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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 |, O, 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: [WBA|[AA13]1[9]L/aA]E58064 |

position 123 4567 881011 12-17
VIN Description Decoding information
position
1 Country of w Germany
Manufacture
2 Manufacturer B BMW AG
3 Manufacturing A BMW
division S BMW Motorsport
4-7 Series, model AK74 318i, 4-cylinder 1.8 liter (M10)
AK84 318iA, 4-cylinder 1.8 liter (M10)
AJO3 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 325e/es, 6-cylinder 2.7 liter (M20)
AB64 325eA/esA, 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)
AKO3 M3, 4-cylinder 2.3 liter (S14)
AB93 325ix, 6-cylinder 2.5 liter (M20)
ABO3 325ixA, 6-cylinder 2.5 liter (M20)
AE93 325ix 4-door, 6-cylinder 2.5 liter (M20)
AEO3 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 0 -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.

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.

® A thorough pre-reading of each procedure, and the WARNINGS
and CAUTIONS thataccompany 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.

@ 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.

@ 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 roll-
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.

@ 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.

@ llluminate 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 or beverage 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.

® 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 A/C 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



Please read these warnings and cautions before proceeding

with maintenance and repair work.

WARNINGS— (continued)

® Do not expose any part of the A/C 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 a tire 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
leastfourtimes 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, atan 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.

® 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.

® Before starting a job, make certain that you have all the necessary
tools and parts on hand. Read all the instructions thoroughly, and do
notattempt 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

@ 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.

@® 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.

® 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.).

@ 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.

® Always make sure ignition is off before disconnecting battery.

® Label battery cables before disconnecting. On some models,
battery cables are not color coded.

@ 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.

® 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.

@® 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.

@® 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 skills and
the right information. While some of the repairs covered in this manual are complicated and
require special knowledge and equipment, most of the care that is required in the lifetime of
the average BMW is well within the capabilities 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 General Description of
the car, broken down into its individual systems, and a discussion on How To Use This
Manual. It is a simple directory of the kind of information you can expect to find, and where to
find it.

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

Finally, and once again of interest 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 light comes on,
including basic troubleshooting and information on how to gauge the seriousness of a
problem.



1. GENERAL DESCRIPTION

BMWs are sophisticated examples of today’s automotive
engineering, blending advanced design and manufacturing to
provide an outstanding combination of performance, roadhold-
ing, and reliability.
necessary maintenance and repair can be accomplished by
the average owner using this manual. While the complexity of
the car may seem to make this a difficult 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 building block. All of the BMW models
covered in this manual feature unitized 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 inte-
rior trim pieces are also added to the body shell. Other parts of
the body shell function as mounting points for the other major
and minor subsystems. For more information, see BODY AND
INTERIOR.

B225 . FUN.&

Fig. 1-1. BMW unitized body

1.2 Engine

The engine produces the power to move the car. itburns 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.

Al 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 in a closed space above a piston. This pressure
forces the piston downward in its cylinder, translating the en-
ergy of combustion into mechanical force.

The crankshaft converts each 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 illustrated in Fig. 1-2.

1. Intake 2. Compression

3. Combustion/Power 4. Exhaust

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

Intake Stroke. The piston, traveling downward, creates low
pressure inside the cylinder. 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 upward
travel in the sealed cylinder, the air/fuel mixture 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
mixture burns, temperature and pressure rise very rapidly,
forcing the piston downward, turning combustion energy into
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 filled with the
waste products of combustion. The exhaust valve opens and
the piston, now traveling back upward, pushes the burned
gassesoutinto 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 intake 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 cylinders are joined together in a com-
mon housing or cylinder 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.

Electronic
ignition
control
unit

Ignition coil
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The rest of the engine assembly is made up of systems that
supply the essential fuel, air, ignition, and lubrication to provide
continuous operation ofthe pistons, crankshaft, and valves. For
more information, 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 will be hot
enough to ignite the air/fuel mixture. The electronic control unit
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 cylinder 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 information, 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 gasoline-fueled engines is
about 14:1, 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 disperse fuel in the proper ratio to
the incoming air.

B326.FUN.B

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 device 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, in-
cluding the BMW engines covered in this manual, use a more
sophisticated fuel injection system.

The fuel injection system measures the incoming air more
precisely than a carburetor, and in tumn 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
fueltank and a network of pump and lines transfer the fuel from
the tank to the injection system. For more information on the
fuel system, see FUEL SYSTEM.

Cooling System

Even the most advanced engines lose some of their com-
bustion energy as heat, which must 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 liquid-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-like heater core, located near the interior
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. 1-4.

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 until 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 minute (rpm). Valves and pistons
accelerate at tremendous rates, abruptly changing direction
between velocities of hundreds of feet per second.

Heater core

Engine
\

Overflow
reservoir

Coolant
pump

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 oiling 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 oil system includes a filter to clean the oil and a system
to warn the driver of low oil 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 oil and oil filter replacement intervals, see
LUBRICATION AND MAINTENANCE.

Exhaust System

The exhaust system serves several functions, but the pri-
mary one is to carry spent combustion gassesfrom the engine
and route them safely away from the passenger compartment.
Modern exhaust systems include mufflers to reduce noise,
c'hemically reactive components (catalytic converters) to re-
duce harmful emissions, and sensors exposed to the exhaust
gasses that provide feedback to the fuel injection system about
engine efficiency. Fig. 1-56 shows a typical BMW exhaust sys-
tem. For more information, see EXHAUST SYSTEM AND
EMISSION CONTROLS.
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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 deliver 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 disconnect the engine from the drivetrain. The
clutch assembly includes the spring-loaded pressure plate, the
friction disc or clutch disc, and the engine flywheel.

The clutch disc, 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 disc 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 pedalworks against the spring force, relieving the friction
bond and disconnecting the engine from the drivetrain. In
normal use the clutch and flywheel wear, much like brakes, and
need periodic maintenance or replacement. More information
on the clutch is found in MANUAL TRANSMISSION AND
CLUTCH.

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 aforward gear, butatidle speed itisbarely enough to drive
the car. Above idle, the torque converter becomes increasingly
resistant to slip, and transmits power through the fluid 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 high 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 information on manual transmission main-
tenance and adjustments, see MANUAL TRANSMISSION
AND CLUTCH.



In an automatic transmission, hydraulic fluid under pressure
in a complex network of passages, valves and control mecha-
nisms engage and disengage constantly meshed planetary
gear sets. Hydraulic 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.

Driveshaft 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 still allow for

upper mount

these variations in wheel speed when cornering. The final drive
includes a device called the differential, 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 differential 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, stability 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 stabilizing devices that support the
weight of the car and cushion the effects of bumps. For added
control, the suspension system also includes dampers, or
shock absorbers, which resist excessive movement of the
springs. Stabilizer bars aid stability by transferring some of the
cornering force acting on the suspension.

BMW’s strut-type front suspension, like that of many mod-
ern cars, combines the spring and shock absorber into 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
link it all together, designed with bushings, bearings, and joints
which purposely allow or restrict movement.

The steering system is an assembly of gearbox mecha-
nisms and linkages which translate the rotating motion of the
steering wheel into 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 rackfrom side to side. The rack can
be thought of as a long, straight gear. The entire assembly is
also referred to as the steering rack. Power-assisted steering
uses hydraulic fluid under 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 directly, and they mount to parts of the suspension
system, the brakes and suspension are completely separate
systems.

The brakes act to slow 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 uniformly to the four wheels.

The brake pedal is connected by a mechanical linkage to
the first major hydraulic component, the master cylinder, usu-
ally mounted on the firewall at the back of the engine compart-
ment. A piston in the master cylinder creates hydraulic pres-
sure in the brake lines going to the wheels. Because the brakes
are located at the wheels and move relative to the body, the
final length of brake line at each wheel is flexible, so that it
foliows that movement.

At each wheel, the hydraulic pressure acts on the brake
mechanism to cause friction and slow the wheel. The sizes of
the hydraulic 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.

9

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, lined with
friction material, against the inside of a round brake drum. A
disc brake squeezes pads lined with friction material against
both sides of aflat, round brake disc, called a rotor. Both types
are shown below in Fig. 1-7 and Fig. 1-8.

pads
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Fig. 1-7. Disc brake assembly showing disc, caliper, 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 given size, is self-adjusting and self-
cleaning, and dissipates heat more easily. Heat is a major
enemy of brake efficiency. It affects the friction materials ability
to grip, and under extreme conditions, excess heat from re-
peated heavy braking can cause the brake fluid to boil, result-
ing in severely diminished braking capability, called brake fade.
Disc brakes, because of their greater ability to dissipate heat,
are more resistant to brake fade.

Anti-lock Braking System (ABS)

1986 and later models covered in this manual are equipped
with an anti-lock braking system, widely referred to as ABS. As
the name implies, 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 point of
locking up and skidding. Preventing the wheels from locking
helps maintain directional control in emergencies, and is es-
pecially beneficial on slippery roads.

1.6 Electrical System

Many components, including accessory items, are powered
by the car’s electrical 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 distribute electric power to the rest
of the car. The electrical system is represented in Fig. 1-9.

Battery

Almostevery electrical component in the car operates from
12-volt direct-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 discharged, so the
electrical system includes 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. Inelectrical system, alternator generates electricity
to recharge battery and power other electrical con-
sumers.

Wiring Harness and Circuits

The flow of electricity depends upon a closed-loop path—a
complete circuit. Electrical current flows through wires to the
consumer, a light bulb for example, and back to the battery in
a complete circuit. The electrical route back to the source,
which completes the circuit, is called a path to ground. 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 divided into 15 sections, FUNDAMENTALS,
LUBRICATION AND MAINTENANCE, ENGINE MANAGE-
MENT-DRIVEABILITY, and 12 repair sections, each covering a
particular system or portion of the car. Thumb-tabs on the page
margins help locate each section. A page listing section titles
and showing their thumb-tab locations is near the front of the
manual. An index is located at the back of the manual.

Each section has a Table of Contents listing the major
subject headings within 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 will be in BOLD TYPE.

2.1 Fundamentals

This first section is FUNDAMENTALS. It contains basic
information on equipment and safety which is important to any
do-it-yourselfer, regardless of experience, as well as informa-
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 MAINTENANCE 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

In 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 unit. 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 overal perfor-
mance of the car, its ability to start quickly, run and accelerate
smoothly, and deliver fuel economy and low exhaust emissions
as well 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—DRIVEABILITY section is
intended to help the reader diagnose and remedy driveability
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.

General Description

The General Description is an overview of the system’s
technical features. It describes the general layout and function
of the system, discusses unique aspects of different versions,
and gives information 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 listed
maintenance items also include references to parts of the
manual where particular maintenance procedures are de-
scribed in detail.

Troubleshooting

A systematic approach to problem solving, based on care-
fully observing symptoms and isolating their causes, is called
troubleshooting. Troubleshooting in eachrepair section begins
with a discussion of the system’s basic operating principles.
Following that general discussion is a more specific list of
symptoms—particular problems which may affect the car—
and their probable causes. Suggested corrective actions in-
clude references to the numbered heading or section where
the repair information can be found.

2.5 Index

A comprehensive index is found at the back of the manual.
Each index entry is followed by a page reference giving the
section and the section page number. For example, 4:16 refers
to section four, ENGINE, page 16.
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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 meanings.

WARNING ===

Awarning is the mostserious of the three. ltwarns
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.

CAUTION ==

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

NOTE ===
A note contains helpful information, tips which
will help in doing a better job and completing 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 important. 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 intends 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 little 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 important safety rules.

WARNING ==

@ Never run the engine in the work area unless it
is well-vertilated. 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.

@® Remove rings, watches, and bracelets. Aside
fromthe 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.

© 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.

@ 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.

® 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.

© 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.

@ llluminate 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 service bulbs to
avoid breakage. T he hot filament of an accidertly
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.

@ 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 lift the
car with a floor jack or hydraulic lift.

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 betweenthe 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.

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

To raise the car safely:

1.

2.

Park the car on a flat, level surface.

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.

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 rolling.

WARNING =

® 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 that 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:

. Disconnect the battery negative (—) terminal so that no

one else can start the car. Let others know what you will
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.

Use at least two jack stands to support the car. A jack is
a temporary lifting device and should notbe 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.

. Place jack stands on a firm, solid surface, just like the

jack. If necessary, use a flat board or similar solid object
to provide a firm footing.

. Afterplacing the jack stands, lower the car slowly until its

weight is fully 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 placed solidly and
will not move.

. Observe all jacking precautions again when raising the

car to remove the jack stands.
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32 General Advice For The Beginner

The tips in the paragraphs which follow are general advice
to help any do-it-yourself BMW owner perform repairs and
maintenance tasks more easily 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 preventgetting in too deep,
know what the whole job requires before starting. Read the
procedure thoroughly, from beginning to end, in order to know
just what to expect and what parts will have to be replaced.

Cleanliness

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 will protect the finish
from scratches and other damage. Make sure the car is rela-
tively clean so that dirt under the cover does not scratch.

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

Be careful with brake fluid, as it can cause permanent
damage to the car’s paint.

Finally, keep rubber parts such as hoses and belts free from
oil or gasoline, as they will 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 until 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 illustrated.
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Fig. 3-2. Sequence for alternately tightening multiple fasten-
ers.

Boit 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 in the
mating part.

Too little torque on a fastener can also cause problems.
Vibration of assembled parts can subject fasteners to stress
alternating in opposite directions that will 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
direction and are much less likely 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 still have imperfec-
tions that can allow leakage. To prevent leakage at critical joints,
gaskets of soft, form-fitting material are used to fill in the
imperfections.

To be most effective, gaskets are designed to “crush”, to
become thinner as they are pressedtogether 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 likely 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, includ-
ing rubber O-rings and copper sealing washers.



Seals

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

Seals are designed to be installed 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 diameter as
the seal housing to gently and evenly drive it into place. If a
proper size seal driver is not available, a socket of the right size
will do.

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

Wire 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
connections.

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 will promote corrosion. Twist-
ing wires together is a temporary repair at best, since corrosion
and vibration will eventually spoil the connection.

Insulate the finished connection. Electronics stores can
supply heat-shrinkable insulating tubing that can be placed
onto the wire before connecting, slid over the finished joint, and
shrunk to a tight fit with a heat gun or hair dryer. The next best
alternative is electrical 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

Ifthe 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.

Cleaning

Any repair job will be less troublesome ifthe 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 will evaporate completely, leaving no
residue.

WARNING =

Virtually all solvents used for cleaning parts are
highly flammable, especially in aerosol form. Use
with extreme care. 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 lint-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 great many electrical problems can be understood and
solved with only a little fundamental knowledge of how electri-
cal circuits function.

Electric 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 electrical current
in the car is direct current (DC) and flows from positive (+) to
negative (—).
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Switches are used to turn components 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.

Ign.ltm:]n Direction Fuse box and
Switc %‘ of current flow relay panel
(Closed)
A
Fusible link

Light bulb

(consumer)
Car body
Battery (ground) 4

BO29ELG

Fig. 3-3. Schematic representation of simple circuit for light
bulb. Switch is shown closed, making circuit com-
plete.

The first step in tracing an electrical system problem is to
check with a test light, 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 light 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 for voltage:

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

2. Connect the clip lead of a test light or the black (—)
probe of a voltmeter or multimeter to ground (any clean,
unpainted metal part of the engine or car).

3. Touch the probe of the test light or the red (+) probe of
the meter to the terminal being tested. A meter reading or
the test light lighting indicates that voltage is present in
the circuit up to that point.

4. If novoltage is indicated, double check it by wiggling the
probes and connections to make sure adequate contact
is being made.

Once itis 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. Ifthe componentis grounded through the wiring harness
(usually a brown or brown striped wire), disconnect the
harness connector or the ground wire. Connect the clip
lead of atest light 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 light 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 light lighting indicates 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 will tell 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 uninterrupted, 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.



Malking An LED Test Light

Many of the electrical tests in this manual require the use of
a special LED test light, since the use of a more conventional
test light with incandescent bulb can damage sensitive elec-
tronic circuits in the ignition, fuel injection, and emission control
systems.

A low cost LED test light can be made using parts available
from an electronics supply outlet. Assemble the components
as shown in Fig. 3-4. Use 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.

Va watt,

Alligator clips
330 ohm & s

Fig. 3-4. Do-it-yourself LED test light for safe testing of igni-
tion, fuel injection, and emission control circuits.

Parts
1. (1) LED.

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

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

4. Solder and soldering iron.

5. Heat-shrinkable tubing or electrical tape.

Disconnecting Wiring Harness Connectors

BMW harness connectors used throughout the car are
designed to positively lock into place to prevent them from
coming loose. One common type of connector is equipped
with an easy disconnect feature. To disconnect 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.

22| FUN.B

Fig. 3-5. Common versions of harness connectors. Harness
connector with quick disconnect feature (top). Har-
ness connector with retaining clip (bottom).

3.3 Buying Parts

Many of the maintenance and repair tasks in this manual call
for the installation of new parts, or the use of new gaskets and
other materials when reinstalling parts. Most often, the parts
that will be needed should be on hand before beginning the
job. Read the introductory text and the complete procedure to
determine which parts will be needed.

NOTE ===

For some bigger jobs, partial disassembly and
inspection are required to determine a com-
plete parts list. Read the procedure carefully
and, if necessary, make other arrangements to
get the necessary parts while your car is disas-
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 will be the correct material,
manufactured to the same specifications, and guaranteed to fit
and work as intended 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 difficult to know.

BMW is constantly updating and improving their cars, often
making improvements during a given model year. BMW may
recommend a newer, improved 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-returnablie 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 units. it may be wise to let an authorized BMW dealer
or other qualified shop confirm your diagnosis before replacing
an expensive part which cannot be returned.

information You Need To Know

Model.When ordering partsitis important that you know the
correct model designation for your car. Models covered in this
manual are 318i, 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 1986 model may have been
manufactured in late 1985, and perhaps not sold until early
1987. It is still a 1986 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 built.

Vehicle identification Number (VIN). This is a combination
of letters and numbers which identify the particular car. The VIN
appears on the state registration document, and on the car
itself. One location, shown in Fig. 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 1984-1990 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 in 1987, a ruling 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 similar label, bearing one BMW
roundel 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 lid and doors. These labels should not be removed as
they will tear apart.

B328.FUN.B

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. 1984-1985 318i models have a
4-cylinder, 1.8 liter engine. 325, 325e, and 325es models have
a 6-cylinder, 2.7 liter engine. 325i, 325is, and 325i Convertible
models have a 6-cylinder, 2.5 liter engine. For more information
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
cylinder mounting as shown in Fig. 3-8. The code numbers and
letters are located on top of the bellhousing 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. 3-10. More information 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 similar.
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Fig. 3-9. Location (arrow) of transmission identification code
for 5-speed manual transmission.

NINBe
iz manae
(VLN IR

B25% AUT.&

Fig. 3-10. Location of data plate on automatic transmission.

BMW dealers are uniquely qualified 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 reliability.
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4. TooLs

Most maintenance can be accomplished with a small se-
lection of the right tools. Tools range in quality frominexpensive
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 itthat 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 whatis expected of them. Sears’ Craftsman®
line is one such source of good quality, reasonably priced, and
guaranteed tools.

Basic Tool Requirements

NOTE s=====

BMWs are delivered with a tool kit mounted to
the underside of the trunk lid. The kit contains a
basic selection of tools that may fulfill some of
the requirements listed in 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.
41,

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 wrenchiis 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 12-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 lines, like brake lines and
fuel lines, a flare-nut wrench offers the advantages of a box-end
wrench with a slot that allows it to fit over the line.

The combination wrench, shown in Fig. 4-3, is the most
universal. It has one open-end and one 12-point box-end.
For BMWs, 10mm and 13mm wrenches are the most com-
mon sizes needed. A 177mm wrench is needed to loosen
and tighten the engine oil drain plug. A complete set should
also include 6mm, 7mm, 8mm, 9mm, 11mm, 12mm, 14mm,
and 15mm.
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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.

BOO2FNG

Fig. 4-2. Types of wrench heads. From left, open-end, 12-
point box-end, 6-point box-end, flare nut.
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Fig. 4-3. Combination wrenches with one open-end and one
12-point box-end.

Sockets. Sockets perform the same job as box-end
wrenches, but offer greater flexibility. 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 12-point styles. For
use with a ratchet the 6-point offers a better grip on tight nuts
and bolts. As with wrenches, 6mm to 15mm, 17mm, and 19mm
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 "4 in., 3% in. and 'z in.

As a start, 6-point sockets with a 3 in. square drive, two or
three 3 in. extensions of different lengths, and a 3 in. drive
ratchet handle will be suitable for most jobs.

BO04FNG

Fig. 4-4. Sockets, extensions, and rachet handle.

FUNDAMENTALS 21

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 will 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. & typical spark
plug socket is shown in Fig. 4-5.

BOO3FNG

Fig. 4-5. Spark plug socket.

The spark plugs used in all BMW engines require a '34e in.
socket. Getone withthe drive size to match your ratchet handle
and extensions.

Pliers. A few of the many types of pliers are shown in Fig.
4-6. Most are used for holding irregular objects, bending, or
crimping. Some have special applications.

Fig. 4-6. Pliers. From left, snap-ring, needlenose, channel
lock, common, locking.

A needlenose plier is used for gripping small 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.



Snap-ring pliers with special tipped jaws are used to remove
and install 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 give 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 exira care with adjustable
wrenches, as they especially tend to loosen, slip, 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 sizewrenchis notavailable. Choose one of average
size range, about 6 to 8 inches in length.

Fig. 4-7. Adjustable wrench.

Jack Stands

Strong jack stands are extremely importantfor 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 underneath.

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 stability, and are
equipped to positively lock in their raised positions. Get the
best ones available.
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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 (17mm), a drain pan (at least 5 qt.
capacity), and an oil filter wrench. These items are shown in
Fig. 4-9. A wide, low drain pan will fit more easily under the
car. Use a funnel to pour the new oil into the engine.

An oil filter wrench is used to remove the oil filter. Be sure to
get a filter wrench which will grip the BMW oil filter tightly.

B022FNG

Fig. 4-9. Oil change equipment includes drain plug
wrench (17mm), 5 gt. drain pan, oil filter wrench,
and funnel.

Torque Wrench

A torque wrench is used to precisely tighten threaded fas-
teners to a predetermined value. Nearly all of the repair proce-
dures in this manual include BMW-specified torque values in
Newton-meters (Nm) and the equivalent values in foot-pounds
(ft Ib.).

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.



4-10. The most convenient ones have a built-in ratchet, and can
be preset to indicate when a specific torque value has been
reached. Follow the wrench manufacturer’s directions for use
to achieve the greatest accuracy.

A torque wrench with a range up to about 250 Nm (185 ft.
Ib.) has adequate capacity for most of the repairs covered in
this manual. For recommended torque values of 10 Nm or
below, the English system equivalent is given in inch-pounds
(in. Ib.). These small values may be most easily reached using
a torque wrench calibrated in inch-pounds. To convert foot-
pounds to inch-pounds, multiply by 12. To convertinch-pounds
to foot-pounds, divide by 12.

Fig. 4-10. 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 light connects to the battery and to the #1 spark
plug wire to check ignition timing. A bright strobe light flashes
in sequence with the firing of the #1 spark plug. One example
is shown in Fig. 4-11. Avoid less expensive models with lights
which are too dim to be seen in daylight.
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Fig. 4-11. Timing light and electrical connections, including
inductive pickup. Dial shown is found on sophis-
ticated adjustable timing lights.
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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.

Anadjustable timing light is a more sophisticated instrument
used to 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
coil. 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 sizes. For BMWs, metric feeler
gauges (in millimeters) are the best choice. Fig. 4-12 shows a
set of feeler gauges.
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Fig. 4-12. Feeler gauge set, used for precise measurement
of clearances between parts.

Micrometers

Precision measurements of internal engine parts and other
critical dimensions are made with micrometers, some of which
can accurately measure to within thousandths of a millimeter.
These are expensive instruments, and are only recommended
for those who plan to be repeatedly involved in engine over-
hauls or other similar work requiring 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.



