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Foreword 
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 to an 
authorized BMW dealer service deoartment as this manual went to Dress. The BMW owner with , 
no intention of working on his or her car will find that owning and referring to this manual makes it 
possible to be better informed and to more Itnowledgeably discuss repairs with a professional 
automotive technician. 

If you are a BMW owner intending to do maintenance and repair work, make sure you 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 
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 are in 010 General. 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 talten 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. 

Prior to starting a repair procedure, read the procedure, 001 General Warnings and Cautions 
and the warnigns and cautions that accompany the procedure. 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 gasltets. 

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 worlc. Please see the following web address: 

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 





001 General Warnings and Cautions 

PLEASE READ THESE WARNINGS AND CAUTIONS 
BEFORE PROCEEDING WITH MAINTENANCE AND REPAIR WORK. 

WARNINGS- 
See also CAUTIONS 

- Some repairs may be beyond your capability. If you lack the skills, - Catch draining fuel, oil, or brake fluid in suitable containers. Do 
tools and equipment, or a suitable workplace for any procedure not use foodor beverage containers that might mislead someone 
described in this manual, we suggest you leave such repairs to into drinking from them. Store flammable fluids away from fire 
an authorized BMW dealer service department or other qualified hazards. Wipe up spills at once, but do not store the oily rags, 
shop. which can ignite and burn spontaneously. . Do not reuse any fasteners that are worn or deformed. Many fas- Always observe good worRshop practices. Wear qoqqles when 
teners are designed to be used only once and become unreliable you operate machine tools or work with battery acid:kloves or 
and mav fail when used a second time. This includes, but is not other ~rotective clothino should be worn whenever the iob re- 
limited io, nuts, bolts, washers, self-locking nuts or bolts, clrclips yires' working with harmful substances. 
and cotter pins. Always replace these fasteners with new parts. Greases, lubricants and other automotive chemicals contain toxic . Never work under a lifted car unless it is solidly supported on substances, many of which are absorbed directly through the 
stands desiqned for the purpose. Do not supeort a car on cinder skin. Read the manufacturer's instructions and warninos careful- 
blochs, hollow tiles orotherbrops that may drurnbie undercontin- 
uous toad. Never work under a car that is supported solely by a 
iack. Never work under the car while the enqine is runninq. - - 
If you aregoing to work underacaron the ground, makesure that 
the ground is level. Block the wheels to keep the car from rolling. 
Disconnect the battery negative (-) terminal to prevent others 
from starting the car while you are under it. - Never run the engine unless the work area is well ventilated. Car- 
bon monoxide kills. 

Rings, bracelets and other jewelry should be removed so that 
they cannot cause electrical shorts, get caught in running ma- 
chinery, 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 in- 
crease the danger of injuryto yourseliand others if you are tired, 
uDset or have taken medication or anv other substance that mav 
keep you from being fully alert. 

Illuminate your work area adequately but safely. Use a portable 

iy. Use hand and eye protection. Avoid direct skin conGct. 

Disconnect the battery negative (-) terminal whenever you work 
on the fuel system orthe electrical system. Do not smokeorwork 
near heaters or other fire hazards. Keep an approved fire extin- 
guisher 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 friclion material dust can 
lead to serious diseases and may result in death. 

Batteries giveoff 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 ex- 
plode. 

Connect and disconnect battery cables, jumper cables or a bat- 
tery charger only wilh 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 
battery a second time. 

. . 
safety lighiforworking lnsideor under the car. Make sure the bulb - Do not allow battery charging vollage to exceed 16.5 volts. If the 
is enclosed bv a wire caoe. The hot filament of an accidentallv batten! beoins ~roducina oas or boilino violentiv, reduce the 
broken bulb can ignite spilled fuel, vapors or oil. 

, - - - 
charglng rate. ~oost lng a sutfaled battery at a i g h  charging rate 
can cause an explosion. 

- 
Continued on next page 



I General Warnings and Cautions 

WARNINGS (continued) 

. The air conditioning system is filled with chemical refrigerant, 
which is hazardous. The AIC system should be serviced only by 
trained technicians using approved refrigerant recoverylrecycling 
equipment, trained in related safety precautions, and familiar with 
regulations governing the discharging and disposal of automotive 
chemical refrigerants. . Do not expose any part of the AIC system to high temperatures 
such as open flame. Excessive heat will increase system pres- 
sure 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 least four times before breaking the bead from the rim. 
Completely remove the tire from the rim before attempting any re- 
pair. 

Cars covered by this manual are equipped with a supplemental 
restraint system (SRS), that automatically deploys airbags and 
pyrotechnic seat belt tensioners In the event o i  a frontal or side 
impact. These are explosive devices. Handled improperly or with- 
out adequate safeguards, they can be accidently activated and 
cause serious injury. - 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 the manufacturer. 
The vehicle illtino iack su~olied with the vehicle is intended fortire -. , . 
changes only. A heavy duty floor jack should be used lo lift vehicle 
before installing jacl( stands. See 010 General. - Battery acid (electrolyte) can cause severe burns. Flush contact 
area with water, seek medical attention. 

Aerosol cleaners and solvents may contain hazardous or deadly 
vapors and are highly flammable. Use only in a well ventilated ar- 
ea. 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. 

CAUTIONS- 
See also WARNINGS 

- if you lack the slqills, tools and equipment, or a suitable worl(shop 
for any procedure described in this manual, 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 deal- 
er parts department for the latest information. 

Before starting a job, make certain that you have all the neces- 
sary tools and parts on hand. Read ail the instructions thorough- 
ly, and do not attempt shortcuts. Use tools appropriate to the 
work and use only replacement parts meeting BMW specifica- 
tions. 

Use pneumatic and electric tools only to loosen threaded parts 
and fasteners. Never use these tools to tighten fasteners, espe- 
cially 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. Dispose of waste 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 tem- 
peratures in excess of 185°F (8S°C) for more than two hours. - 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, bat- 
tery cables are not color coded. 

Disconnecting the battery may erase fault code@) stored in control 
module memory. Using special BMW diagnoslic equipment, check 
lor iauit codes prior to disconnecting the battery cables. If the mal- 
I.mct on ndicator Ignt (MIL) s I. ..minaled. see OBD On-Board 
Diaanostics Tl11s iant is iuenlfted as lne Check Ena~ne oht 
(1997-2000 models j o r~e rv l ce  Engine Soon light (2061 andlater 
models). If any other system iaults have been detected (indicated 
by an illuminated warning light), see an authorized BMW dealer. 

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 the vehicle. - 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. 

* 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 bat- 
tery'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 
charging rate. Boosting a sulfated battery at a high charging rate 
can cause an explosion. 



002 Vehicie identification and 
VlN Decoder 

Vehicle identification Number (VIN), decoding 
Some of the information in this manual applies only to cars of a parlicuiar model year or range 
of vears. For examole. 1999 refers to the 1999 model vear but does not necessarilv malch the 
caiendsr year in which the car was manufactured or sold. To be sure of the model year of a 
particular car, checic the Vehicle ldentification Number (VIN) on the car. 

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

The BMW VIN is on a plate mounted on top of the dashboard, on the driver's side where the 
number can be seen through the windshield, The 10th character is the model year code. The 
letters I. 0, Q and U are not used for model year designation. Examples: X for 1999, Y for 2000, 
1 for 2001,2 for 2002, etc. The table below explains some of the codes in the VIN for 1997 
through 2002 BMW E39 5 Series BMWs covered by this manual. 

Sample VIN: ~ ~ I z ~ o ~ w ~ B ~ w ~  1 3  8 9 1 
lposition 1 2 3 z i  5 6 7 8 9 10 11 12-17 

VIN 
position Description Decoding information 

1 - 3  Countrv of WBA B 
I J 1 znan~+q ;BT 

BMW Molorsporl. Gmon, ~ ; n c h  Gerrn;!n, 
Linc 525 (2UU1 - 2003) 528 (2000-2003. 530; 540 i 

5 

1 

Manual belts with dual airbags 
Manual belts with advanced airbaos 

Series 

Body type i 
engine lype . .. 

D 5251 (2001 - 2002), 528i (1997 - 2000) 
E MS. 530i, 540i (1997 - 1998) 
J 5251 Wagon 
M 528i (1999 - 2000) 
N 5401 Sedan (1999 - 2003) 540i wagon (2001) 
P 528i wagon (1999 - 2000) 
R 540i waaon 12002 - 20031 

6,4 Aulomatic 
5,3 Manual 

Vehicle type 3.4.7 Passenger vehicle 

Checlr digit 

Model year 

Restraint system 1 0 Manual belts 

3 Manual belts wilh driver & passenger airbags 
4 Manual belts with advanced passenger B driver airbags 

0 - 9 or X, calculated by NHTSA 
V 1997 
W 1RRR 

Assembly plant A, F, K Munich, Germany 
B, C, D, G Dingolfing. Germany 
E, J. P Reqensburq. Germany . 

Serial number Sequential produclion number lor specific vehicle 
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General 

This section is intended to help the do-it-yourselfer get start- 
ed. Tips on workshop practices, basic tools, and a quick refer- 
ence guide to emergencies can be found here. 

WARNING- 
Do not use this manual unless you are familiar with basic 
automotive repair procedures and safe workshop 
practices. 

0 This manual illustrates the worl<shop procedures re- 
quired for most service work; it is not a substitute for full 
and up-to-date information from the vehicle manufac- 
turer or for proper training as an automotive technician. 

Note that it is not possible to anticipate all of the ways 
or conditions under which vehicles may be serviced or 
to provide cautions as to all of the possible hazards that 
may result. 

MOW TO USE THIS MANUAL 

WARNING - 
Your common sense and goodjudgement are crucial to safe 
and successful service work. Read procedures through be- 
fore starting them. Think about whether the condition of your 
cac your level of mechanical skill, or pour level of reading 
comprehension might result in or contribute in some way to 
an occurrence that might cause you injury, damage your car; 
or result in an unsafe repair. If you have doubts for these or 
other reasons about your ability to perform safe repair work 
on your car; have the work done at an authorized BMW deal- 
er or other qualified shop. 

The manual is divided into ten sections: 

0 GENERAL, MAINTENANCE 

0 I ENGINE 

2 TRANSMISSION 

3 SUSPENSION, STEERING AND BRAKES 

4 BODY 

5 BODY EQUIPMENT 

6 ELECTRICAL SYSTEM 

7 EQUIPMENT AND ACCESSORIES - ELE ELECTRICAL WIRING DIAGRAMS 

OBD ON-BOARD DIAGNOSTICS 



General 

0 GENERAL, MAINTENANCE covers general vehicle infor- 
mation (010 General) as well as the recommended mainte- 
nance schedules and service procedures to perform BMW 
scheduled maintenance work (020 Maintenance). 

The next seven sections (1 through 7) are repair based and 
organized by three digit repair groups. Most major sections 
begin with a GENERAL repair group, e.g. 100 Engine-Gen- 
eral. These " 0 0  (double zero) groups contain descriptive the- 
ory of operation and system troubleshooting information. The 
remainder of the repair groups within a section contain the 
service and repair information. The last two sections contain 
detailed electrical wiring schematics and OBD II scan tool and 
diagnostic information. 

Warnings, cautions and notes 

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

WARNING- 
The text under this heading warns of unsafe practices that 
are very likely to cause injury, either by direct threat to the per- 
son(~) performing the work orby increasedrisl( of accident or 
mechanical failure while drivinq. 

CAUTION- 
A CAUTION calls attention to importantprecautions to be ob- 
senfed during the repair work that will help prevent acciden- 
tally damaging the car or its parts. 

NOTE- 
A NOTE contains helpful information, tips that will help in do- 
ing a betterjob and completing it more easily. 

Please read every WARNING, CAUTION, AND NOTE in 001 
General Warnings and Cautions and as they appear in re- 
pair procedures. They are very important. Read them before 
you begin any maintenance or repair job. 
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General 

WARNING- 
Never run the engine in tile work area unless it is well-ven- 
tilated. The exhaust should be vented to the outside. Car- 
bon monoxide (CO) in exhaust kills. 

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

Remove rings, watches, and bracelets. Aside from the 
dangers of moving parts, metallic jewelry conducts 
electricity and may cause shorts, sparks, burns, or 
damage to the electricalsystem when accidentally con- 
tacting the battery or other electrical terminals. 

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

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

The fuel system is designed to retain pressure even 
when the ignition is off When worlcing with the fuelsys- 
tem, loosen the fuel lines slowly to allow the residual 
pressure to dissipate gradually. Take precautions to 
avoid spraying fuel. . Illuminate the worlc area adequately and safely Use a 
portable safety light for worlcing inside or under the car. 
A fluorescent type light is best because it gives off less 
heat. If using a light with a normal incandescent bulb, 
use rough service bulbs to avoid breakage. The hot fil- 
ament of an accidentally broken bulb can ignite spilled 
fuel or oil. 

Keep sparks, lighted matches, and any 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 compartment or 
on top of the battery. They may fallinto confinedspaces 
and be difficult to retrieve, become caught in belts or 
other rotating parts when the engine is started, or 
cause electrical shorts and damage to the electrical 
system. 



General 

Much of the necessary maintenance and minor repairthat an 
automobile will need can be done with ordinary tools. Below 
you'll find important information on how to work safely, a dis- 
cussion of what tools will be needed and how to use them. 

Safety 

Although an automobile presents many hazards, common 
sense and good equipment can help ensure safety. Many ac- 
cidents happen because of carelessness. Pay attention and 
stick to the safety rules in this manual. 

Lifting the car 

4 The proper jacking points should be used to raise the car 
safely and avoid damage. The jack supplied with the car can 
only be used at the four side points (arrows) just behind the 
front wheels or just in front of the rear wheels. 

WARNING- . Never work under a lifted car unless i t  is solidly supported 
on jack stands that are intended for that purpose. 

When raising the car using a floorjack or hydraulic lift, 
carefully position the jack pad to prevent damaging the 
car body. 

* Watch the jack closely. Male sure it stays stable and 
does not shift or tilt. As the car is raised, it may roll 
sliahtlv and the jack mav shift. 

Raising car 

- Park car on flat, level surface. 

- If changing a tire, loosen lug bolts before raising car. See 
Changing a tire. 

Place jack into position. Malte sure jack is resting on flat, sol- 
id surface. Use a board or other support to provide a firm sur- 
face for jack, it necessary. 

- Raise car slowly while constantly checking position of jack 
and car. 

- Once car is raised, bloclc wheel that is opposite and farthest 
from jack to prevent car from unexpectedly rolling. 



(General 

WARNING- 
Do not rely on the transmission or the parking brake to 
keep the car from rolling. They are not a substitute forpos- 
itively bloclcing the opposite wheel. 

Never work undera car that is supported only by a jaclc. 
Use jack stands designed to support the car. See 
Tools. 

Working under car 

- Disconnect negative (-) cable from battery so that car cannot 
be started. Let others know what you will be doing. 

CAUTION-- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Raise car slowly as described above. 

- Use at least two jack stands to support car. Use jack stands 
designed for the purpose of supporting a car. See Tools. 

WARNING- 
* A jaclc is a temporary lifting device and should not be used 

alone to support the car while you are under it. 

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

- Place jaclc stands on firm, solid surface. If necessary, use a 
flat board or similar solid object to provide a firm footing. 

- Lower car slowly until its weight is fully supported by jack 
stands. Watch to make sure that the jack stands do not tip or 
lean as the car settles on them. 

- Observe all jacking precautions again when raising car to re- 
move jack stands. 



General 

ADVICE FOR THE BEGINNER 
The tips that follow are general advice to help the do-it-your- 
self BMW owner periorm repairs and maintenance taslts 
more easily and more professionally. 

Planning ahead 

Know what the whole job requires before starting. Read the 
procedure thoroughly, from beginning to end, in orderto know 
just what to expect and what parts will have to be replaced. 

Workshop practices 

Keeping things organized, neat, and clean is essential to do- 
ing a good job. When working under the hood, iender covers 
will protectthe finish from scratches and otherdamage. Make 
sure the car finish is clean so that dirt under the cover does 
not scratch the iinish. 

Any repair job will be less troublesome if the parts are clean 
For cleaning old parts, there are many solvents and parts 
cleaners commercially available. 

For cleaning parts prior to assembly, commercially available 
aerosol cans of parts cleaner or brake cleaner are handy to 
use, and the cleaner will evaporate completely. 

WARNING- 
Most solvents used for cleaning parts are highly flammable 
as well as toxic, especially in aerosol form. Use with extreme 
care. Do not smoke. Do not use these products indoors or 
near any source of heat, sparks or flame. 

Non reusable fasteners 

Many fasteners used on the cars covered by this manual 
must be replaced with new ones once they are removed. 
These include but are not limited to: bolts, nuts (self-locking, 
nylock, etc.), roll pins, clips and washers. Genuine BMW 
parts should be the only replacement parts used for this pur- 
pose. 

Some bolts are designed to stretch during assembly and are 
permanently altered, rendering them unreliable once re- 
moved. These are known as torque-to-yield fasteners. Al- 
ways replace fasteners where instructed to do so. Failure to 
replace these fasteners could cause personal injury orvehi- 
cle damage. See an authorized BMW dealer for applications 
and ordering information. 



General 

Tightening fasteners 

When tightening the bolts ornuts on acomponent, it is always 
good practice to tighten the bolts gradually and evenly to 
avoid misalignment or over-stressing any one portion of the 
component. For components sealed with gaskets, this meth- 
od helps to ensure that the gasket will seal properly. 

WARNING - 
Table a: General bolt tightening torques in Nm (max. 
permissible) is a general reference only The values listedin 
the table are not intended to be usedas a substitute for tor- 
ques specifically called out in the text or in manufacturer's in- 
formation. 

4 Where there are several fasteners, tighten them in a se- 

NOTE- 
* Metric bolt classes or grades are rnarlced on the bolt head. 
* Do not confuse wrench size with bolt diameter. Fora listing 

of the common wrenches used on various bolt diameters, 
see Basic tool requirements. 

2 
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quence alternating between opposite sides of the compo- 
nent. 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 particular order of assembly is required. Such special 
conditions are noted in the text, and the necessary sequence 
is described or illustrated. Where no specific torque is listed, 
Table a: General bolt tightening torques i n  Nm (max. per- 
missible) can be used as a general guide for tightening fas- 
teners. 



General 

Table a. General bolt tightening torques in Nm 
(max. permissible) 

Bolt Class (according to DIN 267) 

Gaskets and seals 

Gasket aredesigned to crush and become thinner as the mat- 
ing parts are bolted together. Once agasket has been used, it 
is no longer capable ;f malting as good a seal as when new, 
and is much more likely to leak. Forthis reason, gaskets 
should not be reused. 

Some gaskets and seals are d~rectional. Make sure thatthese 
are ~nstalled correctly. In places where a shaft must pass 
through a housing, flex~ble lip seals are used to keep the lubri- 
cating 011 or grease from leaking out past the rotatlng shaft. 
Seals should never be reused once they have been removed. 
When rernovlng a seal, be careful not to damage the metal 
surfaces. 

The ltey to seal installation is to get the seal in straight without 
damaging it. Use a seal driver that is the same diameter as 
the seal housing to gently and evenly install into place. If a 
proper size seal driver is not available, a socket of the right 
size will do. 

Some seals are directional and special installation instruc- 
tions apply. Make sure a seal is installed with the lip facing the 
correct way. Note the installation direction of the old seal be- 
fore removing it. 
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General 

Electrical testing 

Many electrical problems can be understood and solved with 
only a little fundamental knowledge of how electrical circuits 
function. 

Electrical 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 bat- 
tery, whether through the wiring harness or the car body. Ex- 
cept for portions of the charging system, all electrical current 
in the car is direct current (DC) and flows from positive (+) to 
negative (-). 

4 Switches are used to turn components on or off by complet- 
ing or interrupting the circuit. A switch is "open" when the cir- 
cuit is interrupted, and "closed" when the circuit is completed. 
See 600 Electrical System-General for electrical trouble- (LW, 1 shooting 

Wire repairs 
Light bulb 
(consumer) ' - Repairs to a wiring harness require special care to make the 

repair permanent. The wire ends must be clean. if frayed or 
Car body otherwise damaged, cut off the end and remove enough insu- 
(ground) i 

Battery 
lation to complete the repair. if the wire is too short, splice in a 

BOZLiEL new piece of wire of the same size and make two connec- 
tions. 

Use connectors that are designed for the purpose. Crimped 
on orsoldered-on connectors are best. Crimp connectors and 
special crimping pliers are widely available. If soldering, use 
needle nose pliers to hold the wire near the solder joint and 
create a "heat dam". This keeps the heat and the solder from 
traveling up the wire. Always use a solder made specifically 
for electrical work (rosin core). 

NOJE- 
Twisting wires together to make a repair is not recommend- 
ed. Corrosion and vibration will eventually spoil the connec- 
tion and may lead to irreparable damage to sensitive 
electronic components. 

Insulate the finished connection. Electronics stores can sup- 
ply heat-shrinkable insulating tubing that can be placed on to 
the wire before connecting, slid over the finished joint, and 
shrunic 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 
free of solder flux or other contamination. Wrap the joint tight- 
ly to seal out moisture. See 600 Electrical System-General 
for more information. 
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General 

Many of the maintenance and repair tasks in this manual call 
forthe installation of new parts, orthe 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 introductorytext and the complete procedure to 
determine which parts will be needed. 

NOTE- 
For some biggerjobs, partial disassembly and inspection is 
required to determine a complete parts list. Read the proce- 
dure carefully and, i f  necessary, male other arrangements to 
get the necessary parts while your car is disassembled. 

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 same specifications, and guaranteed to fit 
and work as intended. Most genuine BMW parts carry a limit- 
ed warranty. 

Many independent repair shops make a point of using genu- 
ine BMW parts, even though they may at times be more ex- 
pensive than parts from other sources. They know the value 
of doing the job right with ihe right parts. Parts from other 
sources can be as good as BMW parts, particularly if manu- 
factured by one of BMW's or~ginal equipment suppliers, but it 
is often difficult to know. 

BMW is constantly updating and improving their cars, often 
malting 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 your BMW parts needs. 

Non returnable parts 

Some parts cannot be returned, even for credit. The best ex- 
ample is electrical parts, which are almost universally consid- 
ered non returnable. Buy electrical parts carefully, and be as 
sure as possible that a replacement is needed, especially for 
expensive parts such as electronic control units. It may be 
wise to let an authorized BMW dealer or other qualified shop 
confirm your diagnosis before replacing an expensive non re- 
turnable Dart. 
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1 General 

Information you need to know 

Model 

When ordering parts it is important that you know the correct 
model designation for your car. Models covered in this E39 
manual are the 525i,5281,530i, 540i in Sedan and Station 
Wagon body styles. 

Model year 

This is not necessarily the same as date of manufacture or 
date of sale. A 1999 model may have been manufactured in 
late 1998, and perhaps not sold until early 2000. It is still a 
1999 model. Model years covered by this manual are 1997 to 
2002. 

Date of manufacture 

This information is necessary when ordering replacement 
parts or determining if any of the warranty recalls are applica- 
ble to your car. The label on the driver's 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 that identify the 
particular car. The VIN appears on the state registration doc- 
ument, and on the car itself. One location is on the right front 
strut tower in the engine compartment (arrow), another in the 
lower left corner of the windshield. 

Engine code 

5 Series car covered in this manual are powered by 6 and 8 - 
cylinderengines. For information on engine codes and en- -. - 
gine applications, see 100 Engine-General. - 

Transmission code 

The transmission type with its identifying code may be impor- : 

tant when buying clutch parts, seals, gaskets, and other .- 
transmission-related parts. For information on transmission 
codes and applications, see 200 Transmission-General. 



BMW dealers are uniquely qualified to provide service for 
BMW cars. Their authorized relationship with the large BMW 
service organization means that they have access to special 
tools and equipment, together with the latest and most accu- 
rate repair information. 

The BMW dealer's service technicians are highly trained and 
very capable. Authorized BMW dealers are committed to sup- 
porting the BMW product. On the other hand, there are many 
independent shops that provide quality repairwork. Checking 
with other BMW owners for recommendations on service fa- 
cilities is good way to learn of reputable BMW shops in your 
area. 

Most maintenance can be accomplished with a small selec- 
tion of tools. Tools range in quality from inexpensive junk, 
which may break at first use, to very expensive and well- 
made tools for the professional. The best tools for most do-it- 
yourself BMW owners lie somewhere in between. 

Many reputable tool manufacturers offer good quality, moder- 
ately priced tools with a lifetime guarantee. These are your 
best buy. They cost a little more, but they are good quality 
tools that will do what Is expected of them. Sears' Craftsman@ 
line is one such source of good quality tools. 

Some of the repairs covered in this manual require the use of 
special tools, such as a custom puller or specialized electrical 
test equipment. These special tools are called out in the text 
and can be purchased through an authorized BMW dealer. 
As an alternative, some special tools mentioned may be pur- 
chased from the following tool manufacturers and/or distribu- 
tors: 

Specialty tool suppliers 

Assenmacher Specialty Tools 
6440 Odeli Place 
Boulder. CO 80301 

Baum Tools Unlimited, Inc. 
P.O. Box 5867 
Sarasota. FL 34277-5867 
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General 

Specialty tool suppliers 

Peake Research, Automotive Products Division 
P.O. Box 28776 
San Jose, CA 95159 
408-369-0406 
support@peakeresearch.com 
http://www.peakeresearch.com 

Basic tool requirements 

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

Screwdrivers 

4 The common flat-blade type, Phillips type, and TorxO type 
screwdrivers will handle almost all screws used on BMWs. 
Two or three different sizes of each type will be required, 
since a screwdriver of the wrong size will damage the screw 
head. 

Wrenches 

4 Wrenches come in different styles, including open-end. 12 
point box-end, 6 point box-end and flare nut. The basic open- 
end wrench is the most widely used, but grips on only two 
sides. The box-end wrench has better grip on all six sides of 
a nut or bolt. 

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 is the most universal. It has one 
open-end and one box-end. 10 mm and 13 mm wrenches are 
the most common sizes needed. A more complete set of 
wrenches would include 6 mm through 19 mm sizes. 



Sockets 

Socltets are used with a ratchet handle for speed and conve- 
nience and can be combined with extensions and universal 
joints (swivels) to reach fasteners more easily. The most 
common socket drive sizes are 114 inch, 318 inch and 112 inch. 

Sockets come in 6 point and 12 point styles. The 6 point offers 
a better grip on tight nuts and bolts. 6 mm to 19 mm socltets 
are the most needed sizes. Below is a list of typical bolt diarn- 
eters and the corresponding wrench sizes. 

Common bolt diameters and wrench sizes 

M5 8 rnrn 

M6 10 rnm 

M8 12rnrnor13rnrn 

M I  0 17 rnrn 

M I2  19 rnrn 

M14 22 mm 

Spark plug socket 

4 A 518" deep-well socket for sparlt plugs includes a rubber in- 
sert to both protect the spark plug from damage and grip it for 
easier removal. 

Pliers 

There are many types of pliers including snap-ring, needle- 
nose, adjustable-joint, slip-joint (Channel-lock@), and locking 
(Vice-Grip@) most of which are used for holding irregular ob- 
jects, bending, or crimping. Some have special applications. 

Needlenose pliers are used for gripping small and poorly ac- 
cessible objects, and are useful forwiring and other electrical 
work. Locking pliers such as the Vise-Grip@ are useful be- 
cause of their tight grip. 

Snap-ring and circlip pliers with special tipped jaws are used 
to remove and install snap-rings or circlips. Channel-lock@ or 
water pump pliers have adjustable jaws that can be quicltly 
changed to match the size of the object being held to give 
greater leverage, 
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General 

4 An adjustable wrench can be a useful addition to a small tool 
kit. It can substitute in a pinch if two wrenches of the same 
size are needed to remove a nut and bolt. Use extra care with 
adjustable wrenches, as they tend to loosen, slip, and dam- 
age fasteners. 

Jack stands 

v 
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4 Strong jack stands are extremely important for any work that 
is done under the car. Use only jack stands that are designed 
for the purpose. Blocks of wood, concrete, bricks, etc. are not 
safe or suitable substitutes. 

A jaclc should be used only to raise the vehicle, not to support 
the car for a long period. Always use jack stands to support a 

Jackstands are available in several styles. The best ones are : 

made of heavy material for strength, have a wide base for sta- 
bility, and are equipped to positively lock in their raised posi- 
tion. Get the best ones available. 

Compared to a wrench of the correct size, an adjustable 

Oil change equipment 

wrench is always second best. They should only be used 
when the correct size wrench is not available. Choose one of 
average size range, about 6 to 8 inches in length. 

4 Changing engine oil requires a 17 mm socket or wrench to 
loosen and tighten the drain plug and a drain pan (at least 8 
quart capacity). A wide, low drain pan will fit more easily un- 
der the car. Use a funnel to pour the new oil into the engine. 

BMW engines use an oil filter canister with a disposable filter 
cartridge insert. A 36 mm socket or wrench is required to re- 
move the oil filtercanistercover. See 020 Maintenance foroil 
change instructions. 
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Torque wrench 

A torque wrench is used to precisely tighten threaded fasten- 
ers to a predetermined value. Many of the repair procedures 
in this manual include BMW-specified torque values in New- 
ton-meters (Nm) and the equivalent values in foot-pounds (ft- 
Ib). 

4 Several types of torque wrenches are available. An inexpen- 
sive beam-type (top) is adequate but must be read visually. A 
ratchet-type (bottom) can be preset to indicate (click) when 
the torque value has been reached. They all do the same job, 
but offer different convenience features at different prices. 
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 150 Nm (1 10 ft-lb) 
BOIBFNG has adequate capacity for most of the repairs covered in this 

manual. For recommended torque values of 10 Nm orbelow, 
the English system equivalent is given in inch-pounds (in-lb). 
These small values may be most easily reached using a 
torque wrench calibrated in inch-pounds. To convert inch- 
pounds to foot-pounds, divide by 12. 

Digital multimeter 

4 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 sensitive electronic component and 
systems, a multimeter or digital volt/ohm meter (DVOM) with 
high input impedance (at least 10,000Sr) should be used. 
Some meters have automotive functions such as dwell and 
pulse width that are useful for troubleshooting ignition and 
fuel injection problems. 

CAUTIOI\C 
Vehicle electronic systems may be damaged by the high cur- 
rent draw of a test light with a normal incandescent bulb. As 
a general rule, use a high impedance digital multimeter or an 
LED test light for all electrical testing. 
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B M W  special tools 

Many repairs covered in this manual call for the use of BMW 
special tools. Many of the BMW special tools mentioned in 
this manual are simply the best thing to use to do the job cor- 
rectly. In these cases, the tool is identified with a BMW parl 
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 es- 
sential, and not a cost-effective purchase for a one time repair 
by the do-it-yourself owner. This manual includes such re- 
pairs for the benefit of those with the necessary experience 
and access to tools. For the do-it-yourselfer, the need for spe- 
cial tools is noted in the text, and whether or not BMW dealer 
service is recommended. 

Changing a tire 

- Stop 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 crest of a hill. 

WARNING - 
If a tire goes flat while driving, pull well off the road. Changing 
a tire on a busy slreet or liigliway is very dangerous. If nec- 
essag drive a short distance on the flat tire to get to a safe 
place. It is much better to ruin a tire or rim than to risk being 
hit. 

- 

- Turn on emergency flashers, and set out flares or emergency 
markers well behind car. Choclc wheel (wheel chock located 
in trunk) diagonally opposite to the one being changed. Pas- 
sengers should get out of car and stand well away from road. 

- Take jaclc and tools from tool area beneath trunk mat. Re- 
move spare tire from tire storage tray. 

- Loosen wheel bolts while car is on ground, but leave them a 
little snug. 

< Place jack in lifting point nearest wheel being changed. Use 
a board to provide a firm footing for jack if ground is soft. 
Raise car only far enough so that the wheel is fully off ground 
and then remove wheel nuts and wheel. 

- Install spare wheel. Install wheel nuts and tighten them hand 
tight using lug nut wrench. 
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Cars with discharged or dead batteries can be jump-started 
using the good battery from another car. See owner's manual 
for proper instruction on jump starting. When jump-starling 
the engine, always note the following warnings. 

4 Lower car. With all wheels on ground, fully tighten nuts in a 

WARNING- 
* Battery acid (electrolyte) can cause severe burns, and will 

damage the cal; clothing, and you. If electrolyte is spilled, 
wash the surface with large quantities of water. M itgets into 
eyes, flush them with water for several minutes and call a 
doctor. 

B4 
5 
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Batteries produce explosive and noxious gasses. 
Keeps sparks and flames away. Do not smoke near 
batteries. 

Do notjump-start the engine ifyou suspect that the bat- 
tery is frozen. Trappedgas may explode. Allow the bat- 
tery to thaw first. 

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

crisscross pattern. Torque wheel nuts when installing wheel. 
Check inflation pressure of spare tire. 

Tightening torque 

Wheel to wheel hub 120 Nm (89 ft-ib) 

Jump starting 

Indicator and warning lights 

Many vehicle systems are self-monitored for faults while driv- 
ing. Generally, a red warning lamp that comes on during driv- 
ing should be considered serious. If you cannot immediately 
determine the seriousness of the warning light, stop the vehi- 
cle in a safe place and turn the engine off as soon as possible. 
Consult the owner's manual for additional information on the 
warning lamp and the recommended action. 

If the Malfunction Indicator Lamp (MIL) (Check Engine or Ser- 
vice Engine Soon warning light) comes on orflashes, it indi- 
cates that an emissions-related fault has occurred. Faults 
such as a bad oxygen sensor or a dead fuel injector can 
cause the exhaust or evaporative emissions to exceed a 
specified limit. When these limits are exceeded, the MIL will 
be turned on. The engine can be safety driven with the light 
on, although the emission systems should be checked as 
soon as possible. See OBD On-Board Diagnostics for 
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more information on the Check Engine Light and the on- 
board diagnostic system. 

Towing 

The cars covered by this manual should be towed with a tow 
truck using wheel lift or flat bed equipment. Do not tow the car 
on all four wheels except forvery short distances to move it to 
a safe place. 

CA U JION- 
Do not tow with sling-type equipment The front spoilers and 
b ~ m ~ e r  covers may sustain damage. 

4 To access threaded towing eye socltet, pry open trim on front 
or rear bumper. 

NOJE- 
A towing eye is provided in the luggage compartment tool lcit. 
The towing eye can be screwed into the front or rear bumper. 

4 Install towing eye into threaded hole. 

- Standard transmission: Do not tow with rear wheels on 
ground unless absolutely necessary. 

- Automatic transmission: Have rear wheels placed on dollies, 
or use flat bed truck. Use towing eye for winching vehicle on 
flat bed. 

CAUTION- 
Automatic transmission fluid (ATF) does not circulate when 

I the car is towed. Severe transmission damage may result. 

NOTE- 
Be sure transrnission fluid has been topped off before 
starting tow. 
Always tow car with transrnission lever in N (neutral). . ATF draining and filling is covered in 240 Automatic 
Transmission. Be sure to read the filling and draining pro. 
cedure, as special service equipment is required to checlc 
the fluid level. 



Spare parts kit 

Carrying a basic set of spare parts can prevent a rninorbreak- 
down from turning into a major repair annoyance. The list be- 
low is a good place to start. 

Spare parts kit - basic 

Polyribbed drive belt(s) 

BMW engine oil: one or two quarts 

BMW engine coolant: 1 gallon of premixed 50150 BMW 
anti-freeze and water 

Fuse assortment: 7.5A. IOA, 1 5A, 20A, 30A. 50A 

Radiator hoses: upper and lower 

Spare parts kit - additional contents 

Exterior lighting bulbs: headlight, bralte light, turn signal, 
and taillight 

* Wiper blades or blade inserts 

Brake fluid: new, unopened bottle, DOT 4 specification 

Main relay for DME system 
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The information given in this repair group includes the routine 
checlts and maintenance steps that are both required by 
BMW under the terms of the vehicle warranty protection and 
recommended by BMW to ensure long and reliable vehicle 
operation. 

NOTE- 
Aside from keeping your car in the best possible 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 to you. 

Special tools 

Some special tools are required for performing engine main- 
tenance tasks. Be sure to have the necessary equipment on 
hand before starting any job. 

4 Hand pump for manual transmission lifetime oil 71 (Tool No. BMW 002 080) 

4 Cooling fan counterhold wrench 
(Tool No. BMW 11 5 030) 

I I 4 Coolina fan wrench 

I 

4 Service position hood props 
(Tool No. BMW 51 2 160) 
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Service Interval lndicator (Sll) 

The BMW Service Interval lndicator (SII) notifies the driver 
when oil change and other service is required. The Sll dis- 
plays the phrase "OIL SERVICE" or"INSPECTI0N" and 7 
light emitting diodes (LEDs) in the Instrumentcluster: 5green, 
one yellow and one red. 

For the 1997 and later 5 Series, BMW introduced an oil 
change interval based on fuel consumption. The advantages 
of this system are: 

Fuel consumption is an accurate method of determining 
engine load and the need for service. 

The processing electronics are simple. 

Resetting of indicator before the scheduled time will not 
affect the time to the next service. 

4 The Sll is programmed to measure a set volume of con- 
sumed fuel. This volume varies between models, dependent 
on vehicle and engine size. The Sil control unit receives a 
signal from the engine control module (ECM) when the vehi- 
cle is in use. As 20% of the programmed fuel volume is con- 
sumed, one of the green LEDs will go out. Each successive 
20% of fuel consumption will cause the next LED to go out 
until 100% of the measured volume has been consumed. At 
this point the yellow LED will come on, indicating that service 
is due. When 108% of the measured volume has been con- 
sumed, the red LED will illuminate, indicating that service is 
overdue. 

Service Interval Indicator (SII), resetting 

After the specified maintenance has been carried out, the Sll 
memory should be reset. 

NOTE- 
For reference, the BMW oil service requirements are approx- 
imately equivalent to the maintenance tliat other European 
manufacturers specify at intervals with a maximum of every 
15.000 miles or I2 months. 
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1997 t o  2000 models 

1997 to 2000 models are equipped with a data link connector 
(DLC) plug in the right side engine compartment: 

Reset SII using BMW service and scan tool (DISplus or MoD- 
iC, GTI)  or a specialty tool from another manufacturer. Plug 
tool (arrow) into DLC. 

CAUTION- 
Follow the manufacturer's directions when resetting the Sll. If 
the reset procedures are done incorrect& the tool or the elec- 
tronic Service Interval Indicator may be damaged. 

Aftermarket reset tools that can reset all models with the DLC 
can be purchased from one of the following suppliers: 

Specialty tool suppliers 

Assenmacher Specialty Tools 
6440 Odell Place 
Boulder, CO 80301 
303-530-2424 
sales@asttool.com 
http://www.asttool.com 

Baum Tools Unlimited, Inc. 
P.O. Box 5867 
Sarasota, FL 34277-5867 
800-848-6657 
sales@baumtools.com 
http://www.baumtools.com 

Peake Research. Automotive Products Division 
P.O. Box 28776 
San Jose, CA 95159 
408-369-0406 
support @peakeresearch.com 
http://www.peal~eresearch.com 

2001 and later models 

On vehicles without the data link connector (DLC) in the en- 
gine compartment (2001 and latercars), the reset tool can not 
be used. Instead, the Sll can be reset with the trip odometer 
reset button in the instrument cluster. 

Make sure ignition key is in OFF position. 

* Press and hold trip odometer button in instrument cluster, 
and turn ignition key to ACCESSORY position. 

Keep button pressed for approximately 5 seconds until 
either of following appear in display: OIL SERVICE or 
INSPECTION, with RESET. 

Press button again and hold for approximately 5 seconds 
until RESET flashes. 
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0 Service due is shown with RESET if the measured con- 
sumption limit has been reached and resetting is possible. 
If RESET is not shown, the minimum limit has not been 
reached and resetting is not possible. 

While display is flashing, press button briefly to reset Sll. 

After display has shown new interval, the following will 
appear in display for approximately 2 seconds: END SIA. 

NOTE- 
The system can only be reset again after the vehicle has 
been driven approximately 50 to 75 miles (consumes at 
least2.5gallons of fuel). I f  the display shows RESETwhen 
resetting, the minimum driving distance has been fulfilled 
and the system can be reset again. 

0 I t  is possible to interrupt and end the reset procedure by 
changing the position of the ignition ley. 

lnspection I, lnspection II 

The Service Interval Indicator (SII) signals the need for main- 
tenance and inspection. There are two sets of inspection re- 
quirements, alternating throughout a car's maintenance 
history. If the last inspection interval was lnspection I, the next 
inspection interval (following an oil service) will be lnspection 
11, the next after that will be lnspection I, and so on. 

lnspection I tasks are listed in Table b. lnspection I Service. 
lnspection II includes most of the tasks from lnspection I with 
additional lnspection II tasks. A complete listing of lnspection 
II tasks is in Table c. lnspection I1 Service. 

NOTE- 
For reference, the BMW lnspection I and lnspection I1 re- 
quirements are approximately equivalent to the maintenance 
requirements that other European manufacturers specify. ln- 
spection I is normally due at intervals with a maximum of 
30,000 miles or 24 months. lnspection I1 is normally due at 
intervals with a maximum of 60,000 miles or 48 months. 
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The intervals for most tasks listed in the maintenance tables 
below are determined by the Sll. 

NOTE- 
BMW is constantly upgrading recommended maintenance 
procedures and requirements. The information contained 
here is as accurate as possible at the time of publication. i f  
there is any doubt about what procedures apply to a specific 
model or year, or what intervals should be followed, remem- 
ber that an authorized BMW dealer has the latest information 
on factory-recommended maintenance. 

Except where noted, the maintenance items listed apply to all 
models and model years covered by this manual. The num- 
ber in the "additional repair information" column refers to the 
repair group in this manual where additional information can 
be found. 

Table a. Oil Service 

I I I I I Additional ( New parts 
(Tools Required requrred 

Under car maintenance 1 I I I I 

I I - I I 
Engine compartment maintenance 

Check overall thickness of front and rear 
bralte pads. If replacement is necessary: 
Examine braite disc surface. 
Clean brake pad contact points in calipers. 
Grease wheel centering hubs. 
Checlc thickness of parking braite linings 
only when replacing rear brake pads. 
Checlc operation of parking brake and 
adjust as necessary. 

spare 

Table b. Inspection I Service 

I 1 I I [Additional 

020 

020 

020 

New parts Warm engrne Dealer service Irepair , 

/Tools Required (required (required . (recommended lnformatlon 

Change oil and oil filter 

Reset Service Interval indicator [Sli) 

Replace interior ventilation microfilter 

* 
A 

* 
* 

* 

I I I I I 

Undercar maintenance 

Checlc engine drive belt condition 020 

ri: * Change oil and oil filter. 020 * 



Table b. Inspection I Service (continued) 

Checlt transmission and differential for 
external lealts. 

Check CV joint boots for damage or leaks. 

Visually check fuel tank, fuel lines, and 
connections for leaks. 

New parts 
Tools Required required 

Check condition, position, and mounting ol 
exhaust system. Visually check and adjusl 
if necessary. 

Check power steering system for lealts. 
Check power steering fluid level and adjust 
i f  necessary. 

Check steering racidbox and tie rods for 
tightness. Checit condition of front axle 
joints, steering linkage, and steering shaft 
joints. 

Check overall thickness of front and rear 
bralte pads using BMW special tool. If 
replacement is necessary: 
Examine brake disc surface. 
Clean brake pad contact points in calipers 
Grease wheel centering hubs. 
Checlt thickness of parking brake linings 
only when replacing rear brake shoes. 
Checit operation of pariting brake and 
adjust as necessary. 

Checlt front control arm bushings for 
damage or wear. 

Check brake system connections and lines 
for leaks, damage, and incorrect 
positioning 

Warm engine ( ~ e a l e r  service Irepair , 
required recommended lnformat~on 

Check parking braite actuator. Adjust if 
necessary 

Check ail tire pressure (including spare) 
and correct if necessary. 
Checlt condition of tires (outer tread 
surface), tread wear pattern: in case of 
uneven wear, perform wheel alignment. 

inspect entire body according to terms of 
rust oerforation limited warrantv. (Must be 

*: 

4: 

2 ~ 

perfdrmed at least every two years). I 
Read out on-board diagnostic (OBD 11) fault 
codes. 

Checkengine coolant system1 heater hose 
connections for leaks. 
Checit coolant level and antifreeze 
protection level. Add coolant as necessary. 

* 100113010BD 
I 

170 
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Table b. Inspection I Service (continued) 

I I I I 
Warm engine Dealer service 
required recommended 

Check windshield washer fluid level and 
antifreeze protection. 
Add washer fluid as necessary. 

Replace ventilation microfilter. (Note: 
reduce replacement intervals in dusty 
operation conditions) 

Reset Service interval Indicator (Sil). 

Additional 
repair 
information Tools Required 

* 

eck aim of washer jets and adjust if 
necessary. 

covers, obvious damage or attachment o 
s or accessories. 

Road test 

Check braking performance, steering, 
heating and air conditioner operation. 

Check manual transmission and clutch 
operation or automatic transmission 
operation. 

New parts 
required 

* 

Bodylelectrical 

121 

630 

630 

Checic battery state of charge 

Check operation of: 
headlights, parking iights, back-up lights. 
license plate lights, interior lights, glove box 
illumination, engine compartment light, 
trunk light, turn signals, emergency 
flashers, stop iights. 

Check operation of horn and headlight 
dimmer switch 

:i: 
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Table c. Inspection II Service 

Additional 
New parts Warm engine Dealer service repair 

Tools required required required recommended information 

Engine compartment maintenance 

Replace air filter element. (Note: reduce 
replacement intervals in dusty operating 
conditions). 

Replace brake fluid every 2 years (time 
interval begins from vehicle production 
date). 

Cooling system service 

Spark plug service 

Brake system maintenance 

:j: 

* 

Replace coolant every 3 years (time 
interval begins from vehicle production 
date). 

Replace oxygen sensor every 160,000 itm 
(1 00,000 miles). 

020 

FLUID AND LUBRICANT 
SPECIFICATIONS 

:I: 

Oxygen sensor service 

* 

x: 

Spark plugs: 
M52 1 M62 engine: 
Replace every 60,000 itm (48.000 miles). 
M52 TU I M54 1 M62 TU engine: 
Replace every 160,000 ltm (100.000 
miles). 

< Engine oil viscosity (SAE grade) vs. operating temperature 
range for the BMW engines covered in this manual. 

Fluid and lubricant capacities and specifications are listed be- 
low. See Fluids and lubricants. 

:I: 

* 

* 

* 

WARNING - 
The use of fluids that do not meet BMW" specifications may 
impair performance and reliabilitl: and may void warranty 
coverage. 

340 

170 

180 

* 020 
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Fluids and lubricants 

Table d. Engine oil with filter change 

V-8 models 

BMW part no. 
07 510 017 868 

5W-30 synthetic oil 
BMW part no. 
07 51 0 017 866 

Specification 

1997 - 1998 
15W-40 mineral oil 

Fluid 

6-cylinder models 

Table e. Manual transmission oil 

Approximate 
capacity 

6.5 liters (6.9 US qt) 

Specification Fluid 
I I 

Approximate 
capacity 

Getrag S5D 250G 1 .I liters (1.2 US 
quarts) 

BMW part no. 
83 22 408 942 

I 

quarts) 

Getrao S6S 420G 11.9 liters (2.0 US 

Table f. Automatic transmission fluid (ATF) 
Lifetime fluid (drain and refill) 
(Additional fluid required when installing dry torque converter) 

ZF S5D 3202 

(MTF-LT-1) 

u 

Approximate I , , . 
Transmission Icapacity Spec~flcatlon 

1.3 liters (1.4 US 
. . 

quarts) 

A5S 31 02 

T r e l l ~ ~ 2 6 3 4 )  Total 9.7 liter volume: (10.2 US qt) A5S 4402 

Oil change volume: 
4.0 liter (4.2 US qt) 

I 
A5S 360R / ~ o t a l  volume: 

Total volume: 
7.8 liter (8.2 US qt) 
Oil change volume: 
3.3 liter (3.5 US qt) 

(Exxon LT 71141) -. 
BMW 83229407 807 
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Table g. Differential oil 
(Lifetime fluid; no fluid change required) 

Differential /Approximate. capaclty ( in~t~al  fill) I Spec~f~cat~on , , . 

G 
1.6 liter 
(1.7 US at) I 

188 Compact I .O liter BMW SAF-XO 
(1 .I US ql) synthetic oil 

1.4 liler 220 1215 Compact US qt) I 
Table h. Engine Coolant 

Year, model 

latent heater: 
V-8 13.5 liter 

1997: 
6-cylinder 
V-8 

Table i. Brake fluid 

Bralte system fiuld BMW hlgh 
performance, DOT 4 

Approximate 
capacity 

9.9 liter (10.5 US qt) 
11.4 liter (12.0 US qt) 

With the introduction of synthetic oil and extended oil change 
intervals, a new oil filterwith improved filter paper design was 
introduced. The new filter paper resists deterioration caused 
by high oil temperatures over an extended time. 

Specification 

Use BMW specified oil to top off the engine oil level between 
oil changes. BMW recommends the following engine oils: 

Table j. Engine Oil Specification 

Years IOii description I BMW part no. 

1999 and later 

mineral oil 

BMW HP 5W-30 
svnthetic oil 

07 51 0 017 866 
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NOTE- 
Castrol supplies the mineral and synthetic oil recommend- 
ed by BMW 
BMW High Performance synthetic oil may be used in all 
E39 models, regardless of year. 
The use of engine oil additives is not recommended when 
using BMW High Performance synthetic engine oil. 

* BMW is constantly upgrading recommendedmaintenance 
procedures and requirements. The information contained 
here is as accurate as possible at the time ofpublication. If 
there is any doubt about what procedures apply to a spe- 
cific model or model year, or what intervals should be fol- 
lowed, remember that an authorized BMW dealer has the 
latest information on factory-recommended maintenance. 

CAUTIOIG 
In the case of cars that accumulate very low mileage per 
yea/; BMW recommends that the engine oil should be 
changed once a year at a minimum, regardless of whether 
mineral or synthetic based oil is used. 

In the interest of engine longevity, use half tlie recom- 
mended engine oil change interval. 

Engine oil, checking level 

4 Engine oil level is checked with a dipstick (arrow) in the 
engine block (6-cylinder oil dipstick shown, V-8 dipstick is 
similar). 

- Check oil level with car on level surface, after engine has 
been stopped for at least a few minutes. 

- Check level by pulling out dipstick and wiping it clean 
Reinsert it all the way and withdraw it again. 



4 If oil level is low, add oil by removing oil filler cap (arrow) on 
top of cylinder head (6-cylinder oil cap shown, V-8 is sirnilar). 

- Add only amount needed to bring oil level to upper mark on 
dipstick, using an oil of correct viscosity and grade. 

Engine oil and filter, changing 

A complete oil change requires new oil, a new filter insert kit, 
and a new drain plug sealing washer. The tools needed, a 17 
mm drain plug socket or box wrench, a 36 mm socket or 
wrench, and a drain pan (8 - 10 US qt. capacity), are de- 
scribed in 010 General. 

NOTE- 
I f  using a "fast 1ube"service facility for oil changes, make sure 
the technician hand-starts and torques the engine oil drain 
plug using hand-tools. Power tools can strip the threads of 
the plug and the oil pan. 

Run engine for afew minutes to warm engine oil. Shut engine 
off. 

With car on level ground, place drain pan under oil drain plug. 

Using a 36 mm socket, loosen and remove oil filter housing 
cover (arrow). Remove filter cartridge and discard any 0- 
rings (V-8 engine oil filter housing shown, 6-cylinder oil filter 
housing is sirnilar). 

Using a socket or box wrench, loosen drain plug at oil drain 
pan. Remove plug by hand and let oil drain into pan (V-8 en- 
gine oil drain plug shown, 6-cylinder drain plug is similar). 

WARNING - 
Pull the loose plug away from the hole quicldy to avoid being 
scalded by hot oil. It will run out quiclcly when the plug is re- 
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- When oil flow has diminished to an occasional drip, reinstall 
drain plug with a new metal sealing washer and torque plug. 

Tightening torque 

Engine oil drain plug to oil pan 25 Nrn (1.8 ft-lb) 

6-cylinder oi l  filter assembly 
r------ 1 

< Working at oil filter housing (1): 

Lubricate and install new oil filter O-rings (3, 4). 

Install a new filter cartridge (5). 

lnstall and tighten housing cover (2). 

6-cylinder oil filter assembly shown, V-8 is similar. 

Tightening torque 

Cover to oil filter housing 25 Nm (1.8 it-lb) 

- Refill crankcase with oil. Approximate oil capacity is listed in 
Tabled. Engine oi l  with filter change. Use dipstick to 
check correct oil level. 

- Start engine and check that oil pressure warning light 
immediately goes out. 

- Allow engine to run fora few minutes to circulate new oil, then 
check for leaks at drain plug and oil filter. Stop engine and re- 
check oil level 

The section describes other routine maintenance done in the 
engine compartment. Information on engine oil service is giv- 
enkar~ier inthis group. 

For these procedures, it is not necessary for the car to be 
raised and supported off the ground. 

Accelerator and linkage 

The accelerator and linkage at the throttle housing should be 
lubricated periodically. Use ageneral purposeoil on the joints 
and bearings of the linkage. Use a multipurpose grease on 
the bearing points of the throttle plate. 

Air filter, replacing 

The specified replacement intervals forthe air filter are based 
on normal use. If the car is operated primarily in dusty 
conditions, the air filter should be serviced more frequently. 
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< Release mass air flow sensor clips (A). 

Release upper air filter housing clips (B). 

4 Lift air filter upper housing, and remove filter element. 

NOTE- 
V-8 engine air filter assembly shown in illustration. 6-cylinder 
air filter assembly is similar but located at the left front of the 
engine compartment. 

- On installation, install O-ring for mass air flow sensor into 
retaining clips in air filter upper housing. 

- Replace air filter and upper air filter housing, and attach 
upper air filter housing clips. 

Cooling system, checking 

Antifreeze raises the boiling point and lowers the freezing 
~ o i n t  of the coolant. BMW recommends enaine coolantthat is a 50 150 mixture of distilled water and ethGene glycol-based 
antifreeze. 

Routine cooling system maintenance consists of maintaining 
the coolant level and inspecting hoses. Because the coolant's 
anticorrosion and antifreeze additives gradually lose their ef- 
fectiveness, replacement of the coolant every three years is 
recommended. 

CAUJION- 
Use only BMWapprovedphosphate-free antifreeze when 
filing the cooling system. Use of antifreeze containing 
phosphates is harmful to the cooling system. 

4 Float in radiator tank indicates coolant level. Inspect while 
coolant is cold. 

When upper mark on float is level with top of filler neck, 
coolant is at minimum allowable level. 

When lower mark on float is level with top of filler neck, 
coolant is at maximum level. 

Hose connections should be tight and dry. Coolant seepage 
nnection indicates either that hose clamp is 
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loose, hose is damaged, or connection is dirty or corroded. 
Dried coolant has achalky appearance. Hoses should be firm 
and springy. Replace any hose that is cracked, has become 
soft and limp, or has been contaminated by oil. 

4 As a preventive measure, replacement of the cooling system 
hoses every four years is recommended. The illustration 
shows examples of damage to coolant hoses. Any of these 
conditions is cause for replacement (illustration courtesy of / Abrasion Damaged Hose Heat Damaged Hose 1 Gates Rubber Company, I ~ c . ) .  

Engine drive belt, replacing 

Drive belts and pulleys transfer power from the engine crank- 
shaft to various accessories. E39 models use two polyribbed 
(serpentine) belts: 

The outer belt turns the NC compressor. 

0 The inner, longer belt turns the alternator (generator), cool- 
ant pump and power steering pump. 

Inspect drive belts with the engine off. If the belt shows signs 
of wear, cracking, glazing, or missing sections, it should be 
replaced immediately. To reduce the chance of belt failure 
while driving, replacement of the belts every four years is 
recommended. 

WARNING - 
Observe care when replacing belts. Personal injury could 
result if a tensioner springs back into position uncontrolled. 

CA UTIOI\C 
Mark drive belt rotation direction if removing and reusing an 
old belt. 

NOTE- 
When belts are replaced with new ones, store the old set in 
the trunk for emergency use. 

All models, use BMW special tools 11 5 030 and 11 5 040 to 
loosen and remove cooling fan and clutch from coolant 
pump. 

NOTE- 
32 mm cooling fan nut has left-hand threads 
I f  necessary, remove fan cowl from radiator. 



< 6-cylinder engine with hydraulic belt tensioners. 

Use long-handled wrench to turn A/C belt tensioner (A) 
clockwise. Remove AfC belt. 

* Similarly, turn main engine drive belt tensioner (B) 
clockwise and remove belt. 

< Some models have a dust cover over belt tensioner release 
lug, which must be pried off prior to removing belt. 

4 6-cylinder engine with spring-loaded belt tensioners. 

Use long-handled wrench to turn AfC belt tensioner 
release lug (A) clocltwise (against spring tension). 
Remove AfC belt. 

Similarly, turn main engine drive belt tensioner lug (B) 
clocltwise and remove belt. 
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V-8 engine drive belt diagram ( N C  belt not shown). 

NOTE- 
Two types of belt tensioners are used on the V-8 engines. 
The tensioner shown in this procedure is for cars built up to 
8/97. The later style tensioner is similar. 

4 V-8 engine tensioner. 

Loosen fasteners(A) to relieve belt tension 

- Remove drive belt. 

4 When reinstalling belt, check that it is correctly positioned on 
belt pulleys. 

With bolts (B and C )  finger tight, pretension adjuster by 
turning hex counterclocltwise (arrow) to stop. 

Tighten mounting bolts. 

NOTE- 
On 8/97 and later tensioner, turn hex on tensioner plate to 
align lowerplate mounting bolt. 



Maintenance 

< Remove N C  compressor belt: 

Loosen tensioner mounting fasteners (arrows) 

Swing tensioner down to remove belt. 

4 To reinstall compressor belt: 

Route belt over pulleys. 

* Pretension belt by turning adjuster clockwise (arrow) to 
stop. - Tighten tensioner mounting bolts (A). 

Tightening torques 

Fan clutch to coolant pump (left- hand thread) 
with BMW tool 11 5 040 30 Nm (22 ft-lb) 
without BMW tool 11 5 040 40 Nm (29 ft-lb) 

Tensioner to engine block 
8.8 grade 22 Nm (16 ft-lb) 
10.9 grade (Ilquid-cooled alternator) 30 Nm (22 ft-lb) 

Idle speed 

Engine idle speed can change due to a number of factors, in- 
cluding normal wear. The idle speed is electronically adaptive 
and not adjustable. See 130 Fuel Injection for more informa- 
tion. 

Catalytic converter and oxygen sensors 

OBD II enhanced emission standards require the engine 
control module (ECM) to monitor the oxygen content in the 
exhaust with oxygen sensors placed before and after the cat- 
alytic converter. This allows for tighter control of tail pipe 
emissions and also allows the ECM to diagnose converter 
problems. If the ECM detects that catalytic converter or oxy- 
gen sensor efficiency has degraded past a certain prepro- 
grammed limit, it will turn on the malfunction indicator light 
(MIL), and store a diagnostic trouble code (DTC) in the ECM. 
See OBD On-Board Diagnostics for more information on 
OBD ll systems. 

Replacement of oxygen sensors at the specified intervals 
he engine and emission control system will 
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continue to operate as designed. Extending the replacement 
interval may void the emission control warranty coverage. 
See 180 Exhaust System for information on replacing the 
oxygen sensors. 

Tightening torque 

Oxvoen sensor to exhaust manifold 50 Nrn (37 ft-lb) 

NOTE- 
A special soclet for replacing the oxygen sensor is available 
from most automotive parts stores. The soclet has a groove 
cut down one side to allow the sensor to be installed without 
damaging the wire harness. 

Power steering fluid, checking level 

The power steering system is permanently filled and does not 
have a drain. Routinely adding ATF is not required unless the 
system is leaking. 

4 To check power steering fluid level in fluid reservoir: 

Park car on level ground with engine off. 

Level is correct if it is between MlN and MAX marks on 
dipstick. 

If level is below MlN mark, add fluid to reservoir to bring 
level up. 

* Hand-tighten reservoir cap. 

Power steering fluid 

Dexron 1iiO ATF or equivalent 

Spark plugs 

E39 models through model year 1998 were equipped with 
spark plugs with two electrodes. These are gapped to 0.7 mm 
(0.028 in) by the manufacturer and are not adjustable. 

Starting with 1999 models, long life spark plugs with 3 or four 
electrodes were used. These can be retroactively fitted to 
earlier models. The recommended spark plug replacement 
interval forthese is 100,000 miles.The electrode gap in these 
spark plugs is not adjustable. 

Spark plug applications 

M52 Bosch FBLDCR 
M52 TU, M54 Bosch FGR7DQP or NGK BKRBEQUP 
M62 to 7/97 Bosch F7LDCR or NGK BKR6EK 
M62 from 7/97 Bosch F9LDCR 
M62 TU Bosch FGR7DQP or NGK BKRGEQUP 
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Spark plugs, replacing 

E39 engines use a coil-over-spark plug configuration, with 
one ignition coil above each spark plug. Sparks plugs should 
be removed only after the engine has cooled. 

Remove engine cover(s) over ignition coils: 

Remove acoustic cover over fuel injectors I intake 
manifold. 
6-cylinder engine: Remove oil filler cap. 

Remove plastic trim covers (arrows). 
Remove cover hold-down bolts. Remove coil cover(s) 

6-cylinder engine: Temporarily reinstall oil filler cap to 
keep out contaminants. 

Remove ignition coil grounding harnesses (arrows). 6-cylin- 
der coils shown, V-8 engine is similar. 

< Remove ignition coils: 

Pull up on spring clips to disconnect ignition coil harness 
connectors. 
Remove coil mounting bolts. Pull coils up and off spark 
plugs. 

- Remove spark plugs. 
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- Installation is reverse of removal, bearing in mind the 
following: 

Lightly lubricate new spark plug threads with 
copper-based anti-seize compound. 

Thread plugs into cylinder head by hand to prevent 
cross-threading. . Be sure to reinstall and tighten coil grounds. 

Tightening torque 

Spark plug to cylinder head 25 Nm (18 It-lb) 

Interior ventilation microfilter, replacing 

Two interior ventilation microfilters are used, one on each 
side of the engine compartment at the fire wall. 

< To replace the microfilter, unclip the wire fastener and 
remove the cover. 

Lift out the filter, and replace. Left side shown; right is 
similar. 

Replace cover and clip wire fastener to retain cover. 

Battery, checking, cleaning, and replacing 

The battery Is located in the right side of the luggage compart- 
ment. Simple maintenance of the battery and its terminal 
connections will ensure maximum starting periormance, 
especially in winter when colder temperatures reduce battery 
power. 

Battery cables should be tight. The terminals, cable clamps 
and battery case should be free of the white deposits that 
indicate corrosion and acid salts. Even a thin layer of dust 
containing conductive acid salts can cause battery discharge. 
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- To remove battery corrosion: 

Disconnect battery cables. Disconnect negative (-)cable 
first. 

* Remove battery from trunk 
Clean terminal posts and cable clamps with a wire brush. 

Clean main chassis ground terminal next to battery. 
Corrosion can be washed away with a baking soda and 
water solution that will neutralize acid. 
Reinstall battery and reconnect cable clamps, positive (+) 
cable first. 

Lightly coat outside of terminals, hold down screws, 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 smolihg materials and do not work near any 
oaen flames. 

CAUTION- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

NOTE- 
The original equipment battery in E39 models is mainte- 
nance free. The original electrolyte will normally last the 
entire service life of the battery under moderate climate con- 
ditions. 

Battery electrolyte should be maintained at the correct level 
just above the battery plates and theirseparators. The correct 
level is approximately 5 mm ('14 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 
fillercaps are removed. if theelectrolyte level is low, replenish 
it by adding distilled water only. 

4 The original equipment BMW battery is equipped with a 
built-in hydrometer "magic eye" (arrow). Battery condition is 
determined by the color of the eye: 

Green: Adequate charge 

* Black: Inadequate charge, recharge 

Yellow: Defective battery, replace 

Batteries are rated by ampere hours (Ah), the number of 
hours a specific current drain can be sustained before com- 
plete discharge, or by cold cranking amps (CCA), the number 
of amps available to crank the engine in cold weather condi- 
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tions. In general, replacement batteries should always be 
rated equal or higher than the original battery. 

The battery is held in place by a single hand screw and plate. 
A secure battery hold-down is important in order to prevent 
vibrations and road shoclt from damaging the battery. 

