the 
current that magnetizes the alternator rotor. The voltage regu
lator maintains a nominal voltage in the electrical system by 
feeding excess output from the alternator back to ground. I n  
addition ,  i t  regulates the amount of current supplied to the 
alternator rotor, turn ing it on and off as needed. If either com
ponent is faulty, the resu lt will be an over- or u ndercharged 
battery. The brushes wear under normal use, and will eventu
ally need to be replaced. 

The brushes and regulator are mounted on the rear of the 
alternator. The brushes and regulator can be replaced with the 
alternator i nstalled provided the negative ( - ) battery cable is 
removed from the battery. The regulator and brush holder is 
removed by removing two screws. Check the brush length as 
shown in  Fig. 5-3. 

Fig. 5-3. Alternator brush length being checked. Length A of 
new brushes is 1 2  mm (1 5/32 i n . ) .  Replace brushes 
worn to 5 mm (7132 in.) or less. 
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6. STARTING SYSTEM 
When the ignition key is in the START position, a solenoid 

switch engages the starter's drive pinion with the ring gear on 
the engine flywheel or drive plate. To minimize wear and stress 
on the drive pinion and ring gear, the solenoid does not switch 
current to the starter unti l the drive pinion is ful ly engaged. Also, 
the drive pinion has an overrunning clutch to prevent the starter 
from being driven by the engine. 

Two versions of starters are i nstalled on the cars covered by 
this manual : a 1 . 1 kw starter and a 1 .4 kw starter. These 
starters are not interchangeable among the different applica
tions. When replacing the starter, make sure that the replace
ment part is correct for the application. 

6.1 Starting System Trou bleshooting 

The battery and its cables should be in good condition 
when troubleshooting the starter. If in  doubt about the battery, 
see 4. Battery. If the outside temperature is at or below 32°F 
(O°C) , check the viscosity of the engine oi l ,  as described in  
LUBRICATION A N D  MAI NTENANCE. The use of an  o i l  of 
improper viscosity for cold conditions can increase engine 
friction and lead to starting d ifficulties. 

Troubleshooting information for the starting system appears 
in Table g. The bold numbers in the corrective action column 
refer to headings in  this section where the repair procedures 
are described. Fig. 6-1 is a wiring schematic of the starting 
system that can be used as a guide when troubleshooting. 

Table g. Starting System Troubleshooting 

Symptom Probable cause Corrective action 

1 .  Starter does not a. Ign ition switch or wire leading from a. Test for voltage at terminal 50 of solenoid switch with ignition 
operate when ignition switch to solenoid faulty (less switch at START. If not at least 8 volts, test for voltage at terminal 
ignition switch is than 8 volts to solenoid switch) 50 of ignition switch with switch at START. Replace ignition 
turned to START switch (See SUSPENSION AND STEERING) or el iminate open 

circuit between ignition switch and solenoid switch 

b. Solenoid switch faulty (less than 8 b. Test for voltage at field-winding connecting strap with ignition at 
volts to starter motor) START. (See Fig. 6-3 below) . If not at least 8 volts, replace 

solenoid 

c. Starter motor faulty c. Test for voltage at field-winding connecting strap with ignition at 
START. If at least 8 volts, repair or replace starter motor. 6.2 

d. Neutral/park/reverse switch faulty d. Test switch. 1 0.1 
(automatic transmission only) 

2. Starter tums slowly a. Dirty, loose, or corroded starter a. Remove, clean, and tighten connections. 6.2 
or fails to turn connections 
engine b. Dirty, loose, or corroded ground b. Remove and clean or replace strap 

strap between engine and body 

c. Starter worn or faulty c. Repair or replace starter. 6.2 

3. Starter makes a. Drive p inion defective a. Repair or replace starter. 6.2 
unusual noise, turns b. Flywheel or driveplate ring gear b. Replace flywheel or driveplate. See MANUAL TRANSMISSION erratically, or fails to 
turn damaged AND CLUTCH or AUTOMATIC TRANSMISSION 

4. Starter operates, but a. Starter drive pinion or armature shaft a. Repair or replace starter. 6.2 
does not turn engine faulty 

b. Solenoid switch mechanism faulty b. Replace starter solenoid switch. 6.2 
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6.2 Removing and Installing Starter 

The starter is wired d irectly to the positive (+) battery 
terminal without fuse protection. To prevent shorts and electri
cal damage, always disconnect the negative ( -) battery cable 
before removing the starter. 

To remove: 

1. Disconnect the negative ( - ) battery cable. 

2. Remove the two air cleaner housing mounting nuts. 
Disconnect the electrical connector from the air flow 
sensor and the altitude compensator, if applicable. Re
move the air cleaner assembly from the car. 

3. On models with 4-cylinder engine, remove the upper 
and lower nuts and bolts from the intake manifold sup
port and remove the support from the car. See Fig. 6-2. 

FiQl. 6-2. Intake manifold support and upper mounting nuts 

(arrows) on models with 4-cylinder engine. 

4. Drain the engine coolant as described in COOLING 
SYSTEM and remove any heater or coolant hoses that 
wi l l  obstruct the removal of the starter. 

5. Disconnect the wires from the starter solenoid. See Fig. 
6-3. 

6. Remove the bolt that holds the starter bracket to the 
engine block. See Fig. 6-4. 

7. Remove the bolts that hold the starter to the transmission 
bell housing and remove the starter. 

NOTE-

On models with 6-cylinder engine, the use of a 
half-moon or starter box-end wrench will facilitate 
the removal of the top mounting bolt. 

Fig. 6-3. Starter wiring at solenoid . Remove wires shown at 
arrows. 1988 through 1990 models have an addi
tional wire (not shown) . 

Fig. 6-4. Starter bracket mounting bolt (arrow) . 



I nspect the starter. Replace or repair the starter if the drive 
pinion teeth are worn or broken. Inspect the starter bushing 
that is pressed into the front of the starter casting.  A worn or 
damaged bushing should be replaced. 

I nstallation is the reverse of removal. Lubricate the bearing 
surface ofthe drive pinion with multipurpose grease. Torque all 
starter mounting bolts to 47 to 50 Nm (35 to 37 ft. lb.). I nstall the 
starter wires as shown above in Fig. 6-3. 

CAUTION-
Connect wires to the proper terminals. Incorrect 
installation may damage the electrical system. 

Removing and Installing Solenoid Switch 

A faulty solenoid switch can be replaced separately. First 
remove the starter as described above. Remove the nut from 
the field-winding connecting strap and remove the strap from 
the solenoid .. Remove the three screws holding the solenoid to 
the starter. Remove the solenoid and its spring. I nstallation is 
the reverse of removal. Apply a sealer to the screw heads after 
installing the solenoid. 

7. INSTRUMENTS 
A printed circuit is used in place of the numerous wires and 

connectors that would otherwise be required to connect the 
instruments and switches. Three main wire harness connectors 
supply the power and electrical signals to the instruments. 

In addition to the visible instruments, the instrument cluster 
houses an electronic control un it for the seNice indicator. This 
control un it is not repairable. 

Troubleshooting or repair ofthe instrument cluster is easiest 
with the cluster removed. See BODY AND INTERIOR for the 
removal procedure. Disassembly and replacement of the sep
arate instruments is covered under 7.2 Removing and Install

ing Instruments. 

7.1 Troubleshooting Instrument Cluster and 
Gauges 

Begin diagnosing instrument cluster electrical problems by 
checking the fuses. Make a thorough check in the engine 
compartment and under the instrument panel for disconnected 
or damaged wires or connectors. If the fuses, wires, and con
nectors are intact, then problems are caused by faulty sensors 
or senders, by the correct signal not reaching the instrument 
cluster, or by faulty instrument cluster components. 
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If only one function is affected, the problem is most l ikely 
one that affects only that i ndividual circuit. If more than one 
function of the i nstrument cluster is affected, it is logical to 
beg in  with the i nstrument cluster's common wiring. Check the 
main power supply from the ignition switch and battery and the 
main ground wire. 

Testing I nstrument Cluster Voltage and Ground 

If the warning lamps or gauges do not respond with the 
ignition on, it may be that either battery voltage is not reaching 
the instrument cluster or the cluster is not properly grounded. 

With the battery negative ( - ) cable d isconnected, remove 
the instrument cluster as described in BODY AND INTERIOR. 

Make sure that the blue, yellow, and white 26-point connectors 
at the rear of the cluster are also disconnected. Reconnect the 
battery negative cable. 

CAUTION-
Do not allow any unprotected part of the instru
ment cluster electrical circuitry to touch any metal 
part of the car while the cluster is removed and the 
battery is connected. 

With the ignition switched on, use a voltmeter or test l ight to 
check for voltage and ground at the harness connector termi
nals listed in Table h. The test terminals for the 26-point con
nectors are identified in Fig. 7-1. 

Harness 

side of 
Connector 

14 15 1 6  17 18 19 20 21 22 23 24 25 26 

0000000000000 
IJDDDDDDDDDDDD 

2 3 4 5 6 7 8 9 10 11 12 1 3  

B411.ELE.B 

Fig. 7-1. Terminal identification for 26-point instrument clus

ter connectors. There are three 26-point connectors 
attached to the rear of the cluster. Use care not to 

damage connector terminals with test probes. 
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Table h. Instrument Cluster Electrical Tests 

Circuit 26-point connector Test terminals Test conditions Correct test value 
(color) 

Voltage C1 (blue) 23 and ground Ignition ON Battery voltage (approx. 12 VOC) 
supply to 
instrument C2 (white) 6 and ground Ignition ON Battery voltage (approx. 12 VOC) 

cluster 
C1 (blue) 2 and ground Ignition OFF/ON Battery voltage (approx. 12 VOC) 

C2 (white) 1 3  and ground Ignition ON Battery voltage (approx. 12 VOC) 

C1 (blue) 14 and ground Ignition ON Battery voltage (approx. 12 VOC) 

Main C2 (white) 1 6  and ground -

ground to 

instrument 
C1 (blue) 20 and ground 

cluster 
-

If voltage is not present in any of the above tests, check 
fuses 1 0, 12, and 21 . If no faults are found, check the wires 
between the fuse/relay panel and the instrument cluster con
nectors and also between the ignition switch and the instru
ment cluster connector. If there is no continuity to ground, 
check the main ground connection that is behind the i nstru
ment panel directly above the brake pedal. See Fig. 7-2. 

Fig. 7-2. Main ground connection for instrument cluster (ar
row) . Lower instrument panel trim removed. 

Continuity 

Continuity 

Testing and Replacing Indicator Bulbs 

Test indicator bulbs by first removing the instrument cluster 
as described in BODY AND INTERIOR. Remove the bulb 
housings from the rear of the cluster by turning the housing 90° 
and pull ing the housing from the cluster. Using an external 
1 2-volt power source and jumper wires, apply voltage to the 
terminals of the removed bayonet socket. 

7.2 Removing and Insta l l ing Instruments 

Individual replacement instruments as well as the service 
interval indicator board are avai lable from an authorized BMW 
dealer parts department. To remove instruments from the clus
ter, first remove the instrument cluster as described in BODY 

AND INTERIOR. Remove the n ine mounting screws from the 
rear of the cluster as shown in Fig. 7-3. Careful ly separate the 
instrument cluster from the front housing. Remove individual 
instruments from the printed circuit board by removing their 
mounting screws on the rear of the board and pul l ing the 
instrument from the front of the board. I nstallation is the reverse 
of removal. 

t + 

B426.ELE.B 

Fig. 7-3. Instrument cluster viewed from rear showing cover 

mounting screws (arrows). 



Service Interval . Indicator 
The service .intervai indicatorb6ard ne�ds voltage to main

tain the boa�d's9toredmemory and to keep its integral ni-cad 
bCitteries pharged.This voltage .is supplied to the board �irectly 
from the ?attery yiafl!se no. 21 (7.5amp). If the car's battery is disc�l1n7c;ted ()rbepomes discharged, the ni-cad cells are 
deSigr:l7i::t t0 holdtheboard's memory for up t0 four months. 
()ver time, the�7 buffer batterie �. may

. 
become faulty . or dist:hCirge�.if thec()rrect; v()ltage7uppl� is not presE)nt (i.e·, rniss

ingor blown fuse, broken'or damaged wire to the instrument 
duster). 

Discharged (Ii-cad batteries will cause all of the interval 
lights to come on at the same time. In addition, the lights will not 
gq �utafter doing.a r

.
eseLlf this happens, check that the board 

is receiving the voltage and ground at the instrument cluster 
h�rnE!ssconnectors; S�7 �ig. 7-4. Tablei lists connector and 
te§t)�rrTlinals. !fno faulfsarE) fqund, the nkadbatteries are 
probably faulty and the complete board will need to be re-
8Iac,�d: Ni-cad batteries· are not available. as replacement parts 
from BMW 

C1 (blue) C2 (white) 

C3 (yellow) B427 .ELE .B 

Fig. 7-4. Instrument cluster viewed from the rear. 

Table i. Service Interval Indicator Voltage and 
Ground Tests 

Test terminals 

Bui ld date Voltage Ground 

All models b uilt up to C1-2 C1-16 
January 1988 

All models b uilt after C1-2 C1-20 
January 1988 
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NOTE -
If the g reen lights go out after app rox imately 175 
to 200 miles (esp ecially after a m emory reset), the 
p rob lem is. most l ike ly caused by a faulty f uel 
economy gauge (gives the. service interval indi
cator its mi leage inp ut) and not a faulty service 
interval indicator board . R eplac e  the fuel econ

. a my gauge as descr ibed above. 

To remove the service interval indicator board from the 
bottom of the instrument cluster housing, first remove the 
instruments from the housing as described above. Working 
from the rear of the instrument cluster housing, remove the 
instrument panel light duct and pull the board from the hous
ing. Installation is the reverse of removal. 

CAUTlO{IJ-

The solid-state service indicator interval board is 
static sensitive. Static discharge will permanently 
damage the board. Always handle the modules 
using proper static prevention equipment and 
techniques. See an authorized BMW dealer for the 
most up-to-date parts and installation information. 

NOTE � 
When install ing a new service i nterval ind icator 
b oard , the ni-cad b uffer batteries may need to b e  
charged. When 12-volt battery voltage is app lied 
to the board ,  the ni-cad batteries b egin  to charge 
after app rox imately o ne minute and the inspec
tion l ig ht wil l  come on and all other l ig hts wi l l  go 
out. At th is p oint the service i nd i cator should be 
reset as d escribed i n  LUBRICATION AND MAIN
TENANCE. Battery voltage to the board should not 
be interrupted for at least three hours after th e 
reset. The buffer batteries wi l l  be fully charged after 
approximately 85 hours. 
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8. WINDSHIELD WIPERS AND WASHERS 
The operation of the two-speed windshield wipers and 

washers is controlled by a leveron the steering column.  The 
wiper blades park automatically when the .lever is turned off. 
The wiper motorandits l inkage are located inthe airplenum at 
the base of the windshield: It is reached from the engine 
compartment after removing the firewall access panel. 

A control. u�it qnthefuse/relaypanElI controls the operation 
of the wipers, . and runs the. wipers. for several. sweeps if the 
washer is actuated while the wiper switch is in.the OFF position. 
On 1984 and 1985 325 models, the washer spray nozzles are 
heated to prevent freezing i n  cold weather. 

If the wiper or washer motor fails to operate when the 
steering column lever is moved, see 8.1 Windshield Wiper 
and Washer Tl"Oubleshooting. If the wiper motor runs but the 
wiper arms do not move, see 8.2 Windshield Wiper Motor 
and linkage . 

8.1 Windshield Wiper and Washer System 
Troubleshooting 

For best results, these troubleshooting tests should be done 
in the sequence outlined below. 