Test Light

Atestlight, shown in Fig. 4-13, is a simple tool usedto check
electrical circuits for voltage or continuity to ground when actual
voltage values are unimportant. A bulb in the handle will light
whenever current is flowing through the circuit. The use of a
test light 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 highcurrentdraw of a testlight 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. 4-13. Test light with alligator clip test lead.

Volt-Ohm Meter (VOM) or Multimeter

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
10,000 ohms) input impedance. See Fig. 4-14.

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-line fuse and alligator clips at each end (made or
purchased) are sufficient.

For tests involving harness connectors, hookup of jumper
wires may damage the connector and cause inferior connec-
tions later on. To avoid this damage, jumper connections to
harness connectors should be made using a small, flat-blade
(spade) terminal that will mate properly with the connector. See
Fig. 4-15.
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Fig. 4-14. Multimeter with test probes.

Fig. 4-15. Jumper wires with alligator clips. Flat connectors
shown are for electrical testing at harness con-
nectors.

BMW Special Tools

Some of the more challenging 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 complicated 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 carefully 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.

Following are some tips to initial analysis of common prob-
lems, and direction to other section or sections of this manual
for more detailed troubleshooting information.

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 properamountoffuel at
the proper time.

Observing the symptoms of a starting problem will give
clues to its cause. Slow cranking speed indicates problems
with the electrical 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 indicates 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 wires around the coil and distributor. Check to see
that the distributor cap and spark plug wires are dry.

Unless this basic inspection turns up a cause, the cause
could be in either 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 infor-
mation on troubleshooting starting problems.

5.2 Driveability

Problems with the way the engine runs, also known as
driveability, 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 likely 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 driveability problems have developed slowly over
time, troubleshooting should include 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 eliminate 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 disc, the clutch release
mechanism, or the transmission. See MANUAL TRANSMIS-
SION AND CLUTCH. With an automatic transmission, check
the symptoms in different shifter positions. If the symptoms
differ, 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 while driving,
first try to learn more about the symptom. Does it occur all the
time, or only at certain speeds? Does the symptom change
depending on engine speed or vehicle speed?
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Compare driving 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, theniitis 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

If the tire goes flat while driving, pull well off the road.
Changing a tire on a busy street or highway is very dangerous.
If necessary, drive a short distance on theflattire to get to a safe
place. It is much better to ruin a tire or rim than to risk being hit.

Stop the car on as flat a surface as possible, in a place
where you can be easily seen by other drivers. Avoid stopping
just over the crestofa hill. Turn onthe 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 little snug. Place the jack under the Iifting 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 lifting point, and
adjust the jack so thatits base is slightly under the car. Raise
the car only far enough so thatthe wheel is offthe ground, and
then remove the wheel bolts and the wheel.

To install the spare wheel and tire, insert the centering pin
into one ofthe holes, putthe wheel on the centering pin, install
one wheel bolt and remove the pin. Install 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 boltsto 110 Nm (81 ft. Ib.), when installing
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 inflation pressure of the
spare tire. Inflation pressures are given in LUBRICATION AND
MAINTENANCE.

6.2 Car Will Not Start

If the engine turns over slowly or not at all, especially on cold
mornings, the battery may not be sufficiently charged. Jump-
starting the battery from another car may help. Jump-starting is
described below in 6.3 Jump-Starting.

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

NOTE s====

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 startthe 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.

Ifthe engine is turning overatnormal speed, the battery and
starter are fine. Check to make surethatthere is fuel in the tank.
Don't rely on the fuel gauge, it may be faulty. Instead, remove
the gasfiller cap and rock the car. If there is gas in the tank, you
should hear a sloshing sound from the filler neck. If so, turnthe
ignition on and listen 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 difficulty 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 will 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. Instead, 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 atatime 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 discharged 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.

WARNING =

® 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.

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

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

CAUTION ===

© On models equipped with on-board compuiters,
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, place 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 in 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

®)

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 slightly, then start the car with the dead battery.
Leave the cars running and disconnect 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 2 hour to recharge the
battery.
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6.4 Overheating

If the coolant temperature is too high, find a safe place to
stop and turn the engine off. Open the hood and allow the
engine to cool until 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 reservoir 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 high. 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 filler 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 refilled 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 likely a burst coolant hose or a large leak in the cooling
system. To find the leak, look for signs of coolant leakage on
hoses, at hose connections, or on the radiator. Let the engine
coolthoroughly, then add coolant or water to fillthe 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 until repairs are
made. If there is a slight seepage, then it may be possible to
drive a short distance, adding coolant as needed.

6.5 Oil Pressure Warning Light

ifthe oil pressure warning light does not go outimmediately
after the engine starts or if it comes on while driving the car,
stopthe engine immediately to prevent severe engine damage.

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

6.6 Brake Fluid Level Warning Light

Theredbrakefluid level warning lightis 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 indicator

If the anti-lock brake system warning indicator comes on at
normal driving speeds, the anti-lock braking system is out of
service. Under normal conditions, there will be no change in
the effectiveness of the brakes. In 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 Dim Lights

Headlights that are dim or gradually getting dimmer gener-
ally indicate a problem with the battery or charging system. The
battery charge indicator light may come on as the lights are
dimming. In either case, the engine and accessories are run-
ning off of the battery alone, and will soon discharge it alto-
gether.

If possible, do not stop the engine unless you have the
capability to jump start it. There may not be enough power in
the starting system to restart the engine. Instead, turn off as
many electrical consumers as possible. This will reduce the
current drain and will 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 flufiy white deposits) wires and connec-
tors.

Disconnecting, cleaning, and reinstalling 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
all four wheels, or by a tow truck using wheel lift or flat bed
equipment.



MOTE ===
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 in neutral. BMW
recommends using nylon tow ropes.

WARNING ===

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

NOTE ===

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

Fig. 8-3. Front towing eyes (arrows) used when flat-towing
cars.

Fig. ©-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 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 (See DRIVESHAFT AND FINAL
DRIVE) or add 1.05 quarts (1 liter) of ATF to the transmission.
Reduce the fluid level to normal before driving the car.

NOTE

There are no speed or distance restrictions
when towing a car with a manual transmission,
provided the transmission lubricant is filled 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
following items won’t allow you to do major repair work on the
car, but they will help in the event of the failure of something
which can disable 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 oll

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

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

5. a new, unopened bottle of brake fluid
6. 10 amp, 15 amp, and 20 amp fuses

7. upper and lower radiator hoses

Spare Parts Kit - Additional Contents:

1. replacement headlight (sealed beam or bulb)
2. brake light, turn signal light, and taillight bulbs

3. other relays such as headlight, turn signal, or load re-
duction

4. wiper blades

5. distributor cap and rotor
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Lubrication and
Maintenance

introduction

The useful life of any car depends on the kind of maintenance it receives. The procedures
described in this section of the manual include 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 establishing maintenance intervals for the cars
covered by this manual. Most other manufacturers specify maintenance intervals strictly
according to the number of miles driven or the number of months that have elapsed since the
car’s last service. It is well known, however, that mileage 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 driving style, longer trips with the car fully warmed up, and mostly
highway driving are easier on the car and can justify less frequent maintenance.

BMW’s Service Indicator System computes maintenance intervals based not only on
elapsed mileage, but also on such inputs 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 information contained here is as accurate as possible at the time of publication. If
there is any doubt about what procedures apply to a specific model or model year, or what
intervals should be followed, remember that an authorized BMW dealer always has the latest
information on factory-recommended maintenance.

Some maintenance procedures, such as oil change service, require no special tools and
can be carried out by almost any interested 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 mixture (% CO) checks, wheel
alignment, 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 still 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 will protect your investment and help you to get many years of driving reliability and
enjoyment from your BMW.
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1. GENERAL DESCRIPTION

Lubrication and maintenance refers to those routine proce-
duresthat are necessary to keep a car operating atits peak and
to maintain the service requirements for full warranty coverage.

This section of the manual contains information about all of
the routine maintenance that is specified by BMW for the cars
covered by this manual.

Maintenance Tables

These tables list 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 under 2. Maintenance Tables.

Fiuid and Lubricant Specifications

The fluids and Iubricants recommended for use in BMWs
have been carefully chosen for their ability 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 full 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.

Engine Oil Change

Regular changing of the engine lubricating oil and the en-
gine oil 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 oil andfilter.

Tune-up

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-
ditionally been thought of as tune-up tasks, and that are still
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 6. Engine Compartment
Maintenance for more information.

Routine Maintenance — Chassis and Drivetrain

Thorough maintenance requires periodic inspection 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 little 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 information.

Routine Maintenance — Body and Interior

Periodic service and inspection of certain safety-related
body and interior equipment is specified by BMW and covered
under 8. Body and Interior Maintenance.

Cleaning and Preserving

Aside from improving the car’s appearance, cleaning and
preserving can reduce the harmful effects of dirt and other
contaminants which attack the finish. Information on recom-
mended cleaning materials and methods can be found under
9. Cleaning and Preserving.

2. MAINTENANCE TABLES

The tables that follow list the routine maintenance tasks
specified by BMW. As described in the introduction, the inter-
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 mileage or time only, and these intervals
are clearly indicated in separate tables.

2.1 BMW Service Indicator

The BMW Service Indicator notifies the driver when main-
tenance is required. The indicator, shown in Fig. 2-1, consists
of nine light emitting diodes (LEDs)—five green, one yellow,
and three red—as well as “Qil Service” and “Inspection” indi-
cators.

When the ignition is turned on, the green LEDs come on.
They go out when the engine is started. Immediately after a
maintenance service, all five LEDs will be illuminated. As the car
is driven in normal use, fewer and fewer green LEDs will be
illuminated before start-up, indicating that the next mainte-
nance interval 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 interval, the yellow LED will come on along
with either the “Oil Service” indicator or the “Inspection” indi-
cator. These will stay on after the engine is started. if mainte-
nance service is delayed, the red LEDs will also illuminate, one
by one, as a reminder that maintenance service is overdue.

An oil service interval will always be followed by an inspec-
tion interval, which will then be followed by an oil service
interval, and so on. Further explanations of these intervals are
given below in 2.2 Oil Service and 2.3 Inspection.

Resetting 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 lights.

The service indicator is reset using a special electronic tool.
The tool is plugged into the diagnostic 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 oil
service memory (BMW tool no. 62 1 120) and one for resetting
the inspection memory (BMW tool no. 62 1 100). On some
1987 models and on all 1988 through 1990 models, an addi-
tional adapter (BMW tool no. 62 1 140) is required. These tools
are available from an authorized BMW dealer.

CAUTION ===

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 ===

1984 through 1987 models (except 1987 325i
models) are equipped with a 15-pin connector.
1987 325i and all 1988 through 1990 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 inspection
and oil service memory can be purchased from one of the
following manufacturers:

Assenmacher Specialty Tools
6440 Odell Place
Boulder, CO 80301
(303) 530-2424

or

Peake Research, Automotive Products Division
P.O. Box 28776
San Jose, CA 95159-8776
1-800-231-6861

Table a lists the maintenance tasks that need to be done at
the intervals indicated by the BMW Service Indicator. The
additional maintenance tasks that are specified at particular
time or mileage intervals are listed in Table b.



Table a. Routine Maintenance — Service Indicator intervals
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Maintenance item £
Qil 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
Check 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. Inspect for cooling system
leaks 6.4
Lubricate accelerator linkage and throttle linkage with * *
oil. Lubricate bearing of throttle plate with grease 6.2
Inspect 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 oil 7.7 * * *
Check fuel tank, fuel lines, and all connections for * *
leaks 7.8
Inspect exhaust system 7.3 * *
Check power steering system for leaks. Check fluid * *
level 7.6
Check brake calipers and dust boots for leaks 7.2 * *
Inspect brake system for damaged hoses and lines, *
leaks or damage 7.2
Check brake pad and shoe wear 7.2 * *

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

*** Some California models covered by this manual have non-adjustable idle mixture. See FUEL SYSTEM for more information
continued on next page
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Table a. Routine Maintenance — Service Indicator Intervals (continued)
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Under Car Maintenance (cont’d)
Inspect parking brake cable, adjust as necessary 7.2 L *
Inspect front suspension and steering for play 7.6 * =
Inspect rear drive axle joint boots 7.7 * &
Check front wheel bearing play 7.6 *
Inspect wheels and tires, check tire pressure and * E3
condition 7.1
Inspect clutch for wear 7.4 = &3
Body and Interior Maintenance
Lubricate door hinges 8.3 * *
Check headlight and driving light aiming and adjust as * * X
necessary. See BODY AND INTERIOR
Check operation of headlights, parking lights, back-up * td
lights, license plate lights, interior lights, glove box light,
engine compartment light, trunk light, instrument panel
lights, turn signals, emergency flashers, stop lights,
horns, headlight flasher and dimmer switch
Check active check control panel. See ELECTRICAL €3 k3
SYSTEM
Sliding sunroof, clean and lubricate slide rail. See *
BODY AND INTERIOR
Check function of air conditioning and refrigerant * * =
charge. See BODY AND INTERIOR
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 blades 8.1
Road Test
Check braking performance, steering, heating and & &

ventilation, automatic transmission, and mirrors

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

*** Some California models covered by this manual have non-adjustable idle mixture. See FUEL SYSTEM for more information

Except where noted, the maintenance items listed apply to NOTE ==
allmodels covered by this manual. The boldface numbers after For reference, BMW’s inspection requirements
each listing are the headings in this section where the mainte- are approximately equivalent to the maintenance
nance procedure is discussed. The columns on the right side requirements that other European manufacturers
ofeach table give quick-reference information about the job— specify. Inspection | is normally due at intervals
whether tools are needed, whether the procedure requires new with & maximum of 15,000 miles or 12 months.

Inspection Il is normally due at intervals with a

rts, whether th r | warmed- normal r-
0 DUl 1D CEF Eaelle) b UETEE AT B9 Rt €6 maximum of 30,000 miles or 24 month intervals.

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.
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Table b. Routine Maintenance — Time and Mileage Intervals

Maintenance item

Yo
8o
3 €
Replace oxygen sensor
1984 models with 4-cylinder engine
1985 models with 4-cylinder engine and all
models with 6-cylinder engine
Replace brake fluid * *
Drain and flush cooling system and replace *

coolant

°

2

»n =

-3

85‘

=2
* * * *
* * * *

Note: The camshaft timing belt should be replaced every 60,000 miles (100,000 km), every 4 years (48 months), or every

second inspection Il, whichever comes first

2.2 Qil 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 oil
filter after the engine has been warmed up. BMW-
recommended additional maintenance for this same interval is
also listed under oil service in Table a above.

NOTE ===

For reference, BMW'’s “Qil 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 | and Inspection Il. These
inspections alternate throughout a car’'s maintenance history. If
the lastinspection interval was Inspection |, the nextinspection
interval (following an oil service interval) will be Inspection Il, the
next after that will be Inspection |, and so on.

Inspection |l includes most of the tasks from Inspection |
with additional Inspection Il tasks. All are highlighted under the
“Inspection I’ heading in Table a above.

NOTE

@ 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 mile inspec-
tion for all the cars covered by this manual. For
more information on this inspection and on the
BMW maintenance system, see your glove box
information or an authorized BMW dealer.



3. FLUID AND LUBRICANT SPECIFICATIONS

The fluids and lubricants specified by BMW for use in the
cars covered by this manual are listed below. Table ¢ gives
engine oil viscosity (SAE grade) vs. operating temperature
range for the all BMW engine types covered in this manual.
Table d lists fluid and lubricant specifications.

CAUTION ===

® T he use of fluids that do not meet BMW'’s spec-
ifications may impair performance and reliability,
and may void warranty coverage.

@ 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 kmjh) are ex-
pected, use an oil with the next higher viscosity
rating.

Table c. Oil Viscosity Requirement vs. Temperature

RE
20 120
40
e 100
w
&
30
80 8
o 20 ~ B3
60 4 3
E <5
w 10 o
Bz
40 -
[Te]
8 0 % -
< 20 1o »
2 -10 wzs
<2
ll‘I&:5 oo
-20 0 F
32
n o
ww
-30 -20 ]
-40 -40
*Engine oils specially B416.LUB.B

formulated and approved
by BMW. See an authorized
BMW dealer

for more information.
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Table d. Fluids and Lubricants

Fluid
Engine oil
318i
with filter change
325, 325e, 325i

with filter change

Manual
transmission oil
318i

325, 325e, 325i

Automatic

transmission fluid

(ATF)(drain and fill)
318i

325, 325e, 325i

Final drive
(drain and fill)
318i

325, 325e, 325i

Power steering
fluid

Brake fluid

Engine coolant

318i
325, 325e

325i

Approximate
capacity

3.75L (4.0 US qt.)

add .25 L
(26 US qt)
40L (4.2 US qt)

add .25 L
(26 US qt)

1.15L (1.2 US qt)

1.25L
(1.32 US qt)

20L (2.1 US qt)
3.0L (32US qt)

9 (1.3*%) L
(95 (1.4)** US qt.)
1.7L (1.9 US qt)

permanently
sealed, no drain

plug

as necessary

7.0L(7.4US qt)
120L

(12.7 US qt)
105 L (11.0 US

qat)

Specification

API service SE or
SF

API service SE or
SF

SAE 80, API GL-4,
MIL-L-2105
(non-hypoid type)
For alternate oils
see text

SAE 80, APl GL-4,
MIL-L-2105
(non-hypoid type)
For alternate oils
see text

Dexron® or Dexron
l® ATF
Dexron® or Dexron
l® ATF

SAE 90, GL-5
(see text)
SAE 90, GL-5
(see text)

Dexron or Dexron
e ATF

Dot 4
50% phosphate-

free ethylene
glycol anti-freeze

** Additional fluid required when installing a rebuilt final
drive. See 7.7 Final Drive and Rear Drive Axles
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Engine Oil

Engine oil provides a lubricating film between all moving
parts, and also helps coolthe engine. Maintaining an adequate
supply of clean ail is one of the best ways of making an engine
last. Some engine oil is consumed during normal operation,
making it necessary to regularly check and “top up” the oil
supply. Since oil becomes contaminated and breaks down
over time, regular oil changes are necessary.

Engine oil requirements are defined by the oil's American
Petroleum Institute (API) service rating and by the Society of
Automotive Engineers (SAE) viscosity rating. This information
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 oil. 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 oil. Aithough SE rated oil
can be used in the engines covered by this manual, BMW
recommends using SF rated oils.

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

The correct engine oil 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 oil
rated SAE 10W-30 offers the flow characteristics of SAE 10 at
low temperatures, but the protection capability of SAE 30 at
engine operating temperature. The “W” in the SAE rating
indicates that the oil is suitable for winter use.

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

Manual Transmission Gear Qil

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

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

Tabie e. Manual Transmission Qil vs.

Temperature
OC OF
50 120
i
4 5
4 | - 100
i
30
L HL 80
20 .'
A5
10 '* :
|
. - 40
0 = |
- 20
-10
i
20 T °
.30 -20
-40 -40

B415.LUB.B

CAUTION ==

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 oil to a
less viscous engine oil (lower SAE viscosity rat-
ing) or ATF may increase the level of gear noise in
the passenger compartment.

@ On some 1984 325e models, the manual trans-
mission was delivered from the factory filled with
Mobil SHC 630 synthetic gear lubricant. These
transmissions are identified with a green sticker
on the case. These transmissions can be refilled
using the guidelines above. However, if refilling
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 lubricants, con-
tact an authorized BMW service department.
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Final Drive Gear Oil

Owing to the demanding requirements of the final drive
lubricant, BMW recommends using only a specially formulated
gear oil that is available through an authorized BMW dealer
parts department. For additional information on this lubricant
and any other lubricant that may be compatible, contact an
authorized BMW dealer service department.

Brake Fiuid

Brake fluid deserves special consideration. It absorbs mois-
ture easily, and moisture in the fluid affects brake performance
and reliability. 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
(Anti-freeze)

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

Power Steering Fiuid

The power steering fluid is Dexron® or Dexron lI1® ATF. The
system is permanently filled and does not have a drain. Rou-
tinely adding ATF is not required unless the system is leaking.

Gasoline Additive

Many gasolines do not contain the necessary additives to
help prevent deposits on the fuel injectors and intake valves.
For this reason, BMW recommends the periodic use of BMW
Gasoline Additive (BMW Part No. 88 88 6 900 314). The
additive is available 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 required
to completely solve the problem. For complete information on
approved methods on injector cleaning and intake valve de-
carbonizing, consult an authorized BMW dealer.

Greases

Two different types of grease are usedfor lubrication of drive
train and brake components. Multipurpose 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 lithium grease with a friction-
reducing molybdenum disulfide additive. This grease is rec-
ommended for certain applications including lubrication of the
drive axle joints.

4. ENGINE OiL CHANGE

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

Fig. 4-1. Maximum (MAX) and minimum (MIN) oil 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 cylinder head
cover shown in Fig. 4-2. Add only the amount needed to bring
the oil level to the MAX mark on the dipstick, using an oil of the
correct viscosity and grade as described above in 3. Fiuid and
Lubricant Specifications. Too much oil can be just as harmful
as too little.
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Table f. Engine Oil Change Parts

Engine oil filter

318i BMW Part No.11 42 1 278 059
325, 325e, 325i BMW Part No.11 42 1 266 773
Oil pan drain plug sealing
washer (all engines) BMW Part No.01 11 9 963 130

To change oil and filter:

1. Run the car for a few minutes to slightly warm the engine
and the oil, then shut the engine off.

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

Fig. 4-2. Location of oil filler cap. Remove and install by
turning (arrows).

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

4.1 Changing Engine Oil and Filter

The oil service light in the service interval indicator should
be the basic guide to scheduling oil changes. Donotrely on the
color of the oil on the dipstick 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 light should come on at or before 7,500 Fig. 4-3. Engine oil drain plug (arrow) i oil pan underneath
miles. If the car is used primarily for short trips in slow moving engine (6-cylinder engine shown). Drain plug on
traffic, or routinely operated aggressively, the oil service light Ce RIS D IR L T
should come on earlier. In general, changing the oil at more

frequent intervals will help better protect the engine and pro- NOTE ===
mote longer engine life. The car will not need to be raised if a shallow drain
pan is used.

A complete oil change requires approximately 5 gt. of new
oil (see 3. Fluid and Lubricant Specifications), a new oil filter,
and a new drain plug sealing washer. Oil fitter and sealing 3. Using a socket or box wrench, loosen the drain plug. By
washer part numbers are listed in Table f. The tools needed—a hand, remove the plug and let the oil drain into the pan.
drain plug socket or box wrench (17 mm), a drain panofatleast
6 US qt. (5.6 L) capacity,and an oil filter wrench—are described

in FUNDAMENTALS. e
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 AND MAINTENANCE 13

4. When the oil flow has diminished to an occasional drip,

reinstall the drain plug with a new metal sealing washer
and torque the plug to 33+3 Nm (24 + 2 ft. Ib.).

. Position the drain pan directly under the oil filter. See Fig.
4-4. Using an oil filter wrench, loosen the filter by turning
it counterclockwise, then remove it by hand.

Fig. 4-4. Engine oil filter located in left-hand (driver's) side of
engine. Air Filter housing shown removed from car.

6. After the oil stops dripping, wipe clean the oil filter gasket

surface on the filter mounting flange. Lubricate the rub-
ber gasketofthe new oil filter with a light coating of clean
engine oil.

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

CAUTION ===

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

Refill the crankcase with oil. Approximate oil capacity is
listed in Table d. above. Use the dipstick to check for the
correct oil level. Oil specifications are found in 3. Fluid
and Lubricant Specifications.

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

CAUTION ===

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 ail properly. Use tight-sealing
containers and mark them clearly. Check with the
place of purchase about disposal.

5. TUNE-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 injection systems have eliminated much
ofthe work involved in a tune-up. For the BMWs covered by this
manual, only limited tune-up maintenance is necessary to
maintain peak performance and economy.