CAUTION- 
Prior to disconnecting the baitem read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

NOTE- 
Always disconnect the negative (-) cable first, and connect 
it last. While changing the battery, clean away any corro- 
sion in or around the battery tray 
More battery and charging system information is in 121 
Battery, Alternator, Starter. 

Brake fluid, replacing 

Brake fluid absorbs moisture easily, and moisture in the fluid 
affects bralte performance and reliability. This is why BMW 
strictly recommends replacing the bralte fluid every two 
years. When replacing or adding bralte 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. Use only DOT 4 brake fluid. 

NOTE- 
See 340 Brakes for brake fluid flushing procedures. 

Brake pad 1 rotor wear, checking 

Disc brakes are fitted at all four wheels. Although the brakes 
are equipped with a brake pad warning system, the system 
only monitors one wheel per axle. Pad thickness should be 
checked whenever wheels are off or brake worlt is being 
done. 

4 Disc brake pad wear can be checked through opening in 
caliper: 

Measure distance (A) of brake pad "eai' to bralte rotor. 
See 340 Brakes. Compare to specification below. 
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< Unbolt caliper from steering arm to properly inspect: 

Brake pad thickness (A) 
Brake rotor 
Condition of caliper seal (B) 
Condition of caliper slider bolts (C) 

NOTE- 
Brake caliper removal and installation procedures are given 
in 340 Brakes. 

Brake pad lining minimum thickness 

Dimension A 3.0 mm (0.12 in) 

Brake system, inspecting 

Routine maintenance of the brake system includes maintain- 
ing the brake fluid in the reservoir, checking bralte pads for 
wear, checking parking brake function, and inspecting the 
system for fluid lealts or other damage: 

- Check that bralte hoses are correctly routed to avoid chafing 
or Itinking. 

- lnspect unions and brake calipers for signs of fluid leaks. 

- lnspect rigid lines for corrosion, dents, or other damage. 

- Inspect flexible hoses for cracking 

- Replace faulty hoses or lines as described in 340 Brakes. 

WARNING- 
Incorrect installation or overtightening hoses, lines, and 
unions may cause chafing orlealage. This can lead to partial 

Parking brake, checking 

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. Check that the cable moves freely. A 
description of the parking brake and parlting bralte adjust- 
ment can be found in 340 Brakes. 
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NOTE- 
The parking brake may lose some of its effectiveness if it is 
not used frequently This is due to corrosion build-up on the 
parking brake drum. To remove corrosion, apply the parking 
brake just until it begins to grip, then pull the lever up one 
more stop (click). Drive the car approximately 400 meters 
(1,300 ft.) and release the brake. To recheck the adjustment 
of the parking brake see 340 Brakes. 

Clutch fluid, checking 

In cars equipped with manual transmission and clutch, the hy- 
draulic clutch and the brake system share the same reservoir 
and the same bralte fluid. Clutch fluid level and brake fluid lev- 
el are checked at the same time. 

NOTE- 
* See 340 Brakes for more information. 

See 210 Clutch for information on the clutch and the 
hydraulic clutch operating system. 

Differential oil level, checking 

The E39 differential is filled with lifetime oil that ordinarily 
does not need to be changed. BMW recommends using only 
a specially formulated synthetic gear oil (SAF-XO) that is 
available through an authorized BM\N dealer parts depart- 
ment. For additional information on this lubricant and any 
other lubricants that may be compatible, contact an 
authorized BMW dealer service department. 

< Check rear differential oil level at filler plug (arrow). 

- Check lubricant level with car on a level surface: 

Level is correct when fluid just reaches edge of filler hole. 

If necessary, top up fluid. 
Replace filler plug sealing ring. 

Install and tighten oil filler plug when oil level is correct. 

NOTE- 
Use either a 14 mm or 17 mm Allen socket to remove the 
drain plug. 
I f  the car is raised in the air, it should be level when 
checking or filling final drive fluid level. 

Tightening torque 

Filler plug to final drive housing 70 Nrn (52 it-lb) 



.-. - 

Maintenance 

Drive axle joint (CV joint) boots, inspecting 

CVjoint protective boots must be closely inspected forcracks 
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. 

NOTE- 
Replacement of the CVjoint boots and inspection of the 
joints are described in 331 Final Drive. 

Exhaust system, inspecting 

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 to see that all the hangers (arrow) are in place and 
properly supporting the system and that the system does 
not strike the body. 

Check for restrictions due to dents or kinlts, 

Check for weakness or perforation due to rust. 

NOTE- 
Alignment of the system and the location of the hangers are 
described in 180 Exhaust System. 

Fuel filter, replacing 

The fuel filter is located beneath the center of the car, approx- 
imately under the driver's seat. A protective cover must be 
removed to access the filter. 

4 Fuel filter for M62 engine (arrow) 

- Disconnect battery negative (-) cable 

CAUTIOI\C 
Disconnecting the battery cables may erase fault codes 
stored in engine control module memory. 

WARNING - 
Fuel will be expelled forcibly when the filter is removed. Do 
notsmoke or work near heaters orother fire hazards. Keep a 
fire extinguisher handy 
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- When replacing fuel filter: 

Use appropriate hose clamping device to clamp off filter 
inlet and outlet hoses to lessen fuel spillage. 

Loosen center clamping bracket and hose clamps on 
either end of filter. 

Note arrow or markings indicating direction of flow on 
new filter. 
Install new filter using new hose clamps 

- Drain fuel filter from inlet side into a container and inspect 
drained fuel. Checlc for rust, moisture and contamination. 

I - I < If fuel filter is equipped with fuel pressure regulator: 
I 2 / Remove vacuum hose (1)  

Pull out locking clip (2). - Remove fuel pressure regulator (3). 

Install pressure regulator in new filter. 

Clean thoroughly around the filler connections before 
removing them. 

After assembly, check filter connections carefully for 

I I lealcs before installing cover. 

NOTE- ~- 
Additional informarion about the fuel filler assembly is in 160 
Fuel Tank and Fuel Pump. 

Fuel tank and fuel lines, inspecting 

lnspectthe fuel tank, fuel lines, and fuel system fordamage or 
lealts. Checlc for fuel lealts in the engine compartment or fuel 
odors in the passenger compartment. Check for any evapora- 
tive emissions hoses that may have become disconnected, 
checking carefully at charcoal canister and evaporative emis- 
sions purge system. See 130 Fuel Injection and 160 Fuel 
Tankand Fuel Pump for component locations and additional 
information. 

WARNING- 
When checlcing for fuel leal(s, the engine must be cold. A hot 
exhaust manifold or exhaust system could cause the fuel to 
ignite or explode causing serious personal injury Ventilate 
the work area and clean up spilled fuel immediately. 
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Suspension, front, inspecting 

Inspection of the front suspension and steering includes a 
check of all moving parts forwear and excessive play. Inspect 
ball joint and tie-rod rubber seals and boots for cracks ortears 
that could allow the entry of dirt, water, and other 
contaminants. See 310 Front Suspension. 

Suspension, rear, inspecting 

Differential and rear drive axle service consists of checking 
and changing the gear oil, inspecting for leaks, and checking 
the drive axle CV joint boots for damage. 

The areas where lealts are most likely to occurare around the 
drive shaft and drive axle mounting flanges. For more infor- 
mation on identifying oil leaks and theircauses, see 330 Rear 
Suspension and 331 Final Drive. 

Tires, checking inflation pressure 

Correct tire pressures are important to handling and stability, 
fuel economy, and tire wear. Tire pressures change with tem- 
perature. Pressures should be checked oRen during season- 
al temperature changes. Correct inflation pressures can be 
found on the driver's door pillar and in the owner's manual. 
Note that tire pressures should be higher when the car is 
more heavily loaded. 

WARNING- 
Do not inflate any tire to a pressure higher than the tire's max- 
imum inflation pressure listedon 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 coldpressures. 

Tires, rotating 

BMW does not recommend tire rotation. Due to the car's sus- 
pension design, the front tires begin to wear first at the outer 
shoulder and the reartires begin to wearfirst at the middle of 
the tread or inner shoulder. Rotating the tires may adversely 
affect road handling and tire grip. 

Transmission service, automatic 

The automatic transmissions installed in E39 models are 
filled with special automatic transmission fluid. The transmis- 
sion lubricant type can be found on the "type-plate" on the 
side of the transmission. The recommended lubricants are 
listed earlier in this repair group. See Fluids and lubricants. 
If in doubt, consult an authorized BMW dealer for alternate 
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fluid use and the most-up-to-date information regarding 
transmission operating fluids. 

The automatic transmission is not equipped with a dipstick. 
Therefore, checking the ATF level is an involved procedure 
which includes measuring and maintaining a specified ATF 
temperature during the checking procedure. 

For more complete ATF service information, including 
checking ATF level and ATF filter replacement procedures, 
see 240 Automatic Transmission. 

Transmission service, manual 

Manual transmission service consists of inspecting for leaks 
and checking the fluid. Evidence of transmission leaks is like- 
ly to be seen around the driveshaft mounting flange and at the 
bottom of the bellhousing. 

NOTE- 
For more information on identifying oil leaks and their 
causes, see 230 Manual Transmission and210 Clutch. 

Transmission fluid, checking and filling 
(manual transmission) 

Tne manual transmss'on inslalleo 'n rne E39 models s f;lled 
with a special liierime iluid (ivlTF-LT-I). oi. ordinarily 
does not need to be changed. 

< Check manual transmission oil level at transmission filler plug 
(A). Make sure car is on level surface. 

NOTE- 
Transmission fluid level checking and replacement 
procedures are covered in 230 Manual Transmission. 

Wheels, aligning 

BMW recommends checking the front and rear alignment 
once a year and whenever new tires are installed. 

NOTE- 
See 320 Steering and Wheel Alignment for a more detailed 
discussion of alignment requirements and specifications. 
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BODY AND INTERIOR MAINTENANCE 

Body and hinges, lubricating 

Door locksand loclccylinderscan be lubricated with an oil that 
contains graphite. 

Body and doorhinges, hood latch and doorcheclc rods should 
be lubricated with SAE 30 or SAE 40 engine oil. Lubricate 
seat runners with multipurposegrease. Do not apply any oil to 
rubber parts. If door weather-strips are sticking, lubricate 
them with silicone spray or talcum powder. The hood release 
cable should be lubricated as well. 

The use of winter lock deicer sprays should be lkept to an 
absolute minimum, as the alcohol in the deicer will wash the 
grease out of the lock assemblies and may cause locks to 
corrode internally or to become difficult to operate. 

Exterior washing 

The longer dirt is left on the paint, the greater the risk of dam- 
aging theglossy finish, eitherby scratching or by thechemical 
effect dirt particles may have on the painted surface. 

Do not wash the car in direct sunlight. If the engine hood is 
warm, allow it to cool. Beads of water not only leave spots 
when dried rapidly by the sun or heat from theengine, but also 
can act as small magnifying glasses and burn spots into the 
finish. Wash the car with a mixture of lukewarm water and a 
car wash product. Rinse using plenty of clear water. Wipe the 
body dry with a sofl cloth towel or chamois to prevent 
water-spotting. 

Interior care 

Dirt spots can usually be removed with lultewarm soapy water 
or a dry foam cleaner. Use spot remover for grease and oil 
spots. Do not pour the liquid directly on the carpet or fabric, 
but dampen a clean cloth and rub carefully, starting at the 
edge of the spot and working inward. Do not use gasoline, 
naphtha, or other flammable substances. 

Leather upholstery and trim 

Leather upholstery and trim should be periodically cleaned 
using a slightly damp cotton or wool cloth. The idea is to get 
rid of the dirt in the creases and pores that can cause brittle- 
ness and premature aging. On heavily soiled areas, use a 
mild detergent (such as wooliteQ) or other specially formulat- 
ed leather cleaners. Dry the trim and upholstery completely 
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using a soft cloth. Regular use of a good quality leather condi- 
tioner will reduce drying and cracking of the leather. 

Polishing 

Use paint polish only if the finish assumes a dull loolc afler 
long service. Polish can be used to remove tar spots and tar- 
nish, but afleiwards a coat of waxshould be applied to protect 
the clean finish. Do not use abrasive polish or cleaners on 
aluminum trim or accessories. 

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 so- 
lution. Bleach and other strong cleaning agents may weaken 
the belt webbing and should be avoided. 

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

- 

The condition of the belt webbing and the function of the re- 
tractor mechanisms should be inspected. See 720 Seat Belts 
for seat belt inspection information. 

Speciai cieaning 

Tarspots can be removed with a bug and tar remover. Never 
use gasoline, lterosene, nail polish remover, or other unsuit- 
able 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 tree sap 
spots. 

Washing chassis 

Periodic washing of the underside of the car, especially in 
winter, will help prevent accumulation of road salt and rust. 
The best time to wash the underside is just afler the car has 
been driven in wet conditions. Spray the chassis with a pow- 
erful jet of water. Commercial or self-service carwashes may 
not be bestforthis, as they may recycle the salt-contaminated 
water. 

Waxing 

For a long-lasting, protective, and glossy finish, apply a hard 
wax after the car has been washed and dried. Use carnauba 
or synthetic based products. Waxing is not needed after 
every washing. You can tell when waxing is required by look- 



ing 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. Waxshould not be applied to black trim 
pieces, rubber, or other plastic parts. 

Windshield wiper blade maintenance 

Common problems with the windshield wipers include streak- 
ing or sheeting, water drops afler 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, they 
should be replaced. BMW recommends replacing the wiper 

I 
blades twice a year, before and after the cold season. 

I < To replace wiper blade, depress retaining tab (arrow) and 
slide blade out of arm. 

I - Checlc tension spring that forces wiper against glass. Re- 
place wiper arm if spring tension is weak. 

Drops that remain behind after wiping are caused by oil, road 
film, or diesel exhaust coating the windshield. Use an alcohol 
or ammonia solution or a nonabrasive cleanser to clean the 
windshield. 

Wiper blade chatier may be caused by dirty or worn blades, 
by a dirty windshield, or by bent or twisted wiper arms. Clean 
the blades and windshield as described above. Adjusithe 
wiper arm so that there is even pressure along the blade, and 
so that the blade is perpendicularto the windshield at rest. Lu- 
bricate the wiper linkage with a light oil. The linkage is located 
under the hood on the driver's side. If the problem persists, 
the blades are excessively aged or worn and should be re- 
placed. See 61 1 Wipers and Washers for more information. 
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Engine-General 

This section covers system descriptions and general informa- 
tion on engines and engine management systems. Also cov- 
ered is basic engine troubleshooting. 

For specific repair procedures, refer to the appropriate repair 
group: 

110 Engine Removal and Installation 

0 113 Cylinder Head Removal and Installation 

116 Cylinder Head and Valvetrain 

0 117 Camshaft Timing Chain 

119 Lubrication System 

120 Ignition System 

130 Fuel Injection 

0 170 Radiator and Cooling System 

E39 models are fitted with a variant of either an inline 6-cylin- 
der or a V-8 engine. See Table a. 

Table a. Engine specifications 



Engine identifying features 

4 The M52 engine (MY97-98 528i) used a single on-off vari- 
able intake valve timing system (called VANOS). The cylinder 
block is cast iron and the cylinder head is aluminum. The en- 
gine management system is Siemens MS 41 .I and features 
NGK-type (0-5 volt) oxygen sensors. 

NOTE- 
VANOS is an acronym based on the German words Variable 
Nocltenwellen Steuerung (variable camshaft timing). 

4 The M52 TU engine (MY99-00 5281) and the M54 engines 
(MY01-02 525il530i) are fitted with double VANOS. The en- 
gine blocits are constructed of aluminum alloy with cast iron 
cylinder sleeves. 

4 The double VANOS (variable camshaft control) system incor- 
porates true variable control of both the intake and exhaust 
camshafts, as compared to the single VANOS system on the 
M52 engine (onloff control of the intaite camshaft only). 

The M54 engines use a fully electronic throttle control (drive 
by wire). There is no accelerator cable connecting the throttle 
pedal to the throttle housing in these cars. 
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The M62 90" V8 engine uses four valves per cylinder, double 
overhead camshafts and light alloy cylinder head and cylin- 
der bloclc engine construction. 

On 1997 and 1998 540i models, Bosch engine management 
systems are utilized. Table a lists engine management sys- 
tem applications. 

4 For the 1999 model year, the M62 TU VANOS engine was in- 
troduced to the 540i models. This engine is primarily a carry- 
over from the earlier M62 engine, but contains many unique 
identifying components and technology: 

Variable camshaft timing (VANOS) for the intake valves. 

Bosch ME 7.2 engine management system with electronic 
throttle control. There is no accelerator cable connecting 
the throttle pedal to the throttle housing in these cars. 

Compact water-cooled generator (alternator). 

E39 vehicles are equipped with sophisticated self-diagnostic 
engine management systems. These systems monitor and 
store diagnostic fault information. If the malfunction indicator 
lamp (MIL) illuminates, the first diagnostic test should be to 
connect a dedicated scan tool for BMW automobiles and in- 
terrogate the fault memory. 

If the malfunction indicator light (MIL) comes on orflashes, it 
indicates that an emissions-related fault has occurred and 
that fault information is stored in memory within the ECM. 

4 The MIL in E39 cars displays one of these warning graphics 
in the instrument cluster. 

The diagnostic capabilities of these systems have the poten- 
tial to save hours of diagnostic time and prevent incorrect 

5 placement. See OBD On-Board Diagnostics. 



Two common causes of driveability problems are incorrect 
system voltage and bad grounds. 

System voltage 

Digital motor electronics (DME) requires that the system (bat- 
tery) voltage be maintained within a narrow range of DC volt- 
age. DC voltage levels beyond or below the operating range, 
or any AIC voltage in the electrical system can cause havoc. 
When troubleshooting an illuminated MIL, make sure the bat- 
tery is fully charged and capable of delivering all its power to 
the electrical system. An undercharged battery can amplify 
AIC alternator output ripple. 

To make a quick check of the battery charge, measure the 
voltage across the battery terminals with all cables attached 
and the ignition off. Afully charged battery will measure 12.6 
volts or slightly more, compared to 12.1 5 volts for a battery 
with a 25% charge. 

The DME system operates at low voltage and current levels, 
making it sensitive to small increases in resistance. The elec- 
trical system is routinely subjected to corrosion, vibration and 
wear, so faults or corrosion in the wiring harness and connec- 
tors are not uncommon. Check the battery terminals forcorro- 
sion or loose cable connections. See 121 Battery, Starter, 
Alternator for additional information. 

If a battery cable connection has no v~sible faults but is still 
suspect, measure the voltage drop across the connection. A 
large drop indicates excessive resistance, meaning that the 
connection is corroded, dirty, or damaged. Clean or repairthe 
connection and retest. 

NOTE- 
For instructions on conducting a voltage drop test and other 
general electrical troubleshooting information, see 600 Elec- 
trical System-General. 

Visually inspect all wiring, connectors, switches and fuses in 
the system. Loose or damaged connectors can cause inter- 
mittent problems, especially the small terminals in the ECM 
connectors. Disconnect the wiring harness connectors to 
check for corrosion, and use electrical cleaning spray to re- 
move contaminants. 

Main grounds 

Good grounds are critical to proper DME operation. If a 
ground connection has no visible faults but is still suspect. 
measure the voltage drop across the connection. A large volt- 
age drop means high resistance. Clean or repair the connec- 
tion and retest. 

LBuntr.yP~sbhnllcn.can#-AII A , ~ i l t l  Rcsrwsd 
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The main grounds for the fuel and ignition circuits of the DME 
system are illustrated below; see 610 Electrical Component 
Locations for additional ground and component locations. 

4 Ground for engine management system in right rear of en- 
gine compartment on E-box bulkhead (arrow). 

6-cylinder models: Grounds for ignition coils (arrows) 

4 V-8 models: Grounds for ignition coils, at cylinders 3 
(arrow) and 7. 

4 Fuel pump ground (arrow) below right tail light in luggage 
compartment. 

NOTE- 
Ground location for sedan shown, wagon models may 
differ. 
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I Engine Removal and Installation 

Engine removal and installation are covered in this repail 
group. 

See 100 Engine-General for engine identification details 
and engine codes. 

Transmission removal is required for all models before the 
engine can be removed. This is best accomplished with the 
car raised on an automotive lift. For additional procedures re- 
quired during engine removal, refer to the following repair 
groups: 

020 Maintenance 

0 121 Battery, Alternator, Starter 

170 Radiator and Cooling System 

180 Exhaust System 

4 230 Manual Transmission 

0 240 Automatic Transmission 

410 Fenders, Engine Hood 

Special tools 

Some special tools are required for engine removal and in- 
stallation. Be sure to have the necessary equipment on hand 
before starting the job. 

Engine lifting tool 
(Tool No. BMW 11 0 000) 

4 Cooling fan counterhold tool 
(Tool No. BMW 11 5 030) 

< Cool~ng fan wrench 
(Tool No. BMW 11 5 040) 



110-3 

Engine Removal and lnstallationl 

Q Fuel line plugs 
(Tool No. BMW 13 5 281 / 13 5 282) 

4 Fuel line removal tool 
(Tool No. BMW 16 1 050) 

CAUTION- 
Disconnecting the battery may erase fault code@) storedin 
memoiy Check for fault codes prior to disconnecting the 
battery cables. 

If the MIL (Malfunction Indicator Light, also may be 
called "Check Engine" or "Service Engine Soon" light) 
is illuminated, see OBD On-Board Diagnostics for 
DME fault code information. 

It orhersysrem faults have been detected, as indicated I 
by an ~llum~nated ABS, SRS orASC/DSC ~arn ing light, 
see the appropriate repair group in this manual or an 
authorized BMW dealer for more information on fault 
codes. 

NOTE- 
Engine removal procedures are similar for all 6-cylinder 
models. When differences exist, they are noted at the be- 
ginning of each step. Engine are referred to by engine 
code. See 100 Engine-General for engine code and appli- 
cation information. 

@ Be sure to cover all painted surfaces before beginning the 
removal procedure. As an aid to installation, label all com- 
ponents, wires and hoses before removing them. Do not 
reuse gaskets, O-rings or seals during reassembly. 
The intake manifold must be removed on &cylinder mod- 
els before the engine can be removed. 

WARNING- 
Due to risk of personal injury, be sure the engine is cold be- 
fore beginning the removal procedure. 
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- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions in 001 General Cautions and  Warnings. 

- Remove engine hood, or place in service position. See 410 
Fenders, Engine Hood. 

4 Remove left and right interior ventilation ducts (lefl side 
shown): 

Release ventilation filter cover latch (A) and remove cover. 

Release plastic loclting tab (6) or release locking tabs on 
top of duct (later models). 

Rotate duct counterclocltwise to unloclt from bulkhead and 
remove (arrow). 

Disconnect electrical harness from hood switch (C). 

Release spring loclt (D). 

Slide filter housing away from inner fender to remove. 

Removal of right side ventilation duct is similar. 

Remove rear bulkhead panel: 

Remove rubber sealing gasket (arrow). - Remove 3 mounting clips (A). 

Remove 4 retaining screws (6). 

Lift off panel. 

Remove complete air filter housing: 

Loosen intalte duct hose clamp (A) at throttle assembly. 

Loosen clamp and remove idle control line from intalte duct 
(6) and (where applicable) disconnect idle speed control 
valve electrical harness connector. 

Disconnect harness connector (C) from mass air flow sen- 
sor. 

Remove air filter housing mounting screw (D). 

Disconnect vent tube (E). 

Loosen air intake duct clamp (F). 

Carefully lift air filter housing out of engine bay. 
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< Remove positive battery cable and intake manifold cover: 

Remove protective cover from positive (+)jump start post 
( 4 .  
Loosen and remove battery lead mounting nut. 

Remove lead and push down through intake manifold 
Remove trim covers (arrows) from fuel injector cover. 

Remove cover hold down bolts and lift off cover. 

Working above engine, disconnect the following: 

Vent line from cylinder head cover (A). 

M52 engine: Oxygen sensor connectors (8). 

Electrical harness connector from intalte camshaft VANOS 
solenoid valve (C). 

M52 engine: Disconnect electrical harness connectors at 
throttle valve position switch (D), ASC valve position switch 
(E), fuel injector harness (F) and vent valve (G). 

CAUTION- 
Be sure to mark oxygen sensor harness connectors so that 
they can be reassembled correctly Do not interchange con- 
nectors. 

4 M52 TU, M54 engine: Disconnect fuel injector electrical con- 
nectors from injectors. 

Use small screwdriverto pry one corner of wire lock clip on 
fuel injector 1 connector. 

Repeat for all injectors. 
Lifl off connector loom and lay aside. 
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I Engine Removal and Installation I 
4 Where applicable, remove schraedervalve cap (arrow) from 

air connection on fuel rail. Using a tire chuck, blow fuel back 
through feed line using a brief burst of compressed air (rnax- 
imum of 3 bar or 43.5 psi). 

WARNING - 
Fuel in fuel line is under pressure (approx. 3 - 5 bar or 45 - 
75psi) andmay be expelled underpressure. Do not smoke 
or work near heaters or other fire hazards. Keep a fire ex- 
tinguisher handy Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb any leaking fuel. Catch 
and dispose of escaped fuel. Plug all open fuel lines. 

Alwavs unscrew the Fuel tank cao to release oressure 
I in the tank before working on the tank or lines. I 

- Raise car and support in a safe manner. 

WARNING- 
Male sure the car is stable and we/ supported at all times. 
Use a professional automotive lift orjackstands designed for 
the purpose. A floor jack is not adequate support 

- Working underneath car, remove protective engine splash 
guard. 

4 Disconnect fuel lines by sliding locking collar in (arrows) and 
pulling line apart. 



Engine Removal and lnstallationl 

NOTE- 
BMW uses three styles of fuel line connections; a one-time 
single use clamp, a locking fitting that uses special tool 16 1 
050 to release, and a quick release sleeve (arrow) that dis- 
connects the line when depressed. 

WARNING- 
Fuel may be expelled under pressure. Do not smoke or work 
near heaters or other fire hazards. Keep a fire extinguisher 
handy Before disconnecting fuel hoses, wrap a cloth around 
fuel hoses to absorb any leaking fuel. Plug all oDen fuel lines. 

< M52 engine: Remove throttle valve and ASC throttle 
assemblies. 

Disconnect ASC throttle cable (A). 
Remove ASC throttle housing mounting fasteners (El). 
Clamp off, disconnect, and plug coolant hoses (C).  
Disconnect throttle and cruise control cables (D). 
Remove throttle housing mounting hardware and throttle 
valve. 

NOTE- 
M52 TU, M54 engine: Throttle body is removed with intake 
manifold. 

< M52 TU engine: Pull throttle cable out of rubber retainer (A) 
and unloclc ball end of cable (6) from throttle actuator. 
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4 M52 TU, M54 engine: Remove fasteners (arrows) retaining 
wiring harness conduit to throttle body. 

4 M52 TU, M54 engine: Working at throttle housing, rotate har- 
ness plug (arrow) counterclockwise and remove. 

4 M52 TU, M54 engine: Disconnect electrical harness connec- 
tor at idle speed control valve (arrow), directly above throttle 
valve. 
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M52 TU, M54 engine: Disconnect electrical harness connec- 
tor at fuel tank venting valve (A). Disconnect vent hose at fit- 
ting (arrow). 

- Working under intake manifold, disconnect the following: 

Engine oil dipstick tube support. 

Oil separator return line from dipsticlc tube. 
Intake air temperature sensorelectrical harness connector 
(underside of intake manifold near throttle body). 

M52 TU, M54 engine: Resonance valve electrical harness 
connector. 

M52 engine: Fuel tank vent line and harness. 

< Working underneath car, remove lower intalte manifold sup- 
port mounting bolts (arrows). 

4 M52 TU. M54 engine: Remove fuel rail mounting bolts 
(arrows): 

Carefully pry fuel rail off manifold. 
Separate fuel line support bracket at rear of intake 
manifold. 

NOTE- 
* M52 TU engine shown. M54 engine is similar. 

M52 engine: Fuel rail is removed with intalte manifold. 
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< Remove intake manifold mounting hardware (arrows). 

NOTE- 
M52 TU engine shown. M52 and M54 engines are similar. 

Liit up manifold just enough to remove positive cables from 
starter motor terminal 50 (arrow). 

- Remove intake manifold from cylinder head while carefully 
checking for electrical connections, tie wraps, and hoses. 

CAUTION- 
Stuff clean rags into open intake ports to prevent any parts 
from falling into the engine intake. 

4 Remove fastener (A) and harness connector (B) from 
alternator. 
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4 Remove cylinder head top cover: 

Remove plastic trim caps (arrows). 
Remove cover retaining fasteners and lifl off cover. 

- Remove alternator cooling tube. 

4 Drain engine coolant and remove coolant hoses: 
* Remove expansion tank cap on coolant reservoir. 

Place a 3 gallon pail beneath engine to capture coolant, 

* Remove coolant drain plug located on exhaust side of 
cylinder 2 of engine block (arrow). 

NOTE- 
Drain plug for M52 TU and M54 engine shown. Plug for M52 
located between cylinders 4 and 5. 

Drain radiator by removing plastic drain plug (arrow) from 
bottom of radiator. 

WARNING- 
Use extreme caution when draining and disposing of engine 
coolant Coolant is poisonous andlethal to humans andpets. 
Pets are attracted to coolant because of its sweet smell and 
taste. Seek medical attention immediately i f  coolant is ingest- 
ed. 

NOTE- 
Catch and dispose of drained coolant according to local, 
state, and federal laws. 
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4 Remove hoses from thermostat housing by releasing locks 
(arrows). If applicable, detach electrical harness connector 
for thermostat housing. 

NOTE- 
Two different types of hose fasteners are used on the E39 
car; lock clamp type as shown above or standard band 
clamps. 

- On vehicles equipped with mechanical cooling fan: Remove 
belt-driven cooling fan and radiator as described in 170 Ra- 
diator and Cooling System. 

CAUTION- 
32 mm radiator fan mounting nut has left hand threads. 

4 Disconnect coolant hose (arrow) at rear left side of engine 
above starter. 

4 Disconnect coolant hose (arrow) at front left side of engine 
mount. 

- Unbolt power steering fluid reservoir and pull aside without 
detaching hoses. Secure to fender with cord or stiff wire. 
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4 Working at E-box at right rear of engine compartment: 

Disconnect engine electrical harness connectors 
(arrows). 
Lift off harness looms and lay over engine. 

- Remove polyribbed drive belts. Mark direction of rotation if 
belts will be reused. See 020 Maintenance. 

- Remove exhaust system and transmission from car. See 180 
Exhaust System, 230 Manual Transmission or 240 Auto- 
matic Transmission. 

NOJE- 
Detach automatic transmission cooler lines from radiator, re- 
move brackets holding lines to side of engine, andstore lines 
in a clean environment. 

- Remove power steering pump: 

If necessary, remove steering pump pulley. 

Remove front and rear pump mounting bolts. 
Suspend pump from body using stiff wire. 

4 Remove A/C compressor mounting bolts (arrows) and AIC 
compressor from its mounting bracketwithoutdisconnecting, 
distorting, or deforming any refrigerant lines. Suspend from 
body using stiff wire. 

4 If applicable, remove secondary air pump: 

Remove hose at one-way valve (A). 
Remove bolts at support bracket on strut tower (arrows). - Disconnect electrical harness from bottom of secondary 
air pump. 
Remove bracket from strut tower. 
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4 M52 TU, M54 engine: Separate oxygen sensor electrical har- 
ness connectors (arrows) and mounting clip (A) on right side 
of engine. 

CA U T I O W  
Be sure to mark oxygen sensor connectors so that they can 
be assembled correctly Do not interchange connectors. 

4 Remove chassis ground strap (arrow) at right engine rnount- 
ing pedestal. 

4 Install an engine lifting device (BMW 11 0 000 or equivalent) 
to the front and rear engine supports and raise engine until 
its weight is supported. Detach left and right engine mounts. 

- Carefully raise engine out of car, checking for any wiring, fuel 
lines, or mechanical parts that might become snagged as en- 
gine is removed. - 

. .. 

- .- - 
- 
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- Installation is reverse of removal, noting the following: 

Replace all gaskets. O-rings and seals. 

Use new fuel injector seals 

Check that engine drive belts properly engage pulley 
grooves. 

Inspect O-ring seal between mass air flow sensor and air 
filter housing. To facilitate reassembly, coat seal with acid- 
free grease. 

Change engine oil and filter and check all other fluid levels. 
See 020 Maintenance. 

Refill and bleed cooling system. See 170 Radiator and 
Cooling System. 

CAUTION-- 
When reattaching throttle assembly harness connectoc con- 
nector is fuNy tightened when arrows on connector and plug 
line up. 

Tightening torques 

Coolant drain plug to cylinder block 25 Nm (18 ft-lb) 

Engine mount to subframe (M10) 45 Nm (33 ft-ib) 

Exhaust manifold to cylinder head 
M6 10 Nm (89 in-lb) 
M7 or ME 20 Nm (15 ft-lb) 

Intake manifold to cylinder head 
M7 15 Nm ( I  1 ft-lb) 
ME 22 Nm (16 ft-lb) 

Radiator cooling fan to coolant pump 40 Nm (30 ft-lb) 

Radiator drain screw to radiator 2.5 Nm (22 in-lb) 
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ENGINE, REMOVAL AND 
INSTALLATION (V-8 MODELS) 

NOTE- 
Engine removal procedures are similar for all V-8 models. 
When differences exist, they are noted at the beginning of 
each step. Engine are referred to by engine code. If neces- 
sary, See 100 Engine-General for engine code andappli- 
cation information. 
Be sure to cover all painted surfaces before beginning the 
removal procedure. As an aid to installation, label all com- 
ponents, wires and hoses before removing them. Do not 
reuse gaskets, O-rings or seals during reassembly 

WARNING - 
Due to risk ofpersonal injury, be sure the engine is cold be- 
fore beginning the removal procedure. 

- Disconnect negative (-) cable from battery. 

Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove engine hood or place hood in service position. See 
410 Fenders, Engine Hood. 

Remove intake manifold cover, version 1: 

Remove plastic trim caps (arrows). 
Remove cover mounting fasteners and lift off cover. 

Remove intake manifold cover, version 2: 

Press down on locking pins (arrows) to release locks 
Lifl cover straight up to remove. 
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-. 
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4 Remove left interior ventilation duct: 

Release duct locking tabs (A). Early models: release loclc 
ing strap. 

* Rotate duct inward (arrow) to detach. 

Release spring loclc (El) to unlock ventilation housing. 
Disconnect electrical harness connector from hood switch 
(C). 
Release locking clip and remove ventilation filter cover (D). 

Slide air housing away from inner fender to remove. 

Removal of right side ventilation duct is similar. 

4 Remove rear engine compartment bulkhead panel: 

Remove rubber sealing strip. 

* Remove 3 mounting clips (A). 

Remove harness supporting clip (El). 
Unlock panel retainers (arrows). 

Lifl out panel. 

< Separate engine wiring harness (arrow) from electrical box 
at right side of engine compartment: 

Remove E-box cover. 

Disconnect electrical harness connectors leading from en- 
gine wiring harness (arrow). Connectors are labelled (A, 
El, C. D, E) for locating purposes. 

Lay engine harness on top of engine. 

- Drain engine coolant from engine block and radiator. See 170 
Radiator and Cooling System. 

Remove drain plugs from right and left side of engine bloclc 
(between cylinders 213 and 617). 

Afler coolant has drained, reinstall drain plugs using new 
sealing washers. 

Drain radiator and reinstall drain plug. 

Tightening torques 

Coolant drain plug to cylinder block (M14) 25 Nm (18 ft-ib) 

Radiator drain screw to radiator 2.5 Nm (22 in-lb) 
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WARNING - 
Use extreme caution when draining and disposing of engine 
coolant. Coolant is poisonous andlethal to humans andpets. 
Pets are attracted to coolant because of its sweet smell and 
taste. Seek medical attention immediately if coolant is ingest- --- 

Working at rear of intake manifold: 

Disconnect brake booster vacuum line (A). 

Disconnect fuel tank vent line (6). 

Disconnect hoses (C and D) at coolant manifold - Remove transmission harness support (E). 

- Remove oil filter housing assembly from fender: - Remove oil filter housing mounting fasteners. 

Use stiff wire to secure oil filter housing to engine. 

NOTE- 
Do not disconnect oil lines from filter housing. 

4 Disconnect supply and return fuel lines (where applicable) at 
or near fuel rail. Plug open fuel lines. 

NOTE- 
BMW uses three styles of fuel line connections; a slngle use 
clamp, a locking fitting that uses special tool 16 7 050 to re- 
lease, and a quiclc release sleeve (arrows) that disconnects 
the line when depressed. 

WARNING- 
Fuel In fuel line is under pressure (approx. 3 - 5 bar or45 - 
75 psi) and may be expelled. Do not smoke or worlc near 
heaters or other fire hazards. Keep a fire extinguisher 
handy. Before disconnecting fuel hoses, wrap a cloth 
around fuel hoses to absorb any lealcing fuel. Catch and 
dispose of escaped fuel. Plug all open fuel lines. . Always unscrew the fuel tank cap to release pressure 
in the tank before worlcing on the tank or lines. 

< Remove air filter housing and mass air flow sensor: 

Disconnect mass air flow sensor ( A )  and intalte air temper- 
ature sensor (6) electrical harness connectors. . Remove air filter housing mounting fastener (arrow). 

Loosen intake hose clamp (C). 

M62 engine: Remove hose at idle air stabilizer. 

Remove air filter housing with mass air flow sensor. 

Remove intalte hose from throttle body. 
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M62 engine, remove ASC throttle body. 

Disconnect electrical harness from throttle position sensor. - Disconnect ASC actuator cable (arrow). . Remove mounting fasteners and remove throttle body. 

On front of left side cylinder head, disconnect electrical har- 
ness connector (A), and remove and plug fuel tank vent valve 
vacuum line (0).  

Raise car and support in a safe manner. 

CAUTION- 
Male sure the car is stable and well supported at aN times. 
Use a professional automotive lifi orjackstands designed for 

I the ouroose. A floor jack is not adequate support. 

Working beneath car: - Remove engine splash shield. 

Remove right and left heat shield from front suspension 
subframe. 

Working underneath engine compartment, disconnect 
ground cable on right side engine mount (arrow). 
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Working at right side of transmission bellhousing, disconnect 
electrical harness connections (arrows) from starter. Re- 
move starter retaining bolts and remove starter from trans- 
mission mount. 

M62 TU engine: Disconnect electrical harness connector 
for right oxygen sensor from retaining clip and remove re- 
taining clip from transmission. 

- Working underneath engine compartment at left side: 

Unclip positive battery cable from oil pan. . Remove alternator cooling duct. 

4 M62 engine: Remove fastener A and plug connector B from 
alternator. 

- M62 TU engine: Remove electrical harness connectors from 
front of water cooled alternator. 

- Remove exhaust system and transmission. See 180 Ex- 
haust System and 230 Manual Transmission or 240 Auto- 
matic Transmission. 

- Working at front of engine: 

Remove upper and lower hoses from radiator. 

D~sconnect expansion tank hose from coolant pump. 

- Remove belt-driven cooling fan: 

Counterhold fan with special tool 11 5 050. 

Turn fan mounting nut (32 mm) clockwise (left hand 
threads) to loosen. 

Rotate fan clockwise to remove. 

Remove cooling fan shroud: 

Disconnect electrical connectors from coolant level sensor 
(B) and coolant temperature sensor (C). . Remove expansion rivets (A) from each side of shroud 

Remove coolant hose (D). 

Slide fan shroud with expansion tank up. Remove radiator 
overflow tube from spout of expansion tank. Remove radi- 
ator fan shroud with expansion tank. 

Remove radiator. See 170 Radiator and Cooling System. 
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Remove polyribbed A/C compressor belt: 

Mark direction of belt travel if belts are to be reused. 

Loosen bolts (A). 
Turn adjusting lug (B) clocltwise to release belt tension. 

Working beneath car, remove power steering pump and air 
conditioner compressor. Suspend from body using stiff wire. 

Remove exhaust manifolds. See 180 Exhaust System. 

< lnstall engine lifting device (BMW 11 0 000 or equivalent) to 
front and rear engine supports and raise engine until it's 
weight is supported. Detach engine mounts. 

a Watch carefully for hoses and electrical wires that might 
snag. 

- installation is reverse of removal: 

Replace all gaskets, O-rings and seals. 

V-8 engine mounts have two sets of mounting holes. E39 
cars use front most mounting holes. 

* On cars with automatic transmission, use new O-rings at 
ATF cooler lines. 
Use new alignment sleeves when installing transmission. 

Be sure engine drive belts properly engage pulley grooves. 
When installing belt, preload tensioner to stop (toward 
belt), then tighten tensioner clamping nut. 
lnstall front exhaust pipes using new gasltets and copper 
paste and new mounting hardware. See 180 Exhaust 
System. 
Change engine oil and filter. Check all other fluid levels as 
described in 020 Maintenance. 
Refill and bleed cooling system as described in 170 Radi- 
ator and Cooling System. 

CAUTION- 
Do not interchange knoclc sensor harness connectors. Seri- 
ous engine damage may result 
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Tightening torques 

ATF cooler lines to radiator 
(use new O-rings) 
M I8  cap nut 20 Nm (15 ft-lb) 
M22 cap nut 22 Nm (17 ft-lb 

Coolant drain plug to cylinder blocic (M14) 25 Nm (18 ft-lb) 

Engine mount to engine bracket or 47 Nm (35 ft-lb) 
subframe (M10) 

Exhaust flange nuts (8 mm) 25 Nm (18 ff-ib) 

Radiator cooling fan to coolant pump 40 Nm (30 ft-lb) 
(left-hand threads) 

Radiator drain screw to radiator 2.5 Nm (22 in-lb) 

Wirino to alternator (ME nut) 13 Nm (9.5 ft-lb) 
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This group covers cylinder head removal and installation as 
well as cylinder headlvalve diagnostic procedures. 

In the procedures in this repair group, engines are referred to 
by engine code. If necessary, see 100 Engine-General for 
engine code and application information. 

The information given in this repair group assumes that the 
engine is installed in the engine bay. On the 6-cylinder en- 
gines, the VANOS control unit must be removed in orderto re- 
move the cylinder head from the engine block. On M52TU 
and M54 engines, camshafts must be removed from the cylin- 
der head before the head is removed. 

The cylinder head removal and installation procedures for the 
M62 V-8 are also included, butthe proceduresforthe M62TU 
V-8 with VANOS are not provided. 

For cylinder head and valvetrain reconditioning information, 
see 116 Cylinder Head and Valvetrain. 

For specific repair procedures, refer to the appropriate repair 
group: 

020 Maintenance 

116 Cylinder Head and Valvetrain 

117 Camshaft Timing Chain 

170 Radiator and Cooling System 

610 Component locations 

NOTE- 
I f  a head gasket problem is suspected, a compression test or 
leak-down test will usually detect the fault See Diagnostic 
Testing later in this group. 

Special tools 

Special BMW service tools are required to properly remove 
and install the cylinder head on engines covered by this man- 
ual. The special tools are used to time the valvetrain to the 
crankshaft, and to remove the VANOS control unit, the cam- 
shafts and the Tom (El2) head bolts. Read the entire proce- 
dure through before beginning the job. 
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4 Rotary angle torque dial gauge 
(Tool No. BMW 11 2 250100 9 120) 

4 El2 Torx socket for cylinder head bolts 
(Tool No. BMW 11 2 250) 

4 Crankshaft loclting tool 
(Tool No. BMW 11 2 300) 

4 Camshaft locking tool set, 6-cylinder /I (Tool No, BMW 11 3 240) 

< Timing chain adjustable tension setup tool, 6-cylinder 
(Tool No. BMW 11 4 220) 

> 

Double VANOS adiustment date 

4 Secondary sprocket setup tool for double VANOS 
(Tool No. BMW 11 6 180) 
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4 Camshaft locking tools (cyl. 5-8), V-8 

1 1 2 4 4 2  1 1 2 4 4 6  
(Tool No. BMW 11 2 44211 1 2 44611 1 2 44311 1 2 444) 

4 Camshaft loclting tools (cyl. 1-4), V-8 
(Tool No. BMW 11 2 44511 1 2 44111 1 2 44311 1 2 444) 

4 Timing chain adjustable tension setup tool, V-8 
(Tool No. BMW 11 3 390) 

Secondary timing chain tensioner loclting pin, V-8 
(Tool No. BMW 11 3 310) 

4 Hydraulic lifter securing plugs 
(Tool No. BMW 11 3 250) 

< Camshaft bearing cap tensioner (6-cylinder) 
for camshaft removal and installation 
(Tool No. BMW 11 3 26011 1 3 270) 

4 Secondary timing chain tensioner loclt set 
(Tool No. BMW 11 3 29111 1 3 292) 
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< Fuel line plugs 

(Tool No. BMW 13 5 281113 5 282) 

4 Fuel line removal tool for quick-disconnect fittings 
(Tool No. BMW 16 1 050) 

< Tensioning bracket (V-8) 
(Tool No. BMW 11 7 380) 

Compressed air fitting for testing VANOS operation 
((Tool No. BMW 11 3 450) 

< Upper timing cover installation tool set, V-8 
(Tool No. BMW 11 1 41 0) 

Cylinder compression, checking 
A compression gauge is needed to make a compression test. 
For accurate test, the battery and starter must be capable of 
cranking the engine at least 300 rpm, and the engine should 
be at normal operating temperature. 

NOTE- 
Performing a compression test may cause a fault to set in the 
ECM and may illuminate the Malfunction Indicator Light 
(MIL). The light can only be turned out using either BMW 
special service scan tools or an equivalent aftermarket scan 
tool. Disconnecting the battery will not erase the fault memo- 
ry or turn out the light. See OBD On-Board Diagnostics. 
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- Disable ignition system by removing DME main relay. See 
610 Component Locations for relay location. 

WARNING- . The ignition system produces high voltages that can be fa- 
tal. Avoid contact with exposed terminals and use exfreme 
caution when working on a car with the ignition switched on 
or the engine running. 

Do not touch or disconnect ignition components while 
the engine is running or being cranked by the starter. 

Failure to remove the DME main relay or attempting to disa- 
bie the fuel andignition systems by other methods may result 
in damaoe to the enoine control module (ECM). 

- - Remove plastic cylinder head cover(s) 

, , I  . ,. .*,.,,&- - Remove coil grounding straps. 

I CAUTION- 

I nition system components. I 
- Remove coils. 

- Remove spark plugs from all cylinders. 

NOTE- 
Check the spark plugs for oil deposits that may indicate poor 
cylinder sealing, then set them aside in order. Used spark 
plugs should be reinstalled in the same cylinder from which 
they were removed. 

4 Install compression gauge in first cylinder spark plug hole, 
tight enough to form a good seal. 

- With parking brake set, transmission in PARK or NEUTRAL, 
and accelerator pedal pressed to floor, crank engine with 
starter. Record highest value indicated by gauge. 

NOTE- 
* The compression gauge reading should increase with 

each compression stroke and reach near its maximum 
reading in about 4-6 strokes. 
All cylinders should reach maximum compression in the 
same number of strolces. If a cylinder needs significantly 
more strokes to reach maximum compression, there is a 
problem. 
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- Release pressure at compression gauge valve, then remove 
gauge from spark plug hole. Repeat test for each cylinder 
and compare results with values given in Table a. 

Table a. Compression testing specifications 

Minimum compression 
6-cylinder 10-1 1 bar (142-156 psi) 
V-8 12-14 bar (174-203 psi) 

Maximum difference between 
cylinders (all engines) 0.5 bar (7 psi) 

- Compression readings may be interpreted as follows: 

Low compression indicates a poorly sealed combustion 
chamber. 

0 Relatively even pressures that are below specification nor- 
mally indicate worn piston rings andlor cylinder walls. 

Erratic values tend to indicate valve leakage. 

Dramatic differences between cylinders are often a sign of 
a failed head gasket, burned valve, or broken piston ring. 

- If readings are within specifications, reinstall spark plugs and 
ignition coils. 

NOTE- 
Used spark plugs should be reinstalled in the same cylinder 
from which they were removed. 

Tightening torque 

Spark plug to cylinder head 25 Nm (18 ft-lb) 

lanition coils to cylinder head 10 Nm (7.5 ft-lb) 

- Remainder of installation is reverse of removal. Be sure to re- 
install all wires disconnected during test, especially ground 
wires at coils and cylinder head cover (where applicable). 

Wet compression test 

To further help analyze the source of poorcompression,awet 
compression test is the next step. 

- Repeat compression test, this time squirt a teaspoon of oil 
into each cylinder. The oil will temporarily help seal between 
piston rings and cylinder wall, practically eliminating leakage 
past rings for a short time. 

- If this test yields a higher reading than "dry" compression 
test, there is probably leakage between piston rings and 
cylinder walls, due either to wear or to broken piston rings. 

- Little or no change in compression reading indicates other 
leakage, probably from valves. 
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Cylinder leak-down test 

The most conclusive diagnosis of low compression symp- 
toms requires a cylinder leak-down test. Using a special 
tester and compressed air, each cylinder, in turn, is pressur- 
ized. The rate at which the air leaks out of the cylinder, as well 
as where the air leaks out, can accurately pinpoint the magni- 
tude and location of the leakage. 

Before attempting any repair that requires major engine dis- 
assembly, use a leak-down test to confirm low compression. 

~ Y L ~ N D E R  HEAD REMOVAL AND 
~NSTALLATION (M52 ENGINE) 

WARNING- 
Due to rislc of personal fnjur~: be sure the engine is cold be- 
fore beginning the removal procedure. 

Cylinder head removal and installation is a time consuming 
repair procedure requiring multiple special service tools. 
Read the entire procedure before beginning the repair. 

This procedure includes the following steps: 

Cylinder head, removing, M52 engine 

Cylinder head, installing, M52 engine 

Cylinder head, removing, M52 engine 

- Disconnect negative (-) cable from battery in luggage com- 
partment. 

CAUTION- 
Prior to disconnecting the battea read the battery discon- 
nection cautions in 001 General Cautions and Warnings. 

- 
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< Remove left and right interior ventilation ducts (left shown): 

Release ventilation filter cover latch (A) and remove cover. 
Release plastic locking tab (6) or release locking tabs on 
top of duct (later models). 
Rotate duct counterclockwise to unlock from bulkhead and 
remove (arrow). 

Disconnect electrical connector from hood switch (C). 

Release spring lock (D). 

Slide filter housing away from inner fender to remove. 
Removal of right side ventilation duct is similar. 

Remove rear bulkhead panel: 

Remove rubber sealing gasket (arrow). 
0 Remove 3 mounting clips (A). 

Remove 4 retaining screws (6). 

Lift out panel. 

< Remove complete air filter housing: 

Loosen intake duct hose clamp (A) at throttle assembly. 
Loosen clamp and remove idle control hose from ~ntake 
duct (6) and disconnect Idle speed control valve electr~cal 
harness connector. 
Disconnect electr~cal harness connector (C) from mass alr 
flow sensor. 
Remove air filter housing mounting screw (D). 

Disconnect vent tube (E). 

Loosen air intake duct clamp (F). 

Carefully lift air filter housing out of engine bay. 

4 Remove positive battery cable and intake manifold cover: 

Remove protective cover from positive (+)jumper post (A). 

Loosen and remove battery lead mounting nut. 
Remove battery lead and push down through intake mani- 
fold. 
Remove trim caps (arrows) from fuel injector cover. 

Remove cover hold down fasteners and lift off cover. 
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4 Working above engine, disconnect the following: 

Vent line from cylinder head cover (A). . Oxygen sensor connectors (B). 

Electrical harness connector from VANOS solenoid 
valve (C). 
Electrical harness connectors at throttle valve position 
switch (D), ASC valve position switch (E), fuel injector har- 
ness (F) and vent valve (G). 

CAUTION- 
Be sure to mark oxygen sensor harness connectors so that 
they can be reassembled correctly Do not interchange con- 
nectors. 

4 Where applicable, remove schraeder valve cap (arrow) from 
air connection on fuel rail. Using a tire chuck, blow fuel back 
through feed line using a brief burst of compressed air (max- 
imum of 3 bar or 43.5 psi). 

WARNING- . Fuel in fuel line is underpressure (approx. 3 - 5 bar or 45 - 
75 psi) and may be expelled. Do not smoke or work near 
heaters or other fire hazards. Keep a fire extinguisher 
handy Before disconnecting fuel hoses, wrap a cloth 
around fuel hoses to absorb any leaking fuel. Catch and 
dispose of escaped fuel. Plug open fuel lines. - Always unscrew the fuel rank cap ro release pressure 
;n the tank before working on the tank or lines. 

Disconnect fuel lines by sliding locking collar in (arrows) and 
pulling lines apart. 

NOTE- 
BMW uses three styles of fuel line connections; a one-time 
use clamp; a locking fitting that uses BMWspecial tool 16 1 
050 to release; and a quick release sleeve (above) that dis- 
connects the line when depressed. 
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< Remove intake throttle valve and ASC throttle assemblies: 

Disconnect ASC throttle cable (A). - Remove ASC throttle housing mounting fasteners (B). 

NOTE- 
I t  i s  not necessary to disconnect coolant hoses (C) 01 

bowden cables (D). 

Remove intake throttle housing mounting hardware, pull 
throttle housing off intake manifold, and set aside. 

- Working under intake manifold, disconnect the following: 

Engine oil dipstick tube support. 
Oil separator return line from dipstick tube. 

Intake air temperature sensor electrical harness connector 
(underside of intake manifold near throttle body). 

* Fuel tank vent line and electrical harness at canister vent 
valve. 

Remove lower intake manifold supports (arrows). 

- Disconnect coolant line retaining bracket at cylinder block. 

4 Remove manifold mounting hardware (arrows). 

- Remove intake manifold from cylinder head while carefully 
checking for electrical connections or hoses. 

NOTE- 
Fuel rail is removed with intake manifold, 

CAUTIOI\C 
Stuff clean rags into open intake ports to prevent any parts 
from falling into Nie engine intake. 

- Drain cooling system (engine block and radiator), then re- 
move radiator cooling fan and fan shroud. See 170 Radiator 
and Cooling System. 

- Disconnect coolant hoses from thermostat housing. 
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q Remove secondary air inject~on check valve (arrow). 

4 Remove cylinder head top cover: 

Remove plastic trim caps (arrows). 
Remove engine oil filler cap. 

Remove cover hold down fasteners and lift off cover. 

4 Remove ignition coils: 

Disconnect ignition coil harness connectors. . Remove coil mounting fasteners. 
Remove coils. 

Remove ground straps. 

NOTE- 
Make note of ground wire at mounting studs arrangement 
during removal. 

- Remove sparlc plugs. 

- Remove cylinder head cover mounting fasteners and remove 
cylinder head cover. 

NOTE- 
The cylinder head cover mounting bolt insulators and gas- 
le ts  should be reinstalled in their original locations. Make 
note of their arrangement during removal. 
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4 Remove oil baffle cover from above intake camshaft. 

4 Unscrew and remove three cylinder head cover studs (ar- 
rows) at rear of cylinder head. 

Set engine to approximate top dead center (TDC) by turning 
crankshaft bolt in direction of rotation (clocltwise when 
viewed from front of engine) until camshaft lobes for cylinder 
1 face each other (dotted lines) and arrows on camshaft 
sprocltets face up. 

- Set engine to TDC by aligning "OIP mark of vibration damp- 
er with boss cast on lower timing chain cover. 

< Lock cranltshaft at TDC: 

Remove sealing plug from bore on lower left side of engine 
block below starter. Secure crankshaft in TDC position with 
BMW special tool 11 2 300. 
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4 Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

4 Remove access plugs from VANOS control unit in front of 
exhaust camshaft sprocket. 

Remove 4 bolts (arrows) from exhaust camshaft sprocket 
(Torx E10). 

CAUTION- 
Hold the camshaft stationary (at hex on camshaft) when loos- 
eninq or tiqhteninq sprocl(et mounting fasteners. r 

Press down on secondary chain tensioner and lock into place 
using BMW special tool 11 3 292 or a similar size pin. 

NOTE- 
Some tensioners may have a single hole for special tool. 

Remove secondary chain tensioner. 

Disconnect harness connector and oil line fitting from bottom 
of VANOS control unit. 

NOTE- 
Wrap the VANOS oil line fitting with a shop rag to absorb 
leaking oil. 

Remove VANOS control unit mounting nuts and bolt at front 
of cylinder head. 
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< Use a spanner tool to rotate exhaust sprocket until stop on in- 
take sprocket is contacted. 

- Slide VANOS control unit forward to remove 

Remove primary chain tensioner (arrow) 

WARNING - 
Remove tensioner slowly - it is under spring pressure. I 

- Working at the intake side of cylinder 1 : 

Detach electrical harness connector for camshaft position 
sensor and remove sensor. 

Detach electrical harness connector for coolant tempera- 
ture sensor. 

- Remove exhaust manifolds. D~scard nuts. See 180 Exhaust 
System. 

Disconnect heating system hoses (arrows) from back of cyl- 
inder head. 
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- Remove secondary timing chain and sprockets: 

Remove mounting nuts from front of intake camshaft 
sprocket. Remove and label shim. 

CAUTION- 
Hold the camshaft stationary (at hex on camshaft) when loos- 
ening or tightening sprocket mounting fasteners. 

Remove mounting nuts from front of exhaust camshaft 
sprocket and remove and label thrust washer. 

NOTE- 
Where applicable, make note of thrust washerpositions. The 
thicker (0.4 mm) washer is mounted outermost. 

- Remove secondary sprockets together with camshaft tim- 
ing chain from front of camshafts. 

CAUTION- 
The camshafts must be locledin the TDCposition using the 
special service tool as described earlier: The arrows on the 
sprockets should not be used to accurately set the engine to 
TDC. The tool holds the camshafts parallel to each other and 

NOTE- 
Do not remove the sprocl<ets from the chain unless these 
parts are being replaced. Wire tie each sprocket to the chain 
to Iceep the sproclefs timed to each other: 

CAUTIOI\C 
The crankshaft must not be allowed to rotate once the cam- 
shaft timing chain is removed. The pistons can contact the 
valves. 

Unscrew timing chain guide and remove. 

Lift off primary sprocket with chain. 

Secure chain with wire to prevent chain from dropping into 
lower timing cover. 

Unscrew timing case cover to cylinder head bolts (arrows). 

NOTE- 
Photo shows timing chain guide in place; it should first be re- 
moved as described previously. 

Remove crankshaft locking tool (BMW special tool 11 2 300). 
Using the crankshaft vibration damper bolt, turn engine op- 
posite of normal direction of rotation (counterclocltwise as 
viewed from the front) approximately 30". This prevents ac- 
cidental contact between valves and pistons during installa- 
tion. 
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4 Cylinder head bolt loosening sequence. 

- Using BMW special tool 11 2 250 or an equivalent tool, loos- 
en cylinder head bolts in sequence. Discard head bolts. 

- Separate the cylinder head from the block and remove head. 
Evaluate head as described in 116 Cylinder Head and Val- 
vetrain. 

Cylinder head, installing, M52 engine 

If the camshafts were removed and installed while the cylin- 
der head was off, a minimum waiting time is required after in- 
stalling the camshafts. When the camshafts are removed, the 
hydraulic lifters can expand. This expansion can cause in- 
creased valve lift when the camshafts are bolted down, result- 
ing in open valves. 

Camshaft installation waiting times 

68" F (20" C) and higher 4 minutes 

50.68' F (1 0-20" C) 11 minutes 

32-50' F (0-1 0" C) 30 minutes 

- Clean cylinder head and gasket surfaces of cylinder block 
and all timing chain covers. 

CAUTION- 
Do not use a metal scraper or wire brush to clean the alumi- 
num cylinder head orpistons. If necessary, use a hard wood- 
en orplastic scraper. Also available are abrasive discs to be 
used in conjunction with an electric drill. Be sure to use the 
correct disc for the type of metal being cleaned. 

- Remove all debris and fluids from bolt holes and clean with a 
thread chaser. 

- Check gasket surface of cylinder head and cylinder block for 
warpage using a straight edge. 

NOTE- 
If the cylinder head has been machined, a special 0.3 mm 
thicker gasket should be installed. The thicker gasket is avail- 
able from an authorized BMW dealer. 
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4 Check that two locating dowels are correctly positioned in 
block and are not damaged. 

- Apply permanently elastic sealing compound Three Bond 
1209 8 to joints where cylinder block joins timing case cover. 

- Place new cylinder head gasket on cylinder block. 

NOTE- 
The word "OBEN" or 'TOP': printed on the gasket, should 
face up. The cylinder head gasket will fit correctly in only one 
orientation. 

- With camshafts locked in TDC oosition with BMW soecial 
tools as described during cylinder head removal, seicylinder 
head in position, guiding primary chain through cylinder head 
opening. 

NOTE- 
* The camshafts must be locl(ed in the TDC position at the 

rear of the cylinder head with BMW special tool I1 3 240 
before installing the cylinder head. 
Make sure the cranksha% which had been rotated approx- 
imately 30" opposite the direction of engine rotation, is still 
in that position before lowering the cylinder head into posi- 
tion. 

- Lightly lubricate new cylinder head bolts. Loosely install bolts 
and their washers, then thread them in until they are finger 
tight. 

NOTE- . Torx-type cylinder head bolts should not be reused. They 
are stretch-type bolts and must always be replaced when- 
ever loosened. 
Check that all washers for the cylinder head bolts are in 
place before installing the bolts. Some of the washers may 
be stalced to the cylinder head. 

CAUTIOI\C 
Cylinder head bolts for a cast iron engine block are different 
length and require different tightening torque than bolts for an 
aluminum cylinder bloclc engines (95 rnm versus 110 rnm 
bolts). 

- Install cylinder head-to-lower timing chain cover bolts finger 
tight. 

< Tighten cylinder head bolts in correct sequence to initial 
torque value. 
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< Use BMW tool 11 2 110 or torque angle gauge to tighten cyl- 

inder head bolts in sequence to stage 2 and 3. 

Tightening torques 

Cylinder head to cast iron bloclc 
Staoe 1 
staie 2 
Stage 3 

Cyllnder head to aiumlnum block 
Stage 1 40 Nm (30 it-lb) 
Stage 2 +90° 
Staoe 3 -80" 

- Tighten cylinder head-to-lower timing chain cover bolts. 

Tightening torques 

cylinderhead to lower timing chain cover 10 Nm (89 in-lb) 

- Inspect secondary chain guide rail and tensioner rail for 
grooves caused by chain contact. Replace any part that is 
worn. 

NOTE- 
Inspect timing chain sprocl(ets. Sprockets that have worn 
or missing teeth should be replaced. 

* If any of the sprockets are being replaced due to wear, the 
chain should also be replaced. 
If the crankshaft sproclet requir?s replacement, the oil 
pump drive sprocket and chain must be removed as de- 
scribed under 119 Lubrication System. 

The procedure outlined below assumes that the camshafts 
and the cranl(shaft are locledin the TDCposition with special 

4 Mount primary timing chain sprocltet to primary chain so that 
arrow on sprocket faces up. Mount sprocket to camshaft so 
that tapped holes in camshaft are on left side of elongated 
holes in sprocltet 

Install BMW special tool 1 I 4 220 into primary timing chain 
tensioner sleeve. Thread center spindle in finger tight until 
slack is removed from chain. 
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NOTE- 
BMW special tool 11 4 220 is an adjustable primary chain 
tensioner and simulates the function of the hydraulic 
tensioner. 

- Check that elongated holes in primary sprocket are now cen- 
tered to bolt holes in camshaft and chain is free of slack. If 
not, reposition sprocket to chain and reinstall. 

- lnstall secondary timing chain guide and secondary chain 
tensioner. Tighten mounting bolts (tensioner remains locked 
down for now using BMW special tool 11 3 292). 

- Install cylinder identification trigger plate to front of intake 
camshaft with studs. 

- Install spacer to front of intake camshaft. 

- Install secondary chain sprockets and chain as an assembly 
so that arrows on sprockets are pointing up. Center mounting 
holes in sprockets to bolt holes in camshafts. 

4 lnstall thrust washers and diaphragm spring to intake cam 
sprocket. 

I 
2hm thrust washer I 

- Install shim and torx bolts to exhaust camshaft. Tighten fin- 
ger tight; do not torque down. 

- Tighten intake sprocket nuts. 

CA U T I O G  
Hold the camshaft stationary (at hex on camshaft) when loos- 
enino or tiahtenino sorocket mounting bolts and studs. 

Tightening torque 

Intake s~rocket nuts to studs 10 + l  Nm (89 +9 in-lb) 

- Turn crankshaft approx. 30" in direction of rotation to bring 
engine to TDC. Lock crankshaft in TDC position with BMW 
special tool 11 2 300. 