Before diagnosing windshield wiper and washer problems, 
check the fuse in position number 5 (30 amp). If no faults are 
found, remove the wiper control unit from the fuse relay/panel 
as shown in Fig. 8-1. With the ignition switched on, use a 
voltmeter ortest l ight to check for voltage between the socket 
corresponding to terminal 15 of the control unit and ground. 
Using an ohmmeter, check for continuity between the socket 
corresponding to terminal 31 of the control unit and ground. 
Fig .  8-2 is  a schematic of the windshield wiper and washer 
system circuit. Use the diagram as a guide during trouble
shooting .  

If voltage is not present, the fault is in  the fuse/relay panel or 
the connections to the panel See 14. fuse/Relay Panel for 
more information . If there is no continuity to ground, check the 
main ground connection that is behind the instrument panel, 
directly above the brake pedal. See Fig. 7-2 above. If the 
voltage and ground signals are as specified, continue the tests 
as outlined below. 

Testing Windshield Wiper/Washer Motors 

The wiper and washer motors can be quickly checked at the 
fuse/relay panel .  Using a 1.5 mm (14 AWG) fused jumper wire 
with flat spade connectors on either end, make the electrical 
tests in Table j. Make all tests at the wiper control unit sockets 
identified in Fig. 8-1. 

Fig. 8-1. Wiper control unit location (control unit removed) 
and terminal identification on fuse/relay panel. 

CAUTIOfll -
Use only a fused (30 amp) jumper wire of the 
specified diameter. Make all electrical connec
tions with the ignition off. When connections have 
been safely made, tum the ignition on. 

Table j. Windshield Wiper and Washer Motor Tests 

Fuse/relay panel Test conditions Correct test 
socket(s) results 
(wiper control 
unit removed) 

1 5  and 53 Ignition ON Wiper motor runs 
on low speed 

1 5  and 53b Ignition ON Wiper motor runs 
on high speed 

85 and ground Ignition ON Washer motor runs 

If either motor does not operate as specified, and battery 
voltage is present at terminal 15 with the ignition on,  check the 
wires between the wiper control un it and the wiper or washer 
motor. If no wiring faults can be found, the wiper/washer motor 
is faulty and should be replaced. See 8.2 Windsh ield Wiper 
Motor and linkage. 
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If the motor operates as specified, the problem l ies else
where i n  the system .  Continue troubleshooting by testing the 
wiper/washer switch as described below. 

Testing Wiper/Washer Switch 

The switch suppl ies the wiper control un it with ground 
inputs and routes them depending on the position of the lever. 
The switch can be easi ly tested using an ohmmeter. To reach 
the switch, first remove the steering wheel as described under 
SUSPENSION AND STEERING. Remove the lower steering
column cover by removing the Phi l l ips-head screws. Discon
nect the harness connector as shown in Fig. 8-3. 

WARNING-
Some of the 1990 cars covered by this manual are 
equipped with a Supplemental Restraint System 
(SRS) that automatically deploys an airbag. The 
airbag unit uses a pyrotechnical device to electri
cally ignite a powerful gas. On cars so equipped, 
any work involving the steering whee/should only 
be performed by an authorized BMW dealer. Per
forming repairs without disarming the SRS may 
cause serious personal injury. 

Fig. 8-3. Wiper/washer switch harness connector (arrow). 

Before testing the switch, check the ground wire on the front 
of the steering column. See Fig. 8-4. If this wire is faulty, the 
wipers will not operate. Use an ohmmeter to test the switch by 
making continuity checks as indicated in  Table k. If the switch 
fails any of these tests, it is faulty and should be replaced as 
described in SUSPENSION AND STEERING. 

Fig. 8-4. Location of ground wire for wiper/washer switch 
(arrow). 

Table k. Wiper/Washer Switch Continuity Tests 

Wiper/Washer Terminals Test result 
Switch Position 

Single wipe 1 (black/red) and Continu ity 
ground 

Low Speed 1 (black/red) and Continuity 
ground 

High Speed 2 (black/violet) and Continuity 
ground 

Interrnittent 3 (black/blue) and Continu ity 
ground 

Washer 4 (brown/black) Continuity 
and ground 

Wiper Controi Unit 

Except for the washer motor, al l wiper functions are wired 
through the wiper control un it. If the wiper motor and the wiper 
switch are functioning correctly, and there are no wiring faults, 
the wiper control un it is most l ikely faulty. Because the control 
unit is an electronic component, it cannot be easi ly tested. The 
only remedy for a faulty control unit is replacement. 



NOTE-
Inspect the terminals of the control unit. Dirty or 
corroded terminals can cause erratic and slug
gish wiper operation.  Control unit terminals can 
be cleaned using a suitable  e lectrical contact 
cleaner. 

8.2 Windshie ld Wiper Motor and Linkage 

The wiper motor and its linkage are accessible for replace
ment. For information on windshield wiper blades, see LUBRI

CATION AND MAiNTENANCE. 

Removing and installing Windshield Wiper Motor 

The wiper linkage assembly should be removed from the 
body when replacing the wiper motor. The drive crank should 
not be removed from the motor unless the motor is being 
replaced. 

To remove: 

1. Disconnect the battery negative ( - ) cable. 

2. Remove the heater blower motor and blower motor 
housing as described in BODY AND INTERIOR. 

3. Remove the wiper arms. Pry up the wiper arm retaining 
nut cover and mark the position of the wiper arm on the 
wiper arm shaft. Remove the wiper arm retaining nut and 
remove the arm from the shaft. See Fig. 8-5 

Fig. 8-5. Wiper arm retaining nut (arrow). 
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4. Using a small screwdriver, carefully pry off the left ven
tilation grill as shown in Fig. 8-6. Remove the protective 
cover from the right wiper arm shaft. Remove the shaft 
mounting nuts and washers from both wiper arm shafts. 

Fig. 8-6. Ventilation gri l l  being removed from body. Wrap tip 
of screwdriver with tape to protect paint. 

5. Disconnect the harness connector from the wiper motor. 
Remove the wiper linkage assembly mounting bracket. 
Remove the linkage assembly together with the motor 
from the plenum chamber. See Fig. 8-7. 

Fig. 8-7. Wiper l inkage assembly with wiper motor. 
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When replacing the wiper motor, mark the position of the 
drive crank relative to the wiper motor bracket, then remove the 
crank and the motor. See Fig. 8-8. Install the new motor onto 
the bracket but leave the drive crank off temporarily. Connect 
the wiring and operate the wiper motor for about one minute 
and then turn it off. The motor will stop in its park position. Now 
install the drive crank, aligning it with the mark on the bracket. 
Connect the linkage and install the assembly into the car. Install 
the wiper blades, aligning the matching marks made earlier. 

Fig. 8-8. Wiper motor assembly. Mark position of drive crank 
on bracket before removing motor from bracket. 

9. HORNS 
The components of the horn system are the dual horns, the 

horn relay, and the horn buttons on the steering wheel. A brush 
and slip ring assembly make the electrical contact between the 
rotating steering wheel and the steering column. 

The horns are connected to ground (-).  Depressing the 
horn button with the ignition on activates the horn relay, which 
in tum supplies the horns with positive (+) battery voltage to 
complete the circuit and sound the horns. See Fig. 9-1. 
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Fig. 9-1. Dual hom system circuit. 



9.1 Horns Troubleshooting 

Horns that continually sound when the ignition is off usually 
indicate a faulty horn relay. Horns that continually sound when 
the ignition is turned on usually indicate a short in the horn 
circuit-most likely in the switch or steering column. 

If the horns do not sound, check the fuse(s) and all the 
wiring connections. If no faults are found, remove the harness 
connectors from the horns. Check for battery voltage between 
the brown wire ( - ) and the violet/yellow wire (+) of the 
connectors with the ignition on and the horn button depressed. 
If voltage is present, the horn(s) are faulty and should be 
replaced. If voltage is not present at either of the connectors, do 
the electrical tests outlined below. Check for continuity be
tween the brown wire of the connector and ground. If ground 
is not present, check the ground connection on the forward 
portion of the left front fender. 

NOTE-

The horns are mounted beneath the car d irectly 
above the fog l ights. On some later models, the 
splash guard wi l l  have to be removed before the 
horns can be reached. 

Testing Hom Relay 

Remove the horn relay from the fuse/relay panel. See 14. 
Fuse/Relay Panel for relay locations. With the ignition off, 
check for voltage between the fuse/relay panel socket corre
sponding to relay terminal 30 and ground. Turn the ignition on 
and check for battery voltage between the socket correspond
ing to relay terminal 86 and ground. With the horn button 
depressed, check for continuity between the socket corre
sponding to relay terminal 85 and ground. If no electrical faults 
are found, the relay is faulty and should be replaced. If any 
electrical check is not as specified, check for faulty wiring to the 
relay socket. 

This heading covers exterior light electrical circuits. Re
placement of bulbs and lenses for the driving lights, taillights, 
side marker lights, turn signals, brake lights, back-up lights, and 
headlights is covered in BODY AND INTERIOR 

10.1 Troubleshooting Exterior lights 

Most of the exterior lighting involves pairs of lights, and this 
fact is an aid to troubleshooting. If only one of a pair of lights is 
out-one taillight for example-then the problem is most likely 
due to a failed bulb or some other problem with that particular 
light socket or its wiring. A simple test is to exchange the bulb 
with its counterpart that is known to be good. If the same bulb 
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fails to light in a new location, then the bulb is faulty and should 
be replaced. If the same light fails to light with the other bulb, 
then the problem is in the socket or wiring. 

Many lighting problems are due to dirty or corroded sock
ets, or loosely-fitting bulb contacts or connectors. Check that 
voltage is reaching the bulb and that the socket has a good 
connection to ground. 

If a pair of bulbs are both out-both taillights for example
then the problem is most likely in some part of the system that 
is common to both lights. Begin by checking for a failed fuse. 
Test switches using simple continuity checks made with an 
ohmmeter. Check the switch connectors for voltage and con
tinuity to ground. 

Headlights 

Fig. 10-1 and Fig. 10-2 are diagrams for the headlight circuit. 
Power to the headlights comes only with the ignition on ( 1 5 
circuit). When the headlight switch and the ignition switch are 
on, the low beam relay closes to supply power to the low 
beams. If the high beams are selected with the headlight 
dimmer switch on the steering column switch, the high beam 
relay also closes. 

If either both low beams or both high beams are out and no 
fuses are faulty, the problem is most likely due to a faulty relay. 
With the ignition off, remove the low beam and high beam 
relays. See 14. Fuse/Relay Panel.' Check the headlight circuit 
using the information in Table I. Make all electrical checks at the 
sockets of the fuse/relay panel corresponding to the relay 
terminal numbers found on the bottom of the relay. 

NOTE-

On 6-cylinder models, a faulty low beam check 
relay can only be remedied by replacement of 
the fuse/relay panel. The low beam check relay, 
part of the check control system,  is integral with 
the fuse/relay panel  circuitry. 

If no electrical faults are found, check for voltage at the 
headlight electrical connector with the lights on and the ignition 
in the ON position. If no voltage is present, the relay is probably 
faulty and should be replaced. If voltage is present, the head
light itself is faulty and should be replaced. 

Test the headlight switch by first removing it from the instru
ment panel. Unscrew the knob from the switch. Remove the 
lower instrument panel trim from the left side of the dash. 
Disconnect the electrical connector from the light switch and 
pull the switch from its mounting. Using an ohmmeter, check 
for continuity between the switch terminals listed in Table m. If 
no faults are found, test the headlight dimmer switch as de
scribed under 10.2 Steering Column Switches. 
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Fig. 10-1. Headlight circuit for models with active check con
trol. Circuit may vary slightly on some models. 
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Table I. Headlight Circuit Electrical Tests 

Fuse/Relay panel Test conditions Correct test 
sockets results 
(low and high 
beam relays) 

High Beam 
86 and ground Ignition ON Battery voltage ( 1 2 

VOC) 
30 and ground Ignition OFF Battery voltage ( 1 2 

VOC) 
85 and ground Ignition off , dimmer Continuity 

switch in flash 
position 

low Beam 
86 and ground Ignition ON Battery voltage ( 1 2 

VOC) 
30 and ground Ignition OFF, high Battery volta,ge ( 1 2 

beam relay VOC) 
installed 
temporarily 

85 and ground Ignition OFF, Continuity 
headlight switch on 

Table m. Headlight Switch Continuity Tests 

Headlight switch Test terminals Correct test 
position results 

Headlights on 56 and 31  Continuity 

Parking Lights on 58RE and 58RA Continuity 
58lE and 58LA Continuity 
58RE and 58K Continuity 

Instrument 58RE and 58K Continuity 
I l lumination 31 and 31 h Resistance 
(parking l ights on changes as knob 
or headlights on) is rotated 

Turn Signals and Emergency Flashers 

Power for the turn signal circuit is routed through the emer
gency flashers switch only when the ignition is on ( 1 5 circuit) . 
The emergency flashers circuit receives power from the battery 
at all times. When the emergency flashers switch is on, the turn 
signal switch is bypassed. Fig. 10-3 shows the location of the 
turn signal/flasher relay. Fig. 1 0-4 is a schematic of the turn 
signals and emergency flashers electrical circuit. 

The turn signals and the emergency flashers share the 
same flasher relay, but each circuit has its own fuse. One 
system working indicates that the flasher relay is good. Look for 
a failed fuse. 

If both the flashers and turn signals are inoperative, then it 
is probably either the flasher relay or the emergency flasher 
switch that is faulty. Check to see if power is reaching the relay. 

Remove the lower steering column trim and remove the relay. 
Check that the emergency flasher switch is in the OFF position. 
With the ignition on, check for voltage between terminal 49 
(green/violet wire) of the harness connector and ground. Check 
for continuity between the brown wire (terminal 3 1 )  in the 
connector and ground. Repair any wiring faults found. If no 
faults are found, the relay is probably faulty and should be 
replaced. 

Check the emergency flasher switch by removing it and 
checking for continuity in the ON and OFF positions. Use Table 
n as a guide. If no faults are found, test the turn signal switch 
as described in 1 0.2 Steering C olumn Switches. 

Fig. 10-3. Turn signal/emergency flasher relay (arrow) and 
harness connector. Flasher is located beneath 
steering column trim, below steering wheel. 

Table n. Emergency Flasher Switch Continuity Tests 

Switch Position Terminals Test result 

Off R and 49 Continuity 

On 49 and 30 Continuity 
49a and BR Continuity 
49a and Bl Continuity 
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Back-up lights 

On cars with manual transmission, the back-up l ights re
ceive power through the back-up l ight switch when the trans
mission is in reverse gear. The switch is mounted on the 
transmission as shown in Fig. 1 0-5 and is accessible from 
beneath car. Check the switch by removing the electrical con
nectors from the switch and checking for continuity across the 
switch terminals with the transmission in reverse. When install
ing a new switch, torque it to 20 Nm (1 4 ft. lb.) 

Fig. 1 0-5. Location of back-up l ight switch on manual trans

mission housing (arrow) . 

On cars with automatic transmission, the back-up lights 
receive their power through the neutral!park/back-up light 
switch mounted at the base of the shift lever in the passenger 
compartment. The switch prevents the car from starting if the 
shift lever is not in the neutral or park position. To test the 
switch, pry out the trim from around the base of the shift lever. 
Disconnect the connector shown in Fig. 1 0-6, Make the conti
nuity checks listed in Table o. at the switch side of the 
connector. 

Fig. 1 0-6. Location of neutral/park/back-up l ight switch on 

cars with automatic transmission . Switch hamess 
connector (C306) shown at arrow. 