5.1 Air Filter

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

Fig. 5-1. A filter housing in front left (driver’s) side of engine
compartment. Loosen nuts and unclip spring clips
(arrows) to remove air filter.
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The upper and lower parts of the air filter housing are
fastened together with spring clips around the outside edge. To
replace the air filter element, loosen the upper air filter housing
mounting nuts and ‘unfasten the clips. See Fig. 5-1 above.
Separate the upper air filter housing from the lower housing just
enough to remove the filter element. See Fig. 5-2. Take note of
the filter’'s installed position. Wipe the inside of the air filter
housing using a lint-free cloth and install the new filter. Reinstall
the upper air filter housing, making sure that the two halves are
mated correctly. Refasten the spring-clips and tighten the
mounting nuts.

CAUTION ===

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 s

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 filter housing. Air
filter housing will vary slightly 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 pulling on the protective boot, and blow 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 all
of the wires need to be removed together, label
each wire so that they can be reinstalled on the
correct spark plug.

Use a %16 in. spark plug socket to remove spark plugs. The
correct spark plugs for the different engines covered by this
manual are listed in Table g. Use a spark plug gap gauge to
check the gap. If necessary, bend the outer electrode slightly to
adjust the gap to meet the specification. Do not bend or file the
center electrode.

Table g. Spark Piug Specifications

Model Spark plug Electrode gap
Bosch Beru
318i WR9DS RS 33 | 0.8+0.1 mm

(032 +.004 in.)

1984-1987 325, WRILS 14 R/9LS | 0.7+0.1 mm
325e, 325es (.027 +.004 in.)
325i, 325is, WS8LCR — | 0.7+0.1 mm

1988-1990 325

(027 +.004 in.)

Lightly lubricate the new spark plug threads with a little oil or
grease. Thread the plugs into the cylinder head by hand to
prevent cross-threading. Torque the spark plugs to 20 to 30 Nm
(15 to 22 ft. Ib.). Inspect the old plugs, as the condition of the
spark plug is a good indicator of combustion quality 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 light wire
brush. Remove all debris from around the electrode. Do not
chip the ceramic insulator. Badly fouled spark plugs should be
replaced and the cause of the fouling should be investigated
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 insulation breakdown, corrosion fouling, and electrode
wear and damage. The components should be check and
replaced as necessary at the intervals 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.



Normal Qil-fouled

Normal spark plug has gray or light Oil-fouled spark plug has wet, oily

tan color that indicates proper
combustion

black deposits caused by excess

chamber, probably due to worn
piston rings or valve guide oil
seals.

Carbon-fouled Worn out

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

Worn out spark plug may have
correct gray or light tan color,
but shows physical deterioration

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 Crder

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 Filter

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

engine oil getting into combustion

(enlarged gasp. eroded electrodes).

15

When replacing the fuel filter, disconnect the battery nega-
tive (—) cable and clamp the filter inlet and outlet hoses to
lessen fuel spillage. Loosen the center mounting bracket and
the two hose clamps on either end of the filter. See Fig. 5-4.
Note the arrow indicating direction of flow on the new filter.
Install the filter 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.

CAUTION ===

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 filter beneath car near left rear wheel.
Direction of flow is indicated by arrow on filter
housing. Loosen clamping bracket at filter center
(A) and two hose clamps (B).

5.5 ldie Speed

Engine idle speed can change due to a number of factors,
including normal wear of engine and fuel injection compo-
nents. On most of the models covered in this manual, a check
of idle speed simply confirms that the electronic idle speed
stabilization 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. ENGINE COMPARTMENT MAINTENANCE

The information under this heading describes the routine
maintenance—other than oil change and tune-up—that is
done in the engine compartment. It is not necessary that the
car be raised and supported offthe ground. Forinformation on
oil change and tune-up, see 4. Engine Qil Change and 5.
Tune-up.

6.1 Battery

Simple maintenance of the battery and its terminal connec-
tions will ensure maximum starting performance, especially in
winter when colder temperatures reduce battery power. For a
more detailed discussion of the battery and charging system,
see ELECTRICAL SYSTEM.

Checking and Cleaning Battery

Battery cable clamps should be tight. The terminals, the
cable clamps, and the battery case should be clean andfree of
the white deposits that indicate corrosion and acid salts. Even
a thin layer of dust containing conductive acid salts can cause
the battery to discharge.

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 will neutralize the acid.
Apply the solution carefully, though, since 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, grease, or a commercial
battery terminal corrosion inhibitor.

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.

CAUTION ===

@ 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
just above the battery plates and their separators. The correct
level is approximately 5 mm (%4 in.) above the top of battery
plates or to the top of the indicator marks (if applicable). The
battery plates and the indicator marks can be seen once the
filler caps are removed. If the electrolyte level is low, replenish
it by adding distilled water only.

The filler caps are removed by screwing them off. For
additional 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 in cold weather con-
ditions. They may be rated according to European (DIN) stan-
dards, by Society of Automotive Engineers (SAE) standards, or
both. In general, replacement batteries should always be rated
equal or higher than the original battery.

The battery is held in 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 ===

@ 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.

Charging Battery

A discharged battery is not necessarily faulty. It may be
restored by recharging, using a battery charger. There are
some limitations 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 applicable cautions and warnings, see ELECTRI-
CAL SYSTEM.

CAUTION ===

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 information.
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6.2 Accelerator and Throttle Linkage

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

6.3 V-Belts

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

Inspecting and Adjusting V-Belts

Incorrect V-belt tension can decrease the life 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, glazed or shiny sidewalls caused by a loose belt, or
separation caused by oil contamination are all reasons to
replace a belt. Some of these faults are illustrated in Fig. 6-1.

Glazing

Cracking

Separation
Fig. 6-1. Examples of belt failure.

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

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 until the unit is able to move
freely. Using a torque wrench and a crowfoot wrench, turn the
tensioning gear bolt until the torque wrench reads 7 Nm (62in.
Ib.) for the alternator or 8 to 8.5 Nm (71 to 76 in. Ib.) 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. Alternator mounting bolts (A and B), and pivot bolt
(C). Four-cylinder engine shown. Six-cylinder en-
gine similar.

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, atoothed-rack adjusting mech-
anism similar tothatforthe power steering pump and alternator
is used. In general, the air conditioning compressor drive belt
can beadjusted by loosening the compressor’'s mounting bolts
and pivoting the compressor. 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 pulling 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 failure 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 pulleys. In some
cases it may be necessary to remove one V-belt to replace
another. Cross section and length determine belt size. Use the
old belt for comparison, or make sure that the new belt fits into
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 pulley.

With the belt off, clean the pulleys using a suitable solvent.
Inspect the pulleys for wear or damage that may cause early
failure 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 installing the
new belt, gently pry it over the pulleys. Too much force may
damage the belt or the accessory. Tension the belt(s), run the
engine for a few minutes (at least 1500 rpm), then recheck the
belt tension.

Fig. 6-4. V-belt puley being checked for wear using a
straight edge. A worn pulley may 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 inspecting 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.

CAUTION ====

Use only BMW-approved phosphate-free anti-
freeze when filling the cooling system. Use of
anti-freeze containing phosphates is considered
to be harmiful 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. Fill mark on coolant expansion tank on 1984
through 1987 6-cylinder engine (arrow). Expansion
tank on 1988 and later models is slightly different.
Coolant level should be at mark when engine is
cold.
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Inspecting 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 dirty or corroded. Hoses
should be firm and springy. Replace any hose that is cracked,
that has become soft and limp, or has been contaminated by
oil. See Fig. 6-6.

Abrasion damage Ozone damage

Oil damage 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 fluid level in the fluid reservoir,
just to the right of the battery. See Fig. 6-7. Park the caron level
ground and start the engine. The fluid 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 =

Iffluid 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 tun is used to control the fuel injection system
and reduce exhaust emissions. Any problems with the oxygen
sensor will directly 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 will con-
tinue to operate as designed. Extending the replacement in-
terval may void the emission control warranty coverage.

On 1984 318i models, the sensor is mounted in the exhaust
manifold and is accessible from inside the engine compart-
ment. See Fig. 6-8. On 1984 though 1987 325, 325e, and
325es models the sensor is mounted beneath the car at the
inlet to the catalytic converter. On 1985 318i models, 1988 325,
and all 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 in exhaust manifold (ar-
row) on 1984 318i 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 installing a new sensor, apply a light coat of anti-seize
compound to the sensor threads. Torque the sensor to 55+5
Nm (41 =3 ft. Ib.) 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
(1984 318i models only)

On 1984 318i models with a 30,000 mile (48,000 km) oxy-
gen sensor, a warning light on the instrument panel will illumi-
nate once this mileage is reached to indicate that the sensor
needs replacing. The light is designed to come on only once.
After that time, the bulb terminals should be disconnected or
the bulb itself should be removed.

To disconnect the bulb, remove the mounting screw on the
right side of the warning light housing and remove the housing.
Bend the bulb 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 light.

7. UNDER-CAR MAINTENANCE

7.1 Tires and Wheels

For stability and car control, the wheels and tires must be of
the correct size and in good condition. Tires must be inflated to
the recommended air pressures and the wheels must be in
proper alignment. For maximum safety and best all-around
handling, always install replacement radial tires having the
same specifications. When possible, all 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 100 miles (160 kilometers) or so.

Tire Inflation Pressure

Correct tire inflation pressures are important to handling
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 listed in Table h.
Notice that the pressures should be higher when the car is
more heavily loaded.

Allinflation pressures arefor cold inflation. That is, when the
carhasnotbeen drivenforatleastthree hours, orfor more than
one mile after sitting for at least three hours.

WARNING ===

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 tire rotation. Owing to the car’s
suspensiondesign, the front tires beginto wear firstat the outer
shoulder and the rear tires begin to wear first at the middle of
the tread or inner shoulder. Rotating the tires may adversely
affect road handling and tire grip.

NOTE ===

The main purpose of tire rotation is to promote
even wear and maximum tire life. Tire life may be
decreased slightly if the tires are not rotated.

Wheel Alignment

BMW recommends checking the front and rear alignment
once a year and whenever new tires are installed. See SUS-
PENSION AND STEERING for a more detailed discussion of
alignment requirements 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

318i

325, 325¢(es)
(1984-1988)

325i(is, iC)
1987-1988

325i(s, iC)
1989-1990

512dx 14 H2

6J x 14 H2

5 12d x 14 H2
6J x 14 H2

6 Y2d x H2

150 TD 365

5 12Jx 14 H2

6J x 14 H2
6 2d x 14 H2

5 V2 x 14 H2

6J x 14 H2

6 2 x 14 H2

175/70 HR 14
82H

175/70 SR 14
82Q M+S

195/60 HR 14
85H

195/60 SR 14
85Q M+S

195/60 HR 14
85H

195/60 SR 14
85Q M+S

195/60 HR 14
85H

195/60 SR 14
85Q M+S

195/65 HR 14
89H

195/65 SR 14
89QM+S

195/65 R 89Q
M+S

195/65 R 14 89H

195/65 R 14 89Q
M+S

195/65 R 14 89H

200/60 SR 365
88Q M+S

L]

200/60 HR 365
88H TD

195/65 VR 14

195/65 R 14 89Q
M+S

195/65 VR 14

195/65 R 14 89Q
M+S

convertible)

front
26

26

31

31

29

29

31

32

32

29

rear
29

29

32

31

32

32

31

32

32

32

convertible)

front
29

29

32

31

31

31

31

33

33

32

rear
35

35

36

36

36

36

36

M

36

41
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7.2 Brakes

Routine maintenance of the brake system includes main-
taining 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.

WARNING ===

® 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 will drop slightly as the brakes
wear. Check the fluid level at the brake fluid reservoir, located
to the left of the coolant reservoir. See Fig. 7-1. When filling the
reservoir, use only new brake fluid from previously unopened
containers. See 3. Fluid and Lubricant Specifications for
brake fluid specifications.

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

Inspecting Brake Hoses and Lines

Gently bend the hoses to check for cracks. Check that all
hoses are correctly routed to avoid chafing or kinking. Inspect
the unions and the brake calipers for signs of fluid leaks.
Inspect the lines for corrosion, dents, or other damage. Re-
place faulty hoses or lines as described in BRAKES.

WARNING ===

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 bythis manual are equipped with
a brake pad warning system, the system only monitors one
wheel per axle. There can be slight 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 caliper after removing the wheel. See Fig. 7-2. Table
i lists minimum brake pad thickness.

Fig. 7-2. Disc brake pad wear being checked through open-
ing in caliper. Minimum brake pad thickness shown
by dimension A.
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Table i. Brake Pad and Lining Minimum Thickness
{not including brake pad backing plate or
brake shoe)

2.0 mm (0.08 in.)
2.0 mm (0.08 in.)

Front disc brake pads
Rear disc brake pads

Rear drum brake linings 1.5 mm (0.06 in.)

Checking Rear Drum Brake Lining Wear
(318i models)

On 318i models, the brake pad warning system does not
monitor the rear drum brake linings. Rear brake linings can be
inspected after the wheel and brake drum are removed as
described in BRAKES. See Fig. 7-3. Minimum thickness spec-
ifications are listed in Table i above.

NOTE ===

For parking brake lining wear, see Parking Brake
below.

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

Replacing Brake Fluid

BMW strictly recommends replacing the brake fluid every
year. Doing this will help protect against corrosion and the
effects of moisture in the fluid. The procedure is described in
detail in BRAKES.

Parking Brake

On models with 4-cylinder 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 pulled 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 s

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 build-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 (click). Drive the car ap-
proximately 400 meters (1,300 ft.) andrelease 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 will
not fully dry out. This will lead to early corrosion damage and
more frequent replacement.

Scheduled maintenance of the exhaust system is limited to
inspection. Check for restrictions due to dents or kinks. 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 in EX-
HAUST SYSTEM AND EMISSION CONTROLS.
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7.4 Manual Transmission Service

Manual transmission service consists of inspecting for
leaks, checking and changing the gear oil, and checking the
clutch disc for wear.

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

Checking and Filling Manual Transmission Qil

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

Tocheckthe oil level, remove the filler plug on the side ofthe
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 filler plug threads. In other words, if more oil is added, it
would run out of the filler hole.

Fig. 7-4. Remove oil filler plug (A) to check transmission
lubricant level. Remove oil drain plug (B) to replace
lubricant. Use 17 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. Ib.) when the oil is completely drained. Add
oil through the filler until it begins to run out of the hole. When
no more oil can be added, reinstall and torque the oil filler plug
to 40to 60 Nm (29to 43 ft. Ib.).

NOTE ===

On 1984 318i 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 11 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 forwear using a special tool
(BMW tool no. 21 2 060). Insert the tool in the opening between
the transmission bellhousing 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.

PAB.LB.B

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



7.5 Automatic Transmission Service

Smooth and efficient operation of the automatic transmis-
sion relies 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, inspect for leaks. ATF leaks
are most likely to be seen around the ATF oil sump gasket and
at the bottom of the bellhousing, 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.

CAUTION ===

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 Filling ATF

The location of the dipstick for checking the ATF is shown in
Fig. 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 1985 are equipped with the short
dipstick. All models produced after this date are equipped with
the longer dipstick. The longer dipstick (BMW Part No. 24 11 1
207 767) can be fitted retroactively to all earlier models to
ensure more accurate fluid checks.

Fig. 7-6. ATF dipstick location (arrow).

Short

MAX (with ATF
temperature at
176°F (80°C))

MIN (with ATF =7
temperature at
176°F (80°C))
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Long

<&«—MAX (with ATF
temperature at
176°F (80°C))

i (with ATF
temperature at
176°F (80°C))

MIN (with ATF
temperature at

B417.LUB.B

104°F (40°C))

Fig. 7-7. Two versions of automatic transmission dipsticks

installed on cars covered by this manual.

CAUTION ===

Use care when adding fluid to models equipped
with the short dipstick. Unless the transmission
fluid is fully warmed (ATF temperature above
175°F (80°C)), 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 dipstick is represents approximately
0.6 pints (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.



The ATF level should be checked with the car on a level
surface with the engine idling 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 minutes around
town, or approximately 12 mi. (20 km) on the
highway will ensure a fully warmed transmission.

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

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 preventfurther damage, but doing so will not repair
any internal transmission damage that has already occurred.

NOTE ===

Because Dexron II® ATF is a red/brown color that
discolors 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 qgt.) capacity under the
transmission and remove the transmission drain bolt. See Fig.
7-8. Remove the dipstick/filler 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. 7-10.
Remove the oil sump and the gasket. Pour out any fluid
remaining from the sump.

CAUTION ==

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-speedautomatic transmission (4 HP 22).
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. Automatic transmission fluid drain bolt (arrow).

Fig. 7-9. Automatic transmission
mounting nut (arrow).



Fig. 7-10. Automatic transmission sump mounting bolts and
clamping brackets (arrows).

Remove and clean the magnets in the oil 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. 7-11. On models with 4-speed
transmission, remove the strainer O-ring.

Fig. 7-11. Transmission fluid strainer mounting - bolts (ar-
rows) for 3-speed transmission (3 HP 22) (top),
and 4-speed transmission (4 HP 22) (bottom).
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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 in-
formation on howto 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 listed in Table j. Using a new sump gasket without any
sealer, install the ATF sump. Install the clamping brackets so
thatthe short leg of the bracket is contacting the sump. Tighten
the bolts to the torque listed below. Install and tighten the oil
fillertube. Refillthe transmission with fluid according to the type
and amount specified in 3. Fluid and Lubricant Specifica-
tions and check the fluid level as described earlier.

Tabie j. Automatic Transmission Tightening Torques

ATF strainer to transmission 10-11 Nm (7-8 ft. Ib.)

ATF sump to transmission
3 HP 22
4 HP 22

8-9 Nm (6-7 ft. Ib.)
6-7 Nm (4-5 ft. Ib.)

ATF sump drain plug 15-17 Nm (11-13 ft. Ib.)

ATF filler tube to oil sump
3 HP 22
4 HP 22

100-115 Nm (73-84 ft. Ib.)
98 Nm (72 ft. Ib.)

7.6 Front Suspension and Steering

Inspection of the front suspension and steering includes 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 drive 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 likely 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 and Filling Final Drive Lubricant

Check the lubricant level with the car level. Remove the oil
filler plug, shownin Fig. 7-12. The level is correct when the fluid
just reaches the edge of the filler hole. See 3. Fluid and
Lubricant Specifications. Torque the oil filler plug to 55 Nm
(41 ft. Ib.).

Fig. 7-12. Final drive oil filler plug (A) and oil drain plug (B).

NOTE ==

When installing a BMW remanufactured final drive
unit, 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 drained and filled as
described below. The additional oil should be
added prior to installing the unit because the oil
levelrises above the oil filler hole when the unitis
installed.

Toreplace the final drive gear oil, drive the carfor a few miles
to warm up the lubricant. With the car on a level surface,
Remove the filler and drain plug as shown above. When the oil
is fully drained, install and torque the drain plug to 55 Nm (41
ft. Ib.). Add oil though the filler plug until it begins to run out of
the filler hole. Install and torque the filler plug to 55 Nm (41 ft.
Ib.).

Drive Axle Joint Boots

The protective boots must be closely-inspected for cracks
and any other damage that will 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.

7.8 Fuel Tank and Fuel Lines

Inspect the fuel tank, fuel lines, 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 lines 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 disconnected, check-
ing carefully atthe charcoal canister and evaporative emissions
purge valve. See FUEL SYSTEM for component locations.

WARNING ===

When checking forfuel 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 INTERIOR MAAINTENANCE

8.1 Windshield Wiper Blades

Common problems with the windshield wipers include
streaking or sheeting, water drops 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 oll,
road film, or diesel exhaust coating the windshield. Use an
alcohol or ammonia solution, or a non-abrasive cleanser to
clean the windshield.

Wiperblade chatter may be caused by dirty orworn blades,
by a dirty 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
sothat the blade is perpendicular to the windshield atrest. 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
oil that contains graphite. The body and door hinges, the hood
latch, and the door check rods should be lubricated with SAE
30 or SAE 40 engine oil. Lubricate the seat runners with
multipurpose grease. Do not apply any oil to rubber parts.
Lubricate the sunroof guide rails with silicone spray. If door
weatherstrips are sticking, lubricate them with silicone spray or
talcum powder.
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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 dirt particles may have on the painted surface.

Washing

Do not wash the car in direct sunlight. Ifthe engine hood is
warm, allowitto cool. Beads of water not only leave spots when
dried rapidly by the sun or heatfrom the engine, butalso actas
tiny magnifying glasses that can burn spots into the finish.
Wash the car with a mixture 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 little
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 thatis needed to clean the top. If it is heavily soiled, use
a weak concentration of a mild, non-alkaline soap. Gently rub
the top with a sponge or soft bristle brush and rinse liberally
with clean water.

Waxing

For along-lasting, protective, and glossy finish, apply a hard
waxafter 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.

Polishing

Use paint polish only ifthe finish assumes a dull 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, will help prevent accumulation of road saltand 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 Cleaning

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

9.2 Care of interior

Dirt spots can usually be removed with lukewarm soapy
water. Use spot remover for grease and oil spots. Do not pour
the liquid directly 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
headliner and side trim panels. For cloth-covered seat areas,
use the techniques described previously for cleaning the car-
peting.

Leather Upholstery and Trim

Leather upholstery and trim should be periodically cleaned
using a slightly damp cotton or wool cloth. The idea s to get rid
of the dirt in the creases and pores that can cause brittleness
and premature aging. On heavily soiled areas, use a miid
detergent (such as Wooalite®). Use two tablespoons to one
quart of cold water. Dry the trim and upholstery completely
using a soft cloth. Regular use of a good quality leather con-
ditioner will reduce drying and cracking of the leather.
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Engine
Management—
Driveability

Introduction

Driveability—the overall performance of the car, its ability to start quickly, run and accelerate
smoothly, and deliver fuel economy as well as power—can only be achieved when all of the
engine’s major systems are working properly. This is even more true fortoday’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 driveability symptoms. Because top engine performance depends
on the integrated functions of several systems, effective troubleshooting must include checking
all these systems together.

This section offers advice for simple maintenance that can help prevent driveability prob-
lems. It also includes basic troubleshooting information that addresses symptoms of poor
driveability 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 ofall the functions that affect how the engine runs. While
this obviously includes the fuel system and the ignition system,
it may also include emission control systems and auxiliary
functions such as idle speed control.

On the 318i model, engine management is a function
shared by the L-Jetronic fuel injection system, the ignition
system, and various auxiliary controls. For all 3-Series models
with 6-cylinder engines, these functions are combined in the
single Bosch Motronic engine management system.

Whether the systems are separate or combined, itis impor-
tant to consider all of the engine management functions when
troubleshooting. This section describes some likely causes of
general driveability problems, and suggests ways of isolating
other problems to faults in 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

injector

Fig. 1-1. Schematic of L-Jetronic System used on the 4-
cylinder (318i) engines. Courtesy Robert Bosch
Corp.

Cold-

1.1 L-Jetronic Fuel Injection 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 inde-
pendent, each controlled by its own electronic control unit
(ECU).

Basic ignition timing is determined by the mechanical ad-
justment or position of the distributor. During engine operation,
ignition timing is advanced and retarded by a combination of
mechanisms. A centrifugal advance mechanism adjusts igni-
tiontiming according to engine rpm. A vacuum advance mech-
anism adjusts ignition timing according to manifold pressure.

The L-Jetronic fuel injection 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 deliver the precise
amount of fuel required by the engine. Fuel under pressure is
injected via electronically controlled solenoid-type fuel injec-
tors. The ECU electrically controls the opening and closing of
the injectors by switching the ground side of each injector
circuit. The exact amount of fuel injected is determined by the
amount of time the injectors are open. Fig. 1-1 shows a sche-
matic of the L-Jetronic fuel injection system.

Electronic
control
unit
relay
screw
Battery
stabilizer
valve



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 cylinder
head, driven directly by the camshatft. 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
similar to those of the L-Jetronic fuel injection system described
above. The amount of fuel injected is determined by the ECU.
It responds to various sensor inputs, and controls the opening
and closing of the solenoid-type fuel injectors.

Fuel
tank

Fuel

pump
(electric)

Ignition

Oxygen

1.3 Motronic 1.1 Engine Management System

A second generation Motronic system, Motronic 1.1, was
introduced in 1987 on the 325i and later in 1988 on the 325
models. It is a more sophisticated version of the “basic”
Motronic system. The differences between the two systems are
mainly in the electronic circuitry.