CAUTION- 
The camshafts andcranlshaft must be lockedin the TDCpo- 
sition using BMW special tools 11 2 300 and 11 3 240. If the 
camshafts and cranl(shaft are not at TDC, the valves can 
contact the pistons. 
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NOTE- 
Be Sure the secondary timing chain tensioner is locked down 
and the exhaust camshaif mounting bolts are loose before 
proceeding. 

- Install VANOS control unit. See VANOS control unit, install- 
ing (M52 engine) in 117 Camshaft Timing Chain. 

CAUTION-- 
Incorrect installation ofthe VANOS control may result in dam- 
age to the engine valvefrain. 

- Install exhaust manifolds using new gaskets and nuts. Coat 
manifold studs with copper paste prior to installing nuts. 

Install intake camshaft cover and cylinder head cover. 

Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 O or equivalent 
sealant at corners (6) of half-moon cutouts. 

Seat gasket and seal corners in front of cylinder head at 
VANOS unit. 

- Installation of remaining parts is reverse of removal, noting 
the following: 

Reinstall electrical harness connectors for oil pressure 
switch and coolant temperature sensor before installing in- 
take manifold. 

Refill cooling system as described in 170 Radiator and 
Cooling System. 

Change engine oil and filter as described in 020 Mainte- 
nance. 

If necessary, adjust accelerator cable. 

Reconnect battery last. 

Tightening Torques 

VANOS oil line 32 Nm (24 ft-lb) 

VANOS solenoid to control unit 30 Nm (22 ft-lb) 

Coolant drain plug to cylinder block 25 Nm (18 ft-lb) 

Cylinder head cover to cylinder head 10 Nrn (89 in-lb) 
(M6 bolts) 

intake manifold to cylinder head 15 Nm ( I  1 ft-lb) 

Radiator cooling fan to coolant pump 40 Nm (30 ft-lb) - . . 

Radiator drain screw to radiator 2.5 Nm (22 in-lbl 
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CYLINDER HEAD REMOVAL AND 
~NSTALLATION (M52 TU AND N154 
ENGINES) 

WARNING - 
Due to risk ofpersonal injur)c be sure the engine is cold be- 
fore beqinning the removal procedure. 

Cylinder head removal and installation is a time consuming 
repair procedure requiring multiple special service tools. 
Read the entire procedure before beginning the repair. 

This topic includes the following procedures: 

* Cylinder head, removing, M52 TU and M54 engines 

Cylinder head, installing, M52 TU and M54 engines 

Cylinder head, removing, 
M52 TU and M54 engines 

Allow engine to cool before beginning this procedure. 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions in 001 General Cautions and Warnings. 

4 Remove left and right interior ventilation ducts (left side 
shown): 

Release ventilation filter cover latch (A) and remove cover. 
Release plastic locking tab (6) or release locking tabs on 
top of duct (later models). 

= Turn duct counterclocltwise to unlock from bullthead and 
remove (arrow). 

Disconnect electrical harness from hood switch (C). 
Release spring lock fastener (D). - Slide filter housing away from inner fender to remove. 
Removal of right side ventilation dud 

Remove rear bulkhead panel: 

Lift off rubber sealing gasket (arrow) - Remove 3 mounting clips (A). 
Remove 4 retaining screws (6). 
Lift off panel. 

: is similar 
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< Remove complete air filter housing assembly with mass air 
flow sensor: 

Loosen intalte duct hose clamp (A) at throttle assembly. 
Loosen clamp and remove idle control line from intake duct 
(B) and disconnect idle speed control valve electrical har- 
ness connector. 

Disconnect electrical harness connector (C) from mass air 
flow sensor. 
Remove air filter housing mounting screw (D). 

Disconnect vent tube (E). . Loosen air intalte duct clamp (F). 
Carefully lifl air filter housing, mass air flow sensor, and in- 
take duct hose out of engine bay. 

4 Disconnect positive battery cable and remove intake rnani- 
fold cover: 

Remove protective cover from positive (+)jumper post. 

Loosen and remove battery lead mounting nut (A). 
Remove lead and push down through intake manifold. 

* Remove trim covers (arrows) from fuel injector cover. 

Remove cover hold down fasteners and lifl off cover. 

4 Worlting above engine, disconnect the following: 

Vent line from cylinder head cover. To remove, pinch clips 
(arrows). 

Electrical harness connector from VANOS solenoid valve 
(A). 

- Remove oxygen sensors and exhaust manifolds. See 180 
Exhaust System. 

CAUTION- 
Remove oxygen sensors before removing exhaust mani- 
fold to prevent damage. 

Label oxygen sensor harness connectors so that they 
can be reassembled correctly Do not interchange con- 
nectors. 

NOTE- 
Front exhaust manifold must be removed before rear 
manifold. 
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- Working at side of intake manifold near left strut tower, dis- 
connect intake manifold resonance valve electrical harness 
connector. 

4 Disconnect fuel injector electrical harness connectors from 
injectors. - Use small screwdriver to pry out wire lock clip on fuel injec- 

tor 1 connector. 

Repeat for remaining injectors. 

Release harness conduit fasteners from injector rail. - Disconnect intake air temperature sensor electrical har- 
ness connection (between intake runners for cylinders 3 
and 4). 

Lift off connector assembly and lay aside. 

4 Where applicable, remove schraeder valve cap (arrow) from 
fuel ra~l. Using a tire chuck, blow fuel back through feed line 
using a brief burst of compressed air (maximum of 3 bar or 
43.5 psi). 

WARNING- 
Fuel is underpressure (approx. 3 - 5 bar or 45 - 75psi) and 
may be expelled. Do not smoke or work near heaters or 
other fire hazards. Keep a fire extinguisher handy Before 
d~sconnecting fuel hoses, wrap a cloth around fuel hoses 
to absorb any leaking fuel. Catch and dfspose of escaped 
fuel. Plug all open fuel lines. 

Always unscrew the fuel tank cap to release pressure 

I in the tank before working on the tank or lines. 

Disconnect manifold vacuum line (arrow) 

Raise car and support in a safe manner, 

CAUTION- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjack is not adequate support. 

Remove protective engine splash guard from below engine. 
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4 Working beneath car (on left side under driver seat), remove 
fuel filter cover and clamp off fuel hose(s). 

NOTE- 
M54 engines use a single fuel line to the non-return fuel rail. 

Disconnect fuel lines by pressing in on spring lock (arrows). 

CAUTION-- 
Fuel may be expelled underpressure. Do not smoke or worlc 
near heaters or other fire hazards. Keep a fire extinguisher 
handy Before disconnecting fuel hoses, wrap a cloth around 
fuel hoses to absorb any leaking fuel. Plug all open fuel lines. 

NOJE- 
BMW uses various styles of line connections; a one-time 
band clamp; a self-locl(ing connector (that use BMWspecial 
tool 16 1 050 to release); and a quick release connector 
(above). 

4 M52 TU engine: Pull throttle cable out of rubber retainer (A) 
and unhook ball end of cable (6)  from throttle actuator. 

4 Remove fasteners retaining wiring harness at throttle body 
and support bracket (arrows). 
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j Cylinder Head Removal and Installation 

4 Working at throttle housing, unscrew and disconnect electri- 
cal harness plug (arrow). 

4 Disconnect electrical harness connector at fuel tank venting 
valve (A) and vent hose at quick disconnect fitting (arrow). 

- Working under intake manifold, disconnect the following: 

Engine oil dipstick tube support. 
Oil separator return line from dipstick tube. 

Knock sensor harness connector from support. 

4 Working underneath car, remove intake manifold support 
mounting nut (arrow), located adjacent to left engine mount. 
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< Remove fuel rail mounting bolts (arrows): - Carefully pry fuel rail off manifold. 

Separate fuel line support bracket at rear of intake mani- 
fold. 

Guide fuel line(s) out of rear of engine compartment while 
lifting fuel rail out. 

4 Remove intake manifold mountino hardware (arrows). 

I from falling into the engine intake. I 

4 Remove cylinder head top cover: - Remove plastic trim caps (arrows). 

Remove cover hold down fasteners and lilt off cover. 
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4 Drain engine coolant and remove coolant hoses: 

Remove expansion tank cap on radiator. 

Place a 3 gallon pail beneath engine to capture coolant 

Remove coolant drain plug (arrow) located on exhaust 
side of cylinder 2 of engine block. 

4 Drain radiator into a 3 gallon pail by removing plastic drain 
plug (arrow) completely. 

Use caution when draining and disposing of engine coolant. 
Coolant is poisonous andlethal to humans andpets. Pets are 
attracted to coolant because of its sweet smell and taste. 
Seek medical attention immediately i f  coolant is ingested. 

NOTE- 
Catch and dispose of drained coolant according to local, 
state, and federal laws. 

4 Remove thermostat housing: . Disconnect electrical harness connector at thermostat 
housing. . Remove hoses from thermostat hous~ng by releasing loclts 
(arrows). 
Unbolt (4 bolts) and remove thermostat hous~ng. 

- On vehicles equipped with mechanical cooling fan: Remove 
belt-driven cooling fan and radiator shroud as described in 
170 Radiator and Cooling System. 

CAUTIOI\C 
32 mm radiator fan mounting nut has left hand threads. r 

4 Remove fasteners (arrows) from heater bypass tube. Pull 
tube out of cylinder head and set to side, leaving heater hose 
connected. 

- Unbolt power steering fluid reservoir and pull aside without 
disconnecting hoses. Secure to fender with cord or stiff wire. 
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4 If applicable, remove secondary air injection pump: 

Disconnect hose at one-way valve (A). 
Remove bolts at support bracket on strut tower (arrows). 

Disconnect electrical harness from bottom of secondary 
air injection pump. 
Remove mounting bracket from strut tower. 

4 Remove ignition coils: 
* Disconnect ignition coil harness connectors. 

Remove coil mounting fasteners. 

Remove coils. 

* Remove ground straps. 

CA UTIOI\C 
Note location of all ground wires. Failure to reinstall grounds 
can result in permanent damage to engine control module or 
ignition system components. 

Set coil harness to side of engine compartment 

- Remove cylinder head cover mounting fasteners and remove 
cylinder head cover. 

NOTE- 
The cylinder head cover mounting bolt insulators and gas- 
ltets should be reinstalled in their original locations. Male 
note of their arrangement during removal. 

- Remove spark plugs 

4 Remove oil baffle cover from above intake camshaft. 



Cylinder Head Removal and installation 
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4 Disconnect electrical harness connections at exhaust cam- 
shaft position sensor and exhaust camshaft VANOS control 
valve (arrows). 

4 Remove banjo bolt from VANOS unit oil pressure line. Use 
banjo bolt to attach BMW special tool 11 3 450 (compressed 
air fitting) to VANOS control unit. 

CAUTIOI\C 
Oil will drain from pressure line. Have a drain container and 
rags ready Do not allow oil to run onto drive belts. 

4 Cover oil hole (arrow) in VANOS unit with shop towel to cap- 
ture oil which will spray when compressed air is applied. 

- Connect compressed air line to air fitting. Apply air pressure 
set to 2-8 bar (30-1 15 psi). 

4 With compressed air line connected, rotate engine at vibra- 
tion damper in direction of rotation (clockwise) at least twice, 
until cylinder 1 intake and exhaust camshaft lobes face each 
other (arrows) in the top dead center (TDC) position for cyl- 
inder 1. 

CAUTION-- 
Do not rotate engine counterclocltwise to reach the top dead 
center position. If engine rotated beyond top dead center; 
complete another two complete rotations. 
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Remove sealing plug from special tool bore on lower left side 
of engine block near flywheel. Secure crankshaft in TDC po- 
sition with BMW special tool l l 2 300 (arrow). 

4 Unscrew and remove two cylinder head cover studs 
(arrows) at rear of cylinder head. 

4 Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

- Disconnect compressed air line, leaving compressed air fit 
ting attached to VANOS unit. 

4 Unscrew sealing plugs (arrows) from VANOS unit. 
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4 Oil will drain from plugs (arrows) when removed. Have a 
container and rags ready. Do not allow oil to run onto drive 
belts. 

Pull sealing caps straight out of VANOS unit using short nee- 
dle nose pliers. 

NOTE- 
Additional oil may drain from VANOS unit. 

Remove set screws (left-hand thread) on ends of intake and 
exhaust camshafts. 

CAUTION- 
Set screws have left-hand threads. Loosen in clocltwise di- 
rection. 
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Remove VANOS unit: 

Remove engine lifting eye. - Remove VANOS mounting nuts (arrows) and pull VANOS 
unit and metal gasket off. 

CAUTION- 
Do not crank the engine with VANOS unit removed. Pis- 
tonhalve inteiference may result. 

NOTE- 
The VANOS unit will contain a small quantity of oil. Place 
shop towel to catch oil as unit is removed or tilted. 

CAUTION- 
If the VANOS adjustment unit is replaced, or if operations are 
completed that may change the timing of the camshafts, the 
camshaft timing must be checked. See 11 7Camshaft Timing 
Chain. 

4 Remove primary camshaft chain tensioner cylinder (arrow). 

CAUTION- 
Primary camshaft chain tensioner is under spring pressure. 

Press down on secondary chain tensionerand lock into place 
using BMW special tool 11 3 291, or a thin drifl or pin. 
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< Remove exhaust camshaft impulse wheel mounting nuts 
(arrows). Remove impulse wheel (A). 

4 Remove spring plate (A). 

4 Remove intake camshaft sprocltet mounting nuts (arrows) 
and remove spring plate (labelled FRONT). 

< Remove torx screws from exhaust camshaft sprocket 
(arrows). 



11 3-35 

- cylinder Head Removal and Installation] 
- 

< Lift off exhaust and intake sprocltets together with secondary 
chain, thrust spacer (A), and splined shafl (B). 

CAUTION- 
Splined shafts share the same part number for both intake 
and exhaust camshafts. Used splined shafts must be rein- 
stalled in their original positions. 

Remove exhaust camshaft splined sleeve (A) and shaft (B). 

Remove secondary chain tensloner mounting bolts (arrows) 
and remove tensioner with retaining pin in place. 



1 13-36 

Cylinder Head Removal and Installation 

4 Remove sprocket mounting studs (arrows) from exhaust 
camshaft. 

Lift primary chain sprocltet off exhaust camshaft. 
sprocket from chain. 

4 Place timing chain on end of exhaust camshaft 

Remove 

4 Spline retaining screws (arrows) should not be removed 
from camshaft. 



Cylinder Head Removal and Installation I 
Remove cylinder head cover mounting studs (arrows) from 
center of cylinder head. 

- Remove crankshaft loclting tool from transmission bell hous- 
Ing. 

Lift primary chain and hold under tension, then rotate engine 
at vibration damper in opposite direction of normal rotation 
(counterclocltwise) approximately 30". 

CAUTION- 
By turning crankshait3O0, pistons are movedaway from top 
dead center, to prevent possible valve interference to pistons 
during camshaft servicing. 

- Remove camshaft loclting tools (BMW special tool set 11 3 
240) from rear of cylinder head. 

4 Remove camshaft bearing cap 1 on intake camshaft. 

4 Fit BMW special tools 11 3 260 (A) and 11 3 270 (B) to cyl- 
inder head and screw long bolts (arrows) into spark plug 
threads. Tensioning pins on tool will align with the bearing 
caps on the intake camshaft. 

CAUJION- 
Do not over torque bolts into sparkplug holes. 
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< Turn eccentric shaft of special tool to pretension intake cam- 
shaft bearing caps. Remove nuts on all intake camshaft bear- 
ing caps. 

- Slowly release tension on eccentric shaft and remove BMW 
spec~al tools. Remove bearing caps and set as~de in order. 
Remove camshaft and store safely. 

- Repeat procedure for exhaust camshaft. 

4 Secure hydraulic lifters in lifter bores using BMW speclal tool 
11 3 250, or remove lifters using a magnetic pick-up tool. 
With lifters secure or removed, lift out camshaft bearing car- 
riers from cylinder head. 

Use care to not let hydraulic lifters fall out as camshaft car- 
rier is removed. 

Hydraulic lifters should be stored ln an uprightpositlon. 

Used hydraulic lifters must be reinstalled into their orig- 
inal lifter bores. 

4 Remove intake camshaft position sensor (arrow) from side 
of cylinder head. 

4 Remove secondary chain lowerguide bolts (arrow). Remove 
chain guide. 
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-- 

Remove bolts (arrows) holding timing chain cover to cylinder 
head. (Photo shows camshafts and camshaft bearing caps in 
place). 

4 Using BMW special tool 11 2 250 or equivalent, loosen cylin- 
der head bolts in several stages, in sequence shown. Discard 
head bolts. 

NOJE- 
BMW special tool 11 2 250 is a thin-walled Torx E l2  socket 
with an extended reach. The cylinder head bolts are re- 
cessed into the head below the camshaft towers with little 
working space. 

- Lift off cylinder head. Refer to 116 Cylinder Head and Val- 
vetrain for cylinder head reconditioning information. 

Cylinder head, installing, M52 TU and M54 
engines 

Clean cylinder head and gasket surfaces of cylinder bloclc 
and all timing chain covers. 

CAUTION- 
Remove foreign matter and liquid from bolt holes. Trapped oil 
or coolant in bolt holes can cause damage to blocl~, 

CAUJION- 
Do not use a metal scraper or wire brush to clean the alumi- 
num cylinder head or pistons. If necessary, use a hard wood- 
en orplastic scraper. Also available are abrasive discs to be 
used in conjunction with an electric drill. Be sure to use the 
correct disc for the type of metal being cleaned. 

Evaluate cylinder head as shown in 116 Cylinder Head and 
Valvetrain. 

NOTE- 
If the cylinder head has been machined, a special 0.3 mm 
(0.01 1 in.) thicker gasket should be installed. The thicker 
gasket is available from an authorized BMW dealer and 
should be marked accordingly 
Cylinder head and valve specifications are covered in 116 
Cylinder Head and Valvetrain. 
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Lubricate camshafts, camshaft carriers, bearing caps, hy- 
draulic lifters, friction washers, splined shafts and spline hubs 
with assembly lubricant before installation. 

4 Check that two cylinder head aligning sleeves (arrows) are 
correctly positioned in block and are not damaged. 

- Apply elastic sealing compound Three Bond 1209 8 to cor- 
ner joints on cylinder block to timing chain cover. 

- Place new cylinder head gasket on cylinder block. 

NOTE- 
The word "OBEN" or " T O P  printed on the gasket, should 
face up. The cylinder headgaslet will fit correctly in only one 
orientation. 

- Set cylinder head in position, guiding primary chain through 
cylinder head opening. 

CAUJION- 
Make sure the crankshaft, which had been rotated approxi- 
mately 30" opposite the direction of engine rotation from 
TDC, is still in thatposition before lowering the cylinder head 
into position. All pistons must be out of TDC position to pre- 
vent valve/piston interference when the camshafts are in- 
stalled. 

- Lightly lubricate new cylinder head bolts and washers with 
oil. Install bolts and washers finger tight. Install cylinder head 
to lower timing chain cover bolts finger tight. 

NOJE- 
Cylinder head bolts should not be reused. They are 
stretch-type bolts and must be replaced whenever loos- 
ened. 

* Aluminum cylinder blocls use different length cylinder 
head bolts and torque values than cast iron blocks. 
Check that all washers for Nle head bolts are in place be- 
fore installing the bolts. Some of the washers may be 
staked to the cylinder head. 

I 12 10 4 2 6 8 141 Tighten cylinder head bolts in correct sequence (1-14) 

CA U TIOW- 
The bolts should be tightened in three stages as listed below 
The final stages require the use of a BMW special tool 11 2 
110 or a suitable protractor to tighten the bolts to a specified 
torque angle. 
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- Secure cylinder head bolts by torquing an additional 90" 
each for Stage 2 and 3. 

Tightening torques 

Cylinder head to engine block 
(aluminum block) 
Stage 1 40 Nm (30 it-lb) 
Stage 2 +90° 
Stage 3 80' 

4 lnstall intake camshaft position sensor (arrow). 

4 Install lower secondary chain guide. Tighten tom bolts to 
specifications. The bolt on the intake camshaft side is long 
and extends into the engine block. 

4 Install and tighten cylinder head-to-lower timing chain cover 
bolts (arrows). (Photo shows camshafts in place). 

Tightening torque 

Secondary chain guide to cylinder head 10 Nm (89 in-lb) 

Cylinder head to lower timing chain cover 
M6 10 Nm (89 in-lb) 
M7 15 Nm (1 1 it-lb) 
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4 Before installing camshaft carriers, examine bearing points 
(arrows) on hydraulic lifter bores for signs of wear. 

4 Center camshaft carrier with hydraulic lifters on pins (ar- 
rows) at bearing positions 2 and 7. 

Note marks on carriers: (E) for intake side and (A) for exhaust 
side. 

Lift timing chain and put exhaust cam onto exhaust camshaft 
carrier. Place intake camshaft on camshaft carrier. 
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4 Rotate camshafts until intake and exhaust lobes for cylinder 
1 face each other (arrows). 

CAUTION- 
Be sure that cranlcshaft is stillpositioned at least 30" away 
from TDC. 

- Place bearing caps on cams, but do not install retaining nuts. 

4 Fit BMW special tool 11 3 260 (A) and 11 3 270 ( B )  to cylin- 
der head over intake camshaft and screw long bolts (arrows) 
into spark plug threads. 

CAUTIOI\C 
Do not overtighten bolts in spark plug holes. 

Turn eccentric shaft of special tool to pretension bearing 
caps. Install and torque nuts on intake camshaft bearing 
caps. 

Tightening torque 

Camshaft bearing cap to cylinder head (M7) 14 Nm (10 ft-lb) 

Release tension on eccentric shaft and remove BMW special 
tools 11 3 2601270. 

Repeat procedure for exhaust camshaft. 

CAUTION- 
After the camshafts are installed, a minimum waiting time is 
required for the hydraulic lifters to 'bleed down" before bring- 
ing the crankshaft andpiston back to top deadcenter. When 
the camshafts are removed, the hydraulic lifters can expand. 
This expansion can cause increased valve lift when the cam- 
shafts are bolted down, possibly resulting in piston interfer- 
ence. 

Crankshaft I valve timing waiting times 

68.F (20°C) and higher 4 minutes 
50-68"F(10-20°C) 11 minutes 
32-5O0F(O-10°C) 30 minutes 
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4 Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

4 In necessary, turn camshaft slightly so that special tools are 
squarely seated on cylinder head. 

4 Lift timing chain and hold under tension. 



Cylinder Head Removal and Installation 

4 While maintaining tension on timing chain, rotate crankshaft 
at vibration damper from 30" before TDC in direction of rota- 
tion (clockwise) until number 1 cylinder is at TDC position 
with line between the OIT (arrow) on front pulley lined up 
with boss on lower timing chain cover. 
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Double VANOS Timing 
Chain Components 

1. Impulse wheel mounting nut 

2. Exhaust camshaft impulse 
wheel 

3. Spring plate, exhaust 

4. Thrust spacer (T = 3.5 mm) 

5. Splined shaft 

6. Torx screw 

7. Exhaust camshaft secondary 
sprocket 

8. Secondary timing chain 

9. Splined sleeve 

10. Primary sprocket 

11. Threaded locating stud 

12. Secondary chain tensioner 

13. Secondary chain lower guide 

14. Sprocket mounting nut 

15. Spring plate, intake 

16. Splined shaft 

17. lntakecamshaft sprocket 

18. Locating stud 

19. Thrust spacer 

20. Intake camshaft impulse wheel 

Double VANOS timing chain components, 
installing, M52 TU and M54 engines - 

4 Slide impulse wheel on intake camshaft, aligning boss with 
raised portion on camshaft (arrow). 
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Fit thrust spacer (A) to intake camshaft (B) and tighten down 
with threaded locating studs. Place longer threaded end of 
studs into camshaft (arrows). 

Tightening torque 

Impulse wheel studs to intake camshaft) 20 Nm (15 ft-lb) 

Fit primary sprocket to primary timing chain and install on ex- 
haust camshaft so that pointer on sprocket (arrow) lines up 
with cylinder head sealing surface. 

4 Insert BMW special tool 11 4 220 into timing chain tensioner 
bore and bring center spindle into contact with tensioning rail. 
Tighten until slack is removed, but do not pretension timing 
chain. 

NOTE- 
BMW special tool 11 4 220 is an adjustable primary chain 
tensioner and simulates the function of the tensioner. 

- Rechecic arrow on primary sprocket is aligned with upper 
edge of cylinder head. Reposition sprocket if necessary. 

Insert and tighten down threaded locating studs (arrows) in 
end of exhaust camshaft. Note installed position of studs. 

Tightening torques 

Exhaust camshaft locating stud 20 Nm (15 ft-lb) 
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4 Install secondary chain tensioner on cylinder head (arrows). 
Keep tensioner compressed using BMW special tool 11 3 
291 or suitable pin. 

< Install exhaust camshaft splined sleeve. Confirm that gap in 
sleeve splines aligns with corresponding gap in camshaft 
splines (arrows). 

Slide splined shaft onto exhaust camshaft. Be sure that locat- 
ing tooth of shaft fits into spline gaps of camshaft and splined 
sleeve (arrows). 

- Push splined shaft in further to rotate splined sleeve until the 
three threaded holes in primary chain sprocket are centered 
in the small slots of the splined sleeve. 

4 Place intake and exhaust sprockets in BMW special tool 11 6 
180. Position spline gap on intake sprocket (arrow) as shown 
and place secondary chain on sprockets. 
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Remove chain and sprockets from tool and slide sprockets 
on camshafts. Confirm that gap in intake sprocket splines 
lines up with corresponding gap in camshaft splines (arrow). 

CAUTIOI\C 
Do not alter position of sprockets with respect to chain when 
removing from special tool 11 6 180. 

< Align locating tooth of splined shaft with gaps on camshaft 
and sprocket. Slide splined shaft onto intake camshaft until 
approx. 1 mm (0.04 in) of splines (arrows) are visible. 

4 Install intake camshafl spring plate so that FRONT mark is 
visible. Install mounting nuts (arrows) finger tight. 

Insert sprocket mounting bolts (arrows) on exhaust side 
camshaft assembly. 

Initially tighten to approx. 5 Nm (44 in-lb) and then back off 
by half a turn. 
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4 Fit thrust spacer (A) on exhaust camshaft. 

4 Install spring plate (A) to exhaust camshaft. Malte sure that 
(F) mark is visible. 

NOTE- 
I f  Fmark is no longer visible, install spring plate as shown in 
inset. 

4 Install exhaust camshaft impulse wheel, aligning pointer (B) 
with top edge of cylinder head (A). Install mounting nuts (ar- 
rows) finger tight. 
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Cylinder Head Removal and Installation 

< Pull out exhaust camshaft splined shaft to stop. 

- Press down on secondary chain tensioner and remove ten- 
sioner lock-down tool. 

Preload primary chain: 

Tighten adjusting screw on BMW special tool 11 4 220 to 
specified torque. 

Tightening torque 

Primary chain tensioner preload 0.7 Nrn (6 in-lb) 

< Preload exhaust camshaft sprrng plate by pressing on im- 
pulse wheel while tightening mounting nuts (arrows) finger 
tight. 

Install BMW special tool 11 6 150 (VANOS setup bracket) to 
front of cylinder head timing case. Install nuts (arrows) finger 
tight, then tighten down uniformly until special tool is in full 
contact with cylinder head. 

CAUTION- 
Make sure all gasket material is removed from face of cylin- 
der head. Clean sealing face and keep free of oil. If any for- 
eign material is present on the sealing sudace, the camshait 
timina will be incorrect. 
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Secure camshaft sprockets and impulse wheels: 

Tighten mounting screws (A) on exhaust camshaft impulse 
wheel to approx. 5 Nm (44 in-lb). 

Tighten mounting nuts (8) on exhaust and intake sprocket 
assemblies to approx. 5 Nm (44 in-lb). 

Torque down mounting screws (A)  and nuts (B)  to final 
specifications. 

Tightening torques 

sprocket assembly to camshaft 
initial torque 5 Nm (44 in-lb) 

Sprocket assembly wheel to camshaft 
M7 torx screws (A) 20 Nm (15 ft-lb) 
M6 mounting nuts (5 )  10 Nm (8 ft-lb) 

- Remove crankshaft locking tool from transmission bell hous- 
ing so that crankshaft is no longer secured in TDC position. 

- Remove camshaft locking tools from cylinder head. 

4 Turn engine over twice in direction of rotation until cylinder 1 
intake and exhaust camshaft lobes (arrows) face each other. 

- Secure crankshaft in TDC position with BMW special tool 11 
2 300. 

4 Place BMW special tool set 11 3 240 over camshafts and 
measure clearances. 

CAUTION- - If the exhaust side of the tool (A) is not flush with tlie head, 
camshaft timing is incorrect Reset camshaft timing as de- 
scribed in 117 Camshaft Timing Chain. 

* Due to flexible sprocket design, VANOS unit tolerances 
and play in the VANOS splines, when the camshaft tim- 
ing is set correctly, the intake side of special tool 11 3 
240 (6) may be up to 1 mm (0.04 in.) above the surface 
of the cylinder head. This is normal. Reassemble en- 
gine. Othe~lise, reset camshaft timing as described in 
11 7 Camshaft Timing Chain. 

- Remove BMW special tool 11 6 150 from front of cylinder 
head. 
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< Clean contact edges of cylinder head face and VANOS unit 

and apply a thin coat of permanently elastic Three Bond 
1209 8 or equivalent to suriaces. 

CAUTION- 
Check locating dowel (A) and dowel sleeve (B) at top of 
cylinder head for damage or incorrect installation. 

Make sure all gasket material is removed from face of 
cylinder head. Clean sealing face and keep free of oil. 
I f  any foreign material is present on the sealing surface, 
the camshaft timing will be incorrect. 

- Install new steel gasket to front of cylinder head and install 
VANOS unit. 

NOTE - 
If VANOS control unit is being replaced, be sure to check and 
adjust camshaft timing as described in 11 7 Camshaft Tim- 
ing Chain. 

- Reinstall engine lifting eye. 

Tightening torque 

VANOS unit to cylinder head 
M6 nut 
M7 nut 

l o  Nm (89 in-lb) 
14 Nrn (10 it-lb) 

- Reconnect electrical harness connectors to camshaft posi- 
tion sensors and VANOS solenoid valves. 

4 Insert and tighten down VANOS hydraulic piston set screws 
in splined shafts on intake and exhaust camshafts. 

CAUJION- 
Set screws have left hand tliread. Tighten counterclockwise. 

Tightening torque 

Hydraulic piston to splined shaft 10 Nm (89 in-lb) 

< Replace sealing caps inside VANOS unit with short needle 
nose pliers. 
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4 Insert and secure VANOS sealing plugs (arrows) with new 
sealing O-rings. 

Tightening torque 

Sealing plug to VANOS 50 Nm (37 ft-lb) 

4 Install coolant pipe fasteners at base of cylinder head and 
tighten fasteners (arrows). 

NOTE- 
Use new sealing O-ring on coolant pipe. 

- lnstall VANOS oil line banjo bolt with new seals. Attach oil 
line to VANOS unit. 

Tightening torque 

Oil line to VANOS unit 
(banjo bolt) 32 Nm (24 ft-ib) 

- Remove adjustable timing chain tensioner tool and reinstall 
chain tensioner. 

Tightening torque 

Primary chain tensioner cylinder to 
cylinder head 70 Nm (52 fi-ib) 

- Remove flywheel locking tool from transmission bell housing. 
Replace special tool bore sealing plug. 

- Remove camshaft locking tools from cylinder head 

4 lnstall intake camshaft cover and cylinder head cover. 

0 Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 8 or equivalent 
sealant at corners (B) of half-moon cutouts. 

Seat gasket and seal corners in front of cylinder head at 
VANOS unit. 

Tightening torque 

Cylinder head cover to cylinder head (M6) 10 Nm (89 in-lb) 



Cylinder Head Removal and Installation 

- Install exhaust manifolds using new gaskets and nuts. Coat 
manifold studs with copper paste prior to installing nuts. 

Tightening torque 

Exhaust maniiold to cylinder head (M7) 20 Nm (15 ft-lb) 

- Install electrical harness connectors for oil pressure sender 
and coolant temperature sensor before installing intalte man- 
ifold. 

7 Install intake manifold: 

1. Manifold mounting nuts: tighten to 15 Nm (1 1 ft-lb) 

2. Fuel pipe bracltet 

3. Fuel pipe bracltet 

4. Vacuum pump bracltet 

5.  Manifold mounting bracltet 

6. Tank venting valve bracltet 

7. Mounting bracket to manifold bolt (M6) 

8. Mounting bracket to cylinder block nut (MIO), tighten to 
47 Nm (33 fi-lb) 

Intake manifold installation is reverse of removal, noting the 
following: 

* Use new fuel injector seals. 

Carefully check intake manifold gasket and replace if nec- 
essary. 

Inspect O-ring seal between mass air flow sensor and air 
filter housing. To facilitate reassembly, coat seal with acid- 
free grease. 

Use new fuel injector seals. 

Carefully check intake manifold gasket and replace if 
necessary. 

CA UTIOPI- 
When reattaching throttle assembly harness connector, con- 
nector is fully tightened when arrows on connector andplug 
line up. 

Tightening torque 

lntalte manifold to cylinder 
head (M7) 15 Nm (1 1 it-lb) 

~ ~- 

Mounting bracket to cylinder bloclt (M10) 47 Nm (33 ft-lb) 

Mounting bracket to intake manifold (MI?) 10 Nm (89 in-lb) 
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I Cvlinder Head Removal and Installation 

- Installation of the remaining parts is reverse or removal, not- 
ing the following: - Refill cooling system as described in 170 Radiator and 

Cooling System. 

Change engine oil and filter as described in 020 Mainte- 
nance. 

If necessary, adjust accelerator cable. 

a Reconnect battery. 

CAUTION- 
To prevent damaging the engine electronic systems, installall 
ground wire previously removed, including the ground wires 
for the ionition coils. 

Tightening torque 

Coolant drain pluq to cylinder bloclc 25 Nm (1 8 ft-lb) 

Radiator cooling fan to coolant pump 40 Nm (30 ft-lb) - 

Radiator drain screw to radiator 2.5 Nm (22 in-lb) 

spark plug to cylinder head 25 Nm (1 8 ft-lb) 

CYLINDER MEAD REMOVAL AND 
INSTALLATION (M62 ENGINE) 
This procedure covers cylinder head removal and installation 
for the M62 V-8 engine. Procedures forthe M62 TU VANOS 
engine are not covered in this manual. 

Intake manifold, left cylinder head, and right cylinder head re- 
moval and installation are written as separate procedures. 
The intake manifold must be removed before the cylinder 
heads can be removed. 

WARNING - 
Due to risk of personal injuv be sure the engine is cold be- 
fore beginning the removal procedure. 

Cylinder head removal and installation requires multiple spe- 
cial service tools. Read the entire procedure before beginning 
the repair. 

Intake manifold, removal and installation, 
M62 engine 

- Disconnect negative (-) battery cable. 

CAUTION- 
Prior to disconnecting the batterj read the baitery discon- 
nection cautions in 001 General Cautions and Warnings. 
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4 Remove top engine cover by releasing quick release fasten- 

ers (arrows) by pressing down. 

NOTE- 
Earlier models may have an engine cover with pry off caps 
and fasteners In place of quick release fasteners. 

4 Remove left and right interior ventilation ducts (left side 
shown): - Release locking tabs (A) or locking strap (early models, not 

shown). 
Release spring lock (B). 

* Rotate duct inward (arrow) to remove. 

Disconnect electrical harness from hood light switch (C). 
Release locking clip and remove ventilation housing cover 
(D). 
Lift out housing from inner fender. - Removal of right side ventilation housing is similar. 

4 Air filter housing assembly, removing: 

Disconnect electrical harness connectors from mass air 
flow sensor (A) and temperature sensor (B). 

Loosen hose clamp (C). 

Remove filter housing mounting fastener (arrow) and re- 
move filter housing with mass air flow sensor. 
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Pry out ignition coil cover trim caps, 
covers from lefl and right sides. 

remove fasteners and 

< Disconnect throttle cables from throttle shafl (A) and remove 
cables from support bracket (B). 

< Disconnect cable from jump start post (arrow) on left cylinder 
head cover. 
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- 

< Disconnect the following electrical harness connectors: 

Knock sensors (A). 

Thermostat (6). 
Throttle position sensor and idle valve (C). 
Camshaft position sensor (D). 

Ignition coils (E). 

< Remove mounting nuts (arrows) from wiring harness ducts. 

4 Release fuel injector connectors by releasing spring clip 
(arrow) on each injector. 

Lift up and remove electrical ducts and set to one side 
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Cylinder Head Removal and Installation 

Label and disconnect fuel lines from fuel rail by pressing lock- 
ing sleeves (arrows) in to release lines. 

NOTE- 
BMW uses three styles of fuel line connections; a single use 
clamp; a locking fitting that uses special tool 16 1 050 to re- 
lease; and a quick release sleeve (arrow) that disconnects 
the line when depressed. 

CAUTION- 
Fuel may be expelled under pressure. Do not smoke or 
work near heaters or other fire hazards. Keep a fire exfin- 
guisher handy Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb leaking fuel. Plug all 

I ooen fuel lines. I 
Always unscrew fuel tank cap to release pressure in 
tank before removinq fuel lines. 

Cap fuel lines and fuel rail inlets. 

Disconnect vacuum lines (A, B and C) from rear of intake 
manifold. 

Working at rear of intake manifold, disconnect crankcase 
ventilation valve from pipe by prying up on lock (A) and slid- 
ing tube forward (B).  
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Remove intake manifold fasteners (A). 

Carefully lift intake manifold off engine while checking that all 
hoses and harnesses have been disconnected. 

Left cylinder head, removing, M62 engine 

- Remove intake manifold as described earlier 

- Remove left side exhaust manifold. See 180 Exhaust Sys- 
tem. 

- Drain engine coolant, then remove viscous clutch cooling 
fan. See 170 Radiator and Cooling System. 

WARNING - 
Use extreme caution when draining and disposfng of eng~ne 
coolant. Coolant is poisonous and lethal to humans andpets. 
Pets are attracted to coolant because of its sweet smell and 
taste. Seek med~cal attention immediately if coolant is ingest- 
ed. 

4 Remove coolant manifold mounting fasteners and carefully 
remove manifold. 

NOTE- 
Engine shown removed from engine bay 

4 Remove ignition coil fasteners and coils (noting location of 
ground strap). 

- Remove spark plugs. 
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4 Remove cylinder head cover fasteners (arrows) and remove 
covers from left and right cylinder heads. 

4 Remove oil distribution tubes from camshaft bearing caps 
from left and right cylinder heads. 

4 Using crankshaft center bolt, turn crankshaft clockwise until 
number one cylinder (passenger side front cylinder) is in 
TDC overlap position (arrow). 

NO JE - 
Number one cylinder is at valve overlap when both the intake 
and exhaust valves are starting to open (camshaft lobes fac- 
ing down). 

4 Working at right cylinder head, loosen three accessible cam- 
shaft sprocltet fasteners (arrows) on both intake and exhaust 
camshafts approximately 'I2 turn. 

To prevent valve to piston contact when loosening camshaft 
sprocket fasteners, counterhold camshaft with 27 mm open- 
end wrench. If necessary, grind outerside of wrench jaws to 
prevent damaging cylinder head. 
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Cylinder Head Removal and Installation I 
4 Rotate crankshaft vibration damper to TDC position. Right 

head camshaft lobes for number one cylinder should be in 
position shown (arrows). 

Working at right cylinder head (passengers side) loosen re- 
maining sprocltet fasteners (arrows) on both intake and ex- 
haust camshafts approximately '/? turn. 

4 Loosen and remove primary timing chain tensioner (arrow) 
from upper timing chain cover on right head. 
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Cylinder Head Removal and Installation 

< Remove upper timing chain cover fasteners (A) and cover 
from left cylinder head. 

4 Remove fasteners from intake camshaft sprocket (arrows) 
on left cylinder head. 

- Remove primary timing chain sprocket and suspend timing 
chain using mechanics wire to prevent chain from dropping 
into lower housing. 

Turn crankshaft counterclockwise until 45" mark on crank- 
shaft is aligned with boss on front timing chain cover (arrow). 
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Loosen chain rail set screw (arrow) 3 full 
move). 

NOTE- 
Allen screw secures crankcase vent tube 

4 Loosen and 

turns (do not re- 

in cylinder head. 

remove chain guide rail fasteners (arrow). 

Slide oil separator (A) out of cranltcase vent connecting 
bracket (arrows). 

CAUTIOI\C 
When removing the cylinder head carefully press oil separa- 
tor outwards. 

Loosen cylinder head bolts in sequence 1-10 as shown (ar- 
rows) and discard used head bolts. 

Lift cylinder head off engine block while pressing out on oil 
separator. 

CAUTIOI\C 
Be careful not to damage oil separator while removing cylin- 
der head. 
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- Evaluate cylinder head as described in 116 Cylinder head 
and valvetrain. 

Left cylinder head, installing, M62 engine 

- Clean cylinder head and block sealing surfaces of gasket 
debris, making sure no debris drops into coolant or oil pas- 
sages. 

- Clean cylinder head bolt holes and check condition of 
threads. 

< Check cylinder head locator sleeves (arrows) for damage. 

If the cylinder head has been machined, a special 0.3 mm 
thicker gasket should be installed. The thicker gasket is avail- 
able through an authorized BMW dealer and should be 
marked accordingly. 

- Place new cylinder head gasket over locating sleeve on 
block. 

The word "OBEN" or "TOP" (arrow) printed on the gasket, 
must face up. 

Set lefl side cylinder head in position on cylinder block while 
pressing oil separator outward. 

CAUJION- 
Male sure the crankshaft, which had been rotated approxi- 
mately 45" opposite the direction of engine rotation from 
TDC, is still in thatposition before installing the cylinder head. 
All pistons must be out of TDCposition to prevent valvelpis- 
ton contact. 

- Install new cylinder head bolts and washers finger tight. Be 
sure not to remove coating from new cylinder head bolts. 

4 Tighten cylinder head bolts in correct sequence (1-10) to 
stage 1 torque values. 
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< Using a torque angle gauge, tighten cylinder head bolts to 
specified torque angle in stages 2 and 3. 

Tightening torques 

Stage I 30 Nrn (22 ft-lb) 

Stage II +80° 

Stage Ill +80° 

4 If possible, confirm oil return pipe at bottom of separator is 
correctly seated (arrow). 

NOTE- 
Photo shows lower timing case cover removed. 

< Remove old O-ring and install new O-ring (arrow) in angle 
section. 

- Press oil separator into angle section and install guide rail re- 
taining screws. 

4 Tighten allen screw (arrow) just until it makes contact with 
crankcase vent tube angle section without play. 

NOTE- 
Allen screw secures crankcase vent tube in place. Do not 
torque down. 
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< Using BMW special tool 11 3 430, or a 27 mm open-ended 
wrench, rotate camshafts to cylinder 1 TDC position (until 
markings point upwards). 

I I < Install camshaft locltina tool set (BMW soecial tool set 11 2 
440) on right cylinder head (cylinders 1-4). Fit on cylinde~ 
head without gaps. 

Install camshaft locking tool set (BMW special tool set 11 2 
440) on left cylinder head (cylinder head 5-8). Fit on cylinder 
head without gaps. 

4 Using crankshaft center bolt, rotate engine clockwise from 
the 45" mark to TDC position (OIT aligns with casting mark 
on cylinder block). 
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4 Lock crankshaft in TDC position with BMW special tool 11 3 
200 (arrow). 

NOTE- 
Boss for special tool 11 3 200 located at rear of engine oil 
pan. 

4 Working at left cylinder head (driver's side) fit primary sprock- 
et and chain to camshaft flange, centering threaded bores. 

Insert bolts (arrows) and hand tighten. 

?-I I 4 Install BMW special tool 11 3 390 into right timing case cover. 

NOTE- 
BMW special tool 00 9 250 is a flexible shaft torque wrench. 

I - Tighten sprocket retaining bolts in the following order: 

All bolts on left cylinder head exhaust camshaft 

3 accessible bolts on right cylinder head exhaust camshaft 

All bolts on left cylinder head intake camshaft 

3 accessible bolts on right cylinder head intake camshaft 
r"".."..7n 

Tightening torques 

Sprocltet bolts to camshait flange 15 Nm (11 ft-lb) 

- Remove camshaft and crankshaft locking tools from engine. 

- Using crankshaft center bolt, turn engine clockwise to access 
remaining sprocket retaining bolts of right cylinder head cam- 
shafts. Tighten remaining bolts. 

Tightening torques 

Sprocket bolts to camshaft flange 15 Nm (11 ft-lb) 
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- Remove adjustable timing chain tensioner tool from timing 
case cover and install primary timing chain tensioner with 
new sealing washer. 

Tightening torque 

Chain tensioner cylinder to timing cover 65 Nm (48 ft-lb) 

4 Install oil supply lines and mounting nuts (arrows) to both 
heads. 

Tightening torque 

Oil supply line nuts 10 Nm (7.5 ft-lb) 

- Remove old gasket from lefl timing cover, and clean gasket 
surface. 

4 Apply Three Bond 1209 8 sealant to joint between cylinder 
head and timing cover (arrows). 

Using a new gasket, install lefl timing cover with lower inner 
fastener inserted in cover (arrow). Position cover in place 
and tighten cover fasteners finger tight. 

NOTE- 
I t  is not possible to install lower inner fastener after cover is 
in place. 
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4 Remove left cylinder head cover gasket and install spacing 
tool (BMW 11 1 412) in place of gasket. 

- lnstall lefl cylinder head cover fasteners and tighten uniformly 
in 'I2 turn steps. 

Tightening torque 

Cylinder head cover nuts 10 Nrn (7.5 it-lb) 

- Tighten left upper timing cover retaining bolts in two passes. 

Tightening torque 

Timing chain cover to head 10 Nrn (7.5 ft-lb) 

- Remove lefl cylinder head cover and BMW special tool 11 4 
412. 

4 Reinstall cylinder head covers to left and right cylinder heads 
using new gaskets. 

Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 03 or equivalent 
sealer at corners (6) of half-moon cutouts. 

- Install left cylinder head cover fasteners and tighten uniformly 
in 'I? turn steps. 

- Install exhaust manifolds using new gaskets and fasteners. 
See 180 Exhaust System. 
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- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Use new gaskets when mounting intake manifold. Tighten 
nuts finger tight first, then torque to specification in stages 
working diagonally from center out. 

Be sure to reinstall ignition coil ground straps at cylinders 
no. 3 and no. 7. See 120 Ignition System. 

Reinstall cooling fan and shroud. See 170 Radiator and 
Cooling System. 

Refill and bleed cooling system as described in 170 Radi- 
ator and Cooling System. 

Change engine oil and filter as described in 020 Mainte- 
nance. 

CA U T I O G  
To prevent damaging engine electricalsystems, be sure to in- 
stall all ground wires previously removed. 

Tightening torques 

Camshaft sprocket to camshaft 15 Nm (11 H-lb) 

Coolant manifold to cylinder head 10 Nm (7.5 H-lb) 

Cylinder head cover nuts 10 Nm (7.5 ft-lb) 

Exhaust manifold to head 22 Nm (17 ft-lb) 

Engine mounts to subirame 42 Nm (30 ft-lb) 

Spark plugs to cylinder head 22 Nm (17 ft-lb) 

Right cylinder head, removing, M62 engine 

- Remove left side exhaust manifold. See 180 Exhaust Sys- 
tem. 

- Remove intake manifold. See Intake manifold, removal 
and installation, M62 engine. 

- Drain engine coolant. See 170 Radiator and Cooling Sys- 
tem. 

WARNING- 
Use extreme caution when draining and disposing of engine 
coolant. Coolanl is poisonous andlellial lo liumans andpels. 
Pets are altracled to coolant because of 11s sfieet smell and 
fasle. Seelc medcal anenfion immed~alely if coolant is ingesl- 

. .- 

< Remove engine coolant manlold m o ~ n l n g  fasreners and 
carei~l ly remove manifo d. 

. I 
NOTE 
Engine 8s slioivn removed lor clarify 
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1 
- Remove viscous clutch cooling fan. See 170 Radiator and 

i Cooling System. 
i 
i 
I 4 Remove ignition coil fasteners and coils (noting location of ~ ground strap). 

1 Remove sparlc plugs. 

i 

Remove oil distribution tube fasteners and remove tubes 
from both cylinder heads. 

4 Using crankshaft center bolt, turn crankshaft cloclcwise until 
number one cylinder (front cylinder right side) is in TDC (ar- 
rows). 
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4 Work at left side cylinder head loosen three accessible cam- 
shaft sprocket fasteners (arrows) on both intake and exhaust 
camshafts approximately ' I 2  turn. 

Toprevent valve topiston contact, counterholdcamshaft with 
27 mm open-end wrench whenever loosening or tightening 
camshaft sprocket fasteners. If necessarq! grind outer side of 
wrench jaws to prevent damaging cylinder head. 

4 Rotate crankshaft one complete rotation to TDC overlap. 
Right (passenger's side of engine) side camshaft lobes for 
number one cylinder should be in overlap position as shown 
(arrows). 

4 Working at left cylinder head, loosen remaining sprocket fas- 
teners (arrows) on both intake and exhaust camshafts ap- 
proximately ' I 2  turn. 
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4 Loosen and remove primary timing chain tensioner (arrow) 
from right cylinder head. 

Remove camshaft position sensor (arrow) 
chain cover on right cylinder head. 

Remove dip stick tube support fastener. 

from upper 

Remove upper timing chain cover fasteners (A) and 
cover from right cylinder head. 

timing 

remove 
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Remove fasteners from intake camshaft sprocket (arrows) 
on right cylinder head. 

- Remove primary timing chain sprocket and suspend timing 
chain using mechanics wire to prevent chain from dropping 
into lower housing. 

Turn crankshaft counterclockwise until 45" mark on crank- 
shaft is aligned with boss on front timing chain cover (arrow) 

4 Loosen cylinder head bolts in sequence 1-10 as shown (ar- 
rows) and discard used head bolts. 

- Evaluate cylinder head. See 116 Cylinder head and val- 
vetrain. 
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Right cylinder head, installing, M62 engine 

- Clean cylinder head and block sealing surfaces of gasket de- 
bris, making sure no debris drops into coolant or oil passag- 
es. 

CA UTIOW- 
To prevent valve to piston contact when tightening camshaft 
sprocket fasteners, counterhold camshaft with 27 mm open- 
end wrench. If necessarq: grind outer side of wrench jaws to 
prevent damaging cylinder head. 

- Check cylinder head bolt holes and condition of threads. Re- 
move debris and liquids from holes. 

4 Check cylinder head locator sleeves (arrows) for damage 

CAUTION- 
l i the cylinder head has been machined, a special 0.3 rnm 
(0.01 1 in.) thickergasket should be installed. The thickergas- 
ket is available through an authorized BMW dealer and 
should be marked accordinglw 

- Place new cylinder head gasket over locating sleeve on 
block. 

< The word "OBEN" or "TOP (arrow) printed on the gasket. 
must face up. 

CAUTION- 
Male sure the crankshaft, which had been rotated approxi- 
mately 45" opposite the direction of engine rotation from 
TDC, is stillin thatposition before installing the cylinder head. 
All pistons must be out of TDCposition to prevent valve/pis- 
ton contact 

- Install new cylinder head bolts and washers finger tight. Be 
sure not to remove coating from bolts. 

4 Tighten cylinder head bolts in correct sequence (1 -10) to 
stage 1 torque values. 



11 3-78 

Cylinder Head Removal and Installation 

4 Using a torque angle gauge, tighten cylinder head bolts to 
specified torque angle in stages 2 and 3. 

Tiahtenina toraues - - .  
Stage I 30 Nm (22 ft-lb) 

Stage I1 

Stage Ill 

4 Using BMW special tool 11 3 430, or a 27 mm open-ended 
wrench, rotate camshafts until marker bores (drilled holes) 
point upwards (arrows). 

Do not damage cylinder head with wrench. I f  necessary. 
grind outer side of wrench jaws to prevent damaging cylinder 
head. 

4 Install camshaft locking tool set (BMW special tool set 11 2 
440) on right cylinder head. Fit tools on cyllnder heads with- 
out gaps. 

4 Install camshaft locking tool set (BMW special tool set 11 2 
440) on left cylinder head. Fit tools on cylinder head without 
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Using crankshaft center bolt, rotate engine clockwise from 
the 45" before TDC up to TDC position (OIT aligns with cast- 
ing mark on cylinder block). 

< Lock crankshaft in TDC position with BMW special tool 11 3 
200 (arrow). 

NOTE- 
Special tool boss located at  the rear of upper engine oil pan. 

- Working at right cylinder head (cylinder 5-8) fit primary 
sprocltet and chain to camshaft flange. 

! 

I 

4 Press timing chain tensioner rail against timing chain (white 
arrow) to check that fastener holes are centered in sprocket 
slots (black arrows). 

NOTE- 
I f  necessary, remove sprocl<et and realign position. 

Fit sensor gear with mark pointing up (arrow). 

Insert bolts and hand tighten. 
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I I 4 Install BMW special tool 11 7 380 

4 Install special tool 11 3 390 into special tool 11 7 380 and 
tighten tensioner (1 1 3 390) to 0.7 Nm (6.3 in-lb) using spe- 
cial tool 00 9 250. 

NOTE- 
BMW special tool 00 9 250 is a flexible shaft torque wrench. 

- Tighten sprocket retaining bolts in the following order: 

3 accessible bolts on left exhaust camshaft - All bolts on right exhaust camshaft 

3 accessible bolts on left intake camshaft 

All bolts on right intake camshaft 

Tightening torque 

Sprocitet bolts to camshaft flange 15 Nm (11 ft-lb) 

- Remove camshaft and crankshaft locking tools from engine. 

- Using crankshaft center bolt, turn engine clockwise to access 
remaining sprocket retaining bolts of left cylinder head cam- 
shafts. Tighten remaining bolts. 

Tightening torque 

Sprocket bolts to camshaft flange 15 Nm (11 ft-ib) 

- Remove BMW special tool 11 3 390 and 11 7 380 from right 
cylinder head. 

- Remove used gasket from right timing chain cover, clean 
gasket surface. 

4 Install new gasket and apply three Bond 1209 @sealant to 
joint between cylinder head and timing cover (arrows). 
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Replace sealing O-ring (arrow) in right cylinder head before 
installing upper timing chain cover. 

4 Install oil supply lines and mounting nuts on both heads (ar- 
rows). 

- Using a new gasket, install upper timing chain cover on right 
head and tighten cover fasteners finger tight. 

4 Remove right cylinder head cover gasket and install spacing 
tool (BMW 11 1 41 1) in place of gasket. 

- Install right cylinder head cover fasteners and tighten uni- 
formly in '1, turn steps. 

Tightening torque 

Cylinder head cover fasteners 10 Nm (7.5 ft-lb) 

- Tighten right upper timing cover retaining fasteners in two 
passes. 

I 
Tightening torque 

Upper timing chain cover 10 Nm (7.5 ft-lb) 

- Reinstall primary timing chain tensioner with new sealing 
washer. 

Tightening torque 

Chain tensioner to timing cover 65 Nm (48 ft-lb) 

- Remove right cylinder head cover and remove special spac- 
ingtooi 11 4411. 
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4 Reinstall cylinder head covers to right and left cylinder heads 
using new gaskets. 

Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 8 or equivalent 
sealer at corners (B) of half-moon cutouts. 

- Install cylinder head cover fasteners and tighten uniformly in 
'I2 turn steps. 

Tightening torque 

Cvlinder head cover fasteners 10 Nm (7.5 It-lb) 

- Install exhaust manifolds using new gaskets and fasteners. 
See 180 Exhaust System. 

- Refill and bleed cooling system as described in 170 Radiator 
and Cooling System. 

- Change engine oil and filter as described in 020 Mainte. 
nance. 

CA UTIOW- 
To prevent damaging engine electricalsystems, be sure to in- 
stall all ground wires previously removed. 

Tightening tOrqUeS 

Camshaft sprocket to camshaft 15 Nm (1 1 ft-lb) 

Coolant manifold to cylinder head lo Nm (7.5 It-lb) 

Cylinder head cover nuts 10 Nm (7.5 ft-lb) 

Exhaust manifold to head 22 Nm (17 ft-lb) 

Engine mount to subframe 42 Nm (30 ft-lb) 

Spark plugs to cylinder head 22 Nm (17 ft-lb) 
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This group covers cylinder head and valvetrain service and 
repair. Some of the repair procedures described here require 
that the cylinder head first be removed as described in 113 
Cylinder Head Removal and Installation. 

NOTE- 
For timing chain and VANOS repair information, see 117 
Camshaft Timing Chain. 
I f  it is determined that the cylinder head will require signif- 
icant reconditioning work, a remanufactured cylinder head 
may be a good alternative. Remanufactured cylinder 
heads are available from an authorized BMW dealer. 

The information given in this repair group is organized ac- 
cording to engine code. For engine application information, 
see I00 Engine-General. 

For specific repair procedures, refer to the appropriate repair 
group: 

* 020 Maintenance 

100 Engine-General 

113 Cylinder Head Removal and Installation 

117 Camshafi Timing Chain 

= 170 Radiator and Coo!ing System 

Special Tools 

Special BMW tools are required for most cylinder head ser- 
vice described in this repair group. Many of these tools are ex- 
pensive and only available through an authorized BMW 
dealer. If the special tools are not available, have the cylinder 
head removed and disassembled by an authorized BMW 
dealer. Be sure to read each procedure thoroughly before 
starting a job to determine which special tools and equipment 
will be necessary. 

Most of the repairs to a cylinder head require precision rna- 
chine work to specific tolerances. This type of work should be 
performed by an authorized BMW repairfacility or an ASE 
certified machinist. 

7 1  Torque wrench with flex shaft 
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4 Cranltshaft loclting tool 
(Tool No. BMW 11 2 300) 

4 Camshaft loclting tools set (V-8, cyl. 1-4) 
(Tool No. BMW 11 2 440) 

4 Camshaft locking tools set (V-8, cyl. 5-8) 
(Tool No. BMW 11 2 440) 

4 Camshaft loclting tools set (6-cylinder) 1 (Tool No. BMW 11 3 240) 

4 Camshaft bearing cap tensioning jig (6-cylinder) 
ITool NO. BMW 11 3 260/27n\ 
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Secondary timing chain tensioner locking pin set (6-cylinder) 

- 4 Secondary timing chain tensioner locking pin (V-8) 
(Tool No. BMW 11 3 310) 

4 Adjustable primary timing chain tensioner tool (V-8) 
(Tool No. BMW 11 3 390) 

4 Camshaft installation tool (V-8) 
(Tool No. BMW 11 3 430) 

4 VANOS compressed air fitting 7 (Tool No. BMW 11 3 450) 

Adjustable primary timing chain tensioner tool (6-cylinder) 
(Tool No. BMW 11 4 220) 
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4 Timing chain tensioner bracket (V-8) 
(Tool No. BMW 11 7 380) 

CYLINDER HEAD 
This section provides the specifications and special recondi- 
tioning information necessary to repair the cylinder heads 
covered by this manual. 

The disassembled cylinder head should be inspected for 
warpage and cracks. Check the valve guides and valve seats 
for wear before machining a warped head. Always decarbon- 
ize and clean the head before inspecting it. 

Visually inspect the cylinder head for craclts. If a cracked cyl- 
inder head is suspected and no craclts are detected through 
the visual Inspection, have the head further tested for cracks 
by an authorized BMW dealer or an ASE certified machinist. 
A cracked cylinder head must be replaced. 

NOJE- 
When disassembling and inspecting the cylinder head, be 
sure to checlc the camshaft carrier bearing surfaces using a 
straight edge for warpage, and check the lifter bores for wear. 

A high-quality straight edge can be used to checlc for 
warpage. A warpage of 0.05 mm (0.002 in.) is acceptable 
without machining. A warped cylinder head can be machined 
provided no more than 0.3 mm (0.012 in.) of material is re- 
moved. 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. A 0.3 mm thicker head gasket for machined 
heads is available from an authorized BMW parts depart- 
ment. 
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4 Before machining the head to correct for warpage, measure 
the total height (A) (thickness of the cylinder head). Minimum 
height specifications are given in Table a. Cylinder head 
height. 

NOTE- 
6 cylinder and V-8 engines share cylinder head height spec- 
ifications. 

Table a. Cylinder head height 

New Minimum height (A) 

140.0 rnrn (5.512 in.) 139.7 rnrn (5.500 in.) 

Valves, leak test 

To test the valves for leakage, the cylinder head must be dis- 
assembled with camshafts and camshaft carriers removed. 
With valve assemblies and spark plugs installed, place the 
cylinder head on a workbench with the combustion chamber 
facing upward. Fill each combustion chamber with a thin non- 
flammable liquid. After fifteen minutes, check the level of the 
fluid. If the fluid level in any cylinder drops, that cylinder is not 
sealing properly. 

Camshaft wear 

Camshaft wear is usually caused by insufficient lubrication. 
Visually inspect camshaft lobes and journals for wear. Cam- . ~~ 

shaft wear specifications are given in Table b. Camshaft 
wear specifications. 

CA UTIOI\C 
I f  the camshaft is being replaced due to cam lobe wear, it is 
recommended that the corresponding lifters should also be 
replaced to avoid damaging the new camshaft 

Table b. Camshaft wear specifications 

6 cylinder engines V-8 engines 

Axlal play 0.150-0.330 rnrn 0 200-0 360 rnrn - .- 
(0.0060-0 013 in.) (0.008 - 0.014 in ) - 

- 
Radlal play 0.020-0.054 rnrn 0.040-0.074 rnrn 

(0.0008-0.0021 in.) (0.016 - 0.029 in.) 
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Hydraulic lifters, checking and replacing 

Self-adjusting hydraulic lifters (A) keep the valve clearances 
within a limited working range. Hydraulic lifters are sealed 
units and require no maintenance. Section view of camshaft 
(6 )  and valve with conical valve spring (C) shown. 

Under some circumstances, such as a cold start, the cam fol- 
lowers may emit noise. Hydraulic lifter noise is usually a high- 
pitched tapping or chattering noise. In most instances, this is 
considered normal as long as the noise goes away in a few 
minutes (maximum 20 minutes). If the noise does not go 
away, either the lifter is faulty or the oil pressure to the lifter is 
low. Hydraulic lifter replacement requires that the camshaft 
first be removed. 

NOTE- 
Before checking hydraulic lifters, male sure engine oil is 
fresh and at the proper level. Sticky lifters can be the result of 
sludge build up in the cylinder head and lifters. 

- Run engine until it reaches normal operating temperature. 
Shut off engine. 

- Working inside luggage compartment, disconnect negative 
battery cable. 

CAUTION- 
Prior to disconnecting battery cable, read the baltery dls- 
connection cautions given In 001 General Cautions and 
Warnings. 

Disconnecting the battery may erase fault code(s) 
stored in control module memory Check for fault codes 

4 Remove left and right interior ventilation duct (left side 
shown): 

Release plastic locking tab (A) or release loclting tabs on 
top of duct (later models). 
Rotate duct counterclockwise to unloclt from bulithead and 
remove (arrow). 
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&cylinder models: remove plastic top - Pry out caps (arrows). - Remove fasteners and covers. 

covers: 

4 V-8 models: remove plastic top covers: 

Press down on locking pins (arrows) to release locks and 
remove top cover. 

Pry out caps (A) from covers. 

Remove fasteners and covers. 

4 Lift metal latch on coil harness connectors and disconnect 
harness connectors from coils. 6-cylinder shown, V-8 similar. 

- Remove coil grounding straps. 

NOTE- 
Make note of ground wire at mounting studs arrangement 
during removal. 

- -- 
- 
- 
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4 Remove ignition coils and spark plugs. 

V-8 models: remove mounting nuts (arrows) from wiring har- 
ness ducting. 

< V-8 models: disconnect fuel injector electrical connectors 
from injectors: 

Pry one corner of wire loclc clip (arrow) on first injector. 
Repeat for all injectors. 

Lift wire ducts off and set aside. 

- V-8 models: disconnect battery jump start post terminal from 
left cylinder head cover. 

- 6-cylinder models: remove oil filler cap and unclip vent con- 
nection from cylinder head cover. 

- Remove cylinder head cover mounting fasteners and re- 
move cylinder head cover(~). 

NOTE- 
The cylinder head cover mounting bolt insulators and gas- 
Icets should be reinstalled in their original locations. Make 
note of their arrangement during removal. 
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< Remove oil baffle cover from above intake camshaft(s) 

- Rotate engine at crankshaft vibration damper center bolt in 
normal direction of rotation (clockwise) until camshaft lobe of 
lifter to be tested points away from the lifter, allowing valve to 
be completely closed. 

Use a plastic or wooden stick to press down on top of lifter 
with approximately 3.5 Nm (2.25 ft-ib) of force. 

If the lifter collapses slightly as though spring loaded, air 
may be trapped in the lifter. 