Table o. Neutral/Park/Back-up light Switch 
Continuity Tests 

Selector Lever Terminals Test result 
Position 

Reverse blue/white wire and Continuity 
green/yellow wire 

Neutral or Park blue/white wire and Continuity 
green/black wire 

Drive, 1 ,  or 2 blue/white wire and No. continuity 
green/yellow wire 
blue/white wire and No continuity 
green/black wire 

Parking lights, Tai l l ights, Side Marker lights, and 
license Plate lights 

The parking, side marker, tail, and l icense plate lights all 
receive power directly from the battery through the l ight switch 
in the first or second position, independent of the ignition 
switch. If these l ights fail together, first look for a failed fuse, 
then for problems in the switch. Test the headlight switch as 
described above under Headlights. Fig. 1 0-7 is a circuit dia
gram for the license plate and rear side marker lights. Fig. 1 0-8 
is a typical circuit diagram for the parking, tail ,  and front side 
marker lights. 

Brake lights 

The brake l ights receive their power only when the ignition 
switch is on. The brake light switch closes when the brake 
pedal is depressed to complete the circuit to the brake lights. 
Fig. 1 0-9 shows the wiring for the brake light circuit. 

To quickly check if the problem is in the switch or some 
other part of the circuit, remove the electrical connector(s) from 
the brake light switch above the brake pedal. Using a fused 
jumper wire, bridge the wires in the connector(s) and turn the 
ignition on. 

If the brakes l ights come on, either the switch needs adjust
ment as described in BRAKES or the switch is faulty and 
should be replaced. If the lights do not corne on, check for 
battery voltage between the violet/green wire and ground with 
the ignition on. If voltage is not present, check the wire between 
the fuse/relay panel (fuse no. 6) and the brake light switch. If 
voltage is present, check for faults in the green/red wire be
tween the brake l ight switch and the brake light assembly. 

The circuit for the back-up lights is shown in Fig. 1 0-1 0. The 
information below also includes electrical tests for the neutral! 
park/back-up l ight switch 
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Models with Active 
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circuit. 

WIRING 
COLOR CODE 

BK 

BR 

RD 

YL 

GN 

BU 

VI 

GY 

WT 
PK 

BLACK 

BROWN 

RED 

YELLOW 

GREEN 

BLUE 

VIOLET 

GREY 

WHITE 

PINK 

L
e
ft�liCenSe� Right � l ights � 

1 .5 
BR 

1 .5 
BR 

.75 
GY/RD 

.75 
GY/RD 

Left 

�
rear 
side 
marker 
l ight 

.75 
BR 

G300 

R�2�:� side 
marker 

l ight 

.75 BR  



38 ELECTRICAL SYSTEM 

Models with 
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Models without 
active check contro l 
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Fig. 1 0-9. Brake light circuits. 
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1 0.2 Steering Column Switches 

The steering column switches can be tested without being 
removed simply by removing the lower steering column trim 
and d isconnecting the appropriate harness connectors. For 
testing the windshield wiper switch, see 8. Windshield Wipers 
and Washers. For testing the cruise control switch, see 1 2  . 
Power Options and Accessories. Replace faulty switches as 
described in SUSPENSION AND STEERING. 

WARNING -
Some of the 1990 cars covered by this manual are 
equipped with a Supplemental Restraint System 
(SRS) that automatically deploys an air bag from 
the steering wheel. The airbag unit uses a pyro
technical device to electrically ignite a powerful 
gas. On cars so equipped, any work involving the 
steering wheel should only be performed by .an 
authorized BMW dealer. Performing repairs with
out disarming the SRS may cause serious per
sonal injury. 

Ign ition Switch 

Fig. 1 0-1 1 is a schematic d iagram of the ignition switch. 
Terminal 30 brings power into the ignition switch from the 
battery. Terminal 1 5, terminal R, and terminal 1 51 provide power 
to the ignition system and other parts of the electrical system 
when the ignition key is in the ON position. Terminal 50 
switches power to the starter. Terminal C and terminal C1 are 
part of the seat belt warning system. 
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Table p lists ignition switch continuity checks. A switch that 
fai ls any of these tests is faulty and should be replaced. Fig. 
1 0-1 2 identifies the terminals of the ignition switch harness 
connector beneath the steering column. 

CAUTION -
Disconnect the negative ( -) battery cable before 
testing the ignition switch. 

Table p. Ignition Switch Continuity Tests 

Switch position Continuity: terminal 
numbers (wire color) 

Ignition ON or Start 30 (C200-9) and 1 5  (C200-2) 
30 (C200-9) and R (C200-4) 

Ignition ON only 30 (C200-9) and 1 51 (C20q-l )  

Start only 30 (C200-9) and 50 (C200-1 0) 
Cl (C200-7) and C (C200-8) 

Fig. 1 0-1 2. Ignition switch harness connector C200 (arrow) . 
Lower steering column trim removed from steer

ing column. Make continuity tests at switch side 
of connector. 

Headl ight D immer Switch 

Test the headlight dimmer switch at the switch side of the 
1 3-point harness connector shown in  Fig. 1 0-1 3.  Using the 
information in Table q, and Fig. 1 0-1  above, check for conti
nuity at the harness connector with the ignition off. If any faults 
are found, the switch is faulty and should be replaced. 

1 3 1 2 1 1 1 0 9 8 7  

0 0 0 0 0 0  
1 2 3 4 5 6  

Switch side 

Fig. 1 0·1 3. Harness connector (C202) for headlight d immer 
switch (arrow) . Lower steering column trim panel 

removed. Inset identifies connector terminals. 

Table q. Headlight Dimmer Switch Continuity Tests 

Headlight dimmer Test terminals Correct test 
switch position (wire color) results 

Low Beams 4 (white) and No continuity 
3 (yellow) 
4 (white) and 
8 (brown) 

High Beams 4 (white) and Continuity 
3 (yellow) 

Flash 4 (white) .and Continuity 
8 (brown) 

Turn Signal Switch 

Test the turn signal switch at the switch side of the i 3-point 
harness connector shown i n  Fig. 1 0-1 3 above. Using the infor
mation in Table r and Fig . 1 0-4 above, check for continuity at 
the harness connector with the ignition off. If any faults are 
found, the switch is faulty and should be replaced. 



Table fi'. Turn Signal Switch Continuity Tests 

Turn signal switch Test terminals Correct test 
position (wire color) results 

Off (center position) 1 3  (green!yellow) No continuity 
and 2 (blue/red) 
1 3  (green/yellow) 
and 5 (blue/black) 

Left turn 1 3  (green!yellow) Continuity 
and 2 (blue/red) 

Right turn 1 3  (green/yellow) Continuity 
and 5 (blue/black) 

1 1 .  HEATING, VENTILATION AND AIR 
CONDITIONING 

1 1 .1 Air Conditioning 

The a i r  conditioning (A/C) system is fully i ntegrated with the 
heater and ventilation system. The blower motor and the aux
i l iary cooling fan operate whenever the Ale switch or the 
recirculation switches are depressed. Test the blower motor as 
described above. Test the auxil iary cooling fan as described 
under COOLING SYSTEM. 

If the air conditioning compressor does not cycle on when 
the Ale switch is selected, the problem may be due to a faulty 
wire leading to the compressor or a faulty i n-l ine diode. Use a 
voltmeter to check for voltage at the d isconnected compressor 
harness connector with the AIC switch and the ignition on. If 
voltage is not present, use an ohmmeter to check for a fai led 
(open) diode. See Fig. 1 1 - 1 . Check for loose or corroded 
connections. 

Fig. 1 1 -1 . Typical location of air conditioning compressor 
i n-l ine d iode (arrow). 

ELECTRICAL SYSTEM 43 

The Ale control switch assembly can be tested after remov
ing it as described in BODY AND I NTERIOR. Make continuity 
checks at the electrical connections of the switch assembly 
with the control switches in  the ON and OFF positions. Fig. 1 1 -2 
shows a schematic of the Ale control switch assembly. 

From compressor 
enable switch 

From fuse 20 
(30 amp) 

Battery voltage 
in run 

1 .5 
GN/BR 

I ... +_ ................... """"""""" ..................... """""". 8230 

1 WT 

4 

NC select 
switch 

Fresh/recirc. 
air switch 

+�BR 

Off  O n  Off On Fresh Fresh 
r-____ -. Recirc. Recirc. 

G: 1 .5 .5 BRIWT 

8 
1 .51 �N/BR 

( 1 984- 1 ( 1 984-
1 986 VI  

.5 GN 1 986 
models) models) 

YL ,,�----,,----------,,--�_. YL 
and later 1 990 ( 1 987 8231 I ( 1 987-models) models) 

To To 
evaporator 
temperature 
switch 

light 
switch 
rheostat 

(terminal 31 g) 

To 
fresh air 
recirculat ing 
relays 

To 
blower 
motor 
(low 
speed) 

Fig. 1 1 -2. Schematic of air conditioning control switch as
sembly. 

If no faults can be found, have the system checked by an 
authorized BMW dealer or other q ual ified shop. If voltage is 
reaching the compressor clutch, the clutch is faulty and should 
be replaced. 

Most other testing of the Ale system, including the opera
tion of the pressure switches, requires specialized knowledge 
and equipment, and is beyond the scope of this manual. 
Servicing by an authorized BMW dealer or other qualified air 
conditioning shop is highly recommended. 

1 1 .2 Fresh Air Blower 

Fig. 1 1 -3 shows the electrical circuit for the blower motor 
and the series resistor. 
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Fuse/relay panel 

s - .. - - - - - - - - ·  

( 1 984- 1 987 models) 2 Fuse 20 
( 1 988- 1 990 models) 7 (30 amp) 

• 

25 GNffiR c:· ............ 4 ... G-N ... /S ... R ...... -4 ... : -... -.... :-�-� - - � 

( 1 984- 1 988 models) 8230 _< 
( 1 989-1 990 models) 82501 """� ........... __ ....... __ ........... .-. 

7 I 
1 5 GNffiR ,

1 ' .5 GNlBR 

1 Control 
,-----<o__----, Freshl AlC select switches ) recircu lat ing switch 

air switch 
- - - - - - - - - - - - - - - - - - - - -
Fresh Recirc . Off On Off 

.5 SR/WTl 6 2 

To light switch 

On 

\ .1  3 

1 .5 YL 

( 1 984- 1 988 models) 1 .5 YLl 5 

( 1 989- 1 990 models) 1 .5 GN : 

( 1 984- 1 988 models) 8231 @,.=="""'.,...== ............ """""""""""" ..... ....",.!II 

Battery voltage in run 
from relay K7 

2.5 GN/BR 

Blower 
speed 

control 

1 
\ .1 \ ,/ \ / \ /  

1 .5 YL 
( 1 989- 1 990 models) 8251 1� 

.5 YL �� ______ mm ____________________________ .. 

WIRING 
COLOR CODE 

BK BLACK 

I 
Resistor 1 
1 .6 ohms 

Resistor 2 
.9 ohms 

Blower 
resistors 

I ,  

1 .5 BK 

2.5 GN 

35  ohms 
� Reslstor 3 

( 1 984-1 988 models) 8232 
8afety switch 2.5 SU ( 1 989- 1 990 models) 8240 L------+)F�=-=-------------�--------�--. 

2.5 SU 

BR BROWN 

RD RED 

( 1 984- 1 986 models only) CJ04 I 
2.5 SU 

2.5 BR -( 2.5 SR C� YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

GY GREY 

WT WHITE 

PK PINK 

I � 2.5 BR 0=--
G200 I C204 8229 

Fig. 1"1 -3. Fresh air blower motor circuit for 1 985 and later 
models. Circuit for 1 984 models varies slightly. 

C204 � ' 
( 1 984- 1 986 models on ly) Blower 

motor 



The speeds of the fresh air blower motor are controlled by 
varying resistance. Maximum resistance produces the lowest 
speed. At high speed, power is supplied d irectly to the blower 
motor. On cars with air conditioning, the blower motor will run 
on low speed if either the air conditioning switch or recirculation 
switch is selected. 

NOTE -
A blower motor that only runs on high speed 
usually indicates a fau lt with the b lower motor 
series resistors. 

To quickly check for a faulty blower motor, remove the 
access panel and blower motor housing cover as described in  
BODY AND INTERIOR. Disconnect the harness connectors 
from the blower motor with the ignition off. Tum the ignition on 
and tum the blower motor speed switch to the high position. 
Check for voltage between the harness connectors. If voltage 
is present the blower motor is faulty and should be replaced as 
described in BODY AND I NTERIOR. 

If there is no voltage reaching the motor, use an ohmmeter 
to check the blower motor series resistor and the blower speed 
switch using the circuit diagram as a guide. Fig. 1 1 -4 shows the 
location of the series resistor. 

Fig. 1 1 -4:  Series resistor plate behind blower motor housing 
(arrow) . 

Test the blower motor series resistor using an ohmmeter. 
On 1 984 models with 3-speed blower motors, the resistance 
ranges from 0.3 ohms (medium speed) to 1 . 1 ohms (low 
speed). 
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On 1 985 and later models with 4-speed blower motors, the 
resistance varies from .35 (medium) and 1 .6 (very low speed) . 

1 1 .3 Rear Window Defogger 

Except on convertible models, the rear window defogger is 
a series of resistance elements that heat up  as electrical current 
passes through them. One or two wires that do not heat up 
suggests a break in the heating element. Repair material for the 
element is available from an authorized BMW dealer to repair 
the breaks as described below. An element that does not 
operate at all suggests that power is not reaching the heating 
element. 

Check for voltage supply to the window element and check 
for a good connection to ground. Refer to Fig. 1 1 -5 for details 
of the rear window defogger circuit on all models except con
vertibles. 

On convertible models, the rear window defogger system 
uses a Single speed blower motor and a heater coil .  The blower 
motor and its relay are mounted behind the center of the rear 
seat back. The blower motor clears the rear window with 
heated air and will not operate if the convertible top is in the 
down position. Fig. 1 1 -6 is a circuit diagram of the rear window 
defogger on convertible models. 

To find and repair heating element breaks: 

1 .  Wrap a small piece of aluminum foi l  around the negative 
( - )  probe of a voltmeter. 

2. With the heating element's wiring connected, touch the 
positive ( + )  voltmeter probe to the end of the heater 
element closest to the incoming voltage source. 

3.  With the ignition and the defogger switch on, place the 
foil-covered negative probe on the faulty wire near the 
positive side of the element and slowly slide it toward the 
negative side. The point at which the voltmeter deflects 
from zero volts to several volts is where the wire is 
broken. 

4. Clean the broken wire area thoroughly using alcohol or 
a mixture of vinegar and water. 

5. Apply a strip of masking tape to either side of the break, 
leaving the break exposed. Apply the repair material over 
the break and allow it to d ry for one hour at room 
temperature. Remove the tape and retest the wire. 