Both systems have adaptive abilities 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 unit’'s memory over time. For
a more detailed 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

Electronic
regulator

control
unit

Intake air
temperature
sensor

valve adjusting screw

Thermo-time switch (ex. 325i and 1988 325 models)
Coolant

temperature sensor

Reference sensor

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

BOSCH

Ignition
switch

Battery
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2. MAINTENANCE

Carrying out maintenance atthe specified interval isthe key
to preventing engine performance and driveability problems.
The BMW service interval system has been precisely designed
to provide optimum maintenance requirements based on per-
sonal driving habits.

Extending the specified service intervals will only lead to
driveability problems later on. As an example, extending the
replacement of the tune-up components can cause clogged
fuel injectors, a damaged oxygen sensor, or even a damaged
catalytic converter. A worn out oxygen sensor will cause poor
idle characteristics and higher than normal fuel consumption.
Diluted engine oil or oil thathas reached its “break down” point
can lead to engine wear on the cylinder walls and other friction
surfaces, such as bearings and bushings. Therefore, it is good
insurance to service the car promptly when the maintenance
reminder lights come.

For information on BMW’s recommended maintenance per-
taining to engine management and driveability, 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 listed below have been eliminated as a source
of trouble.

Most driveabilty 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 driveability prob-
lems. Atestdrive 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 miles is more likely 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 following warnings and cautions should be
adhered to during any troubleshooting, maintenance, or repair
work. Always follow the proper repair and working procedures
in the sections that are referenced.

WARNING ===

@ T he ignition systems used on the cars covered
by this manual are high-energy systems operating
in a dangerous voltage range that could prove 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, distributor, 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.

CAUTION ===

@ 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.

® Do not exceed 16.5 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 damaging the computer.

® Do not connectterminal 1 (— ) of the ignition coil
to ground as a means of preventing the engine
from starting.

@ Running the engine with a spark plug wire dis-
connected may damage the catalytic converter.

® 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 mileage. 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 ofthis
section.

Mechanicai Condition

Only a few basic functions are required of the engine. The
parts mustfittogether 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 diagnostic 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 require
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
will 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
deliver will cause driveability 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 slightly for a short period.

Fig. 3-1. Examples of carbon deposits on fuel injector (left)
and 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 increase the likelihood of
deposits forming.

Carbon deposits on the intake valves and injectors should
be removed prior to troubleshooting driveability problems.
Special fuel injector test equipment is required to accurately
check for clogged injectors. If the injectors are severely
clogged, they can be removed and visually inspected. Inspect-
ing the intake valves is more difficult because the intake man-
ifold needs tofirstbe removed. Check with an authorized BMW
dealer for the latest information on carbon deposits and the
best methods used to remove them.

CAUTION ===

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 driveability. Extend-
ing tune-up and maintenance schedules beyond those recom-
mended by the manufacturer can adversely affect the way the
engine runs. When experiencing driveability problems, a good
starting point is to do a tune-up, especially if scheduled main-
tenance is overdue. Many driveability problems are eliminated
by simply replacing these components.

A tune-up is regular 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 air/fuel mixture. If any of these com-
ponents arefaulty 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 airffuel mixture.

Replacement schedules and procedures for the spark
plugs, spark plug wires, distributor cap, ignition rotor, fuel filter,
air filter, oxygen sensor, and oil and oil filter are given 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 small, 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 addition 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 limits. All of the
models covered by this manual are equipped with a non-
adjustable or self-correcting, electronically controlled idle
speed. In addition, some other models have non-adjustable
ignition timing and idle mixture. See Tabie a.

NOTE ====

All of the basic adjustments require the use of
specialized test equipment. In addition, setting
idle mixture on the 318i model is done through
the use of a special BMW electronic idle mixture
test unit (BMW tool no. 12 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 limited range.
Once these limits are exceeded, driveability problems will 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 stabilization 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 Information

Model Ignition Idie speed Idle

timing mixture(©0)
1984-1985 adjustable non- adjustable
318i adjustable
1984-1987 non- non- adjustable
325, 325e, adjustable adjustable
325es
1987-1990 non- non- non-adjustable
325i, 1988 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 mixture. A high
concentration of oxygen in 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 driveability.

NOTE ===

The signal from the oxygen sensor is ignored by
the fuel injection control unit until the engine
reaches a specified temperature. Therefore,
when troubleshooting cold engine driveability
problems, the oxygen sensor can be ruled out as
a possible cause.

As the sensor grows old, it loses its ability 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 incoming air. The
sensor sends an electrical signal proportional to the measured
air flow to the control unit, 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 intake air, any unmeasured air entering
the system will cause a lean fuel mixture and poor running. To
see how air leaks can affect engine running, remove the oil filler
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.



Fig. 3-4. Aleaking cylinder head cover gasket or cracked or
brittle PCV hose (arrows) should be replaced. Also
check the small vacuum hose to distributor on
models with 4-cylinder engine.

Fig. 3-2. Oil dipstick seal and oil filler cap seal (arrows)
should be inspected and replaced if found to be
faulty. 4-cylinder engine shown, 6-cylinder engine is
similar.

Fig. 3-5. Injector seals or O-rings (arrow) are a common
source of air leaks, especially on high mileage
engines. Injectors must first be removed to replace
seals.

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



10 ENGINE MANAGEMENT—DRIVEABILITY

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 Voitage

One ofthe most fundamental requirements in troubleshoot-
ing engine performance problems is to make sure the battery
is fully charged and in 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 12.6 volts as compared to a battery only 25%
charged that measures 12.15 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-
tronic fuel injection and ignition systems that are controlled by
central electronic control units. Many of the circuits operate on
very low current and are very sensitive to increased resistance
due to faulty wiring or connectors.

NOTE s

In most cases, faulty electronic control units are
not the cause of 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 still suspect, perform a voltage 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 directly to the car’s chassis. Therefore, connecting a wire
to the chassis or any metal part bolted to the chassis provides
a good ground 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 ground 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 ground points are faulty, the voltage to the
affected circuit will be reduced or even eliminated.

When checking ground wires, ground points, or ground
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 ground,
check the voltage drop between the connector and a good
ground source. Large voltage drops indicate too much resis-
tance—that the connection is corroded, dirty or otherwise
damaged. Clean or repair the connection and retest. Also
checkboth battery terminals and all ground straps between the
engine and the body for voltage drops.

NOTE ===

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

Fig. 3-6 through Fig. 3-13 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 G101 (arrow) for fuel injection system on
1984 andmostearly 1985 318imodels (next to cold
start valve).

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

Fig. 3-7. Ground point G102 (arrow) for fuel injection system
on all 318i models (rear of engine, below no. 4 fuel
injector).

Fig. 3-9. Ground point G200 (above brake pedal) for ignition
switch, on-board computer, and startrelay (arrow).



Fig. 3-12. Ground point G100 (arrow) from battery to chassis
on all 325 models with battery in left side of trunk.
Fig. 3-10. Ground point G103 (arrow) on 325, 325e, and
325es models with 2.7 eta engine (left side of
engine, beneath diagnostic connector).

Fig. 3-13. Ground point G100 (arrow) from battery to chassis
on allmodels with battery in engine compartment.

Fig. 3-11. Ground point G103 (arrow) on 325i models with
25i engine (on right shock tower).
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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 deliver a
precise amount of fuel in 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 supplied to the engine via an electric
fuel pump, a fuel filter, and the connecting fuel lines. If either the
filter or a fuel line 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 in the engine compartment. In order for the
pump to run, the relay must be functioning correctly.

To check for a clogged fuel filter or a restricted fuel line,
perform a fuel delivery rate test to check that the fuel pump is
delivering 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 injection system has the main function of delivering
an optimum fuel/air mixture for all engine operating conditions.
Basic fuel delivery is dependent on fuel pressure and the
correctly functioning injectors. Fuel pressure is often over-
looked when diagnosing driveability 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 amount 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 qualified shop.

Correctly operating fuel injectors play a major role in fuel
delivery. The injectors 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 difficult. See FUEL SYSTEM
for additional information.

NOTE ===

High or low fuel pressure or a faulty injector will
resultin an incorrect fuel mixture and overall poor
driveability. 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 dilute the engine oil, foul the spark
plugs, and cause a rough idle.

4. STARTING TROUBLESHOOTING

Starting difficulties can usually be grouped into one of two
categories based on engine operating temperature. A cold
enginethatis difficult to start has different causes and remedies
than an engine thatis hard to start when warm. A third category,
an engine starts but will 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 ifithas fuel, a properly timed spark
and sufficient compression. Make sure the battery is fully
charged before troubleshooting an engine that will 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 ignition systemis producing
a spark, then the most likely causes are fuel related.

Check that the fuel pump is operating. Turn the key on or
actuate the starter while listening for the fuel pump tocome on.
If the fuel pump is operating, check that the fuel injectors are
getting fuel by making a fuel delivery test. Fuel pump checks
and fuel rate delivery 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 different 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 1985 318i models
and all 6-cylinder models retard ignition timing to aid in starting.
If these systems used to adapt the fueland ignition systems for
cold starting are not operating, excessively long cranking times
will result or the engine may not start at all.

Table b lists 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

Corrective action

1. Engine hard to start a.
~when cold b

Cold start system not operating

. Fuel injectors clogged or not
opening

c. Fuel pressure too low

d. Airflow 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 incorrectly routed at ignition
coil

k. Idle speed control system faulty

I. Incorrect ignition timing

m. Poor fuel quality. Water in fuel.

n. Faulty L-Jdetronic or Motronic control
unit

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. Inspect 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 ail filler cap seal and oil dipstick seal.

i. Check wire routing at junction block. See ELECTRICAL
SYSTEM

j Check wire routing at coil. See IGNITION

k. Test idle speed control system components. See FUEL SYSTEM

I.  Check ignition timing. Check vacuum advance system
(4-cylinder engines only). See IGNITION

m. Replace fuel in tank. See FUEL SYSTEM
n. Test control unit inputs. See FUEL SYSTEM

4.3 Hard To Start (warm)

If the engine starts and idles well when cold, but is difficult
or refuses to start when warm, the most probable cause is fuel
related. Although the basic ignition system function can be
eliminated as a source of trouble, the components that adapt
ignition timing 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 will become flooded. When the engine reaches
operating temperature, these systems should no longer be
adapting the fuel system. Table c lists 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
likely due to one of three reasons.

The most common of theseis a fuel pump that quits afterthe
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

The second most common fault is caused by vacuum or air
leaks. This unmeasured air can cause the airffuel mixture to
lean outto the pointwherethe 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 burned, the engine quits. Check for clogged fuel
injectors that are not opening or low fuel pressure. On 4-
cylinder engines, the injectors are controlled together as a set.
On 6-cylinder engines, the injectors are controlled in two sets
of three. Check the wiring to the injectors. Special LED testers
are available from foreign automobile supply outlets to check
for the presence of injector signals from the control unit.

NOTE ===

@ 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 last resort, review the probable causes shown in Table
b and Table c. If present in a lesser degree, many of these
listed 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.
when warm or hot

Fuel pump not operating when warm

b. Fuel injector(s) leaking or stuck open

c. Cold start system operating when
warm

d. Fuel pressure incorrect

e. Coolant temperature sensor faulty
Vapor lock (usually on hot days only)

g. Evaporative emission system faulty.

h. Idle speed control system faulty

i. A flow sensor flap binding or stuck
in open position

j- Incorrect ignition timing

k. Faulty L-Jetronic or Motronic control
unit

5. CoLb RUNNING AND WARM-UP
TROUBLESHOOTING

Duringengine warm-up, the engine requires a slightly richer
mixture and a higher idle speed. This helps to overcome cold
engine friction and also gives the engine extra torque to pre-
vent stalling 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 mixture such as intake air leaks or clogged fuel
injectors. Although these are some of most probable causes,
poor driveability 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 6.
Idie Speed Troubleshooting.

To ensure smooth running, good off-idle and acceleration
characteristics, and overall driveability 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-
ability, ignition timing is adapted for cold running based on
inputs from the intake-air temperature sensor and the coolant
temperature sensor.

o
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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 unit 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 lists 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.

Control
unit

Coolant
temperature

Fuel injectors

Fig. 5-1. Schematic of coolant temperature sensor used to
adapt fuel system for warm-up enrichment. Injec-
tors stay open longer when engine is cold based on
cold engine signal from sensor.



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.
Air flow sensor flap binding:

e. Coolant temperature sensor faulty or
faulty sensor wiring

f. Throttle switch incorrectly adjusted or
faulty

g. ldle 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. IDLE SPEED TROUBLESHOOTING

Erratic idle speed is one of the most common driveability
problems encountered on the cars covered by this manual. An
electronic idle speed system controls the idle speed for all
engine operating conditions. The idle air stabilizer 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.

Engine temperature

Throttle switch
(closed throttle)

A/T park/neutral signal A/C on signal

Fig. 6-1. Schematic of idle speed control system.

2

f.

Corrective action

Make thorough inspection of hoses,:connections, duct work,
and oil filler cap seal and oil dipstick seal.

Test fuel injectors and fuel injector wiring. See FUEL SYSTEM

Test fuel pressure. See FUEL SYSTEM

Inspect air flow sensor flap for free movement. See FUEL
SYSTEM

Test coolant temperature sensor. See IGNITION

Check throttle switch. See FUEL SYSTEM

Adjust idle mixture (except 325i and 1988 325 models). See
FUEL SYSTEM

Test idle speed control system components. See FUEL SYSTEM
Check ignition timing. Check vacuum advance system
(4-cylinder engines only). See IGNITION

Replace fuel in tank. See FUEL SYSTEM

Test cold start system. See FUEL SYSTEM

Test control unit inputs. See FUEL SYSTEM

NOTE ===

On all 318i models and on 1984 through 1987
325 and 325emodels, idle speed is controlled by
a separate idle speed control unit. On all 325i
models and 1988 325 models, idle speed is con-
trolled by the Motronic 1.1 control unit.

In addition to the idle speed control system, 318i models are
equipped with an electronic vacuum advance relay and, on late
1985 models, an idle speed stabilization relay. These relays
modify ignition timing and the fuel delivery rate, which affect
idle speed. See IGNITION for more information on the vacuum
advance relay. See FUEL SYSTEM for more information on the
idle speed stabilization relay.

6.1 idie Speed Basics

Begin troubleshooting idle problems by visually inspecting
for faulty wiring, especially checking the connectors at the idle
air stabilizer valve, the coolant temperature switch (except 1988
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.

Carefully inspect for any air leaks, especially checking for
cracks in the hoses at the idle air stabilizer valve, the large
intake air duct, and the small hose between the intake manifold
and the pressure regulator. Make sure the oil filler cap and the
dipstick are installed correctly. Check that the throttle switch
and the throttle valve are correctly adjusted as described in
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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 within
specifications. In 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 steadily increases as the engine warms up, check
the sensors that give the idle speed control system its temper-
ature information.

6.2 Cold idie

Ifthe engine idles poorly when cold but maintains a steady
idle when warm, the most probable cause is that the air/fuel
mixture is too lean for a cold engine. A lean mixture is caused
by one of two conditions; either too much air or too little fuel.
Excess air is mainly caused by intake air leaks. Insufficient 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 mixture
can also be the cause cold idle problems. If too much fuel is
delivered to the engine, the spark plugs willnotbe able to burn
the excess fuel. If the condition is severe enough, the engine
will eventually stall as it warms up and refuse to start until it
cools down. Table e lists some of the more common causes of
cold idle problems.

NOTE s

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 idling characteristics. An engine that runs lean is
normally hard to start or stalls immediately after starting, is
unresponsive with off-idle hesitation, and has poor acceleration
characteristics. An engine that is running rich will have a steady
stumbling or gallop when idling 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, blip the accelerator pedal to
quickly raise the idle speed. If the idle speed falls 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 diag-
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)

when cold (lean b. Faulty or cracked air hoses, vacuum
air/fuel mixture) hoses, air duct, and connections

c. Clogged or faulty fuel injectors

d. Fuel pressure too low

e. Coolant temperature sensor or
switch faulty

. Idle air stabilizer valve faulty or out of
adjustment

g. Valve cover gasket, front or rear
crankshaft oil seal leaking or
damaged.

e. Test coolant temperature sensor. See FUEL SYSTEM.

Replace injector seals. See FUEL SYSTEM

Replace any faulty hoses or duct work. Tighten any loose
connections.

Test injectors. See FUEL SYSTEM
Check fuel pressure and fuel delivery rate. See FUEL SYSTEM

Test coolant temperature switch. See IGNITION
Test idle air stabilizer valve. See FUEL SYSTEM

. Check for leaking or damaged gaskets or oil seals. See ENGINE

continued on next page
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Table e. Cold idle Troubleshooting (continued)

Symptom Probable cause

Corrective action

2. Engine idles 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
Fuel pressure too high
Intake air flow restricted

f. Ignition timing incorrect or weak
spark

d. Check fuel pressure. See FUEL SYSTEM

Test injectors. See FUEL SYSTEM
Test cold start system. See FUEL SYSTEM

Test coolant temperature sensor. See FUEL SYSTEM
Test coolant temperature switch. See IGNITION

Check air flow path for obstructions. Replace dirty air filter. See
LUBRICATION AND MAINTENANCE

Check ignition timing and spark intensity. See IGNITION

6.3 Warm-up Idie

When the engine is cold, the fuel system supplies the
engine with additional fuel. Asthe engine warms up, thisfuelis
slowly cut back until the engine is at operating temperature.
Engine temperature is the primary information that handles this
warm-up enrichment. Engine temperature information is sup-
plied 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 nofaults 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 incorrect
during warm-up. See 3.2 Basic Adjustments for more infor-
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 BMW’s recommended main-
tenance schedules.

Other possible causes of poor idle during engine warm-up
are clogged injectors and intake valve carbon deposits, al-
though these problems will usually show up first during cold
starting and cold idle. See 3.1 Engine for more on clogged
injectors and carbon deposits.

Lastly, 318i models use an electronic vacuum advance
system to adapt ignition timing based on intake air temperature
and coolant temperature. Check this system as a possible
cause of poor warm-up idle as described in IGNITION.

6.4 idie at Operating Temperature

Warm idle speed problems can have numerous causes.
The problems can range from a faulty coolant temperature
sensor to a faulty fuel injection control unit. Table f lists prob-
able causes and corrective actions for warm idle problems.
Troubleshoot warm idle problems in the order listed in table.
The boldface type indicates the section of the manual where
the applicable test and repair procedures are found.

Table f. Warm idle Troubleshooting

Symptom Probable cause

1. Engine idles poorly a.
when warm

Coolant temperature switch faulty

b. Throttle switch incorrectly adjusted or
faulty

Throttle plate incorrectly adjusted
Coolant temperature sensor faulty
e. Coolant level incorrect

a

Corrective action

Test coolant temperature switch/sender (4-cylinder engine) or
coolant temperature switch (6-cylinder 2.7 eta engine). See
IGNITION

Check throttle switch adjustment. See FUEL SYSTEM

Check throttle plate basic adjustment. See FUEL SYSTEM
Test coolant temperature sensor. See FUEL SYSTEM
Check coolant level. See COOLING SYSTEM

continued on next page
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Table f. Warm Idie Troubleshooting (continued)

Symptom Probable cause

Corrective action

1. Engine idles poorly f.
when warm
(cont'd) g.

Fuel injector(s) clogged, leaking or
faulty

Idle air stabilizer valve out of
adjustment or idle speed control
system faulty

h. Vacuum advance system faulty (318i
models only)

i. Oxygen sensor faulty

j- Cold start system operating
continuously

k. Idle speed stabilization relay faulty
(late 1985 318i models only)

. 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

. Testidle speed control system components. See FUEL SYSTEM

. Test inputs to vacuum advance relay. See IGNITION

. Test inputs to idle speed stabilization relay. See FUEL SYSTEM

m. Make thorough inspection of hoses, connections, duct work,
. Check ignition timing. Check vacuum advance system
. Test fuel pressure. See FUEL SYSTEM

. Test control unit inputs. See FUEL SYSTEM

Test fuel injectors and fuel injector wiring. See FUEL SYSTEM

Test oxygen sensor output. See EXHAUST SYSTEM AND
EMISSION CONTROLS

Test cold start system. See FUEL SYSTEM

Test evaporative emission system. See FUEL SYSTEM
and oil filler cap seal and oil dipstick seal.

(4-cylinder engines only). See IGNITION

7. NormAaL WARM RUNNING
TROUBLESHOOTING

The problems of normal warm running are very similar to
those of warm idle. In most cases, warm engine driveability
problems also affect warm engine idle. Additional 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 oil-fouled or
moisture-laden components. On models with 6-cylinder en-
gine, a faulty dust shield O-ring will allow engine oil to seep into
the distributor. On high mileage 4-cylinder engines, check for
worn distributor shaft bushings. Worn bushings could cause
the air gap for the impulse generator to vary, resulting in
intermittent ignition misfires and rough running. See IGNITION
for more troubleshooting information.

If no faults can be found and all ofthe causes listed in Table
f above have been eliminated, carbon deposits on the intake
valves or injectors may be the cause of the problem. See 3.1
Engine for more information on carbon deposits.

7.2 Poor Acceleration

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 signal
to the control unit. As the throttle plate is opened, the vacuum
suppliedtothetop of the fuel pressure regulator is reduced and
fuel pressure rises. If the pedal is fully depressed, the full
throttle switch closes and the fuel system sends additional
signals to the injectors to increase fuel flow. Check these three
fuel system components carefully 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, slightly 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
ability to deliver a strong, precisely timed spark will 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 fouled plugs, old or faulty plug wires, or a
faulty ignition coil, rotor, or distributor cap. Inspect the ignition
components carefully and replace any that are worn.

NOTE o=

On 318i 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 diagnosing 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 mixture for varying operating con-
ditions.

The one component that constantly adjusts fuel mixture is
the oxygen sensor. See Fig. 7-1. As an oxygen sensor ages, it
loses its ability to accurately and quickly adjust fuel mixture. An
oxygen sensor that fails will usually cause the engine to run
rich. In addition, check the coolant temperature sensor and the
coolant temperature switch as described in FUEL SYSTEM.
Check for a restricted air filter 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 of tune. For
example, an engine that runs lean (low %CO) will usually exhibit
cold starting and running problems. An engine that runs rich
(high %CQ) will 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 driveability problems will usually
return the exhaust emissions to within specifications.

Low exhaust emissions or a low %CO reading results when
the basic air/fuel mixture is too lean. A lean fuel mixture will
normally cause poor driveability and engine performance.
Some of the side effects of a lean mixture are increased
operating temperature and reduced spark plug life. The most
common causes of low exhaust emissions are intake air leaks
and clogged injectors. Review the information under the above
headings to troubleshooting lean air/fuel mixtures.

High exhaust emissions or a high %CO reading results
when the basic air/fuel mixture is too rich. Unless the ambient
air temperatures are high, rich mixtures usually do not cause
major engine driveability problems unless the mixture is exces-
sively rich. In severe cases, the engine will run and then die
oncethe spark plugs become fouled,andtheenginewillrefuse
to restart.

A rich mixture can cause serious engine damage if allowed
to continue. A rich mixture will dilute the engine oil and wash
the oil 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 failed fuel delivery components,
such as a stuck-open cold start valve or injector 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 in the 318i 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 1984-1985 318i has a displacement of 1766 cc (107.8 cu. in.),
commonly referred to as 1.8 liters. It is rated at 101 horsepower (SAE net).

The 6-cylinder engine in the 325, 325e and 325es has a displacement of 2693 cc (164 cu.
in.), commonly referredtoas 2.7 liters. The 1984 through 1987 325, 325e, and 325es models
are rated at 121 horsepower (SAE net). The 1988 325 model is rated at 127 horsepower
(SAE net).

The 6-cylinder engine in the 325i, 325is and 325i Convertible has a displacement of 2492
cc (152 cu. in.), commonly referred to as 2.5 liters. It is rated at 168 horsepower (SAE net).