NOTE- 
Air trapped in hydraulic lifters may result from oil foaming (air 
being drawn in by the oil pump). This may be caused by a 
faulty oil pump control valve O-ring; leaking oil pump pickup 
gaslcet; or by oil starvation to pump. 

Press down on top of lifter for 10 to 15 seconds uslng approx- 
lmately 6 to 9 Nm (4.5 to 6.75 ft-lb) of force. 

If anv clearance is created between the lifter and the cam- 
shafi lobe, the check valve in the lifter is not closing. Re- 
place lifter. 

- To replace a hydraulic lifter, remove appropriate camshaft. 
Refer to camshaft removal procedures given in Camshaft 
and lifter removal and installation. 

Once camshaft is removed, withdraw faulty lifter(s) and re- 
place with new lifter(s). Inspect lifter bores for wear and scor- 
ing at arrows. 

- Reinstall camshafts. See Camshaft and lifter removal and 
installation. 
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4 Install intake camshaft oil baffle cover and cylinder head cov- 
er: 

= Checlc for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 @or equivalent 
sealant at corners (B) of half-moon cutouts and corners in 
front of cylinder head at joint to timing chain cover. 

Align cover at front and rear, then alternatively tighten fas- 
teners from inside to outside. 

Tightening torque 

Sparic plug to cylinder head 25 Nm (18 it-lb) 

Ignition coils to cylinder head 10 Nrn (7.5 ft-lb) 

Cylinder head cover to cylinder iiead 10 Nrn (89 in-lb) 
fM6 screws) 

CAMSHAFT AND LIFTER REMOVAL 
AND ~NSTALLATION 

The camshafts can be removed with the cylinder heads 
mounted on the engine (in the car). 

On 6-cylinder engines there are two different procedures giv- 
en, depending on whether the engine is equipped with single 
VANOS (M52 engine) or double VANOS (M52TU or M54 en- 
gine). 

For V-8 engines, camshaft removal and installation proce- 
dures are only included for the non-VANOS (M62) engine. 
Camshaft removal and installation for the VANOS eq;ipped 
V-8 (M62TU) is not covered in this manual. 

Special BMW service tools should always be used to remove 
and install the camshafts. Removal of the camshafts without 
the special tools can result in cylinder head damage and cam- 
shaft breakage. 
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Camshaft and lifter removal and installation 
(M52 engine) 

Camshafts and lifters, removing (M52 engine) 

WARNING - 
The process of evenly loosening the camshaft bearing cap 
nuts is NOT an acceptable method of removing the cam- 
shafts. Special tools should always be used to remove the 
camshafts. Be sure to read the procedure tlirough before 
starting a job. 

I Allow engine to cool before beginning this procedure. / 
- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the batfew read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove VANOS control unit from cylinder head. See 117 
Camshaft Timing Chain. 

I I 4 Remove loosened bolts (arrows) from front of exhaust 
sprocket 

nuts (arrows) from intake camshaft 
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I I < Remove outer thrust washer, sprinq plate, and inner thrust 
washer. 

4 Remove both camshait sprockets with secondary timing 
chain. 

NOTE- 
Keep chain and sprockets together as an assembly for easier 
installation. 

< Remove thrust washer studs (arrows) and remove thrust 
washer. 
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4 Remove sensor gear (arrow). 

Remove secondary timing chain tensioner retaining bolts 
(arrows) and remove tensioner. 

Remove timing chain guide reta~ning bolts (arrows) and 
remove guide. 
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4 Remove primary timing chain tensioner plug (arrow) and pri- 
mary tensioner. 

CAUTION- 
Primary timinq chain tensioner is under sarina aressure. 

4 Remove primary timing chain sprocket and timing chain from 
exhaust camshaft. 

- Remove crankshaft locking tool (BMW 11 2 300) from 
flywheel (installed during VANOS removal). 

Lift timing chain (holding under tension) and rotate engine 
counterclockwise 30" from TDC. - Suspend timing chain with mechanic's wire 
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< Remove cylinder head cover retaining studs (arrows) from 
center and rear of cylinder head. 

< Remove spark plugs and install BMW special tool 11 3 260 
(A) and 11 3 270 (6) to cylinder head. Tighten tool retaining 
bolts in spark plug bores. Do not overtighten bolts. 

Tightening torque 

BMW special tool 11 3 260 I 1  1 3 270 to 23 Nm (17 It-lb) 
cylinder head 

- Remove intake camshaft bearing cap for cylinder number 1. 

CA U T I O G  
Intake camshaft bearing cap 1 is centered with adapter 
sleeves. To avoid can~sllaft daniage, it must be removed bs- 
fore any other caps. 

Turn eccentric shaft on special tool until pressure is applied 
to camshaft bearing caps. 

- Remove remaining bearing cap mounting nuts 

- Slowly release pressure on camshaft bearing caps by turning 
eccentric shaft. Remove bearing caps and camshaft. Repeat 
procedure on remaining camshaft. 

CAUTION- 
Camshaft bearing caps must be reinstalled in their original lo- 
cations. 

NOTE- 
The camshaft bearing caps are coded with a letter anda 
number. For example, 'XI" is the first exhaust camshaft 
bearing cap at the front of the engine, and "El "is the intalce 
camshaft bearing cap at the front of the engine. 

0 The camshafts are stamped with a code letter - "E" for the 
intake side and 'MA" for the exhaust side. 

0 "E is for Einlap, (German for intake) and 'XA"is for Auspuff, 
(German for exhaust). 
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4 Secure hydraulic lifters in lifter bores using BMW special tool 
11 3 250, or remove lifters using a magnetic pick-up tool. 

4 Remove camshaft bearing carrier from cylinder head. 

CA UTION- 
Camshaftbearing carriers must be reinstalledin their original / locations (E for ir;fal<e and A for exhaust). 

NOTE- 
Do not let hydraulic lifters fall out as the camshaft carrier is 
removed. 
Hydraulic lifters should be stored in an upright position. 
Used hydraulic lifters must be replaced into original lifter 
bores. 

Camshafts and lifters, installing (M52 Engine) 

Lubricate camshafts, camshaft carriers, bearing caps, hy- 
draulic liflers, friction washers, splined shafts and spline hubs 
with assembly lubricant before installation. 

Make sure the cranltshaft, which had been rotated approxi- 
mately 30" opposite the direction of engine rotation from 
TDC, is still in thatposition before lowering the camshaffs into 
position. All pistons must be out of TDC position to prevent 
valve/piston interference when the camshalts are installed. 

Before installing camshaft carriers, examine bearing bores 
(arrows) on hydraulic lifter bores for signs of wear. 



116-18 

Cylinder Head and Valvetrain 

4 Install camshaft carriers with hydraulic lifters into cylinder 
head. Note marks on carriers: (E) for intake side and (A)  for 
exhaust side. 

4 Center camshaft carrier on pins (arrows) at bearing posi- 
tions 2 and 7. 

4 Install camshafts with number 1 cylinder camshaft lobes fac- 
ing each other (arrows). 

CAUTION- 
A minimum waiting time is required for the hydraulic lifters to 
'bleed down" after installing the camshafts into the cylinder 
head, before bringing the pistons to TDC. When the cam- 
shafts are removed, the hydraulic lifers can expand. This ex- 
pansion can cause increased valve lift when the camshafts 
are bolted down, possibly resulting in piston interference. 

Camshaft Installation waiting times 

68" F (20" C) or above 4 minutes 

50-68' F (1 0-20°C) 11 minutes 

32-50" F (0-1 0" C) 30 minutes 
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- Remainder of installation is reverse of removal, noting the 
following: 

See 117 Camshaft Timing Chain for VANOS control unit 
installation. 

Tightening torques 

Camshaft bearing caps to cylinder head (M7) 15 Nm (1 1 ft-lb) 

Cylinder head cover to cylinder head (M6) 10 Nm (89 in-lb) 

Sparic plugs (M12) 23 Nm (17 ft-lb) 

Camshaft and lifter, removal and 
installation (M52 TU and M54 engine) 

Camshafts and lifters, removing 
(M52 TU and M54 engine) 

WARNING- 
Allow engine fo cool before beginning this procedure. 

- Disconnect negative (-) cable from battery. 

CAUTION-- 
Prior to disconnecting the battea read the battery discon- 
nection cautions in 001 General Cautions and Warnings. 

Remove VANOS control unit. See 117 Camshaii Timing 
Chain. 

Remove primary timing chain tensioner (arrow). 

CAUTION- 
Primary timing chain tensioner is under spring pressure. 1 
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Press down on secondary chain tensionerand loclc into place 
using BMW special tool 11 3 292, or a thin drift or pin. 

4 Remove exhaust camshaft impulse wheel mounting nuts 
(arrows). Remove impulse wheel (A). 

< Remove spring plate (A). 

4 Remove intake camshaft sprocket mounting nuts (arrows) 
and remove spring plate (labelled FRONT). 
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Remove torx 
(arrows). 

screws from exhausl : camshaft : sprocket 

Lift off exhaust and intalte sprockets together with secondary 
chain, thrust spacer (A) from exhaust camshaft, and splined 
shaft (B) from intake camshaft. 

CAUTIOf+ 
Splined shafts share the same part number for both intake 
and exhaust camshafts. Used splined shafts must be rein- 
stalled in their oriqinal locations. 

Place intalte and exhaust sprockets in BMW special tool 11 6 / 180. Position spline gap on intake sprocket (arrow) as 
shown. 

4 Remove exhaust camshaft splined sleeve (A) and shaft (B). 
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Remove secondary chain tensioner mounting bolts (arrows) 
and remove tensioner with locking tool in place. 

Remove primary chain sprocket mounting studs (arrows) on 
exhaust camshaft. 

NOTE- 
Counterhold camshafts when loosening. 

Lifl primary chain sprocket off exhaust camshaft. Remove 
sprocket from chain. 
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Place timing chain on end of exhaust camshaft 

4 Do not remove end spline retaining screws from camshafts 
(arrows). 

CAUTION- 
The end spline retaining screws precisely locate the end 
splines to the camshafts. Do not loosen these screws. 

Remove locating studs (arrows) from intake camshaft. Lift 
off intake camshaft thrust spacer (A) and impulse wheel (B) 

4 Remove cylinder head cover mounting studs (arrows) from 
center of cylinder head. 

- Remove crankshaft locking tool (BMW special tool 11 2 300) 
from cranltcase. 
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4 Lift primary chain and hold under tension, rotate engine 
against direction of rotation (counterclockwise) approximate- 
ly 30". 

To prevent damaging valves while worlcing on camshafts, no 
aistons should be in the TDC position. 

- Remove BMW special tool set 1 I 3 240 from rear of cylinder 
head. 

Remove retaining nuts (arrows) and bearing cap 1 of intake 
camshaft. 

Intake camshaft bearing cap 1 is centered with adapter 
sleeves. To avoid camshaft damage, it must be removed be- 
fore anv other caos. 

4 Fit BMW special tools 11 3 260 (A) and 11 3 270 (B) to cylin- 
der head and screw long bolts (aiiows) into spark plug 
threads. Tensioners will align with the bearing caps on the in- 
take camshaft. 

CA UTION-- 
Do not over torque bolts into spark plug holes. 1 

4 Turn eccentric shaft of special tool to pretension intake carn- 
shaft bearing caps. Remove nuts on remaining bearing caps. 

- Slowly release tension on eccentric shaft and remove BMW 
special tools. Remove bearing caps and set aside in order. 
Remove camshaft and store safely. 

CA U TIOW- 
Camshaft bearing caps must be installed in their original lo- 
cations. 
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NOTE- 
The camshaft bearing caps are coded with a letter and a 
number. For example, "A 1" is the first exhaust camshaft 
bearing cap at the front of the engine, and "El " is the intake 
camshaft bearing cap at the front of the engine. - .  - 
The camshafts are stamped with a code letter - " E  for the 
intake side and 'X" for the exhaust side. 
" E  is for Einlap. (German for intake) and 'XA7s for Auspuff. 
(German for exhaust). 

- Repeat procedure for exhaust camshaft 

< Secure hydraulic lifters in lifter bores using BMW special tool 
11 3 250, or remove lifters using a magnetic pick-up tool. 

I CAUTION- 
Used liydraulic lifters must be reinstalled in original lifter 1 bores. 

4 Remove lower camshaft bearing carriers from cylinder head. 

CAUTION- 
Camshaft bearing carriers must be reinstalled in their original 
locations (E for intalce and A for exhaust). 

NOTE- 
Do not allow hydraulic lifters to fall out of camshaft carriers. 
Hydraulic lifters should be stored in an upright position. 

Camshafts and lifters, installing (M52TU and M54 engine) 

Lubricate camshafts, camshaft carriers, bearing caps, hy- 
draulic lifters, friction washers, splined shafts and spline hubs 
with assembly lubricant before installation. 

CAUTION- 
Make sure the crankshaft, which had been rotated approxi- 
mately 30" opposite the direction of engine rotation from 
TDC, is stillin thatposition before lowering the camshafts into 
position. Allpistons must be out of TDCposition to prevent 
valve/piston inteiference when the carnshafis are installed. 

- Lift timing chain and place exhaust cam onto exhaust cam- 
shaft carriers. Place intake camshaft on camshaft carrier. 
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4 Before installing camshaft carriers, examine bearing bores 
(arrows) on hydraulic lifter bores for signs of wear. 

Install camshaft carriers with hydraulic lifters into cylinder 
head. Note marks on carriers: (E) for intake side and (A) for 
exhaust side. 

4 Center camshaft carrier on pins (arrows) at bearing 
aositions 2 and 7. 
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4 Rotate camshafts so that intalte and exhaust lobes for cylin- 
der 1 face each other (arrows). 

CAUJION- 
A minimum waiting time is required for the hydraulic lifters to 
'bleed down"after installing the camshafts into the cylinder 
head, before bringing the piston to TDC. When the camshafts 
are removed, the hydraulic lifters can expand. This expan- 
sion can cause increased valve lift when the camshafts are 
bolted down, possibly resulting in piston interference. 

Place bearing caps on cams, but do not install retaining nuts. 

4 Fit BMW special tool 11 3 260 (A) and 11 3 270 (B) to cylinder 
head over intalte camshaft and screw long bolts (arrows) 
into spark plug threads. 

CA UTION- 
Do not overtighten bolts into spark plug holes. 

< Turn eccentric shaft of special tool to pretension bearing 
caps. Install and torque nuts on intake camshaft bearing 
caps. 

Tightening torque 

Camshaft bearing cap to cylinder head (M7) 14 Nm (10 it-ib) 

- Release tension on eccentric shaft and remove BMW special 
tools 11 3 2601270. 

- Repeat procedure for exhaust camshaft. 

NOTE- 
Observe waiting time for lifter bleed down before continuing 
with camshaff installation. 

Crankshaft I valve timing waiting times 

68°F (20°C) and higher 5 minutes 

50-6S°F(10-20°C) 15 minutes 

32-50DF(O-10°C) 30 minutes 
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Double VANOS timing 
chain components 

1. Impulse wheel mounting nut 

2. Exhaust camshaft impulse 
wheel 

3. Spring plate, exhaust 

4. Thrust spacer (T = 3.5 mm) 

5. Splined shaft 

6. Torx screw 

7. Exhaust camshaft secondary 
sprocket 

8. Secondary timing chain 

9. Splined sleeve 

10. Primary sprocket 

11. Threaded stud 

12. Secondary chain tensioner 

13. Secondary chain lower guide 

14. Sprocket mounting nut 

15. Spring plate, intake 

16. Splined shaft 

17. Intake camshaft sprocket 

18. Locating stud 

19. Thrust spacer 

20. lntake camshaft impulse wheel 
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Double VANOS secondary timing chain components, 
installing (M52 TU, M54 engine) 

< Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

4 If necessary, turn camshaft so that special tools are squarely 
seated on cylinder head. 

4 Lift timing chain and hold under tension 
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4 While maintaining tension on timing chain, rotate crankshaft 
at vibration dampener from 30" before TDC in direction of ro- 
tation (clockwise) until number 1 cylinder is at TDC position 
with line between the OIT mark (arrow) on front pulley 
aligned with boss on lower timing chain cover. 

4 Secure crankshaft in TDC position with BMW special tool 
11 2 300 (arrow). 

Slide impulse wheel on intake camshaft, aligning boss with 
raised portion on camshaft (arrow). 

Fit thrust spacer (A) to intalte camshaft and tighten down with 
threaded locating studs (arrows). Place longer threaded por- 
tion of studs into camshaft. 

Tightening torque 

Impulse wheel studs to intake camshaft (M7) 20 Nm (15 ft-lb) 
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< Install primary timing chain on timing chain sprocket and 
place on exhaust camshaft so that pointer on sprocket 
(arrow) lines up with cylinder head sealing surface. 

4 Insert BMW special tool 11 4 220 into timing chain tensioner 
bore and bring center spindle into contact with tensioning rail. 
Tighten until slack is removed, but do not pretension timing 
chain. 

NOTE- 
BMW special tool 11 4 220 is an adjustable primary chain 
tensioner and simulates the function of the tensioner. 

- Recheck arrow on primary sprocket is aligned with upper 
edge of cylinder head. Reposition sprocket if necessary. 

4 Insert and tighten threaded locat~ng studs (arrows) in ex- 
haust camshaft. 

Tightening torques 

Exhaust camshaft locating stud 20 Nm (15 ft-lb) 
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4 Install secondary chain tensioner (arrows). Keep tensioner 
compressed using BMW special tool 11 3 292 or suitable pin. 

4 Fit exhaust camshaft splined sleeve. Confirm that gap in 
sleeve splines aligns with corresponding gap in carnshaft 
splines (arrows). 

Slide splined shaft onto exhaust camshaft so that locating 
tooth of shaft fits into spline gaps of camshaft and splined 
sleeve (arrows). 

- Push splined shafl in further to rotate splined sleeve until the 
three threaded holes in primary chain sprocket are centered 
in the small slots of the splined sleeve. 
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< Place intake and exhaust sprockets in BMW special tool 
11 6 180. Position spline gap on intake sprocket (arrow) as 
shown and place secondary chain on sprocitets. 

< Remove chain and sprockets from tool and slide sprockets 
on camshafts. Confirm that gap in intalte sprocket splines 
lines up with corresponding gap in camshaft splines (arrow). 

CAUTIOI\C 
Do not alter position of sprockets with respect to chain when 
removinq from saecial tool 11 6 180. 

4 While aligning locating tooth of shaft with spline gaps on 
camshaft and sprocket, slide spiined shaft onto intalte carn- 
shaft until approx. 1 mm (0.04 in.) of splines (arrows) are 
visible. 

4 lnstall intake camshaft spring plate so that FRONT mark is 
visible. install mounting nuts (arrows) finger tight. 
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4 Insert sprocket mounting bolts (arrows) on exhaust side 
carnshaft assembly. 

Initially tighten to approx. 5 Nrn (44 in-lb) and then back off 
by half a turn. 

4 Fit thrust spacer (A) on exhaust camshaft. 

4 Install spring plate (A) to exhaust camshaft. Make sure that 
(F) mark is visible. 

NOTE- 
If F marlc is no longer visible, install spring plate as shown in 
inset. 
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Install exhaust camshaft impulse wheel, aligning pointer (B) 
with top edge of cylinder head (A). Install mounting nuts (ar- 
rows) finger tight. 

4 Pull out exhaust camshaft splined shaft to stop. 

- Press down on secondary chain tensioner and remove ten- 
sioner lock-down tool. 

Preload primary chain: - Tighten adjusting screw on BMW special tool 11 4 220 to 
specified torque. 

Tightening torque 

Primary chain tensioner preload 0.7 Nm (6 in-lb) 
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4 Preload exhaust camshaft spring plate by pressing on im- 
pulse wheel while tightening mounting nuts (arrows) fingel 
tight. 

4 Install BMW special tool 11 6 150 (VANOS setup bracket) to 
front of cylinder head timing case. Install nuts (arrows) finger 
tight, then tighten down uniformly until special tool is in full 
contact with cylinder head. 

CAUTION-- 
Male sure aNgas1ef material Is removed from face of cyiin- 
der head. Clean sealing face and keep free of oil. 

4 Secure camshaft sprockets and impulse wheels: 

Tighten mounting screws (A) on exhaust camshaft impulse 
wheel to approx. 5 Nm (44 in-lb). 

Tighten mounting nuts (B) on exhaust and intake sprocket 
assemblies to approx. 5 Nm (44 in-lb). 

Torque down mounting screws (A) and nuts (B) to final 
specifications. 

Tightening torques 

Sprocket assembly to camshaft initial torque 5 Nm (44 in-lb) 

Sprocket assembly wheel to carnshaft 
M7 tom screws (A) 20 Nm (15 ft-lb) 
M6 mounting sciew (6) I0  Nm (8 ft-lb) - - - 

- - Remove crankshaft locking tool from crankcase. 

- Remove camshaft locking tools from cylinder head. 
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Turn engine over twice in direction of rotation until cylinder 1 
intake and exhaust camshaft lobes (arrows) face each other. 

- Lock crankshaft in TDC position with BMW special tool 
11 2 300. 

4 Place BMW special tool set 11 3 240 over camshafts and 
measure clearances. 

NOTE- 
@ If the exhaust side of the tool (A) is not flush with the head, 

camshaft timing is incorrect. Reset camshaft timing as de- 
scribed in 11 7 Camshaft Timing Chain. 
Due to flexible sprocket design, VANOS unit tolerances 
and play in the VANOS splines, when the camshaft timing 
is set correctly, the intake side of special tool set 11 3 240 
(B) may be up to 1 mm (0.04 in.) above the suiface of the 
cylinder head. This is normal. Reassemble engine. Other- 
wise, reset camshaft timing as describedin 1 l?Camshaft 
Timing Chain. 

- Remove BMW special tool 11 6 150 from front of cylinder 
head. 

4 Clean contact edges of cylinder head face and VANOS unit 
and apply a thin coat of Three Bond 12090 or equivalent 
sealing compound to surfaces. 

CAUTION- 
Male sure all gasket material is removed from face of cyl- 
inder head. Clean sealing face and keep free of oil. 

Check locating dowel (A) and dowel sleeve (B) at top 
of cylinder head for damage or incorrect installation. 

- Using a new steel gasket, install VANOS unit to front of cyi- 
inder head. See 117 Camshaft Timing Chain. 

NOTE- 
If VANOS control unit is being replaced, be sure to check and 
adjust camshaft timing as described in 117 Camshaft Tim- 
ing Chain. 

- Reinstall engine lifting eye. 

- Reconnect electrical harness connectors to camshaft posi- 
tion sensors and VANOS solenoid valves. 
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- Remove adjustable primary timing chain tensioner tool and 
reinstall primary chain tensioner cylinder to cylinder head. 

Tightening torque 

Primary chain tensioner cylinder to 70 Nm (52 ft-lb) 
cylinder head 

- Remove flywheel locking tool from crankcase. Replace spe- 
cial tool bore sealing plug. 

- Remove camshaft locking tools from cylinder head 

Install intake camshaft cover and cylinder head cover. 

Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 8 1209 or equivalent 
sealing compound at corners (B) of half-moon cutouts. 

Seat gasket and seal corners at VANOS unit with Three 
Bond @ 1209. 

Tightening torque 

Cylinder head cover to cylinder head (M6) 10 Nm (89 in-lb) 

- Installation of the remaininq parts is reverse or removal, not- - 
ing the following: 

Change engine 011 and f~lter as descr~bed in 020 Mainte- 
nance. 

Reconnect battery. 

To prevent damaging the engine electronic systems, install 
all ground wire previously removed, including the ground 
wires for the ignition coils. 

Tightening torque - 
Radiator cooling fan to coolant pump 40 Nm (30 ft-ib) 

Spark plug to cylinder head 25 Nm (18 ft-ib) 
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Camshaft removal and installation 
(M62 engine) 

Camshafts, removing (M62 engine) 

Special BMW service tools should always be used to remove 
and install the camshafts. Removal of the camshafts without 
the special tools can result in personal injury and lor cylinder 
head damage. 

NOTE- 
Cylinder bank 1-4 is referred to as the right cylinder bank 
and is located on the passenger side. Cylinder bank 5-8 is 
referred to as the left cylinder bank and is located on the driv- 
er's side. 

WARNING- 
Allow enqine to cool before beqinninq this procedure. 1 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions in 001 General Cautions and Warnings. 

- Dra~n coolant. See 170 Radiator and Cooling System. 

Remove plastic engine covers: 

Press down on locking pins (arrows) and remove top 
cover. 

Pry out trlm caps (A) from covers. 

Remove fasteners from beneath trlm caps and remove 
side covers. 

4 Remove left and right interior ventilation filter housing (lefl 
side shown): 

Release locking tabs (A) or locking strap (early models, 
not shown). 
Rotate duct inward (arrow) to disconnect. - Release spring lock (6) to unloclc ventilation housing. 

Disconnect electrical harness from hood switch (C). 

Release locking clip and remove ventilation filter cover (0 ) .  

Remove filter housing. 
Removal of right side ventilation duct is similar. 
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4 Remove air filter housing and ducts: 

Loosen hose clamps as necessary and disconnect electri- 
cal harnesses. - Remove air filter housing mounting fastener (arrow). 
Loosen hose clamp at throttle body. 

Remove air filter housing with mass air flow sensor and 
duct. 

Disconnect the following electrical harness connectors. 

Knoclc sensors (A). 
Thermostat housing (B). 

Throttle position sensor/throttle position switch and idle 
valve (C). 
Camshaft position sensor (D). 

* Ignition coils (E). 

Remove mounting nuts (arrows) 
ducting. 

from wiring harness 
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< Disconnect fuel injector electrical connectors from injectors. 

Pry corner of wire lock clip (arrow) on first injector. 

* Repeat for all injectors. 
Lift wiring ducts off and set aside. 

4 Remove right and left side ignition coil mounting nuts (ar- 
rows) and coils. 

NOTE- 
Male note of location for ground straps (arrow A). 

- Remove spark plugs. 

- Disconnect positive (+)jumper junction from top of lefl cylin- 
der head cover. 

4 Remove retaining nuts (arrows) and remove oil lines from 
left and right cylinder heads. 
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4 Using crankshaft center bolt, rotate engine clockwise one 
complete rotation until the first cylinder is at TDC. 

4 Confirm TDC position. Lobes of camshafts for cylinder head 
1-4 (passengers side) should point up (arrows). 

4 Remove timing chain tensioner (arrow) from right side upper 
timing chain cover. 

- Remove secondary air injection pipes in front of upper timing 
chain covers. 

- Remove left and right coolant hoses from coolant pump 
housing. 

- Detach dipsticlc tube from upper right timing cover, 
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4 Remove camshaft position sensor (A) from timing chain cov- 
er. Remove bolts (arrows) from timing chain covers and re- 
move covers from right and left cylinder heads. 

4 Counterhold intalte carnshaft on right cylinder head 

4 Counterhold right intalte camshaft and remove sprocltet 
mounting bolts (arrows) from right cylinder head. 

Remove carnshaft impulse wheel and primary chain 
sprocket. - Slide primary timing chain off sprocltet and suspend chain 
with stiff wire to prevent it from dropping into lower timing 
chain cover. 



. .  
ICylinder Head and Valvetrain -.I 

4 Counterhold left intake camshaft and remove sprocket 
mounting bolts (arrows) from left cylinder head. 

Remove primary chain sprocket. 
Slide primary timing chain off sprocket and supend timing 
chain with stiff wire to prevent it from dropping into lower 
timing chain cover. 

4 Using cranltshaft center bolt, rotate engine counterclockwise 
to 45" before TDC position. 45" V.OT mark on pulley will 
align with boss cast on engine block (arrow). 

4 Compress secondary chain tensioners and lock (arrows) 
using BMW special tool 11 3 310 or a stiff wire. 
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While counter holding camshaft, remove exhaust camshaft 
sprocket bolts (arrows) from left cylinder head. Remove 
sprocltets with chain. 

< While counter holding camshaft, remove exhaust camshaft 
sprocket bolts (arrows) from right cylinder head. Remove 
sprocltets with chain. 

4 Use BMW special tool 11 3 430 to rotate camshaft into disas- 
sembly position. 

4 Loosen camshaft bearing caps nuts in correct sequence 
(1-10) (left cylinder head shown). 

NOTE - 
Keep camshaft bearing caps in order. Used caps must not be 
interchanged. 

- Remove exhaust camshaft by repeating process. 
0 Remove camshafts from cylinder head. 

- Repeat camshaft removal process for right cylinder head. 
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I I Camshafts, installing, right cylinder head (M62 engine) 

I 1 A:\ / Camshafts are marked at rear. Install camshafts into cam- 
shaft bearing saddles of cylinder heads. 

Intake camshaft for right cylinder head ( 1 4 )  is labelled 
E 1-4. 

Exhaust camshaft for right cylinder head (1-4) is labelled 
A 1-4. 

4 Rotate camshafts so that recesses in Intake and exhaust 
camshafts polnt upward 30 to 40' above seal~ng surface for 
valve cover (arrows). 

4 Bearing caps are marked with a code for location. 

NOTE- 
The camshaft caps are stamped with a code letter - "E" for 
the intake side and 'N" for the exhaust side. Number code is 
forposition on head, with number 7 being the front bearing 
cap. 

CAUTION-- 
Do not mix up camshafi bearing caps between cylinder 
banks. 
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Evenly tighten down bearing cap nuts in 'I? turn steps start- 
ing at number 1. 

Tightening torque 

Camshaft bearing cap 14 Nm (10 ft-lb) 

BMW special tool 11 3 430 on camshaft. 

4 Rotate camshafts until marker bores (arrows) point up- 
wards. 
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Cylinders 1-4 

11 2 445 11 2441 

4 Secure camshafts in TDC position using BMW special tools: 

Align camshafts with open-end 27 mm wrench so BMW 
special tools fit on cylinder heads without gaps. Secure 
tool using number 4 cylinder spark plug hole. 

Do not damage the cylinder head. If necessa& machine 
open-end wrench to fit. 

Left side (cyl. 5-8) camshafts, installing (M62 engine) 

4 Camshafts are marked for location at rear. Install camshafts 
into camshaft bearing saddles of cylinder heads, noting the 
following: 

Intake camshaft for left cylinder head (5-8) is labelled 
E 518. 

Exhaust camshaft for left cylinder head (5-8) is labelled 
A 518. 

4 Rotate camshafts so that recesses in intake and exhaust 
camshafts point downward 30 to 40" (arrows) from cylinder 
head cover sealing surface. 
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4 Bearing caps are marked with a code for location. 

NOTE- 
The camshaft caps are stamped with a code letter - " E  for 
the intake side and 'HA" for the exhaust side. Number code is 
for position on head, with number 1 being the front bearing 
cap. 

CA UTIOI\C 
Do not mix up camshaft bearing caps. 

Install and evenly tighten down bearing cap nuts in 'I2 turn 
steps starting at number 1. 

Tightening torque 

Camshaft bearing cap 14 Nrn (10 ft-lb) 

4 Install BMW special tool 11 3 430 on camshaft. 
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4 Rotate camshafts until marker bores (insets) point upwards, 

4 Secure camshafts in TDC position using BMW special tools: 

Cylinders 5-8 Align camshafts w~th open-end 27 mm wrench so BMW 
special tools fit on cylinder heads without gaps. Secure 

11 2 242 11 2 446 I tool using number 8 cylinder spark plug hole. 

CAUTION- 
Do not damage the cylinder head. If necessary, machine 
open-end wrench to fit. 

Timing chains and tensioners, installing (M62 engine) 

4 Fit secondary sprocltets and chain to camshafts on right cyl- 
inder head. Center slots in sprocltets to threaded bores in 
end of camshafts (arrows). 

. . 
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Install exhaust camshaft bolts (arrows) finger tight. 

Remove secondary timing chain tensioner loclting tool. 

< Fit secondary sprockets and chain to camshafts on left cylin- 
der head. Center slots in sprocltets to threaded bores in end 
of camshafts (arrows). 

Insert exhaust camshaft bolts (arrows) finger tight in exhaust 
camshaft on left cylinder head. 

Remove secondary timing chain tensioner locking tools from 
chain tensioners. 
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Rotate engine clockwise (arrow) from 45" before TDC to 
TDC position. 

Secure crankshaft in TDC position with BMW special tool 
11 2 300. 

4 Fit sprocket with primary chain to intaite camshaft on right 
cylinder head: 

Press timing chain tensioner rail against timing chain 
(white arrow) to check that fastener holes are centered in 
sprocket slots (black arrows) when slack is removed from 
timing chain. 

If necessary, remove sprocket and reposition. 

Fit sprocket with chain to intake camshaft 
5-8 with long bores aligned centrally. 

Install bolts (arrows) and finger tighten 

cylinder head 
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Fit sensor gear with mark (arrow) pointing upwards. Install 
bolts and finger tighten. 

4 Attach BMW special tool 11 7 380 to right cylinder head in 
place of upper timing case cover. 

Install BMW special tool 11 3 390 into 11 7 380. 

Using BMW special tool 00 9 250, tighten adjustable ten- 
sioner screw on 11 3 390 to 0.7 Nm (6.3 in-lb). 

- T~ghten camshaft sprocket bolts in the following order: 

1. Exhaust camshaft, left head. 

2. Exhaust camshaft, right head. 

3. Intake camshaft, left head. 

4. Intake camshaft, right head. 

Tightening torques 

Sprocket to camshaft flange 15 Nm (I 1 ft-lb) 

- Remove camshaft locking tools from both cylinder heads. 

- Remove crankshaft locking tool. 

4 lnstall oil lines to left and right cylinder heads. 

- Remove adjustable timing chain tensioner tool and setup 
block from right cylinder head. 
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Replace primary timing chain tensioner O-ring (arrow) in 
right cylinder head. 

- lnstall right upper timing cover to engine: 

Remove old gasket from right timing cover. 

Clean gasket groove and install new gasket. 

Apply Three Bond 12098sealant to joint between cylinder 
head and timing cover. Install remaining timing cover bolts 
finger tight. 

lnstall left upper timing chain cover to engine: 

Remove old gasket from right timing chain cover. 

Clean gasket groove and install new gasket. 

Insert lower cover timing chain cover retaining bolt (arrow) 
to cover, then fit cover to cylinder head. 

Apply Three Bond 12098 sealant to joint between cylinder 
head and timing chain cover. lnstall upper timing cover 
bolts finger tight. 

4 Remove cylinder head cover sealing gaskets from right cyl- 
inder head cover. lnstall BMW special tool 11 1 41 1 into gas- 
ket groove of cylinder head cover. 

lnstall right cylinder head cover with BMW special tool 11 
1 41 1 to right cylinder head. Fit cylinder head cover retain- 
ing nuts to cylinder head cover studs at cylinders 1 and 2 
(first two cylinders on right cylinder head). 

Tighten nuts uniformly in 'I2 turn steps. 

NOTE- 
BMW special tool 11 1 41 1 presses upper timing chain cover 
to level of cylinder head. 

Tightening torque 

Cylinder head cover nuts 10 Nm (7.5 n-lb) 

- Tighten right upper timing cover retaining bolts in two passes. 

Tightening torque 

Timing chain cover to head 10 Nm (7.5 ft-lb) 
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4 Remove cylinder head cover sealing gasltets from left cylin- 
der head cover. Install BMW special tool 11 1 412 into gasket 
groove of cylinder head cover. 

Install left cylinder head cover. Fit cylinder head cover re- 
taining nuts to cylinder head cover studs at cylinders 5 and 
6 (first two cylinders on left side cylinder bank). 

* Tighten nuts uniformly in ' I ?  turn steps. 

NOTE- 
BMW special tool 11 1 4 12presses upper timing chain cover 
to level of cylinder head. 

Tightening torque 

Cylinder head cover nuts 10 Nm (7.5 it-lb) 

- Tighten left upper timing chain cover retaining bolts in two 
passes. 

Tightening torque 

Timing chain cover to head 10 Nm (7.5 ft-lb) 

- Remove cylinder head covers and remove BMW special 
tools 11 4 41 11412 from cylinder head covers. 

- Fit new gasket to cylinder head cover without strain. 

- Apply Three Bond@ 1209 sealant to joints between cylinder 
head and timing cover. 

4 Malte sure half-moon cutouts (A) at rear of cylinder heads fit 
correctly to cylinder head sealing surface. Apply Three 
Bond@ 1209 sealant at corners of half-moon cutouts (B). 

- Remainder of installation is reverse of removal. 
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This section covers valve removal and reconditioning, includ- 
ing valve guides, seats, springs, and valve stem oil seals. 

Valves, leak test 

To test the valves for leakage, the cylinder head must be dis- 
assembled with camshafts and camshaft carriers removed. 
With valve assemblies and spark plugs installed, place the 
cylinder head on a workbench with the combustion chamber 
facing upward. Fill each combustion chamber with a thin non- 
flammable liquid. After fifteen minutes, check the level of the 
fluid. If the fluid level in any cylinder drops, that cylinder is not 
sealing properly. 

Valves, removing and installing 

- Remove cylinder head as described in 113 Cylinder Head 
Removal and Installation. 

CAUTIOI\C 
(M52 TU/M54 engines only) Do not let the hydraulic lifters 
fall out as the camshaft carrier is removed. Special suction 
cups are available from BMW to hold the hydraulic lifters in 
place during carrier removal. 

* Hydraulic cam lifters should be stored m an uprfght po- 
sition. I f  necessary, use a magnetic tool to aidin remov- 
a l  of the lifters. 

- Remove valves using a valve spring compressor. 

CAUTIOI\C 
Label each valve assembly as it is removed so it can be in- 
stalled in its original position. 

- 
- Remove and discard valve stem oil seals from valve guides. 

See Valve stem oil seals later in this section. 

- Valve installation is reverse of removal. Remove carbon de- - - 
posits from the valves using a wire brush or wire wheel. - 

- 
Valve specifications are listed in Table c. Valve specifica- 
tions. 
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Table c. Valve specifications 

Valve head diameter 

lntaite 33.0 mm 33.0 mm 35.0 mm 

Exhaust 30.5 mm 30.5 mm 30.5 mm 

Valve stem diameter - Standard 

Intake 6.0 mm .0.025 6.0 mm -O.o" .o.040 6.0 mm .0.025 .0,040 

Exhaust 6.0 mm -0.0"0 
-0.055 6.0 mm -0.040 .0,055 6.0 mm .0.040 .0,055 

Valve stem diameter - Oversize 1 (identified on stem as R l )  

Intake 6.1 mm -0.025 .0.040 6.1 mm .0-025 .0,040 6.1 mm -O.o" .o,040 

Exhaust 6.1 mm .O.O4O ..,,,, 6.1 mm -0.040 -0.055 6.1 mm -0.040 .0,055 

Valve stem diameter - Oversize 2 (identified on stem as R2) 

Intake 6.2 mm -O-OZ5 6.2 mm -0.025 .0.040 6.2 mm -0.025 .0,040 

Exhaust 6.2 mm -0.040 -0.055 6.2 mm -0.040 .o.055 6.2 mm -O."o .o,055 

Valve guides 

BMW does not supply valve guides as replacement parts. I f  a 
valve guide is excessively worn, it should be reamed to ac- 
cept oversized valve stems. Valve guide specifications are 
listed in Tabled. Valve guide specifications. 

- Valve guides should be checked for wear using a new valve. 
Be sure to thoroughly inspect the cylinder head to ensure 
that it can be reused before reworking the guides. 

NOTE- 
International Organization for Standardization (1.30) toler- 
ance classes are listed in Table c. I S 0  allowances are 
based on nominal sizes and should be used to determine 
proper fit. Most machine shops should have this informa- 
tion available. 
Replacement valve guides may be available through after- 
market suppliers. Valve guide replacement requires spe- 
cial tools and a press. It is also necessary to heat the 
cylinder head and chill the valve guides when replacing the 
guides. 
BMW supplies oversize valves. See Table d. Valve guide 
specifications for additional information. 



Table d. Valve guide specifications 

Specifications All engines (1997-2002) 

Valve guide wear, maximum 0.5 mrn (0.020 in) 
(valve tilt clearance measured 
with new valve) 

Valve guide inside diameter, installed 
(tolerance per IS0 allowance H7) 

Standard 6.0 mm (0.236 in) 

Oversize 1 6.1 mrn (0.240 in) 

Oversize 2 6.2 mm (0.244 in) 

Valve stem oil seals 

The purpose of the valve stem oil seal is to prevent excess oil 
from entering the combustion chamber. The sign of faulty 
valve stem oil seals is excessive oil consumption and smoke 
from the exhaust immediately after starting and during decel- 
eration. 

NOTE- 
Valve stem oil seals should not be reused. I f  valves are re- 
moved, new valve stem oil seals should be installed. 

Valve stem oil seal replacement requires that the cylinder 
head be disassembled and the valves removed as described 
above under Valves, removing and installing. 

NOTE- 
BMW special tools are available to remove the valve stem oil 
seals. As an alternative, standard valve seal removal tools 
are available from most automotive parts stores. 

Lubricate new seal and install using hand pressure only. Be 
sure to install valve spring seat(s) before installing seal. 
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Valve seats 

< The valve seats should be resurfaced whenever new valves 
or valve guides are installed. Cutters are required to resur- 
face the seats. Always check the valves for leaks after recon- 
ditioning a valve seat as described above. Table e. Valve 
seat specifications lists valve seat dimensions. 

Table e. Valve seat specifications (refer to figure) 

All 6 cylinder All 8 cylinder 
engines (1997- engines (1997- 

Specification 2002) 2002) 

B l l l l o c  A -Valve seat angle 45" 
--. -- 

45" 

B - Correction angle, 15" 15" 
outside 

C - Correction angle, 60" 
inside 

D -Valve seat width 

intalte 1.65 i0.25 rnrn 1.25 +0.25 rnm 
(0.065 c0.010 in) (0.049 f 0.010 in) 

exhaust 1.65 c0.25 rnm 1.65 i0.35 rnm 
(0.065 fO.O1O in) (0.065 c0.014 in) 

E - Valve seat outside diameter 

intake 32.4 mm (1.276 in) 34.5 mm (1.358 in) 

exhaust M52: 29.4 rnm 30.0 rnm (1.181 in) 
(1.157 in) 

- M52 TU, 
M54: 30.0 mrn 
(1.181 in) 

NOTE- 
Standard size replacement valve seats are not available from 
BMW Replacement valve seats are only available from BMW 
in 0.4 mm oversize (oversized in both height and diameter). 
The manufacturer does not provide specifications for valve 
seat replacement for the engines covered by this manual. 
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Valve springs 

The valve springs should be checked for fatigue. To quickly 
check the springs, line them up in a row. Place astraight edge 
across the top of the springs. Any spring that is significantly 
shorter than the others is worn and should be replaced. 

Valve spring specifications and wear limits are not available 
from BMW. 
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This repair group covers timing chain and VANOS repair 
information for the following engines: 

M52 (Single VANOS 6-cylinder engine) 

M52 TU and M54 (Double VANOS engines) 

M62 (Non VANOS V-8 engine) 

NOTE- 
The M62 TU V-8 engine with VANOS Variable Camshaft 
Timing repair information is not included. 

NOTE- 
See 100 Engine General for engine code and application 
information. 

Worn timing chains and sprocltets can lead to noisy operation 
and erratic valve timing. Afaulty tensionercan also cause tim- 
ing chain noises. 

For specific repair procedures, refer to the appropriate repair 
group: 

020 Maintenance 

113 Cylinder Head Removal and Installation 

119 Lubrication System 

121 Ignition System 

170 Radiator and Cooling System 

Special tools 

Special BMW service tools are needed to perform the service 
and repairs procedures covered in this repair group. Many of 
these tools are expensive and only available through an au- 
thorized BMW dealer. Be sure to read each procedure thor- 
oughly before starting a job to determine which special tools 
will be necessary. 

In addition, Double VANOS system diagnosis can only be 
carried out by using BMW specific electronic scan tools, such 
as BMW DISplus, MoDiC or equivalent. 

4 Torque wrench wl  flex extension 
(Tool No. BMW 00 9 250) 
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4 Crankshaft seal installation bushing, V-8 
(Tool No. BMW 11 1 220) 

4 Upper timing cover Installation tool, V-8 
(Tool No. BMW 11 1 41 11412) 

4 Crankshaft hub locking tools (6-cylinder engine with 2 piece 
vibration dampener) (Tool No. BMW 11 2 150 11 1 2 410) 

4 Cranltshaft loclting tool 
(Tool No. BMW 11 2 300) 

I I 4 Seal extractor tool set 
(Tool No. BMW 11 2 380) 
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4 Camshaft locking tool set, 6-cylinder 
(Tool No. BMW 11 3 240) 

- 4 Crankshaft seal installation bushing. 6-cylinde~ 

4 Secondary chain tensioner locking pin set. 6-cylinder 
(Tool No. BMW 11 3 290) 

1 1  3292 

4 Secondary chain tensioner loclting pin, V-8 
(Tool No. BMW 11 3 310) 

4 Air line fitting 
(Tool No. BMW 11 3 450) 

4 Protractor 
(Tool No. BMW 11 3 460) 
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< Primary chain tensioner tool, V-8 
(Tool No. BMW 11 3 390) 

< Primary chain tensioner tool, 6-cylinder 
(Tool No. BMW 11 4 220) 

< VANOS sprocket wrench 
(Tool No. BMW 11 5 490) 

- 4 Double VANOS setup bracket, M52 TUlM54 6-cylinder 

< Double VANOS sprocltet setup tool, M52 TU/M54 6-cylinder 
(Tool No. BMW 1 1 6 180) 

< Tensioner bracket, V-8 
(Tool NO. 11 7 380) 
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4 Crankshaft hub loclting tool. M54 engine 
(Tool No. BMW 11 8 190 11 1 8 200) 

4 VANOS test lead, M52 6-cylinder 
(Tool No. BMW 12 6 410) 

Crankshaft oil seal, front, 
replacing (M52 engine) 

The crankshaft front seal is located in the lower timing cover, 
behind the vibration damper. 

- Disconnect negative (-) cable from battery. 

CAUTIOIG 
a Disconnecting the battery may erase fault code(s) stored in 

control module memory Check for fault codes using spe- 
cial BMW diagnostic equipment. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions given in 001 General Cautions 
and Warninqs. 

- Remove splash guard from beneath engine. 

- Remove engine cooling fan assembly. See 170 Radiator 
and Cooling System. 

NOTE- 
Cooling ian nut (32 mm wrench) has left-hand threads. 

- Remove drive belts. See 020 Maintenance. 

,~R,~",,,~"P,,,,!,.,,,.,"?,,m-A,, P,",,,s 
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NOTE- 
Mark direction of belt rotation if reusing belt. 

- Remove vibration damper mounting bolts and remove vibra- 
tion damper and pulley from hub. 

NOTE- 
The M52 6-cylinder engine uses a 2-piece vibration damper 
and hub assembly. 

4 Install crankshaft holder (BMW special tools 11 2 150 
and11 2410). 

NOTE - 
Be careful while aligning locator pin hole in special tool 11 2 
410 with vibration damper locatorpin. 

- While counterholding crankshaft, loosen and remove crank- 
shaft center bolt. 

CAUTION- 
Do not use flywheel locking tool to hold crankshaft stationary 
to loosen or tighten crankshaft hub center bolt Use only the 
special tools specified, or equivalent hub holding tool. 

NOTE- 
The cranlshaft hub center bolt is torqued to 4 10 Nm 
(300 ft-16). 

- Remove damper hub and special tools. 

4 Install cap (BMW special tool 11 2 383) on end of cranltshaft. 

4 Install seal guide (BMW special tool 11 2 385) over end of 
crankshaft. Be sure to align tool with keyway on crankshaft 
(arrow). 
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4 Install oil seal puller (BMW special tool 11 2 380) and screw 
in body of puller until it contacts seal. Tighten center screw to 
draw seal out of cover. 

4 Coat new seal with oil and position in timing chain cover. Use 
BMW special tool 11 3 280 and crankshaft center bolt to draw 
seal in flush with timing case cover. 

4 Align hub with keyway and tap into place. Insert new center 
bolt with washer shoulder (arrow) facing hub. 

CAUTION- 
Inspect woodruffl<ey for damage before installing hub. 

- Reinstall cranltshaft holder tool. 

NOTE- 
Be careful while aligning locator pin hole in special tool 1 I 2 
410 with vibration damper locator pin. 

- While counterholding cranltshaft, tighten crankshaft center 
bolt. 

Tightening torque 

Vibration damoer hub to crankshaft 410 Nm (302 ft-lb) 
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lnstall vibration damper mounting bolts. Note hub locating 
dowel (arrow). 

Tightening torque 

Vibration damper to crankshaft hub (ME) 22 Nm (16 ft-lb) 

- Installation is reverse of removal noting the following: 

Installing drive belts. See 020 Maintenance. 

Install cooling fan. See 170 Radiator and Cooling Sys- 
tem. 

Crankshaft oil seal, replacing 
(M52 TU and M54 engines) 

The crankshafl front seal IS located in the lower timing cover, 
behind the vibrat~on damper. 

- Disconnect negative (-) cable from battery. 

Disconnecting the battery may erase fault code(s) storedin 
control module memoy Checlc for fault codes using spe- 
cial BMW diagnostic equipment. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions given in 001 General Cautions 
and  Warnings. 

- Remove splash guard from beneath engine 

- Remove engine cooling fan assembly. See 170 Radiator 
and Cooling System. 

NOTE- 
Cooling fan nut (32 mm wrench) has left-hand threads. 

- Remove drive belts. See 020 Maintenance 

NOTE- 
Mark direction of belt rotation i f  reusing belt. 

- Install crankshaft holding tool (BMW special tool 11 8 19011 1 
8 200). Make sure tool locks into place in openings in damper 
assembly. While counterholding crankshafl with special tool, 
remove crankshaft center bolt. 

CAUTIOI\C 
Do not use flywheel locling tool to hold crankshaft station- 
ary to loosen or tighten cranl(shaft hub center bolt. Use 
only the special tools specified, or equivalent hub holding 
tool. 

Use care when removing damper/hub assembly, as ~t is 
easy to damage the radiator 
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NOTE- 
The crankshaft hub center bolt is torqued to 410 Nm 
(300 ft-lb). 

- Install crankshaft damper puller (BMW special tool 11 8 21 0) 
to 11 8 200. Use bolt to remove damper from crankshaft. 

- Oil seal replacement: 

4 Install cap (BMW special tool 11 2 383) on end of crankshaft. 

Install seal guide (BMW special tool 11 2 385) over end of 
crankshaft. Be sure to align groove with lteyway on crank- 
shaft (arrow). 

4 Install oil seal puller (BMW special tool 11 2 380) and screw 
in body of puller until it contacts seal. Tighten screw in center 
of tool to draw seal out of cover. 
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4 Coat new seal with oil and position in timing chain cover. Use 
BMW special tool 11 3 280 and crankshaft center bolt to draw 
seal in flush with timing case cover. 

- Align vibration damper assembly with keyway and tap into 
place. Insert new center bolt with washer. 

CA U T I O G  
Inspect woodruff key for damage before installing hub 
assembly. 

- Install crankshaft holding tool malting sure tool locks into 
place in openings in damper assembly. While counterholding 
cranltshaft, tighten crankshaft center bolt. 

- Attach special tools 11 8 20011 1 8 190 to damper assembly. 
Counterhold damper with 11 8 190 while tightening center 
bolt. 

Tightening torque 

Vibration damper hub to crankshaft 410 Nm (302 it-ib) 

- Installation is reverse of removal noting the following: 

Install drive belts. See 020 Maintenance. 

Install cooling fan. See 170 Radiator and Cooling Sys- 
tem. 

Crankshaft oil seal, replacing 
(M62 and M62 TU engines) 

- Disconnect negative (-) cable from battery 

C A U T I O G  
Disconnecting the battery may erase fault code(s) storedin 
control module memory. Check for fault codes using spe- 
cial BMW diagnostic equipment. 

* Prior to disconnecting the battery, read the battery dis- 
connection cautions in 001 General cautions and 
warnings. 

- Remove splash guard from beneath engine 

- Remove engine cooling fan assembly. See 170 Radiator 
and Cooling System. 

NOTE - 
Cooling fan nut (32 mm wrench) has left-hand threads. 

- Remove drive belts. See 020 Maintenance. 

NOTE- 
Marlc direction of belt rotation if reusing belt. 
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< Remove all vibration damper perimeter mounting bolts (ar- 
row) and remove vibration damper. 

4 Install crankshaft holding tool (BMW special tool 11 2 450) 
and remove and discard crankshaft center bolt. 

NOJE- 
Be careful to align hub locator pin to hole (arrow) in special 
tool 11 2 450. 

- If needed, use a puller (BMW 11 8 219) to remove hub from 
end of crankshaft. 

4 Install end cap (BMW special tool 11 2 383) on end of crank- 
shaft. 
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< Install seal removing tool (BMW special tool 11 2 380) and 
screw in body of puller until it makes firm contact with seal. 
Tighten center screw in end of tool to draw out seal. 

4 Coat new seal with oil, and use BMW special tool 11 1 220 
and crankshaft center bolt to draw seal in flush with timing 
case cover. 

- Install damper hub and tighten new center bolt finger tight 

4 Install angle gauge BMW special tool 11 3 460 as shown. 
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Mark 0" location on socket (arrow). Tighten hub bolt in four 
stages. 

Tightening torque 

Vibration damper hub to cranlrshaft 
Stage 1 100 Nm (74 it-lb) 
Stage 2 60" Torque angle 
Stage 3 60" Torque angle 
Stage 4 30" Torque angle 

- install vibration damper and mounting bolts 

NOTE- 
Male sure to align vibration damper with locating dowel pin 
in hub. 

Tightening torque 

Vibration damper to cranltshait hub (ME) 22 Nm (16 ft-lb) 

- Install drive belts. See 020 Maintenance. 

- Install cooling fan. See 170 Radiator and Cooling System. 

- Replace under engine splash shield, then reconnect nega- 
tive battery cable. 

!/ANBS CONTROL UNIT AND 
TIMING CHAIN (M52 ENGINE) 

VANOS control unit, removing (M52 engine) 

NOTE- 
Special BMW service tools are required to remove and in- 
stall the VANOS control unit. Read the procedure through 
before starting the job. 
If the camshafts are notproperly timed, the pistons can 
contact the valves. 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Disconnecting the battery may erase fault code(s) stored in 
control module memory. Prior to disconnecting the battev, 
check for fault codes using special BMW diagnostic equip- 
ment. 

* Prior to disconnecting the battery, read the battery dis- 
connection cautions given in 001 General Cautions 
and Warnings. 
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- Remove viscous clutch cooling fan. See 170 Radiator and 
Cooling System. 

CA UTlOEIC 
The radiator cooling fan nut (32mm wrench) has left- hand 
threads. 
. 

< Remove engine trim covers: 

Pry out plastic trim caps (arrows). . Remove cover fasteners and covers. 

4 Remove ignition coils: 

0 Disconnect ignition coil electrical harness connectors 

Remove coil mounting fasteners and remove coils. 

Remove spark plugs. 

NOTE- 
Make note of ignition coil ground strap locations. 

Disconnect VANOS electrical harness connector (A) and oil 
line fitting (B) from VANOS control unit. 

NOTE- 
Wrap the VANOS oil line fitting with a shop rag to absorb 
leaking oil. 

- Disconnect cranltcase breather by squeezing at arrows, 

- Remove cylinder cover mounting fasteners and remove 
cylinder head cover. 

NOTE- 
The cylinder head cover mounting bolt insulators and gas. 
kets should be reinstalled in their original positions. Make 
note of their arrangement during removal. 
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Q Remove oil baffle cover from intake camshaft 

Remove front engine lifting bracket fasteners (arrows A) and 
remove bracket. 

- Remove cable duct clips (arrows B) from front of VANOS 
control unit. 

Rotate engine clocltwise and set camshafts to Top Dead 
Center (TDC). Cylinder 1 camshaft lobes will point towards 
each other (arrows). 

4 Remove plug from below starter and install crankshaft lock- 
ing tool (BMW special tool 11 2 300). 
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4 Unscrew and remove cylinder head cover studs (arrows) at 
rear of cylinder head. 

% Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

4 Remove access plugs (arrows) from VANOS control unit. 
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4 Loosen 4 bolts (arrows) from exhaust camshait sprocket 
(Torx E10). 

Press down on secondary chain tensioner and lock into place 
using BMW special tool 11 3 292 or a similar size pin. 

NOTE- 
Two types of secondary timing chain tensioners are used; 
one with two holes, and one with a single hole for the locl<ing 
pin tool. 

Remove VANOS control unit mounting fasteners at front of 
cylinder head. 

4 Install sprocltet rotating tool (BMW special tool 11 5 490) on 
exhaust camshaft. 

- Rotate exhaust camshaft sprocket clockwise while sliding 
VANOS control unit forward to remove from cylinder head. 
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VANOS control unit, installing (M52 engine) 

CAUTION- 
Incorrect installation of the VANOS control unit may result in 
damage to the engine. 

- Make sure camshafts and crankshaft are loclted in TDC po- 
sition with BMW special tools as described during VANOS 
removal. 

< Rotate exhaust camshaft sprocket clocltwise (as viewed from 
front of engine) using BMW special tool 11 5 490, until detent 
position stop is reached. 

4 Apply a small amount of liquid gasket sealer (Three Bond 
1209 8 or equivalent) to VANOS housing alignment dowels 
on front of cylinder head. Install a new gasket. 

< Push VANOS piston gear cup (arrow) into VANOS housing 
until it bottoms out. Position VANOS control unit in front of 
camshafts, but do not engage splines on gear cup. 
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4 lnstall BMW special tool 1 I 5 490 on exhaust camshaft. 

- Insert the helical-toothed splined shafl (arrow) into the heli- 
cal-toothed sprocket while rotating gears and chain counter- 
clockwise with special tool. 

CAUTION- 
Ensure that the first available tooth engages. It is important 
that the exhaust camshaft sprocket be turned only the mini- 
mum amount necessary to engage the gear cup. If this pro- 
cedure is done incorrectlq: the VANOS system may not fully 
function. 

- Install and tighten down VANOS control unit fasteners 

Tightening torques 

VANOS control unit to cylinder head 
M6 nuts 10 Nm (89 in-lb) 
M8 bolts 22 Nrn (17 ft-lbj 

- Press down on secondary timing chain tensioner and remove 
lock tool. 

Remove primary timing chain tensioner (arrow) 

CAUTION- 
Timing chain tensioner is under spring tension. 

lnstall adjustable primary chain tensioner (BMW special tool 
11 4 220) and preload timing chain by tightening to 1.3 Nm 
( I  I in-lb). 
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Tighten exhaust camshaft sprocket mounting bolts (arrows) 
alternately in two stages. 

Tightening torques 

Secondary timing chain sprocltets to camshafts 

Stage 1 
Stage 2 

5 Nm (44 in-lb) 
22 Nm (17 ft-lb) 

- Remove crankshaft locking tool and camshaft locking tool 
set. 

- install camshaft gear bolt access plugs using new sealing 
washers and tighten. 

- Remove timing chain tensioning tool from side of cylinder 
head. Install primary chain tensioner with new sealing wash- 
er and tighten. 

Tightening torques 

Access plugs to VANOS control unit 50 Nm (37 ft-lb) 

Primary timing chain tensioner plug to 70 Nm (52 ft-lb) 
tensioner sleeve 

- Check adjustment VANOS system, see VANOS timing, 
checking and adjusting (M52 engine). 
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VANOS timing, checking and adjusting 
(M52 engine) 

NOTE- 
* Special BMW service tools are required to remove and in- 

stall the VANOS control unit. Read the procedure through 
before starting the job. 
If the camshafts are not properly timed, the pistons can 
contact the valves. 

- Disconnect negative (-) cable from battery. 

C A U T I O G  
Disconnecting the battery may erase faultcode(s) storedin 
control module memory. Prior to disconnecting the battery, 
checlc for fault codes using special BMW diagnostic equip- 
ment. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions given in 001 General Cautions 
and Warnings. 

- Remove viscous clutch cooling fan. See 170 Radiator and 
Cooling System. 

C A U T I O G  
The radiator cooling fan nut (32 mm wrench) has left-hand 
threads. 

4 Remove ignition coils: 

Disconnect ignition coil electrical harness connectors. 

Remove coil mounting fasteners and remove coils. 

Remove spark plugs. 

NOTE- 
Make note of ignition coil ground strap locations. 
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4 Disconnect VANOS electrical harness connector (A) and oil 
line fitting (B) from VANOS control unit. 

NOTE- 
Wrap the VANOS oil line fitting with a shop rag to absorb 
leaking oil. 

Disconnect cranltcase breather by squeezing at arrows. 

- Remove cylinder cover mounting fasteners and remove 
cylinder head cover. 

NOTE- 
The cylinder head cover mounting bolt insulators andgas- 
lets should be reinstalled in their original positions. Make 
note of their arrangement during removal. 

4 Remove oil baffle cover from intake camshaft 
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4 Remove banjo bolt from VANOS unit oil feed line and install 
BMW special tool 11 3 450. 

NOTE- 
Oil will drain from oil feed line. 

- Connect compressed air line (with pressure set to 2-8 bar or 
30-1 10 psi.) to air fitting. 

4 Measure gap (A) between secondary timing chain tensioner 
and intake camshaft sensor wheel. Make note of distance. 

4 Connect cable test (BMW special tool 11 6 410) to VANOS 
connector. Connect positive clip to positive battery terminal. 

- Connect negative clip to battery negative terminal. 

CAUTION- 
Reversing terminals on special tool will damage diode on 
VANOS solenoid valve. 
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Measure gap (B) between secondary timing chain tensioner 
and intake camshaft sensor wheel. Make note of distance. 

To determine VANOS control travel: 

Distance I3 - distance A = a minimum of 8.5 mm 

CAUTION- 
I f  the adjustment travel is less than 8.5 m m  the VANOS ad- 
justment unit must be removed and readjusted. See VANOS 
control unit, removing (M52 engine) and VANOS con- 
trol unit, installing (M52 engine). 

Remove special tools: 

Cranltshaft locking tool. 

Camshaft loclting tool set. 

Air fitting. 

* VANOS cable adaptor. 

- Install VANOS oil line with new seal 

- Install oil baffle cover above intake camshaft. 

- Install cylinder head cover mounting studs to rear of head. 

- Install cylinder head cover, 

Tightening torques 

Cylinder head cover 10 Nrn (89 in-lb) 

VANOS oil line 32 Nm (24 R-lb) 

VANOS solenoid to control unit 30 Nrn (22 ft-lb) 

- Installation of remaining parts is reverse of removal. 
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Timing chains, removing (M52 engine) 

Camshaft timing chain removal on M52 engines requires en- 
gine oil pan removal. 

Special BMW sewice tools are needed for timing chain re- 
moval and installation procedures. The special tools assure 
propertiming of thevalvetrain. Precise marks to setthe timing 
on the camshafts are not provided for reassembly. Read the 
procedures through before beginning the job. 

NOTE- 
I f  the camshafts are not properly timed, the pistons can con- 
tact the valves. 

- Remove VANOS control unit. See VANOS control unit, re- 
moving (M52 engine). 

- Remove radiator cooling fan and shroud. See 170 Radiator 
and Cooling System. 

- Drain cooling system. See 170 Radiator and Cooling Sys- 
tem. 

- Remove coolant hoses from thermostat housing and remove 
thermostat housing from front of cylinder head. 

- Loosen bolts for coolant pump pulley. 

- Remove drive belts for alternator and AIC compressor. See 
020 Maintenance. 

- Remove coolant pump pulley. 

Remove drive belt tensioner mounting bolts (arrows) and re- 
move tensioner from front of engine. 

- Remove engine speed sensor from lower timing chain cover. 



4 With crankshaft at TDC position, remove vibration damper 
bolts (arrows) and remove vibration damper. 

< Mount crankshaft holding tool (BMW special tool 11 2 150 
and 11 2 410) to crankshaft hub. Counter hold crankshaft and 
loosen crankshaft hub retaining bolt. 

Crankshaft hub retaining bolt is torqued to 410 Nm (300 ft-lb). 
Do not use flywheel locliing tool to hold cranl(shait stationary 
to loosen or tighten crankshaft hub center bolt. Use only the 
special tools specified, or equivalent hub holding tool. 

- Remove crankshaft hub. 

- Remove cylinder cover mounting fasteners and remove cyl- 
inder head cover. 

NOTE- 
The cylinder head cover mounting bolt insulators and gas- 
lets should be reinstalled in their original positions. Make 
note of their arrangement during removal. 

- Drain engine oil, remove oil pan. See 119 Lubrication Sys- 
tem. 

Remove primary timing chain tensioner (arrow). 

CAUTION- 
Timing chain tensioner is under spring tension. I 

- Remove VANOS control unit. See VANOS control unit, re- 
moving (M52 engine). 