NOTE -

A rear window repair kit (BMW Part No. 81 22 9 
407 066) is available from an authorized BMW 
dealer parts department. The kit contains 
enough material to repair approximately three 
feet of heating strip. 
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From fuse 8 
(Battery voltage 
in run) 1 4 
1 5 

From l ight switch 
(terminal 58k) 

Battery voltage with 
switch in parking or 
headl ights on position 

.75 GY/Ro1 . 
58k 

On � On 
:- - - - - - , - - - - - - - - - - - - - - - - - -

Off 

Off 

Rear 
window 
defogger 
switch 

On Off 

33 ohms 

HS 3 1  

6 

1
3 

2 .5 BK 

ground 
2.5 BK (G200) []J Rear 

defogger 
heating 
element 

2.5 BK 

G300 

Yellow 
light 

15 ohms 

3 1 g 

5 BR�1 
To 
l ight 
switch 
rheostat 

WIRING 
COLOR CODE 

BK BLACK 

BR BROWN 

RD RED 

YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

GY GREY 

WT WHITE 

PK PINK 

Fig. 1 1 -5. Rear window defogger circuit  for sedan models 

From fuse 8 I (Battery From light 2.5 GN/BU . voltage 
switch in run) 
(terminal 
58k) ( 1 987 models) 28 I Cl 03 I ( 1 988 and later models) 20 C l 03 

- S221 2.5 GN/BU 
1 . 75 GY/RD 

8 )\ 4 

58k 

Off 

Yellow 
light 

1 5  ohms 

3 1 g 

On 

1 5  

Off On 

Off On 

33 ohms 
HS 

7l To ground y 3 

2 .5 BKl 6 .5 BRIWT G200 I 
To 

switch ( 1 988 and later models) 1 7 C l 03 

Rear 
window 
defogger 
switch 

l ight (1 987 models) 29 1 Cl 03 

rheostat 
2.5 BK i .75 BKlYL 

( 1 987 S346 1- ��!�nd 
later From fuse 8 

8 6 
models) 

(Battery A v
i
�lt�gn) "'1 --":}4.':";-� 

8

-

· 
;-. . -.-- --. -. . 4! -:-:-'1 

R
�' rl 2 4 window 

Rear 
window 
blower 
motor 

2 4 
2 .5 BKiRD .75 BK 

Heating 
coil 

l J  
2.5 BR 

Blower Gj) 
motor 

3 ' � 

.75 BR 

" L .75 BR 
G300 -= 

blower 
relay 

.75 BR/BK 

Convertible 
top position 
switch 
(Open with 
top down) 

Fig. 1 1 -6. Rear window defogger circuit for convertible 
models. 



1 2. POWER OPTIONS AND ACCESSORIES 

The power windows and the heated seats are powered 
through one load reduction relay, while the heated/power mir
rors and heater/air conditioning are powered through the other 
reduction relay. If these systems fail together, one l ikely cause 
is a faulty relay. 

The central locking system receives its power d irectly from 
the battery through a fuse. The cruise control is powered only 
when the ignition is on.  

Battery voltage in 
run from load-

reduction relay (K5) 

, (30 amp) , i - - '�- -
;u�: �; - - � 

, : Fuse/relay 
� _ _ _ _ _ _ _ _ _ _ _ I panel 
11 .5 WT/BK 1 984-1 986 models 

Q y C302 
I 2.5 GN/BU 

S224 • 
I C304 ( 1 985 models) fA C305 ( 1 986 models) 

2.5 GN/BU 
3 

Sunroof Raise/close Open/lower switch � ......... 
r---- ;---

4 ·�l 1 
B 

\ 8 
2.5 GN 

5 

25
��1 

1' 1 .5 BR 
...L 
-=- G600 ...L - S600 - r 600 2.5 GN .75 BK 

V 1 .5 BK 
1,\ 

G 

30 56a 56b Sunroof ! I f - - - - - - - -��n_ - - - - Stop Motor 
relay 

S 56 
' I  � 

1 1 .5 BU 

.75 RD 

rl

s,6�� 

I 

1 .5 BU 1 .5 BK 
1 I '\ 2 

In 
travel 

� 
Locked 
open 
or raised 
W 3 Sunroof motor 

Fig. 1 2-1 . Circuit diagram for the power sunroof on 1 984 
through 1 986 models (left) and 1 987 through 
1 990 models (right) . 

ELECTRICAL SYSTEM 47 

When troubleshooting these systems, check first for blown 
fuses. Fuses are simple to check and are a l ikely cause of 
trouble. A circuit breaker on the instrument panel is used 
instead of a fuse for the power windows and mirrors. 

1 2.1 Power Sunroof 

Fig. 1 2-1  is a diagram of the sunroof circuits. On 1 987 and 
later models, the sunroof switch is i l luminated. Removal of the 
sunroof and related parts are covered in  BODY AND 
INTERIOR. 

Battery voltage in 
run from load-

reduction relay (K5) : - - �- - -
-

- - - -
-

: Fuse/relay 
, , panel 
: Fuse 1 7 : 
, (30 amp) , 
, I 

: -
-
1
-2-5 
-�/�� - - � 987 -1 991l models 

Q y C302 
I 2 .5 GN/BU 

S304 . 

A C305 
2.5 GN/BuI 3 r--;:====t:::==::::::::::--, Sunroof 

switch 

Raise/close Open/lower 
� «0--

47[r.-��8�---------4�� �.� 
� L 2 .5 GN 

G600 

56 

Stop 
Sunroof 
Motor 
relay 

r---r--....;;�In+--..... ----"""ll Sunroof 

Locked 
open 
or raised 
3 

travel motor 

.75 BK 

1 .5 BK 
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1 2.2 On-Board Computer 

The major components of the on-board computer are the 
electronic computer module with i ntegral digital display, the 
on-board computer horn, the chime module, the relay box, and 
the remote switch on the steering column. 

. 
The on-board computer computes its information using 

Inputs from the following sensors and components: the outside 
temperature sensor, the speedometer, the fuel gauge and the 
low fuel warning switch in the fuel tank, and the Motronic or 
L-Jetronic control unit. 

From fuse 21 (7.5 amp) From ignit ion switch 
Battery voltage at all times I (Battery voltage 

�5 RD/GN in start) 15 BKlYL : - S; 2 -t- � - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - . - - � � - 1 - .1 - - : 
Instrument 

5 
-

R

��

r 

03 - 0 0  . .  - - - - - . .  - - - - .: :�::,-- - - - - - - - . .  - - •
•

• ;; . - �::L clusle' 
From fuse 27 
30 amp 

S201 

.'-M�RDmT : • om"·'·' J 22 

.5 RDIWT 

.5 RD/WT .5 RD/WT 

\ 
diode � 
(Except On·board 

ffi Hom � 
1 989 1 computer 

1" models) hom 

I .5 BRIYL 

.5 BRIYL 

1 1 '\  C2 3 1 '\  C 1 

J 
- - - - - - - - - - - - j 

2 \ ,/  ' �4 C1 

.75 BR .5 

..L 
G200 -= 

.5 BRIYL BR/BU 

• � /_ � _ _  . !. • •  1� 
• Horn (-j Code (-j • 
· , 
• • , , 
El ... ... _ .. 1:11 ... .. ... .. ",,\] 

On·board 
computer module 

From 
ignit ion switch 
(Battery voltage 
in run or start) 

.75 GN 

3 '\ C2 

.75 
GN/RD 

On·board .- - 30 • - -
-
50 - • - - - -

• - - - - , 
computer : ® ,: module ' , Trigger Outside ' 

, output temperature 31 , 

.5 BR/��I-
-
; - -
-
5
-
�: - - .  �-:�- -

- � 

1 C2 3 C2 
Chime ,- - - t - - - - - - - - - - - j 

module 1 1  ® .  ----;I l  

On·board 
computer 
relay box 

. . .5 BU 
: - - - - - - - - ,t - - - - - - - - - �  

4 C2 

.5 BR 

Outside 
temperatu re 

sensor 

J1·5C::0 
.5 BR 

�----------.----� 
.5 BR 1 S202 - - - - - - - - - - -=1� - - - - �: -: 

Instrument : 
cluster ,  

D Indicators Il , , , ' 

To fuel p�mp relay ( 1 984- 1 985 4-cyl inder models) T? main relay. ( 1 984-1 987 6-cyl inder models) 
To Motrontc control unit , pin 27 ( 1 988-1 990 6-cylinder models) 

· . . . . . . .  - . .  - " � "f, �
:
R

' · 

G200 .... 

Fig. 12-2. On-board computer circuit. (continued on next 
page) 
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No adjustments can be made to the system.  Use the circuit 
diagram as shown in Fig. 1 2-2 to help find any faults in the 
wiring. If no faults can be found, the control module or the 
coding plug on the rear of the control module may be faulty. If 
the system is completely i noperative, a fuse may have blown. 
There are five replaceable fuses in the on-board computer 
circuit: 1 0, 1 2, 21 , 23, and 27. 

NOTE -

If the on-board computer d ig ital readout dis
plays either AAAA or PPPP, the system has 
detected an e lectronic fault. If either of these 
fau lt codes appear, have the system checked 
by an authorized BMW dealer. 

From Fuse 10 From Fuse 1 2  
7.5 amp 7.5 amp 1 ·5 GNIWT 1 5 VI 

6 C2 13 

. 

C2 
p - - - - - - - - • •  - - - - - - - - - - - - - _ .  _ .  - - p 

-
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , Instrument 1 5  _ _ _ _ _ _ : cluster 

: K : economy ; - - - - - - ., Fuel 
, ® · Tach/fuel 

16 C4 " gauge 
Gauges, 

-

- - - - - -, "4 C4 ' -' : gauge , 
indicators, , ® ' , · , 

, _ _ _ _ _ ���,_ . _ _ _ _ _ _  �:�1_5_�-_���:::��e: _ _ _ _ _ _ _ _  1 _ _ _ _ _ _ _ _ _  -J : :  :C _ _ _  f - J 
2 C3 1 3 C3 26 C3 25 C3 

.5 

vuE 1 g3 
4 C3 

. 5 BR/RD 
.5 GN/BK 

- I .5 BR/GY 
From 

Motronic 
control 

unit 
Fuel 
tank 

sender 
Switch 
closes 

.5 GY/VI .5 BR/GN with less 

From 
dash 
l ights 

GY/RD 
.5 WT/BU 

than 1 .5 '--__ + __ ---1 
gallons 
in  tank 

.51 7 5 ,,2 1  8 " 1 7  1 5  18 : - - -K� �; - - - - - - - - ��� - - �;�
i
;

l
; -

1 I
�
u
��

n
:�;

n 

- -�L� � - - - - - - - �:;I - - - - - - - - - - - - - - - - - - - -;
u
�

l
- - : ��:;��� 

speed Fuel tank ® tank , module 
I nput  rate level low level ' 

input input i nput 

3 1 G , 

· 

-

- - -1- -,:�� - - - - - : �: r - - - - - - - - - - - - - - - - - - - - - J: �= 
-

- - - -
-
-;;;;; ���; -

- -
-

- , 
BRN I From BK BLACK 

) 
�� M �� 

(not used) 
: - - - ' Combination l ights RD RED 

, : switch YL YELLOW 

o , (on GN GREEN , l . BU BLUE , steering 
VI VIOLET '. - - � column) G Y  GREY 

� 
- -

! 
PK PINK 

-=- G200 
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1 2.3 Active Check Control 

Fig. 1 2-3 is a circuit diagram for the active check control .  
The active check control uses various relays, switches and an 

oil level sensor to monitor the l ights and engine fluids. Testing 
procedures for the oi l level sensor can be found in  ENGINE. 

The check control panel can be easily removed by pushing it 
up and prying it out from the bottom. 

From fuse 4 
( 1 5  amp) 

.5 VI 

From fuse 221 .5 GY/BK From fuse 23! .75 GY/GN 
(7.5 ;�£l � - i'5;1 � - - - - - - - • - - - - J�.� ���) - t--7• _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

i �" \: nnnn n_ n �"��n_n n nn nn;,;;n\ 00 : t���h 
, P4 P� P� , 
:- · - � � �� - - · - _ Q _ - - - - - - - - - - · - � I- ��� - - - - - - - - - - - - - - - - - -.1 - - _ a : 

.5 GYlYi . 5 GYIWTX 1 ( 1 984- 1 987 models) L 4 ( 1 984- 1 987 models) C1 03 I 9 ( 1 988- 1 990 models) 
C1 03 7 ( 1 988-1 990 models) 1 GY/WT .75 GY/RO-I 8207 8209 • 1 GY/WT 

� \1 

1 GYIYL I .  

1 
1 GYIYL ................ ----"'Il 

.5 GYlYi 1 2  
.5 GY/WT 

1 1  
R 58l .t 
Power in Light switch on 

® // low beam M 
fault indicator 'G 

// 
Rear l ights M 

fault indicator 'G 

56Kl t 56B 

.5 YLlBKI 22 .
5 
YLI 21 . Fuse/relay 

C 1 1 5 C 1 1 5 panel ;' • - - - - K·· - - - - - - - - - - - - - 56
- - - - - � 

Lights on 

58Kl 

\ I 1 3  

58R .t. 
Light switch on 

// license plate M fault indicator 'G 
Lights on 

KKl 

\ .1  26 

distri����� -��-.... .5 GY/BR 

) - - - - - - - - - - - - - - - - -

• 

���m : 
check • 
relay : 

, 
• 
• 
, 
, 
• 
, : AUXi l ita� _ ��s:�� [J [] ��s:�� : 

.5 GYIVI 

Active check 
control un it 

WIRING 
COLOR CODE 

BK 

BR 

RD 

YL 

GN 

BU 

VI 

GY 

WT 

PK 

BLACK 

BROWN 

RED 

YELLOW 

GREEN 

BLUE 

VIOLET 

GREY 

WHITE 

PINK 

: . - - - - ·Ct1 4 

-1- �;�:+-r - - -r ; ���� - : 1-.................................. '1-1 GYIYL 

1 0  

• 8221 

.75 
GY/RO 

C1 03 
, 

.75 
GY/RO 

� 821 5 

... 
heaJI?ghts � �1-""'''''''''''''''''' 1 GYIWT ..................... _. 

-""- .---.75 GY/RO---. 8326 
G200 -=- 3 C1 5 ,C2 4 C1 3 '\ C2 1 ! C1 

Rear l ights 
check relay 

�---��5�8l------�+5�8�Kl���
5
�
8
-
R

----��
K
-
K
-l--------��

K
-E--------------------� .---

� - - - - - - - - - -� ) - - - - - - - - -

T I 
58 1 

7 'I' C1 
1 1  GY/BU 

To tail l ights 

58Rl 
8 'l'C1 

1 1 GY/GN 
To tai l l ights 

Fig. 1 2-3. Active check control circuit. C i rcuit may vary 
sl ightly on some models. (continued on next page) 
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1 V1!GN 

From fuse 6 
(7.5 amp) 

1 V11GN I 
From fuse 21 
(7.5 amp) 

Battery voltage 
at al l t imes 
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From ignition From fuse 1 0  
switch (7.5 amp) 1 2.5 VI 

2 C240 SRS ai rbag I 1 ( Safety ) ( connector .75 

(if equipped 
.----------------0 with airbag) 23 rC1 .5 GNIWT • S21 2 

S2311- .
5 
VI switch .5 VI 4 (if equ ipped) GN/WT 
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1 m Brake !+,...:J ,";\Ch .5 VI/GN 
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( 1 984-1 986 
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( 1 987-1 990 
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6 Active ' :� -

- :, ��!i�: 
���t�1 : 
check • : : control l ig ht ' 

I. _ _ .!I 
7 't: 1 SRS airbag 

.5 
GNI 
WT 

1 
GNI 
RD 

.5 
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( 1 984-
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Active check 
control unit 23 1 5  

- ( connector .5 BR/BK C240 (if equipped) 
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switch 

Memory power 

® 
input // ®

Engine Oi l 
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Coolant level /)" 
fault indicator ® &washer fluid 'ZY fault indicator 

. 5 
GN/RD 

8'_"'BO,""",,1ilM � .5 GN/BK 
(except S31 6 • convertible) � . � 

.75 BN/BK 75' (convertib le) GN/RD 
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level 
stop 
l ight 

! 1 

54 

25 

(Fault clear) 
Oil static 

2 A C 10 1  .5 VIIGN 
.5 BU/BK'i' 1 6  } 20 

1 BUNI 
( 1 984-1 987 ( 1 984- 1 985 models) models) 1 5  C 1 0 1  
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switch 

Ful l 

Oil level 
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Low oil level· 
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Dynamic switch closes, 
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.5 
BRI 
RD 

1 7  

.5 
BUI 
VI 

Ground 
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(1 986-
1 990 

models) II.--.J-�I-..J 
41 too ' 
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dynamic switch opens. 