The in-line engine is bolted to a bellhousing 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 unit by bonded rubber mounts that
reduce the transfer of noise and vibration to the rest of the car.

The information in this section of the manual is a guide both to car owners and to
professional mechanics. Some of the operations may require special equipment and experi-
ence. If you lack the skills, tools, or a suitable workplace for servicing or repairing the engine,
we suggest you leave these repairs to an authorized BMW dealer or other qualified shop. We
especially urge you to consult 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 D

The in-line overhead cam engine is water-cooled and trans-
mits power through a piston-driven crankshaft. The cylinder
block is made of cast iron with integral cylinders completely
exposed on all sides to the coolant that circulates through the
water jacket. A separate cast aluminum alloy cylinder head
contains the camshaft and the entire valve train.

1.1 Engine Components

Crankshaft and Bearings

The fully counterweighted crankshaft rotates in replaceable
split-shell main bearings. A 2-piece center main bearing con-
trols crankshaft end thrust. Flexible lip seals, pressed into light
alloy seal carriers, are installed at both ends of the crankshaft
to prevent oil leakage.

Connecting Rods and Pistons

The connecting rods are steel forgings. Replaceable split-
shell bearings are installed at the crankshaft end and solid
bushings atthe piston pin end. The pistons are of the three-ring
type with two upper compression rings and a lower one-piece
oil scraper ring. Full-floating piston pins are retained at each
end by circlips.

Cylinder 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 directly into the cylinder head casting. See Fig. 1-1.

B35 ENG B

Fig. 1-1. Cylinder head and valve train for models with 4-
cylinder engine. Cylinder head for models with 6-
cylinder engine is similar.

Valve Train

An overhead camshaft, chain-driven on 4-cylinder engines
and belt driven on 6-cylinder engines, operates the valves
through rocker arms. One end of each rocker serves as a cam
follower and the other end contains the valve adjusting eccen-
tric and its locknut.

intermediate Shaft (6-cylinder engines only)

The intermediate shaft, turning in the cylinder block, is
located above and parallel to the crankshaft. Itis 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 limits the
pressure in the system, and a filter bypass valve assures
lubrication even if the filter 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-cylinder engines have an ad-
ditional ail 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 oil cooler attached to the front of the car through which
engine oil circulates to help moderate oil temperature.

1.2 Engine Specifications

Table a lists 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 mileage 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. Information on other engine maintenance and on the
prescribed maintenance intervals can be found in LUBRICA-
TION AND MAINTENANCE.

1. Checking engine oil level
2. Changing engine oil and filter
3. Replacing spark plugs

4. Checking compression pressure 3.2
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Table a. Engine Specifications

Model 1984-1985
318i
No. of cylinders 4
Bore mm (in.) 89.0 (3.504)
Stroke mm (in.) 71.0 (2.795)

Displacement cc (cu. in.) 1766 (107.8)
Compression ratio 9.0:1

Horsepower SAE net @rpm 101@5800
Torque Ibs.-ft. @rpm SAE net 103@4500
Fuel injection system Bosch L-Jetronic

unleaded 91 RON
(87 AKI)

Fuel required

5. Adjusting valve clearance 4.4

6. Replacing cylinder head cover gasket (with valve adjust-
ment above) 4.1

3. TROUBLESHOOTING

This troubleshooting section applies 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, cylinder 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-
tion properly timed. The problems discussed in this trouble-
shooting section are those that affect one or more of these
functions.

Troubleshooting specifically for the lubrication 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 Principies

As with any troubleshooting, analysis ofthe observed symp-
toms is the key to isolating and identifying engine problems.
Begin with careful observation, keeping in mind the following
questions:

1984-1987 1988 1987-1990
325 325 325i
325e 325is
325es 325i Convertible

6 6 6
84.0 (3.307) 84.0 (3.307) 84.0 (3.307)
81.0 (3.189) 81.0 (3.189) 75.0 (2.953)
2693 (164) 2693 (164) 2492 (152)
9.0:1 8.5:1 8.8:1
121@4250 127@4800 168@5800
170@3250 170@3200 164@4300

Bosch Motronic Bosch Motronic 1.1 Bosch Motronic 1.1

unleaded 91 RON
(87 AKI)

unleaded 91 RON
(87 AKI)

unleaded 91 RON
(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 time, especially after fifty or sixty
thousand miles, is more likely 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 will be dependent
mainly 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 likely 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 high vacuum (example: coasting at high rpm) point
to other problems. Note that higher engine loads also affect the
fuel and ignition systems, which may be responsible for high-
load performance problems.

Is the symptom temperature dependent? Does it only 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. Oil viscosity and cooling
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 internal engine parts are manufactured to precise dimen-
sions, assembled with precision clearances between moving
parts, and lubricated by a pressurized oiling 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 best results, troubleshooting
engine noises should only be done when the oil and filter have
been recently changed and the oil level is correct.

High-pitched metallic tapping noises are caused by rela-
tively small, lightweight parts and are most likely an indication
of excessive clearances in the valve train. Valve train noise
accompanied by burning oil (blue-gray 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 cylinder head.

In a high-mileage engine, a light metallic rattle or chatter
under acceleration, accompanied by increased 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 investigated with a
compression or cylinder leakage test. A vacuum gauge is also
helpful when diagnosing engine mechanical faults. See 3.2
Diagnostic Testing.

Deep, metallic knocking sounds are caused by excessive
clearances between heavier components. Closer analysis of
the noise will often help identify the- problem. Piston slap,
caused by excessive piston skirt to 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-
nouncedatidle or low load, is due to excessive clearance atthe
piston pin and upper connecting rod bushing.

Crankshaft bearing problems produce a deep, hollow
knock that is worst when the engine is warm. A noise that is
very pronounced under load, perhaps louder during the tran-
sition from acceleration to coasting, is most likely caused by a
damaged connecting rod bearing. Crankshaft main bearings
produce a lower, dull knock. An intermittent knock, which may
be most apparent when depressing 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 all, but rather a worn bearing
or bushing in an engine-driven accessory. They include the

coolant pump, alternator, and may include a power steering
pump and air conditioning compressor. The air conditioning
compressor is equipped with an electrically-switched clutch-
type pulley, so a bad compressor will only be noisy when the air
conditioning is on. To check other accessories, run the engine
briefly with the drive belt disconnected and see if the noise has
stopped. Once the drive belt is removed, turning the pulley and
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 likely
either oil, coolant, or brake fluid. 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 likely sources of engine oil leaks are the oil filter
gasket, the crankcase oil seals, the cylinder head cover gas-
kets, or the oil pan gaskets. See 6. Cylinder Block and Pis-
tons for more information on the gaskets and seals. Because
the crankcase is under slight vacuum when the engine is
running, some oil leaks may not be apparent until the engine is
turned off.

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

Coolantis a mixture of water and anti-freeze, yellow-greenin
color or perhaps brown if the coolant is old. A pressure test of
the cooling system is the best way to discover and pinpoint
leaks. See COOLING SYSTEM.

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

Smoking

Smoke that is visible under the hood is usually either blue-
gray smoke from burning oil, or white steam from the cooling
system. Both symptoms indicate a leak. See Fluid Leaks
above.

Smoke in the exhaust indicates something getting into 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 increased oil consumption and oil residue on spark
plugs, indicates that engine oil is getting past piston rings, valve
guides, the cylinder head gasket, or some combination of the
three. Use a compression test for diagnosis. 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 high engine vacuum, such as
while coasting at high rpm, and compression pressures are
within specifications, leaking valve guide oil seals or worn valve
guides are a probable cause. See 4. Cylinder Head for repair
information.

Oil smoke or steam appearing suddenly in the exhaust,
along with low compression pressure in one cylinder or two
adjoining cylinders, is very probably due to a failed cylinder
head gasket. Look also for coolant loss, oil in the radiator, or
water in the oil (that turns the oil an opaque, creamy brown).
See 4.8 Removing and installing Cylinder Head for repair
procedures.

Black smoke is caused by the engine getting too much fuel.
See ENGINE MANAGEMENT—DRIVEABILITY for more trou-
bleshooting information.

Excessive Qil Consumption

Some oil consumption is normal and indicates healthy flow
and distribution of the vital lubricant in the engine. BMW states
that the maximum allowable oil consumption for the engines
covered by this manual is 1 quart per 390 miles. This is why the
oil level must be checked, and occasionally corrected, be-
tween oil changes. Aside from leaks, increased oil consump-
tion will usually be accompanied by some smoking, however
slight, and the causes of excessive oil consumption are the
same as those for oil smoke in the exhaust. As with smoking
symptoms, gradual increases are caused by worn piston rings
and/or valve guides. Sudden high oil consumption suggests
broken rings or a failed cylinder head gasket. See Smoking
above for more troubleshooting information.
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Poor Fuel 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 high mileage, suffering the
effects of wear, low compression may be the cause.

Normal wear of the valves, piston rings, and cylinder walls
decreases their ability to seal. The intake 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 Not Running

An engine problem that affects timing may prevent the
engine from starting or running. The camshaft drive belt (6-
cylinder engines) or timing chain (4-cylinder engines) and
sprockets are responsible for timing the actions of the valves
and the ignition system relative to the pistons and crankshaft.
A worn camshaft drive belt or timing chain may jump teeth,
throwing off all the engine’s timing functions, and still 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 lists symptoms of engine problems, their probable
causes, and suggested corrective actions. The boldface num-
bers in the corrective action column indicate the heading in this
section of the manual where the applicable test and repair
procedures can be found.

Table b. Engine Troubleshooting

especially from low
speeds. Indicates
detonation or
pre-ignition

c. Overheating

d. Spark plugs damaged or wrong heat
range
e. Air/fuel mixture too lean

Symptom Probable cause Corrective action
1. Pinging or rattling a. Ignition timing incorrect (too Check ignition timing. See IGNITION
noise under load, advanced)
uphill or ) b. Fuel does not meet manufacturer’s . Switch to higher octane fuel. See FUEL SYSTEM for fuel octane
accelerating, octane requirements requirements

. See FUEL SYSTEM

See COOLING SYSTEM
Replace spark plugs. See IGNITION

2. Screeching or a.
squealing noise
under load. Goes
away when coasting. | b.
Indicates slipping
V-belt

Loose, worn, or damaged V-belt(s)

Excessive belt loads due to failed
engine-driven component

. Inspect, replace, or tighten belt(s). See LUBRICATION AND

. Locate and replace failed component. 3.2

MAINTENANCE

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

normal speed

jumped or incorrectly installed belt or
chain

Symptom Probable cause Corrective action
3. Growling or a. Coolant pump a. See COOLING SYSTEM
- rumbling, varies with | . Alternator b. See ELECTRICAL SYSTEM
ggg'(‘neg’gmt; Ef;‘q‘,’ o | & Powersteeringpump c. See SUSPENSION AND STEERING
ri r bushin ) : . .
in an engine-driven d. t())am_shaft drive belt tensioner d. Replace belt tensioner and drive belt. 4.2
accessory earing
e. Air conditioning compressor e. Replace compressor
. Light metallic a. Low oil pressure and defective a. Check oil pressure. 7
tapping noise, varies warning light circuit
directly with engine b. Valve clearance out of adjustment b. Adjust valve clearance. 4.4
speed. O waming c. Defective rocker arm(s) or rocker arm Check rocker arms/shafts and replace as required. 4.6
light not illuminated shaft(s)
5. Light metallic knock, | a. Low oil level a. Check and correct oil level. See LUBRICATION AND
varies directly with MAINTENANCE
engine speed. Oil
warning light blinking
or fully illuminated b. Restricted (dirty) il filter b. Change engine oil and filter. See LUBRICATION AND
(may be most MAINTENANCE
noticeable after hard
stops or during hard
cornering) Indicates | ¢. Insufficient oil pressure c. Check oil pressure. 7
lack of sufficient oil
supply
. Blue-gray exhaust a. Leaking valve stem oil seals a. Replace valve stem oil seals. 4.7
smoke, orI.y spark. Worn valve guides Overhaul or replace cylinder head. 4.
plugs. Indicates oil
burning in Worn, brokgn, or ipcorrectly installed Overhaul or replace engine
combustion chamber pistons or piston rings
. Blue-gray smoke a. Failed cylinder head gasket a. Replace cylinder head gasket. 4.8
and/or white steam (probably accompanied by low
in exhaust compression readings) See 3.2
Diagnostic Testing
b. Warped or cracked cylinder head b. Resurface cylinder head or replace gasket. 4.8
(probably accompanied by low
compression readings) See 3.2
Diagnostic Testing
c. Cracked cylinder block c. Replace engine or short block. To remove engine see 5
. Black exhaust a. Rich air/fuel mixture a. See FUEL SYSTEM
smoke
. Engine runs badly, a. Spark plug wires installed incorrectly | a. Install wires correctly. See IGNITION
pops and backfires b. Incorrect valve timing b. Check camshaft drive belt or camshaft timing chain and
camshaft timing. 4.2 or 4.3
10. Engine will not start | a. Failed ignition system a. See IGNITION
o run. Starter. b. Broken camshaft drive belt or timing | b. Check camshaft rotation as engine turns over. Install new
operates, engine chain camshaft drive belt or timing chain as necessary. 4.2 or 4.3
LS O LS c. Incorrect camshaft timing due to c. Check camshaft timing. Replace belt or chain and sprockets as

necessary. 4.2 or 4.3

3.2 Diagnostic Testing

The tests that follow 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.

Compression Test

A test of compression pressures in the individual cylinders
will tell 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 inside 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 auxiliary relay panel. See Fig. 3-1. Disconnect the
harness connector(s) from the ignition control unit on the
firewall.

Fig. 3-1. Auxiliary relay panel near left shock tower on 4-
cylinder engine. Remove cover from panel and
remove fuel pump relay (arrow).

3. On 6-cylinder engines, remove the main relay from the
auxiliary 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 idertified, 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 pull 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.

Fig. 3-2. Auxiliary relay panel near left shock tower on 6-
cylinder 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 line.

. Withthe 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.

. Release the pressure, either with the gauge valve or by

slowly removing the gauge, allowing the pressure to
bleed off while threading it out of the spark plug hole.

. Repeat the test for each of the other cylinders. Record

the data and compare with Table c.

Table c. Compression Pressure Specifications

Engine Compression pressure

10-11 bar (142-156 psi)

10. Reinstall the spark plugs and the spark plug wires in their

original locations. Reconnect all electrical harness con-
nectors and reinstall the relay.
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Low compression is evidence of poorly sealed combustion
chambers. The characteristics ofthe 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

Toanalyze 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 cylinder. The oil will
temporarily help seal between the piston rings and the cylinder
wall, practically eliminating leakage past the rings for a short
time. If this test yields higher compression readings than the
“dry” compression test, the difference can be attributed to
leakage between the piston rings and cylinder walls, due either
to wear or to broken piston rings. Little or no change in com-
pression readings indicates other leakage, probably from the
valves or a failed cylinder head gasket.

Leak-down Test

The most conclusive diagnosis of low compression symp-
toms requires a leak-down test. Using a special tester and a
supply of compressed air, each cylinder is pressurized. The
rate at which the air leaks out of the cylinder, as well as where
the air leaks out, can more accurately pinpoint the magnitude
and source ofthe leakage. Any engine compression diagnosis
that will require major disassembly should first be confirmed by
the more accurate leak-down test. Because the test requires
special equipment and experience, it may be desirable 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 diagnosing
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 required 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 lists 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 (15-22 condition
in./Hg.)

2. Low and steady
reading(10-15
in./Hg.)

Incorrect ignition timing (retarded)
Incorrect valve timing

Low compression

Throttle valve sticking

Q0 g p

e. Leaking intake manifold gasket or
fuel injector seals

e o oTp

Check ignition timing. See IGNITION
Inspect camshaft timing. 4.2 or 4.3
Test compression as described above

Remove intake air boot and check throttle movement. See FUEL
SYSTEM

Inspect intake manifold gasket. Remove injectors and check
O-rings. See FUEL SYSTEM

3. Very low but steady a.
reading at idle
(below 10 in./Hg.)
Engine idles very b.
rough and stalls

Large intake air leak

Ignition timing severely retarded or
advanced

Visually inspect for faulty gaskets, hoses, or connections. Check
the oil dipstick seal, the oil filler cap and the cylinder head cover
gasket carefully

Check ignition timing. See IGNITION

continued on next page
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Table d. Vacuum Gauge Readings (continued)

Vacuum gauge
reading

Probable cause

Corrective action

. Gauge reading drifts
or floats at idle

Minor intake air leak

. Airffuel mixture incorrect (rich)

Visually inspect for intake air leaks
Check air/fuel mixture. See FUEL SYSTEM

. Gauge reading fairly
steady at idle but
vibrates rapidly when
engine speed is
increased

. Worn (weak) valve springs

Ignition miss

Faulty cylinder head gasket

. Test ignition system. See IGNITION

. Test compression as described above

Replace valve springs 4.9

. Gauge reading
steady at idle but
drops regularly

Sticking or faulty valve or incorrect
valve clearance. (Needle drops when
faulty valve operates)

One or more spark plugs not firing
c. Faulty head gasket

Adjust valve clearance 4.4 If valve clearance is correct, inspect
valves 4.9

Replace faulty spark plugs or spark plug wires. See IGNITION
Test compression as described above

7. Gauge reading a. Worn valve guides
vibrates rapidly at
idle but steadies
when engine speed

Check valve guides and repair or replace as necessary. 4.9

is increased

8. Gauge reading a. Plugged or restricted exhaust system Check exhaust system for restrictions, especially check for a
gradually drops to 0 plugged catalytic converter
in./Hg at idle

4. CYLINDER HEAD

The cylinder head can be removed from the cylinder 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, itis necessary to remove the cylinder head for
most cylinder head repairs.

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

4.1 Cylinder Head Cover and Gasket

Because the cylinder 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.

To remove and instali cylinder 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. Cylinder head cover mounting nuts, bolt, and
breather hose (arrows).
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2.

3.

On 6-cylinder engines, remove the intake manifold sup-
port bracket and the idle air stabilizer valve support
bracket as shown in Fig. 4-2. Remove the electrical
connectors from the idle air stabilizer valve and, if appli-
cable, the cold-start valve.

NOTE e

The 325i(is), 325i Convertible and 1988 325 mod-
els are not equipped with cold-start valves.

Fig. 4-2. Intake manifold and idle air stabilizer valve support
brackets (arrows) on 325e engine. Brackets on
other engines are similar.

On 1984 and 1985 6-cylinder 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 reinstalled in the
correct location. The engine will not start if they
are incorrectly installed.

On 6-cylinder engines, disconnect the breather hose
fromthe cover. Remove the eight mounting nuts and the
ground strap. See Fig. 4-4. Lift off the large ignition wire
cover and place it out of the way.

. Carefully lift off the cylinder head cover and its gasket. If

the gasket is stuck to the cylinder head, use a gasket
removing tool or a dull knife to separate the gasket from
the head.

CAUTION

Use care when removing a stuck gasket. Damage
to either surface can cause vacuum and oil leaks.

Fig. 4-3. Reference point sensor and speed sensor connec-
tor on 1984 and 1985 6-cylinder head cover.

Fig. 4-4. Breather hose and cylinder head cover mounting
nuts on 325e engine (arrows).

Install a new gasket and the cylinder head cover.

. On 4-cylinder engines, install the spark plug wire

bracket.

. On 6-cylinder engines, install the support bracket(s).

Reconnect the harness connectors. Attach the ground
strap under the no. 6 mounting nut.

. Install and tighten the mounting nuts to 15+1.5 Nm

(11 =1 ft. Ib.) in the sequence shown in Fig. 4-5. Recon-
nect the breather hose.



Fig. 4-5. Cylinder head cover mounting nut tightening se-
quence on 4-cylinder engines (top) and 6-cylinder
engines (bottom).

4.2 Camshaft Drive Belt (6-cylinder engines)

The camshaft on the 6-cylinder engines covered by this
manual are actuated by a toothed Gilmer-type rubber belt. See
Fig. 4-6. Due to belt composition and high under-hood tem-
peratures, the belt is subject to wear. BMW recommends that
the belt be replaced at least every 60,000 miles, 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 direc-
tion.
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Various versions of drive belt tensioner pulleys, belts and
sprockets were installed 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 containing 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 latestparts information.

Fig. 4-7. Camshaft drive belt tensioner with stamp *Z 127"
(arrow).

NOTE

Models with 6-cylinder engines built between July
1986 and September 1986 have a camshaft drive
belt sprocket that may break. See the build date
on the driver’s door pillar. Sprockets that have
been replaced under warranty willb e so noted by
a blue paint dot on the thermostat housing and a
round label affixed to the driver’'s door pillar with
the number “14” punched out. If this repair has
not been done, the sprocket should be inspected
by an authorized BMW dealer. 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 in
COOLING SYSTEM.

2. Remove the radiator cooling fan and the radiator as
described in COOLING SYSTEM.

NOTE ===

Although it is possible to replace the camshaft
drive belt without removing the radiator, the re-
moval of the radiator greatly simplifies the task.

3. Remove the distributor cap and ignition rotor as de-
scribed in IGNITION. Place the cap and wires out of the
way.

NOTE ===

Label the spark plug wires so that they can be
reinstalled in their original locations.



4. Remove the alternator V-belt, the air conditioning com- 7. Using a socket wrench on the center vibration damper

pressor V-belt, and the power steering pump V-belt as (crankshaft pulley) bolt, rotate the crankshaft clockwise
described in LUBRICATION AND MAINTENANCE. untilthe engine is at Top Dead Center (TDCor 0/T) of the
No. 1 cylinder.

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. NOTE—

At TDC on the compression stroke of the No. 1
cylinder, the “0/T”" mark on the vibration damper
will align with the notch on the lower camshaft
drive belt cover. The arrow and notch on the
camshaft drive belt sprocket will align with the
mark stamped on the cylinder head. See Fig.
4-10.

Fig. 4-10. Top Dead Center (TDC) mark on vibration damper
aligned with mark on lower drive belt cover (left)
and camshaft sprocket aligned with mark on cyl-

Fig. 4-8. Upper camshaft drive belt cover mounting bolts inder head (right).
(arrows).
8. On 325e(es) models, remove the Top Dead Center (TDC)
6. Remove the upper alternator bracket by removing the sensor from its clip as shown in Fig. 4-11.
mounting nut and bolt. See Fig. 4-9.

Fig. 4-9. Upper alternator bracket and mounting nut and bolt Fig. 4-11. Top Dead Center (TDC) sensor and clip.
(arrows).



9.

10.

11.

12.

13.

On 325i(is) and 3251 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. 4-12.

Fig. 4-12. Reference sensor mounting bolt on 3251 model
(arrow).

Remove the lower camshaft drive belt cover mounting
bolt together with the cover.

Remove the six bolts that hold the lower drive belt pulley
and the vibration damper to the front of the crankshaft.

NOTE ===

It may be necessary to immobilize the crankshaft
with a combination wrench.

Remove the pulley and the damper. It may be necessary
to pry gently with a screwdriver to free the pulley and the
damper from the crankshaft.

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 puller remove the hub
from the crankshaft.

NOTE e====

® On models with a two-piece crankshaft hub,
removal of the hub is necessary to remove the
beltfromthe crankshaft sprocket. On models with
a one-piece hub, there is enough clearance to
slide the belt over the hub—therefore removal of
the hub is not necessary.

@ The crankshaft sprocket and hub mounting bolt
i tightened to a torque of approximately 410 Nm
(3021t. Ib.). A heavy-duty holding device, such as
BMW Tool No. 11 2 150, should be used to hold
the sprocket. Use a heavy-duty %s-inch drive
socket and breaker bar to break the bolt free.

14.

15.

16.
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Loosen the upper bolt that secures the belt tensioner
pulley. See Fig. 4-13. 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 drive belt ten-
sioner (arrow).

Using a long screwdriver, relieve the belt tension by
rotating the belt tensioner pulley counterclockwise (to-
ward the passenger side of the car) as far as it will go,
then tighten the upper bolt. Peel the belt from the cam-
shaft, the intermediate shaft and the crankshaft sprock-
ets, and the belt tensioner pulley.

CAUT#ON IR

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.

Inspect 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 Puliey.