- Remove fasteners from intake and exhaust camshaft 
sprocket. 



[camshaft Timing Chain 

< While pressing down on secondary timing chain tensioner 
install locking tool (BMW 11 3 292) or a similar pin. 

NOTE- 
Two types of secondary timing chain tensioners are used, 
with either two holes (shown) or a single hole for the locking 
pin tool. 

- Remove intake and exhaust sprockets together with 
secondary chain. 

< Remove secondary timing chain tensioner bolts (arrows) 
and remove tensioner. 

- Remove primary timing chain sprocket from exhaust 
camshaft. 

- Remove sprocket and hang timing chain from end of exhaust 
camshaft. 

4 Remove secondary chain guide bolts (arrows) and remove 
guide. 
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Using a drift, drive two locating dowels (arrows) in lower 
timing cover toward rear of car. 

4 Remove timing cover mounting bolts (arrows). 

* Carefully slide cover with water pump forward to remove 

CAUTION- 
Use care when removing the cover from the cylinder head 
gasket If the cover is stuck, use a sharp knife to separate 
it from the head gasket. 

If cylinder head gasket is damaged, remove cylinder 
head and replace head gaslet. See 113 Cylinder 
head and valvetrain. 

- Remove timing cover locating dowels by driving them 
forward. 

- Lift primary chain sprocket off crankshaft sprocket and 
remove chain. 
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I Camshaft Timing Chain 

Timing chain, installing (M52 engine)  

CAUTION- 
The procedure outlined below assumes that the camshafts 
and the crankshaft are lockedin the TDCposition with BMW 
special tools. 

- Inspect timing chain and sprocltets and guide rails for wear. 
Replace worn parts. 

NOTE- 
I f  any of the sprockets are being replaced due to wear, the 
chain should also be replaced. 

Install primary timing chain 
on exhaust camshaft. 

to crankshait sprocket and hang 

4 Apply a small bead oi  silicon sealer (Three Bond 1209 @or 
equivalent) to corners where tim~ng cover meets cylinder 
head (arrows). 



Camshaft Timing chain1 

Tap locating dowels into cover until they protrude 2 to 3 mm 
from sealing surface. 

- Using new gaskets, install lower timing chain cover: 

Tap cover into position to engage dowels. 

Install timing chain cover fasteners and tighten to 5 Nm (44 
in-lb). 

Drive dowels in flush to front of cover. . Tighten cover mounting bolts alternately and in stages. 

Install cylinder head to timing chain cover fasteners and 
tighten. 

Tightening torques 

Lower timing chain cover to block 
M7 15 Nm (1 1 ft-lb) 
ME 20 Nm (15 it-lb) 

- Replace front crankshaft radial seal. See Crankshaft oi l  
seal, front, replacing (M52 engine). 

Install engine oil pan using a new gasket. See 119 Lubrica- 
tion System. 

Mount primary timing chain sprocket to primary cha~n so that 
arrow on sprocket faces up. Mount sprocket to camshafl so 
that tapped holes in camshaft are on left side of elongated 
holes in sprocket. 

4 Install adjustable timing chain tensioner (BMW special tool 
11 4 220). Thread tool in finger tight until slack is removed 
from chain. 

NOTE- 
BMW special tool 11 4 220 is an adjustable timing chain ten- 
sioner that simulates the function of the hydraulic tensioner. 

- Check that elongated holes in primary sprocket are centered 
to bolt holes in camshafl and chain is free of slack. 

- Install secondary timing chain guide and secondary chain 
tensioner. Tighten mounting bolts (tensioner remains locited 
down). 

F81.,,l,ryT-iib.l>nii,:oni-Aii Ri"ilti R 
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Chain 1 

- Install cylinder identification trigger plate to front of intake 
camshaft. 

- Install spacer to front of intake camshaft 

- Install secondary chain sprockets and chain as an assembly 
so that arrows on sprockets are pointing up. Center mounting 
holes in sprockets to bolt holes in camshafts. 

4 lnstall thrust washers and spring plate to intake cam 
sprocket. 

Tighten intake camshaft sprocket nuts. 

- Install VANOS control unit, see VANOS control unit, install- 
ing (M52 engine). 

Tightening torque 

Intake camshaft sprocket nuts to studs 
(ME) 1011 Nm (8919 In-lb) 

502117068 

- Unlock and release secondary chain tensioner, 

4 Preload primary timing chain by torquing adjustable primary 
chain tensioner (BMW special tool 11 4 220) to 1.3 Nm 
(11 in-lb). 

- Tighten exhaust camshaft sprocket bolts in two stage 

Tightening torque 

Exhaust camshaft sprocket bolls (M7) 
Stage 1 5 Nrn (44 in-lb) 
Stage 2 22 Nm (17 ft-lb) 

- Remove crankshaft locking tool and camshaft locking tools. 

< Align hub with keyway and tap into place. Insert new center 
bolt with washer shoulder (arrow) facing hub. 

CAUTION- 
Inspect woodruff ley for damage before installing hub. 

- Attach crankshaft holding tool (BMW special tools 11 2 
15011 1 2 410) to hub. Counterhold hub with tool while tight- 
ening center bolt. 

CAUTION- 
Do not use flywheel locling tool to hold crankshaft stationary 
to loosen or tighten cranlshaft hub center bolt. Use only the 
special tools specified, or equivalent hub holding tool. 
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Tightening torque 

Vibration damper hub to crankshaft 410 Nm (300 ft-lb) 

4 Install cranltshaft hub and vibration damper while aligning 
locating hole (arrow) in damper with dowel pin in hub. 

Tightening torque 

Vibration damper and pulley to 
cranltshaft hub 22 Nm (17 ft-lb) 

- Turn engine over by hand in direction of rotation at least two 
full rotations. Reinstall camshaft and crankshaft locking toois 
to recheck engine timing. Remove locking tools if no faults 
are found. 

- Remove BMW special tool 11 3 390 (dummy tensioner) from 
side of cyiinder head. 

- Install primary chain tensionerso that cutout in tensioner pis- 
ton engages chain rail. 

Tightening torque 

Timing chain tensioner to tensioner sleeve 70 Nm (52 ft-ib) 

- Install cylinder head cover mounting studs, camshaft cover, 
and cylinder head cover. 

Tightening torque 

Cylinder head cover to cyiinder head 
M6 nut 10 Nm (89 in-lb) 
MB bolt 22 Nm (17 ft-lb) 

- installation of remaining parts is reverse of removal, noting 
the following: 

When installing thermostat, make sure arrow or vent hole 
faces up, if applicable. 

Refill cooling system as described in 170 Radiator and 
Cooling System. 

Fill engine with oil and install new oil filter as described in 
020 Maintenance. 

Tightening torque 

Upper timing chain cover to cylinder head 
M6 nut 10 Nm (89 in-lb) 
MB bolt 22 Nm (17 ft-lb) 

VANOS oil supply pipe to VANOS control 
unit banjo bolt 32 Nm (24 ft-ib) 
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DOUBLE VAMOS SYSTEM 
(M52 TU AND M54 ENGINES) 

Double VANOS system function 

The M52TU and M54 6-cylinder engines are equipped with a 
Double VANOS system that varies intake and exhaust cam- 
shaft timing. 

The main components of the Double VANOS system are: 

lntalte and exhaust camshafts with helical spline inserts. 

Camshaft sprockets with adjustable gears. 

VANOS actuators (two position piston housing with inter- 
nallexternal helical spline cup). 

Three-way solenoid switching valves. 

Camshaft position impulse wheels. 

Hall effect camshaft position sensors. 

Camshaft position IS varied based on engine rpm, throttle po- 
sition signal, intake air and coolant temperature. 



Camshaft Timing Chain 

1 VANOS I 4 When engine is started, camshafts are in deactivated 

camshaft retarded Engine I i 
oil supply 

position: . lntalte camshaft is held in RETARDED position by oil 
pressure. 

Exhaust camshaft is held in ADVANCED position by 
preload spring and oil pressure. 

VANOS 

Piston out 

ECM Piston in 

Within 2 - 5 seconds (50 engine revolutions), the ECM begins 
monitoring and controlling camshaft positions. 

The Double VANOS system allows full variability of camshaft 
timing up to the limits of the system. When the ECM detects 
that the camshafts are in optimum position, the solenoids are 
modulated at approximately 100 - 220 Hz to maintain oil pres- 
sure on both sides of the actuator pistons to maintain timing. 

In models with DME MS 43.0 (model year2001 and newer), 
the engine control module (ECM) detects camshaft position 
before the engine starts, thereby adjusting camshaft timing 
immediately upon start-up. 

NOTE- . VANOS system troubleshooting and diagnostics is best 
accomplished using a scan tool. . Diagnostic Trouble Codes (DTCs) pertaining to the 
VANOS system are listed in the following table. See also 
OED On-Board Diagnostics. 
Elevated oil temperatures can cause VANOS to deactivate. 
Oil that is too thick (high viscosity) may cause a DTC to be 
set in the ECM. I f  VANOS is deactivated (limp-home 
mode), there will be a noticeable loss of power. 

VANOS fault codes 

BMW code P-code Fault description 

19 PI529 V A N O S  solenoid valve activation, 
exhaust 

21 PI525 V A N O S  solenoid valve activation, 
intake 

103 PI519 V A N O S  faulty reference value 
intake 

104 PI520 V A N O S  faulty reference value 
exhaust 

105 PI522 V A N O S  stuck (Bank I )  intake 

106 PI523 V A N O S  stuck (Bank 2) exhaust 
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1 Double VANOS control unit 

1. BoltM6 

2. Exhaust camshaft position 
sensor 

3. Sealing ring 

4. Camshaft end sealing plug 
-tighten to 50 Nm (37 ft-lb) 

5. Camshaft seal cap 

6. VANOS hydraulic piston set 
screw -CAUTION: left hand 
thread -tighten to 10 Nm 
(89 in-lb) 

7. Nut M7 -tighten to 14 Nm 
(1 0 ft-lb) 

8. Engine lifting hook 

9. Stud M7 

10. Nut M6 -tighten to 10 Nm 
(89 lb-in) 

11. Gasket 

12. Cylinder head 

13. Sealing ring 

14. Intake camshaft sensol 

15. Bolt M6 

16. VANOS control unit 

17. Copper sealing ring 

18. VANOS oil feed line 

19. Banjo bolt -tighten to 32 Nm 
(24ft-lb) 
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VANOS control unit, removing 
(M52 TU and M54 engines) 

This procedure includes removal of the Double VANOS con- 
trol unit. 

NOTE- 
If the Double VANOS control unit is being replaced, camshaft 
timing must be checked. This procedure requires multiple 
special tools. Be sure to read the procedures through before 
beginning the repair. 

- Working inside luggage compartment, disconnect negative 
(-) battery cable. 

Prior to disconnecting the batteg read the battery discon- 
nection cautions given in 001 General Cautions and 

Remove engine cooling fan assembly. See 170 Radiator 
and Cooling System. 

Remove engine trim covers. 

Pry out plastic trim caps (arrows). 

Remove cover fasteners, oil filler cap, and covers. 

Remove ignition coils: 

Disconnect ignition coil electrical harness connectors. 
Remove coil mounting fasteners and coils. 

NOTE- 
Make note of ignition coil ground strap locations. 

Remove spark plugs, 
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4 Disconnect electrical harness connector (A), oil line fitting 
(B), and cranltcase vent tube (squeeze at arrows). 

NOJE- 
Oil will drain from VANOS unit fitting. Use shop rags to keep 
oil off drive belts. 

- Remove cylinder head cover fasteners, and cover. 

4 Remove oil baffle cover from intake camshaft 

4 D~sconnect electrical connections from exhaust camshaft po- 
sition sensor and VANOS control valve (arrows). 

4 Using banjo bolt from VANOS control unit oil line, install test 
fitting (BMW special tool 11 3 450) to VANOS control unit. 
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4 Cover oil hole in VANOS control unit (arrow) with shop towel 
to capture oil which will spray when compressed air line is 
connected. 

- Connect compressed air line to air fitting. Apply air pressure 
set to 2 - 8 bar (30 - 110 psi). 

4 With compressed air line connected, turn engine clocltwise 
using crankshaft center bolt at least two rotations, until cylin- 
der 1 is at (TDC) position (intake and exhaust carnshafl lobes 
as shown arrows). 

Do not rotate engine countercloclwise to reach the top dead 
centerposition. Instead, complete another two complete 

Remove sealing plug from bore under starter. Lock crank- 
shafl in TDC position with BMW special tool 11 2 300 
(arrow). 

- 

4 Unscrew and remove threaded studs (arrows) at rear of 
cylinder head. 
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4 Secure camshafts in TDC position using BMW special tool 
set 11 3 240. 

- Disconnect compressed air line, leaving compressed air fit- 
ting attached to VANOS control unit. 

NOTE - 
Oil will drain from pressure line. Have a container and rags 
ready 

4 Unscrew sealing plugs from VANOS control unit (arrows). 

NOTE- 
Oil will drain from sealing plug bores. Have a container and 
rags ready 

4 Pull sealing caps straight out of VANOS control unit with 
BMW special tool 11 6 170, or with short nose pliers. 

NOTE- 
Additional oil may drain from VANOS control unit. 

4 Remove set screws (left-hand thread) on ends of intake and 
exhaust camshafts. 

NOTE- 
Set screws have left hand threads. Remove with a clockwise 
motion. 
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4 Remove VANOS unit: 

Remove fasteners from engine support eye. 
Remove VANOS mounting nuts (arrows) from cylinder 
head. Slide VANOS control unit and metal gasltet off. 

NOJE- 
The VANOS control unit will contain residual oil. Place 
shop towels beneath adjustment unit when removing. 
If the VANOS control unit is replaced, or if repair operations 
are completed that may change camshaft timing, the cam- 
shaft timing must be checked as described in VANOS tim- 
ing, checlcing and adjusting (M52 JU and M54 
engines). 

CAUJION- 
Do not crank the engine with VANOS unit removed. 
Piston/valve interference may result. 

VANOS control unit, installing 
(M52 TU and M54 engines) 

< Clean contact edges of cylinder head face and double 
VANOS control unit and apply a thin coat of sealing com- 
pound (Three Bond 1209 8 or equivalent) to surfaces. 

I CAUJION- . Make sure all gaskel material is removed from lace of 
cyl~nder head. Clean sealing lace and keep lree of oil. 

Checklocating dowel (A) and dowelsleeve (B) at top of 
cylinder head for damage or incorrect installation. 

NO JE - 
If the Double VANOS control unit is beino reolaced. be - .  
sure to check and adjust camshaft timing, see VA NOS 
timing, checking and adjusting (M52 JU and M54 en- 
gines). 

* If work being carried out has no effect on camshaft timing, 
it is not necessary to recheck the timing. It is recommend- 
ed, however, that the VANOS operation be checked using 
a compatible scan tool once the engine is running. 
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- Using new gasket, install VANOS control unit to cylinde~ 
head. 

Reinstall engine support eye. 

Tightening torques 

VANOS control unit to cylinder head 
M6 nut 10 Nm (89 in-lb) 
M7 nut 14 Nm (10 ft-ib) 

4 Insert and tighten VANOS hydraulic piston set screws on 
intake and exhaust camshafts. 

CAUTIOI\C 
Set screws have left hand thread Tighten counterclocltwise. 

Tightening torque 

Hydraulic piston to splined shaft 10 Nm (89 in-lb) 
(set screw) 

4 Replace sealing caps inside VANOS control unit with BMW 
special tool 11 6 170, or short flat nosed pliers. 

Insert and secure VANOS sealing plugs (arrows), using new 
sealing O-rings. 

Tightening torque 

Sealing plug to VANOS control unit 50 Nm (37 it-lb) 

Remove compressed air fitting from VANOS control unit 

Fit VANOS oil line banjo bolt with new seals. Attach oil line to 
VANOS control unit. 

Tightening torque 

Oil line to VANOS control unit (banjo bolt) 32 Nm (24 it-lb) - 
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- Connect electrical harness connectors to camshaft position 
sensors and VANOS solenoid valves. 

- Remove BMW special locking tools from rear of cylinder 
head. 

- Remove cranltshaft locking tool and replace sealing plug. 

Install intake camshaft baffle and cylinder head cover. 

Checlc for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 O or equivalent 
sealant at corners (B) of half-moon cutouts. 

Similarly, seat gasket and seal corners in front of cylinder 
head, at VANOS control unit. 

Tightening torque 

Cylinder head cover to cylinder head (M6) 10 Nm (89 in-lb) 

- Remainder of installation is reverse of removal. 

Tightening torques 

Radiator fan (viscous clutch) to 
coolant pump 40 Nm (30 ft-lb) 

Spark plug to cylinder head 25 Nrn (18 ft-lb) 

VANOS timing, checking and adjusting 
(M52 TU and M54 engines) 

Use this procedure to check and, if necessary, adjust cam- 
shaft timing. This procedure assumes that the cylinder head 
cover and intake camshaft plastic baffle have been removed. 
Also, be sure the cooling fan and the spark plugs have been 
removed. 

Remove primary camshaft chain tensioner cylinder (arrow). 
~~ ~ ~~ ~ - - ~  

CA UTlOAC 
Primary camshaft chain tensioning piston is under spring 
pressure. 
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Insert BMW special tool 11 4 220 in cylinder head and bring 
adjustment screw into contact with tensioning rail. 

NOTE- 
BMW special tool 11 4 220 is an adjustable primary chain 
tensioner that simulates the function of the tensioner. 

Preload primary chain tensioner rail: 

Tighten adjusting screw on BMW special tool 11 4 220. 

Tightening torque 

Primary chain tensioner preload 0.7 Nm (6 in-lb) 

4 Unscrew oil pressure pipe from VANOS control unit. Remove 
banjo bolt from oil pressure line and install BMW special tool 
11 3 450. 

CA UTIOPI- 
Cover top of VANOS control unit with lint-free shop cloth. At- 
tachment of compressed air line will force oil to spray out of 

- Connect compressed air line to air fitting. Apply air pressure 
set to 2 - 8 bar (30 - 110 psi). 
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< With compressed air line connected, turn engine at least 
twice in direction of rotation until cylinder 1 intake and ex- 
haust camshaft lobes (arrows) face each other. 

Do not rotate engine counterclockwise to reach the top dead 
center position. Instead, complete another two complete ro- 

Remove sealing plug from bore at bellhousing. Secure crank- 
shaft in TDC position with BMW special tool 11 2 300 (ar- 
row). 

- Remove cylinder head cover studs at rear of cylinder head. 

< Place BMW special tool 11 3 240 over camshafts ends and 
measure clearance of tool to cylinder head surface. 

NOTE- 
I f  the exhaust side of the tool (A) is not flush with the head, 
adjust camshaft timing as described below. 
Due to flexible sprocket design and VANOS control unit tol- 
erances and play, the intake side of special tool 11 3 240 
(B) may be up to 1 mm (0.04 in) above the surface of the 
cylinder head. This is normal. Reassemble engine. Other- 
wise, adjust camshaft timing as described below. 

- Remove double VANOS control unit. See VANOS control 
unit, removing (M52 TU and M54 engines). 

< Press down on secondary chain tensionerand lock into place 
using BMW special tool 11 3 292 or equivalent pin or drift. 
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4 Loosen intake camshaft sprocket mounting nuts (arrows) by 
1 turn. 

Loosen exhaust camshaft sprocltet mounting bolts: 

Release bolts (A) 112 turn 
Release nuts (B) 2 turns 

Pull out intake camshaft splined shaft out approx. 1 mm 
(0.04 in) of splines (arrows) can be seen. 
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4 Pull out exhaust camshaft splined shaft to stop. 

- Make sure camshafts are secured in TDC position using 
BMW soecial tools 11 3 240 and 11 3 244. 

4 Preload primary chain tensioning rail: 

Tighten adjusting screw on BMW special tool 11 4 220. 

Tightening torque 

Primary chain tensioner preload 0.7 Nm (6 in-lb) 

4 Preload exhaust camshaft spring plate by pressing on im- 
pulse wheel. Tighten mounting nuts (arrows) by hand. Do 
not tighten fully. 
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Install BMW special tool 11 6 150 (VANOS setup bracket) to 
front of cylinder head timing case. Tighten nuts (arrows) by 
hand, and then tighten down uniformly until special tool is in 
full contact with cylinder head. 

CAUTION- 
Male sure all gasket material is removed from face of cylin- 
der head. Clean sealins face and keep free of oil. 

Secure camshaft impulse sprockets and wheels: 

Pretighten Torx screws (A) on exhaust camshaft impulse 
wheel to approx. 5 Nm (44 in-lb). 

Pretighten mounting nuts (B) on exhaust and intake 
sprocket assemblies to approx. 5 Nm (44 in-lb). - Torque down Torx screws (A) and nuts (8)  to flnal 
specifications. 

Tightening torques 

Sprocket assembly to camshaft 
initial torque 5 Nm (44 in-lb) 

Sprocket assembly to camshaft 
M7 Torx screw (A) 20 Nm (15 fl-lb) 
ivl6 mounting nut (B) 10 tdm (89 in-lb) 

- Remove flywheel locking tool from transmission bellhousing 
so that crankshaft is no longer locked. 

- Remove camshaft locking tools from rear of cylinder head. 

- Crank engine over twice by hand in direction of rotation until 
cylinder 1 intake and exhaust camshaft lobes face each other - 
again. 

- Secure crankshaft with BMW special tool 11 2 300. 

4 Place BMW special tool 11 3 240 over camshaft ends and 
measure clearance of tool to cylinder head surface. 

NOJE- 
I f  the exhaust side of the tool (A) is not flush with the head, 
camshaft timing Is incorrect. Repeat camshaft timing pro- 
cedure. 

* Due to flexible sprocket design and VANOS control unit tol- 
erances and play, the intake side of special tool 11 3 240 
(6) may be up to 1 mm (0.04 in) above the sudace of the 
cylinder head. This is normal. Otherwise, repeat camshaft 
timing procedure. 
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- Remove camshaft locking tools from rear of camshafts 

- Remove BMW special tool 11 4 220 (adjustable primary 
chain tensioner). Reinstall primary chain tensioner. 

Tightening torque 

Primary chain tensioner to cylinder head 70 Nm (52 it-lb) 

- Remove crankshaft locking tool from transmission bellhous- 
ing. Reinstall sealing plug. 

- Remove VANOS setup bracket from front of cylinder head 

- lnstall VANOS control unit as described earlier in this group. 

- Remove compressed air fitting (BMW special tool 11 3 450) 
from VANOS control unit. 

- Fit VANOS oil line banjo bolt with new seals. Attach oil line to 
VANOS control unit. 

Tightening torque 

Oil line to VANOS control unit (banjo bolt) 32 Nm (24 H-lb) 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

lnstall spark plugs. 

* lnstall intake camshaft plastic baffle prior to installing cylin- 
der head cover. lnstall ignition coil packs and connect elec- 
trical harness connectors. 

Install radiator cooling fan. - lnstall air filter housing and top engine cover. 

Tightening torque 

Radiator cooling fan (VISCOUS clutch) to 40 Nm (30 ft-lb) 
coolant pump 

Cyitnder head cover to cylinder head 10 Nm (89 in-lb) 

Sparlc plug to cylinder head 25 Nm (18 ft-lb) 
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Timing chains assembly 
(M52 TU and M54 engines) 

1. Impulse wheel mounting nut 

2. Camshaft impulse wheel (exh.) 

3. Spring plate 

4. Thrust spacer (T = 3.5 mm) 

5. Primary chain tensioner 

6. Torx screw 

7. Exhaust secondary sprocket 

8. Splined shaft 

9. Secondary timing chain 

10. Splined sleeve 

11. Primary sprocket 

12. Threaded stud 

13. Secondary chain tensioner 

14. Sprocket mounting nut 

15. Spring plate 

16. Splined shaft 

17. Intake camshaft sprocket 

18. Secondary chain lower guide 

19. Thrust spacer 

20. Camshaft impulse wheel 
(intake) 

21. Chain tensioner rail 

22. Crankshaft sprocket 

23. Threaded stud 

24. Primary chain 

25. Threaded stud 

26. Guide rail 

27. Threaded stud 

28. Woodruff key 
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Timing chains, removing 
(M52 TU and M54 engines) 

Camshaft timing chain removal requires that the oil pan be re- 
moved. See 119 Lubrication System. Also required is re- 
moval of the VANOS control unit and disassembly of the 
intake and exhaust camshaft sprocket assemblies as de- 
scribed earlier in this repair group. 

Special BMW service tools are needed for timing chain re- 
moval and installation. The special tools assure proper timing 
of the valvetrain. Precise marlts to set the timing on the cam: 
shafts are not provided for reassembly. Read the procedures 
through before beginning the job. 

CA UTION- 
If the camshafts are not properly timed, the pistons can con- 
tact the valves. 

- D~sconnect negative (-) cable from battery. 

CAUTION- 
* Disconnecting the battery may erase fault code@) stored in 

control module memory. Check for fault codes using spe- 
cial BMW diagnostic equipment. 

Prior to disconnecting the battery, read the battery dis- 
connection cautfons given in 001 General Cautions 
and Warninqs. 

- Remove VANOS control unit. See VANOS control unit, re- 
moving (M52 TU and M54 engines). 

Remove sealing plug from crankcase below starter and se- 
cure crankshaft with BMW special tool l l  2 300. 

Drain engine cooling system. See 170 Radiator and Cool- 
ing System. 

Remove belt driven cooling fan, fan shroud, and thermostat 
housing. See 170 Radiator and Cooling System. 

Remove drive belts. See 020 Maintenance. 

NOTE- 
Mark direction of belt rotation i f  reusing belt. 

- Remove water pump pulley fasteners and pulley. 

- Drain engine oil and remove oil pan as described in 119 
Lubrication System. 
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Camshaft Timing Chain 

Remove primary camshaft chain tensioner (arrow) from tim- 
ing chain cover. 

CAUTIOIG 
Primary camshaft chain tensioning piston is under spring 
pressure. 

Press down on secondary chain tensionerand lock into place 
using BMW special tool 11 3 292 or a similar size wire. 

Remove exhaust camshaft impulse wheel 
rows). Remove impulse wheel (A). 

4 Remove spring plate (A). 

mounting nuts (ar- 



- 

Camshaft Timing chain1 

< Remove intake camshaft sprocket mounting nuts (arrows) 
and remove spring plate (labelled FRONT). 

Remove tom screws from exhaust camshaft sprocket 
(arrows). 

Lift off exhaust and intake sprockets with secondary chain, 
thrust spacer (A) and splined shaft (B). 

CAUTION- 
Splined shafts for both intake and exhaust camshafts share 
the same part numbe,: Remove and mark used splined 
shafts in order to reinstall in original locations. 

4 Remove exhaust camshaft splined sleeve (A) and shaft (8). 
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Camshaft Timing Chain 

4 Remove secondary chain tensioner mounting bolts (ar- 
rows). Remove tensioner while keeping locking pin in place. 

4 Remove primary chain sprocket mounting studs (arrows) on 
exhaust camshaft. 

4 Lift primary chain sprocltet off exhaust camshaft. Remove 
sprocket from chain. 
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Camshaft Timing Chain 

< Set timing chain on exhaust camshaft end 

< Working in cylinder head cavity, remove timing chain cover 
bolts (arrows). 

< Remove secondary chain lower guide bolts (arrows). Re- 
move chain guide. 

NOTE- 
Bolt on intake camshaft side is long and extends into timing 
chain cover. 

- Remove crankshaft loclting tool from transmission bellhous- 
ing. 
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I Camshaft Timing Chain I -- 

lnstall crankshaft holding tool (BMW special tool 11 8 190/11 
8 200). Make sure cut outs in tool engages openings in 
damper assembly. While counterholding crankshaft with 
special tool, remove crankshaft center bolt (A). 

CAUTION- 
Do not use flywheel locking tool to hold crankshaft stationary 

NOTE- 
The crankshaft hub centerbolt is tightened to a torque of 410 
Nm (300 ft-lb). 

4 Install crankshaft damper puller (BMW special tool 11 8 210) 
to 11 8 200. and ( A )  remove damper from crankshaft. 

The crankshaft must not be allowed to rotate when the timing 
chains are loosened or removed. The pistons can contact the 
valves. Use appropriate crankshaft holding tool when loosen- 
ing crankshaft hub center bolt. 

Using a drift of less than 5 mm diameter, drive two locating 
dowels in left and right sides of lower timing cham cover to- 
ward engine. Remove cover mounting bolts (arrows) and 
carefully lift cover off. 

CA UTION- 
* Use care when removing the cover from the cylinder heao 

gasket. If the cover is stuck, use a sharp knife to separate 
it from the headgasket. 

If cylinder liead gasket Is damaged, remove cylinder 
head and replace head gasket. See 113 Cylinder 
head and valvetrain. 

NOTE- - The chain cover can be removed with the coolant pump in- 
stalled. 
Use care when removing the cover from the coolant pipe 
at rear. 

- Push primary chain tensioner guide rail aside and remove 
chain. 
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Timing chains, installing 
(M52 TU and M54 engines) 

CAUTIOI\C 
The procedure outlined below assumes that the camshaits 
are lockedin the TDC installation position with speciallocling 
tools as shown earliel: 

- inspect timing chain sprockets. Inspect guide rail and ten- 
sioner rail for damage. Replace any part that is worn or dam- 
aged. 

NOTE- 
If any sprockets are being replaced due to wear, the chain 
should also be replaced. 

4 Primary timing chain assembly 

1. Primary chain tensioner 

2. Chain tensioner rail 
3. Cranltshaft sprocket 

4. Exhaust camshaft sprocket 
5. Primary chain 

6. Anchor bolt 
7. Guide rail 

8. Anchor bolt 

9. Woodruff key 

- Install primary timing chain to crankshaft sprocltet and hang 
upper end from exhaust camshaft. 

- If necessary, replace crankshaft radial seal in cover. See 
Crankshaft oil seal, replacing (M52 TU and M54 engines). 



(camshaft Timing Chain 

- To install lower timing case cover: - Clean cover and cylinder block sealing surfaces 

Use new gaskets and coolant pipe O-ring. 

Remove timing chain cover dowel pins from engine block. 

Drive timing cover dowels in until they just protrude slightly 
from sealing surface. 

Apply a small bead of silicon sealer (Three Bond 1209 63 
or equivalent) to corners of cylinder head where timing 
cover meets cylinder head and engine block. 

Tap cover into position until firmly seated. 

lnstall all bolts hand tight, including two Torx bolts from 
above. 

Install secondary chain lower guide. 

Tighten cover mounting bolts alternately and in stages. 

Tightening torque 

Lower timing cover to cylinder bloclc (M6) 10 Nrn (89 in-lb) 

- Install oil pan with new gasket. See 119 Lubrication Sys- 
tem. 

Tightening torque 

Oil pan to engine bloclc (M6) 
8.8 grade 
10.9 grade 

10 Nrn (89 in-lb) 
12 Nm (9 ft-lb) 

- Align damper assembly with lteyway and tap into place. In- 
sert new center bolt with washer. 

CAUTION- 
Inspect woodruff key for damage before installing hub 
assembly. 

- Attach special tools 11 8 20011 1 8 190 to damper assembly. 
Counterhold damper with 11 8 190 while tightening center 
bolt. 

CAUTION- 
Do not use BMW special tool 1 I 2 300 to hold crankshaft 
stationary to tighten cranl(shaft hub center bolt. Use only 
the special tools specified, or equivalent hub holding tool. 

Have a second person hold special tool 11 8 190 while 
tightening center crankshaft bolt. 

Tightening torque 

Crankshaft hub to crankshaft 410 Nrn (300 ft-lb) 
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Fit top sprocltet to primary timing chain and install on exhaust 
camshaft so that pointer (arrow) on sprocltet lines up with 
cylinder head sealing surface. 

Position sprocket so that chain slack is on tensioner rail side. 

4 Insert BMW special tool 11 4 220 in cylinder head and screw 
in adjustment screw by hand just until it contacts tensioning 
rail and chain slack is removed. 

NOTE- 
BMW special tool 7 1  4 220 is an adjustable primary chain 
tensioner that simulates the function of the tensioner. 

- Make sure arrow on top primary sprocket is still lined up with 
upper edge of cylinder head. Reposition sprocket if neces- 
sary. 
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Camshaft Timing Chain 

< Install and tighten down threaded locating studs (arrows) in 
end of exhaust camshaft. 

Tightening torque 

Exhaust camshaft locating stud 20 Nrn (15 ft-lb) 

4 Install secondary chain tensioner on cylinder head. - Make sure tensioner is locked in compressed position as 
described earlier. 

Fit exhaust camshaft splined sleeve, aligning gap in sleeve 
splines with corresponding gap on camshaft splines 
(arrows). 
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< Slide splined shaft onto exhaust camshaft, aligning larger 
tooth with corresponding gap of splined sleeve (arrows). 

Slide splined shaft in further until 3 small or elongated slots 
in splined sleeve are centered to 3 threaded holes in 
sprocket. 

4 Place intake and exhaust sprocltets in BMW special tool 11 6 
180. Position spline gap on intalte sprocket (arrow) as shown 
and place secondary chain on sprocltets. 

< Carefully remove chain and sprockets from tool and slide 
onto camshafts. Align gap in intalte sprocket splines with cor- 
responding gap in camshaft splines (arrow). 

CAUTION- 
Do not alterposltion ofsprocl(ets with respect to chain when 
removing from specfa1 tool 1 1 6 180. 

4 Slide splined shaft onto intake camshaft until approx. 1 mm 
(0.04 in.) of splines can still be seen. 
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Camshaft Timing Chain 

4 Install intake camshaft spring plate so that FRONT mark is 
visible. Install mounting nuts (arrows) finger tight. 

4 Worlting at exhaust side, insert sprocket mounting Torx 
screws into threaded lioles (arrows). 

Initially tighten screws to approx. 5 Nm (44 in-lb), then back 
off one-half turn. 

4 Fit thrust spacer (A) on exhaust camshaft. 



Camshaft Timing chain1 

4 lnstall spring plate (A) to exhaust camshaft. Make sure that 
F mark is visible. 

NOTE- 
If F mark is no longer visible, install spring plate as shown 

Install exhaust camshaft impulse wheel, aligning mark (B) 
with top edge of cylinder head (A). Install mounting nuts (ar- 
r o w s )  finger tight. 

4 Pull out exhaust splined shaft until it stops 

- Press down on secondary chain tensioner and remove ten- 
sioner lock-down tool. 
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Camshaft Timing Chain - 

< Preload primary chain: 

Tighten adjusting screw on BMW special tool 11 4 220 to 
specified torque. 

Tightening torque 

Primary chain tensioner preload 0.7 Nm (6 in-lb) 

< Preload exhaust camshaft spring plate by pressing on im- 
pulse wheel while tightening mounting nuts (arrows) finger 
tight. 

4 Install BMW special tool 11 6 150 (VANOS setup bracket) to 
front of cyl~nder head timing case. 

Tighten tool mounting nuts (arrows) by hand, then tighten 
down uniformly until special tool is firmly contacting cylin- 
der head. 

CAUTION-- 
Male sure allgasl(et material is removed from face of cylin- 
der head. Clean sealing face and keep free of oil. 
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Secure camshaft sprockets and impulse wheels: 

Tighten mounting screws (A) on exhaust camshaft impulse 
wheel to approx. 5 Nm (44 in-lb). 

Tighten mounting nuts (6) on exhaust and intake sprocket 
assemblies to approx. 5 Nm (44 in-lb). 

Torque down mounting screws (A) and nuts (6) to iinal 
specifications. 

Tightening torques 

Sprocket assembly to camshaft 
initial torque 5 Nrn (44 in-lb) 

Sprocket assembly to camshaft 
M7 Torx screw (A) 20 Nm ( I 5  it-lb) 
M6 mounting nut (8) 10 Nm (89 in-lb) 

- Remove flywheel locking tool from transmission bellhousing 
so that crankshaft is no longer secured. 

- Remove camshaft loclting tools from rear of camshafts. 

4 Crank engine over by hand twice in direction of rotation until 
cylinder 1 intake and exhaust camshaft lobes (arrows) face 
each other. 

- Secure crankshaft in TDC position with BMW special tool 
11 2 300. 

4 Place BMW special tool 11 3 240 over camshaft ends and 
measure clearance of tool to cylinder head surface. 

NOTE- 
* I f  the exhaust side of the tool is not flush with the head (gap 

A), retime the camshafts as described laler in this repair 
group. 
Due to flexible sprocket design and VANOS control unit tol- 
erances and play, the intake side of special tool 7 1  3 240 
may be up to I mm (0.04 in) above the suriace of the cyl- 
inder head (gap B). This is normal. Otherwise, retime the 
camshafts as described in VANOS timing, checking and 
adjusting (M52 TU and 11154 engines). 

- Remove VANOS setup bracket from front of cylinder head 

- Install VANOS control unit. See VANOS control unit, in- 
stalling (01152 TU and M54 engines). 

- Install intake camshaft oil baffle 
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4 install cylinder head cover: 

Check for correct seating of half-moon seals (A) in back of 
cylinder head cover. 

Use a small amount of Three Bond 1209 8 or equivalent 
sealant at corners (B) of half-moon cutouts. Seal corners 
in front of cylinder head at VANOS control unit. 

Tightening torque 

Cylinder head cover to cylinder head 10 Nm (89 in-lb) 

- Remainder of reassembly is reverse of removal, noting the 
following: 

Secure all coolant hoses, thermostat housing, engine cool- 
ant drains. 

Install new engine oil filter and oil. See 119 Lubrication 
System. 
Refill and bleed cooling system as described in 170 Radi- 
ator and Cooling system. 

Use scan tool to check VANOS operation with engine 
idling. 

Tightening torques 

Coolant drain plug to cylinder block 25 Nm (18 ft-lb) 

Radiator cooling fan (viscous clutch) 
to coolant pump 40 Nm (30 ft-lb) 

Radiator drain screw to radrator 2.5 Nm (22 in-lb) 

Vibration damper hub to crankshaft 41 0 Nm (300 ft-ib) 

TIMING CHAIN 
(M62 ENGINE TO 911998) 

Timing chains, removing 
(M62 engine to 911 998) 

Camshaft timing chain removal requires that the engine oil 
pan be removed. 

Special BMW service tools are needed for timing chain re- 
moval and installation procedures. The special tools assure 
propertiming of thevaivetrain. Precise marks to set the timing 
on the camshafts are not provided for reassembly. Read the 
procedures through before beginning the job. 

CAUTION- 
Special BMW service tools are needed for this procedure. 
Read the procedure through before beginning the job. I f  the 
camshafts are notproperly timed, the pistons can contact the 
valves. 



Camshaft Timing chain1 

- Disconnect negative cable (-) from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

4 Removing top and side engine covers: 

Press down on locking pins (arrows) to release locks. Lifl 
intake manifold cover straight up to remove. 

Pry out caps from side covers. 
Remove fasteners and covers. 

NOTE- 
Some early models use pry out trim caps and fasteners to 
hold the top cover in place. 

Disconnect electrical harness connectors at ignition coils 
(A). 
Remove left and right side ignition coil mounting fasteners 
and coils. 

NOTE- 
Make note of location of ground strap (arrow). 

Remove spark plugs. 

- Remove posltlve (+) terminal cable from left cylrnder head 
cover. 

- Unbolt left and right side cable ducts from fuel rail 

Remove air filter housing and mass air flow sensor: 

Disconnect mass air flow sensor and intake air tempera- 
ture sensor electrical harnesses (A and B). 

Remove air filter housing mounting fastener (arrow) 

Loosen intake hose clamp (C) .  
Remove air filter housing with mass air sensor and intake 
duct from throttle body assembly. 
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Camshaft Timing Chain 

4 Remove left and right side ignition coils and spark plugs: 

- Remove positive (+) terminal cable from left cylinder head 
cover. 

- Unbolt lefl and right side cable ducts from fuel rail, 

4 Disconnect fuel injector electrical connectors: 

Pry corner of wire lock clip to release connector from injec- 
tor (arrow). 
Repeat for all injectors. 

Lift off wiring ducts. 

4 Remove Fasteners (arrow) from lefl and right cylinder head 
cover fasteners and remove covers. 
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4 Remove oil lines from camshaft supports (arrows). 

- Remove radiator cooling fan and fan shroud. See 170 Radi- 
ator and Cooling System. 

NOTE- 
The radiator cooling fan nut (32 mm wrench) has left-hand 
threads. 

- Remove engine drive belts alternator and AlC compressor. 
See 020 Maintenance. 

4 Remove vibration damper bolts (arrows) and remove 
damper. 

4 Mount BMW special tool 11 2 450 to crankshaft hub while 
aligning damper locator pin with hole (arrow) in special tool. 

CAUTION- 
Crankshaft center bolt is torqued to 410 Nm (300 ft-lb) use 
BMWspecial tool I I 2 450 to secure crankshaft when remov- 
ing center bolt. 

- Loosen and remove cranltshaff center bolt. 
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4 Using special tool 11 2 450, rotate engine clocltwise to TDC 
with number one cylinder cam lobes facing each other (ar- 
rows) as shown. 

4 Lock crankshaft in TDC position with BMW special tool 11 3 
200 (arrow). 

- Remove BMW special tool 11 2 450 and remove hub. 

- Remove upper engine oil pan. See 119 Lubrication. 

- Remove alternator. See 121 Battery, Starter, Alternator. 

- Remove retaining bolt for oil dipstick tube from upper timing 
chain cover on right side. 

- Remove camshaft position sensor from right upper timing 
chain cover. 

< Remove right upper timing chain cover: 

Remove chain tensioner (A). 

C A U T I O G  
Tensioner is under spring tension. Release slowly. 1 
Release fasteners (arrows) and remove cover 
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< Remove Automatic Stability Control (ASC) throttle body: 

Disconnect electrical harness from throttle position sensor. 

Disconnect ASC actuator cable (arrow). 

Remove 3 mounting fasteners and remove throttle body. 

4 Disconnect fuel tank vent valve line and cap off line (arrow). 

- Drain engine coolant and remove hoses from thermostat 
housing. See 170 Radiator and Cooling System. 

- Remove water pump and thermostat housing. See 170 Ra- 
diator and Cooling System. 

- Remove left side upper timing chain cover retaining bolts and 
remove cover. 

4 Counter hold right intake camshaft 

CAUTION- 
Counter hold camshaft with a 27mm open-end wrench while 
loosening sprocket bolts. Grind wrench if necessary to pre- 
vent damage to head. 
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Camshaft Timing Chain 

4 Working at right side cylinder head loosen Intake camshaft 
sprocket bolts (arrows). 

4 Secure left and right side camshafts in TDC position: 

Use BMW special tool set 11 2 440. - If necessary, turn camshaft so that special tools are 
squarely seated on cylinder head. 

Working at left cylinder head loosen intake camshaft 
sprocket bolts (arrows). 

CAUTION- 
Counter hold camshaft with a 27mm open-end wrench while 
loosening sprocket bolts. Grind wrench if necessary to pre- 
vent damage to head. 

Remove BMW special tool 11 2 300 from crankshaft locking 
tool bore. 
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4 Secure right side timing chain and guide rails together with a 
plastic wire ties (arrow). 

4 Remove lower timing chain cover bolts (arrows) and cover. 

- Remove wire ties supporting guide rails. 

- 
Q Remove sprocket from intake camshafts and remove timing 

chain. 

If necessary, remove tensioning rail (A), reversing rail (B), 
and guide rail (C) to remove timing chain. 



I Camshaft Timina Chain 

/ Cylinders 5-8 

Timing chains, installing 
(M62 engine to 911 998) 

4 The procedure outlined below assumes that the camshafts 
are locked in the TDC installation position with special lock- 
ing tools as shown earlier. 

4 lnspect timing chain sprocltets and chain. Inspect guide rail 
and tensioner rail (arrows) for grooves caused by chain con- 
tact. Replace any part that is worn or damaged. 

NOTE- 
I f  any sprocl(ets are being replaced due to wear, the chain 
should also be replaced. If the crankshaft sprocket requires 
replacement, the oil pump drive sprocket and chain must be 
removed. See 119 Lubrication System for oilpump removal 
information. 

- If removed, reinstall timing chain tensioning rail, reversing 
rail, and guide rail. 

If tensioning rail was removed, replace O-ring at tensioning 
rail oil guide. 

Tightening torque 

Reversing rail to engine block 14 Nrn (10 n-lb) 

4 lnstall timing chain and intalte sprocket to intake camshaft on 
left cylinder head. Center bores of camshaft flange in sprock- 
et mounting slots. Install two mounting bolts finger tight. 
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lnstall timing chain and intake sprocket to intake camshaft on 
right cylinder head. While pressing in on chain tensioner rail, 
confirm camshaft flange bores (arrows) are centered in 
sprocket mounting slots. 

NOTE- 
Pressing in on rail will remove slack and reposition sprockets. 
I f  necessarx remove sproclets and align bores centrally. 

lnstall intake camshaft sensor gear with notch upward (ar- 
row) at right cylinder head. 

- Finger tighten mounting screws. 

- lnstall remaining sprocket bolts to intake camshaft finger tight 
at left cylinder head. 

- Press timing chain tensioning rail against timing chain. lnstall 
plastic wire tie, to hold rail against chain. 

- lnstall lower timing chain cover: 

Clean sealing surfaces and check sleeves are properly 
seated. 

Apply a thin coat of Three Bond 1209 8 to front and back 
of new seal. Also coat joints where block meets cylinder 
heads and oil pan. 

Initially hand tighten bolts in alternate sequence to firmly 
seat cover. 

Tighten fasteners to final specification in alternate 
sequence. 

Tightening torques 

Lower timing cover 
M6 bolts 10 Nrn (89 in-lb) 
M7 bolts 15 Nm (1 1 ft-lb) 
ME bolts 22 Nm (1 6 ft-lb) 
M10 bolts 47 Nm (35 ft-lb) 

- Replace radial seal in lower timing chain cover, then reinstall 
crankshaft hub, center bolt, and vibration damper. See 
Crankshaft o i l  seal, replacing (M62 and M62 TU engines). 

- lnstall oil pan with new gasket. See 119 Lubrication Sys- 
tem. 

- Lock crankshaft in place with BMW special tool 11 2 300 
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4 Attach BMW special tool 11 7 380 to right side cylinder head. 
Install special tool 11 3 390 and 00 9 250 into 11 7 380. Tight- 
en to 0.7 Nm (0.5 ft-lb). 

4 Secure sprocket to intake camshaft flange on left cylinder 
head. 

Repeat for intake sprocket on right cylinder head. 

Tightening torque 

Sprocltet to camshaft flange 15 Nm (1 1 ft-lb) 

- Remove BMW special tools 11 2 4441 4431 4411 445 from 
right cylinder head. 

- Remove BMW special tools 11 2 4441443/421/446 from left 
cylinder head. 

4 Install oil lines on left and right cylinder head, 

Tightening torque 

Oil lines to camshaft bearing caps 6 Nm (4 ft-lb) 

- Relieve load on BMW special tool 11 3 390 and remove along 
with special tool 11 7 380. 

- Remove BMW special tool 11 2 300 from bore at transmis- 
sion bellhousing and release crankshaft. 
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4 Replace primary timing chain tensioner oil supply seal (ar- 
row) in right cylinder head. 

- Install right upper timing chain cover to engine: 

Remove old gasket from left timing cover. 

Clean gasket groove and install new gasket. 

Apply Three Bond 1209Osealant to joint between cylinder 
head and timing cover. 

Fit timing cover into position on engine and install lower in- 
side cover retaining bolt 

Timing cover retaining bolts finger tight. 

4 Remove cylinder head cover sealing gaskets from right cylin- 
der head cover. Install BMW special tool 11 1 41 1 into gasltet 
groove of cylinder head cover. 

Install right cylinder head cover with BMW special tool 11 
1 41 1 to right cylinder head. Fit cylinder head cover retain- 
ing nuts to cylinder head cover studs at cylinders 1 and 2 
(first two cylinders on right side cylinder bank). 

Tighten nuts uniformly in ' I l turn steps. 

NOTE- 
BMW special tool 11 1 4 11 presses upper timing cover to cyl- 
inder head to aid in proper sealing of timing chain cover to the 
cylinder head gasket. 

Tightenlng torque 

Timing case cover to head 15 Nm (1 1 It-lb) 

- Remove special tool 11 1 41 1 and install new gaskets to cyl- 
inder head cover: 

Clean gasltet groove and install new gasltet. 

Apply Three Bond 1209 Osealant to joint between cylinder 
head and timing cover and at half-moon shaped cut-outs. 

Tighten cylinder head cover nuts. 

Tightenlng torque - 

Cylinder head cover to head 15 Nm (1 1 ft-lb) 
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< Remove cylinder head cover sealing gaskets from lefl cylin- 
der head cover. Install BMW special tool 11 1 412 into gasket 
groove of cylinder head cover. 

Install lefl cylinder head cover. Fit cylinder head cover re- 
taining nuts to cylinder head cover studs at cylinders 5 and 
6 (first two cylinders on left side cylinder bank). 

Tighten nuts uniformly in 'I2 turn steps 

Tightening torque 

Timing case cover to head 15 Nm (1 1 ft-lb) 

- Remove special tool 11 1 41 2 and install new gaskets to cyl- 
inder head cover: 

Clean gasket groove and install new gasket. 

Apply Three Bond 12098sealant tojoint between cylinder 
head and timing cover and at half-moon shaped cut-outs. 

Tighten cylinder head cover nuts. 

Tightening torque 

Cylinder head cover to head I 5  Nm (1 1 ft-lb) 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Where applicable remove protective film from gaskets. 

Use new gaskets when mounting intake manifold. Tighten 
nuts finger tight first, then torque to specification in stages 
worlting diagonally from center out. 

Ground straps for ignition coil harnesses are at cylinders 
no. 3 and no. 7. See 120 Ignition System. 

Refill and bleed cooling system as described in 170 Radi- 
ator and Cooling System. 

Change engine oil and filter as described in 020 Mainte- 
nance. 

CAUTIOI\C 
To prevent damaging engine electrical systems, be sure to in- 
stall ail ground wires previously removed. 
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Camshaft timing, checking and adjusting 
(M62 engine) 

WARNING - 
Allow engine to cool before beginning this procedure. 1 

- Working inside luggage compartment, disconnect negative 
battery cable. 

CAUTIOI\C 
Prior to disconnecting battery cable, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warninss. 

4 Removing plastic top covers: 

Press down on locking pins (arrows) to release locks. Lift 
intake manifold cover straight up to remove. 

Pry out caps from side covers. 
Remove fasteners from beneath caDs. Lift off covers. 

4 Remove air filter housing and ducts: 

Disconnect mass air flow sensor and intake air tempera- 
ture sensor electrical harnesses (A and B). 

Remove air filter housing mounting fastener (arrow). 

Release hose clamp at intake air duct on base of air filter 
housing. 
Loosen intake hose clamp (C) and release hose from 
mass air flow sensor. 
Remove hose at idle air stabilizer. 

Release hose clamp at throttle body and remove hose. 

Remove upper air filter housing with mass air flow sensor. 

- Unbolt left and right side cable ducts from fuel rail. 
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4 Remove left and right side ignition coils and spark plugs: - Disconnect electrical harness connectors at ignition coils 

(A). 
Remove left and right side ignition coil mounting fasteners 
and coils. 

NOTE- 
Make note of location of ground strap (arrow). 

Remove sparlc plugs. 

- Remove positive (+) terminal cable from left cylinder head 
cover. 

- Unbolt cable ducts from fuel rail at left and right sides. 

Disconnect fuel injector electrical connectors from injectors: 

Pry corner of wire loclc clip (arrow) to release connector. 

Repeat for remaining injectors. 

* Lift off wiring ducts. 
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- - -  - 

Using crankshaft center bolt, turn engine clockwise until 
number one cylinder (right head) is in TDC overlap position, 
as shown (arrows). 

NOTE- 
Number one cylinder is at valve overlap when both the intale 
and exhaust valves are starting to open. 

< Loosen accessible bolts (arrows) on right exhaust and 
intake camshafts (cylinders 1-4) approximately 'I2 turn. 

NOTE- 
When loosening bolts on camshaft sprocket, counterhold 
camshaft using an 27 mm open-end wrench. I f  necessary. 
machine wrench accordingly to prevent damage to head. 

Repeat for accessible bolts of left exhaust and intake 
camshafts (cylinders 5-8). 

Using crankshaft center bolt, rotate engine one complete ro- 
tation to TDC position. Lobes of camshafts for right cylinder 
head (cylinders 1-4) should point to each other (arrows). 

- Loosen remaining intake and exhaust camshaft sprocltet 
bolts approximately 'I2 turn. 
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Cylinders 1-4 

11 2445 11 2 441 

502116429; 

Secure right side camshafts in TDC position using special 
B M W t o o l l l  2 4 4 5 a n d l l  2441. 

- If necessary, turn camshaft with 27 mm wrench so that spe- 
cial tools are squarely seated on cylinder head. 

- Fit BMW special tool 11 2 443 to 11 2 4411445. Secure 11 2 
443 to cylinder head with 11 2 444 installed into spark plug 
bore. 

I 
< Secure right side camshafts in TDC position using special 

Cylinders 5-8 BMW tool 11 2 442 and 11 2 446. 

- If necessary, turn camshaft so that special tools are squarely 
seated on cylinder head. 

- Fit BMW special tool 11 2 443 to 11 2 4421446. Secure 11 2 
443 to cylinder head with 11 2 444 installed into spark plug 
bore. 

- Lock cranltshaft in TDC position by inserting BMW special 
tool 11 3 200 through tool bore at transmission bellhousing. 

- Remove primary timing chain tensioner piston from right cyl- 
~nder head upper timing cover. 

4 Attach BMW special tool 11 3 390 into right cylinder head in 
place of primary chain tensioner. 

Using BMW special tool 00 9 250, tighten adjusting screw 
on 11 3 390 to 0.7 Nm (6.3 in-lb). 

NOTE- 
BMW special fool 00 9 250 is a flexible shaft torque wrench. 
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- Tighten accessible sprocket retaining bolts in the following 
order: 

Leit exhaust camshaft 

Right exhaust camshait 

Leit intake camshaft 

Right intalte camshait 

Tightening torque 

Sprocket bolts to camshaft flange 15 Nm (1 1 ft-lb) 

- Remove BMW special tool 11 2 300 from tool bore at bell- 
housing and remove camshaft loclting tools from cylinder 
heads. 

Using crankshaft center bolt, turn engine over clockwise at 
least one comolete rotation so that remainino camshaft 
sprocltet retaking bolts are accessible. 

- 

- Tighten remaining camshait sprocket retaining bolts 

Tightening torque 

Sprocket bolts to camshaft flange 15 Nm (I 1 It-lb) 

- Remove BMW special tool 11 3 390 from primary timing 
chain tensioner bore and reinstall primary chain tensioner 

- Remainder of installation is reverse or removal, noting the fol- 
lowing: 

Remove gasket residue from cylinder head sealing sur- 
face. 

Apply a thin bead of Three Bond 1209 O sealing com- 
pound to joints at cylinder head cover and timing case cov- 
er and at half-moon sections at rear of cylinder heads. 

Replace cylinder head cover gaskets if necessary. 
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Lubrication System 

This repair group covers lubrication system troubleshooting 
as well as oil pan removal and oil pump replacement. 

In 6-cylinder models, removal of the oil pan requires the re- 
moval of the exhaust system and some front suspension 
components. Those procedures are fully covered in: 

180 Exhaust System 

210 Clutch 

230 Manual Transmission 

0 240 Automatic Transmission 

310 Front Suspension 

320 Steering and Wheel Alignment 

NOTE- 
Oil change procedure and oil filter replacement are covered 
in 020 Maintenance. 

C A U T I O G  
V8 engines: The oil pump fasteners (including the sprocket 
retaining nut) are known to vibrate loose. This can result in oil 
starvation and engine failure. Be sure to check oil bolts and 
nut tightness whenever the oilpump is accessible. If any fas- 
teners are found to be loose, remove them and reinstall with 
Loctite B a n d  torque to specifications. 

Special tools 

The engine needs to be properly supported while the front 
suspension subframe is lowered to access the oil pan. 

A standard oil pressure gauge may be used for measuring oil 
pressure. 

Engine support bracket 
(Tool No, BMW 00 0 20012011202~2041208) 

4 6-cylinder crankshalt rear main seal tools 
(Tool No. BMW 00 5 50011 1 1 260) 
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V-8 crankshaft rear main seal tool 
(Tool No. BMW 11 1 230) 

I i 4 V-8 crankshaft rear main seal ouide 

4 Adapter for BMW oil pressure gauge 
(Tool No. BMW 11 4 050) 

Engine lubrication 

Oil pressure is generated by a gear-type pump bolted to the 
bottom o i  the engine block. The oil pump is chain driven off 
the front of the crankshaft. 

Table a. Engine oil capacity (includes oil filter replacement) 

6-cylinder 6.5 liters (6.9 US qt) 

V-8 7.5 liters (7.9 US qt) 

The oil pressure warning system consists of an oil pressure 
switch mounted in the oil circuit and an instrument panel 
warning light. Other saiety features include: 

Q A filter bypass to provide lubrication should the oil filter be- 
come clogged. 

An oil pump pressure relief valve to prevent excessive sys- 
tem pressure. 

CAUTIOI\C 
I f  the red oil pressure warning light comes on or flashes on 
while driving, always assume that the oilpressure is low. Stop 
the engine immediately and make arrangements to test oil 
pressure. 
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I Lubrication System - I 
Oil pressure, checking 

The oil pressure warning switch is located at the base of the 
oil filter housing. 

In 6-cylinder engines access to oil pressure warning switch 
connector (arrow) is extremely restricted (intake manifold re. 
moved for the purpose of illustration). 

V-8 engine oil pressure warning switch (arrow) is at base of 
oil filter housing on left engine compartment inner fender. 

Oil pressure is tested by removing oil pressure switch and in- 
stalling oil pressure gauge in its place. 

Unscrew oil filter cap in order to allow engine oil to drain back 
down into oil pan. 

Disconnect harness connector from oil pressure switch and 
remove switch. 

NOJE- 
Thoroughly clean around the oil pressure switch before 
removing it. 
Be prepared to catch leaking oil with a shop towel. 

- Install pressure gauge in place of oil pressure switch, 

- With gauge installed, start engine and allow to reach operat- 
ing temperature. Check oil pressure. See Table b. 

NOJE- 
For the most accurate test results, the engine oil and filter 
should be new. The oil should be the correct grade. 

Table b. Engine oil pressure 

At idle 0.5 bar (7 psi) 

At elevated speed 
6-cylinder engine 4.0 bar (59 psi) 
V-8 engine 4.5 bar (66 psi) 
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- Remove pressure gauge and reinstall pressure switch with 
new sealing washer. 

Tightening torque 

Oil pressure switch to oil filter housing 27 Nm (20 ft-lb) 

If testing shows low oil pressure, one or more of the following 
conditions may be indicated: 

Worn or faulty oil pump or faulty pump pressure relief valve 

Worn or damaged engine bearings 

Severe engine wear 

Any of these conditions indicate the need for major repairs. 

Oil pressure warning system, testing 

4 When the ignition is turned on, the oil pressure warning light 
comes on. When the engine is started and the oil pressure 
rises slightly, the oil pressure switch (arrow) contact opens 
and the warning light goes out. Make sure the oil level is cor- 
rect before making tests. 

- Turn ignition switch on. - Warning light on instrument panel must light up 

- Remove connector from oil pressure switch. 

Warning light on instrument panel must go out. 

NOTE- 
I f  the light does not go out, the wiring to the switch is most 
likely grounded somewhere between the switch terminaland 
the warning light See ELE Electrical Wiring Diagrams for 
electrical schematics. 

- If warning light does not light when ignition is on, remove con- 
nector from oil pressure switch and use a jumper wire to 
ground connector terminal to a clean metal surface. The oil 
pressure warning light should come on. 

NOTE- 
I f  there are two wires to the oil pressure switch, ground the 
brown/green wire that carries the signal to the warning light. 

- If the warning light comes on, check the switch as described 
in the next step. If the warning light does not come on, the 
wiring to the instrument cluster or to the light itself is faulty. 
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To test switch, connect an ohmmeter between terminal in 
switch body (arrow) and ground. With engine off, there 
should be continuity. With engine running, oil pressure 
should open switch and there should be no continuity. Re- 
place a faulty switch. 

CAUTION- 
Keep in mind that low oil pressure may be preventing the 
switch from turning the light out If the light remains on while 
the engine is running, check the oil pressure as described 
earlier. Do not drive the car until the problem is corrected. The 
engine may be severely damaged. 

Crankshaft rear main seal replacement requires removal of 
the transmission and flywheel. 

Crankshaft rear main seal, replacing 
(&cylinder) 

- Remove transmission. See 230 Manual Transmission or 
240 Automatic Transmission. 

- Manual transmission vehicles: Remove clutch pressure plate 
and disc. See 210 Clutch. 

- Remove flywheel. See 210 Clutch or 240 Automatic Trans- 
mission. 

- Drain engine oil. 

4 Remove seal carrier bolts from oil pan (arrows). Loosen all 
oil pan bolts. 
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Remove remaining seal carrier bolts (arrows) and carefully 
remove seal carrier without damaging the oil pan gasltet. 

CAUTION- 
After removing seal carrier, checlc oilpan gasket for damage. 
If gasket is damaged during removal, remove oil pan (as de- 
scribed later) and replace gasket. 

< Remove old seal and install new seal into seal carrier using 
BMW special tools 11 1 260 and 00 5 500. 

NOTE- 
A new radial seal is used from 4/98 production, and is the 
only version available from BMW as a replacement. The 
new sealno longer uses a spring to support the sealing lip. 
Do not lcinlc or damage the sealing lip. Do not touch with 
fingers. 

* BMW offers the rear main seal carrier and seal in a lit A 
plastic support bushing, required for sliding the seal over 
the crankshaft, is included with the lcit. 

I CAUTION- 1 
Do not use BMW special tool 1 I 2 213 (mstallation guide) 
with the new style seal. Use only the special tool supphed 
with the seal lcit. 

When reinstalling seal carrier to crankcase: 

Check locating sleeves for damage. 

Replace gasltet between rear main seal carrier and crank- 
case. 

Apply thin coat of 3 Bond 8 1209 or equivalent sealant to 
oil pan gasket sealing surfaces. 

* Lubricate crankshaft seal contact surface. 

Use plastic support bushing (A) that comes with seal ltit as 
an installation quide, fittina seal over end of crankshaft. Use - - 
care to push seal carrier and support bushing on straight, 
without tilting sideways. Remove support bushing. 

- lnstall seal carrier bolts and torque to specifications. 

4 Use new bolts (arrows) at base of seal carrier. Coat threads 
with sealing compound before installing. 

- Install and tighten oil pan bolts. 
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- Remainder of assembly is reverse of disassembly. 

Install flywheel, clutch or torque converter and 
transmission. 
Fill engine with oil. - Run engine and check for leaks. 

Tightening torques 

Oil drain plug fo oil pan (MI21 25 Nm (18 ft-lb) 

Oil pan to engine block 
M6 (8.8 grade) 10 Nm (89 in-ib) 
M6 (1 0.9 grade) 12 Nm (9 ft-lb) 
M8 (8.8 grade) 22 Nm (1 6 it-lb) 

Rear main seal carrier to crankcase 
M6 10 Nm (89 in-lb) 
ME 22 Nm (16 ft-lb) 

Crankshaft rear main seal, replacing (V-8) 

- Remove transmission. See 230 Manual Transmission or 
240 Automatic Transmission. 

- Manual transmission vehicles: Remove clutch pressure plate 
and disc. See 210 Clutch. 

- Remove flywheel. See 210 Clutch. 

- Drain engine oil. 

4 Remove bolts (A) retaining rear main seal carrier, including 
bolts at (arrows) oil pan. 

Carefully separate seal carrier from oil pan gasket and re- 
move carrier. 

CAUTION- 
Do not damage oil pan gasket. 

< Remove old seal and reinstall new seal into seal carrier using 

) BMW special tools 11 1 230 and 00 5 500. 



- When reinstalling seal carrier to crankcase: 

Check locating sleeves for damage. 

Replace gasitet between rear main seal carrier and cranlt- 
case. 

Apply thin coat of 3 Bond 8 1209 or equivalent sealant to 
oil pan gasltet sealing surfaces. 

* Lubricate crankshaft and seal contact surfaces. 

4 Use BMW special tool 11 2 390 as an installation guide in fit- 
ting seal over end of cranltshaft. Use care to push seal carrier 
and support bushing on straight, without tilting. Remove in- 
stallation guide carefully. 

- Replace sealing washers under seal carrier mounting bolts. 

- Install seal carrier mounting bolts and torque to specilica- 
tions. 

- lnstall oil pan bolts. 