To 
ground 
(G 1 03) 

COOlantlSJ 
level 

switch 
Open with 

coolant level 
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6 � C2 2 C1 
54KL 54 

31 54R 54L 
4 C2'r' 6�C1 

51 C1 
.75 BRI 1 GNI 

� BU GNIYL 
G300 -=- To stop l ights 

lSJ���her 
level 

. 75 BR - switch 
Open with f ;��r:;,r�IUld 

To ground 
G1 04 .75 BR 

To ground 
G 1 04 

9 8 

.5 BRIYL 

.5 BR 

Seatbelt ' - - - -, 
warning : ' 

timer ' 

.75 BR 

Brake 
warning 
system 

, , 
'. _ _ _  JI 

.75 BR 

G200 
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1 2.4 Power Windows 

The power windows are operated by polarity-reversing mo
tors. Depending on the position of the switches, current is 
routed to change the rotation d irection of the motor. On 4-door 
models, the rear window lockout switch prevents operation of 

the rear windows by i nterrupting the voltage supply to the rear 
window switches. For removal and replacement of the power 
window motor assemblies, see BODY AND INTERIOR. The 
console-mounted switches and the rear door switches are 
pressed into place and can be careful ly pried out for testing . 

- - - - - - - - -
Fuse 1 7  
(30 amp) 

, Battery voltage 
in run only 
from load 

, reduction relay K5 
Fuse/relay panel : _ _ _ _ _ _ _ _ _ _ : 

1 .5 GN/GY 
left front console r 
window switch � 3 
r-------���------� 5 

4 

front 

1 .5 BR 

1 .5 BR 

I �
3 2 

� Mndow 
motor I �ft 

1 .5 WT/BK ( 1 984-1 985) 
2.5 WT/BK (1 986-1 990) 

Q Y C302 
I 2 .5 GN/BU ,i 8224 ( 1 985- 1 988 models) 

2.5 GN/BU", 8304 ( 1 989-1 990 models) rn Power window circuit 
breaker, i n  right side 
of center console 25 
amp 

2.5 GN/GYX 
C351 (except 1 989-1 990 models) 

2.5 GN/GY ". ................... __ ....... _ ...... ...,." ...... ......, 1 .5 GN/GY � A 

2.5 BR 

....L 
- G200 

"' ............ """"' ...... ....,.""""' ...... 1 .5 GN/GY HaM , I B 
__ "zP ............ """"''''''''_ ............... a 2.5 GN/GY ) I C 

1 .5 BR 4 

1 .5 BR 

left 
rear 

window 
switch 

1 .5 GN/GY 

r 

Left rear console 
3 window switch 

l,----+-n--+� 0 

left r...:..r..:......-----.-...,;+.:;;... 
rear 

window 
motor 

Fig. 1 2-4. Power window circuit for 4-door sedan and con
vertible models. Late 1 986 through 1 990 models 
use l ighted switches (not shown) . Circuit on con
vertible model may vary sl ightly. (continued on 
next page) 
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A single power window that does not operate can be tested 
without disassembling the door. Remove the rocker switch and 
disconnect its harness connector. Turn the ignition on and 
check for voltage at the connector. Also check ground. If 

voltage is reaching the switch and there is a good ground, 
check continuity on the switch. Fig. 1 2-4 and 1 2-5 show power 
window circuits for 4-door and 2-door models. 

WIRING 
COLOR CODE 

BK BLACK 

BR BROWN 

RD RED 

YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

GY GREY 

WT WHITE 

PK PINK 

A �/m-______ mmaD ____________ .. ________ mm __ =-� __________ eE __ mE�BBmmmBmmmmmB ____ � 
B /A/----mmmaED-=mm--&mea=mBmmm----�l 
C �I  ... / _ ....... _"'II 

3 
Right r------+-----...., 5 
rear ...... 

window I ,--- -' console r L switch 

Right I rear 
window 

motor 

�------------------� 

Right front window 
console switch I "\ 3 

1 .5 BR 
1 .5 BR 

.-.L 

R;ghl I front 
w;"dow 
motor 

- G200 

/ 8 , 

2.5 VI/GY 
2.5 BK/GY 
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WIRING 
COLOR CODE 

BK BLACK 

BR BROWN 

RD RED 

YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

GY GREY 

WT WHITE 

PK PINK 

Battery voltage 
in run only 

from relay K5 
, 

- - - - - � - - -. Fuse/relay panel 
Fuse 1 7  • 
(30 amp) 

, , 
1 _ - _ _ _ _ ___ _ 1 

1 .5 WT/BK ( 1 984- 1 985) 
2.5 WT/BK ( 1 986- 1 990) 1 2:'::18U 

«& 8224 ( 1 984- 1 988 models) 

J 8304 ( 1 989- 1 990 models) 
2.5 GN/BU", rn Power window circuit 

breaker, in  right side of 
center console 
25 amp 

2.5 GN/GY'f A C351 (except 1 989-1 990 models) 
2 .5 G�GY I G G Driver's 1 .5 N! Y 

window r�=mEmmEmsBEBEmam=ammE .. mm ____ " ." ____ mM __ .. ao�ae __ �mammaam,. 1 .5 GN/GY 

switch 3 If-. 8322 3 � 
__________ �� __ ------� 5 4 

Right 
front 

window 
switch 

Ir 1 .5 BR 1 .5 BR ,-------�------�->-----� p--��+---------�----� 

BU BK 

3 2 

M 

4 
1 .5 BR 

Driver's 
window 
motor 

2.5 BR 

!Fig. 1 2-5. Power window circuit for 2-door sedan models. 
Late 1986 through 1 990 models use l ighted 

switches (not shown) . 

-L 
- G200 

1 .5 BR 

Right 
front 

window 
motor 

BU 

3 BK 2 
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1 2.5 Power Outside Mirrors 

The mirror motors are operated by a door-mounted switch. 
Some 1 984 and 1 985 models have dual motors in  each mirror. 
One is for left and right movements and one is for up and down 
movements. On all other models, a single motor controls the 

mirror's movement via a magnetic clutch . For removal and 
replacement of the mirror assemblies or motors, see BODY 
AND I NTERIOR. The door-mounted switch is pressed into 
place and can be carefully pried out for testing. Fig. 1 2-6 is a 
circuit diagram for the electric mirrors. 

WIRING 
COLOR CODE 

BK BLACK 

BR BROWN 

RD RED 

YL YELLOW 

GN GREEN 

BU BLUE 

VI VIOLET 

GY GREY 

WT WHITE 

PK PINK 

From fuse 1 9  
(7.5 amp) 

Battery voltage 
in run only from 

load reduction relay 

1 75 GNlBK 

1 Y C405 
1 .75 GN/WT 

S501 0 

4
1 ·75 GNIWT 

Up Off Down 

Mirror control switch 

Off 
Left _ upl Off 1 Down 

_ Right Left l.� I. Right Left ""I 
Up 19 

Right 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Selector 
Left T Right 

2 .I \ .1  5 1 6 ,I 
.75 WT/BK 

.75 BUIWT1 ' 

S503 
75 B�1 .75 BUIWT .75 Bu/BK • ,- -1- - - - - - - - - - - - - - - - - - - -

.75 BR .75 BUIWTA 1 � 
.75 I B� BK ' -l';������l G: WT 

S504 BK � , 

WT 
S502 � ... 

75 1 BK .75 BR 

.75 BR 
- - - - - - - - - - - - - - - - - -

WT 
.... 

4 I I  2 
, 
.... BR 

Magnetic 
clutch 
solenoid 

� 
Driver's 
mirror 

- -
BU 

3 : 

S342 
: 

S41 1  2 I I  Magnetic 
�""""'

1 
...

. 5
""""
B
""
R
"""'e"""" ...... -""""''')...:... • � ......... """'mI--_-.J ����Oid 

G200 -=-
.75 BR : 4 : .75 BR .75 BR BR 

1 _ _ _ _ _  .J 

Fig. 1 2-6. Power mirrors circuit. M irrors with single motor 

shown. Mirrors with dual motors are s imilar. 

404 : 
- - - - - - - - - - - - - - - - - - - - - -

.75 BUlB.} 
1 

.75 BUIWT 

BK 
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1 2.6 Central locking System 

The electric locking system is controlled by a central elec
tronic control un it that is mounted below the left front speaker 
in the driver's side footwel l .  A ground signal to the control un it 
is provided by micro-switches in the front door locks and the 
trunk l id lock. Depending on the position of the micro-switch, 

current is routed to change the rotation d irection. of the drive. 
An additional feature allows automatic unlocking of the doors in  
the event of an  accident. Use Fig. 1 2-7 or Fig. 1 2-8 as  a guide 
when troubleshooting the central locking system. For removal 
and replacement of the central locking drive assemblies, see 
BODY AND INTERIOR. 

From ignition switch 
Battery voltage in 

run or start 

2 D 821 3 

---2-.5-G-N------�)�--2-.5-G-N--·--�.7�5�G�N------�)�------------ A C200 C302 .75 GN 

From fuse 27 (25 amp) 
Battery voltage 

at al l  t imes 

.75 J 1 .5 
1ij
,:�/BK 3.. RD/BK 

.75 1 8309 C405 

1 5  C405 ( 1 986- GN/BU 
\ � 1 990 models only) 

.5 WT/BK 
Unlock 
inh ibit 
switch 

(Key 
cyl inder) 

1 - - - - - - - - - - - - - - - - - - - - · _ ·_- - - - - - - - - - - - - - - - - -

® 

Fig. 1 2·7. Central locking system circuit for 2-door sedan 
and convertiblE) models. Circuit on 1 984 models 

may vary sl ightly. (continued on next page) 

Central 
locking 
system 
control 
un it 
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Central 
locking 
system 
control 
un it 

'. _ .. _ .. .. .. .. .. .. _ .. .. . ..  � 1 7 6 
- - - .. - - - - - - - . - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - - - � 

.75 YUBU ::ur 8 9 B ..... """"""''''''''._..,;.;;;;iiiii.i''''''' ...... ''''''''''''''''' ............ . 
75 BK .75 GN/BU 

C -_ ...... - .. _ ........................ _ ..... 1 .75 GN/BK 

D - - - - - - - -

5 

E ...... �'!!'!!!"'-.. 
.75 BR 

CAUTION -

2 

The control unit may be damaged if the central 
locking system is operated in quick succession 
more than eight times. On most 1 986 and later 
models (produced after September 1 985), a 
safety feature has been integrated into the cen
tral locking system control unit circuitry that will 
turn the system off momentarily if the system is 
overloaded. 

WIRING 
COLOR CODE 

BK 

BR 

RD 

YL 

GN 

BU 

VI 

GY 

WT 

PK 

BLACK 

BROWN 

RED 

YELLOW 

GREEN 

BLUE 

VIOLET 

GREY 

WHITE 

PINK 

Locking 
rod 

4 
Unlock 

.75 YUBK 

Lock 3 

Locking 
rod 

Trunk 
l id 
lock 
motor 

u----H---.... Gas tank 
fil ler 
lock 
motor 

CAurlON -

r5 BR 

8342 .  1 1 .5 BR 
..a.. 

G301 ( 1 985 models) 
G200 ( 1 986- 1 990 models) 

Remove and install the control unit only with the 
battery disconnected. Do not operate the sys
tem with the control unit removed from its 
mounting or the control unit may be damaged. 

NOTE -

As a general rule, blue wires are used for the 
locking side of the circuit and white wires are 
used for the u nlocking side of the circuit. 
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From ignition switch 
Battery voltage 
in run or start 
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(25 amp) 

S309 1 .5 3J RD/BK 
@-""""'''''''''' ....,. 
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RD/BK C405 

.5 WT/BK 
Unlock 
inhibit 
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cyl i nder) 

IT 
, 
• 
, 
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, , , , , 
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front I""""'-r---'P-"'""II 
door 

m icro Unlock 

switch 
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door 
lock 
motor 

® 

BR 

Lock 

.75 GN 

.75 YUBU 

o ��---........ - A  
.75 GN 

C302 

.75 GN/BU 

Central 
locking 

• system 
• control 

unit 

, 4  3 , 

.... 

em � �  _ _ _  � _  • _ _  � __ _ _ _ _  a =  _ _  m _ _ _  � _ _ ___ � = � _ �  _ _ _  = _ � m = _ �  _ _ _  � _ _ _ _ _  = _ _ _ _ _  � 

R&�K 
1 .5 BRf 1 990 ���� 1�1���) 1 .5 RD/BK : - - • - � I nterior 

-............ --,)oo�-....................... .....l( . • l ight 
1 5 . '  t imer 

1 BR : .. 
4 
... 
2
""""''''

1 .... 5 ... B''''R'''''''-
jL
.... - - - - _ .  control 

G200 -

Fig. 1 2-8. Central locking system circuit for 4-door sedan 
models. (continued on next page) 
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8 
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lock 
motor 
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...L 
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1 2.1 Cruise Control 

The circuit of the cruise control is shown in Fig. 1 2-9. The 
cruise control system consists of an electronic control un it, a 

cruise control servo, a cruise control switch on the steering 
column, and switches at the brake and clutch pedals. The 

cruise control operates at speeds above 28 mph (45 km/h) . 

.5 VIIWT S241 
pm----------------------------e'--------------

1 .5 VI/WT 

From fuse 6 (7 .5 amp) 
Battery voltage 
in accy . , run or start 

4 A C21 0 ( 1 984- 1 987 models) 
2 C21 0 ( 1 988-1 989 models) 

�-----------------------------��------------------------------r , 

Off -

.5 BU/BK - - - - - - - - -
Resume 

W 

.5 VIIWT 

Off Resume -

Cruise control sw 

Decelerate i Accelerate 
set set 

.5 BU/GY .5 BUIYL 5 BU/GN - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 

itc h .5 GN/WT 

Off Off Resume 1 Accelerate - - set 

YL GN BU - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , 

• 
,= _ _ _ _ _ _ _ _ _ _  = _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  � 3 

9 23 

. c�z�foJ -H�
N
-N
L 
- - _ - -+1-- - _ 5:{ _ _ _ _ _ _  ': -l.� BumT 

.5 GN/RD 
.5 BR .5 RD .5 YL 

.5 BR 
(1 984-1 986 models) S233 3 C209 

.5 GN 

I I  

To 
( 1 987 -1 i,:"�.:�.�:���.:�!:J 

If�:; -;;;;�7:;:::7) ��;-�,I· .. 

5 

... : ... ;41!ili2""'-""""i """""""-'""",,,' ... ,,, ... " M  .......... "".5 ... WT �� S223 ( 1 988-1 990) To .5 BR throttle 
� valve 
-=-G200 

Fig. 1 2-9. Cruise control circuit. 
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C 1 43 Y Cruise control servo Models with automatic 
transmission - C 1 43 from 
Neutral/Safety/Backup l ight 
switch (battery voltage with 
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The control un it, using the signal from the speedometer, 
compares the car's true speed to the cruise control speed 
selected by the d river. The control un it then turns on the control 
motor in the servo to open or close the throttle via a cable. If the 
driver steps on either the brake pedal or  clutch pedal , the 
cruise control is switched off. 

When troubleshooting the cruise control system, first check 
for faulty a fuse (no. 6) . Check that the brake l ight bulbs are 
operating correctly. The cruise control system can not be 
engaged unless there is ground at pin 9 of the control unit. This 
ground comes from the chassis through the brake l ight bulbs. 
Check the operation of the clutch switch and the brake l ight 
switch by making continu ity checks at the connectors with the 
pedals depressed and released. Check that the actuating ca
ble is not kinked or damaged. 

The control un it is located beneath the dashboard above the 
glove compartment, d irectly above the fuel i njection control 
unit. The cruise control servo motor is mounted on the forward 
part of the driver's side fender. 