NOTE ==

1986 and later cars have belt tensioner pulleys
that are marked with *“Z 127.” 1985 and earlier
cars may be equipped with an earlier version
pulley. If there is no *“Z 127" stamp on the base of
the belt tensioner pulley, it must be replaced with
one so marked.
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To install:

1. Check that both the crankshaft and camshaft timing
marks are correctly aligned as shown above in Fig. 4-10.
Check the crankshaft position by loosely installing the
lower camshaft drive belt cover and the vibration damper
so that the alignment of the crankshaft 0/T mark can be
inspected.

2. Install the belt beginning at the crankshaft sprocket.
Install the camshaft drive belt in a counterclockwise
direction, slipping the belt over the intermediate shaft
and the camshaft sprockets, and the camshaft belt ten-
sioner pulley.

CAUTION

Do not use any tools to force the camshaft drive
belt onto the pulleys.

3. With the belt correctly positoned on the sprockets,
slowly loosen the camshaft belt tensioner pulley upper
retaining bolt so that the belt is tensioned.

4. Using a socket wrench on the center crankshaft bolt,
slowly rotate the engine clockwise through two complete
revolutions (720°) until the timing 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 camshatft 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 alignment of crankshaft and camshaft timing
marks are correct, torque first the upper and then the
lower tensioner mounting bolts to 22+2 Nm (161 ft.
Ib.).

The remainder of the installation is the reverse of removal.
On models with a two-piece crankshaft hub, install the hub
aligning the keyway with the key. Hold the crankshaft still using
a holding device while tightening the mounting boltto 410+20
Nm (297 = 14 ft. Ib.). Tighten the bolts on the vibration damper
to 222 Nm (16 =1 ft. Ib.). Tighten the smaller M6 nuts and
bolts on the upper and lower aluminum camshaft
covers to 9 to 11 Nm (7 to 8 ft. Ib.). Tighten the larger M8 nuts
and bolts on the upper and lower aluminum camshaft drive belt
coversto22+2 Nm (16 + 1 ft. Ib.). Tighten the reference sensor
mounting bolt to 7=1 Nm (5+0.5 ft. Ib.).

Install the V-belts removed earlier. Adjust V-belt tensions as
described in LUBRICATION AND MAINTENANCE. Place a
label in the engine compartment noting camshaft drive belt
replacement date and odometer reading. Refill the cooling
system as described in COOLING SYSTEM.

Replacing Camshaft Drive Belt Tensioner Pulley

The camshaft drive belt tensioner pulley should be carefully
inspected whenever the drive belt is replaced. Prior to 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 e

1986 and later cars have' belt tensioner pulleys
that are marked with “Z 127.” 1985 and earlier
cars may be equipped with an earlier version
pulley. If there is no “Z 127" stamp on the base of
the belt tensioner pulley, it must be replaced with
one so marked.

With the drive belt tension relieved, loosen the upper ten-
sioner pulley bolt. Carefully remove the bolt while applying light
sideways pressure on the pulley to prevent the guide pin and
the spring from flying out. Remove the spring and the pin.
Remove the lower bolt withthe pulley. Place the new pulley into
position and hand start the lower bolt. Install the guide pin with
the spring into the notch of the coolant pump. See Fig. 4-14.
Rotate the pulley counterclockwise until the pin engages the
hole in the tensionerarm. Apply a slight sideways pressure until
the upper tensioner pulley retaining bolt can be installed. With
a long screwdriver apply pressure to compress the spring fully,
then tighten the retaining bolt.

Fig. 4-14. Relationship of camshaft belt tensioner pulley, ten-
sioner spring and pin, and coolant pump.

4.3 Camshaft Timing Chain (4-cylinder engines)

A single-row camshaft timing chain actuates the camshaft.
The chain is driven by a sprocket on the front of the crankshaft.
The timing chain is lubricated by engine oil and does not
require maintenance. On high mileage engines, a timing chain



can wear, causing it to stretch until the tensioner system no
longer provides proper valve timing. A wormn timing chain can
be noisy and can cause erratic valve timing, leading 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.

CAUTION ==

BMW Anti-theftradios can be rendered useless by
disconnecting battery cables. See your owner’s
manual for more information.

2. Remove the cylinder head cover as described in 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 Center (TDC or 0/T) on
the compression stroke of the No.1 cylinder. At TDC, the
notch in the vibration damper will align with the cast boss
on the camshaft timing chain cover. See Fig. 4-15.

Fig. 4-15. Top Dead Center (TDC) mark on vibration damper
aligned 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 in LUBRICATION AND
MAINTENANCE.

6. Remove the bracket for the diagnostic connector.

7. Remove the alternator and its bracket as described in
ELECTRICAL SYSTEM.

10.

11.

12.

13.
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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.

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.

CAUTION ==

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.

Remove the bolts that hold the air conditioning compres-
sor bracket to the cylinder block and remove the bracket.

Remove the coolant pump as described in COOLING
SYSTEM.

Remove the eight bolts that secure the upper camshaft
timing chain cover to the cylinder head and to the lower
camshaft timing chain cover. Gently pry the upper timing
chain cover from the cylinder head, taking care not to
tear the cylinder head gasket.

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. 4-16.

NOTE ===

® The vibration damper nut is tightened to a
torque of approximately 190 Nm (140 ft. Ib.). Use
a large breaker bar to break the bolt free.

@ A special BMW service tool (BMW Tool No. 11 2
100) is available to hold the flywheel stationary
while the vibration damper mounting nut is re-
moved. 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 should be used to pre-
vent slippage and damage to the vibration
damper.
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14.

15.

16.

Fig. 4-16. Vibration damper secured with wrench while
mounting nut is loosened.

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 puller and wrench.

Slowly loosen the nut that secures the timing 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.

Check the piston for free movement of the check ball by
shaking the piston. If the ball cannot be heard to rattle
freely in the piston, the unit should be disassembled and
cleaned.

17.

18.

19.

Fig. 4-18. Camshaft timing chain tensioner piston being re-
moved.

Check the function of the piston check ball by blowing air
into the closed end of the piston. No air should pass.
Blow air into the slotted guide end of the piston. Air
should pass freely. If either of the test conditions are not
met, disassemble and clean the piston. See Fig. 4-19. If
the piston cannot be made to operate correctly, it should
be replaced.

Fig. 4-19. Timing chain tensioner piston assembly shown
disassembled.

Remove the five bolts from the lower timing chain cover.
See Fig. 4-20.

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.



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.

NOTE ===

If the crankshaft sprocket requires replacement,
the oil pan and the oil pump drive sprocket must
be removed as described under 7. Lubrication
System. The crankshaft sprocket can be re-
moved from the crankshaft using a puller. Prior to
installing the replacement sprocket, it must first
be heated in an oil bath to a maximum tempera-
ture of 390°F (200°C). At this temperature, the
sprocket can be driven onto the crankshaft while
aligning the woodruff keyway. Due to the high
temperatures required, we recommend that this
be done by an authorized BMW dealer or other
qualified shop.

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.

22. Inspect the guide rail and tensioner rail 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. 4-21. Camshaft drive sprocket mounting bolts (arrows).
Sprocket shown with locking tabs.

CAUTION

Do not rotate the crankshaft or the camshatt while Fig. 4-22. Camshaft timing chain guide rail mounting cir-
the timing chain is removed, as bent valves may clips. Remove circlips in direction of arrows.
result.

23. Inspect the crankshaft oil seal in the front of the lower
NOTE s==== timing chain cover. If the oil seal is hard, cracked, or
Some models may be equipped with camshatt otherwise damaged, it should be replaced as described
sprocket bolt locking tabs. The locking tabs are in 6.1 Cylinder Block Qil Seals.

no longer available from BMW and do not have to
be reinstalled.
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To install:

1.

Check that both the camshaft and the crankshaft are set
at Top Dead Center (TDC). At Top Dead Center (TDC or
0/T), the notch in the camshaft flange should be aligned
with the cast mark on the cylinder 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 aligned with mark on
cylinder head (arrow).

Make sure the chain is properly engaged on the crank-
shaft sprocket. Install 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.

Install the sprocket onto the camshaft and torque the
mounting bolts to 7 Nm (5 ft. Ib.). Check that the TDC
marks are still aligned.

. Install the timing chain guide rail and tensioner rail.

. Apply a light coat of gasket sealer to the lower camshaft

timing chain cover gaskets. Install the gaskets on the
cylinder block. Apply a light coating of sealant to the
exposed portion of the oil pan gasket, using extra sealer
at the rear corners. See Fig. 4-24.

Apply a light coat of engine oil to the lip of the crankshaft
oil seal in the lower timing chain cover and place the
cover into position. Loosely install the cover mounting
bolts and the oil pan mounting bolts.

Loosely install the power steering bracket and the air
conditioning bracket with their mounting bolts.

10.

1.

12.

13.

14.

Fig. 4-24. Area of oil pan gasket requiring extra gasket
sealer (arrows).

. When all brackets and bolts are installed, tighten all the

smaller M6 bolts to 9 to 11 Nm (7 to 8 t. Ib.) and all the
larger M8 bolts to 22+2 Nm (16 =1 ft. Ib.). Tighten the
bolts in an alternating pattern. Tighten the oil pan bolts to
9to 11 Nm (7 to 8 ft. Ib.).

Install the camshaft chain tensioner piston, the spring, a
new seal, and the chain tensioner securing nut. Be sure
that the tapered end of the spring faces the nut when
reinstalling the piston.

Bleed the camshaft chain tensioner piston by moving the
tensioner rail back and forth slowly until oil runs out past
the securing nut and resistance can be felt. Tighten the
securing nutto 35+5 Nm (26 =4 ft. Ib.).

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 (1407 ft. Ib.). See
Fig. 4-25.

Apply a light coat of sealer to the two upper camshaft
timing chain cover gaskets. Set the gaskets into position
on the cover. Apply a brush-on gasket sealer using
enough around the small bores to fill them. See Fig.
4-26.

NOTE ===

The gaskets are not identical and will only fit in
one position.

Install the bracket for the diagnostic connector onto the
upper timing chain cover.

Install the upper timing 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 boltsto 9 to 11 Nm (7 to 8 ft. Ib.) and the larger M8
bolts to 22+2 Nm (16 =1 ft. Ib.).



Fig. 4-25. Vibration damper secured with wrench while
mounting nut is tightened.

Fig. 4-26. Apply enough sealer to fill bores (arrows).

15.

16.

17.

18.

19.

20.

21.

22.

ENGINE 21

Install the cylinder head cover as described in 4.1 Cyi-
inder Head Cover and Gasket.

Install the coolant pump as described in COOLING SYS-
TEM.

Install the air conditioning compressor.

Install the power steering pump as described in SUS-
PENSION AND STEERING.

Install the alternator as described in ELECTRICAL SYS-
TEM.

Install all belts as described in LUBRICATION AND
MAINTENANCE.

Install the radiator, fan shroud, coolant hoses and refill
the cooling system as described in COOLING SYSTEM.

Reconnect the battery.

4.4 Valve Adjustment

Valve adjustment should be done as part of scheduled
maintenance. For a listing of recommended adjustment inter-
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 342 in.). The valves can be
adjusted with the engine hot or cold.

To adjust valve clearance:

1.

Remove the cylinder 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 cylin-
der’s camshaft lobes are pointing approximately down-
ward (valves fully closed).

NOTE

® The No. 1 cylinder is the one closest to the
radiator end of the engine.

@ Crankshaft rotation can be done more easily if
the sparks plugs arefirstremoved as described in
LUBRICATION AND MAINTENANCE.
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3. Measure the valve clearances of the intake and exhaust
valves using a feeler gauge. See Fig. 4-27. Compare the
measured clearance values with the specifications listed
in Table e.

Fig. 4-27. Valve clearance being measured. Feeler gauge is
inserted between rocker arm eccentric and valve.

Table e. Valve Clearance Specifications

Engine warm
(coolant temperature above 176°F (80°C)

4cylinder . . . ... ... 0.25 mm (0.010 in.)
6cylinder . . .. ... ... ... ... 0.30 mm (0.012 in.)
Engine cold
(coolant temperature below 95°F (35°C)
4-cylinder . . . . ... .. ... 0.20 mm (0.008 in.)
6-cylinder. . . .. ... . ......... 0.25 mm (0.010 in.)
NOTE

Valve clearance specifications for both the intake
valves and the exhaust valves are the same.

4. If the valve clearance is not within specifications, adjust
the eccentric by loosening the setscrew nut (locknut)
with a 10 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 10=1 Nm (899 in.

Ib.).

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 in eccentric (arrow).

5. Repeat the adjusting procedure for each pair of valves.
Follow the sequence listed in Table f. Rotate the crank-
shaft until the camshaft lobes for the next cylinder are
pointing approximately downward (valves fully closed).

NOTE ===

On 4-cy

turn (approximately 180°) between adjustments.
On 6-cylinder engines, rotate th

turn (approximately 120°) between adjustments.

Table f. Valve Adjustment Sequence

Engine Crankshaft Adjustment
rotation between sequence
adjustments

4-cylinder V2 turn 1—3—4-2
(approx. 180°)

6-cylinder Y4 turn 1—5—3—-6—2—4

(approx. 120°)

6. Recheck all clearances before instaling the cylinder
head cover as described in 4.1 Cylinder Head Cover
and Gasket.

4.5 Removing and Installing Camshaft

The cylinder 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 available, an alternative is
to remove the cylinder head and have the camshaft removed
by an authorized BMW dealer or other qualified shop.



To remove and install (4-cylinder engines): Be sure the spacers on the oil supply tube bolt are correctly
. ] . positioned on either side of the tube. Tighten the supply tube

1. Removg the cylinder t_1ead as described below in 4.8 mounting boltto 11 to 13 Nm (8to 10 ft. Ib.). Installthe cylinder
Removing and Installing Cylinder Head. head as described under 4.8 Removing and Installing Cyl-
inder Head. Adjust the valve clearance as described in 4.4

2. Remove the oil supply tube from the top of the cylinder Valve Adjustment.

head. Note the orientation of the spacer washers on the
retaining bolt.

3. Adjust all valve clearances so that the hole in the eccen-
tric cam points inward (maximum clearance) as de-
scribed in 4.4 Valve Adjustment.

4. Remove the mounting bolts for the camshaft thrust plate.
Slide the plate down to remove. See Fig. 4-29.

Fig. 4-29. Camshaft thrust plate (arrow).
. . Fig. 4-30. No. 1 intake valve rocker arm being depressed
5. Rotate the camshaft until only three of the eight rocker with screwdriver.
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 will facilitate
passage of camshaft lobes through the journal bores.

WARNING

The valves are under considerable pressure from
the valve springs. Use extreme care when de-
pressing the valve springs. Wear hand and eye
protection.

NOTE

The rocker arms and valve springs can be de-
pressed using standard screwdrivers or a forked
tool fabricated from steel. See Fig. 4-30.

Installation is the reverse of removal. The camshaft lobes
and journals should be lubricated prior to installation. Rotate
the camshaft until the mark in the camshaft flange is aligned
with the cast mark in the cylinder head as shown in Fig. 4-31.
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To remove and install (6-cylinder engines):

1. Remove the cylinder head as described in 4.8 Remov-
ing and Installing Cylinder Head.

2. Remove the rocker arm shafts as described in 4.6 Re-
moving and Installing Rocker Arm Shafts and Rocker
Arms.

3. Remove the socket head bolt from the camshaft
sprocket using a 7 mm hex wrench. See Fig. 4-32.
Remove the camshaft drive belt sprocket from the cam-
shaft along with the distributor rotor adaptor.

NOTE ===

It

drive belt sprocket while breaking the bolt loose.
The old camshaft drive belt, which must be re-
placed, may be wrapped around the camshaft
drive belt sprocket, then clamped with 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
pliers.

4. Remove the two camshaft oil seal housing mounting
bolts. Remove the housingby rotating it off the camshaft.
See Fig. 4-33.

NOTE w==

Inspec

the seal housing for signs of leakage. Check for
ol leaks around the housing. A faulty seal or
O-ring should be replaced. The camshaft il seal
is pressed into the oil seal housing. If
requires replacement, a service press or its equiv-
alent should be used to re

install the new seal.

Fig. 4-33. Camshaft ol seal housing being removed from
cylinder head. Rotate housing back and forth as it
is removed (arrow).

5. Pull the camshaft out of the cylinder head, supporting
both ends in order to prevent damage to the camshaft
bearing bores in the cylinder head.

Installation is the reverse of removal. Before installing the
camshaft, it should be thoroughly lubricated. Coat the cam-
shaft oil seal lip and the housing O-ring with motor oil before
installation. To prevent damaging the oil seal, wrap the front of
the camshaft with tape. If the oil supply tube was removed,
tighten the fittings to 6 to 8 Nm (4.5 to 5.5 ft. Ib.). Install 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 Nm (48 to
52 ft. Ib.).

Install the cylinder head rocker arms and rocker arm shaft as
described under 4.6 Removing and Installing Rocker Arm
Shafts and Rocker Arms. Install the cylinder head as de-
scribed in 4.8 Removing and Instailing Cylinder Head.

4.6 Removing and Installing Rocker Arm Shafts
and Rocker Arms

Removing and installing the rockers arms and rocker arm
shafts requires that the cylinder head be removed from the
cylinder block.



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 indicate 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 Vailve Adjustment. Addi-
tional cylinder head inspection is described in 4.9 Disassem-
bly, Assembly, and Reconditioning Cylinder Head.

Checking the rocker arm assemblies for wear requires us-
ing a dial 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 0.016 mm and 0.052 mm (0.0006 and 0.0020 in.).
Ifthe radial play is excessive, the rocker arm or shaft should be
replaced as described below.

NOTE ====

On models with 6-cylinder engines, remove the
rocker arm retaining 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 install {(4-cylinder engines):

1. Remove the cylinder head as described under 4.8 Re-
moving and instailing Cytinder Head.

2. Remove the camshaft as described under 45 Remov-
ing and Installing Camshaft.

3. Remove the distributor housing by removing the five
mounting bolts from the rear of the cylinder head.
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CAUTION ===

T he 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.

NOTE sz

In case of excessive buildup 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 sliding
rocker arm and thrustring in (arrow) and prying off
snap ring.

5. Using a long drift, carefully drive the rocker arm shafts
out working from the rear of the cylinder head. Remove
each spring, washer, rocker arm, and thrust ring from the
shaft as it is removed. Label each assembly so they can
be in reinstalled in their original positions.

CAUTION ===

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
shatft.

A BMW special tool (BMW Tool No. 11 3 040) is
available to drive the rocker arm shafts from the
cylinder head. As an alternative, a "% inch diam-
eter by 2 feet long bar can be used. The shafts are
tightly fitted to the cylinder head and must be
tapped out.



Installation is the reverse of removal. Prior to installation,
visually check all components for wear. Check the rocker arm
adjusting eccentrics and the camshaft contact area of the
rocker arm. fany 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.

If replacing damaged or worn rocker arm springs,
BMW supplies only short springs thatreplace the
older, longer springs. All springs may be used
interchangeably.

Be sure all parts are installed in their original positions. The
rear end of the intake rocker arm shaft is hollow to allow oil 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 into the
cylinder head. See Fig. 4-36.

Install the camshaft as described under 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 instal! (6-cylinder engines):

1. Remove the cylinder 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 until
the adjusting hole is facing inward. 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
into the slot in 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-cylinder engine. Note orien-
tation of retainer.

4. Remove the four rubber plugs from the front and rear of
the cylinder head. See Fig. 4-39.



Fig. 4-39. Rubber retaining plug being removed from cylin-
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 until the no. 6 intake and exhaust valves
are both open. Slide 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 assemblies 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
exhaust-side 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.

Installation is the reverse of removal. Prior to installation,
visually check all components for wear. Check the rocker arm
adjusting eccentrics and the camshaft contact area of the
rockerarm. If any flatspotsare 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 worn rocker arm springs,
BMW supplies only short springs thatreplace the
older, longer springs. All springs may be used
interchangeably.

Fig. 4-40. Rocker arm positioned (arrow) for removal of
exhaust-side rocker arm shaft.

Be sure all parts are installed in their original positions. The
notches for the guide plate and the small oil bores must facein
and the large oil bores must face down towards the valve
guides. See Fig. 4-41. Install the cylinder head as described
under 4.8 Removing and Installing Cylinder Head.

Fig. 4-41. Rocker arm shafts showing notches for front
guide plate and oil bores.
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4.7 Valve Stem OQil Seals

The valve stem oil seals are fitted over the top of each valve
guide. The purpose of the ail seal is to prevent excess oil from
entering the combustion chamber. The sign offaulty valve stem
oil seals are excessive oil consumption and blue-gray smoke
fromthe exhaust after starting and during sudden deceleration.
For more information on excessive oil consumption and smok-
ing, see 3. Troubleshooting.

Valve stem oil seal replacement requires that the cylinder
head be removed and disassembled. This work requires using
special tools such as a valve spring compressor. Using an
additional BMW special tool, as described below, is highly
recommended to install the new oil seals. If the tools are not
available, an alternative is to remove the cylinder head and
have the valve removal and oil seal replacement done by an
authorized BMW dealer or other qualified shop.

To replace valve stem oil seals:

1. Remove the cylinder head as described in 4.8 Remov-
ing and Installing Cylinder Head.

2. Remove the camshaft as described in Removing and
Installing Camshaft.

3. Remove the rocker arm shafts as described under 4.6
Removing and Instailing Rocker Arms and Rocker
Arm Shafts.

4. Use a valve spring compressor to remove the valves.

NOTE

Label all 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 oil seals.

CAUTION ==
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. 11 1 250) is
available to remove the valve stem oil seals. As
the seals will not be reused, it is also possible to
carefully remove the valve stem seals with locking
pliers. Do not over tighten locking pliers, as dam-
age to valve guide may occur.

6. Install the valve spring seat. Install the new oil seals onto
the valve guides using the special installation tool (BMW
Tool No. 11 1 200). Press the valve stem seal onto the
valve guide using hand pressure only.

NOTE ===

As an alternative to the special oil seal installation
tool, an 11 mm deepwell socket will properly fit
the valve stem oil seals for installation.

Fig. 4-42. Vave stem oil seal being removed from valve
guide using special removal tool.

7. Lubricate the new oil seals with engine oil. 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 available, smooth
plastic tape may be wrapped around the valve
stem notches. A damaged oil seal can lead to
excessive ol 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.

A shop rag in the combustion chamber or tape
over the valves can be used to hold the valves in.



4.8 Removing and Installing Cylinder Head

The cylinder head can be removed withthe engine installed.
Special tools are necessary to torque the cylinder head bolts to
a specified torque angle during installation. On models with
6-cylinder engines, BMW recommends replacing all hex-head
type cylinder head bolts with the new Torx-head “ASA 14”
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-cylinder
engines starting in April 1989.

If a failed cylinder head gasket or warped head is sus-
pected, a compression test, as described in 3. Troubleshoot-
ing should be done before removing the cylinder head. A failed
head gasket may be caused by a warped cylinder head.
Overheating due to insufficient cooling is a major cause of
cylinder head warpage. When replacing the cylinder head
gasket, always check the cylinder 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-cylinder engines):

1. Disconnect the negative (—) terminal of the battery.

CAUTION ===

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
cylinder 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.

Fig. 4-43. Front pipe to exhaust manifold mounting nuts
(arrows) and oxygen sensor.

4. Disconnect the harness connectors from the idle air
stabilizer 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 all wires and hoses before removing them
to aid in reinstalling them in the correct place.

Fig. 4-44. Harness connectors that need to be discon-
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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. 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 headlight assembly.

. Disconnect the harness connector from the air flow sen-

sor. Remove the two bolts from the side of the air filter
housing and remove the housing. See Fig. 4-45.

NOTE =m==

Some hoses may be secured with one-time hose
clamps that are crimped with special pliers. The
clamps may be pried loose with a small screw-
driver. Replace the clamps with standard screw-
type clamps.

. Remove the brake booster vacuum hose from the intake

manifold. Remove the air bypass hose from the idle air
stabilizer valve. Pry off the diagnostic plug retaining clip
and remove the plug from the bracket. See Fig. 4-45.