- Remainder of assembly is reverse of disassembly. 

Install flywheel using new bolts, 

Install clutch or torque converter and transmission. 

* Fill engine with oil. 

Run engine and checlt for leaks. 

Tightening torques 

Flywheel to crankshaft (use new bolts) 120 Nm (89 ft-lb) 

011 dra~n plug to 011 pan (M12) 25 Nm (18 ft-lb) 

Oil pan to eng~ne block 
M6 (8.8 grade) 10 Nm (89 in-lb) 
M6 (1 0 9 grade) 12 Nm (9 ft-lb) 
M8 (8.8 grade) 22 Nm (16 ft-lb) 

Rear main seal carrier to crankcase 
M6 10 Nrn (89 in-lb) 
ME 22 Nm (16 ft-lb) 
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Oil pan, removing and installing 
(6-cylinder) 

The engine oil pan removal procedure requires that the en- 
gine be supported from the top and the front suspension sub- 
frame be lowered. 

- Raise car and place securely on jack stands. 

Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjackstands designed for 

- Remove splash shield from under engine. 

- Drain engine oil as described in 020 Maintenance. 

4 Remove oil dipsticlc guide tube: 

Disconnect fuel lines and wiring harness from bracket (A). - Disconnect oil separator hose (B) from base of guide tube. 

Remove mounting bolt (C) from left engine mounting 
bracket and remove tube from oil pan. 

NOTE- 
* I f  necessary, remove air filter assembly for better access to 

dipsticlc tube. 
The dipstick guide tube is sealed in the block using an O- 
ring. Check that the O-ring comes out with the tube. 

4 Lift hood into assembly position: 

While supporting the hood, disconnect hood support 
struts. 
Raise hood and install loclting bolts (arrow) in right and left 
hinges. 

WARNING- 
Be sure to support hood while disconnecting support struts. 
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4 Install engine lifting tool at front of engine and raise engine 
approximately 5 mm (114 in). 

< Remove pinch bolt (arrow) at steering column universal joint 
near steering rack. See 320 Steering and Alignment. 

- Remove power steering pump, leaving hydraulic lines con- 
nected to pump. Suspend pump using strong wire. See 320 
Steering and Wheel Alignment. 

NOTE- 
For better access to power steering assembly, unbolt fluid 
reservoir and suspend with wire. 

Loosen upper nuts (arrow) in right and lefl engine mounts, 

< Remove right and left lower engine mount nuts (arrow) 

- On cars with automatic transmission, remove ATF cooler line 
brackets from engine oil pan. 

- Disconnect electrical harness connector at oil level sensor on 
oil pan. 
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4 Support subframe from below using BMW special tool 31 2 
220 and appropriate shop lift. Remove subframe mounting 
bolts and lower subframe as far as possible. 

Remove oil pan screws (arrows) at cylinder block and trans- 
mission bellhousing. Lower and remove oil pan. 

NOTE- 
I f  oil pan will not slide backwards, disconnect stabilizer bar 
links and lower front axle support further. 

I f  the oil pan does not separate easily from the engine cylin- 
der block, a few taps with a rubber malletshould breakit free. 
Do not pry the oil pan loose. 

When installing oil pan: 

Thoroughly clean all old gasket material from mating sur- 
faces and use a new gasket. 

Apply a small amount of non-hardening sealer (3 Bond 
12098 or equivalent) to oil pan gasket directly below joints 
(arrows) for end cover and front timing case cover. Apply 
a bead 3 mm wide by 2 mm high. 

Install all oil pan bolts finger tight. Tighten oil pan bolts to- 
ward front of engine first, then pan bolts at transmission 
end. 

Tightening torques 

Oil drain plug to oil pan (M12) 25 Nm (18 ft-lb) 

Oil pan to engine block 
MG (8.8 grade) 
MG (10.9 grade) 
M8 (8.8 grade) 

10 Nm (89 In-lb) 
12 Nm (9 ft-lb) 

22 Nrn (16 R-lb) 
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- Remainder of installation is reverse of removal. 

Replace self-locking nuts when reinstalling front suspen- 
sion components. 
Use new oil dipstick tube sealing O-ring. 

After adding engine oil, start and run engine. Raise engine 
speed to 2,500 rpm until oil pressure warning light goes out 
(about 5 seconds). 

NOTE- 
BMW does not specify a front end alignment following this 
procedure. 

Tightening torques 

Front subfrarne to body rail 
(M12, use new bolts) 
8.8 grade 
10.9 grade 
12.9 grade 

77 Nrn (57 ft-lb) 
105 Nrn (77 ft-lb) 
110 Nrn (81 ft-lb) 

Stabilizer bar link to stabilizer bar 65 Nrn (48 ft-lb) 

Steering shaft universal joint clamping bolt 
(use new bolt) 19 Nrn (14 it-lb) 

Lower oil pan, removing and installing (V-8) 

- The V-8 engine is equipped with a 2-piece oil pan. The fas- 
teners in V-8 engine oil pump assembly, including the 
sprocket retaining nut, are known to loosen and fall off into 
the oil pan. Be sure to install these fasteners with Loctite O 
or equivalent thread locking product and torque to specifica- 
tions. 

CAUTION- 
I t  is recommended that the oil pump retaining bolts and oil 
pump drive sprocket retaining nut tightening torque be 
checkedany time the oilpan is removed. 

- Raise car and place securely on jack stands. 

WARNING- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 

- Remove splash shield from under engine. 

- Drain engine oil 

- On cars with automatic transmission, remove ATF cooler line 
brackets from oil pan. 
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< Disconnect electrical harness connector (arrow) at oil level 
sensor. 

< Remove lower oil pan mounting bolts (arrows) 

CAUTIOI\C 
I f  the lowerpan does not separate easily from upperpan, a 
few taps with a rubber mallet should break it free. Do notpry 
the oil pan loose. 

- When installing oil pan: 

Thoroughly clean all old gasltet material from mating sur- 
faces and use a new gasket. 

4 Install threaded guide studs at locations marked by arrows 
to guide new oil pan gasltet and oil pan into position and to 
prevent damage to sealing lip. - Install new oil pan mounting bolts (threads coated with 

sealer). 

Remove guide studs and install remainder of oil pan bolts. 

- Remainder of reassembly is reverse of disassembly 

- After adding engine oil, start and run engine. Raise engine 
speed to 2,500 rpm until oil pressure warning light goes out 
(about 5 seconds). 

Tightening torques 

Lower oil pan to upper oil pan 
M6 (8.8 grade) 10 Nm (89 in-lb) 
M6 (10.9 grade) 12 Nm (9 ft-lb) 
M8 (8.8 grade) 22 Nm (16 ft-lb) 

Oil drain plug to oil pan (M12) 25 Nm (18 ft-lb) 
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Upper oil pan, removing and installing (V-8) 

The engine oil pan removal procedure requires that the en- 
gine be supported from the top and the front suspension sub- 
frame be lowered. 

- Disconnect negative (-) battery cable 

4 Lift hood into assembly position. - While supporting hood, disconnect support struts. 

Open hood fully and lock in piace by installing bolts 
(arrow) in left and right hinges to lock hood in place 

4 Remove engine top cover: - Early version: Pry off caps (arrows) and remove fasteners. 

Late version: Depress fasteners (arrows) and lift cover. 

4 Remove air filter housing and mass air flow sensor: 

Disconnect mass air flow sensor (A) and intake air temper- 
ature sensor (B) electrical harness connectors. 
Remove air filter housing mounting fastener (arrow) 
Loosen intake hose clamps (C and D). 

Remove air filter housing with mass air flow sensor. 

Remove intake hose from throttle body. 



- 
Lubrication System 

- - -- . - I 
< Remove oil dipstick support from right cylinder head. 

4 Remove upper nuts (arrow) from left and right motor mounts. 

4 Attach BMW special tool 00 0 200 with tools i\\ 201/202R04/208 (engine suppon bracket). 
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Disconnect electrical harness connect01 
sensor. 

. (arrow) 

4 Remove lower oil pan bolts (arrows) and pan, 

oil level 

CAUTION- 
If the lowerpan does not separate easily from upperpan, a 
few taps with a rubber mallet should break it free. Do not pry 
the oil pan loose. 

Remove N C  drive belt tensioner. 

Remove adjustment bolt (B). 
Remove retaining bolt (A) and remove tensioner from oil 
pan. 

- Remove power steering pump from engine block, leaving hy- 
draulic lines connected. Suspend from chassis using stiff 
wire. See 320 Steering and Wheel Alignment. 
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4 Working at lefl side of engine, remove oil dipstick guide tube 
1 mounting bracket and remove dipstick tube. 

NOTE- 
Replace dipstick O-ring seal. 

< Working at right side of engine, remove oil return line from 
upper section of oil pan. 

4 Separate lower steering column from steering box: 

Remove retaining bolt (arrow) from lower steering column 
universal joint. 

Slide lower steering column up and off of connection at 
steering box. 

- Remove support bracket for hydraulic line at subframe. 
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Support subirame from below using BMW special tool 31 2 
220 and appropriate shop lift. 

Remove subirame mounting bolts (arrows) and lower 
frame as far as possible. 

sub- 

< Working through lower oil pan opening, remove pump mount- 
ing bolts (arrows). 

Remove oil pump. See Oil pump, removing and install- 
ing (V-8). 
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Working at lower rear of engine, remove oil pan retaining 
bolts (arrows). 

- If necessary, remove oil cooler bracket from oil pan. 

- Remove remaining oil pan bolts. Slide upper section of oil 
pan forward to remove. 

- Installation is reverse of removal, noting the following: 

Clean sealing surfaces of debris. - Coat joints with Three Bond 1209 O sealant. 

Use new gaskets. 

Install all oil pan bolts first, installing bolts at transmission 
end without preload. 

Tighten oil pan bolts at front end, then tighten bolts at rear 
of engine. 

Be sure to reinstall all oil pump fasteners, including the 
sprocl<et retaining nut, using Loctite 8 or equivalent thread 

- After adding engine oil, start and run engine. Raise engine 
speed to 2,500 rpm until oil pressure warning light goes out 
(about 5 seconds). 

Tightening torques 

AIC drive belt tensloner 
M6 10 Nm (7.5 it-lb) 
M8 24 Nm (18 ft-lb) 

Front axle subframe to chassis 
(Use new fasteners) 77 Nm (57 ft-lb) 

Oil drain line to upper oil pan 30 Nm (22 ft-lb) 

Oil pump to crankcase 34 Nm (25 ft-lb) 

Oil pan fasteners (upperllower) 
M6 8.8 10 Nm (7.5 ft-lb) 
M6 10.9 (replace) I 2  Nm (9 ft-lb) 
M8 8.8 22 Nm (16 ft-lb) 

Steering column universal joint to 
steering box (replace) 19 Nm (14 ft-lb) 

Oil pressure warning switch, replacing 
(&cylinder and V-8) 

- In all models, the oil pressure warning switch is located at the 
base of the oil filter housing. 



< 6-cylinder models: Remove intake manifold to access oil 
pressure switch (arrow). 

V-8 models: Oil pressure warning switch (arrow) is located 
under oil filter housing mounted to left inner fender panel. 

NOTE- 
Any time the oilpressure warning switch is removed, be sure 
to replace the sealing washer. 

Tightening torque 

Oil ~ressure switch to oil filter housins 27 Nrn (20 ft-lb) 

Oil level warning switch, replacing 
(6-cylinder and V-8) 

4 Oil level warning switch is located at bottom of the engine oil 
pan. 

Drain engine oil before attempting to remove level warning 
switch. 

Be sure to refill engine and check for leaks after work is 
completed. 

NOTE- 
Any time the oil level warning switch is removed, be sure to 
replace the sealing O-ring between switch and oil pan. 
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Oil pump, removing and installing 
(&cylinder) 

Oil pump assembly 
(6-cylinder from 9/98) 

CAUTIOI\C 
Oil pump sproclcet nut has left-hand threads. Turn clockwise 
to loosen. 

4 Version 1, M52 oil pump assembly. 

1. Oil pump pressure relief control valve 

2. Oil pump suction tube 

3. Suction tube support bracket 

4. Oil pump assembly 

5. Oil pump drive sprocltet 

6. Oil pump drive chain 

7. Oil pump drive sprocket nut (left hand threads) 

4 Version 2, M52 TU oil pump assembly. 

1. Oil pump pressure relief control valve assembly 

2. Oil pump suction pick-up and seal 

3. Oil pump 

4. Oil pump drive sprocket 

5. Oil pump shaft locking nut (left-hand thread) 

6. Oil pump drive chain 

Version 3, M54 oil pump assembly, 

1. Drive chain 

2. MlO x 1 nut 
Tighten to 25 Nm (18 ft-lb) 

3. Oil pump sprocket 

4. Inner pump rotor 

5. Outer pump rotor 

6. Oil pressure relief valve assembly 

7. M8 bolt. 
Tighten to 23 Nm (17 it-lb) 

8. Oil pump housing 

9. Locating dowels 

10. Pickup tube sealing O-ring 

11. Pickup tube 

12. M6 pickup tube mounting bolts 
Tighten to 10 Nm (89 in-lb) 



Lubrication System 

- Lower front suspension and remove oil pan, as described 
earlier, to gain access to oil pump. 

Remove oil pump sprocket mounting nut (left-hand thread) 
(arrow). Lift sprocket off together with drive chain. 

Engines produced to 9/98: Remove oil pump with pick-up 
tube. Pick-up tube is bolted to side of oil pump. 

Engines produced from 9/98 to 01/00: Remove pick-up 
tube, scraper tray and oil pump as a unit. 

Engines produced from 01/00: Remove oil pump pick-up 
tube bolts and remove pick-up tube before removing pump. 

Remove mounting bolts from oil pump. Withdraw pump. 

NOTE- 
Record location of any spacers between pump and engine 
bloclc Note positions of locating dowels. 

- Remove cover from oil pump and check for wear or scoring. 
Spin oil pump shaft and check that gears turn smoothly. Re- 
place pump if gears spin with difficulty orany wear is present. 

- Inspect oil pressure relief valve as described later. 

- Installation is reverse of removal, noting the following: 

Replace pick-up tube O-ring (if applicable). - Align sprocket splines to oil pump shaft spl~nes before 
tightening sprocket nut. 

- After adding engine oil, start and run engine. Raise engine 
speed to 2,500 rpm until oil pressure warning light goes out 
(about 5 seconds). 

Tightening torques 

Oil drain plug to oil pan 25 Nm (18 ft-lb) 

Oil pan to engine bloclc 
M6 (8.8 grade) 
M6 (10.9 grade) 
M8 (8.8 grade) 

10 Nm (89 in-lb) 
12 Nrn (9 ft-lb) 

22 Nm (16 ft-lb) 

Oil pump sprocket to oil pump shait 
(M10 x 1) (left hand thread) 25 Nm (1 8 it-lb) 

Oil pump to crankcase (ME) 22 Nm (1 6 it-lb) 

Oil pump pickup tube to cranltcase (M6) 10 Nm (89 in-lb) 
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Oil pump, removing and installing (V-8) 

CAUTION- 
V8 engines: The oil pump fasteners (including the sprocket 
retaining nut) are known to vibrate loose. This can result in oil 
starvation and engine failure. Be sure to checlc oil bolts and 
nut tighness whenever the oil pump is accessible. If any fas- 
teners are found to be loose, remove them and reinstall with 
Loctite 8 and torque to specifications. 

- Remove upper oil pan, as described earlier, to gain access to 
oil pump. 

4 If fitted, remove oil pump sprocket cover fasteners (arrows). 
Remove cover. 

* Unclip oil return line (A). 

4 Remove oil pump sprocket nut (arrow) and sprocket together 
with drive chain. 

Unbolt oil pump mounting fasteners (arrows) and remove 
pump. 

Remove oil pressure relief valve and inspect as described 
later. 
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4 Replace O-ring seals (arrows) on engine oil pipes. Oil seals 
lightly. 

CAUTIO& 
During reinstallation, do not damage O-rings on sharp edges 
of engine blocl<. 

4 Replace sealing O-ring (A) in oil pump. 

Turn threaded spacer on pump fully to stop (arrow). 

Reinstall pump. Coat pump mounting fasteners (arrows) 
with Loctite 8 or equivalent thread locking product. Install 
and tighten. 

Coat pump sprocltet shafl threads with Loctite 8. Reinstall 
pump sprocltet with drive chain and tighten mounting nut. 

Tightening torques 

Oil pump cover to oil pump (M6) 10 Nm (89 in-lb) 

Oil pump sprocket to shaft (M10) 45 Nm (33 ft-lb) 

Oil pump to engine block 
M8 (8.8 grade) 22 Nm (16 ft-lb) 
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< Use Allen wrench to adjust chain slaclc (B) by turning thread- 
ed spacer (A). 

Oil pump chain adjustment 

Slack 10 52 mrn (0.394i0.079 in) 

- Coat remaining oil pump mounting fastener with Loctite 03. In- 
stall and tighten. 

- Remainder of assembly is reverse of disassembly. 

- After adding engine oil, start and run engine. Raise engine 
speed to 2,500 rpm until oil pressure warning light goes out 
(about 5 seconds). 

Tightening torques 

Lower oil pan to upper oil pan 
M6 (8.8 grade) 10 Nm (89 in-ib) 
M6 (10.9 grade) 12 Nm (9 ft-lb) 
M8 (8.8 grade) 22 Nrn (1 6 ft-lb) 

Oil drain plug to oil pan (M12) 25 Nm (I8 ft-lb) 

Oil pump cover to oil pump (M6) 10 Nrn (89 in-lb) 

Oilpump sprocket to shaft TKO) 45 Nm (33 it-lb) 

Oil pump to engine bloclc 
M8 (8.8 grade) 22 Nrn (16 ft-lb) 

Oil pressure relief valve (&cylinder) 

Remove oil pump as described earlier. The oil pump pressure 
relief valve is held in the side of the oil pump with a circlip. 

< Inspect oil pump relief valve components and bore for scor- 

4. Sleeve 

5. Circlip 

- Install using a new circlip. 

Oil pressure relief valve assembly 
,- ..., !~. -.-~. - ~- - ~ ! ~ ~ - %  

h. .- .,, 
/ t o -cy~~noer  engrnej 

ing or other damage. 

1.  Control plunger 

2. Spring 

3. Sealing O-ring 



11 9-27 

Lubrication System 

Oil pressure relief valve (V-8) 

4 Remove oil pressure relief valve retaining circlip. 

Use a suitable drift to remove relief valve assembly from 
pump. 

CAUTION-- 
There is high spring pressure in the relief valve. 

4 Inspect oil pump relief valve components and bore lor scor- 
ing or other damage. 

1. Control plunger 

2. Spring 

3. Sleeve 
4. Circlip 

- Install using a new circlip. 
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Ignition System 

This repair group covers component troubleshooting and re- 
placement information for the ignition system. 

When diagnosing engine management problems, including 
on-board diagnostics (OBD 11) fault code analysis, also refer 
to these repair groups: 

* 130 Fuel Injection 

* ELE Electrical Wiring Diagrams 

OED On-Board Diagnostics 

Special tools 

System diagnosis and testing of the ignition system requires 
special test equipment. 

4 LED test light 
(Tool No. Baum 1 1 15) 

4 Automotive digital multimeter 

4 Primary voltage test harness 
(Tool No. BMW 12 7 020) 

- 
4 Secondary voltage test harness 

(Tool No. BMW 12 7 030) 
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Warnings and cautions 

The ignition system produces dangerous high voltage. In ad- 
dition the sensitive electronic components can be damaged if 
proper precautions are not adhered to. 

WARNING- 
* Do not touch or disconnect any cables from the coils while 

the engine is running or being cranked by the starter. 

The ignition system produces high voltages that can be 
fatal. Avoid contact with exposed terminals. Use ex- 
treme caution when working on a car with the ignition 
switched on or the engine running. - Connect and disconnect tlie DME system wiring and 
test equipment leads only when the ignition is OFF: 

Before operating the starter without starting the engine 
(for example when making a compression test) always 
disable the ignition. 

CA U TIOW- 
Do not attempt to disable the ignition by removing the coils 
from the spark plugs. 

Connect or disconnect ignition system wires, multiple 
wire connectors, and ignition test equipment leads only 
while the ignition is off Switch multimeter functions or 
measurement ranges only with the test probes discon- 
nected. 

* Do not disconnect the battery while the engine is run- 
ning. 

A high impedance digital multimeter should be used for 
all voltage and resistance tests. An LED test light 
should be used in place of an incandescent-type test 
lamp. 

In general, make test connections only as specified by 
BMW as described in this manual, or as described by 
the instrument manufacturer. 

Engine management 

BMW €39 engines use an advanced engine management 
system known as Digital Motor Electronics (DME). DME in- 
corporates on-board diagnostics, fuel injection, ignition and 
other engine control functions. DME variants are listed in 
Table a. Engine management systems. 

Second generation On-Board Diagnostics (OED I I )  is incor- 
porated into the engine management systems used on the 
cars covered by this manual. Use a BMW-specific electronic 
scan tool, or a "Generic" OED I I  scan tool to access Diagnos- 
tic Trouble Codes (DTCs). DTCs can help pinpoint ignition 

ine management problems. 



I lgnition System 

Additional information about DTCs and engine management 
system electronic system diagnosis is provided in OBD On- 
Board Diagnostics. 

Table a. Engine management systems 

Year l ~ n g i n e  I Engine type IDME svstem 
I - I - . . 

I 

Ignition system 

1997-1 998 

1997 

1998 

1999-2002 

4 All engines use a distributorless ignition system with individ- 
ual ignition coils for each cylinder. There is no distributor cap 
or ignition rotor. 

4 Each coil is controlled and monitored by the Engine Control 
Module (ECM) on a cylinder-by-cylinder basis. 

1999-2000 1 ~ 5 2  TU 16-cylinder l~iemens MS 42.0 

M62 

M62 

M62TU 

Siemens MS 41 .I M52 6-cylinder 

V-8 

V-8 

V-8 

Bosch M 5.2 

Bosch M 5.2.1 

Bosch ME 7.2 



L n i t i o n  switch 

4 The positive (+) power supply to the ignition coils comes to 
the ignition switch via an unloader relay. When the ignition 
switch is turned on, the relay closes, to provide voltage to the 
ignition coils. The coils are then actuated at the negative side 
by the engine control module. 

NOTE- 
Schematic diagrams shown are for illustrative purposes only. 
See ELE Electrical Wiring Diagrams for engine manage- 
ment specific wiring information. 

WARNING- 
Do not touch or disconnect any cables from the coils while 
the engine is running or being cranked by the starter: 

The ignition system produces high voltages that can be 
fatal. Avoid contact with exposed terminals. Use ex- 
treme caution when working on a car with the ignition 
switched on or the engine running. 

* Connect and disconnect the DME system wiring and 
test equipment leads only when the ignition is OFF 

Before operating the starter without starting the engine 
(for example when making a compression test), always 
disable the ignition. 

4 Knock sensors (arrows) monitor the combustion chamber for 
engine-damaging knock. Six-cylinder models (shown) use 
two sensors with each sensor monitoring three cylinders. V- 
8 models use four sensors, each monitoring two cylinders. If 
engine knock is detected, the ignition point is retarded by the 
ECM. 

I Ignition advance Ignition timing is electronically mapped and not adjustable. 
The ECM uses engine load, engine speed, coolant tempera- 
ture, knock detection, and intake air temperature as the basic 
inputs for timing control. A three dimensional map similar to 
the one shown is digitally stored in the ECM. 

- The initial ignition point is determined by the crankshaft 
speed sensor during cranking. Once the engine is running. 
timing is continually adjusted based on operating conditions. 
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lgnition system, troubleshooting 

Troubleshooting ignition system faults should begin with an 
interrogation of the On-Board Diagnostics (OBD II) system. 
The OBD II system detects ignition system misfire and other 
related faults. When faults are detected, the OBD II system 
stores a Diagnostic Trouble Code (DTC) in the Engine Con- 
trol Module (ECM) along with other pertinent fault information. 

4 In addition, the Malfunction Indicator Light (MIL) will come on 
if an emissions related fault is detected. Additional OBD II in- 
formation, including a DTC lookup table, can be found in 
OED On-Board Diagnostics. 

NOTE- 
BMWmodels covered in this manual were equipped with one 
of three versions of MIL warning lights (as shown). 

Misfire detection 

Engine m~sfire in one or more cylinders, may be caused by a 
var~ety of malfunctions in various subsystems. The OBD II 
system ~ncorporated into the engine management systems is 
des~gned to detect and warn of misfire faults during englne 
operat~on. See OED On Board Diagnostics. 

WARNING - 
lgnition misfires can cause high hydrocarbon exhaust emis- 
sions andcatalytic converter damage. For this reason, if a se- 
vere misfire is detected, the fuel injector will be turned off to 
the specific cylinder and the MIL will be illuminated. A misfire 
may also produce an overheated catalytic converter, which 
can be a fire hazard. 

Oscilloscope diagnostic diagrams 

One way to diagnose a faulty coil is to use an oscilloscope to 
analyze spark quality with the engine running. 

See Table b. lgnition secondary voltage diagnostics for 
list of common ignition coil voltage faults and related causes. 
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Spark plug electrode gap /Too small /TOO big 

Table b. Ignition secondary voltage diagnostics 

Secondary 
voltage low 

Fuel air mixture I I Too lean 

Secondary 
voltage high 

Spark plug electrode Worniburnt 

4 The illustration shows normal scope trace of spark at idle. 

1. Start of ignition voltage peak 

2 Level of ignition voltage 

3. Level of combustion voltage 

4. Period of combustion 

5. Combustion curve characteristics 

6. Start of decay process 

7. Termination oscillations 

Spark plug electrode 
temperature 

Engine compression 

Spark plug wires 

4 Short combustion period (indicates large spark plug gap). 

Too high 

Too low 

I"" 9, 10 I" to I!, r) i" 21 10 il 
bW,rn?7G 

Too low 

Too high 

Faulty 

4 Ignition spark at idle speed. 

A - Normal ignition voltage peak (spark plug is good). 

B - L o w  voltage peak is an indication of a closed plug gap. 

C - High voltage peak indicates an open plug gap. 

< Long combustion period (indicates small spark plug gap). 

~i,+i! ,~, i~t i i i~i i t~~,t1! lc, ' , l~~4~l~,~,l ,~+~{+', , l  
1W W Sl ,@ 10 :o 9 20 2 1  10 0 
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4 Normal combustion period at idle. 

4 Normal oscilloscope pattern for ignition system at idle. 
15. 15 

4 lgnition voltage peaks at idle. 

1. Normal ignition peaks. 

2. Downward peak (arrow) is shortened (ignition coil is 
defective). 

3. Downward peak (arrow) is missing completely (ignition 
coil is defective). 

4 Defective ignition coil. 

1. Short spark period. 

2. The spark voltage line (arrow) is very slight 

< Defective ignition coil. 

1. Normal combustion period. 

2. Absence of spark voltage line (arrow). 
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< Ignition voltage peaks in response to sudden acceleration 
load: 

1. Normal ignition pattern. Beginning of dying out pattern 
is not much higher than ignition voltage peak. 

2. Beginning of dying out pattern considerably higher than 
ignition voltage peak. Fault in injection system: 

Lean fuel mixture 

Defective fuel injector 

Low compression in cylinder 

-, 
:I 1- 

i :<O 
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Ignition firing order 

Normal secondary voltage patterns 
(4-cylinder pattern shown). 

4 Each ignition coil is mounted above the corresponding spark 
plug. 

- Number one cylinder is located at the front on 6-cylinder 
models. 

Number one cylinder is located at the right (passenger side) 
front on V-8 models. Cylinder firing order is shown. 

Firing order 

M52 - M52 TU - M54 6-cylinder 1-5-3-6-2-4 

M62 - M62 TU V-8 1-5-4-8-6-3-7-2 
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Disabling ignition system 

The ignition system operates in a lethal voltage range and 
should be disabled any time engine service or repair work is 
being done that requires the ignition to be switched on. 

The engine management system can be disabled by remov- 
ing the DME main relay. The relay is located in the electronics 
box (E-box) in the left rear of the engine compartment, be. 
neath the interior microfilter housing. 

CAUTION- 
Relay locations may vary. Use care when identifying relays. 
See 610 Electrical Component Locations. 

Checking for spark 

CAUTION- 
If a spark test is done incorrecth damage to the Engine Con- 
trol Module (ECM) or the ignition coils may result. 

NOTE- 
Spark plug replacement is covered in 020 Maintenance. 

Check~ng for spark is d~fflcult on englnes wlth d~str~butorless 
ignition systems. 

Try removing the spark plugs and inspecting for differences 
between them. A poor-firing plug may be wet with fuel and/or ~. - ~ 

black and sooty, but not always. If a coil is not operating, the 
engine management system will electrically disable the fuel 
injector to that cylinder. The key is to look for differences be- 
tween cylinders. 

Ignition coil assembly, testing and 
replacing 

C4 UTION- 
Use a digital multimeter for the following tests. I 

- Remove plastic engine cover from top of valve cover by pry- 
ing off bolt covers and removing cover mounting bolts. 

- Raise car slowly while constantly checking position of jack 
and car. 

- Disconnect harness connector from coil. Connect multimeter 
between terminal 15 (+) in connector and ground. 

4 Terminal identification are typically molded into connector. In 
photo, terminals are from left to right: 1, 4a, 15. 
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- Turn ignition on and check for battery voltage, 

If battery voltage is not present, checlt wire between termi- 
nal 15 and the unloader relay. See ELE Electrical Wiring 
Diagrams. 

- Turn ignition off. 

Remove coil and inspect coil housing for hairline cracks or 
leaking casting material. Replace any cracked or leaking coil. 

NOTE- 
A leaky coil may indicate a faulty Engine Control Module 
(ECM). Check ECM before installing a new coil. 

CAUTION- 
Note location of coilground straps before coil removal; rein- 
stall in the same location. 

Use a multimeter to test: 

Coil primary resistance at coil terminals. 

Sparlt plug connector resistance. 

* Compare results to specification in Table c. lgnition coil 
resistance. 

Table c. Ignition coil resistance 

Coil secondary 
resistance 

Spark plug connector: 
Bosch 1 .O I( ohm t 20% 

1.8 ir ohm t 20% 

Component 

Co~l prlmary 
resistance 

- Replace ignition coil or sparlt plug connector if resistance 
readings do not meet specifications. 

4 Remove ignition coil to be tested. 

Install BMW special tool 12 7 030 (A) on coil to be tested. 

Connect ground jumper between coil mounting point (B) 
and engine ground point (C). 
Clip scope high pick-up lead (D) around ignition lead. 

Start engine. 

Compare scope pattern with diagrams in Oscilloscope di- 
agnostic diagrams. 

NOTE- 
When replacing ignition coils, ensure that the replacements 

Terminal 

1 (-) and 15 (+) 

are from the same manufacturer with the same partlcode 
numbers. I f  individual coils with the correct specifications are 
not available. all coils should be re~laced. 

Resistance 

0.8 ohms 
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Crankshaftspeedsensor 

Crankshaft speed sensor, replacing (M52, M52 TU and 
M54 engines) 

4 Crankshaft speed sensor for 6-cylinder engine is mounted in 
the left rear side of the cylinder block below the starter (ar- 
row). The sensor reads a toothed pulse wheel mounted to 
the end of the crankshaft. 

- if the Engine Control Module (ECM) does not receive a signal 
from the crankshaft speed sensor during cranking, the en- 
gine will not start. 

- If the OBD II svstem misfire detection ~rotocol detects a cat- - - ~~ 

alysr oarnagin; faLlt oJe to a ma I-nclion in crandshafi speeo 
sensor components. Ine Check Engine lignr (Malfuncrion In- 
dicator Light or MIL) will be illuminated. 

NOTE- 
I f  the crankshaft speed sensor pulse wheel is damaged, the 
engine will have to be disassembled down to the crankshaft 
to reolace the wheel. 

- Make certain ignition has been turned off. 

- Raise car and support in a safe manner. 

WARNING - 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjacltstands designed for 
the ouroose. A floor iaclc is not adequate support. 

- Remove under engine splash guard 

4 Working underneath starter: 

Cut off wire tie securing crankshaft speed sensor harness 
connector (arrow) to sensor. 

* Disconnect harness connector. 

4 Remove sensor mounting fastener (arrow) and remove sen- 
sor from cylinder block. 

- Installation is reverse of removal, noting the following: 

Use a new O-ring when installing sensor. 

Be sure wiring is routed in same orientation. 

Secure sensor using new wire ties. 
Use scan tool to read out and clear ECM fault memory. 
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Crankshaft speed sensor, replacing (M62 and M62TU 
engines) 

The crankshaft speed sensor reads a toothed pulse wheel 
mounted on the flywheel. If the Engine Control Module(ECM) 
does not receive an impulse signal from the crankshaft speed 
sensor during cranking, the engine will not start. If the OBD II 
system misfire detection protocol detects a catalyst damag- 
ing fault due to a malfunction in the crankshaft speed sensor 
components, the Check Engine light (Malfunction Indicator 
Light or MIL) will be Illuminated. 

4 The crankshaft speed sensor (arrow) is mounted in the right 
lower side of the bell housing. 

- Remove speed sensor by disconnecting electrical harness 
connector and unbolting sensor from bell housing. Do not 
discard shims, if present. 

- Installation is the reverse of removal. Clean mounting surface 
before installing new sensor, and install shims, if present. 

< If the flywheel was replaced, the speed sensor must be 
checked for correct installation depth. 

* Crank engine in direction of rotation using crankshaft bolt 
until a full pulse tooth is centered in the opening for the re- 
moved speed sensor. 
Measure depth ro top of tooth from speed sensor p ~ l s e  
generator mounting s~r face on transmission. 

4 Measure length of pulse generator from mounting surface to 
end (A). 

- Subtract length of pulse generator (A) from distance to pulse 
tooth from mounting area on transmission. This measure- 
ment is the gap between the pulse sensor and flywheel. Use 
shims available from BMW to increase gap as needed to 
reach specification. 

Pulse sensor gap 

End of sensor to flywheel teeth 0.55 + 0.2 rnrn 
(0.0217 t 0.008 in) 
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Camshaft position sensors 

The camshaft position sensors are used by the englne man- 
agement system for VANOS control, sequential fuel injection 
and knock control. 

Intake camshaft position sensor, replacing (M52,M52 TU 
and M54 engines) 

- Make certain ignition has been turned off. 

- Remove plastic cover from above fuel injectors by prying off 
bolt covers and removing cover mounting bolts. 

Remove complete air filter housing: 

Disconnect electrical harness connector on mass air flow 
sensor (A). 

Detach vacuum line at intake boot (B). 

Loosen hose clamp at intake boot and detach air duct con- 
nections (C). 

* Disconnect cold air duct tube (D). 

Remove filter housing mounting screws (E). 

- Disconnect harness connector from VANOS solenoid and 
unscrew solenoid from VANOS control unit. Be prepared with 
shop rags to catch oil released from VANOS unit. 

Remove camshaft sensor (arrow) from left front of cyl~nder 
head, next to top of oil filter housing. 

Disconnect camshaft sensor harness from under intake 
manifold. Prior to removal, attach a stiff piece of wire to the 
harness connector end to preserve proper routing of harness 
for reinstallation. 

Installation is reverse of removal, noting the following: 

Use new O-rings when installing sensor and solenoid. 

Be sure wiring is rerouted in same orientation. 

Use scan tool to read out and clear ECM fault memory 

Tightening torques - 

Intake camshaft sensor to cylinder head 10 Nrn (7 ft-lb) 

VANOS solenoid to VANOS control unit 30 Nm (22 ft-lb) 
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Exhaust camshaft position sensor, replacing 
(M52 TU and M54 engines) 

- Make sure ignition has been turned off. 

4 Working at front of engine on exhaust (right) side, detach ex- 
haust camshaft position sensor electrical harness connector 
(arrow) and remove sensor. 

- Installation is reverse of removal, noting the following: 

Use a new O-ring when installing sensor. - Use scan tool to read out and clear ECM fault memory. 

Tightening torque 

Exhaust camshaft sensor to cylinder head 10 Nm (7 ft-lb) 

Intake camshaft position sensor, replacing 
(M62 and M62 TU engines) 

- Make sure ignition has been turned off 

4 Remove top engine cover by releasing quick release fasten- 
ers (arrows) by pressing down. 

4 Remove air filter housing and mass air flow sensor: 

Disconnect mass air flow sensor and intalte air tempera- 
ture sensor electrical harnesses (A and B). 
Remove air filter housing mounting fastener (arrow). 
Loosen hose clamps (C and D). 

Remove hose at idle air stabilizer. 

Remove air filter housing with mass air flow sensor. - Remove intalte hose from throttle body. 
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Remove camshaft sensor (arrow) from front of right cylinder 
head. 

Disconnect camshaft sensor harness from cable duct above 
right cylinder head. 

Installation is reverse of removal, noting the following: 

Use new O-ring when installing sensor. 
Be sure wiring is rerouted in same orientation. 

Use scan tool to read out and clear ECM fault memory. 

Tightening torque 

Intake camshaft sensor to timing chain 5 Nm (3.5 ft-lb) 
cover 

Knock sensors 

Knock sensors, replacing (M52, M52 TU and M54 
engines) 

The knock sensors are bolted to the left side of the cylinder 
block under the intake manifold. 

- Remove intalte manifold as described in 113 Cylinder Head 
Removal and Installation. 

D~sconnect knock sensor electrical harness connector (A) on 
left side of engine cylinder block. 

Remove knock sensor mount~ng bolts (arrows) on side of 
cyllnder block. Remove sensors. 

Note the installed angle of the l n o c l ~  sensor on the bloc/( be- 
fore removing it. Reinstall the sensor in the same position. Be 
sure to use a torque wrench when tightening the sensor 
mounting bolt. 

< Clean lknock sensor contact surface on engine bloclc and 
sensor (arrows) before installing ltnock sensor. 

Tightening torque 

Knock sensor to head 20 Nm (15 ft-lb) 

- Use scan tool to read out and clear ECM fault memory. 

Knock sensors, replacing (M62 and M62 TU engines) 

The knock sensors are bolted to the side of the cylinder block 
under the intake manifold. 



Ignition System 

Remove intake manifold as described in 113 Cylinder Head 
Remaval and Installation. 

Remove knock sensor mounting bolts (arrows) on side of 
cylinder block. Remove sensors. 

I CAUTION- I 
Note the installedangle of the knock sensors on the bloclt be- 
fore removalit. Reinstall the sensors in the same position. Be 
sure to use a torque wrench when tightening the sensor 
mounting bolts. 

Clean lknoclc sensor contact surfaces on engine bloclc and 
sensors before installing. 

Tightening torque 

Knock sensor to engine bloclc 20 Nm (15 ft-lb) 

- Use scan tool to read out and clear ECM fault memory. 

- Installation is reverse of removal. 
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Battery, Starter, Alternator 

This section covers the battery, alternator, starter and associ- 
ated components of the electrical system. 

Troubleshooting information forthese components isfound in 
Table a. Battery, alternator and starter troubleshooting. 
For additional electrical troubleshooting information, see 
600 Electrical System-General. 

Special tools 

4 Automotive digital multimeter 

CAUTION- 
Only use a digital multirneter when testing automotive electri- 

I )  cal components. 

4 Closed-circuit current measurement adaptor 
(Tool No. BMW 61 2 300) 

Engine electrical system 

The alternator and starter are wired directly to the battery. To 
prevent accidental shorts that might blow a fuse or damage 
wires and electrical components, always disconnect the 
negative (-) battery cable before working on the electrical 
system. 

Various versions of alternators, voltage regulators, starters, 
and batteries are used in E39 cars. Replace components ac- 
cording to the original equipment specification. 
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@ TO fuse & relay panel Battery Safety Terminal 

A Battery Safety Terminal (BST) controlled by the Multiple 
Restraint System (MRS) control unit was introduced for mod- 
el year 1998 vehicles. The system will disconnect electrical 
power to the engine compartment in the event of a significant 
impact. The MRS system fires an encapsulated pyrotechnic 
device in the positive (+) battery terminal that disconnects 
power to the engine compartment, but maintains power to 
the exterior lights and interior of the vehicle. 

point 

002125~1 

Table a. Battery, alternator and starter troubleshooting 

1 -  

/Starter motor or solenoid faulty. l ~ e s t  starter. 

Symptom 

Engine does not crank 

Engine cranks slowly or 
not at all, solenoid clicits 
when starter is operated. 

I I 

Battery will not stay IShort circuit draining battery. l ~ e s t  for excessive current drain with everything 

Probable cause 

Fault in immobilizer system (EWS) 

-Clean Battery cables loose, dirty or corroded. 

Battery discharged. 

Battery to body ground cable in trunk loose, 
dirty or corroded 

Poor connection at starter motor terminal 30. 

Corrective action 

Try another ignition key. If problem persists, contact 
your authorized BMW dealer. 

or replace cables. See 020 ~aintenance. 

Charge battery and test. Replace if necessary. 

inspect ground cable. Clean, tighten or replace if 
necessary. 

Checlc connections, test for voltage at starter. Test for 
voltage at neutral safety or clutch interloclc switch. 

charged more than a few 
days. 

I ~ a t t e r ~  faulty. /Test battery and replace if necessary. 

Short driving trips and high electrical drain on 
charging system does not allow battery to 
recharge. . 

I 

I Battery cables loose, dirty or corroded. Iclean or replace cables. See 020 Maintenance. 

Evaluate driving style. Where possible, reduce 
electrical consumption when malting short trips. 

Drive belt@) loose, worn or damaged. 

IAlternator or voltage regulator faulty. /Test alternator and voltage regulator. 

Inspect or replace ribbed belt@). See 020 
Maintenance. 
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Warnings and cautions 

WARNING - 
Wear goggles, rubber gloves, and a rubber apron when 
working around the battery or battery acid (electrolyte). 

Battery acid contains sulfuric acid and can cause skin 
irritation and burning. If acid is spilled on your skin or 
clothing, flush the area at once with large quantities of 
water. If electrolyte gets into your eyes, flush them with 
large quantities of clean water for several minutes and 
call a physician. 

Batteries that are being charged or are fully charged 
give off explosive hydrogen gas. Keep sparks and open 
flames away. Do not smoke. 

CA UTIOI\C 
Only use a digital multimeter when testing automotive elec- 
trical components. . If a repair procedure specifies disconnecting the bat- 
tery, follow the instruction for safety reasons. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions in 001 General Cautions and 
Warnings. 

Models with MS43 engine management: Allow at least 
3 minutes to elapse after turning ignition ley to OFFpo- 
sition before disconnecting battery. This willallow sum- 
cient tinie to complete the DMJL (fuel tank pressure) 
test 

* Disconnecting the battery cables may erase fault codes 
stored in ECM memory. 

Always disconnect the negative (-) battery cable first 
and reconnect it last. Cover the battery post with an in- 
sulating material whenever the cable is removed. 

Do not disconnect battery, alternator or starter wires 
while the engine is running. 

0 Never reverse the battery cables. Even a momentary 
wrong connection can damage the alternator or other 
electrical components. 

Do not depend on the color of insulation to tell battery 
positive and negative cables apart. Label cables before 
removing. 

The slide-tilt sunroof may fail to function properly after 
disconnecting and reconnecting the battery. Reinitial- 
ize sunroof as described in 540 Sunroof. 
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The battery is mounted in the right side of the luggage com- 
partment, concealed behind a trim panel. Battery capacity is 
determined by the amount of current needed to start the vehi- 
cle and by the amount of current consumed by the electrical 
system. This will vary from model to model. 

BMW batteries are rated by amperelhours (Ah) and cold 
cranking amps (CCA) rating, which are listed on the battery. 
The Ah rating is determined by the average amount of cur- 
rent the battery can deliver over time without dropping below 
a specified voltage. The CCA is determined by the battery's 
ability to deliver starting current at On F (-18" C) without drop- 
ping below a specified voltage. Always replace the battery 
with one having the same or higher ratings. 

Battery testing 

Battery testing determines the state of battery charge. On 
conventional or low-maintenance batteries. the most com- 
mon method of testing the battery is that ofchecking the spe- 
cific gravity of the electrolyte using a hydrometer. Before 
testing the battery, check that the cables are tight and free of - 
corrosion. 

Hydrometer testing 

Before hydrometertesting, load the battery with 15 amperes 
for one minute. If the battery is installed in the vehicle, this can 
be done by turning on the headlights without the engine run- 
ning. The state of battery charge based on specific gravity 
values are given in Table b. Specific gravity of battery elec- 
trolyte at 27" C (80°F). 

The hydrometer indicates the specific gravity of the electro- 
lyte. The more dense the concentration of sulfuric acid in the 
electrolyte, the higher the state of charge 

NOTE- 
Electrolyte temperature affects hydrometer reading. Checlc 
the electrolyte temperature with a thermometer. Add 0.004 to 
the hydrometerreading forevery 6°C (10°F) that the electro- 
lyte is above 27°C (80°F). Subtract 0.004 from the reading 
forevery 6°C (10°F) that the electrolyte is below27"C 
(80°F). 



. 

Battery, Starter, Alternator 

Table b. Specific gravity of battery electrolyte at 27°C (80°F) 

Specific gravity State of charge 

1.265 Fully charged 

1.225 75% charged 

1.190 50% charged 

1.155 25% charged 

1.120 Fully discharged 

if the specific gravity is at orabove 1.225, butthe battery lacks 
Dower for startinq, determine the battew's service condition 
with a load volta& test. if the average specific gravity of the 
six cells is below 1.225, remove the battery from the luggage 
compartment and recharge. 

Battery open-circuit voltage test 

Before testing, load battery with 15 amperes for one minute 
with battery load-tester or turn on headlights for about one 
minute without engine running. Connect digital voltmeter 
across battery terminals. Open-circuit voltage levels are giv- 
en in Table c. Open-circuit voltage and battery charge. 

If open-circuit voltage is OK but battery still lacks power for 
starting, perform a load voltage test. 

If open-circuit voltage is below 12.4 volts, recharge battery 
and retest. 

Table c. Open-circuit voltage and battery charge 

Open-circuit voltage State of charge 

12.6 V or more 

12.4 V 

12.2v 

12.0 v 

Fully charged 

75% charged 

50% charged 

25% charged 

11.7Vorless Fully discharged 

Battery load voltage test 

A battery load tester is required for a load voltage test. The 
test is made by applying a high resistive load to the battery 
terminals and then measuring battery voltage. The battery 
should be fully charged forthe most accurate results. The bat- 
tery cables must be disconnected before malting the test. Re- 
place the battery if the voltage is below that listed in Table d. 
Battery load test - minimum voltage. 
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WARNING- 
Always wear protective goggles and clothing when perform- 
ing a load test. 

Table d. Battery load test - minimum voltage 

Ambient temperature Voltage* 

27 " C (80" F) 9.6 V 

-I 8' C (0" F) 8.5 V 

* Measure after applying a 200 amp load for 15 seconds. 

Closed-circuit current measurement 

If the vehicle battery is discharged for an unknown reason, 
perform a closed-circuit current measurement as the first test. 
For diagnostic purposes, it is important to not disconnect the 
battery. Disconnecting the battery may reset a faulty control 
unit, preventing proper diagnosis. 

The following test is generally completed overnight using a 
multimeterwith a closed circuitcurrent measurement adaptor 
with a recording function 

- Check that battery voltage is 12 volts or higher. If lower, 
recharge battery. 

- Switch off electrical consumers (interior lights, telephone, 
aftermarket equipment, or others). 

- Open luggage compartment and remove battery trim panel. 
Use screwdriver to lock latch on trunk lid or hatch, simulating 
closed luggage compartment. Close other doors. 

- Open driver's door, then close it, simulating driver entering 
vehicle. 

- Switch ignition to RUN position for at least five seconds, then 
turn ignition to OFF position. This simulates driving vehicle. 

- Open and close driver's door, simulating driver leaving 
vehicle. 

- Lock car and arm alarm. 

- Wait at least 16 minutes for consumer cut-off. 
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NOTE- 
Automatic transmission cars: ambershifier LED willgo out at 
consumer cut-off. 

4 Attach closed-circuit current measurement adaptor 
(BMW special tool 61 2 300): 

Connect red clamp (marked A -BATT (+)) to positive bat- 
tery terminal. 

Connect black clamp (marked B -CHASSIS) to chassis 
ground point. 

NOTE- 
Green LED will light up to indicate correct installation of 
closed-circuit current measurement adaotor. 

< Connect blaclc clamp (marked B - BATT (-)) to negative bat- 
tery terminal. Green LED light will go out. 

NOTE- 
Any electrical overloading will be indicated at this point by 
lighting the red LED. I f  the red LED lights up, check the adap- 
tor connections. 

< Set multimeter (A) to 10 amp measuring range and connect 
it to adaptor. 

NOTE - 
Set multimeter to record average readings. 
Ifpossible, turn offpowersaving features of multimeter 
which prevent a long term (overnight) test by automatically 
powering down meter. 

- Disconnect battery ground strap (B) at chassis mounting 
point. 

- Measure closed-circuit current using multimeter. 

- Typical average closed-circuit current for E39 vehicles is 
40 mA. Readings over 50 mA must be further investigated. 
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Battery charging 

Discharged batteries can be recharged using a batterycharg- 
er. Remove the battery from the trunk during charging. 

Prolonged charging causes electrolyte evaporation to a level 
that can damage the battery. It is best to use a low-current 
charger (6 amperes or less) to prevent battery damage 
caused by overheating. 

WARNING - 
Hydrogen gas given off by the battery during charging is ex- 
plosive. Do not smoke. Keep open flames away from the top 
ofthe b a t t e ~  and prevent electrical sparks by turning off the 
battery charger before connecting or disconnecting it. 

Battery electrolyte (sulfuric acid) can damage the car. If 
electrolyte is spilled, clean the area with a solution ofbak- 
ing soda and water. 

Always allow a frozen battery to thaw before attempting 
to recharge it. 

Always disconnect both battery cables and remove bat- 
tery from vehicle during battery charging. Do not ex- 
ceed 16.5 charging voltage at the battery 

Battery safety terminal, replacing 

If the battery safety terminal has been triggered, investigate 
and correct the cause prior to replacement. 

- Working in right side of luggage compartment, remove bat- 
tery trim panel. 

- Disconnect negative (-) battery terminal and cover with 
insulator. 

- Disconnect positive (+) cable from battery. 

- Release positive (+) cable from cable brackets on luggage 
compartment wall. Lay new repair cable parallel to positive 
cable. 

- Mark off length of new cable on old cable. Allow 10 cm 
(2.5 in) of slack. 

- Saw through old cable. 

Do not use bolt cutters or similar tools to cut through cable. 
A cable end that has been squashed flat will not fit into the 
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- Strip approximately 15 rnm (0.6 in) of insulation from cable 
end. 

terminal harness 

Shrink insulation 

Terminal connector 

4 Push terminal connector of new cable over stripped end of 
old cable. Tighten clamp. 

- Slip shrink-fit insulation over positive cable. Attach new safe- 
ty harness to end of positive cable. Shrink insulation with hot 
air blower. 

- Reinstall cable in cable bracket and attach to battery. 

- Reattach negative battery cable. Reinstall luggage cornpart- 
rnent trim pieces. 

- Use BMW scan tool DlSplus or equivalent to read out airbag 
control module fault memory. Correct faults, then clear mem- 
ory. 

1 1 4 Various versions of alternators have been used in E39 
vehicles. See Table e. 

Table e. Alternator application chart 

Model Alternator type 

Air cooled, 90 amp or 120 amp 
Air cooled, with multi-function control 
(MFR), 120 amp or 140 amp 
Air cooled with multi-function control 
(MFR), 120 amp or 140 amp 