1 3. HARNESS CONNECTOR, GROUND, SPLICE, 
AND COMPONENT LOCATIONS 

Table s, Table t, Table 1.1 ,  Table v, and Table w l ist the 
locations of the various harness connectors, grounds, spl ices 
(welded connections in the wiring harness) , and various relays 
and components used throughout the circuit diagrams con
tained in this section. For the exact positions of the fuses and 
relays, see 1 4. Fuse/Relay Panel below. 

Table s. Wiring Harness Connector locations 

Connector Location 

C1 Rear of instrument cluster (blue, 26-pin) 

C2 Rear of instrument cluster (white, 26-pin) 

C3 Rear of instrument cluster (yellow, 26-pin) 

C4 Rear of i nstrument cluster, under rear 
panel (1 6-pin) 

C5 Rear of instrument cluster, under rear 
panel (1 9-pin) 

C 1 01 1 984-1 985-0n side of fuse/relay panel 
(1 9-pin) 

1 986-1 990-0n rear fire wal l ,  near fuse 
relay panel (20-pin) 

continued 
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Table s. Wiring Harness Connector locations 
(continued) 

Connector Location 
C1 03 1 984-1 988-Beneath instrument panel, 

on steering column (29-pin) 
1 989-1 990-Beneath instrument panel , 

on steering column (30-pin) 

C1 1 4  Underside of fuse relay panel (8-pin) 

C1 1 5  Underside of fuse relay panel (2-pin) 

C 1 28 Behind right front side marker l ight (2-pin) 

C200 1 984-1 988- Beneath instrument panel ,  
near steering column (9-pin) 

1 989-1 990-Beneath instrument panel , 
near steering column (1 0-pin) 

C201 Beneath instrument panel, on steering 
column (6-p in) 

C202 Beneath instrument panel ,  on steering 
column (1 3-pin) 

C204 1 984-1 987-Beneath left side of 
instrument panel ,  on right side of 
steering column (9-pin) 

1 988-1 990-Beneath left side of 
instrument panel , on right side of 
steering column (1 2-pin) 

C208 Automatic transmission-Beneath 
instrument panel, connected to C204 
(2-pin) 

C209 Manual transmission-Beneath 
instrument panel, on clutch pedal 
support (2-pin) 

C21 0  1 984-1 988- Beneath instrument panel , 
near steering column (4-pin) 

1 989-1 990-Beneath instrument panel , 
near steering column (7-pin) 

C240 Beneath left side of instrument panel 
(6-pin) 

C241 Beneath instrument panel , near steering 
column (1 -pin) 

C260 Beneath left side of instrument panel ,  
near chime module (2-pin) 

C301 In  center console, at base of shift lever 
(2-pin) 

C302 Beneath left side of instrument panel 
(25-pin) 

C304 At base of driver's side B-pillar (3-pin) 

C305 Beneath left side of instrument panel, 
near C302 (1 -pin) 

continued on next page 
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Table s. Wiring Harness Connector locations 
(continued) 

Connector Location 

C306 In center console, near base of shift lever 
(9-pin) 

C351 Beneath left side of instrument panel 
(1 -pin) 

C401 1 984-Above passenger's side footwell 
speaker ( 1 3-pin) 

1 985-1 990-ln driver's side B-pillar 
(7-pin) 

C402 1 984-Above driver's side footwel l  
speaker (1 3-pin) 

1 985-1 990-ln  passenger's side B-pillar 
(7-pin) 

C404 Above passenger's side door jamb switch 
(21 -pin) 

C405 Above driver's side door jamb switch 
(21 -pin) 

Table t. Wiring Harness Ground locations 

Ground point Location 

G 1 00 In l uggage compartment, behind battery 
(6-cylinder models with trunk-mounted 
battery) 

I n  engine compartment on right shock 
tower (al l  models with engine 
compartment-mounted battery) 

G 1 02 On top rear of engine (4-cyl inder engine 
only) 

G 1 03 On right front shock tower (2.5i engine 
only) 

On left side of engine block, above starter 
(2.7e engine only) 

G 1 04 On front fender, behind left headlights 

G200 Beneath instrument panel, above brake 
pedal 

G201 On steering column, near horn brush/slip  
ring 

G300 Beneath left side of rear seat bottom 

G301 In luggage compartment 

G600 In windshield header 

Table u. Wiring Harness Splice locations 

Splice (welded Harness and Approximate Location 
connection in 
wiring harness) 

S 1 00 Main harness, front left corner in engine 
compartment 

S1 02 Main harness, front left corner in engine 
compartment 

S 1 03 Main harness, front right corner in engine 
compartment 

S 1 07 1 984-1 985 31 8i-Engine harness, top of 
engine 

1 986-1 990 325-Engine harness, 
beneath left side of instrument panel ,  
above glove compartment 

S1 1 4  Main hamess, front center i n  engine 
compartment 

S201 On-board computer harness, beneath 
center of instrument cluster 

S202 On-board computer harness, beneath 
center of instrument panel ,  beneath 
heating and ventilation controls 

S207 1 984-1 986-Main harness, behind 
instrument panel 

1 987-1 990-Main harness, beneath left 
side of driver's seat 

S209 1 984-1 986-Main harness, behind 
instrument panel 

1 987 -1 990-Main harness, beneath left 
side of driver's seat 

S21 0 1 984-1 986-Main harness, behind 
instrument panel 

1 987 -1 990-Main harness, beneath left 
side of driver's seat 

S21 1 1 984-1 986-Main harness, behind 
instrument panel 

1 987-1 990-Main harness, beneath left 
side of driver's seat 

S21 2  1 984-1 986-Main harness, behind 
instrument par.31 

1 987-1 990- Main harness, beneath left 
side of driver's seat 

S21 3 Main harness, behind instrument panel 

S21 5 1 984-1 986-Main harness, on driver's 
side floor, beneath instrument panel 

1 987 -1 990-Main harness, beneath left 
side of driver's seat 

S221 1 984-1 986 I nstrument panel harness, 
beneath center of i nstrument cluster 

1 987-1 990 I nstrument panel harness, 
beneath left side of instrument panel 

S223 Cruise control harness 

S224 Multi function clock harness 

S228 Cruise control harness 

continued on next page 



Table u. Wiring Harness Splice locations 
(continued) 

Splice (welded Harness and Approximate Location 
connection in 
wiring harness) 

S229 Air conditioning harness 

S230 Main harness, behind left side of 
instrument cluster 

S231 Main harness, behind left side of 
instrument cluster 

S232 Main harness, behind center of 
instrument cluster 

S233 Main harness, beneath left side of driver's 
seat 

S240 Air conditioning harness 

S241 Main harness, in rear left quarter of 
luggage compartment 

S250 Air conditioning harness 

S251 Air conditioning harness 

S300 Door harness, in driver's side footwell 

S301 Door harness, beneath front edge of 
drivers door 

S303 Door harness, beneath left side of driver's 
seat 

S304 Door harness, in driver's side footwell 

S305 Door harness, beneath door switch 
assembly in center console 

S306 1 984-1 986-lnstrument panel harness, 
beneath center of instrument panel, 
beneath heating and ventilation 
controls 

1 987-1 990-lnstrument panel harness, 
beneath left side of instrument panel 

S308 Door harness, inside door in front of 
mirror switch 

S309 Door harness, inside door in front of 
mirror switch 

S31 6 Main harness, on driver's side floor 
beneath instrument panel 

S322 Main harness, beneath right side of 
driver's seat 

S324 Main harness, left rear corner of luggage 
compartment 

S326 Main harness, left rear corner of luggage 
compartment 

S328 Main harness, beneath right side of rear 
seat 

S332 Door harness, beneath right side of 
passenger's seat 

continued 
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Table u. Wiring Harness Splice locations 
(continued) 

Splice (welded Harness and Approximate Location 
connection in 
wiring harness) 

S333 Door harness, beneath right side of 
passenger's seat 

S340 Main harness, on driver's side floor, 
beneath instrument panel 

S342 Door harness, beneath left side of driver's 
seat 

S346 Main harness 

S402 1 984-1 988-Door Harness, beneath 
driver's seat 

1 989-1 990- Door harness, beneath 
passenger's seat 

S41 1 Door harness, inside passenger's door, 
front edge 

S501 Door harness, inside driver's door 

S502 Door harness, inside driver's door 

S503 Door harness, i nside driver's door 

S504 Door harness, inside driver's door 

S600 Sunroof harness 

S601 Sunroof harness 

Table v. Relay locations 

Relay Location 

Fuel pump Auxil iary relay panel . See 1 4. 
Fuse/Relay Panel 

Fog light relay In fuse/relay panel 

High beam relay In fuse/relay panel 

Horn relay In fuse/relay panel 

Load reduction relay In fuse/relay panel 

Low beam relay In fuse/relay panel 

Low beam check relay I nteg rated into fuse/relay 
panel and part of printed 
circuit board 

On-board computer relay Beneath left side of instrument 
panel, behind ABS control unit 

Rear l ights check relay Luggage compartment, near 
power antenna 

Rear window blower relay Behind center of rear seat, 
(convertible only) attached to blower motor 

Start relay (automatic Upper left corner of driver's 
transmission only) footwell 

Sunroof motor relay In windshield header 

Wiper control unit relay In fuse/relay panel 
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Table w. Other Electrical Component Locations 

Other Components Location 

ABS control unit Beneath driver's side of instrument 
panel 

Active check control In windshield header 
unit 

Back-up l ight switch On transmission side 

Brake l ight switch Above brake pedal 

Central locking system In driver's footwel l ,  below speaker 
control unit 

Chime module Beneath driver's side of instrument 
panel, attached to lower trim panel 

Clutch switch Above clutch pedal 

Coolant level switch In coolant expansion tank 

Convertible top position Driver's side of top stowage 
switch compartment 

Cruise control unit Beneath instrument panel, above 
glove compartment on top of fuel 
injection control un it 

Cruise control servo In engine compartment, in front of 
left shock tower 

Flasher In steering column, above lower 
steering column trim 

Fuel tank sender Under rear seat, driver's side of fuel 
tank 

Fresh air blower motor Behind firewall trim panel 

Fresh air blower Behind firewall trim panel, attached 
resistors to blower motor housing 

Interior l ight timer I n  driver's footwell ,  below speaker 
control 

Neutral/park/backup In center console, at base of shift 
l ight switch lever 

Oil level sensor In oi l pan, left side of engine 

On-board computer Under driver's side of front bumper 
horn and diode 

On-board computer In center of instrument panel , to right 
module of radio 

Rear window blower Behind center of rear seat back 
motor (convertible only) 

Seat belt warning timer Beneath driver's side of instrument 
panel, left side of steering column 

Starter Left side of engine, rear 

Sunroof motor In windshield header 

Windshield washer fluid In washer fluid reservoir in engine 
level switch compartment 

Windshield washer In washer fluid reservoir in engine 
pump compartment 

Wiper motor Rear of engine compartment, behind 
firewall panel 

Horns Above left and right side of front 
bumper, behind splash guard 

Horn brush/slip ring Beneath steering wheel on steering 
assembly column 

1 4. FUSE/RELAY PANEL 
The fuses and relays are arranged together in  one unit 

located in the engine compartment on the driver's side of the 
car. 

Relays 

Fig. 1 4-1 shows the fuse/relay panel location and identifies 
the relays. 

NOTE -
Relay locations are subject to change, and may 
vary from car to car, depending on options. If 
questions arise ,  please remember that an au
thorized BMW dealer is the best source for the 
most accurate and up-to-date i nformation. 

Fig. 1 4-1 . Fuse/relay panel on BMW models  covered by 

this manual. Low beam check relay is on under
side of panel and is integrated into panel 's printed 

circuit. 

On models with 6-cylinder engine, the auxil iary relay panel 
holds the fuel pump relay, the main relay, and the oxygen 
sensor heater relay. On models with 4-cylinder engine, the 
auxiliary relay panel contains . the fuel pump relay and the 
vacuum advance relay. On 1 984 and early 1 985 models, the 
third relay is for deceleration fuel shut-off. On al l other models, 
the third relay is for idle speed stabilization. 

An additional relay panel is located in the engine compart
ment, in  front of the left shock tower. To access the relays, lift off 
the protective cover as shown in  Fig. 1 4-2. 



Fig. 1 4-2. Auxiliary relay panel protective cover being re
moved. Depress the catch (arrow) and l ift off 
cover. 

Fuses 

The fuses come in  different colors that correspond to dif
ferent current ratings. Each fuse is specifically chosen to pro
tect its ciIcuit against excess current flow that might damage 
the circuit components. When replacing fuses, it is never ap
propriate to substitute a fuse of a higher rating .  Fig. 1 4-3 shows 
fuse locations. Table x identifies the fuse circuits and the 
correct fuse rating. 

lFig. 1 4-3. Fuse/relay panel showing fuse locations. 

CAUTION """"'" 
Only replace fuses with those of the same rat
ing. Installing a fuse with higher rating will 
cause severe damage to the car's wiring and 
may also start a fire. 

Fuse 

1 

2 

3 

4 

5 

6 

7 

8 
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CAUTION -
A fuse with a lower rating may consistently blow, 
especially when the circuit is turned on. If the 
fuse in one particular location fails repeatedly, 
that is an indication of a problem in the circuit or 
in a component that should be repaired. 

NOTE -
Fuse designations and locations are subject to 
change, and may vary from car to car, depend
ing on  options. If questions arise, please re
member that an authorized BMW dealer is the 
best source for the most accurate and up-to
date i nformation. 

Table x. Fuse Location and Designation 

Rating and color Description 

7.5 amp (brown) Headl ight, left high 
beam 

7.5 amp (brown) Headlight, right 
high beam 

1 5  amp (It. blue) Auxiliary radiator 
cooling fan, low 
speed (also see 
fuses 1 8, 1 9, and 
20) 

1 5  amp (It. blue) Turn signal and 
emergency flasher 
l ights (also see 
fuse 24) 
Active check 
control (also see 
fuses 6, 1 0, 2 1 , 22, 
and 23) 
Digital clock (also 
see fuse 2 1 )  

3 0  amp (It. green) Windshield wipers 
and washer 

7.5 amp (brown) Stop l ights 
Cruise control 
(also see fuse 1 0) 
Active check 
control (also see 
fuses 4,  1 0, 2 1 , 22, 
and 23) 
Anti-lock Braking 
System (ABS) 
( 1 986 and later 
models) 
I nterior l ighting 
(also see fuse 1 9, 
21 , 27) 

1 5  amp (It. blue) Horns 

30 amp (It. green) Rear defogger 
(also see fuse 23) 

continued on next page 
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Table x .  Fuse location and Designation (continued) Table x. Fuse Location and Designation (continued) 

Fuse Rating and Description Fuse Rating and Description 
color color 

9 1 5 amp (It. blue) Fuel delivery (also see fuse 1 O 2 1  7.5 amp (brown) Glove box l ight and flashlight 
and 2 1 ) Ignition key warning/seat belt 
Idle speed (also see fuse 1 O) warning (also see fuse 1 O) 

1 0  7.5 amp (brown) Seat belt waming system (also 
see fuse 21 ) 
Service interval i ndicator (also see 
fuse 21)  
Tachometer/fuel economy gauge 
(also see fuse 21 ) 
Instrument gauges and indicators 
Brake warning system 
Back-up l ights 
On-board computer (also see 
fuses 1 2, 21 , 23, and 27) 
Starter 
Fuel delivery (also see fuse 9 and 21 )  
I d le  speed (also see fuse 9) 
Active check control (also see 
fuse 2 1 )  
Stop l ights/cruise control (also 