. Disconnect the accelerator cable from the throttle lever.

If applicable, disconnect the cruise control cable and the
automatic transmission throttle cable from the lever.

Fig. 4-45. Air flow sensor connector (1), air filter housing
mounting bolts (2), brake vacuum booster hose
(), idle air bypass hose (4), and diagnostic plug
(9.

9. Remove the distributor cap, spark plugs, and the distrib-

utor as described in IGNITION.

10.

11.

12.

13.

14.

15.

16.

17.

NOTE ==

Label the spark plug wires so that they can be
reinstalled in their original locations.

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.

Disconnect the wires from the alternator and from the
starter motor as described in ELECTRICAL SYSTEM.

Disconnect the two coolant hoses and the vacuum hose
from the throttle housing. Disconnect the throttle switch
harness connector from the throttle switch.

Disconnect the vacuum hoses from the vacuum advance
solenoid on the firewall.

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.

Remove the fuel supply line from the fuel rail. Remove
the fuel return line from the pressure regulator. See Fig.
4-46.

Fig. 4-46. Fuel supply line (6) and fuel return line (7).

Remove the three bolts that attach the intake 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
dipstick to the intake manifold.

Using a socket wrench on the center vibration damper
(crankshaft pulley) bolt, rotate the crankshaft clockwise
until the engine is at Top Dead Center (TDC or 0/T) of the
No. 1 cylinder. See Fig. 4-47.



18.

19.

20.

Fig. 4-47. Top Dead Center (TDC) mark on vibration damper
aligned with boss on lower timing chain cover
(arrow).

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

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).

CAUTION

Use care when removing the upper timing chain
cover. The upper cover may be stuck to the cyl-
inder head gasket.

Gradually and evenly loosen the cylinder head bolts
using the sequence shown in Fig. 4-48. Carefully remove
the cylinder head, making sure all wires, hoses, and
fittings are free and clear of the cylinder head. If the head
is stuck, use a soft-faced mallet or pry gently with a
wooden stick.

)3 (@5 @ (@7 1@
@2 (@8 (@0 (@8 4@
Front B3/8.2M5.8

Fig. 4-48. Cylinder head b
cylinder engine.

lnosening sequence for 4-

To install (4-cylinder engines):

1.

Clean the cylinder head and the gasket surface of the
cylinder block. Clean the threads of the head bolts and
bolt holes with a thread chaser and remove all foreign
matter and oil from the boltholes. Avoidletting debris into
the cylinders or oil passages in the cylinder block.

CAUTION ===

Do not use a metal scraper orwire 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.

Check the gasket surface of the cylinder head and the
cylinder block for warpage as described under 4.9 Dis-
assembly, Assembly, and Reconditioning Cylinder
Head.

Place a new cylinder head gasket on the surface of the
cylinder block. The cylinder head gasket will fit correctly
in only one orientation. The word “OBEN” found printed
on the gasket, should face up.

CAUTION ===

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 cylinder block.

Loosely install the head bolts and their washers, then
thread them in until they are finger tight.

NOTE ===

To help install the cylinder head, insert two 8 in.
long by 3& in. round wooden dowels into two of
the outermost head bolt holes. The dowels will
hold the gasket in position as the cylinder head is
installed. Thread in several bolts, then remove the
dowels and install the remaining bolts.

Tighten the cylinder head bolts in the sequence shownin
Fig. 4-49. The bolts should be tightened in three stages
as listed in Table g. The final stages require using a
special tool (BMW Tool No. 11 2 110) 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 Table g.
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Fig. 4-49. Cylinder head bolt tightening sequence for 4-
cylinder engine.

Table g. Cylinder Head Tightening Torgues
(4-cylinder engines)

Hex-head bolts

Stage 1 Stage 2 Stage 3
60+2 Nm 33+3° 25+5°
(4411t Ib.) after waiting 15 after running
minutes engine for 25
minutes

Installation of the remaining parts is the reverse of removal.
Adjust the valve clearances as described under 4.4 Valve
Adjustment. Install the front pipe to the exhaust manifold with
CRC® copper paste or equivalent on the mounting studs.
Replace the gasket if necessary. Refill the cooling system as
described in COOLING SYSTEM. Change the engine oil and
filter as described in LUBRICATION AND MAINTENANCE.
Check and adjust ignition timing as described in IGNITION.
Adjust idle 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-cylinder engines):

1. Disconnect the negative (—) terminal of the battery.

CAUTION

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
cylinder head as shown in Fig. 4-50.

Fig. 4-50. Coolant hoses to be removed from cylinder head
(arrows).

3. Remove the front exhaust pipe from the manifold. See
Fig. 4-51. Discard the mounting nuts. Disconnect the
oxygen sensor on cars equipped with one.

CAUTION ===

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 pipe 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 in reinstalling them in the correct
place.

Fig. 4-52. Accelerator cable (1), automatic transmission
throttle cable (2), and cruise control cable (3).

On 1984-1987 325 and 325e(es) models, disconnect the
harness connectors from the cold-start valve and the
thermo-time switch.

. Remove the idle air stabilizer valve from its mounting
bracket. Remove the connectors from the coolant tem-
perature sensor and the engine temperature sensor near
the thermostat housing.

. 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 pliers. The
clamps may be pried loose using a small screw-
driver. Replace the clamps with standard screw-
type clamps.

. Loosen the mounting bolts for the air filter assembly and
remove the assembly from the car. On 325 and 325e(es)
models, disconnect the connector from the altitude com-
pensator.

. Remove the harness connector from the throttle switch
on the bottom of the throttle housing. On models with
Motronic 1.1, disconnect the harness connector from the
charcoal canister purge valve that is also mounted be-
neath the throttle housing. Remove the brake booster
vacuum hose from the intake manifold. See Fig. 4-53.

Fig. 4-53. Throttle switch connector (1), purge valve connec-
tor (2), and brake booster vacuum hose (3) on
325imodels. Other models are similar.

10. Remove the two coolant hoses from the throttle housing.

11.

Remove the two nuts from the wire harness retaining
bracket beneath the intake manifold. Pull the bracket
from the mounting studs. Remove the oil dipstick 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 retaining bracket
(1), fuel injector harness connector (2), and olil
dipstick mounting bracket (3)

12. Disconnect the two heater hoses from the heater core.

Hoses are located  rear firewall. See Fig. 4-55.



Fig. 4-55. Heater hoses for heater core (arrows).

13. Remove the cover from the auxiliary relay panel. Slide

14.

15.

the relay panel assembly from its bracket and set aside.
See Fig. 4-56.

Fig. 4-56. Auxiliary relay panel (arrow) near left (driver's side)
shock tower.

Remove the diagnostic connector from its mounting
bracket. On 325e(es) models, pry off the retaining clip to
remove. On 325i(is) and 325i Convertible models, un-
screw the locking ring to remove. See Fig. 4-57.

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.

16.

17.

Fig. 4-57. Diagnostic connector installed on 325e model.
Pry off clip (arrow) to remove connector from
bracket. Connector on late models have locking
ring.

Disconnect the harness connectors from the six fuel
injectors. Cut any wire ties so that the wiring harness can
be removed from the engine.

On 325i(is), 325i Convertible and 1988 325 models,
disconnect 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 reinstalled in the
correct location. The engine will not start if they
are incorrectly installed.

Fig. 4-58. Reference point sensor and speed sensor con-
nectors (arrows).



18.

19.

20.

21.

22.

23.

Remove the coolant reservoir from its mountings without
disconnecting any of the hoses. On 1984 through 1987
models, remove the two mounting bolts. See Fig. 4-59.
On 1988 and later models, carefully pull the reservoir
from its mountings. Set the reservoir out of the way.

Fig. 4-59. Mounting bolts on coolant reservoir installed on
1984 through 1987 models (arrows).

On 1988 and later models, remove the two mounting
bolts from the plastic coolant pipe that passes in front of
the engine. Disconnect the hoses from each end of the
pipe and remove the pipe.

Disconnect the fuel return line from the fuel pressure
regulator. See Fig. 4-60. Disconnect the fuel supply line
at the union beneath the intake manifold.

WARNING ===

Fuel will be expelled when the fuel lines are re-
moved. Do not smoke or work near heaters or
other fire hazards. Have a fire extinguisher handy.

Using a socket wrench on the center vibration damper
(crankshaft pulley) bolt, rotate the crankshaft clockwise
until the engine is at Top Dead Center (TDC or O/T) of the
No. 1 cylinder. See Fig. 4-61.

Remove the cylinder head cover as described under 4.1
Cylinder Head Cover and Gasket.

Remove the camshaft drive belt as described under 4.2
Camshaft Drive Belt (6-cylinder engine).

Fig. 4-60. Fuelreturn hose at fuel pressure regulator (arrow).

Fig. 4-61. Top Dead Center (TDC or 0/T) mark (1) on vibra-
tion damper should be aligned with mark on drive
belt cover (2).

24. Gradually and evenly loosen and remove the cylinder

head bolts using the sequence shown in Fig. 4-62.
Carefully remove the cylinder head, making sure all
wires, hoses, and fittings arefree and clear of the cylinder
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. 11 1 290) to compress the spring
and hold the tube in position while the cylinder
head is removed.
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5 11 13 9 7 1

8 10 14 12 solakhe

Fig. 4-62. Cylinder head bolt loosening sequence.

To instail (6-cylinder engines):

1.

Clean the cylinder head and the gasket surface of the
cylinder block. Clean the threads of the head bolts and
bolt holes with a thread chaser and remove all oil and
foreign matter from the bolt holes. Avoid letting debris
into the cylinders or oil passages in the cylinder block.

CAUTION ===

Do not use a metal scraper or wire brushto 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.

Check the gasket surface of the cylinder head and the
cylinder block for warpage as described under 4.9 Dis-
assembly, Assembly, and Reconditioning Cylinder
Head.

Place a new cylinder head gasket on the surface of the
cylinder block. The cylinder head gasket will fit correctly
in only one orientation. The word “OBEN", found printed
on the gasket, should face up.

CAUTION ==

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-cylinder en-
gines may have the engine displacement code
stamped on the gasket flange as shown in Fig.
4-63. On 325, 325e, and 325es models, the
code number is 2.7. On 325i, 325is and 325i
Convertible models, the code number is 2.5.
Replacement gaskets supplied by BMW no
longer have the code number.

4. Place the cylinder head in position on the cylinder block.

Check that the vent tube is correctly positioned. Loosely
install the head bolts and their washers, then thread them
in until they are finger tight. Guide the vent tube into 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 cylinder head, insert two 8 in.
long by 3s in. round wooden dowels into two of
the outermost head bolt holes. The dowels will
hold the gasket in position as the cylinder head is
installed. Thread in several bolts, then remove the
dowels and install the remaining bolts.

Fig. 4-63. Engine displacement code stamp on cylinder
head gasket flange.

5. Tightenthe cylinder head bolts inthe sequence shown in

Fig. 4-64. The bolts should be tightened in three stages
as listed in Table h. The final stage(s) requires using a
special tool (BMW Tool No. 11 2 110) 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

Fig. 4-64. Cylinder head bolt tightening sequence for 6-
cylinder engine.

Table h. Cylinder Head Tightening Torques
(6-cylinder engines)

Stage 1 Stage 2 Stage 3
Torx®head 30 Nm 90° 90°
bolts (22 ft. Ib.)
Hex-head 40 3° Nm 60 3% Nm 25 35 after
bolts (30 3*ft.b) (44 3*ft.b)  running
after waiting engine for 25
15 minutes minutes

Installation of the remaining parts is the reverse of
removal. Adjust the valve clearances as described under
4.4 Valve Adjustment. Install the camshaft drive belt as
described under 4.2 Camshaft Drive Belt (6-cylinder
engines). Install the front pipe to the exhaust manifold with
CRC® copper paste or equivalent on the mounting studs.
Replace the gasket if necessary. Refill and bleed the cool-
ing system as described in COOLING SYSTEM. Change
the engine oil and filier as described in LUBRICATION
AND MAINTENANCE. Adjust idle speed and idle mixture
as described in FUEL SYSTEM. Adjust the accelerator
cable as described in FUEL SYSTEM. Adjust the transmis-
sion throttle cable as described in- AUTOMATIC TRANS-
MiSSION.
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4.9 Disassembly, Assembly, and Reconditioning
Cylinder Head

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
cylinder head reconditioning, this section provides the specifi-
cations and special reconditioning information necessary to
repair the cylinder heads covered by this manual.

If machine shop services are not readily available, one
alternative is to install a remanufactured cylinder head. Reman-
ufactured cylinder heads are available from an authorized
BMW dealer parts department.

Cylinder Head Assembly

The cylinder head should be carefully inspected for
warpage and cracks. Always decarbonize and clean the head
before inspecting it. A high quality straight edge can be used to
check for warpage. See Fig. 4-65. Visually inspect the cylinder
headfor cracks. If a cracked cylinder 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 cylinder head should be replaced.

Fig. 4-65. Straight edge and feeler gauge being used to
check straightness of cylinder head gasket sur-
face.

A warped cylinder head can be machined provided no more
than 0.3 mm (0.012 in.) of material is removed. if further
machining is required, the head should be replaced. Removing
more than this 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 cylinder head as shown in Fig. 4-66.
Table i lists the minimum resurfacing height specifications. If
the cylinder head height will not meet the minimum height
dimension after machining, the cylinder head should be re-
placed.

NOTE ===

When machining cylinder heads on 4-cylinder
engines, the upper camshaft chain cover must be
bolted to the cylinder 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 cylinder head showing minimum
resurfacing dimension (A). 6-cylinder engine
shown.

Tabie i. Cylinder Head Resurfacing Specifications

Engine Minimum permissible height
(dimension a)
new after machining
6-cylinder 125.1+0.1 mm 124.7 mm
(4.925+.004 in.) (4.909in.)
4-cylinder 129.0=0.1 mm 128.6 mm
(5.079+.004 in.) (5.063 in.)

Valve Guides

Special tools and a press are required to replace valve
guides. ltis also necessary to heat the cylinder head and to chill
the valve guides. Check valve guide wear with a new valve as
shown in Fig. 4-67. Inspect the valve seats to ensure that the
cylinder head can be reconditioned before installing new valve
guides.

NOTE s

@ |f valve guide wear is greater than 0.8 mm
(0.031 in.), butless than 1.0 mm (0.039 in.), the
valve guide may be reamed out to accept valves
with oversized stems as listed in Table j.

o If the radial clearance exceeds 1.0 mm (0.039
in.), the valve guide should be replaced.

@ If valves with oversized stems are installed, the
valve seat must also be machined to accept the
new valve.

Fig. 4-67. Valve guide wear being checked with dial indica-
tor. Insert new valve until stem end is flush with
end of guide (white arrow). Play should not exceed
08 mm (0.031 in.).

Worn valve guides are driven out from the camshaft side of
the cylinder head. The valve guides should be removed at
room temperature. Install 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 listed in Table j.



Table j. Valve Guide Specifications
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Table j. Valve Guide Specifications (continued)

Specifications 4-cylinder engine 6-cylinder engine Specifications 4-cylinder engine 6-cylinder engine
Valve guide wear, | 0.8 mm (0.031 in.) 0.8 mm (0.031 in.) Valve guide bore
maximum diameter in
(measured with cylinder head
new valve) (tolerance per
ISO allowance
Valve stem M7)
diameter standard
standard 80 mm (0.315in.) | 7.0 mm (0.275in.) old version | 14.0 mm (.5512in.) | 13.0 mm (5118 in.)
oversize 1 8.1 mm (0.319in.) 7.1 mm (0.279 in.) new version | NA 13.2 mm (5197 in.)
oversize 2 8.2 mm (0.323in.) 7.2mm (0.283in.) oversize 1
- Id version 14.1 mm (5551 in.) 13.1 mm (.5157 in.)
Valve guide o - .
inside diameter ovr‘latrasvi\gezrsmn NA 13.3 mm (.5236 in.)
e e[ old version 14.2 mm (.5590 in.) 13.2 mm (.5197 in.)
ISO allowance . -
H7) new version NA ) 13.4 mm (5276 !n.)
standard 8.0 mm (0.315 in.) 7.0 mm (0.275 in2) oversize 3 14.3 mm (5630 in.) 13.3 mm (5236 in.)
oversize 1 8.1 mm (0.319in.) 7.1 mm (0.279in.) Special tools
oversize 2 8.2 mm (0.323 in.) 7.2 mm (0.283 in.) removal BMW Tool BMW Tool
. No. 111 100 No. 11 1 330
Zslt\'lsied%u(lj(ij:m otor installation BMW Tool BMW Tool
(tolerance per No. 11 1 160 No. 111 320
ISO allowance Valve guide
ué) installation
standard _ ) temperature
old version 14.0 mm (5512in) | 13.0 mm (5118in,) cylinder head 122°F (50°C) 122°F (50°C)
new version | NA 13.2mm (5197 in.) valve guide —238°F (—150°C) —238°F (—150°C)
oversize 1 ) ) Installed depth 15.0 mm 145 mm
old version 14.1 mm (5551 in.) | 13.1 mm (5157 in.) (height above (0.5910 in.) (0.5709 in.)
new version NA 13.3 mm (5236 in.) cylinder head
oversize 2 surface)
old version 142 mm (5590 in.) | 13.2 mm (5197 in.)
new version NA 13.4 mm (5276 in.)
oversize 3 14.3 mm (5630 in.) | 13.3 mm (5236 in.)
Valve Seats

continued

The valve seats should be resurfaced whenever new valves
or valve guides are installed. Cutters or stones of 15°, 45°, and
75° are required to resurface the seats. Table k lists valve seat
dimensions. Table | lists valve seat replacement specifications,
including correct installation temperatures. As with valve
guides, replacing the valve seats requires heating the cylinder
head, and chilling the valve seat.



Valve seat
width (a)

Table k. Valve Seat Dimensions

1984-1987 325, 325e, 325es

1988 325 and all 325i

1984 and 1985 318i

intake
exhaust

Valve seat
diameter (b)

intake
exhaust

1.65+0.35 mm (0.065+0.014 in.)
1.65=0.35 mm (0.065+0.014 in.)

38.6 mm (1.520 in.)
32.6 mm (1.283in.)

Table |. Valve Seat Replacement Specifications.

1.65+0.35 mm (0.065+0.014 in.)
1.65+0.35 mm (0.0650.014 in)

40.6 mm (1.598 in.)
34.6 mm (1.362in.)

1.3-2.0 mm (0.051-0.079 in.)
1.3-2.0 mm (0.051-0.079 in.)

44.6 mm (1.756 in.)
36.6 mm (1.441in.)

1984-1987 325, 325e, 325es

models

1988 325 and all 325i models

1984 and 1985 318i models

Valve seat insert outside

diameter (tolerance as
per ISO allowance g6)

intake
standard
oversize 0.2 mm
oversize 0.4 mm
exhaust
standard
oversize 0.2 mm
oversize 0.4 mm

42.15 mm (1.6594 in.)
42.35 mm (1.6673 in.)
4255 mm (1.6752 in.)

37.65 mm (1.4823 in.)
37.85 mm (1.4902 in.)
38.05 mm (1.4980 in.)

43.15 mm (1.6988 in.)
43.35mm (1.7067 in.)
43.55 mm (1.7146 in.)

37.65 mm (1.4823 in.)
37.85 mm (1.4902 in.)
38.05 mm (1.4980 in.)

47.15 mm (1.8563 in.)
47.35 mm (1.8642 in.)
47.55 mm (1.8720 in.)

40.15 mm (1.5807 in.)
40.35mm (1.5886 in.)
40.55 mm (1.5964 in.)

Valve seat bore diameter
in cylinder head (tolerance
as per ISO allowance H7)

intake
standard
oversize 0.2 mm
oversize 0.4 mm
exhaust
standard
oversize 0.2 mm
oversize 0.4 mm

4200 mm (1.6535 in.)
42.20 mm (1.6614 in.)
42.40 mm (1.6693 in.)

37.50 mm (1.4764 in.)
37.70 mm (1.4842in.)
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 (1.4921in.)

47.00 mm (1.8504 in.)
47.20 mm (1.8583 in.)
47.40 mm (1.8661 in.)

40.00 mm (1.5748 in.)
40.20 mm (1.5827 in.)
40.40 mm (1.5905 in.)

Installation temperature
cylinder head
valve seat insert

122°F (50°C)
—238°F (—150°C)

122°F (50°C)
—238°F (—150°C)

122°F (50°C)
—238°F (—150°C)




Vaives

Valves should be machined using standard valve-grinding
techniques. Table m lists valve specifications. Remove carbon
from the valves using a wire brush or wire wheel.

Testing Valves for Leakage (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 cylin-
der. Place the cylinder 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 drops, that cylinder is not
sealing properly.

Table m. Valve Specifications

b ©

Specification 1984-1987 325, 325e, 325es

Valve head diameter (a)
intake 40 mm (1.575in.)
exhaust 34 mm (1.339in.)

Minimum valve head
thickness (b)

intake 1.3 mm (0.051 in.)
exhaust 20 mm (0.079in.)
Valve face angle (c) 45°

Valve stem diameter (d)

standard 7.0 mm (0.275 in.)
oversize 1 7.1 mm (0.279in.)
oversize 2 7.2 mm (0.283 in.)

1988 325 and all 325i

42 mm (1.654 in.)
36 mm (1.417in.)

1.3 mm (0.051 in.)
2.0 mm (0.079 in.)

45°

7.0 mm (0.275 in.)
7.1 mm (0.279 in.)
7.2 mm (0.283in.)

1984 and 1985 318i

46 mm (1.811 in.)
38 mm (1.496 in.)

1.3 mm (0.051 in.)
2.0 mm (0.079in.)

45°

8.0 mm (0.315in.)
8.1 mm (0.319in.)
8.2 mm (0.323 in.)

41
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5. REMOVING AND INSTALLING ENGINE

Before removing the engine it is 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-cylinder engines)

The air conditioning compressor and the power steering
pump should be unbolted and setaside without disconnecting
any of the refrigerant lines or the power steering fluid lines. The
hood should be either removed fromthe car or supported in its
fully open position.

To remove:

1. Disconnect the cables at the battery, removing the neg-
ative (—) battery cable first. 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
cylinder 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 carenotto damage the front grille assembly. As
an alternative, the hood can be removed from the car.

NOTE ===

A special tool (BMW Tool No. 51 2 120) to hold the
hood inthe fully open position is available froman
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 ignition coil.
Remove the high tension wire from the center of the
ignition coil. Disconnect and label the two wires from the
coil. See Fig. 5-1. Unclip the ignition coil wiring 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. Ignition coi with protective cover.

5. Disconnect the oxygen sensor wire. The connector is

clipped to the side of the battery tray.

. Remove the trim panel from above the glove compart-

ment. Carefully disconnect the harness connectors from
the idle speed control unit and the L-Jetronic control unit.
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, pull the idle
speed and L-Jetronic control unit wiring harness into the
engine compartment.

. On models with automatic transmission, disconnect the

connectors from the temperature switch located in the
firewall behind the distributor.

. Disconnect the harness connector(s) from the ignition

control unit. 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. 5-4. Intake air temperature sensor (arrow).

10. Remove the cover and slide the 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. 5-5.

Fig. 5-2. Idle speed control unit (@) L-Jetronic control unit (b) 11. Remove the intake air boot between the throttle housing
harness connectors. White 3-point harness con- and the air flow sensor. Remove the two air filter housing
nector at arrow. mounting nuts and remove the air filter assembly. See

Fig. 5-5.

Fig. 5-3. Ignition control unit (Bosch type) connector and

vacuum idvince solen?lddp?ptr)w(atctort) atr:d hﬁses Fig. 5-5. Auxiliary relay panel (c), air flow sensor connector
(arrows).' ophose goes fo distributor, bottom hose (d), air filter housing mounting nuts (e), and intake
goes to intake manifold. air boot (§)

9. Disconnect the connector from intake air temperature
sensor. Sensor is located in the intake air duct behind
the headlight. See Fig. 5-4.

12. Disconnect  accelerator cable its fitting. If appli-
cable, disconnect the automatic transmission throttle
cable and the cruise control cable. Disconnect the large
brake booster vacuum hose intake manifold.