540i 
1997 Air cooled. 120 amp or 140amp 

sazrz~orsl 1998 
~~~ ~ .~ . ...~ ~ ~-~~~~ Air cooled; with integrated mu~ii- 

function control (MFR). 120 amp 140 
amp 

1999-2002 Water cooled, with integrated multi- 
function control (MFR), 90-150 amp 
(variable output) 
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Alternator 
1997 - 98 5281 
1997 540i 

/-- -----, I '  ----------- 
F15 / 7.5A/ 

: 
&.. .... , 
30 1 Xi0015 

Battery 

Hol in run 61 E (D+) Alternator 
and stsrt lBL 

(Generator) 

1 .--------,charge , . 
I , indicator I xGoli 

i 

I 
<"9,7,a,T 

Alternator, basic 

On 1997-1 998 6-cylinderand 1997 V-8 models, the charging 
system indicator light is supplied voltage (+) to one side of the 
light bulb, and the other side of the bulb is connected to the 
voltage regulator. 

With the engine off and the key in the run position, voltage 
from the ignition switch flows through the regulator to ground, 
completing the circuit and illuminating the charge indicator 
bulb. 

When the vehicle is started and the alternator begins to pro- 
duce voltage, the output of the diode trio increases and the 
light is turned off. 

Alternator with 
multi-function control (MFR) 

Alternator with multi-function control 
(MFR) 

The multi-function controlled alternator is used on: 

* 1999-2002 6-cylinder models 

* 1998-2002 V-8 models 

4 On cars with multi-function control alternator, the charge in- 
dicator lamp is activated by means of an electronic switch in- 
tegrated in the alternator controller. This switch receives its 
voltage supply from terminal 15 on the 3-pin connector at the 
rear of the alternator. The controller measures internally the 
voltage difference between terminal 30 and terminal 15 and 
signals the DME ECM to turn the charge indicator lamp on. 

The controller features integrated fault detection. The battery 
charge indicator lamp will come on in the event of: 

* Failure of belt drive 

No charge due to an electrical/electronic fault 

Interruption in excitation circuit 

Over-voltage due to a defective controller output stage 

Fault or break in charge line 

No charge due to alternator fault 
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Water-cooled alternator 

The water-cooled alternator, used on 1999 and later M62 TU 
engines, is a sealed unit housed inside the engine block wa- 
ter jacket. It is cooled via the engine cooling system. It is a 
"brushless" sealed unit that cannot be serviced. Maintaining 
consistent alternator temperatures increases the life span of 
the alternator, and elimination of the alternator cooling fan re- 
duces alternator noise significantly. 

The M62 TU water-cooled alternator incorporates load start 
reduction. This function is intended to shorten the duration of 
engine starting, particularly at low ambienttemperatures. The 
current load is limited to 20 amps during starting in order to re- 
duce alternator braking torque on the engine. Following the 
current limiting phase, full power output is then progressively 
reached. 

Charging system diagnostics requires special test equip- 
ment. If the test equipment is not available, charging system 
fault diagnosis can be performed by an authorized BMW 
dealer or other qualified repair shop. See Table a. Battery, 
alternator and starter troubleshooting for general electri- 
cal component troubleshooting. 

Before checking the alternator, make sure the battery is fully 
charged and capable of holding a charge. Check that the bat- 
tery terminals are clean and tight and the alternator drive belt 
is properly tensioned and not severely worn. 

NOTE- 
Some model require up to 15 second to reacli full alternator 
output. 

CA U T I O G  
If the charge indicator light in the instrument cluster remains 
on, the charge warning circuit in the instrument cluster may 
be faulty. Check that the ground lead is securely affached to 
the grounding stud on the cylinder head (A). Replacing the 
instrument cluster before repairing the ground lead will both 
damage the instrument cluster and cause the failure to 
reoccur. 
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Charging system quick-check 

Use a digital multimeter to measure voltage across the bat- 
tery terminals with key off and then again with engine running. 
Battery voltage should be about 12.6 volts with key off and be- 
tween 13.5 and 14.5 volts with engine running. 

NOTE- 
The regulated voltage (engine running) should be between 
13.2 and 14.5, depending on temperature andoperating con- 
ditions. If the voltage is higher than 14.8, the voltage regula- 
tor or mulitfunction controller is most likely faulty 

Check for clean and tight battery cables. Check ground cable 
running from negative (-) battery terminal to chassis and 
ground cable running from engine to chassis. Check alterna- 
tor drive belt condition and tension. 

Charging system, checking 

CAUTIOI\C 
* Do not disconnect the battery while the engine is running. 

Damage to the alternator and/or engine electronic systems 
may result. 

Only use a digital multimeter when testing charging 
system components. 

--7 4 Turn ignition key on. Check that battery warning light comes 
on. 

NOTE- 
I f  the warning light does not come on, repair bulb or wiring 
faults before continuing to checlc the charging system. 

/ 
Charge indicator 

502820805 

4 6-cylinder engines only, remove complete air filter housing: 

Loosen intake duct hose clamp (A) at throttle assembly. 

Loosen clamp and remove idle control hose from intake 
duct (B) and disconnect idle speed control valve electrical 
harness connector. 

Disconnect electrical harness connector (C) from mass air 
flow sensor. 

Remove air filter housing mounting screw (D). 

Disconnect vent tube (E). 

Loosen air intake duct clamp (F). 

Carefully lift air filter housing out of engine bay. 



- 
- 

/Battery, Starter, Alternator -- - -. - --I 
< Check for battery voltage at alternator terminal 30 (B+) (ar- 

row): 
Pull back rubber insulating cover at terminal 30 at rear of 
alternator. 

Connect voltmeter between terminal 30 and ground and 
check for battery voltage. If voltage is not present, check 
wiring for faults. 

NOTE- 
On V-8 engines, access to the rear of the alternator is limited. 
Check for battery voltage between the jump start post on the 
left cylinder head and ground. 

r Disconnect harness connector from alternator. Turn ianition 
on and check for battery voltage between terminal l g a n d  
ground. If voltage is not present, check wiring and fuses for 
faults. 

Reconnect connector to alternator. 

Locate the blue wire coming from terminal 61E of the alter- 
nator connector. Carefully connect the positive (+) test lead 
to the wire using a piercing test lead end. 

Turn ignition key on and check for voltage. Voltage should be 
less than 1.5 VDC and charge indicator lamp should light. 

- Making sure all test equipment and tools are clear, start en- 
gine. Voltage should increase to 8.0 VDC or higher. The 
charge indicator light should go out. 

If voltage does not increase and system is not charging, 
the fault is in alternator. - If voltage does not increase, but system is charging, inter- - 
roaate svstem for faults usina an appropriate BMW scan - . .  . 
tool and'reset fault memory. 

- If a load tester is not available, a quick alternator output test 
can be done by running engine at about 2000 rpm and turn- - - 
ing on electrical loads (fans, lights, rear window defroster, - 

- 
and wipers). With all accessories on, battery voltage should 
be above 12.6 V. 
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Alternator, removing and installing 
(6-cylinder engine) 

A replacement alternator should have the same rating as the 
original. Alternator manufacturer and ampere rating are nor- 
mally marked on the alternator housing. 

- Disconnect negative (-) battery cable. 

CAUTION- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions given in 001 General Warnings and Cau- I tions. 

Remove complete air filter housing: 

Loosen intake duct hose clamp (A) at throttle assembly. 

Loosen clamp and remove idle control hose from intake 
duct (B) and disconnect idle speed control valve electrical 
harness connector. 

Disconnect electrical harness connector (C)  from mass air 
flow sensor. 

* Remove air filter housing mounting screw (D), 

Disconnect vent tube (E). 

Loosen air intake duct clamp (F). 

Carefully lifl air filter housing out of engine bay. 

Remove alternator drive belt. See belt removal procedures in 
020 Maintenance. 

- Remove radiator cooling fan and fan shroud. See 170 Radi- 
ator and Cooling System. 

NOTE- 
The radiator cooling fan nut (32 mm wrench) has left-hand 
threads. 

- Unbolt power steering fluid reservoir and bracket. Suspend to 
one side without detaching fluid hoses. 

- Disconnect alternator air cooling tube. 

- Disconnect wiring from rear of alternator. 

'4 Remove upper and lower mounting bolts (arrows) and lift 
alternator. 

I f  idler pulley for belt interferes, remove pulley cover and 
retaining bolt to remove pulley. 

out 
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- installation is reverse of removal. 

Tightening torques 

Belt tensloner to engine block 
M8 (8.8 grade) 22 Nm (16 ft-ib) 

Fan clutch to coolant pump 
with BMW special tool 11 5 040 30 Nm (22 ft-lb) 
without BMW special tool 1 1  5 040 40 Nm (29 ft-ib) 

Pulley to alternator 70 Nm (44 ft-lb) 

Terminal 30 (B+) wire to alternator (M8) 13 Nm (10 ft-ib) 

Alternator, removing and installing 
(M62 engine, air cooled) 

A replacement alternator should have the same rating as the 
original. Alternator manufacturer and ampere rating are nor- 
mally marked on the alternator housing. 

- Disconnect negative (-) battery cable. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions 001 General Warnings a n d  Cautions. 

- Remove cooling fan and alternator drive belt. See 020 Main- 
tenance. 

- Pry out trim caps and remove fasteners from plastic cover on 
left head. Lift off cover. 

Disconnect positive (+) lead from jump start post (arrow). 

Raise car and support in a safe manner. 

WARNING- 
Make sure the car is stable and well supported at aN times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjack is not adequate support. 



121-17 

Bauery, Starter, Alternator 

- Remove engine splash shield from underneath car. 

Working underneath car at rear of alternator, loosen alterna- 
tor air cooling duct clamp (arrow) and remove duct. 

Remove three alternator mounting fasteners (arrows) 

Pull alternator forward and disconnect wiring from rear of 
alternator. 

Release clip retaining wiring harness to alternator. 

Rotate alternator forward and then up and out of engine com- 
partment, using care to not damage radiator. 

C A U T I O e  
Protect radiator with heavy cardboard or sheet metal. 

Installation is reverse of removal, 

Tightening torques 

Fan clutch to coolant pump 
with BMW special tool 11 5 040 30 Nm (22 ft-lb) 
without BMW special tool 11 5 040 40 Nm (29 ft-lb) 

Pullev to alternator 70 Nm 144 it-lb) -, 
Terminal 30 (Bt) wire to alternator (ME) 13 Nm 110 ft-lb\ 
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Alternator, removing and installing 
(M62 TU engine, water cooled) 

V-8 models produced after 9/98 are equipped with a water 
cooled alternator. 

CAUTION- 
Allow engine to cool before removing alternator as coolant 
will escape from the alternator water jacket. 

- Disconnect negative (-) battery cable 

CAUTION- 
Prior to disconnecting the battew read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

- Remove radiator cooling fan and fan shroud. See 170 Radi- 
ator and Cooling System. 

- Drain engine cooling system. See 170 Radiator and Cool- 
ing System. 

- Remove alternator drive belt. See 020 Maintenance. 

- Disconnect battery lead (terminal 30 or B+) and two-pin har- 
ness connector from front of alternator. 

I < Remove bolts securing alternator to water jacket and remove 

aling 
ring 

alternator. 

NOTE- 
If necessary, raise car and remove engine compartment 
splash shield to access lower alternator mounting bolts. 
The upper coolant hose can also be removed to assist al- 
ternator removal. 
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- Installation is reverse of removal, noting the following: 

Replace alternator rubber sealing O-ring. 
* Fill and bleed cooling system as described in 170 Radiator 

and Cooling System. 

Tightening torques 

Fan clutch to coolant pump 
with BMW special tool 11 5 040 30 Nm (22 ft-lb) 
without BMW special tool 11 5 040 40 Nm (29 ft-lb) 

Terminal 30 (Bc) wire to alternator (ME) 13 Nm (10 ft-lb) 

STARTER 

Starter troubleshooting 

Typical starter wiring terminal identification is shown. Large 
wire at terminal 30 (not shown in photo) is direct battery volt- 
age. Smaller wire at terminal 50 operates starter solenoid via 
ignition switch. 

If starter turns engine slowly when ignition is in start position: 

Check battery state of charge. 

Inspect starter wires, terminals, and ground connectlons 
for good contact. In particular, make sure ground connec- 
tions between battery, body and englne are completely 
clean and tight. 

If no faults are found, starter may be faulty and should be 
replaced. 

- If starter fails to operate, check EWS (drive-away protection 
system). Try another ignition key. If no faults can be found, 
have the EWS system checked using BMW scan tool equip- 
ment. 

Checkclutch pedal operated starter lock-out switch or gear 
position switch (automatic). 

NOTE- 
* A factory-installed drive-away protection system, also re- 

ferred to as EWS, is used on E39 cars. This system pre- 
vents operation of the starter i f  a specially coded ignition 
key is not used. 
On cars with automatic transmission, the transmission 
gear position switch signals EWS to prevent the engine 
from starting in gear positions other than PARK or NEU- 
TRAL. 
On cars with manual transmissions, a starter immobiliza- 
tion switch at the clutch pedal is used to prevent the starter 
from operating unless the clutch pedal is pushed fully to 
the floor. 
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- Check for battery voltage at terminal 50 of starter motor with 
key in start position. If voltage is not present, check wiring be- 
tween ignition switch and starter terminal. Check the EWS 
system and other inputs that disrupt terminal 56 to the start- 
er. See ELE Electrical Wiring Diagrams. If voltage is 
present and no other visible wiring faults can be found, prob- 
lem is most likely in starter motor. 

Starter, removing and installing 
(6-cylinder engine) 

The starter is removed from below. Access to starter bolts is 
difficult. Be sure to have the proper tools on hand before pro- 
ceeding. 

NOTE- 
Access to the starter wiring is very limited. Forbetteraccess, 
it may be necessary to remove the intake manifold. 

- Disconnect negative (-) battery cable. 

CAUTIOI\C 
Prior to disconnecting the battern read the baltery discon- 
nection cautions in OOlGeneral Cautions and Warnings. 

Remove complete air filter hous~ng: 

Loosen intake duct hose clamp (A) at throttle assembly. 

Loosen clamp and remove idle control hose from intake 
duct (B) and disconnect idle speed control valve electrical 
harness connector. 

Disconnect electrical harness connector (C) from mass air 
flow sensor. 

Remove air filter housing mounting screw (D) 

Disconnect vent tube (E). 

Loosen air intake duct clamp (F). 

Carefully lift air filter housing out of engine bay. 

Disconnect throttle cable. 

Raise vehicle and support safely. 

WARNING- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjaclc is not adequate support 

- Working underneath car, remove engine splash shield 

- Disconnect fuel lines and harness connectors from retaining 
brackets, as necessary. 
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- Disconnect wiring from starter. 

4 Note routing for cables. Routing varies depending on model 
and transmission. When reinstalling, make sure cables do 
not chafe. 

- Using a long extension and universal joint from output end of 
transmission, remove bolts fastening starter to transmission 
bell housing and engine block. 

- Remove starter from below 

4 Checlc starter pinion gear and flywheel teeth for damage. 

- Installation is reverse of removal. 

Tightening torques 

Starter to engine 47 Nrn (35 It-lb) 

Starter sipport bracket to starter 5 Nrn (44 in-lb) 

Starter support bracket to engine 47 Nrn (35 ft-lb) 

Wlre terminals to slarter 
M5 5 Nrn (44 in-lb) 
M6 7 Nrn (62 in-lb) 
M8 13 Nrn (10 ft-lb) 

Starter, removing and installing 
(V-8 engine) 

The starter is on the right (passenger) side of the engine, and 
is removed from below. Access to starter bolts is difficult. Be 
sure to have the proper tools on hand before proceeding. 

- Disconnect negative (-) battery cable 

CA UTIOW- 
Prior to disconnecting the battery, read the battev discon- 
nection cautions in OOlGeneral Cautions and Warnings. 

- 

- Raise vehicle and support safely. 

/ WARNING- 1 ~ ~~ ~~ ~~~ ~ 

Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjacltstands designed for 

I the purpose. A floor jack is not adequate support I 
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- Working underneath car, remove engine splash shield. 

- Remove heat shield from starter. 

Remove starter wire mounting nuts (arrows). Disconnect 
wires from starter terminals and retaining clip. 

Disconnect main positive cable and bracket from suspen- 
sion. 

If necessary for access, remove right side oxygen sensor 
harness connector from retaining clip. 

Working from end of transmission, use suitable extensions 
and universal joint to remove starter mounting bolts (arrows) 
at transmission bellhousing. 

- Remove starter from below. 

- Check starter pinion gear and flywheel teeth for damage. 

- Installation is reverse of removal 

Tightening torques 

Starter to engine 47 Nrn (35 ft-lb) 

Wire terminals to starter 
M5 5 Nrn (44 in-ib) 
M6 7 Nm (62 in-ib) 
ME 13 Nrn (10 ft-lb) 
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Solenoid switch, removing and installing 
- Remove starter as described previously. 

- Disconnect field winding strap between starter motor and 
solenoid switch. 

NOTE- 
I f  the field winding strap is damaged or burned, a new or 
rebuilt starter motor is needed. 

< Remove solenoid switch mounting screws (arrows), and 
separate solenoid from starter. 

Unhoolc solenoid plunger from lever in starter drive 

- Installation is reverse of removal. Lubricate solenoid piston 
with light grease. 

CAUTION- 
When installing field winding strap to starter, position itso that 
it does not contact the starter body. 

Tightening torque 

Field strap to starter 13 Nm (10 ff-lb) 
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This repair group covers service and repair of the Bosch and 
Siemens engine management systems used on 1997 
through 2002 E39 models. Additional engine management 
service and repair information may also be found in the fol- 
lowing repair groups: 

0 020 Maintenance 

120 Ignition System 

160 Fuel Tank and Fuel Pump 

610 Electrical Component Locations 

OBD On Board Diagnostics 

NOTE- 
Camshaft position sensor, crankshaft speed sensor and 
knoclc sensors are covered in 120 Ignition System. 

Table a. Engine management system applications - - ~ ~ 

1 ~odellmodel year / Engine IDME system 
I - I 

5281, 1997-1 998 IM52. 2.8 liter ISiemens MS 41 .I 
I 1 

528i. 1999ZO00 1 ~ 5 2  TU, 2.8 liter ]siemens MS 42.0 
I I 

5251, 2001-2002 1 ~ 5 4 ,  2.5 liter 1 Siemens MS 43.0 
I I 

530i, 2001-2002 1 ~ 5 4 ,  3.0 liter ISiemens MS 43.0 

5401 1999-2001 1 ~ 6 2  TU, 4.4 liter l~osch  ME 7.2 

I 

OBI) II software and hardware is incorporated in the engine 
management control systems. The OED II system monitors 
components that influence exhaust and evaporative emis- 
sions. If a problem is detected, the OED I1 system stores the 
associated fault code and condition. 

540i. 1997 

4 If vehicle emission levels exceed 1.5 times Federally mandat- 
ed criteria, the OED II system illuminates a malfunction indi- 
cator light (MIL) in the instrument cluster. 

For the E39 cars covered by this manual, three different 
MIL symbols were used, depending on year and model. 
See illustration. 

When faults arise, or if the malfunction indicator lamp (MIL) is 
illuminated, begin troubleshooting by connecting BMW ser- 
vice tester DISplus, MoDiC, GTl or equivalent scan tool. The 
capabilities of OBD II software has the potential to save hours 

540i. 1998 IM62, 4.4 liter /Bosch M5.2.1 

M62, 4.4 liter Bosch M5.2 
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of diagnostic time and to help avoid incorrect component re- 
placement and possible damage to system components. 

NOTE- 
* Professional diagnostic scan tools available at the time of 

this printing include the BMW factory tools and a small 
number of aftermarket BMW-specific tools. The CS2000 
from Baum Tools Unlimited, the Retriever from Assenma- 
chef Specialty Tools, and the MT2500 from Snap-on are 
three examples. 
In addition to the BMW-specific professional line of scan 
tools, there are inexpensive generic OBD I1 scan tool soft- 
ware programs and handheld units available. Although 
these tools have limited capabilities as compared to the 
dedicated tools, they are powerful diagnostic tools. 
For the DIY owner, simple aftermarltet DTC readeris avail- 
able through http://www.pealteresearch.com. This tool is 
capable of checlting for DTCs as well as turning off the il- 
luminated MIL and resetting the service indicator lights. 

Tools and test equipment 

If the equipment required to do the job is unavailable, it is rec- 
ommended that these repairs be left to an authorized BMW 
dealer or other qualified BMW repair facility. 

4 Low current test light ("noid") 
(Tool No. Baum 11 15a) 
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Factory DTC scan tool 
(Tool No. BMW DISplus / GTl / MoDiC Ill) 

4 Fuel line plugs 
(Tool No. BMW 13 5 281 1 13 5 282) 

I 

4 Fuel line clamp 
(Tool No. BMW 13 3 010) 

4 Fuel rail to pressure gauge fitting 
(Tool No. BMW 13 5 220) 
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Warnings and cautions 

For personal safety, as well as the protection of sensitive 
electronic components, adhere to the warnings and cautions 
on the following pages. 

WARNING- 
Gasoline is highly flammable and its vapors are explosive. 
Do not smoke or work on a car near heaters or other fire 
hazards when diagnosing and repairing fuel system prob- 
lems. Have a fire extinguisher available in case of an emer- 
gency 

Renew fuel system hoses, clamps and O-rings any 
time they are removed. 

When working on an open fuel system, wear suitable 
hand protection, as prolonged contact with fuel can 
cause illnesses and skin disorders. 

* The ignition system produces high voltages that can be 
fatal. Avoid contact with exposed terminals. Use ex- 
treme caution when working on a car with the ignition 
switched on or the engine running. 

CAUTION- - Disconnecting the battery may erase fault code($ storedin 
memory Check for fault codes prior to disconnecting the 
battery cables. Read the battery disconnection cautions in 
001 General Warnings and Cautions. 

a Connect and disconnect the DME system wiring and 
1 test equipment leads only when the ignition is switched 

off. 

Wait at least 1 minute after turning off the ignition be- 
fore removing the engine control module (ECM) con- 
nector. If the connector is removed before this time, 
residualpower in the system relay may damage the 
control module. 

Fuel system cleaners and other chemical additives oth- 
er than those specifically recommended by BMW may 
damage the catalytic converter, the oxygen sensor or 
other fuel supply components. 

* Do not connect any test equipment that delivers a 12- 
volt power supply to terminal 15 (+) of the ignition coil. 
The current flow may damage the ECM. In general, 
connect test equipment only as specified by BMW or 
the equipment maker. 

Only use a digital multirneter for electrical tests. Only 
use an LED test light for quiclc tests. 
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Fuel supply to the injection system is provided by a high pres- 
sure electric pump mounted inside the fuel tank. The pump is 
powered via the fuel pump relay. If the relay is faulty, the fuel 
pump will not run and the engine will not start. 

NOTE- 
* Fuel delivery volume and fuel pressure are critical to prop- 

er operation. Fuel pressure direcfly influences fuel deliv- 
ery 
Fuel pump relay, fuel pressure and fuel volume tests are 
given in 160 Fuel Tank and Fuel Pump. 

Relieving system fuel pressure 

The fuel system retains fuel pressure in the system when the 
engine is off. To prevent fuel from spraying on a hot engine, 
system fuel pressure should be relieved beforedisconnecting 
fuel lines. One method is to tightly wrap ashop towel around a 
fuel line fitting and loosen or disconnect the fitting. Cleanli- 
ness is essential when working with fuel components. Thor- 
oughly clean the unions before disconnecting fuel lines. 

When system faults are detected, a diagnostic trouble code 
(DTC) is stored in the engine control module (ECM). The MIL 
also iiluminates if an emissions-related fault is detected 

When faults arise, or if the malfunction indicator lamp (MIL) is 
illuminated, begin troubleshooting by connecting BMW ser- 
vice tester DISplus. MoDiC, GTI or equivalent scan tool. The 
capabilities of OBD II software has the potential to save hours 
of diagnostic time and to help avoid incorrect component re- 
placement and possible damage to system components. 

CAUTION- - The tests in this section may set fault codes (DTCs) in the 
ECM and illuminate the MIL. Affer all testing is completed, 
access and clear DJC fault memory using an OED I1 or 
BMW compatible scan tool. See OBD On-Board Diag- 
nostics. 

0 Only use a digital multimeter for electrical tests. . Relay positions can vary Be sure to confirm relay posi- 
tion by identifying the wiring in the socket using the wir- 
ing diagrams found in ELE Electrical Wiring 
Diagrams. 
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Working in right rear of engine compartment: 

Release interior ventilation filter cover latch (A) and re- 
move cover. 

Release plastic locking tab (6). 

Rotate duct inward (arrow) to unlock from bulk head and 
remove duct. 

Release spring lock (C) to remove lower iilter housing. 

Slide filter housing away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 

NOTE- 
OBD I1 fault memory (including an illuminated MIL) can 
only be reset using an electronic scan tool. Removing the 
connector from the ECM or disconnecting the battery will 
not erase the fault memory. 
The BMW-dedicated 20-pin diagnostic linlc connector 
(DLC) is in the right rear of the engine compartment. 
The 16-pin OBD I1 diagnostic connector (arrow) is located 
inside the car on the lower left dash panel. 

ECM relay, testing 

Fuses lor ECM In E-bbx 502130488 

4 The engine control module (ECM) relay is energized via the 
ECM and supplies battery positive (B+) power to many of the 
engine management components and subsystems. If this re- 
lay is faulty, the engine will not start. 

Relay positions can vary. Be sure to confirm relay position by 
identifying the wiring in the socket using the wiring diagrams 
in ELE Electrical Wiring Diagrams. 

NOTE- 
The ECM relay is also referred to as the DME main relay. 



130-8 

Fuel Injection 

With ignition off, remove main relay (K6300) (arrow) in 
E-box. 

- With ignition on and relay installed, check for battery voltage 
on terminal 2 (87). 

4 Check for voltage at terminal 8 (30) on relay socket. 

If battery voltage is present, relay has energized and is 
functioning correctly. 

Gmund from 6L (hot ~ 4 t h  k ~ y  key in 
E r n  2I '1 on position) 

to Fuel pump RdiWt Rd from Battery 
and other 
system components 

S O Z I ~ O ~ ~ I ~ Y  

If battery voltage is not present and all earlier tests are OK, 
relay is faulty and should be replaced. 

If battery voltage is present continue testing. 

If battery voltage is not present, check fuse 109 (80-amp 
fusible link) under passenger seat carpet. See ELE Elec- 
trical Wiring Diagrams. 

- Reinstall relay and turn ignition on. Gain access to back side 
of relay socket and check for ground on terminal 4 (85). 

If ground is present continue testing. 

If ground is not present, signal from ECM is missing. Check 

NOTE- 
I f  no faults are found during testing but power is not reaching 
the ECM or other components, check the fuses in the fuse 
carrier X8680 in the E-box. 

wire between ECM and relay. 
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Mass air flow (MAF) sensor, 
checking and replacing 

4 The hot film mass air flow (MAF) sensor (arrow) sends a 
varying voltage (approx. 0.5 - 4.5 vdc) to the ECM represent- 
ing the measured intake air. The air mass input signal is pro- 
duced electronically by the MAFsensorusing a heated metal 
film in the air flow stream. 

The ECM relay provides the operating voltage to the MAF 
sensor. As air flows through the MAF sensor, the film is - 
cooled. To maintain the film at a constant temperature, addi- 
tional heating current is necessary. It is this additional current 
that is the basis for the input signal. 

If there is no output signal from the MAF sensor, the ECM op- 
erates the engine using throttle position and engine rpm in- 
puts. A faulty MAF sensor illuminates the MIL. 

A faulty MAF sensor can produce the following problems: 

Difficult to restart when engine is hot. 

Engine starts then stalls. 

Engine starts and runs only with accelerator pedal de- 
pressed. 

Disconnect electrical harness connector from MAF sensor 
(arrow). 

- Turn ignition on and check for voltage and ground at connec- 
tor. 

There should be ground at pin 1 and battery voltage at pin 
3. 

If any faults are found, check for wiring breaks between 
MAF sensor and ECM and between MAF sensor and ECM 
relay. 

NOTE- 
Visually inspect the sensor for damage, missing or blocked 
screens. The screens affect air flow calibration. Also inspect 
the sealing O-rings where the sensor inserts into the air filter 
housing and intake boot. Ensure the pin connections are 
clean and tight. 

4 Connect a BMW-compatible scan tool or an OBD II generic 
scan tool. Check air mass signal (load signal) with the engine 
at idle. Raise idle speed and check that load signal changes 
with rpm. 

CA UTIOI\C 
Be sure ignition is OFFbefore disconnecting or reconnecting r 

1 DME svstem components. 1 
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Remove MAF sensor: 

Release clips from air filter housing (A). 

Disconnect harness connector (B). 

Loosen intake boot clamp (C) and remove MAF sensor. 
Note large sealing O-rings. 

Installation is reverse of removal. 

No adjustment to MAF sensor is possible. 

Check intake hoses for cracks and vacuum leaks. 

Engine coolant temperature (ECT) sensor, 
testing and replacing 

R 1 -4 The ECT sensor is located below cylinder 1 intake port 

The ECT sensor is a dual temperature sensor. One circuit 
provides coolant temperature information to the ECM while 
the other circuit provides coolant temperature information to 
the instrument cluster. 

The ECM determines the correct ignition timing and airlfuel 
mixture required for the engine by monitoring an applied volt- 
age (5 vdc) to the sensor. The voltage drop across the sensor 
varies as the coolant temperature (sensor resistance) chang- 
es. 

NOTE- 
The ECT sensor is an NTC (negative temperature coeffi- 
cient) type sensor. in other words, as the temperature rises, 
resistance through the sensor decreases. 

If the ETC sensor input is faulty or non-plausible, the MIL is il- 
luminated when OED II fault criteria are exceeded. The ECM 
assumes asubstitute value (80°C1 176°F) to maintainengine 
operation. The ignition timing is set to a conse~ativelsafe ba- 
sic setting. 

- Check ECT sensor resistance using a multimeter at sensor 
terminals. 

- 

WARNING - 
Due to risk of personal injury, be sure the engine is cold be- 
fore disconnecting or reconnecting ECT sensor. 

ECT sensor resistance @ 20" C (68°F) 2.2 - 2.7 

Temperature gauge sensor resistance @ 20°C (~B"F)(  6.7 k 
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CAUTION- 
Be sure ignition is OFF before disconnecting or reconnecting 
DME system components. 

Remove engine coolant temperature sensor: 

Unclip crankcase vent hose (C )  from cylinder head cover. 

Remove plastic cover (6) from atop intake manifold run- 
ners. 

Working under front of intake manifold, disconnect ECT 
harness. 

Unscrew ECT sensor (C) from cylinder head. 

Installation is reverse of removal: 

Use new copper sealing washers when installing sensor. 

Replace any engine coolant lost. 

Tightening torque 

Temperature sensor to cylinder head 13 Nm (10 it-lb) 

Intake air temperature ([AT) sensor, 
testing and replacing 

4 The intake air temperature (IAT) sensor (arrow) signal is 
used by the ECM to monitor intake air temperature for fuel 
and igntion adaptation. The sensor is .ocared in rne 'ntane 
man:lold behind the throttle housng. 

The ECM monitors an applied voltage (5 vdc) to the sensor 
The voltage drop across the sensor varies as the intake air 
temperature (sensor resistance) changes. 

NOJE- 
The IATsensor is an NTC (negative temperature coefficient) 
type sensor. In other words, as the temperature rises, resis- 
tance through the sensor decreases. 

If the IAT sensor input is implausible, a fault code is set.The 
MIL is illuminated when OED II fault criteria are exceeded. 
The ECM then operates the engine using only the engine 
coolant temperature (ECT) sensor input. 

The intake air temperature sensor can be tested using a mul- 
timeter across its terminals: 

/ IAT sensor resistance @ 20" C (68°F) / 2.2 - 2.7 lkCk 

~ -- ~~ - 

CAUTION-- 
Be sure ignition is OFFbefore disconnecting or reconnecting 
DME system components. 
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- Disconnect intake air boot from throttle housing. Unbolt throt- 
tle housing and lay aside. It is not necessary to disconnect 
throttle cable or electrical harness connectors from throttle 
housing. 

- Remove electrical harness connector from IAT sensor. 

- Unclip temperature sensor and remove from intake manifold. 

- Installation is reverse of removal. Use a new gasket at throttle 
housing. 

Throttle position sensor (TPS), 
testing and replacing 

4 The throttle position sensor (arrow) is located on top of the 
throttle valve housing and provides the ECM with a voltage 
value that represents throttle position (angle) and rate of 
movement. 

TheTPS is non-adjustable. If the throttle position sensor is re- 
placed, the previous 'learned' TPS settings must be cleared 
from the ECM using a BMW-compatible scan tool. 

If the throttle position sensor signal is defective, afault code is 
stored and the MILis illuminated when OBD II fault criteria are 
exceeded. The ECM still operates the engine using the mass 
air flow (MAF) sensor and engine rpm inputs. 

- Check throttle position sensor function by disconnecting har- 
ness connector and checking continuity across terminals. If 
test results are incorrect, replace throttle position sensor. The 
sensor is non-adjustable. 

Throttle ~os i t ion  sensor testina values - 
Terminals Test values 

1 and ground in harness 5 vdc (approx.) 
connector, ltey on 

1 and 3 at sensor 4.0 itR(appr0x.) 

1 and 2 at sensor Throttle plate rotated from idle to 
lull throttle, continuously variable 
from 1.0 - 4.0 1tR 

CAUTION- 
Be sure ignition is OFF before disconnecting or reconnecting 
DME svstem components. r 
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< Unplug harness connector (arrow) from sensor. 

CAUTION- 
Be sure ignition is OFF before disconnecting or reconnecting 
DME system components. 

NOTE- 
Do not confuse the throttle position sensor on the main Nirot- 
tle body with the throttle position switch on the secondary 
throttle body, where applicable. 

- Remove two mounting screws holding sensor to throttle 
housing. 

- Installation is reverse of removal. Clear adaptation settings 
from ECM using BMW-compatible scan tool. 

NOTE- 
Poor idle quality may be noticeable for a period i f  the adapta- 
tion settings are not cleared after installing new TPS. 

ldle speed control valve, 
checking and replacing 

The idle speed control valve regulates idle speed by redirect- 
inq airaround the throttlevalve.The idlespeed control valve is 
mounted on the underside of the intake manifold adjacent to 
the dipstick tube bracket. Accessing the valve is best accom- 
plished by first removing the air filter housing and the throttle 
body assembly. 

The valve issupplied with batteryvoltagefrom the ECM relay. 
The idle speed control valve incorporates a two-coil rotary ac- 
tuator. The ground sides of each coil are pulsed sirnulta- 
neously by the ECM. The duty cycle of each circuit is varied to 
achieve the required idle speed. 

Afaulty ldle speed control valve sets afault code and the MIL 
is illuminated when OED II fault criteria are exceeded. 

Before checking the idle speed control valve, confirm that the 
throttle position sensor is working correctly. 

- With engine running, check that idle speed control valve is 
buzzing. 

- Turn on AIC system or shift transmission into drive. ldle 
should remain steady or increase slightly. 
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- If idle speed valve is not buzzing, or if idle decreases when 
AIC is turned on, stop engine and disconnect harness con- 
nector from idle speed valve. 

connector 

CAUTION- 
Be sure ignition is OFFbefore disconnecting or reconnecting 
DME system components. 

Checlc resistance of valve across valve terminals. 

Idle speed control valve resistance 

Terminals 1 and 2 20 i-2Q 

Terminals 2 and 3 20 C2Q 

Terminals 1 and 3 40 C4Q 

The idle speed control valve is mounted under the intake 
manifold. Accessing the valve is best accomplished by first 
removing the air filter housing and the throttle housing. 

< Disconnect intake air boot from throttle housing. Unbolt throt- 
tle body and lay aside. Do not disconnect throttle cable or 
electrical harness connectors to throttle body. 

NOTE- 
For additional worlcing room, unfasten and lift out the com. 
plete air filter housing. 

- Working under intake manifold, disconnect electrical harness 
connector from idle speed control valve. 

Unbolt dipstick tube bracket (A) from intalte manifold. 

- Remove two bolts (B) retaining idle speed control valve to un- 
derside of intalte manifold. Remove valve from intalte mani- 
fold. Remove hose clamp and disconnect hose. 

- Installation is reverse of removal. Use new gaskets when in- 
stalling. 



Fuel injectors, checking and replacing 

The fuel injectors are electronically controlled solenoid valves 
that provide precisely metered and atomized fuel into the en- 
gine intake ports. 

The injectors receive voltage from the ECM relay. The ECM 
controls the opening by activating the ground circuit forthe in- 
jector valve solenoids. The ECM varies the duration (in milli- 
seconds) of "opening" time to regulate the airlfuel ratio. 

For a quick check of the injectors, run the engine and touch 
each injector with a screwdriver or stethoscope. You should 
feel a vibration or hear a buzzing 

Remove fuel injection harness from injectors by unclipping 
locking clip at each injector. Lift harness off injectors. 

CA U  J I O G  
Be sure ignition is OFF before disconnecting or reconnecting 
DME system components. 

Use a multimeter to test injector coil resistance between in- 
jector terminals. 

l ~ u e l  injector coil resistance 16R at 20" C (68" F) 

Disconnect negative (-) battery cable 

C A U T I O G  
Prior to disconnecting the battery, read the battery discon- 
nection cautionsgiven in 001 General Warnings and Cau- 
tions. 

4 Remove plastic trim plugs (arrows) and fasteners, then re. 
move cover from above fuel injectors. 

- Disconnect vacuum line from fuel pressure regulator. 

- Remove wiring harness duct mounting fasteners. 
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Release injector locking clips at each injector and pry injector 
wiring duct up off injectors. 

Clamp off fuel supply line and fuel return line at end of fuel 
rail. Disconnect fuel supply fuel return lines from fuel rail. 

WARNING - 
Clamp off the fuel lines and then wrap a clean shop towel 
around the lines before removing them. Residual fuelpres- 
sure is present in the lines. 

Fuel is discharged. Do not disconnect any wires that 
could cause electrical sparks. Do not smoke or work 
near heaters or other fire hazards. Keep an approved 

I fire extinguisher handy. I 

- Remove fuel rail mounting fasteners 

- Pull up on fuel rail and remove individual injectors by remov- 
ing injector retaining clip and pulling injector from rail. 

- Installation is reverse of removal. Fit new O-rings when in- 
stalling injectors. For ease of installation, lightly lubricate in- 
jector O-ring with SAE9O gear lube. 

Tightening torque 

Fuel rail to intake manifold 10 Nm (89 in-lb) 

Evaporative emissions, overview 

On E39 MS 41 . I  cars, the evaporative emissions system is 
combined with the tank ventilation system. The evaporative 
system is monitored by the ECM for correct purge operation 
and leak detection. 

The carbon (purge) canister is purged using engine vacuum 
via the purgevalve.The purgevalve (located nextto the mass 
airflow sensor) is ECM controlled and regulates the purge 
flow into the intake manifold. The valve is powered open and 
closed by an internal spring. 

If the evaporative emission valve circuit is faulty, a fault code 
is set and the MIL is illuminated when OBD II fault criteria are 
exceeded. If the valve is mechanically faulty, poor driveability 
may result and a mixture adaptation fault is stored in the 
ECM. 

The leak diagnosis pump (LDP) is activated by the ECM and 
pressurizes the fuel tank and evaporative system as apart of 
theOED I1 leakdetection monitor. If the LDP orthe LDP circuit 
is defective, afault code is set and the MIL is illuminated when 
OBD I1 fault criteria are exceeded. The LDP is mounted the 
left rear wheel well behind the fender liner. 
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NOTE- 
The 1998 5281' with MS 41.1 requires a barometric pressure 
sensor input signal for activation of the LDP check. This sen- 
sor is located on the passenger side strut tower f o ~ l a r d  of 
ABS/ASC hydraulic unit. 

Evaporative emissions 

1. ECM 

2. Purge valve 

3. Leak detection pump (LDP) (in 
lefl rear wheel housing) 

4. Filter 

5. Liquid vapor separator 

6. Purge canister 

7. Fuel tank 

Secondary air injection, overview 

The secondary air system pumps ambient air into the exhaust 
stream afler a cold engine start to reduce the warm up time of 
the catalytic converters and to reduces HC and CO emis- 
sions. The ECM controls and monitors the secondary air in- 
jection system. The secondary air pump operates at a start 
temperature of between 10°C (50°F) and 40°C (104°F) and 
continues to operate for a maximum of 2 minutes at idle 
speed. 

The electric air pump draws in ambient air and supplies it to 
the divertervalve. The vacuum ventvalve (solenoid) switches 
vacuum to open the divertervalve when activated by the 
ECM. Once opened, the diverter valve allows air to be 
pumped into the exhaust stream. 
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Secondary air injection 

1. Secondary air pump (in right 
front wheel housing) 

2. Secondary air vacuum vent 
valve solenoid (on intake mani- 
fold) 

3. Secondary air check valve 

4. Intake manifold 

5. Exhaust manifolds 

6. Diverter valve (at exhaust mani- 
fold) 

Engine control module (ECM), 
removing and installing 

The ECM uses stored functions and processing programs to 
process the input signals from the sensors. These input sig- 
nals are used to calculate the control (output) signals to the 
actuators (e.g., ignition coils, injectors). 

NOTE- 
Consult an authorized BMW dealer before replacing the 
ECM. 

- Disconnect negative (-) battery cable. Wait approximately 
one minute. 

Prior to disconnecting the battely, read the battery discon- 
nection cautions in 001 General Warnings and Cautions. 

Access engine control module (ECM): 

Release interior ventilation filter cover latch (A) and re- 
move cover. 

Release plastic locking tab (B). 

Rotate air duct inward (arrow) to unloclc from bulk head 
and remove duct. 

Release spring lock (C) to remove lower filter housing. 

Slide filter housing away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 

- If testing ECM or connected components, use breakout box 
to allow tests to be made with connector attached to the 
ECM. This prevents damage to small terminals in connector. 
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- As an alternative, harness connector housing can be sepa- 

rated so that electrical checlts can be made from backof con- 
nector. 

4 If replacing ECM, disconnect control module harness con- 
nector (arrow) by releasing fastener and pivoting connector 
up and off ECM. 

CAUTION- 
Be sure ignition is OFF before disconnecting or reconnecting 
DME system components. 

- Remove ECM from retaining brackets and lift off holder. 

- Installation is reverse of removal. 

- Before attempting to start engine, use BMW service tester 
DISplus, MoDiC, GTI or equivalent: - Code replacement ECM with application information (i.e. 

engine code, transmission type, etc.). 

Align ECM to EWS (electronic immobilizer). 

Siemens MS 41.1 ECM pin assignments 

ECM pin assignments are given in Table b. For engine man- 
agement system schematics, see ELE Electrical Wiring Di- 
agrams. 

CAUTION- 
a Always wait at least one minute after turning off the ignition 

before removing the connector from the ECM. I f  the con- 
nector is removed before this time, residual power in the 
system relay may damage the ECM. 

Always connect or disconnect the control module con- 
nector and meter probes with the ignition off 

When malting checks at the ECM itself, a breakout box 
should be used to allow tests to be made with the connector 
attached to the ECM. This also prevents damage to the small 
terminals in the connector. As an alternative, the harness 
connector housing can be separated so that electrical checlts 
can be made from the back of the connector. 

Table b. Siemens MS 41.1 ECM pin assignments 

Pin 

1 

2 

3 

4 

Signal 

output 

output 

output 

qround 

Componenfffunction 

Ignition coil control, cyl. 2 

Ignition coil control, cyl. 4 

ignition coil control, cyl. 6 

Ground 

Notes 

Primary signal, ignition coil 2 

Primary signal, ignition coil 4 

Primary signal, ignition coil 6 

Ground 
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Table b. Siemens MS 41.1 ECM pin assignments (continued) 

Pin l ~ i q n a l  I Componentlfunction 1 Notes 
I - I I 

5 loutput I Fuel injector control, cyl. 2 I Pulsed ground (pulse width in ms), cyl. 2 
I I I 

6 loutput /Fuel injector control, cyi. 1 I Pulsed ground (pulse width in ms), cyl. 1 

I I I 
14 linput I Intake air temp. sensor (IAT) I Intake air temperature signal 

- 

7 

8 

9 

10 

11 

12 

13 

ground 

input 

output 

input 

input 

15 

16 

17 

18 

19 

20 

21 

22 

I - I I 

35 loutput /Secondary air injection ISecondary air inj. pump relay control 

25 

26 

27 

28 

29 

30 

31 

32 

33 

36 /output I Engine speed output IEngine speed signal 

Mass air flow sensor 

Mass air flow sensor 

instrument cluster 

Engine coolant temp. (ECT) sensor 

Not used 

Throttle position sensor (TPS) 

Not used 

input 

input 

input 

input 

output 

output 

ou t~u t  

37 1 - /Not used I 

Mass air flow sensor signal 

Mass air flow sensor signal 

Fuel consumption signal 

ECT signal 

Throttle position signal 

ground 

input 

output 

ground 

output 

output 

output 

ground 

output 

Traction control (rear engine speed signal) 

Automatic climate control 

Not used 

Electronic immobilizer control (EWS) 

Auto. climate control (AIC on input) 

instrument cluster 

Camshaft actuator control (VANOS) 

Fuel iniector control, cvl. 3 

AES/ASC module 

Automatic climate control 

instrument cluster (CARE signal) 

Camshaft actuator (VANOS), switched ground 

Pulsed ground (pulse width in ms), cyl. 3 

Oxygen sensor heater (no. 1 in front of catalytic 
converter) 

Power supply (terminal 30) 

Idle speed control valve 

Ground 

Ignition coil control, cyl. 1 

Ignition coil control, cyl. 3 

Ignition coil control, cyl. 5 

Ground 

Fuel injector control, cyl. 5 

Oxygen sensor heater ground 

Battery voltage (E+) at all times 

Pulsed ground-open signal (See pin 53) 

Ground 

Primary signal, ignition coil 1 

Primary signal, ignition coil 3 

Primary signal, ignition coil 5 

Ground 

Pulsed ground (pulse width in ms), cyl 5 
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Table b. Siemens MS 41.1 ECM pin assignments (continued) 

Pin lSiqnal 1 Componentlfunction / Notes 
I - I I 

40 1 ground /Crankshaft position sensor /crankshaft position sensor control 
I - I I 

41 1 ground /Camshaft position sensor (CMP) /shielding for CMP sensor 
I - I I 

42 1 ground I~hrott ie position sensor (TPS) /TPS ground 

43 

44 

45 

46 

47 

48 

49 

50 

51 

ground 

output 

output 

output 

outout 

I I I 

input 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

Camshaft position sensor (CMP) 

Throttle position sensor (TPS) 

Throttle position sensor (traction control) 

Instrument cluster 

Not used 

Crankshaft position sensor (Hall effect) 

I ~ o t  used 

I I I 

Fuel pump relay control 

Camshaft positionlrpm sensor control 

Voltage supply to TPS (5 vdc) 

ABSIASC module 

Instrument cluster, fuel reserve signal 

Crankshaft position sensor control 

Power supply (terminal 15) 

Not used 

Not used 

output 

input 

ground 

ground 

output 

input 

output 

inputloutput 

ground 

output 

input 

input 

input 

I I 

Battery voltage with key on or engine running 

Oxygen sensor signal ground 67 

Idle speed control valve 

Power supply 

Oxygen sensor heater (no. 2 in front catalytic 
converter) 

Ignition circuit 

Knock sensor (cyl. 1-3) 

Knock sensor (cyl. 1-3) 

Knock sensor (cyl4-6) 

Data linic connector (TxD) 

Oxygen sensor heater (no. 2 behind catalytic 
converter) 

Secondary air injection 

Knock sensor (cyl. 4-6) 

Camshaft positionlrpm sensor 

Camshaft positionlrpm sensor 

Not used 

Pulse ground with engine at normal temperature with 
varying engine load 

68 

Pulsed ground-close signal (see pin 26) 

Battery voltage from main relay (terminal 87) 

Oxygen sensor heater ground 

Ignition circuit monitoring signal 

Knock sensor 

Knock sensor signal 

Knock sensor 

Diagnostic TxD (transmit) signal to pin 18 in data link 
connector 

Oxygen sensor heater ground 

Secondary air injection control valve 

Knocic sensor signal 

Camshaft positionlrpm sensor control 

Camshaft positionlrpm sensor control 

ground Oxygen sensor (no. 1 in front of catalytic 
converter) 

output Evaporative purge valve control 
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Table b. Siemens MS 41.1 ECM pin assignments (continued) 

85 

86 

87 

88 

CAN-Bus low 

CAN-Bus high 

Power supply 

Diagnostic connector (TxD) 

inputloutput 

inpuWoutput 

input 

input output 

Automatic transmission control module (AGS) 

Automatic transmission control module (AGS) 

Battery voltage from main relay terminal 87 

Diagnostic TxD signal to pin 17 in data link connector 
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SIEMENS MIS 42.0 AND 43.0 

When system faults are detected, a diagnostic trouble code 
(DTC) is stored in the engine control module (ECM). The MIL 
also illuminates if an emissions-related fault is detected. 

When faults arise, or if the malfunction indicator lamp (MIL) is 
illuminated, begin troubleshooting by connecting BMW ser- 
vice tester DISplus, MoDiC, GTI or equivalent scan tool. The 
capabilities of OBD I I  software has the potential to save hours 
of diagnostic time and to help avoid incorrect component re- 
placement and possible damage to system components. 

CAUTION- 
* The tests in this section may set fault codes (DTCs) in tlie 

ECM and illuminate the MIL. After all testing is completed, 
access and clear DTC fault memory using an OBD I/ or 
BMW compatible scan tool. See OBD On-Board Diag- 
nostics. 

Only use a dgital multimeter for electrical tests. 

Relay positions can vary. Be sure to confirm relayposi- 
tion by identifying the wiring in the socket using the wir- 
ing diagrams found in ELE Electrical Wiring 
Diagrams. 

NOTE- - OBD I1 fault memory. (including an illuminated MIL! can 
only be reset using the special scan tool. Removing the 
connector from the ECM or disconnecting the battery will 
not erase the fault memory. 
The BMW-dedicated 20-pin diagnostic linlc connector 
(DLC) is in the right rear of the engine compartment The 
20-pin DLC is discontinued on models after 6/2000. 
The 1 &pin OBD I1 diagnostic connector (arrow) is located 
inside the car on the lower left dash panel. 

The MS 42.0 and MS 43.0 systems manage the following 
functions. 

- Air: 

Idle speed valve 

Electronic throttle 

Hot film mass air flow (MAF) sensor 

Resonance-turbulence intake control 

- Fuel: 

* Fuel supply 

Running losseslnon return 

Fuel injection 
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- Ignition: 

Direct ignition 

Knock control 

4 Primary1 secondary ignition monitoring 

- Emissions: 

OBD II compliance 

Secondary air injection 

Pre- and post-catalyst oxygen sensors 

0 Electrically heated DME-mapped thermostat 

Misfire detection 

Evaporative emission control and leak detection 

Malfunction indicator light (MIL) 

Performance controls: 

Dual VANOS control 

Output of injection signal (TI) for fuel economy gauge 

Output of engine rpm (TD) for tachometer 

AIC compressor control 

0 Electric radiator cooling fan 

CAN-Bus communication 

Stability and traction system (ABSIASCIDSC) interlace 

Electronic immobilizer (EWS) 

Cruise control 

ECM programming 
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CONTROL 

RESONANCE. 
TURBULENCE 

----, 
VALVE 

CRANUSHAFT 

SECONDARY AIR 

MULTI-FUNCTION 

ROLLING CODE 
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Resonance- turbulence 

0021664 
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ECM relay, testing 

The engine control module (ECM) relay is energized via the 
ECM and supplies battery positive (Bc) power to many of the 
engine management components and subsystems. If this re- 
lay is faulty, the engine will not start. 

NOTE- 
The ECM relay is also referred to as the DME main relay 

ECM relay powers: 

ECM 

Ignition coils 

* Fuel injection 

Evaporative leak detection pump 

Idle air actuator - Camshaft sensors 

Evaporative emissions valve 

Hot film mass air flow sensor 

Fuel pump relay 

Oxygen sensor heaters 

4 Working in right rear of engine compartment: 

Release interior ventilation filter cover latch (A) and re- 
move cover. 

Release plastic locking tab (B). 
Rotate duct inward (arrow) to unlock from bulk head and 
remove duct. 

Release spring lock (C) to remove lower filter housing. 

Slide filter housing away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 

With ignition off, remove ECM relay (arrow) in electronics 
box (E-box) at rear of engine compartment, right side. 

NOTE- 
Relay locations can vary Confirm relay identification by 
matching wiring colors and terminal numbers. 
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ECM Relay 

4 Check for voltage at terminal 6 (30) at reiay socket 

If battery voltage is present continue testing. 

if battery voltage is not present, check fuse 109 (80-amp 
fusible link) under passenger seat carpet. See 610 Electri- 
cal Component Locations. 

- Reinstall relay and turn ignition on. Gain access to back side 
of reiay socket and check for ground at terminal 4. 

If ground is present continue testing. 

If ground is not present, signal from ECM is missing. Check 
wire between ECM and relay. 

- With ignition on and reiay installed, check lor battery voltage 
at terminal 2. 

If battery voltage is present, relay has energized and is 
functioning correctly. 

If battery voltage is not present and ail earlier tests are OK, 
relay is faulty and should be replaced. 

NOTE- 
I f  no faults are found during testing but power is not reaching 
the ECM or other components, check the fuses in the fuse 
carrier X8680 in the E-box. 

Mass air flow (MAF) sensor, checking and 
replacing 

4 The hot f ~ l m  mass air flow (MAF) sensor sends a varying volt- 
age (approx. 0.5 - 4.5 vdc) to the ECM representing the mea- 
sured Intake air. The alr mass input signal is produced 
electron~caily uslng an electrically heated metal fllm in the air 
flow stream. 

The ECM relay provides the operating voltage to the MAF 
sensor. As air flows through the sensor, the film is cooled. To 
maintain the film at a constant temperature, additional current 
is necessary. It is this additional current that is the basis lor 
the input signal. 

If there is no output signal from the MAF sensor, the ECM op- 
erates the engine using the throttle position and engine rpm 
inputs. A faulty MAF sensor illuminates the MIL. 
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A faulty MAF sensor can produce the following problems: 

Difficult to restart when engine is hot 

Engine starts then stalls 

* Engine starts and runs only with accelerator pedal de- 
pressed 

4 Disconnect electrical harness connector from MAF sensor 
(B). 

- Turn ignition on and checlc for voltage and ground at connec- 
tor. 

There should be ground at pin 1 and battery voltage at pin 
3. - If any faults are found, checlc for wiring breaks between 
MAF sensor and ECM and between MAF sensor and main 
DME relay. 

NOTE- 
Visually inspect the sensor for damage, missing or blocked 
screens. The screens affect air flow calibration. Also inspect 
the sealina 0-rinas where the sensor inserts into the air filter - - 
housing and intake boot. Ensure the pin connections are 
clean and tight. 

4 Connect a BMW-compatible scan tool or an OED II generic 
scan tool. Checlc air mass signal (load signal) with the engine 
at idle. Raise idle speed and checlc that load signal changes 
with rpm. 

CAUTION- 
Be sure ignition is OFFbefore disconnecting or reconnecting 
DME system components. 

Remove MAF sensor: 

Loosen intake boot clamp (A). 

Disconnect harness connector (6). 

* Release clip from air filter housing (C )  and remove sensor. 

- Installation is reverse of removal. 

No adjustment to MAF sensor is possible. 

Check intake hoses for cracks and vacuum lealts. 
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Engine coolant temperature (ECT) sensor, 
testing and replacing 

4 The ECT sensor is located below cylinder 6 intake port at the 
rear of the engine (1). 

The ECT sensor is a dual temperature sensor. One circuit 
provides coolant temperature information to the ECM while 
the other circuit provides coolant temperature information to 
the instrument cluster. 

The ECM determines the correct ignition timing and airlfuel 
mixture required forthe engine temperature by monitoring an 
appliedvoltage (5vdc) to the sensor.Thevoltage drop across 
the sensor varies as the coolant temperature (sensor resis- 
tance) changes. 

NOTE- 
The ECT sensor is an NTC (negative temperature coeffi- 
cient) type sensor. In other words, as the temperature rises, 
resistance through the sensor decreases. 

If the ETC sensor input is faulty or non-plausible, the MIL is il- 
luminated when the MIL is illuminated when OED II fault crite- 
ria are exceeded. The ECM assumes a substitute value 
(80" C 11 76'F) to maintain engine operation. The ignition tim- 
ing is set to a conservativelsafe basic setting. 

- Remove intake manifold to access ECT sensor on the M52 
TU and the M54 engines. See 113 Cylinder Head Removal 
and Installation. 

- Check ECT sensor resistance using a multimeter at sensor 
terminals. 

WARNING - 
Due to rislc of personal injury, be sure the engine is cold be- 
fore removing ECT sensor connector. 

ECT sensor resistance @ 20°C (68°F) 

CAUTIOI\C 
Be sure ignition is OFFbefore disconnecting or reconnecting 
DME svstem components. 

2.2 - 2.7 k 

4 Disconnect ECT sensor harness connector (arrow). Un- 
screw ECT sensor from cylinder head. 
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- Installation is reverse of removal: 

Use new copper sealing washers when installing sensor. 

Replace any lost coolant. 

Tightening torque 

Temperature sensor to cylinder head 13 Nm (10 ft-lb) 

Intake air temperature (IAT) sensor, 
testing and replacing 

4 The intake airtemperature (IAT) sensor, located at the top of 
I the intake manifold, adapts (fine tunes) the fuel mixture and 
i 

T 
engine timing based on varying intake air temperatures. 

i If the intaite air temperature signal is implausible, a fault code 

! is set and the MIL is illuminated when OBD I1 fault criteria are 

I exceeded. The ECM then operates the engine using the ECT 
i sensor sional inout as a back uo. 

type sensor. In other words, a> the temperature rises, resis- 
tance through the sensor decreases. 

l i d  I The IATsensor can be tested using a multimeter: 

/IAT sensor resistance at 20'C (68°F) 2.2 - 2.7 k d  

Remove engine cover by prying off plastic trim caps (arrows) 
and removing nuts below caps. 
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4 Remove electrical harness connector (arrow) from IAT sen- 
sor. 

CAUTION- 
Be sure the ignition switch is in the off position before repiac- 
ins the intake temperature sensor. 

- Depress loclting clip on side of temperature sensor and pull 
straight out of intake manifold. 

- Installation is reverse of removal 

- Use a new sealing O-ring at base of sensor and lubricate with 
assembly lubricant for ease of installation 

MS 42.0 throttle valve assembly, replacing 

< The motor driven throttle valve for the MS 42.0 system is re- - ferred to as MDK (motor driven throttle valve). The MDK unit 
is electronically operated to regulate intake air flow by the 
ECM. 

The MS 42.0 system uses a throttle cable from the accelera- 
tor pedal to the MDK unit. The throttle cable is connected di- 
rectly to the integral pedal position sensor (PWG) in the MDK 
unit. This sensor communicates pedal position to the ECM, 
which in turn electronically regulates throttle plate position. 
The MDK pulley is linked to the throttle shaft by springs to al- 
low ASC intervention to override the driver's pedal position. 

NO TE - 
The MDIC unit is non-adjustable and must be replaced as 
a complete unit i f  found to be faulty. 
i f  replacing the MDK unit, the adaptation values stored in 
the ECM must be clearedand the new unit initialized using 
BMW special service tools. 

CAUTION- 
If the adaptation process is not completed correct& the en- 
gine wiii not start. 

- Disconnect battery negative (-) cable in luggage compart- 
ment. 

CAUTION- 
Prior to disconnecting the battern read the battely discon- 
nection cautions in 001 General Warnings and Cautions. 
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4 Remove complete air filter housing: 

Disconnect electrical harness connector on mass air flow 
sensor (A). 

Disconnect vacuum line at intake boot (B). 

Loosen Intake air duct clamp (C). 

Remove filter housing mounting screws 

Disconnect air duct and lift complete air filter housing and 
MAF sensor out of engine compartment, pulling it forward 
away from throttle housing. 

- Pull throttle cable upwards out of rubber retainer and unhoolc 
ball end of cable from throttle actuator. 

4 Remove nuts and bolts (arrows) retaining wiring harness to 
throttle housing. 

- Working at throttle housing, turn harness plug counterclock- 
wise and remove plug. 

4 Working at side of intake manifold, disconnect electrical har- 
ness connectors: 

Idle control valve (A) 

lntalce manifold resonance valve (B) 

- Disconnect electrical harness connectors at oil pressure 
sender and oil temperature sender at base of oil filter hous- 
ing. 

CO,l,> ti,, "F"bl,rl,irrm.,-AI ",",>ti 
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4 Remove dipstick guide tube: 

Disconnect wiring harness brackets from tube (A). 

Unclip fuel lines from dipstick tube (El). 

Remove lower guide tube mounting bolt (C). Pull out dip- 
stick guide tube. 

< If necessary, disconnect electrical harness connector at fuel 
tank venting valve (A). Disconnect hose at quick disconnect 
fitting (arrow). 

Working at throttle housing, turn harness plug counterclock- 
wise and disconnect. Remove throttle assembly mounting 
fasteners (arrows) and pull assembly off manifold. 

Installation is reverse of removal 

Replace sealing ring between throttle assembly and intake 
manifold. 

0 Reattach throttle assembly harness connector with care. 
Arrow on fully tightened connector must line up with corre- 
sponding arrow on throttle assembly housing. 

* Connect BMW test equipment or equivalent and carry out 
throttle plate adaptation following the on-screen directions. 

Reattach throttle cable and check cable adjustment as de- 
scribed under Throttle cable, adjusting (MS 42.0). 
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MS 43.0 throttle valve assembly, replacing 

The electronic throttle valve assembly forthe MS43.0 system 
is referred to as EDK (electronic throttle valve). There is no 
mechanical (cable) link between the accelerator pedal and 
the throttle plate. 

< The accelerator pedal module (PWG) at the pedal assembly 
communicates the pedal position directly to the ECM. The 
module provides two variable voltage signals (via two Hail 
sensors) to the ECM for pedal position and rate of movement. 

NOTE- 
The EDK unit is non-adjustable and must be replaced as a 
complete unit i f  found to be faulty 
I f  replacing the EDK unit, the adaptation values stored in 
the ECM must be cleared and the new unit initialized using 
BMW special service tools. 

CAUTIOIG 
I f  the adaptation process is not completed correctk the en- 
qine will not start 

- Disconnect battery negative (-) cable in luggage compart- 
ment. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

< Remove complete air filter housing: - Disconnect electrical harness connector on mass air flow 
sensor (A). 

Disconnect vacuum line at intake boot (6). 

Loosen intaite air duct clamp (C). 

Remove filter housing mounting screws. 

Disconnect air duct and lift complete air filter housing and 
MAF sensor out of engine compartment, pulling it forward 
away from throttle housing. 
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4 Remove nuts and bolts (arrows) retaining wiring harness to 
throttle housing. 

- Working at throttle housing, turn harness plug countercloclc 
wise and remove. 

4 Working at side of intake manifold, disconnect electrical bar- 
ness connectors: 

Idle control valve (A) 

Intake manifold resonance valve (B) 

- Disconnect electrical harness connectors at oil pressure 
sender and oil temperature sender at base of oil filter hous- 
ing. 

4 Remove dipstick guide tube: 

Disconnect wiring harness brackets from tube (A) 

Unclip fuel lines from tube (B). 

Remove lower guide tube mounting bolt (C). 

Pull out dipstick guide tube. 
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4 If necessary, disconnect electrical harness connector at fuel 

tank venting valve (A). Disconnect hose at quick disconnect 
fitting (arrow). 

< Worlting at throttle housing, turn harness plug counterclock- 
wise and disconnect. Remove throttle assembly mounting 
fasteners (arrows) and pull assembly off manifold. 

- Installation is reverse of removal. 

0 Replace sealing ring between throttle assembly and intake 
manifold. 

Reattach throttle assembly harness connector with care. 

0 Arrow on fully tightened connector must line up with corre- 
sponding arrow on throttle assembly housing. - Use BMW scan tool to reset ECM adaptation values. 
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Throttle cable, adjusting (MS 42.0) 

The throttle assembly on MS 42.0 cars uses a throttle cable. 
The cable should be adjusted any time it is disconnected or 
replaced. This procedure requires the factory scan tool or an 
equivalent to read and adjust throttle angle. It is recommend- 
ed the procedure be done by an authorized BMW dealer ser- 
vice department 

Basic adjustment: 

Ensure that at idle (accelerator pedal in rest position) throt- 
tle cable has detectable play at throttle lever attaching 
point. Play must not exceed maximum allowable. 

Adjust by turning knurled adjuster (arrow) on end of throt- 
tle cable sheath at throttle housing. 

NOTE- 
Faulty throttle adjustment values must be reset using the 
BMW service tester DISplus, MoDiC, GTI or equivalent. 

Max. play at throttle plate lever 

ldle speed control valve, 
checking and replacing 

3 mm (0.125 in) 

The Idle speed control valve regulates Idle speed by red~rect- 
ing air around the throttle valve. The ldle speed control valve 
is mounted d~rectly above the throttle housing. Accessing the 
valve is best accomplished by flrst removing the air fllter 
housing and associated ducting. 

Thevalve is supplied with batteryvoltage from the ECM relay. 
The idle speed control valve incorporates a two-coil rotary ac- 
tuator. The ground sides of each coil are pulsed simulta- 
neously by the ECM. The duty cycle of each circuit is varied to 
achieve the required idle speed. 

A faulty idle speed control valve sets a fault code and the MIL 
is illuminated when OED II fault criteria are exceeded. 

Before checking the idle speed control valve, confirm that the 
throttle position sensor is working correctly. 

- With engine running, check that idle speed control valve is 
buzzing. 

- Turn on AIC system or shift transmission into drive. ldle 
should remain steady or increase slightly. 

- If idle speed valve is not buzzing, or if idle decreases when 
AIC is turned on, stop engine and disconnect harness con- 
nector from idle speed valve. 
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Check resistance of valve across valve terminals 

Idle speed control valve coil resistance 

Terminals 1 and 2 20 i2.0. 

Terminals 2 and 3 20 i2.0. 

Terminals 1 and 3 40 i4.0. 

CAUTIOIG 
Be sure ignition is OFFbefore disconnecting or reconnecting 
DME system components. 

- To remove valve, remove cable bracket mounting bolt and 
idle speed control valve mounting bracket bolts from front of 
throttle housing and remove idle speed control valve with at- 
tached bracket. 

NOTE- 
When installing idle speed control valve, remove intake boot 
sealing ring from valve and install into intake air boot. Then 
install valve info sealing ring. 

Evaporative emissions control diagrams 

MS 42.0 (LDP) 
,-a"- 

Evaporative emissions control, 
(MS 42.0, MS 43.0) 

E39 models with MS 42.0 or MS 43.0 engine are equipped 
with a fuel system evaporative pressure leak diagnosis sys- 
tem. The main component of this system is the leak diagnosis 
pump (LDP or DM-TL). The function of either system is to 
pressurize the fuel tank and the evaporative emission system 
for the purpose of detecting leaks. 



130-40 

Fuel Injection 

Engine control module (ECM), 
removing and installing 

The ECM uses stored functions and processing programs to 
process the input signals from the sensors. These input sig- 
nals are used to calculate the control (output) signals to the 
actuators (e.g., ignition coils, injectors). 

NOTE- 
Consult an authorized BMW dealer before replacing the 
ECM. 

- Disconnect negative (-) battery cable. Wait approximately 
one minute. 

CAUTION- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions in 001 General Warnings and Cautions. 

4 Access engine control module (ECM): 

Release interlor ventilation filter cover latch (A) and re- 
move cover. 

Release plastic loclting tab (B). 

Rotate air duct inward (arrow) to unloclt from bulk head 
and remove duct. 

Release spring lock (C) to remove lower filter housing. 

Slide f~lter hous~ng away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 

- If testing ECM or connected components, use breakout box 
to allow tests to be made with connector attached to ECM. 
This prevents damage to small terminals in connector. 

- - As an alternative, harness connector housing can be sepa- 
rated so that electrical checks can be made from back of con- 
nector. 

4 If replacing ECM, disconnect control module harness con- 
nector (arrow) by releasing fastener and pivoting connector 
up and off ECM. 
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Working inside E-box, disconnect ECM harness connector 
(arrow) by releasing fastener and pivoting connector up and 
off ECM. 

CA U T I O W  
Be sure ignition is OFF before disconnecting or reconnecting 
DME system components. 

Remove ECM from retaining brackets and lift off holder. 

Installation is reverse of removal 