I nterior l ights (also see fuses 6, 
1 9  and 27) 
Radio memory (also see fuse 1 2, 
27, and 28) 
Luggage compartment l ight 
Active check control (also see 
fuses 4, 6, 1 0, 22, 23) 
Service interval indicator (also see 
1 O) 
On-board computer (also see 
fuses 1 0, 1 2, 23, and 27) 
Fuel delivery-except 3 1 8i (also 
see fuses 9 and 1 O) 
Tachometerjfuel economy gauge 
(also see fuse 1 O) 
Digital clock (also see fuse 4) 
M ulti-function clock (also see 
fuses 1 2  and 23) 

see fuse 6) 22 7.5 amp (brown) Active check control (also see 

1 1  1 5  amp (It. blue) Fuel delivery (fuel pump) 
1 984-1 987 
7.5 amp (brown) 
1 988-1 990 

fuses 4, 6,  1 0, 2 1  and 23) 
Front parking l ights (also see fuse 
23) 
Rear tai l l ights (also see fuse 23) 
Front side marker l ights (also see 

1 2 7.5 amp (brown) Radio, power (also see fuses 21 , fuse 23) 

27, and 28) 
Speedometer and instrument 
indicators (also see fuse 8) 
On-board computer (also see 
fuses 10, 21 , 23, and 27) 
Multi-function clock (also see 
fuses 21 and 23) 

23 7.5 amp (brown) Instrument panel l ights 
Front parking l ights (also see fuse 
22) 
Rear tail l ights (also see fuse 22) 
Rear side marker and l icense 
plate l ights 
Active check control (also see 

1 3  7.5 amp (brown) Headlight, left low beam fuses 4, 6, 1 0, 21 , and 22) 
Rear defogger (also see fuse 8) 

1 4  7.5 amp (brown) Headlight, right low beam M ulti-function clock (also see 

1 5  Not used 
fuses 1 2  and 2 1 )  
On-board computer ( 1 987 and 

1 6  1 5  amp (It. blue) Heated seats 
later) (also see fuses 1 0, 1 2, 2 1 , 
and 27) 

1 7 30 amp (It. Sunroof 
green) Power windows 

24 1 5  amp (It. blue) Turn signal and emergency 
flasher l ights (also see fuse 4) 

1 8  30 amp (It. Auxiliary radiator cooling fan, high 
green) speed (also see fuses 3 ,  1 9, and 

25 Not used 

20) 26 Not used 
1 9  7.5 amp (brown) Auxiliary radiator cooling fan (also 

see fuses 3 and 1 8) 
Interior l ights (also see fuses 6, 
21 ,  and 27) Power mirrors 

20 30 amp (It. Heater/air conditioning (also see 
green) fuse 28) 

Auxiliary radiator cooling fan (also 
see fuses 3, 1 8, and 1 9) 

27 30 amp (It. I nterior l ights (also see fuses 6, 
green) 1 9, and 2 1 )  

Central locking system 
On-board computer (also see 
fuses 1 0, 1 2, 2 1 , and 23) 
Radio-amplifier (also see fuses 
1 2, 21 , and 28) 

28 30 amp (It. Cigar l ighter 

continued 
green) Radio-power antenna (also see 

fuses 1 2, 2 1 , and 27) 

29 7.5 amp (brown) Fog l ight, left (also see fuse 30) 

30 7.5 amp (brown) Fog l ight, right (also see fuse 29) 

NA 25 amp Power window circuit breaker 



IN DEX 
Subjects are indexed by section number in bold , fol lowed by the page 
number(s) within the section where the subject can be found. 
For example 1 :4 refers to section 1 FUNDAMENTALS, page 4. 
Sections are as fol lows: 

1 
2 
3 
4 
5 
6 
7 
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FUNDAMENTALS 
LUBRICATION AND MAINTENANCE 
ENG INE MANAGEMENT -DRIVEABILITY 
ENG INE 
IGN ITION 
FUEL SYSTEM 
COOLING SYSTEM 
EXHAUST SYSTEMAND EMISSION 

A 

ABS 
See Anti-lock brake system 

Accelerator and throttle l inkage 2: 1 7 
Accelerator cable 6: 1 6  

See also Automatic transmission 
Active check control 1 5: 50 
Advice for the beginner 1 :  1 4 
Air condition ing 1 4:42, 1 5:43 

control switch assembly 1 4: 1 5 
general description 1 4:4 
inspections and test 1 4:43 
refrigerant charge 
checking 1 4:43 

safety features 1 4 :43 
specifications 1 4:43 
system description 1 4:42 

Air filter 2: 1 3 
general description 6:4 

Ai r flow measurement 3 :8 
A i r flow sensor 

See L-Jetronic fuel i njection or 

Motronic engine management system 
Airbag 

See Supplemental Restraint 
System (SRS) 

Alignment 
See Wheels 

Alternator 
fundamentals 1 :  1 0  
noisy 1 5: 1 8 
removing and instal l ing 1 5: 1 9 
testing 1 5: 1 7 

Antenna 1 4: 8  
Anti-freeze 

See Coolant 
Anti-lock brake system 

fundamentals 1 :  1 0 
general description 1 2:5 
i nspecting system 1 2: 1 6 
warning indicator 1 :28 

ATF 
See Automatic transmission fluid 

AutOmatic transmission 1 0:5 
accelerator cable and kickdown 
adjusting 1 0: 1 4  

9 MANUAL TRANSMISSION AND CLUTCH 
1 0  AUTOMATIC TRANSMISSION 
1 1  DRIVESHAFT AND FINAL DRIVE 
1 2  BRAKES 
1 3  SUSPENSION AND STEERING 
1 4  BODY AND I NTERIOR 
1 5  ELECTRICAL SYSTEM 

Automatic transmission (cont'd) 
adjustments, external 1 0: 1 4 
assembly 1 0 : 1 5 
controls 1 0: 1 2 
diagnostic tests 1 0: 1 0 
pressure tests 1 0: 1 0 
stal l speed test 1 0: 1 0 

electronic controls 1 0:6 
general description 1 0:4 
hydraul ic controls 1 0:5 
identification codes 
and specifications 1 0: 6  

maintenance 1 0:7 
planetary gear system 1 0:5 
removing and instal l ing 1 0 : 1 5  
seals 1 0: 1 8 
manual valve seal 1 0:19 
output shaft seal 1 0: 1 9 

selector lever and l inkage 
adjusting l inkage 1 0: 1 4 
removing and instal l ing 1 0: 1 2 

service 2:25 
technical data 1 0:20 
troubleshooting 1 0:7 

Automatic transmission fluid 
checking and fi l l ing 2:25 
cooler 1 0: 6  

B 

drain ing and replacing 2 :26 
pump 1 0:5 
strainer 
cleaning 2:26 

Back-up l ights 1 5:36 
Battery 2 :  1 6, 1 5: 1 3  

See also Electrical System 
charging 2 : 1 6, 1 5 : 1 5 
checking and clean ing 2 : 1 6 
fundamentals 1 :  1 0 
general description 1 5:4 
replacing 2 : 1 6  
testing 1 5: 1 4  
hydrometer testing 1 5: 1 4  
load voltage testing 1 5: 1 5  
open-circuit voltage testing 1 5 : 1 5  

INDEX 1 

WARNING -

.. Automouve service and repair is serious 

business. You must be alert, use common 

sense, and exercise good judgement to 

prevent personal injury and complete the 
work safely. 

o Before beginning any work on your 

vehicle, thoroughly read all the Cautions 
and Warnings listed near the front of this 
manual. 

.. Always read the complete procedure 

before you begin the work. Pay special 
attention to any Cautions and Warnings 

that accompany that procedure, or other 

information on a specific topic. 

Batte ry (cont'd) 
troubleshooting 1 5: 1 0 
voltage 3 : 1 0  

Body 
cleaning and preserving 2:4 , 29 
fundamentals 1 :4 
general description 1 4:4 
maintenance 2:28 , 1 4:4 

Body, exterior 1 4:28 
trim 1 4 :32 
removing and instal l ing 1 4:32 

Body, exterior f in ish 
care of 2:29 
polishing 2:29 
special clean ing 2 :29 
washing 2:29 
waxing 2:29 

Body, i nterior 1 4: 5  
care o f  2:29 
general description 1 4:4 

Body and i nterior 
maintenance 2:28 

Bolt torque 
fundamentals 1 :  1 4 

Bolts, tightening 
fundamentals 1 :  1 4 

Brake f lu id 2: 1 1 , 1 2:8 
checking level 2 :22 
flushing the brake system 1 2: 1 0  
replacing 2:23, 1 2: 1 0  
warning l ight 1 :28 

Brake l ight switch 1 2: 1 3 
Brake lights 1 5:36 
Brake l ines 

general description 1 2:4 
replacing 1 2: 1 4 

Brake pedal freeplay 1 2: 1 3  
Brake pressure regulator 1 2 : 1 4 

pressure testing 1 2: 1 4  
replacing 1 2: 1 0 

Brakes 2:24 
anti-lock b rake system (ABS) 

See Anti-lock brake system 
diagnostic checks 1 2: 6 

fundamentals 1 :  1 9  
hoses and l ines 
inspecting 2:22 
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Brakes (cont'd) 
maintenance 1 2: 5  
master cyl inder 

general description 1 2:4 
removin g  and instal l ing 1 2 : 1 1 

noise 1 2: 6  
pad warning system 1 2 : 1 4  
parking b rake 

See Parking b rake 
pedal adj ustments 1 2: 1 3  
service 1 2: 1 8  
technical data 1 2:25 
tightening torques 1 2:35 
troubleshootin g  1 2:5 
vacuum booster 1 2:4 

general description 1 2:4 
removin g  and instal l ing 1 2 : 1 2  

B rakes, bleeding 1 2: 8  
manual bleeding 1 2 : 9  
p ressure bleeding 1 2 : 9  
vacuum bleeding 1 2: 9  

Brakes, disc 
See Disc brakes, front and rear 

Brakes, rear drum 
See Drum b rakes, rear 

Bumpers 1 4: 32 
removing and instal l ing  1 4: 34 

c 

Camber correction 
See Wheels 

Camshaft 
oi l  seal 4 :24 
removing and instal l ing  4:22 

Camshaft d rive belt  
6-cyl . engines 4: 1 3  
tensioner pul ley 

replacing 4:  1 6  
Camshaft timing chain 

4-cyl . engines 4: 1 6  
valve adjustment 4 : 2 1  

Carbon deposits 
See Engine troubleshooting 

Catalytic converter 
checking 8 : 1 0  
general description 8:4 
removing .and instal l ing  8 :  1 0 

Cautions ix 
about 1 : 1 2  

Central lockin g  system 1 4:27, 1 5:56 
locking d rives, removin g ,  instal l ing ,  

and adjustin g  1 4: 27 

Charcoal canister bypass valve 
testing 6: 1 6  

Charging system 1 5: 1 6  
current d rain 

testing 1 5: 1 8  
general descri ption 1 5:4 
in-car testing of 1 5: 1 6  
troubleshootin g  1 5 : 1 0 , 1 6  

Chassis,  washing 2:29 
routine maintenance 2:4 

Check engine warning l ight 6:36 
Clutch 9 : 1 2  

fundamentals 1 :7 
general description 9:4 
pedal adj ustment 9 : 1 5  
p ressure plate 9 : 1 2  
release system 9 : 1 3  
removing and i nstal l ing  9: 1 7  

Clutch disc wear 
checking 2:24 

Clutch hydraul ic system 
bleeding 9: 1 3  

Clutch master cyl inder 
and slave cyl inder 9 : 1 3  

removing and install ing  9 : 1 4  
slave cyl inder push rod travel 

checking 9: 1 3  
Coil and spark p lug wi res 

testing 5 : 8  
Cold start valve 

See L-Jetronic fuel i nj ection or 

Motronic engine management 
system 

Compression test 4 :8  
wet compression test 4 : 1 0  

Connectin g  rods and p istons 4 :53 
general description 4 :4  

Constant velocity (CV) joints 
See Suspension, rear 

Continuity test 1 5: 6  
Convertible top 1 4:39 

frame adjustments 1 4:39 
Coolant 

checking l evel 2 : 1 8  
d rain ing and f i l l ing 7 : 8  
specifications 2 :  1 8  

Coolant pump 7: 1 2  
general description 7:4 
i nspecting and replacing 7: 1 2  
pr imary fan clutch 

inspectin g  and replacing 7: 1 4  
Coolant temperature sensor 6:26, 42 

Coolant temperature switch 
L-Jetronic fuel i njection system 6:26 
Motronic engine management system 

6 :42 
Coolant temperature switch/ 

sender 5:20 
Cool ing system 

capacities 7 :9  
diagnostic tests 7 : 6  
fundamentals 1 :6 
general description 7:4 
hoses 7:8 

i nspecting 2 : 1 9  
maintenance 7:5 
p ressure testin g  7 : 6  
service 7 : 8  
technical data 7:20 
temperature gauge and sending unit 

quick-check 7:7 
troubleshooting 7:5 

C rankshaft 4:56 
axial play 4:56 

C rankshaft and bearings 
general description 4 :4  

Cruise control 1 5 :60 
CV (constant velocity) joints 

See Suspension, rear 
Cyl inder block 

d isassembly, assembly, and 
reconditioning 4:53 

oi l  seals 4:50 
front cyl inder b lock o i l  seals, 

replacing 4:50 
rear crankshaft o i l  seal , 
replacing 4 : 52 

Cyl i nder block and pistons 4 :50 
Cyl i nder head 4: 1 1 ,  37 

cover and gasket 4 : 1 1 
d isassembly, assembly, and 

reconditioning 4 :37 
general description 4:4 
removin g  and i nstal l ing  4:29 
rocker shafts and rocker arms 

inspecting 4:25 
removin g  and instal l ing 4:24 

Cyl inders 4:55 
end p lay 4:56 

D 

D efogger 
rear window 1 5:45 
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Subjects are indexed by section number in  bold, fol lowed by the page 
number(s) within the section where the subject can be found.  
For example 1 :4 refers to section 1 F U N DAMENTALS, page 4.  
Sections are as fol l ows: 
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3 
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F U N DAMENTALS 
LUBRICATION A N D  MAI NTENANCE 
ENGINE MANAG E M EN T  -DRIVEABIL ITY 
E N G I N E  
I G N IT ION 
F U E L  SYSTE M  
COO L I N G  SYSTEM 
EXHAUST SYSTEMAN D E M I S S I O N  

Disc brakes 
general description 1 2: 5  

Disc b rakes, front 1 2:5 ,  1 6  
cal ipers 1 2:21  
pad wear, checking 1 2 : 1 8  
pads, removing and i nstal l ing 1 2: 1 8  
reconditioning 1 2: 1 8  
rotors, removing ,  reconditioni n g ,  

a n d  instal l ing 1 2:20 
warning system 1 2 : 1 4  

Disc b rakes, rear 1 2:28 
cal ipers 1 2:34 
l in ing wear, checking 

(3 1 8i models) 2 :33 
pad wear, checkin g  1 2:28 
pads, removing and instal l ing 1 2:29 

parking brake 1 2:32 
adjusting 1 2: 32 
actuator, replacing 1 2:33 
cable,  replacing 1 2:33 
shoes, replacing 1 2 :33 

reconditioning 1 2:28 
rotors, removing ,  reconditioni n g ,  

a n d  instal l ing  1 2 :31  
Distributor 

See Transistorized coil ignition 
(TCI- I )  system and 
Motronic (DME) ign ition system 

Distributor cap 2 : 1 4  
and rotor, testing 5:9 

Door handles 1 4:25 
Door locks 1 4:25 

central locking system 
See Central lock ing system 

Doors 1 4: 1 9  
adjusting 1 4: 1 9  
assembly 1 4:21  
removing and i nstal l ing  1 4: 1 9  

D rive axle joint boots 2 :28 
Drive axles 

fundamentals 1 : 8 
Drive axles, rear 

maintenance 2 : 27 
Driveshaft 1 1 :4 

aligning 1 1 :8 
applications-identifying 

features 1 1 :5 

9 MAN UAL TRANS M I S S I O N  A N D  CLUTCH 
1 0  AUTOMAT I C  TRAN S M I SS I O N  
1 1  
1 2  
1 3  
1 4  
1 5  

DRIVESHAFT AND F I NAL D R I V E  
BRAKES 
SUSPENSION AND STE E R I N G  
BODY A N D  I NT E R I O R  
E L ECTR I CAL SYSTEM 

center bearing 
replacing 1 1 :  1 3  

Driveshaft (cont'd) 
flexib le coupl ing 

replacing 1 1 :  1 2  
front centering guide 

replacing 1 1 :  1 4  
fundamentals 1 : 8  
general description 1 1 :4 
maintenance 1 1 :5 
noise and vib ration 1 1 :7 
removing and i nstal l ing  1 1 : 9 
technical data 1 1  : 1 8  
troubleshooting 1 1  :5 

Drivetrain 
fundamentals 1 : 7  
routine maintenance 2 : 4  

D r u m  b rakes, rear 

E 

general description 1 2 :5 
l in ing wear, checking 1 2 :23 
parking brake 1 2:27 

adjusting 1 2:27 
cable,  replacing 1 2:27 

reconditioning 1 2: 23,  26 
shoes 

removing and instal l ing 1 2:24 
wheel cyl inder 

inspecting and replacing 1 2:26 

E lectrical system 
battery voltage 3: 1 0 
component locations 1 5: 6 1  
fundamentals 1 :  1 0 
ground connections 3 : 1 0  
maintenance 1 5:5 
on-board computer 1 5:48 
troubleshooting 3 :  1 0 , 1 5 :5 
wir ing and harness connectors 3 : 1 0  

E lectrical testing 
fundamentals 1 :  1 5  

Emergencies 1 :26 
car wi l l  not  start 1 :26 

Emergency flashers 1 5: 34 
Emission controls 

general description 8:4 

INDEX 3 

WARNING -

" Automotive service and repair is serious 
business. You must be alert, use common 
sense, and exercise good judgement to 

prevent personal injury and complete the 
work safely. 

o Before beginning any work on your 

vehicle, thoroughly read all the Cautions 
and Warnings listed near the front of this 
manual. 