13. Remove the coolant hose clamp from the intake manifold 15. Disconnect the fuel supply line and fuel return line. Re-
support bracket. Disconnect the vacuum hose from the move the bracket that secures the supply line to the fuel
charcoal canister. See Fig. 5-6. rail. See Fig. 5-8.

Fuel may be expelled under pressure. Do not
smoke or work near heaters or other fire hazards.
Keep a fire extinguisher handy.

Wrap a cloth around the hose to absorb leaking
fuel.

Fig. 5-6. Coolant hose clamp on intake manifold bracket (g)
and charcoal canister vacuum hose (h).

14. Lift off the fuse/relay panel cover. Disconnect the large
harness connector and free the harness from the relay
panel. See Fig. 5-7.

Fig. 5-8. Fuel supply line (i), fuel return line (j), and supply
line bracket (k).

16. 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 lines, carefully remove the com-
pressor from the engine and secure it to the body using
stiff wire.

WARNING ==

Refrigerant hoses 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.

Be ready to catch the compressor as it separates
from the bracket. Support the compressor using
stiff wire.

Fig. panel cover removed Disconnect har-
ness connector (arrow).



17.

18.

Fig. 5-9. Air conditioning - compressor mounting bolts.
Loosen outer bolts (I) and remove inner bolts (m).

Without disconnecting any hydraulic lines, remove the
power steering pump from the engine as described in
SUSPENSION AND STEERING.

Working under the car, remove the through-bolt from the
engine damper. See Fig. 5-10. Remove the braided
ground strap that is mounted to the oil pan.

Fig. 5-10. Location of engine damper. damper
through-bolt (arrow).

19. Install an engine lifting device, using the front and rear
lifting points shown in Fig. 5-11.

Fig. 5-11. Location of rear engine lifting point in transmission
bellhousing (left arrow) and front lifting bracket on
cylinder head (right arrow).

20. Remove the nuts that secure the left and the right motor
mounts. See Fig. 5-12. Carefully raise the engine out of
the car, checking for any wiring, fuel lines, or mechanical
parts that might become snagged as the engine is
removed.

Fig. 5-12. Mounting nut for right engine mount (arrow) as
viewed from beneath car. Left engine mount is
similar.
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Installation is the reverse of removal. When installing the
engine into the engine compartment, make sure the guide pins
in the left and right engine mounts engage the bores in the front
subframe (axle carrier). Engine mount tightening torques are
listed in Table n.

Table n. Engine Torques

Rubber mount to mount bracket . . . .43-48 Nm (32-35 ft. Ib.)

Rubber to subframe
MIO . ... 43-48 Nm (32-35 ft. Ib.)
M8 .. .. 25-28 Nm (18-21 ft. Ib.)
Mount bracket to engine
M10 ... ... 43-48 Nm (32-35 ft. Ib.)
M8 ... 22-24 Nm (16-18 ft.lb.)

Adjust the tension of all V-belts as described in LUBRICA-
Refill the cooling system as de-
scribed in SYSTEM. Change the engine oil and filter
as described in LUBRICATION AND MAINTENANCE. Adjust
ignition timing as described in Adjust the
accelerator cable, check the idle speed and adjust idle mixture
as described in FUEL SYSTEM. Adjust the transmission throttle
cable as described in AUTOMATIC TRANSMISSION.

Removing (6-cylinder engines)

The air conditioning compressor and the power steering
pump should be unbolted and set aside without disconnecting
any ofthe refrigerant lines or the power steering fluid lines. The
hood should be either removed from the car or supported in 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 grille assembly. As
an alternative, the hood can be removed from the car.

NOTE

A special tool (BMW Tool No. 51 2 120) to hold the
hood in the fully open position is available froman
authorized BMW dealer parts department.

2. Disconnect the cables at the battery. Except on convert-
ible models, disconnect and label the wires at the battery
junction block. Disconnect the connectors for the tem-
perature sensor. See Fig. 5-13.

CAUTION ==

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. 5-13. 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. 5-14.

Fig. 5-14. Oxygen sensor connector disconnected (arrow).
Types of connectors may vary between models.

4. Remove the trim panel from above the glove compart-
ment. Carefully disconnect the harness connectors from
the Motronic control unit. Disconnect the white (3-pin)
harness connector leading out of the Motronic harness.
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10.

11.

12.

On 1984 through 1987 325 and 325e(es) models, re-
move the mounting bolt for the idle speed control unit
and disconnect the harness connector. See Fig. 5-15.

Fig. 5-15. Motronic control unit (a), idle speed control unit
(b), and 3-point harness connector (€) as viewed
from above glove compartment.

Working from the engine compartment, pull the idle
speed and Motronic control unit wiring harness into the
engine compartment. Cut any wire ties securing the
harness to the body.

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.

Remove the high tension wire from the center of the
ignition coil. Disconnect and label the two small wires
from the cail.

On 1988 and later models, disconnect the wire from the
oil pressure switch thatis mounted in the block near the
oil filter. Fig. 7-1 shows the location. Pull the wiring
harness from its clips on the front of the engine.

On 1984 through 1987 models, remove the two mount-
ing bolts from the coolant expansion tank.

On 1988 and later models, disconnect the coolant hose
from the bottom of the coolant expansion tank. See Fig.
5-16.

Remove the sensor wires and the overflow hose fromthe
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.

Fig. 5-16. Coolant expansion tank hose (arrow) on 1988 and
later models.

13. On 1984 and 1985 models, remove the protective cover

from the fuse/relay panel harness connector and sepa-
rate the connector. Cut the wire ties until the harness is
free. See Fig. 5-17.

Fig. 5-17. Fuse/relay panel harness connector cover (arrow)
on 1984 and 1985 models.

14. On 1986 and later models, unclip the main harness

connector from the bracket and unscrew the connector
to separate it at the firewall. See Fig. 5-18.



Fig. 5-18. Main harness connector separated on 1986 and

later models. Fig. 5-20. Accelerator cable, automatic transmission throttle
cable, and cruise control cable disconnected from
15. Slide the auxiliary relay panel from its bracket and free throttle housing. Brake booster vacuum hose

the harness from its mounting points. Disconnect the shown at arrow.

harness connector from the air flow sensor. Remove the
intake air boot between the throttle housing and the air 17. Disconnect the vacuum hoses from the charcoal canis-

flow sensor. Remove the two air filter housing mounting ter. Disconnect the harness connector from the throttle
nuts and remove the air filter assembly. See Fig. 5-19. switch. On later models with Motronic 1.1, disconnect
the harness connector for the purge valve. See Fig. 5-21.

Fig. 5-19. Auxiiary relay panel (d), air flow sensor connector
(e), air fiter mounting nuts (f).

16. 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 intake manifold. See Fig. 5-20.

Fig. 5-21. Charcoal canister vacuum hose (g), and throttle
switch - harness connector (h) disconnected.
Purge valve harness connector installed on mod-
els with Motronic 1.1 shown at (i).
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On 1988 and later models, remove the starter as de-
scribed in ELECTRICAL SYSTEM.

Disconnect the harness connector for the fuel injectors’
wiring harness and remove the harness bracket mounting nuts
as shown in Fig. 5-22.

19.

20.

21.

22.

23.

24.

25.

Fig. 5-22. Fuel injector wiring harness connector (j) and
bracket mounting nuts (k).

On 1988 and later models, disconnect the wiring con-
nectors on the rear of the alternator. Disconnect the
electrical connector adjacent to the alternator.

On 1988 and later models, remove the two nuts that hold
the wiring harnesses to the rear firewall. 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.

On 1988 and later models, disconnect the reference and
speed sensor connectors from their bracket.

Remove the diagnostic connector from its bracket. See
Fig. 5-23. Remove the oil dipstick bracket retaining nut.

On 325i(is) and 325i Convertible models, remove the two
oil cooler lines from the oil filter housing. See Fig. 5-24.

On models with automatic transmission, remove the
bracket that holds the ATF cooler lines to the side of the
oil pan.

Disconnect the fuel return line from the fuel pressure
regulator. See Fig. 4-60. Disconnect the fuel supply line
atthe union beneath the intake manifold.

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 from bracket
(arrows).

Fig. 5-24. Oil cooler lines at oil filter housing (arrows).



26. Without removing or loosening any refrigerant lines,
carefully remove the air conditioning compressor fromits
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.

NOTE ===

Be ready to catch the compressor as it separates
from the bracket. Support the compressor using
stiff wire.

27. Without disconnecting any hydraulic lines, remove the
power steering pump from the engine as described in
SUSPENSION AND STEERING.

28. Working under the car, remove the ground strap running
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 (arow) as viewed from
under the car.

29. Install an engine lifting device on the front and rear lifting
points. The front lifting point is a bracket on the front of
the cylinder 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
lines, or mechanical parts that might become snagged
as the engine is removed.

Installation is the reverse of removal. When installing the
engine into the engine compartment, make sure the guide pins
inthe leftand right engine mounts engage the bores in the front
subframe (axle carrier). Engine mount tightening torques listed
above in Table n can be used for all 6-cylinder engines.

Adjust the tension of all V-belts as described in LUBRICA-
TION AND MAINTENANCE. Refill the cooling system as de-
scribed in COOLING SYSTEM. Change the engine oil and filter
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 in FUEL SYSTEM. Adjust the transmission accel-
erator cable as described in AUTOMATIC TRANSMISSION.

6. CYLINDER BLOCK AND PISTONS

The cylinder block for the engines covered by this manual
are made of cast iron. For extra strength, the sides of the
crankcase extend well below the centerline of the main bear-
ings. The cylinders are integral with the block and are com-
pletely exposed on all sides to the coolant that circulates
through the water jackets.

Cylinder block problems normally result from wear due to
high mileage. Low compression pressures and noise due to
excessive clearances are signs of a seriously worn engine. See
ENGINE MANAGEMENT—DRIVEABILITY for more informa-
tion.

6.1 Cylinder Biock Oil Seals

On all engines covered by this manual, the front cylinder
block oil seal(s) can be replaced with the engine installed.
Replacement of the rear oil seal requires that the engine and
transmission be separated.

Replacing Front Cylinder Block Oil Seals

On models with 4-cylinder engines, the front crankshaft oil
seal can be replaced without removing the timing chain cover
or the timing chain. On models with 6-cylinder engines, it is
necessary to remove the camshaft drive belt and the lower
drive belt sprocket before replacing the crankshaft oil seal or
the intermediate shaft oil seal.

To replace crankshaft oil seai (4-cylinder engines):

1. Remove all V-belts from the front of the engine as de-
scribed in LUBRICATION AND MAINTENANCE.



2. Using a 30 mm socket on the bolt in the center of the

crankshaft, loosen the nut that secures the vibration
damper (crankshaft pulley). Do not remove the nut.

NOTE ===

A special BMW service tool (BMW Tool No. 11 2
100) is available to hold the flywheel stationary
while the vibration damper mounting nut 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
slippage and damage to the vibration damper.

3. Carefully 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.

CAUTION ===

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 of seal being removed.

5.

6.
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Lubricate the nose of the crankshaft and the inside of the
oil seal with engine oil. Install the seal, driving it in until
the seal is flush with the timing chain cover.

CAUTION ==

e The oil seal can be torn as it is placed over the
crankshaft. Use tape around the threads on the
front of the crankshaft.

® 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 shoulderin
the housing.

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 retaining nut to 19010 Nm (140+7 ft. Ib.).
Install all the V-belts as described in 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.

Remove the camshaft drive belt as described in 4.2
Camshaft Drive Belt (6-cylinder engines).

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 puller. Remove the woodruff key from the crankshaft.

NOTE

The crankshaft sprocket mounting bolt is tight-
ened to a torque of approximately 410 Nm (302 ft.
Ib.). A heavy duty holding device, such as BMW
Tool No. 11 2 150, should be used to hold the
sprocket. Use a heavy duty 34-inch drive socket
and breaker bar to break the bolt free.
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4. While holding the intermediate 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 puller. Remove the centering pin
from the intermediate shaft.

CAUTION ===

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. 11 2 190) 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 cylinder block. Pry
the cover from the engine, being careful not to tear the oil
pan gasket.

NOTE ===

If the front end cover is stuck to the oil pan gasket,
use a sharp knife to cut it free.

6. Press the oil seals out of the front end cover. Press the
new seals into the cover until 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 installed
slightly deeper so that they do not ride on the
same area of the shafts. This will allow for a good
seal despite any wear.

7. Apply a light coating of silicone sealer to the portion of
the oil pan gasket that mates to the front end cover.
Apply a light coat of engine oil to the seals. Using a new
front end cover gasket, install the cover. Torque the
smaller M6 mounting boltsto 9 +1 Nm (80+9in. Ib.) and
thelarger M8 boltsto 22 +2 Nm (16 = 1 ft. Ib.). Tighten all
oil pan mounting bolts to 9 to 11 Nm (7 to 8 ft. Ib.).

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
starvation and engine damage.

NOTE ===

@ Permatex® 77B or Wurth® DP-300 sealers can
be used to seal the cover to the gasket.

@ Toprotect 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 oil.

The remainder of the installation is reverse of removal. Be
sure the centering pin is installed in the intermediate shaft.
Torque the intermediate shaft sprocket mounting bolt to 60 +5
Nm (44 =4 ft. Ib.). Be sure the woodruff key is properly aligned
in the crankshaft and install the crankshaft sprocket. Tighten
the crankshaft sprocket mounting bolt to 41020 Nm
(302 = 15 ft. Ib.). Install a new camshaft drive belt as described
under 4.2 Camshaft Drive Belt (6-cylinder engines). Install
the radiator, add coolant and bleed the cooling 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 oil seal requires that the
engine be separated from the transmission and that the fly-
wheel or drive plate be removed. These removal and installa-
tion procedures are described in MANUAL TRANSMISSION
AND CLUTCH or AUTOMATIC TRANSMISSION. On 4-
cylinder engines, drain the engine oil as described in LUBRI-
CATION AND MAINTENANCE.

Once the seal is exposed, remove the mounting bolts for the
oil seal carrier as shown in Fig. 6-2. Loosen, but do not remove,
the oil pan mounting bolts and remove the oil seal carrier. With
the carrier removed, the old seal can be pressed out. Press the
new seal in until it is 1 to 2 mm (0.04 to 0.08 in.) below the
surface of the carrier surface.

NOTE ===

If the oil seal carrier is stuck to the oil pan gasket,
free the coverfrom the gasket using a sharp knife.



Fig. 6-2. Rear crankshaft oil seal carrier mounting bolts (ar-
rows). Transmission, clutch assembly, and flywheel
removed from engine.

When installing the oil seal carrier, apply a light coating of
silicone sealer to the portion of the oil pan gasket that mates to
the carrier. Apply a light coat of engine oil to the lip of the seal.
Install a new gasket and the carrier. Torque the smaller M6
mounting bolts to 9+1 Nm (80+9 in. Ib.) and the larger M8
bolts to 222 Nm (16 =1 ft. Ib.). Tighten all oil pan mounting
bolts to 9 to 11 Nm (7 to 8 ft. Ib.). On 4-cylinder engines, fill the
engine with oil 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
starvation and engine damage.

6.2 Disassembly, Assembly, and Reconditioning
Cylinder Block

Disassembly, assembly, and reconditioning procedures for
the cylinder blocks covered in this manual are similar to those
for most other water-cooled, in-line engines. For anyone with
the proper tools and equipment and basic experience in en-
gine reconditioning, this section provides the specifications
and special reconditioning information necessary to repair
these BMW engines.

if machine shop services are not readily available, one
alternative is to install a BMW remanufactured cylinder block
(engine cylinder block complete with crankshaft, pistons and
connecting rods installed, but without cylinder head or external
components). A remanufactured cylinder block is available
from an authorized BMW dealer parts department.
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Connecting Rods and Pistons

Itis necessary to remove the engine, the cylinder head, and
the oil pan before removing the pistons. See 4. Cylinder Head
and 5. Removing and Installing Engine. If pistons, piston
pins, piston rings, connecting rods, and bearings are to be
reused, they should always be reinstalled in their exact posi-
tions. Parts should never be interchanged between cylinders.

Before removing the pistons, mark the cylinder numbers 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 installation. 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 piston tops as shown in Fig.
6-3. (avoid scratching the piston).

Fig. 6-3. Piston numbering sequence. Arrow points to front
(radiator end) of engine.

The piston pin should fit without any play. No specifications
for the pin-to-rod fit are provided by BMW. The fit can be
checked by pushing the pin through the rod by hand. There
should be slight resistance as the pin moves through the rod.
If the piston pin-to-connecting rod bushing clearance is exces-
sive, replace the connecting rod bushing and piston pin or the
connecting rod. The piston pin circlips should be replaced with
new circlips anytime they are removed. When reassembling
the piston/rod assembly, make sure the oil hole in the rod’s
small end is on the same side as the arrow on the piston 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 up of an alphanumeric code, A1 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 reinstalling the rods, be
sure all matched numbers face the same side of the engine.
When installing the connecting rodto the crankshaft, install the
piston so that the arrow on the piston crown faces the front of
the engine.
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Table o lists connecting rod specifications. Connecting rods
should be carefully checked for bend, twist and bearing bore

Tabie p. Piston Specifications

out-of-roundness using connecting rod alignment tools.

Table 0. Connecting Rod Specifications

(2.0476-2.0479 in.)

Specification 4-cylinder 6-cylinder
Big end diameter
(Bearing shells
removed)
standard 52.000-52.010 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
(2.0472-2.0475in.) | (1.8898-1.8901 in.)
blue 52.009-52.016 mm | 48.009-48.016 mm

(1.8901-1.8904 in.)

Connecting rod

Piston diameter

4-cylinder engine

6-cylinder engine

standard 88.97 mm 83.98 mm
(3.5027 in.) (3.3063 in.)
special 89.05 mm 84.06 mm
(3.5059in.) (3.3094 in.)
oversize 1 89.22 mm 84.23 mm
(8.5126in.) (8.3161 in.)
oversize 2 89.47 mm 84.48 mm
(3.5224 in.) (3.3260in.)
Piston to cylinder
clearance
new 0.02-0.05 mm 0.01-0.04 mm
(.0008-.0020 in.) (.0004-.0016 in.)
wear limit 0.15 mm 0.12 mm
(0.0060 in.) (0.0047 in.)
Weight difference 10 grams (.35 oz.) 10 grams (.35 0z.)
between pistons
(maximum
permissible)

bushing
outside 24.060-24.100 mm | 24.060-24.100 mm
diameter (0.9472-0.9488 in.) | (0.9472-0.9488 in.)
inside diameter 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 parallel 0.04 mm 0.04 mm
deviation of (0.0016 in.) (0.0016 in.)
connecting rod
bores (bearing
shells installed) at
distance of 150
mm (5.905 in.)
Maximum
deviation of
weight between
connecting rods
(bearing shells
removed)
total +4.0 grams +4.0 grams
(14 oz) (.14 oz,)
small end only +2.0 grams +2.0 grams
(.07 oz) (.07 oz.)
big end only +2.0 grams +2.0 grams
(.07 oz.) (.07 oz.)
Connecting rod 52-57 Nm 20 Nm (14.5 ft. Ib.)
bolttorque (38-42ft. Ib.) plus an additional

70°

Piston specifications are listed in Table p. When replacing
pistons, use only pistons having the same weight class. The
piston weight class is stampedwitha “ 4+ or “ — "’ on the piston
top. The total weight difference between the pistons should not
vary more than 10 grams (.35 0z.). The nominal piston diameter
is also stamped on the crown. See Fig. 6-4. When installing the
pistons, make sure the arrow on the piston top faces the front
of the engine.

Fig. 6-4. Piston crown identification markings. Arrow should
face front. Nominal piston 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 piston diameter, make measurements
at three places around the piston at the height indicated in Fig.
6-5, using the information listed in Tabte g or Table r.
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Cylinders

Measure cylinder bores at approximately the top, the mid-
dle, and the bottom of piston travel. Make all measurements at
right angles (90°). Cylinder bore measuring points are shown in

Fig. 6-5.

Table g.

Manufacturer

Mahle

Distance from bottom of piston skirt to measuring
point (A) for determining piston diameter. Distance
varies between engines depending on piston man-
ufacturer.

Piston Skirt Measuring Points
(4-cylinder engine)

Distance A
14.00 mm (0.551 in.)

Fig. 6-6. Cylinder bore diameters are listed in Table s.

[Omm

B2Y5 M. B

Fig. 6-6. Cylinderboremeasuring points. Top (1) and bottom
(8) measurements should be made at least 10 mm
(¥sin.) from ends of cylinder, first in direction A and
then in direction B.

KS 30.85 mm (1.215in.)

Alcan 15.50 mm (0.610 in.)

Table r. Piston Skirt Measuring Points

(8-cylinder engine)

Table s. Cylinder Bore Specifications

Specification

4-cylinder engine

6-cylinder engine

Manufacturer Total piston height Distance A Cylinder bore
diameter
325,325e models standard 89.00" 5%'mm 84.0072%"mm
Mahle 68.7 mm (2.705in.) 8 mm (0.315in.) (3. 5039*0 0004, in.) (3.3071 +0 0004 )
KS 68.7 mm (2.705in.) 14 mm (0.551in.) ial +0. 01 ool
Mahle or KS 77.7mm (3059 in) 23 mm (0.905 in) speca ?3?5()(?71 % 00004 in) (8;;802+05%52 in)
325i models oversize 1 89. 25+°°‘mm 84. 25+°°‘mm
Mahle 73.6 mm (2.898in.) 9 mm (0.354 in.) 3. 5138*00004 n.) (3. 3169*00004 n.
oversize2  89. 50*°°1mm 84. 50+°°’mm
3. 5236* 00004 ) 3. 3268+° 00043, )
Maximum 0.01 mm 0.03 mm
out-of-round (0.0004 in.) (0.0012in.)
Maximum 0.01 mm 0.02mm
conicity (0.0004 in.) (0.0008 in.)
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Piston Rings

Piston ring end gaps are checked with the piston rings
inserted approximately 15 mm (% in.) from the top of the
cylinder. See Fig. 6-7. The piston ring end gap specifications
are listed in Table t. The gap should be checked after the final
cylinder hone.

Fig. 6-7. Pistonring end gap being checked in cylinder block
using feeler gauge.

Table t. Piston Ring End Gap

Piston ring 4-cylinder engine 6-cylinder engine
Upper 0.30-0.70 mm 0.30-0.50 mm
compression ring (0.012-0.028 in.) (0.012-0.020 in.)
(top ring)

Lower 0.20-0.40 mm 0.30-0.50 mm
compression ring (0.008-0.016 in.) (0.012-0.020 in.)
(middle ring)

Oil ring 0.25-0.50 mm 0.25-0.50 mm

(bottom ring) (0.010-0.020 in.) (0.010-0.020 in.)

Piston ring side clearance is checked using feeler gauges.
Measure each ring in its original groove as shown in Fig. 6-8.
Piston ring side clearance specifications are listed in Table u.

Install the rings with the gaps offset from each other by 120°.
Each ring should be installed so that the word “TOP” found on
each ring faces up. Lightly coat the cylinders and the rings with
engine oil before installation.

Fig. 6-8. Measuring piston ring side clearance with feeler
gauge.

Table u. Piston Ring Side Clearance

Piston ring

Upper
compression ring
(top ring)

Lower
compression ring
(middle ring)

Qil ring (bottom
ring)

4-cylinder engine

0.06-0.09 mm
(0.0024-0.0035 in.)

0.03-0.072 mm
(0.0012-0.0028 in.)

0.02-0.06 mm
(0.0008-0.0024 in.)

6-cylinder engine

0.040-0.072 mm
(0.0016-0.0028 in.)

0.030-0.062 mm
(0.0012-0.0024 in.)

0.020-0.042 mm

(0.0008-0.0017 in.)

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 cylinder block. Crankshaft main bearing caps
must not be interchanged. Crankshaft main bearing shells, if
they are to be used, should only be installed in their original
positions.

Crankshaft journal diameters are listed in Table v. Crank-
shaft clearance specifications are listed in Table w. Crankshaft
bearings are avai