.. Always read the complete procedure 
before you begin the work. Pay special 

attention to any Cautions and Warnings 

that accompany that procedure, or other 

information on a specific topic. 
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before you begin the work. Pay special 
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that accompany that procedure, or other 
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325e(es) models only) 5:22 
technical data 5:25 

Motronic engine management 
system 6:36 
ai r flow measurement 6:37 
air flow sensor 6:38 
cold start and cold running 

enrichment 6 : 40 



6 INDEX 

Motronic engine management 
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technical data 6 : 54 
th rottle basic adjustment 6:38 
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general description 3 : 5  
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Oi l  chang e  2 : 4  
equipment 1 :22 

Oi l  cooler 
replacing 4 :63 

Oi l ,  engine 
changing 2 : 1 2  
specifications 2 : 9  

Oi l  fi lter 
changing 2 : 1 2  

O i l  level sensor 
(6-cyl .  engines) 
testing 4 : 6 1  
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specifications 2 : 9 , 1 0  

Oi l  pan 4 : 6 1  
Oi l  pressure a n d  o i l  level 

warning systems 4:59 
testing 4:60 

Oi l  pressure warning l ight 1 :28 

Oi l  pump 4:63 
removing and i nstal l ing  

4-cyl .  eng ines 4:63 
6-cyl . engines 4:63 

Oi l  service 2:8  
On-board computer 1 5 :48 
Overheating 1 :28 
Oxygen sensor 2 : 1 9  

about 3 : 9  
replacing 2 : 2 0 ,  8: 1 3  

Oxygen sensor system 
checking 8: 1 3  
general description 8:4 
testing 8: 1 1  
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removing 2:20 
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adjUsting 1 2:27 
cable,  replacing 1 2:27 
general description 1 2:5 
maintenance 2 :23 

Parking brake, disc brakes 
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adjusting 1 2 :32 
cable,  replacing 1 2: 33 
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Parts 

buying 1 : 1 7  
genuine BMW parts 1 :  1 7  
information you need to know 1 :  1 8  
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spare parts kit 1 :29 

Piston pin 4:53 
Piston rings 4:56 
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Power steering 2 :  1 9  

f luid 2 : 1 1 
pressure system 1 3: 45 

f i l l ing and bleeding 1 3:45 
power steering pump 1 3:46 
pressure test ing 1 3:45 

Power sunroof 1 5 :47 
Power windows 1 5 :52 
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P u s h  starting 1 : 2 6  
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f lushing 7:20 
general description 7:4 
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auxi l l iary 7: 1 5  

removin g  and instal l ing 7 : 1 7  
general description 7 : 4  
testing 7:  1 5  
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testing 7: 1 5  

Radio 1 4: 8  
Rear crankshaft oi l  seal 4:52 
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See Drum brakes, rear 
Reference sensor 1 5: 2 1  
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Relays 1 5: 64 

general description 1 5:4 
Rocker arm shafts and rocker arms 

inspecting 4:25 
removing and instal l ing  4 :24 

Rotor 2 : 1 4  

s 

See a/so Transistorized coil ign ition 
(TC I - I )  system and M otron ic ( D M E )  
ignition system 

testing 5 : 9  

Safety fundamentals 1 :  1 2  
Seals 

fundamentals 1 :  1 5  
Seat belts 2:29, 1 4: 1 6  

general description 1 4:4 
i nspecting 1 4: 1 6  
install ing or replacing 1 4: 1 6  

Seats 
front 1 4: 1 8  
general description 1 4:4 
rear 1 4: 1 8  

Selector lever and l inkage 
See Automatic transmissiOn 

Service indicator 2:4, 1 5 :25 
resetting 2 :5  

Service indicator i ntervals 
routine maintenance 2 : 6  

S i d e  market l ights 1 4:31  . . 1 5 :36 
Shift l ever 

manual trans. 9:8 
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Shift mechanism 
manual trans.  9 :8  

d isassembling and assembl i n g  9 :9  
Shock absorbers 

see Suspension, front and rear 
Short circuit test 1 5 :7 
Solenoid switch 

removing and instal l i n g  1 5 :23 
Spark plug wires 2 : 1 4  

testing 5 : 8  
Spark p l u g s  2 : 1 4  

fir ing order 2 :  1 5  
Speed sensor 5 : 2 1  
Spl ice 

locations 1 5: 6 1  
SRS (Supplemental Restraint System) 

See Supplemental Restraint System 
Stab i l izer bar, front 

See Suspension ,  front 
Starte r 

general description 1 5:4 
removing and install i n g  1 5 : 22 
solenoid switch 

removing and instal l ing 1 5:23 
troubleshooting 1 5 :  1 0  

Starting system 1 5:20 
troubleshooting 1 5 :20 

Steering 1 3:38 
diagnostic inspection and testing 1 3: 8  
fundamentals 1 :8 
general description 1 3: 5  
maintenance 1 3: 6  
technical data 1 3:47 
troubleshooting 1 3: 6  

Steering column 1 3:39 
ign ition switch/steer ing lock 

replacing 1 3: 4 1  
switches 1 3:40, 1 5: 4 1  

Steering gear a n d  t i e  rods 1 3:42 
steeri n g  g ear 

removing and instal ! ing 1 3: 44 
tie rod ball joints 

inspecting 1 3: 43 
tie rods 

replacing and adjusting 1 3: 43 

9 MAN UAL TRANSMI S S I O N  AND CLUTCH 
1 0  AUTOMAT I C  TRAN S M I SS I O N  
1 1  DRIVESHAFT AND F I NAL DRIVE 
1 2  BRAKES 
1 3  S USPENSION AND STEE R I N G  
1 4  BODY AND I NT E R I O R  
1 5  ELECTRI CAL SYSTEM 

Steering,  power 
see Power steering 

Steering wheel 
removing and i nstal l ing 1 3:39 

Struts 
See Suspension , front 

Sunroof 1 4:37 
adjusting fit 1 4:38 
panel 

removing and instal l ing  1 4:37 
Supplemental restraint system 1 3:38 
Suspension 

See also Suspension ,  front and 
Suspension, rear 

diagnostic inspection and testing 1 3: 8  
fundamentals 1 : 8  
maintenance 1 3: 6  
technical data 1 3:47 
troubleshooting 1 3: 6  

Suspension, front 
control arms 1 3: 22 

inspecting mounts 1 3:22 
removing and i nstal l ing 1 3 :23 

general description 1 3: 4  
maintenance 2 : 2 7  
r i d e  height 

checking and correcting 1 3 :20 
rubber bushing 

replacing 1 3:25 
shock absorbers 

cartridges, replacing 1 3: 1 9  
checking 1 3 :  1 6  

stabi l izer bar 1 3 :27 
strut bearing (upper mount) 1 3: 1 8  
struts 1 3 : 1 5  

removing and i nstal l ing  1 3 :  1 6  
wheel bearings 1 3:25 

Suspension, rear 
coil springs 

removing and instal l ing 1 3 :30 
constant velocity (CV) joint, inner 

1 3 : 3 1  
i nspecting CV jo ints 1 3 :34 
removing and i nstal l ing 1 3 : 33 
protective boots 
removing and instal l ing 1 3:33 
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WARNING -

.. Automotive service and repair is serious 

business. You must be alert, use common 
sense, and exercise good judgement to 

prevent personal injury and complete the 
work safely. 

.. Before beginning any work on your 

vehicle, thoroughly read all the Cautions 
and Warnings listed near the front of this 
manual. 

• Always read the complete procedure 
before you begin the work. Pay special 

attention to any Cautions and Warnings 

that accompany that procedure, or other 
information on a specific topic. 

T 

constant velocity (CV) joint, outer 
1 3 : 3 1  
removing a n d  instal l ing 1 3 :32 

drive axles 
removing and install ing 1 3: 32 

d rive axles and constant velocity 
(CV) joints 1 3 :31  

general description 1 3 :5 
shock absorbers 

removing and instal l ing 1 3:28 
trai l ing  arms 1 3:34 

bushings,  removing and 
instal l ing  1 3 : 35 

wheel bearings 1 3:37 

Tachometer 1 : 23 
Tai l l ights 1 5 :36 

assembly 1 4:30 
Test l ight 1 :24 
Thermostat 7:  1 0  

general description 7:4 
removin g  and i nstal l ing  7 : 1 0  
testing 7: 1 1 

Thrust 4 :56 
Thrust bearing 4:56 
Tie rods 

See Steering gear and tie rods 
Timing l i g ht 1 :23 
Ti res 1 3: 1 0 

changing 1 :26 
i nflation p ressure 2:20 
maintenance 2 : 20 
rotation 2:20 
wear 1 3 : 8  
winter t i res 1 3: 1 0 

Toe adjustment 
see Wheels 

Tools 1 :20 
basic tool requi rements 1 :21 
BMW special tools 1 : 24 

Torque converter 1 0: 5  
fundamentals 1 :7 
lockup torque converter 1 0: 5  
seal 1 0 : 1 8  
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Torque wrench 1 :22 
Towing 1 :28 
Trail ing  arms 

see Suspension, rear 
Transfer pump 

general description 6:4,  7 
replacing 6 : 9  
testing 6 : 7  

Transistorized c o i l  i gnition 
(TCI- i )  system 5 : 1 0  
centrifugal and vacuum 

spark advance 5 : 1 9  
centrifugal ign ition t iming advance 

checking 5 : 1 9  
control unit  

and impulse generator, testing 5 : 1 2  
replacing 5 : 1 3  
voltage supply and g round to 5 :  1 2  

distributor 5 :  1 3  
d isassembling and assembling 5 : 1 6  
removin g  and install ing  5 : 1 5  

distributor cap 
removing and instal l ing 5 : 1 4  

f ir ing order  5 : 1 5  
general description 5 :4  
ignition control un it and 

impulse generator, testin g  5 : 1 2  
ignition timing 5 : 1 7  
impulse generator s ignal 5 : 1 2  
rotor 

removin g  and instal l ing 5: 1 4  
spark p lug wires 

removin g  and instal l ing 5 : 1 4 
technical data 5:25 
vacuum ign ition timing advance 

checking 5:20 
Transmission 

fundamentals 1 :7 
See also Automatic transmission and 

Manual transmission 
Trim ,  interior 1 4: 2 1  
Troubleshooting 

See also individual systems 
cold running and warm-up 3: 1 5  
fundamentals 1 :23 

d riveabi l ity 1 :25 
driving 1 :25 
starting 1 :25 

normal warm running 3 :  1 9  
acceleration poor 3 : 1 .9 
exhaust emissions high 3:20 
fuel economy poor 3 :20 
rough running/misfi ring 3 : 1 9 

Troubleshootin g  (cont'd) 
starting problems 3 : 1 3  

hard to start 
cold 3 : 1 3  
warm 3 : 1 4  
no start 3 : 1 3  
starts but wi l l  not keep running 3 : 1 4  

Trunk l id and trunk lock 1 4:36 
Tune-up 2:4 ,  1 3  

and p reventive maintenance 3 : 7  
Turn signal switch 1 5:42 
Turn signals 1 5:34 

front 1 4:31  

u 

Universal joints 1 1 :7 ,  8 
U pholstery and trim 

l eather 2:29 
vinyl and cloth 2:29 

v 

V-belts 2 : 1 7  
inspecting and adjusting 2 : 1 7  
replacin g  2 :  1 8  

Vacuum advance system 5:20 
Vacuum l eaks 3:8 
Valve guides 4 : 38 
Valve seats 4:39 
Valve stem oi l  seals 4:28 
Valve train 

general description 4 : 4  
Valves 4:41 

adjustment 2 : 1 5 ,  3 : 8 , 4 :2 
testing for leakage 4:41  

Vehicle identification number 
See V I N  

Ventilation 1 5:43 
general description 1 4:4 ,  1 5 :4 

Vibration 1 3: 9  
V I N 1 : 1 8  

Volt-ohm meter (VOM) 
or multi meter 1 :24 

Voltage 
testin g  for 1 5: 6  

Voltage and polarity 
general description 1 5:4 

Voltage d rop test 1 5: 8  
Voltage regulator 

b rushes and regulator 1 5: 1 9  
removing and install i n g  1 5: 1 9  
testing 1 5: 1 7  

w 

Warnings 
about 1 : 1 2  

Water pump 1 :6 
See also Coolant pump 

Wheel  bearings 
See Suspension, front and rear 

Wheels 
al ignment 2:20, 1 3 : 1 0  

fou r-wheel a l ignment 1 3 : 1 1  
specifications 1 3: 1 4  

camber correction 
front wheel 1 3: 1 2  

general description 1 3: 9  
r u n  out 1 3 : 1 0  
toe 

front wheel adjustment 1 3 : 1 2  
rear wheel correction 1 3 :  1 3  

Window adjustments 1 4:40 
Window regulator 1 4: 22 
Windows 1 4:24 
Windshield wipers 

and washers 1 5 :26 
general description 1 5 :5 
motor 

removing and i nstal l ing  1 5:29 
testing 1 5 :26 

motor and l inkage 1 5 :29 
switch,  testing 1 5:28 
system 

troubleshootin g  1 5:26 
wiper  control unit  1 5 :28 

Windshield wiper blades 2 : 28 
Wire repai rs 

fundamentals 1 : 1 5  
Wiring 

general description 1 5:4 
Wir ing diagrams 

how to use 1 5: 1 0  
symbols 1 5: 1 0  
terminal and c i rcuit 

identification 1 5: 1 0 
Wiring harness and c i rcuits 

fundamentals 1 :  1 0  
Wir ing harness connectors 

disconnecting 1 : 1 7, 3 : 1 0  
Wheel bearings 

See Suspension, front 
or  Suspension. rear 
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