Before attempting to start engine, use BMW service tester 
DISplus, MoDiC, GTl or equivalent: 

* Code replacement ECM with application information (i.e 
engine code, transmission type, etc.). 

Align ECM to EWS (electronic immobilizer). 

Siemens MS 42.0 and MS 43.0 
ECM pin assignments 

ECM pin assignments are given in Table c. For engine man- 
agement system schematics, see ELE Electrical Wiring Di- 
agrams. 

/ CAUTIOW I 
A l ~ a y s  wait at least one mfnule after turning off the ignition 
before remov;ng [he connecror irom rhe ECM. If the con- 
nector is removed before this time, residual power in the 
system relay may damage the ECM. 

Always connect or disconnect the control module con- 
nector and meter probes with the ignition off. 

When making checks at the ECM itself, a breakout box 
should be used to allow tests to be made with the connector 
attached to the ECM. This also prevents damage to the small 
terminals in the connector. As an alternative, the harness 
connector housing can be separated so that electrical checks 
can be made from the back of the connector. 

Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments 

Pin lslgnal l~om~onentlfunction 1 Notes 

Connector X60001 9-pin black 

1 loutput I~erminai 15 I Unloeder relay terminal 15 

2 I 1 Not used I 
3 Not used 

4 Ground Ground Ground point 
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I ' I 
- 

I 
9 / l n ~ u t  l~o l taqe supply I Fuse carrier, engine electronics 

Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments (continued) 

I ' I 
. 

I 

Connector X60002 24-pin 

1 linput IHeater, precatalyst oxygen sensor 1 I Heated oxygen sensor 1 in front of cat. conv. 

I I I 

18 llnout IHeater, post-catalyst oxygen sensor 2 ]Heated oxygen sensor 2 behind cat. conv. 

Notes 

Ground connector 

Ground connector 

B+ terminal 

Fuse carrier, engine electronics 

Pin 

5 

6 

7 

8 

I I I 

4 loutput l~hrott le valve supply (MS 42.0) I~hrott le valve (MS 42) 

Signal 

Ground 

Ground 

Input 

lnout 

19 

20 

21 

22 

23 

24 

Connector 

1 

2 

3 

I I I 

5 1 lnput ISignal, intake camshaft position sensor /camshaft position sensor 1 

Componentlfunction 

Ground 

Ground 

Terminal 30 

Voltaae SUDP~V 

input 

Ground 

Ground 

Ground 

Input 

Ground 

X60003 52-pin 

Input 

Input 

~ - 

Heater, post-catalyst oxygen sensor 2 

Ground, precatalyst oxygen sensor 1 

Ground, precatalyst oxygen sensor 2 

Ground, post catalyst oxygen sensor 1 

ECM (DME main) relay signal activation 

Ground, post catalyst oxygen sensor 2 

Signal, mass air flow sensor 

Signal, exhaust camshaft sensor 

Not used 

Heated oxygen sensor 2 behind cat. conv. 

Heated oxygen sensor 1 in front of cat. conv. 

Heated oxygen sensor 2 in front of cat. conv. 

Heated oxygen sensor 1 behind cat. conv. 

ECM 

Heated oxygen sensor 2 behind cat. conv. 

Hot film mass air flow sensor 

Camshaft position sensor 
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I I I 
12 llnput IFeedback signal, engine start /Starter 

Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments (continued) 

I I 
- 

I 

13 Input /I Alternator (generator) 

Notes 

Throttle valve 

Crankshaft position sensor 

Throttle valve (MS 42.0) 

Throttle valve 

Pin 

6 

7 

8 

9 

10 

11 

14 

15 

16 

17 

18 

19 

20 

I 1 -  I 

23 l ~ r o u n d  I~ round ,  intaite air temperature sensor /Intake air temperature sensor 

Signal 

Output 

Input 

Input 

Input 

I I I 

Component/function 

Not used 

Throttle valve supply potentiometer 2 

Signal, crankshaft position sensor 

Signal, pedal position sensor 2 (MS 42.0) 

Signal, throttle position sensor 1 

Not used 

Ground 

Ground 

Input 

Ground 

Ground 

Input 

Ground 

Cranltshaft position sensor 21 

24 

25 

26 

27 

28 

29 

30 

I 1 -  I 

33 1 input ISignal, cylinder 1 fuel injector /cylinder 1 fuel injector 

Ground, throttle position sensor (MS 42.0) 

Ground, exhaust camshaftsensor I 

Signal, pedal position sensor 1 (MS 42.0) 

Ground, mass air flow sensor 

Ground, intake camshaft sensor 1 

Signal, throttle potentiometer 1 

Ground, throttle position sensor 

22 loutput I~ igna l ,  intake air temperature Ilntake air temperature sensor 

I I - I 

Throttle valve (MS 42.0) 

Camshaft position sensor I 

Throttle valve (MS 42.0) 

Hot film mass air flow sensor 

Camshaft position sensor i 

Throttle valve 

Throttle valve 

Ground 

Output 

Ground 

Input 

Output 

Ground 

Output 

Ou t~u t  

Ground, crankshaft position sensor 

Knoclt sensor 31 

34 

35 

36 

37 

38 

39 

Signal, coolant temperature sensor 

Ground, coolant temperature sensor 

Signal, oil pressure 

Signal, engine oil temperature sensor 

Ground, engine oil temperature sensor 

Signal, knock sensor 

Signal, knock sensor 

32 loutput ISignal, ltnock sensor l ~ n o c k  sensor 

40 

41 

Coolant temperature sensor 

Coolant temperature sensor 

Oil pressure switch 

Oil temperature sensor 

Oil temperature sensor 

Knoclt sensor 

I<noclt sensor 

Output 

Input 

input 

Input 

Input 

Input 

Inout 

Signal, knock sensor 

Input 

Input 

Signal, cylinder 2 fuel injector 

Signal, cylinder 3 fuel injector 

Signal, cylinder 4 fuel injector 

Signal, cylinder 5 fuel injector 

Signal, cylinder 6 fuel injector 

Sianai, oil level sensor 

Cylinder 2 fuel injector 

Cylinder 3 fuel injector 

Cylinder 4 fuel injector 

Cylinder 5 fuel injector 

Cylinder 6 fuel injector 

Oil level sensor - 
Signal. VANOS inlet valve 

Signal. VANOS outlet valve 

VANOS inlet valve 

VANOS outlet valve 
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Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments (continued) 

Pin 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

Componentlfunction 

Signal, evaporative emissions valve 

Signal, throttle valve drive 

Signal, throttle valve drive 

Signal, engine coolant thermostat 

Signal, close idle speed control valve 

Signal, open idle speed control valve 

Signal, shield ltnock sensor 

Signal, resonance valve intake system 

Not used 

Not used 

Signal, secondary air injection pump valve 

Signal 

Input 

Input 

Input 

Input 

input 

Input 

Ground 

Input 

Input 

Notes 

Evaporative emissions valve 

Throttle valve 

Throttle valve 

Engine coolant thermostat (map controlled) 

idle speed control valve 

Idle speed control valve 

Shield, knock sensor 

Resonance valve intake system 

Secondary air injection valve 

Connector X60004 40-pin 

Notes 

instrument cluster control unit 

Instrument cluster control module 

Secondary air injection pump relay 

Electric (auxiliary) fan motor 

Pedal position sensor (PWG) (MS 43.0) 

Pedal position sensor (PWG) (MS 43.0) 

Pedal position sensor (PWG) (MS 43.0) 

Fuel pump relay 1 

Instrument cluster control module 

ComponenVfunction 

Signal, battery charge indicator lamp 

Feedback signal, engine start 

Signal, secondary air injection pump 

Signal, electric cooling fan 

Not used 

Not used 

Pedal position sensor (PWG) (MS 43.0) 

Signal, pedal position sensor (PWG) (MS 43.0) 

Pedal position sensor (PWG) (MS 43.0) 

Signal, fuel pump relay 1 

Signal, oil pressure switch 

Pin 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Signal 

Input 

Input 

input 

input 

Input 

Input 
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Table c. Siemens MS 42.0 and MS 43.0 ECM pin assignments (continued) 

40 

I I - . 
I - 

9 llnput /signal, ignition coil 4 I Ignition coil 4 

Not used 

1 

2 

3 

4 

5 

6 

7 

8 

Connector X60005 9-pin 

Input 

Input 

Input 

Ground 

Ground 

Input 

Input 

Signal, ignition coil 3 

Signal, ignition coil 2 

Signal, ignition coil 1 

Not used 

Ground 

Ground 

Signal, ignition coil 6 

Signal, ignition coil 5 

Ignition coil 3 

Ignition coil 2 

Ignition coil 1 

Ground connector 

Ground connector 

Ignition coil 6 

lqnition coil 5 
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When system faults are detected, a diagnostic trouble code 
(DTC) is stored in the engine control module (ECM). The MIL 
also illuminates if an emissions-related fault is detected. 

When faults arise, or if the malfunction indicator lamp (MIL) is 
illuminated, begin troubleshooting by connecting BMW ser- 
vice tester DISplus. MoDiC, GTI or equivalent scan tool. The 
capabilities of OED I I  software has the potential to save hours 
of diagnostic time and to help avoid incorrect component re- 
placement and possible damage to system components. 

CA UTIOiU- 
The tests in this section may set fault codes (DTCs) in the 
ECM and illuminate the MIL. After ail testing is completed, 
access and clear DTC fault memory using an OED I/ or 
BMW compatible scan tool. See OBD On-Board Diag- 
nostics. 

Only use a digital multimeter for electrical tests. 

Relay positions can vary. Be sure to confirm relay posi- . tion by identifying the wiring in the socket using the wir- 
ing diagrams-found in ~ ~ ~ ~ l e c t r i c a l  Wiring 
Diagrams. 

NOTE- 
OED I1 fault memory (including an illuminated MIL) can 
only be reset using~the special scan tool. Removing the 
connector from the ECM or disconnecting the battery will 
not erase the fault memory. 
The BMW-dedicated 20-pin diagnostic link connector 
(DLC) is in the right rear of the engine compartment. 
The 16-pin OBD I1 diagnostic connector (arrow) is located 
inside the car on the lower left dash panel. 
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M5.2 system features 

The Bosch M5.2 system used on 1997 540i models uses an 
88-pin control unit. The M5.2 system has the following func- 
tions and capabilities: 

Fully sequential cylinder-individual fuel injection. 

Integrated adaptive knock control. 

Oxygen sensor fuel mixture control. 

0 Self-diagnosis and emergency operation characteristics. 

CAN-Bus link. 

0 OED II functions (misfire detection, catalytic converter 
monitoring, oxygen sensor monitor, and fuel tank ventila- 
tion system). 

Electronic vehicle immobilization via EWS. 

One-touch starter function. 

Control of characteristic map thermostat. 

M5.2.1 system features 

The Bosch M5.2.1 system is used on 1998 540i models. The 
M5.2.1 control module utilizes the SKE (standard shell con- 
struction housing) with 5 connectors and a combined total of 
134 pins. 

The M5.2.1 systefn has tile following functions or capabilities: 

Separate power supply relay for ignition coils. 

Leak diagnosis pump (LDP) control and feedback rnonitor- 
ing for evaporative system leak testing. 

Fuel evaporative system providing ORVR (on-board refuel- 
ing vapor recovery) compliancy. 

Batterylalternator charge logic (idle speed varied with the 
battery state of charge). 

CAN-Bus communications with the instrument cluster 

EWS Ill "rolling code" ISN interface. 

More sensitive ignition knock sensors. 

Pulse width modulated (P-W-M) Heating and AIC (IHKA) 
status signal. 

Running loss (312-way) solenoid valve. 
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ECM relay, testing 

The engine control module (ECM) relay is energized via the 
ECM and supplies battery positive (B+) power to many of the 
engine management components and subsystems. If this re- 
lay is faulty, the engine will not start. 

CAUTIOI\C 
Relay positions can vary. Be sure to confirm relay position by 
identifying the wiring in the socket using the wiring diagrams 
in ELE Electrical Wiring Diagrams. 

NOTE- 
The ECM relay is also referred to as the DME main relay. 

ECM relay powers: 

* ECM 

Ignition coils 

Fuel injection 

Evaporative leak detection pump (5.2.1 only) 

Idle air actuator 

Camshaft sensors 

Evaporative emissions valve 

Hot film mass air flow sensor 

Fuel pump relay 

Oxygen sensor heaters 

4 Working in right rear of engine compartment: 

Release interior ventilation filter cover latch (A) and re- 
move cover. 

Release plastic locking tab (B). 

Rotate duct inward (arrow) to unloclc from bulk head and 
remove duct. 

0 Release spring lock (C) to remove lower filter housing. 

Slide filter housing away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 
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Bosch M5.2 
ECM relay 

1 HoL al ail iirnel XOL a1 ail limes 

i--[-----i F109 (BOA) 
electronics I 

L.$.....: .I: 

ECM relay . . . . . . . . . , 

8,s 

:, 

6 1 .. ... ~ ~ . ~ ~ .  . ...... .-, Engine control 
ii~~-~.~~..~ ........ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ : .  module relay 
-;I 

O f ?  

,c,;,,, 

< With ignition off, remove ECM relay (arrow) in electronics 
box (E-box) at right rear of engine compartment. 

NOTE- 
Relay locations can vary. C o n h  relay identification by 
matcliing wiring colors and terminal numbers. 

4 Check for voltage at terminal 6 of main relay socket (30-red 
wire). On M5.2 cars also check for battery voltage at terminal 
8. 

. . . . . . . . . , 

If battery voltage is present, continue testing 

. 

If battery voltage is not present, check large red wire(s) in 
relay socltet. See ELE Electrical Wiring Diagrams. 

% P , , t t  

- Reinstall relay and turn ignition on. Gain access to underside 
of relay socket and checlc for ground at terminal 4 (85-brown 
wire). 

. . . . . . . . . . . . - - - - - - - - - . - - - . . l ,,-. ; Engine i 
f .: , ; Fuse carrier 

. , A  . :engine /;is? /control L.!.!! .... 1.: ...... !.::..! 
I lij :module electronics 

If ground is present, continue testing 

If ground is not present, signal from ECM is missing. Checic 
wire between ECM and relay. 

4 With ignition on and relay installed, check for battery voltage 
at terminal 2 (87-redlwhite wire). On M5.2.1 cars also checlc 
for battery voltage at terminal 5. 

If battery voltage is present, relay has energized and is 
functioning correctly. 

If battery voltage is not present and all earlier tests are OK, 
relay is faulty and should be replaced. 
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Oxygen sensors, checking 

The oxygen sensor provides an input voltage signal [0.2 vdc 
(lean) to 0.8 vdc (rich)] to the ECM based on the oxygen con- 
tent in the exhaust gas. To generate voltage, the sensor tem- 
perature must exceed 575" F (300" C). Therefore the sensor 
is electrically heated. 

NO JE - 
The test given below is not a conclusive test of oxygen sen- 
sor efficiency and does not test how the oxygen sensor re- 
acts to changing conditions. Pin numbers and wire colors 
can vary Always check the wiring diagrams to confirm wire 
color and pin assignment. 

0 The oxygen sensorconnectorplugs are locatednext to the 
catalytic converters. 

With connector attached to sensor, connect digital voltmeter 
between A and B wires in connector. 

WARNING - 
Exhaust manifolds andpipes can be hot enough to cause se- 
rious burns. Wear suitable heavy gloves and other appropri- 
ate protection. 

NOJE- 
Connector style may vary depending on system application. 
Consult wiring diagram for system-specific wiring. See ELE 
Electrical Wiring Diagrams. 

Start engine. A fluctuating voltage signal should show on the 
meter. If voltage is incorrect, turn engine off and check pre- 
heater circuit as described below. 

NOJE- 
To check sensor response to lean and rich mixtures, create 
an air leak. 

Oxygen sensor voltage at idle 

- Connect digital voltmeterbetween sensor heaterwires (white 
wires, C and D). Start engine and check for battery voltage. 
If voltage is not present, check oxygen sensor heater fuses. 

0.2 to 0.8 vdc fluctuating 

NOJE- 
The oxygen sensor heater is powered via fusedpositive (+) 
battery voltage and a switchedground from the ECM. See 
ELE Electrical Wiring Diagrams for specific circuit informa- 
tion. 

- The ground side of the oxygen sensor heater circuit is pulsed 
on and off by the DME control module. 
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NOJE- 
With engine oft disconnect harness connector and checlc 
heating element resistance between white wires on the sen- 
sor side of harness. If the element is electrically open (no 
continuity), replace sensor. 

- If oxygen sensor does not produce a fluctuating voltage and 
preheater circuit is OK, replace sensor. 

NOJE- 
If not already applied, coat oxygen sensor threads w~ th  anti- 
seize compound before installat~on. Do not get the com- 
pound on the sensor tip. 

Tightening torque 

Oxygen sensor to exhaust system 55 Nm (41 ft-lb) 

Fuel injectors, checking and replacing 

The fuel iniectors are switched on and off (oaened and 
closed) by'the ECM. The injectors are connkcted to acom- 
mon power source. A ground signal from the ECM is used to 
open and close the injectors. 

CA U J I O G  
Use only a digital multimeter or an LED injector tester when 
testing injectors or wiring. Use of an analog VOM or incan- 
descent test light may damaqe the engine controlmodule. 

4 Remove fuel rail cover. See 110 Engine Removal and in- 
stallation. 

With the engine running, place the point of a long screwdriver 
on each injector and check for a cliclting vibration. If no vibra- 
tion is found do the voltage checit shown below. 

Injector electrical loom removal: - Loosen mounting nuts A. 

Remove ground wire C. 

Disconnect ignition coil harness D 
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4 Release spring clips (arrows) from fuel injectors and pull in- 

jector electrical loom straight up to remove. 

4 Check that ECM signal is present at injector connectors. - Connect digital voltmeter to fuel injector harness plug. 

Operate starter and check for voltage pulse. 

* Repeat for each injector. 

- Remove fuel injectors by removing retaining clips 

- Installation is reverse of removal: 

Fit new O-rings when installing injectors. For ease of instal- 
lation, lightly lubricate all fuel system O-rings with assem- 
bly lubricant. 

Check that injector electrical connections are correctly fit- 
ted and that injectors are fully seated prior to installing iuel 
rail mounting bolts. 

Mass air flow sensor (MAF), replacing 

The MAF sensor is provided with operating power from the 
ECM relay. Based on calculated intake air mass, the MAF 
generates avarying voltage (approx. 0.5 - 4.5 vdc) as an input 
signal to the ECM. 

4 Remove MAF sensor: 

Remove upper air filter housing locking clips. 

Unscrew and remove MAF sensor harness (A). 

Disconnect intake air temperature sensor harness (B). 

Loosen hose clamp (C). 

Remove upper filter housing with sensor. 

- Installation is reverse of removal 
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ldle speed control valve, 
testing and replacing 

ldle speed is maintained by the ECM through the idle speed 
control valve. The idle control function compensates for en- 
gine load and engine operating conditions. ldle speed is 
adaptive through the ECM and no adjustments can be made. 

Before checking valve, confirm that throttle position sensor is 
working correctly. 

NOTE- 
The test given below is an electrical check only. I t  does not 
check the mechanical operation of the valve. I f  the valve is 
sticking, hanging up or is sluggish in operation, substituting a 
Inown good valve is the best way to check it. 

With engine running, check that idle speed control valve is 
buzzing. 

Turn on AIC or shift car into drive. ldle should remain steady 
or increase slightly. 

If valve is not buzzing, or if idle decreases in step above, stop 
engine and disconnect harness connector from valve. 

4 Check resistance of valve across its terminals. Test values 
are listed below. 

ldle speed control valve coil resistance 

Terminals 1 and 2 20 +2% 

Terminals 2 and 3 20 +2Q 

Terminals 1 and 3 40 +4% 

NOTE- 
I f  you suspect an intermittent fault, lightly tap the valve while 
testing resistance. 

With valve harness connector disconnected, check for bat- 
tery voltage at redlwhite wire in connector with ignition on. If . ~~ ~~ 

there is no voltage, check wiring between connector and 
7 

ECM relay. See ELE Electrical Wiring Diagrams. 

NOTE- - 
The idle speed control valve receivespositive (+) battery volt- 
age from the ECM (DME main) relay 
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- If voltage is present as described above, check wiring be- 
tween ECM and valve. If no wiring faults are found, check 
ECM signal to valve. 

- When replacing idle speed control valve, clean and inspect 
all sealing areas. . Inspect sealing ring in throttle body and replace if neces- 

sary. 

Throttle position sensor (TPS), 
testing and replacing 

The throttle position sensor (arrow) is mounted on the side 
of the primary throttle housing and is directly connected to 
the throttle valve shaft. The ECM sends a voltage signal to 
the potentiometer-type sensor and monitors the voltage that 
comes back. Resistance decreases (voltage increases) as 
the throttle opens. 

NOTE- 
Do not confuse the TPS on the primary throttle housing with 
the throttle switch on the ASC secondary throttle housing. 

4 Check throttle position sensor function by disconnecting har- 
ness connector and checking across terminals. If any faults 
are found, replace throttle position sensor. 

Engine coolant temperature (ECT) sensor, 
testing and replacing 

Throttle position sensor (M62 engine) 

The ECT sensor is located on the front of the engine in the 
coolanVthermostat flange.The ECTsensor is a dual tempera- 
ture sensor. One circuit provides coolant temperature infor- 
mation to the ECM while the other circuit provides coolant 
temperature information to the instrument cluster. 

The ECM determines the correct ignition timing and airlfuel 
mixture required for the engine by monitoring an applied volt- 
age (5 vdc) to the sensor. The voltage drop across the sensor 

Test value 

5 vdc (approx.) 

4.0 kR(approx.) 

Continuously variable 
from 1.0 to 4.0 kR 
without interruption 

Test conditions 

Harness connector 
disconnected, 
ignition on 

Harness connector 
disconnected, 
ignition on 

Throttle plate 
rotated from idle to 
full throttle position 

Test Terminal 

Term. 1 at harness 
connector and ground 

Term. 1 and term. 3 at 
sensor 

Term. 1 and term. 2 at 
sensor 
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varies as the coolant temperature (sensor resistance) chang- 
es. 

NOTE- 
The ECT sensor is an NTC (negative temperature coeff- 
cient) type sensor. In other words, as the temperature rises, 
resistance through the sensor decreases. 

If the ETC sensor input is faulty or non-plausible, the MILis il- 
luminated when OBD II fault criteria are exceeded. The ECM 
assumes a substitute value (8OoC/176"F) to maintain engine 
operation. The ignition timing is set to a conservativelsafe ba- 
sic setting. 

4 Disconnect ECT sensor harness (A) 

- Checlc ECT sensor resistance using a multimeter at sensor 
terminals 3 and 4. Peel back protective boot (B) to ID termi- 
nal numbers on connector housing. 

/ ECT sensor resistance @l 2O" C (68°F) 2.2 - 2.7 kd 

WARNING - 
Due to risk of personal injug be sure the engine is cold be- 
fore disconnecting ECT harness connector. 

Sensor replacement: Disconnect ECT sensor harness (A). 

- Unscrew ECT sensor from cylinder head and install new sen- 
sor. 

Use new copper sealing washers when installing sensor. 

Replace any lost coolant. 

Tightening torque 

ECT sensor to coolant flange 13 Nm ( I0  it-lb) 
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Intake air temperature ([AT) sensor, 
testing and replacing 

Disconnect harness connector from intake air temperature 
sensor (A) at air filter housing. 

Turn ignition on. Using a digital voltmeter, check for 5 volts 
between supply voltage wire in connector and ground. If volt- 
age is not present, test ECM inputs/outputs as described lat- 
er. 

With harness connector disconnected, test resistance across 
sensor terminals. If any faults are found, replace IAT sensor. 

IAT test resistance 

0 l V  * l a c  (50" i-2°F) 7-1 1.6 k.0. 

020 '  k l ° C  (68' 322°F) 2.1-2.9 it.0. 

080"  ? l a c  (176" i-2°F) 0.27-0.40 itn 

Auxiliary throttle valve (ADS) 
(M62 and M62 TU engine), replacing 

ADS components 540i models with ASC and DSC are fitted with a motor-driv- 
en auxiliary throttle valve and housing ahead of the standard 

Throttle position switch throttle housing. The ADS throttle valve controls engine throt- 
tle intervention based on signals from the DME control mod- 
ule if road conditions, such as slipping driven wheel, warrant 
reduced engine power. 

ADS throttle housing 
Bowden cable NOTE- 

Before replacing the ADS throttle housing, read DME fault 
ADS lhroltle actualor codes. 

- ADS throttle housing replacement: 

Switch off ignition and disconnect electrical connector on 
ADS throttle body. 

Remove hose from idle control valve. 

Loosen hose clamps and remove throttle housing air in- 
take boot. 

Disconnect cable from ADS throttle body. - Unscrew 3 bolts and remove ADS throttle body. 

Installation is reverse of removal. - Adjust cable so that no free play is present. 
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Evaporative fuel system pressure leak 
diagnosis, overview (M5.2.1 only) 

1998 540i models are equipped with an evaporative fuel sys- 
tem pressure leak diagnosis system. The main component of 
this system is the leak diagnosis pump (LDP). The function of 
the LDP is to pressurize the fuel tank and the evaporative 
emission system for the purpose of detecting leaks. This sys- 
tem is capable of detecting a leak as small as 0.5 mm. 

The LDP, located in the left rear wheel housing, is a unitized 
component that contains the following: 

Vacuum chamber. 

Pneumatic pump chamber. 

DME activated vacuum solenoid 

Reed switch (provides switched voltage feedback signal to 
ECM). 

The vacuum supply line is in the wiring harness from the en- 
gine compartment and runs down the driver's side of the vehi- 
cle. 

The canister vent valve is integrated into the LDP, which is 
electrically controlled by the ECM. The canister vent valve is 
opened to provide fresh air entry into the fuel system only dur- 
ing purge operation. 

- Purge operation characteristics: 

Off idle through full throttle: purge valve opened by pulse 
width modulated (PWM) control of the ECM. PWM duty cy- 
cle varies by engine operating conditions (e.g. warm idle, 
purge valve opened slightly; cold idleldecel with engine 
temp < 67" C, purge valve always closed). 



130-59 

Fuel Injection 

:-- -i. Evaporative emissions 

1. control diagram (M5.2.1) 
i 1 
i 
I @ 1. ECM 
r.=.:-:, 

2. Purge valve 

3. Leak detection pump (LDP) 

4. Liquid vapor separator 

5. Purge canister 

6. Filter 

Bosch M5.2 ECM pin assignments 
(M62 up to 911997) 

Tabled. Bosch M5.2 ECM pin assignments 

I '  1 -  1 .  
. . - 

4 1 output / Cyl. 4 fuel injection valve I Cyl. 4 fuel injection valve (cycled ground) 

Pin 

1 

2 

3 

i I I 

7 / output I Cyl. 6 fuel injection valve I Cyl. 6 fuel injection valve (cycled ground) 

Type 

output 

output 

output 

I I , 

8 1 output I Malfunction indicator light (MIL) (USA only) I lliumlnated for exhaust gas related diagnostic trouble code 

5 

Component/function 

Oxygen sensor heater signal 

Idle speed control -closing winding 

Cvl. 1 fuel iniection valve 

Note 

DME heated oxygen sensor 1 splice 

idle speed control valve (cycled ground) 

Cvl. 1 fuel iniection valve lcvcled around) 

6 1 ground I Fuel injection valve ground 1 Ground 

output 

9 

Not used 

Not used 

11 

12 

1 3  

Cyl. 5 fuel injection valve 

10 1 input I Electronic immobilizer (EWS) / Electronic immobilizer (EWS) control unit 

input 

Heated oxygen sensor signal 

Cyl. 5 fuel injection valve (cycled ground) 

output 

input 

input 

16 

Start signal Starter relay 

N C  compressor signal 

Terminal 50 signal 

Knock sensor signal 

1 7  1 ground I Hot film mass air flow (MAF) sensor ground I Hot film mass air flow (MAF) sensor ground 

output 

Heating and A/C control module 

Ignition switch 

Knock sensor 

Intake air temperature intake air temperature sensor (voltage value) 
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Tabled. Bosch M5.2 ECM pin assignments 

Note Pin 

21 

20 I output / Crankshaft position sensor (speed and position) I Crankshaft positionlrpm sensor 

23 

I - I I 
29 1 output I Idle speed control - opening winding I Idle speed control valve (cycled ground) 

Type 

22 1 output I Cvl. 6 ignition signal (primary signal) I Cyl. 6 ignition coil (RZV adapter) 

output 

25 

26 

27 

28 

Component/function 

24 1 outout I Cvl. 7 iqnition siqnal (primary signal) I Cyl. 7 ignition coil (RZV adapter) 

output 

4 outbut 
I '  I - 
I Cyl. 3 fuel injection valve I Cyl. 3 fuel injection valve (cycled ground) 

Camshaft position sensor (cylinder reference) 

output 

input 

output 

oround 

30 

31 

32 

ground 

Hall effect camshaft position sensor 

Cyl. 3 ignition signal (primary signal) 

output I 

Cyl. 3 ignition coil (RZV adapter) 

. - . .. . . 

Cyl. 2 ignition signal (primary signal) 

Terminal 30 

Engine control module relay 

Ground for electronics and sensor shield 

output 

output 

outout 

Remaining output stages ground 
(not iclnition and fuel iniection valves) 

Cyl. 2 ignition coil (RZV adapter) 

Fuse carrier, engine electronics 

Engine control module relay 

Ground splice 

, 

Cyl. 2 fuel injection valve 

Oxygen sensor heater signal 

Cyl. 5 fuel injection valve 

Cvl. 8 fuel iniection valve 

AIC comuressor relav sianal 

Heated oxygen sensor I in front of catalytic converter, 
Heated oxygen sensor iI in front of catalytic converter 

Cyl. 5 fuel injection valve (cycled ground) 

Cvl. 8 fuel iniection valve (cycled ground) 

. - 
Not used 

Ground point 

Cyl. 2 fuel injection valve (cycled ground) 

Heatinq and AIC control module (ground - compressor OFF) 

38 Not used 

40 

39 1 I Not used 

I '  I . 
I 

I '  I - .  
I 

46 1 ground I Heated oxygen sensor signal (voltage 0.1-1.0 V) I Oxygen sensors 

41 1 inuut I Knock sensor signal I Knock sensor 

input 

I I I 

Instrument cluster 

I '  I I 

55 1 ground I Ignition ground I Ground point 

Knock sensor signal 

43 1 I Not used I 
Fuel reserve signal 42 

Throttle position sensor 

47 

48 

49 

50 

51 

52 

53 

54 

Knoclc sensor 

input 

45 1 outout I Hot film mass air flow sensor signal (0-5 V) I Hot film mass air flow sensor 

Throttle position sensor signal (0.4-4.2 V) 44 input 

output 

output 

output 

output 

output 

inout 

I - I 

Not used 

Not used 

Cyl. 1 ignition signal (primary signal) 

Cyl. 5 ignition signal (primary signal) 

Cyl. 4 ignition signal (primary signal) 

Cyl. 8 ignition signal (primary signal) 

Throttle position sensor (c 5 V voltage supply) 

Terminal 87 f>  10 V) 

ignition switch 56 

Cyl. 1 ignition coil (RZV adapter) 

Cyi. 5 ignition coil (RZV adapter) 

Cyi. 4ignition coil (RZV adapter) 

Cyl. 8 ignition coil (RZV adapter) 

Throttle position sensor 

Fuse F1 

input Terminal 15 (> 10 V) 
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I 

68 1 / Not used 

Table d. Bosch M5.2 ECM pin assignments 

I I I 
69 1 input I AIC system standby signal (> 10 V) 1 Heating and AIC control module 

Pin 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

Type 

input 

input 

input 

input 

I 

70 

72 

73 

74 

Componentlfunction 

Not used 

Not used 

Heated thermostat (characteristic map, cooling) 

Programming voltage input (voltage value) 

Signal input Evaporative emission valve 

Not used 

Fuel pump relay (ground) 

Not used 

Not used 

Not used 

Not used 

75 

76 

77 

78 

79 

80 

Note 

Characteristic map, cooling 

Data llnlc connector 

Evaporative emission valve 

Fuel pump relay 

71 1 ground I Control module ground I Ground splice 

input 

input 

81 

input 

input 

input 

input 

output 

Not used 

I 

Knock sensor signal 

Not used 

Not used 

Coolant temperature 

82 1 I Not used 

83 

I I 

Knock sensor 

Dual temperature swltch 

Not used 

Heated oxygen sensor signal (voltage 0.1-1.0 V) 

Heated oxygen sensor signal (voltage 0.1-1.0 V) 

Crankshaft position sensor signal (speed and 
position, AC voltage) 

Right rear wheel speed signal 

TD signal (engine speed) 

85 

I I I 

Heated oxygen sensor II behind catalytic converter 

Heated oxygen sensor I behind catalytic converter 

Cranitshaft positionlrpm sensor 

ABSIASC control module 

TD signal splice 

84 1 / Not used 1 
output 

88 

86 1 input-output 1 CAN-Bus high I Transmission conlrol module (AGS) 

input-output 

Injection signal 

input-output 

Integrated instrument cluster control module (IKE) 

CAN-Bus low Transmission control module (AGS) 

Data linlc TxD Data link connector 
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Bosch M5.2.1 ECM pin assignments 
(M62 from 911 997 to 911 998) 

Table e. Bosch 5.2.1 ECM pin assignments 

i I I 
5 1 I Not used 

I I I 

Note 

I I I 
7 l l n ~ u t  l~erminal 30 voltage supply I Fuse F4 

Description Pin 

Ground point right-hand drive 
Ground connector X6460 

I I I 

Signal 

Connector X60001 

Ground 4 

1 

2 

3 

Ground 

Ground point right-hand drive 
Ground connector X6460 

6 

8 

9 

1 

2 

3 

4 

5 

Not used 

Not used 

Not used 

- 
6 

7 

8 

9 

10 

11 

12 

Ground 

Input 

Connector X60002 

Output 

Input 

Input Output 

Input Output 

Grniind 

. - 

13 

14 

15 

Ground 

- .- - 

Output 

Ground 

Ground 

Ground 

Ground 

16 

17 

18 

19 

20 

21 

22 

23 

. 

Terminal 87 

Not used 

Oxygen sensor heater slgnal 

Not used 

CAN-Bus low 

CAN-BUS high 

Ground 

Output 

Input 

l n ~ u t  

Fuse F1 

Heater oxygen sensor II behind cataiytic converter 

Back up light switch 

Transmission control module (AGS) 

Transmission control module (AGS) 

Ground connector X6480 

Not used 

Oxygen sensor heater signal 

Oxygen sensor heater ground 

Oxygen sensor heater ground 

Oxygen sensor heater ground 

Oxygen sensor heater ground 

Not used 

Input 

Input 

Output 

Output 

Output 

Heater oxygen sensor I behind catalytic converter 

Heater oxygen sensor II behind catalytic converter 

Heater oxygen sensor 1 in front of catalytic converter 

Heater oxygen sensor II in front of catalytic converter 

Heater oxygen sensor I behind catalytic converter 

Oxygen sensor heater ground 

Oxygen sensor heater ground 

Oxvqen sensor heater ground 

Heater oxygen sensor iI in front of catalytic converter 

Heater oxygen sensor II behind catalytic converter 

Heater oxygen sensor 1 in front of catalytic converter . - 
Oxygen sensor heater ground 

Oxygen sensor heater ground 

Signal, running losses 

Oxygen sensor iieater ground 

Not used 

Not used 

Not used 

Terminal 85 control 

Heater oxygen sensor II in front of catalytic converter 

Heater oxygen sensor I behind catalytic converter 

Fuel changeover (312 way valve) circuit 

Heater oxygen sensor 1 in front of catalytic converter 

Engine control module relay 
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Table e. Bosch 5.2.1 ECM pin assignments 

Pin Isignal 1 Description 1 Note 

Connector X60003 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

ate alr empe 

Output 

Output 

Output 

Ground 

Ground 

Output 

Output 

Input 

Input 

Input 

Ground 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Injection signal 

Injection signal 

Signal, evaporative emission valve 

Not used 

Not used 

Ground for electronic components 

Not used 

Not used 

Hot film mass air flow sensor ground 

Throttle position sensor voltage supply 

Signal, engine coolant temperature sensor 

Hot film mass air flow sensor signal 

Throttle position sensor slider voltage 

Shield, throttle potentiometer (DK) 

Not used 

Injection signal 

Injection signal 

Not used 

Not used 

Input 

Input 

Input 

Ground 

Output 

Output 

Evaporative emission valve 

Ground point right-hand drive 
Ground connector X6460 

Hot film mass air flow sensor 

Throttle position sensor 

Signal, secondary air injection pump valve 

Terminal 30 voltage supply 

Alternator D+ (terminal 61) signal 

injection signal 

Injection signal 

Not used 

Not used 

Not used 

Not used 

Camshaft position sensor signal 

Ground 

Dual temperature switch 

Hot film mass air flow sensor 

Throttle position sensor 

Throttle position sensor 

Cylinder 8 fuel injection valve 

Cylinder 5 fuel injection valve 

Secondary air injection pump valve 

Starter 

Alternator (generator) 

Cylinder 7 fuel injection valve 

Cylinder 6 fuel injection valve 

Camshaft position sensor (Hall effect) 

Dual temperature switch 
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Table e. Bosch 5.2.1 ECM pin assignments 

Pin I ~ i q n a l  1 Description 1 Note 

I I I 
46 llnput ICrankshaft position sensor Icrankshaft positionlrpm sensor 

38 

39 

40 

41 

42 

43 

44 

45 

Ground 

Input 

Output 

Output 

Output 

Output 

Ground 

47 

48 

49 

50 

51 

Not used 

I Not used 

52 

Shield, knock sensor 

Oil level - thermal 

Injection signal 

injection signal 

Idle speed control - opening winding 

Idle speed control - closing winding 

Not used 

Ground 

Ground -- 
Ground 

Input 

Ground 

Ground 

Not used 

Knock sensor 

Oil level sensor 

Cylinder 4 fuel injector valve 

Cylinder 1 fuel injector valve 

Idle speed control valve 

Idle speed control valve 

Shield, crankshaft sensor 

5 

6 

7 

12 Not used 

Ground Intake air temperature sensor 

Connector X60004 

8 

9 

10 

11 

14 1 1 Not used I 

Shield, knock sensor 

Shield, sensor I 

Shield, sensor 3 

Shield, itnock sensor 

Input 

- 
Knoclc sensor 

Knock sensor 

Knock sensor 

Knock sensor 

Instrument cluster 

Output 

2 llnput l~erminal 30 voltage supply /Megrated instrument cluster control module (IKE) 

Alt. charge indicator signal, terminal 61 1 

Not used 

Start signal terminal 50 

Not used 

15 

16 

17 

18 

Output 

Ignition switch 

Not used 

Not used 

Activation of relay for fuel pump 

Not used 

19 

Fuel pump relay 

Output 

Not used 

I I I 
20 loutput ICARB signal /Data link connector 

Not used 

Not used 

Engine speed signal output (TD) 

Not used 

Light module 21 

Cruise control module (Tempomat) 

22 llnput I Right rear wheel speed signal /ABS/ASC or ABSIDSC control module 

Oulput Washer fluid level, brake fluid level 
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Table 

Pin 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

1 

2 

3 

4 

5 

6 

7 

8 

9 

e. Bosch 5.2.1 

Signal 

Input 

Input 

Ground 

Output 

Input- output 

Output 

Input- output 

Input- output 

Output 

Connector X60005 

Output 

Output 

Output 

Output 

Ground 

Output 

Output 

Output 

Output 

ECM pin assignments 

Description 

Not used 

Not used 

Voltage supply, terminal 15 

Not used 

Not used 

Compressor ON signal from engine control module 
(DME) 

Ground 

Not used 

Diagnosis signal TXD 

Communication link (EWS) 

Signal, leak diagnosis pump 

Not used 

CAN-Bus high 

CAN-Bus low 

Not used 

Not used 

Start signal 

Terminal 1 signal 

Terminal 1 signal 

Terminal 1 signal 

Terminal 1 signal 

Ground 

Terminal 1 signal 

Terminal 1 signal 

Terminal 1 signal 

Terminal 1 signal 

Note 

Fuse F14 

Heating and AIC control module 

Lealtage diagnosis pump 

Data iinit connector 

Electronic immobilizer (EWS) 

Leakage diagnosis pump (LDP) 

CAN link 

CAN link 

Starter relay 

Cylinder 7 ignition coil 

Cylinder 8 ignition coil 

Cylinder 2 ignition coil 

Cylinder 3 ignition coil 

Ground point 

Cylinder 1 ignition coil 

Cylinder 4 ignition coil 

Cylinder 5 ignition coil 

Cylinder 6 ignition coil 
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When system faults are detected, a diagnostic trouble code 
(DTC) is stored in the engine control module (ECM). The MIL 
also illuminates if an emissions-related fault is detected. 

When faults arise, or if the malfunction indicator lamp (MIL) is 
illuminated, begin troubleshooting by connecting BMW ser- 
vice tester DISplus, MoDiC, GTl or equivalent scan tool. The 
capabilities of OBD I I  software has the potential to save hours 
of diagnostic time and to help avoid incorrect component re- 
placement and possible damage to system components. 

CA UTIOI\C 
The tests in this section may set fault codes (DTCs) in the 
ECM and illuminate the MIL. After all testing is completed, 
access and clear DTC fault memory using an OBD I1 or 
BMW compatible scan tool. See OBD On-Board Diag- 
nostics. . Only use a digital multimeter for electrical tests. 

Relay positions can vary. Be sure to confirm relay posi- 
tion by identifying the wiring in the socket using the wir- 
ing diagrams found in ELE Electrical Wiring 
Diaqrams. 

NOTE- 
= OBD I1 fault memory (including an illuminated MIL) can 

only be reset using the special scan tool. Removing the 
connector from the ECM or disconnecting the battery will 
not erase the fault memory. 

0 The BMW-dedicated 20-pin diagnostic link connector 
(DLC) is in the right rear of the engine compartment. The 
20-pin DLC was eliminated on models after 6/2000. 
The 16-pin OBD I1 diagnostic connector (arrow) is located 
inside the car on the lower left dash panel. 
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ME 7.2 system overview 

The Bosch ME 7.2 system is used on 1999 - 2002 540i mod- 
els. 

1 4 The ME 7.2 enaine control module (ECM). located on the 

l and a combined total of 134 pins. --__-- 1 I .  9 pin connector 
1 2  3 4 5 2 24 pin connector 

0lliC;nii, 

3. 52 pin connector 

4. 40 pin connector 

5. 9 pin connector 

The ME 7.2 system has the following functions or capabilities: 

Electronic throttle control (EDK) integrates idle and cruise 
control functions. ECM carries out all throttle and idle con- 
trol functions directly via EDK system. 

Leak diagnosis pump (LDP) control and feedback monitor- 
ing for evaporative system leak testing. 

Batterylalternator charge logic (idle speed varies with bat- 
tery state of charge). 

CAN-Bus communications with instrument cluster. 

EWS 111 (3.3) "rolling code" ISN interface. 

Ignition knock sensors. 

DSC (dynamic stability control) torque reduction. 

Monitoring and control of VANOS (camshaft timing) with 
active Hail sensor for camshaft position monitoring. 

Integrated altitude sensor. 

One touch engine start control 

Single speed secondary air injection system. 

Long life spark plugs. 

IHKA auxiliary (electric) cooling fan control. 

All emissions-related ME 7.2 electrical components are mon- 
itored for faults. if driveability complaints are encountered or 
the malfunction indicator light (MIL) is illuminated, interrogate 
fault memory using a compatible scan tool. 

4 Use a break-out box for ME 7.2 system testing and diagnosis 
at the control module (break out box set: BMW special tool 
90 88 6 121 300). 

Electrically heated (characteristic map) cooling system 
DME Harness Connector thermostat. 
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0 4 The ME 7.2 uses a non-return fuel rail. The fuel pressure reg- 
ulator is integrated into the fuel filter. 

I iY.,lii,in 

4 The M62 TU engine uses a continuously variable VANOS 
system at each intake camshaft. This system enhances en- 
gine performance and reduces tailpipe emissions. Both cam- 
shafts are adjusted simultaneously within 20" (maximum) of 
the camshafts rotational axis. This equates to a maximum 
span of 40°crankshaft rotation. 

regulalor from luel pump 

NOTE- 
The fuel filter is available as a replacement part without the 
fuel pressure regulator. When replacing the fuel filter, trans- 
fer the fuel pressure regulator from the old filter to the new fil- 
ter. 

Engine idle speed control is a function of the EDK. The M62 
TU engine does not use a separate idle control valve. 

M m n  
CON,ROL 

EML 

< The M62 TU engine uses an electrically controlled throttle 
valve called EDK. The throttle plate is positioned by a DC 
gear reduction motor based on inputs signals to the ECM 
from the pedal position sensor (PWG). 

When the accelerator pedal is moved, the PWG provides a 
change in the monitored signals. The ME 7.2 control module 
compares the input signal to a programmed map and appro- 
priately activates the EDK motor via proportional pulse width 
modulated control signals. The control module self-checks its 
activation of the EDK motor via the EDK feedbaclc potentiom- 
eters. 



- -  

Fuel Injection I 
The PWG potentiometers provide DC voltage signals as in- 
put to the ME 7.2 control module for throttle and idle control 
functions. Potentiometer signal 1 is the primary signal, poten- 
tiometer 2 is used for a plausibility cross-check. 

1. Potentiometer 1 ground 
2. Potentiometer 1 power 
3. Potentiometer 2 ground 
4. Potentiometer 2 power 
5. Potentiometer 1 signal to ECM 
6. Potentiometer 2 signal to ECM 

If errors are detected between potentiometer 1 and 2, the 
ECM calculates the engine intake air mass (from MAFsensor 
signal) and only utilizes the potentiometer signal that closely 
matches the detected intake air mass. The ECM control mod- 
ule uses the air mass signal for a comparative source to pro- 
vide fail-safe operation. If the ECM cannot calculate a 
plausible conclusion from the monitored potentiometerthe 
EDK motor is switched off and fuel injection cut-out is activat- 
ed (no fail-safe operation possible). 

EDK is continuously monitored during all phases of engine 
operation. If faults are detected, the EDK motor is switched off 
and fuel injection cut off is activated. The engine continues to 
run extremely roughly at idle speed. 

EDK adaptation 

When the EDK throttle assembly is replaced, the adaptation 
values of the previous EDK must be cleared from the ME 7.2 
ECM using the BMW service testeroran equivalentscan tool. 
Once the old adaptation values have been cleared, the new 
EDK assembly should be installed and adapted as follows: 

0 Switch ignition OFF for 10 seconds. 

* Switch ignition ON. Afler approximately 30 seconds, the 
EDK is briefly activated indicating that the replacement unit 
is now adapted to the ME 7.2 system. 

NOTE- 
This EDK adaptation procedure is also necessary after re- 
placing the ME 7.2 engine control module. However, the ad- 
aptation values do not require clearing since they have not 
yet been established. 

ECM relay, testing 

The engine control module (ECM) relay is energized via the 
ECM and supplies battery positive (B+) power to many of the 
engine management components and subsystems. If this re- 
lay is faulty, the engine will not start. 

NOTE- 
The ECM relay is also referred to as the DME main relay 
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ECM relay 

- -  

CAUTION- 
Relay positions can vary Be sure to confirm relay position by 
identifying the wiring in the socl(et using the wiring diagrams 
in ELE Electrical Wiring Diagrams. 

Working in right rear of engine compartment: 

Release interior ventilation filter cover latch (A) and re- 
move cover. 

Release plastic locking tab (B). 
Rotate duct inward (arrow) to unlock from bulk head and 
remove duct. 

Release spring loclt (C )  to remove lower filter housing. 

Slide filter housing away from inner fender to remove. 

- Remove electrical box (E-box) cover fasteners and remove 
cover. 

4 With ignition off, remove main relay (arrow) in electronics 
box (E-box) at right rear of engine compartment. 

NOTE- 
Relay locations can vary Confirm relay identification by 
matching wiring colors and terminal numbers. 

4 Check for voltage at terminal 6 of main relay socket (30-red 
wire). 

If battery voltage is present, continue testing. 

If battery voltage is not present, check large red wire in re- 
lay socltet. See ELE Electrical Wiring Diagrams. 

- Reinstall relay and turn ignition on. Gain access to underside 
of relay socket and check for ground at terminal 4 (85-brown 
wire). 

If ground is present, continue testing. 

If ground is not present, switched ground signal from ECM 
is missing. Check wire between ECM and relay. 

- With ignition on and relay installed, check for battery voltage 
at terminal 2 (87-redlwhite wire). 

If battery voltage is present, relay has energized and is 
functioning correctly. 

If battery voltage is not present and all earlier tests are OK. 
relay is faulty and should be replaced. 
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Engine coolant temperature (ECT) sensor, 
testing 

The ECT sensor is located on the front of the engine in the 
coolant~thermostat flange. The ECT sensor is a dual temper- 
ature sensor. One circuit provides coolant temperature infor- 
mation to the ECM while the other circuit provides coolant 
temperature information to the instrument cluster. 

The ECM determines the correct ignition timing and airlfuel 
mixture required for the engine by monitoring an applied volt- 
age (5 vdc) to the sensor. Thevoltage drop across the sensor 
varies as the coolant temperature (sensor resistance) chang- 
es. 

NOTE- 
The ECT sensor is an NTC (negative temperature coeffi- 
cient) type sensor. In other words, as the temperature rises, 
resistance through the sensor decreases. 

If the ETC sensor input is faulty or non-plausible, the MIL is il- 
luminated when OBD II fault criteria are exceeded. The ECM 
assumes a substitute value (80" C /  176°F) to maintain engine 
operation. The ignition timing is set to a conse~ativelsafe ba- 
sic setting. 

Disconnect harness from ECTsensor (A) at coolant flange at 
front of engine. 

- Check ECT sensor resistance using a multimeter at sensor 
terminals 3 and 4. Peel back protective boot (B) to ID termi- 
nal numbers on connector housing. 

I ECT sensor resistance @ 20" C (68°F) I 2.2 - 2.7 lkCi 

Engine coolant temperature (ECT) sensor, 
replacing 

I WARNING- 
/ Due to risk ofpersonal injury, be sure the engine is cold be- I 
I fore r e p l a c i n ~ ~ ~ ~ s e n s o r .  - 

- 
I 

- Disconnect ECT sensor harness. 

- Unscrew ECT sensor from cylinder head and install new sen- 
sor. 

Use new copper sealing washers when installing sensor. 

Replace any lost coolant. 

Tightening torque 

ECT sensor to coolant flange 13 Nm (10 it-lb) 
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I Oxygen sensors, replacing 

4 Four Bosch oxygen sensors (2 precatalytic converter sen- 
sors and 2 post-catalytic converter sensors) provide a vary- 
ing voltage signal [0.2 vdc (max. lean) to 0.8 vdc (max. rich)] 
to the ME 7.2 ECM representing oxygen content in the ex- 
haust gas. 

WARNING- 
Exhaust manifolds and pipes can be hot enough to cause se- 
rious burns. Wear suitable heavy gloves and other appropri- 
ate protection. 

- Using a special oxygen sensor socltet, remove the threaded 
sensors from the exhaust system. 

- If not already applied, coat the new oxygen sensor threads 
with an anti-seize compound before installation. Do not get 
compound on the sensor tip. 

Tightening torque 

Oxygen sensor to exhaust system 50 Nm (37 ft-lb) 

Fuel injectors, removing and installing 

The ME 7.2 system uses ball seat type fuel injectors. This de- 
sign prov:des precise seal'ng when the iniector is closed 
therebv eiminalinq raw HC (unb~rned fue ) formalion in tne 
intake.-~he fuel inkctors areswitched on and off by the ECM 
at the ground side. 

- Remove plastic cover from above fuel rail. See100 Engine 
Removal and Installation. 

- Disconnected battery negative (-) cable. 

CAUTION- 
Prior to disconnecting the battea read the battery discon- 
nection cautions given at the front of this manual. See 001 
General Warnings and Cautions. 

- Remove both ignition coil covers. 

Disconnect ignition coil connectors. 

Remove left and right ignition coil ground wires, 

4 Remove fuel injector loom boxes. 

Loosen mounting fasteners (A). 

Disconnect electrical plugs (B and D). 



( Mass Air  Flow Sensor 

1" Intake air temp. (NTC) 
Sensor qround 
Reference voltage . . . -., 
f fitr mass signal I 

Fuel Injection I 
Release fuel injector locking clips (arrow). 

- Remove fuel injector loom boxes and lay to one side. 

- Remove 4 fuel rail mounting fasteners. 

4 Disconnect fuel line at quick-disconnect. To disconnect, 
press in plastic collar (arrow) and separate fuel line. 

WARNING - 
Fuel may be expelled underpressure. Do not srnol(e or work 
near heaters or other fire hazards. Keep a fire extinguisher 
handy. Before disconnecting fuel hoses, wrap a cloth around 
fuel hose to absorb anv leakinq fuel. Plug all open fuel lines. 

- Lifl fuel rail and injectors straight up to remove. 

- lnstallation is reverse of removal. Use new injector seals and 
clamps during installation. 

Mass air flow (MAF) sensor, 
removing and installing 

4 The MAF sensor is provided with operating power from the 
ECM relay. Based on intake air mass, the MAF sensor gen- 
erates a varying voltage (approx. 0.5 - 4.5 vdc) as an input 
signal back to the ECM. A separate intalte air temperature 
sensor is not used. 

- Removing MAF sensor: 

Remove upper air filter housing locking clips 

Unscrew and remove sensor harness. 

Disconnect air temperature sensor harness. 

Loosen hose clamp. 

Remove upper filter housing with sensor. 

- lnstallation is reverse of removal 



130-74 

I Fuel Injection 

Evaporative system pressure leak 
diagnosis, overview 

The M62 TU engine is equipped wlth an evaporative fuel sys- 
tem pressure leak diagnosis system. The main component of 
this system is the leakdiagnosis pump (LDP). The function of 
the LDP is to pressurize the fuel tank and the evaporative 
emission system for the purpose of detecting leaks. 

This system iscapable of detecting a lealcas small as0.5 mm. 
The LDP, located in the left rear wheel housing, contains the 
following: 

Vacuum chamber. 

Pneumatic pump chamber 

DME activated vacuum solenoid 

Reed switch (provides switched voltage feedback signal to 
DME). 

The vacuum supply line is in the wiring harness from the en- 
gine compartment and runs down the driver's side of the vehi- 
cle. 

The canister vent valve is ~ntegrated into the LDP, which IS 

electrically controlled by the ECM. The canister vent valve is 
opened to provide fresh air entry into the fuel system only dur- 
ing purge operation. 

- Purge operation characteristics: 

Off idle through full throttle: purge valve opened by pulse 
width modulated (PWM) control of the ECM. PWM duty cy- 
cle varies by engine operating conditions (e.g. warm idle, 
purge valve opened slightly; cold idleldecel with engine 
temp < 67" C. purge valve always closed). 
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Secondary air injection, overview 

The secondary air system pumps ambient air into the exhaust 
stream afteracoid engine start to reduce the warm-up time of 
the catalytic converters and to reduces HC and CO emis- 
sions. The ME 7.2 ECM controls and monitors the secondary 
air injection system. The secondary air pump operates at a 
starttemperature of between 10°C (50°F) and 40°C (104°F). 
and continues to operate for a maximum of 2 minutes at idle 
speed. 

The electric air pump draws in ambient air and supplies it to 
the checlc valve. The vacuum vent valve (solenoid) switches 
vacuum to open the checlc valve when activated by the ECM. 
Once opened, the checlc valve allows air to be pumped into 
the exhaust stream. 

4 The secondary air injection system consists of the following 
components: 

1. Secondary air pump relay 
2. Oxygen sensors 

3. Catalytic converters 
4. Electric air pump 

5. Non-return valve 
6. Vacuum vent valve 
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Bosch ME 7.2 ECM pin assignments 

Bosch ME 7.2 ECM connectors 

X60001 

X60002 

X60003 

X60004 

X60005 

Table e. Bosch ME 7.2 ECM pin assignments 

Connector X60001 

I I I 

8 1 lnput [Terminal 87 voltage supply I Fuse F1 

9-pin, Black 

24-pin, Black 

52-pin, Black 

40-pin, Black 

9-pin, Blaclc 

I I I 

9 I  NO^ used I 

Notes 

Ground connector X6460 

Ground connector X6460 

Pin 

1 

2 

3 

4 

5 

Connector X60002 

Ground connector X6460 6 

Pin /Type I Descriptionlfunction 1 Notes 

Type 

Ground 

Ground 

7 llnput l~errninai 30 voltage supply I Fuse F4 

Descriptionlfunction 

Not used 

Not used 

Not used 

Ground 

Ground 

Ground Ground 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

. . - 
Ground 

Input 

Input/ 
output 

input/ 
Output 

Ground 

Ground 

Ground 

Ground 

Ground 

Ground 

Heated oxygen sensor, heater ground 

Back-up light signal 

CAN-BUS Low 

CAN-Bus High 

Not used 

Not used 

Heated oxygen sensor, heater ground 

Heated oxygen sensor ground 

Heated oxygen sensor ground 

Heated oxygen sensor ground 

Heated oxygen sensor ground 

Not used 

Heated oxvaen sensor, heater ground 

Heated oxygen sensor II behind catalylic converter 

Baclcup light switch 

Automatic transmission control module (AGS) 

Automatic transmission control module (AGS) 

Heated oxygen sensor I behind catalytic converter 

Heated oxygen sensor II behind catalytic converter 

Heated oxygen sensor I in front of catalytic converter 

Heated oxygen sensor II in front of catalytic converter 

Heated oxygen sensor I behind catalytic converter 

Heated oxygen sensor Ii in front of catalytic converter 
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I 1 -  I 
4 /output l~em~era tu re  signal. E-box fan I E-box fan 

Connector X60002 (continued) 

14  

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Input 

Input 

Input 

Input 

Ground 

Output 

Heated oxygen sensor signal 

Heated oxygen sensor signal 

Heated oxygen sensor signal 

Heated oxygen sensor signal 

Not used 

Heated oxygen sensor, heater ground 

Not used 

Not used 

Not used 

Terminal 85 control 

Not used 

Heated oxygen sensor II behind catalytic converter 

Heated oxygen sensor I in front of catalytic converter 

Heated oxygen sensor I1 in front of catalytic converter 

Heated oxygen sensor I behind catalytic converter 

Heated oxygen sensor I in front of catalytic converter 

Engine control module relay 

Connector X60003 

Ground 

Output 

Input 

Ground 

Output 

Input 

Input 

Output 

Output 

Input 

Pin 

1 

2 

3 

Not used 

Ground for electronic components 

Voltage supply for hot film mass air flow sensor 

Signal EDK (electric throttle actuator) 

Hot film mass air flow sensor, ground 

Electric throttle actuator 

Not used 

Voltage signal, terminal 30h 

Alternator D+ (terminal 61) signal 

Injection signal 

Injection signal 

VANOS valve, signal 

Type 

Output 

Output 

Output 

Ground connector X6460 

Hot film mass air flow sensor 

Electric throttle actuator 

Hot film mass air flow sensor 

Electric throttle actuator, voltage supply 

Starter 

Alternator (generator) 

Cylinder 7 fuel injection valve 

Cylinder 6 fuel injection valve 

VANOS valve, cylinder 5-8 

Descriptionlfunction 

Injection signal 

Injection signal 

Signal evaporative emission valve 

Notes 

Cylinder 2 fuel injector valve 

Cylinder 3 fuel injector valve 

Evaporative emission valve 
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Connector X60003 (continued) 

Electric throttle actuator 25 

- 

27 

28 

29 

30 

31 

32 

33 

I I I 

36 jlnput I Knoclc sensor 2, signal 1 Knock sensor 

I I I 

Input 

26 

Output 

Output 

input 

Output 

Input 

I ' I 
. 

I 

43 1 l n ~ u t  I Electric throttle actuator, signal (Electric throttle actuator 

Ground, electric throttle actuator 

1 Not used 

Hot film mass air flow sensor 34 

- 

37 

38 

39 

40 

41 

42 

injection signal 

Injection signal 

VANOS valve, signal 

Not used 

Thermostat characteristic map, signal 

Crankshaft position sensor, signal 

Not used 

35 l ~ r o u n d  I ~ n o c k  sensor, shield 1 ~ n o c k  sensor 

Cylinder 8 fuel injection valve 

Cylinder 5 fuel injection valve 

VANOS valve, cylinders 1-4 

Characteristic map 

Crankshaft positionlrpm sensor 

input 

input 

Ground 

Input 

Output 

Output 

Innut 

Hot film mass air flow sensor, signal 

I 
44 

45 

46 

47 

48 

49 

50 

51 

52 

Connector )(GO004 

Knock sensor 4, signal 

Knock sensor, shield 

Oil level (thermal) 

Injection, signal 

Injection, signal 

Electric throttle actuator, signal 

Not used 

Ground 

Crankshaft position sensor, signal 

Not used 

Knoclc sensor, shield 

Knock sensor 1, signal 

Knock sensor 3, signal 

Knock sensor, shield 

Secondary air injection pump valve, signal 

' 

Ground 

Input 

Ground 

input 

Input 

Ground 

Input 

I '  I 
. . .  

I 
. ~ 

Knock sensor 

Knocic sensor 

Oil level sensor 

Cylinder 4 fuel injection valve 

Cylinder 1 fuel injection valve 

Electric throttle actuator 

Crankshaft sensor shield 

Crankshaft positionlrprn sensor 

Knock sensor 

Knock sensor 

Knock sensor 

Knock sensor 

Secondary air injection pump valve 

Notes 

Instrument cluster 

Integrated instrument cluster control 

Secondary air injection pump relay 

Pin 

1 

2 

3 

Electric (auxiliary) cooling fan 4 

Type 

Output 

Output 

Outout 

Descriptionlsignal type 

Charge indicator signal (terminal 61) 

Voltage signal, terminal 30h 

Secondam air pump relay, activation 

Input 

5 

Signal, electric (auxiliary) cooling fan, signal 

I ~ o t  used 
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Connector X60004 (continued) 

8 

10 

11 

12 

13 

14 

15 

16 

9 Output 0 
Input 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

39 llnput lsignal l~oo lan t  outlet temperature sensor 

Output 

Output 

Ground 

Input 

Output 

I I 
- 

I 

40 /output Istart signal Istarter relay 

Pedal position sensor (PWG), signal 

Output 

Input 

Output 

input 

Input 

Input 

Input 

Input 

Input 

input 

Input 

Output 

Input/-output 

Input/-output 

37 

Connector X60003 

Pedal position sensor 

Fuel pump relay, activation 

Oil pressure indicator 

Pedal position sensor (PWG), ground 

Pedal position sensor (PWG), signal 

Pedal position sensor (PWG), power supply 

Not used 

Not used 

Fuel pump relay 

Instrument cluster 

Pedal position sensor 

Pedal position sensor 

Pedal position sensor 

Engine speed signal output (TD) 

Not used 

Signal back-up light 

DM-TL (diagnostic module, tank leakage) 

Signal oil level sensor 

Right rear wheel speed, signal 

Clutch pedal position switch, signal 

Brake light switch, signal 

Not used 

Voltage supply, terminal 15 

Data link, MFL (multi-function steering wheel) 

Brake light test signal 

AJC compressor signal 

DM-TL (diagnostic module, tank leakage) 

Not used 

Diagnosis signal TxD 

Communication link (EWS) 

Not used 

Not used 

CAN-BUS hiqh 

38 1 Ground l ~ r o u n d  I Coolant outlet temperature sensor 

OED II plug 

Integrated instrument cluster control module (IKE) 

Light module 

ABSIDSC control module 

Clutch pedal position switch 

Brake light switch 

Fuse F14 

Airbag contact coil spring 

Brake light switch 

Heating and A/C control module 

OBD II plug 

Electronic immobilizer (EWS) 

CAN-Bus link 

CAN-Bus link Input/-output CAN-Bus low 
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Connector X60005 (continued) 

I I I 

6 /output l~erminal 1 signal ICylinder 1 ignition coil 

Cylinder 2 ignition coil 

Cylinder 3 ignition coil 

Ground point 

3 

4 

5 

7 

8 
-- 
9 

Output 

Output 

Ground 

Terminal 1 signal 

Terminal 1 signal 

Ground 

Output 

Output 

Output 

Terminal 1 signal 

Terminal 1 signal 

p 

Cylinder 4 ignition coil 

Cylinder 5 ignition coil 

Cylinder 6 ignition coil 
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Fuel Pump and Fuel Level Sender . . 160-15 
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fuel pump. removing and installing . . . . . .  160-15 
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removing and installing . . . . . . . . . . . . . . .  160-17 
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Fuel Tank and Fuel Lines . . . . . . . . . .  160-20 
Fuel tank. draining . . . . . . . . . . . . . . . . . . .  160-20 
Fuel tank. removing and installing . . . . . . .  160-21 
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and installing . . . . . . . . . . . . . . . . . . . . . . .  160-23 
Activated carbon canister I fuel tank 
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removing and installing . . . . . . . . . . . . . . .  160-24 
Running losses (312-way) valve. 
removing and installing . . . . . . . . . . . . . . .  160-24 



This repair group covers service information specifically for 
the fuel supply system. Information on the fuel injection sys- 
tem is covered in 130 Fuel Injection. 

In the descriptions and procedures given below, engine and 
engine management (DME) systems are referred to by man- 
ufacturer code. If necessary, see 100 Engine-General for 
model year, engine code, and DME applications. 

NOTE- 
Fuel filter replacement is covered in 020 Maintenance, 

Special tools 

Some of the procedures in this group require the use of 
special tools. 

I( Fuel line clamp 
13 3 010 (Tool No. BMW 13 3 01 0) 

4 Fuel pressure gauge T-fitting with shut-off valve 
(Tool No. BMW 13 5 220) 
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Fuel pump 

The electric fuel pump is mounted in the fuel tank in tandem 
with the right side fuel level sender. The fuel pump delivers 
pressurized fuel to the fuel injection system. A pressure regu- 
lator maintains system pressure. The quantity of fuel supplied 
exceeds demand, so excess fuel returns to the fuel tank via a 
return line. See 130 Fuel Injection for more information. 

NOTE- 
Fuel pump removal procedures are given under Fuel level 
sender (right side) and fuel pump, removing and install- 
ing. 

Fuel tank evaporative control system 

Evaporative control, also referred to as running losses con- 
trol, is designed to prevent fuel system evaporative losses 
from venting into the atmosphere. 

The components of this system allow control and monitoring 
of evaporative losses by the on-board diagnostic (OED II) 
software incorporated into the engine control module (ECM). 

NOTE- 
1997 V-8 models (540i) with Bosch DME M5.2 are not 
equipped with an OBD I1 running losses monitoring system. 

Fuel tank evaporative 
control system 
(models with DME MS42.0) 

4 The main components of the evaporative control system and 
their functions: 

Fuel overflow tank acts as a liquidlvapor separator 

Carbon canister stores evaporated fuel. 

Plumbing ducts vapors from fuel tank to canister and from 
canister to intake manifold. - Carbon canister purge valve is controlled by enginecontrol 
module (ECM). 
Running losses or 312-way valve (not shown) shunts ex- 
cess fuel volume directly back to fuel tank before it circu- 
lates through injector fuel rail (models with Siemens MS42 
or Bosch M5.2.1 engine management only). 
Leak detection unit (LDP or DMTL) pressurizes fuel tank 
and evaporative system to monitor system leaks (models 
with Siemens MS42 or Bosch M5.2.1 and later). 

Leak detection systems vary among models and years, and 
are further described in 130 Fuel Injection. 

NOTE - 
"3/2-way valve", 'tunning losses valve" and "fuel changeover 
valve" are used interchangeably in BMW technical literature. 
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Evaporative system troubleshooting 

- Start by accessing diagnostic trouble codes (DTCs) using a 
BMW or BMW compatible aftermarket scan tool. 

For purposes of OBD II emissions compliance, the DME 
system sets a diagnostic trouble code (DTC) when it de- 
tects a leak that is equal or larger than minimum lealc 
sensed by system. 
Malfunction Indicator Light (MIL) is illuminated upon sec- 
ond recurrence of fault. See OBD On-Board Diagnostics. 

- When leak testing, observe following conditions to obtain 
plausible results: 

Fuel tank '1, to 'I., full. 
0 Vehicle parked for at least 2 hours to allow fuel to reach 

room temperature. Ideal fuel temperature is 10"- 20°C 
(50" - 68" F). 
Do not refuel immediately before lealc test. 

- If a leak is detected, check the following areas: 

* Fuel filter cap (leaking or off). 

Fuel tank ventilation lines leaking at fuel tank or activated 
carbon canister. 

i 

Tank ventilation valve leaking (in engine compartment). 

Fuel level sensorlfuel pump cap leaking. 

Evaporative system component replacement is covered later 
in th~s group in Fuel Tank and Fuel Lines. 
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Warnings and cautions 

Observe the following warnings and cautions when servicing 
the fuel system. 

WARNING- 
* The fuel system is designed to retain pressure even when 

the ignition is off. When working with the fuelsystem, loos- 
en the fuel lines slowly to allow residual fuel pressure to 
dissipate. Avoid spraying fuel. Use shop rags to capture 
leaking fuel. 

Before beginning any work on the fuel system, place a 
fire extinguisher in the vicinity of the work area. 

Fuel is highly flammable. When working around fuel, do 
not disconnect any wires that could cause electrical 
sparks. Do not smoke or worknearheaters or other fire 
hazards. 

* Always unscrew the fuel tank cap to release pressure 
in the tanlc before working on the tank or lines. 

When disconnecting a fuel hose, wrap shop rag around 
end of hose to prevent spray of fuel under pressure. 

Do not use a work light with an incandescent bulb near 
any fuel. Fuel may spray on the hot bulb causing a fire. 

0 Make sure the worlc area is properly ventilated. 

CAUTION- - Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions an4 
Warnings. 

Before making any electrical tests with the ignition 
turned on, disable the ignition system as described in 
120 Ignition System. Be sure the battery is discon- 
nected when replacing components. 

To prevent damage to the ignition system or other DME 
components, including the engine control module 
(ECM), always connect and disconnect wires and test 
equipment with the ignition off. 

Cleanliness is essential when worl~ing with the fuel sys- 
tem. Thoroughly clean the fuel line unions before dis- 
connecting any of the lines. 

Use only clean tools. Keep removed parts clean and 
sealed or covered with a clean, lint-free cloth, especial- 
ly if completion of the repair is delayed. 

Do not move the car while the fuel system is open. 

Avoid using high pressure compressed air to blow out 
lines and components. High pressure can rupture inter- 
nal seals and gaskets. 

Always replace seals, O-rings and hose clamps. 
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Fuel pump fuse and relay 

Troubleshooting of any fuel pump fault should begin with 
checking the fuel pump fuse and the fuel pump relay. The 
DME main relay should also be checked. The fuel pump relay 
is located behind right side luggage compartment interior 
panel. 

I Fuel pump relay 

BLU =blue 
ERN = blo$,m 
GRN =groan 
GRY = grsy 
ORG =orange 
PNI< =pink 
RED =red 
VIO =violel 
WHT = wlilte 

rk-; I I 1 ECM 

I I 
I 31 8 
,._--___.I 

NOTE- 
Special tools are required for some of the tests described 
here. 

4 Fuel pump circu~t is fuse-protected. 

0 6-cylinder models with Siemens DME MS41 . I ,  MS42, V-8 
models with Bosch DME M5.2, M5.2.1 englne manage- 
ment: Fuse F54,15A (luggage compartment fuse panel) 

6-cylinder models with Siemens DME MS43 engine man- 
agement: Fuse F22,25A (glove compartment fuse panel) 

V-8 models with Bosch DME M7.2: Fuse F54,25A (lug- 
gage compartment fuse panel) 

- Fuse 31 in glove compartment fuse panel supplies power to 
coil side of fuel pump relay. Engine control module (ECM) 
supplies switched ground to relay. During starting, fuel pump 
runs as long as ignition switch is in START position and con- 
tinues to run once engine starts. If electrical system fault in- 
terrupts power to fuel pump, engine will not run. . . 

Operating fuel pump for tests 

- To operate fuel pump for testing purposes without having to 
run engine, bypass fuel pump relay to power pump directly. 

< To run fuel pump, open luggage compartment and release 
right side trim panel. 
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Remove fuel pump relay (arrow). 

4 Connect relay socitet terminal 6 (redlviolet wire) to relay 
socket terminal 2 (whitelblue wire) with a fused jumper wire. 
After completing tests, remove jumper harness. 

CA U T I O G  
Relay locations may vary Use care when identifying relays 
and making electrical checks at the fuse/relay panel. See 
610 Electrical Component Locations for additional re- 
lay information. 

The fuel pump relay has a 1.5 m d  red/violet wire at 
terminal 6 in the relay socket. Terminal2 has a 2 . 5 m d  
white/blue wire. See ELE Electrical Wiring Diagrams 
for additional wiring information. 

NOTE- 
* The fuel pump will run as soon as the jumper wire Is at- 

tached. 
The jumper wire should be 1.5 m d  (14 ga.) and include 
an in-line fuse holder with a 15A fuse. To avoid fuse/relay 
panel damage from repeated connecting and disconnect- 
ing, also include a toggle switch in the jumper harness. 

- If pump does not run with jumper installed, fault could be in 
fuel pump, fuses F31 or F22 1 F54, or wiring to pump. Check 
pump, fuses and its wiring as described below. 

Fuel pump electrical circuit, testing 

- The test given below assumes that the fuel pump relay circuit 
is functioning correctly as described earlier. Access to the 
pump is from below the rear seat bottom cushion. 

- Remove rear seat lower cushion by lifting front edge off left 
and right catches. 
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4 Disconnect harness connector from tank sending unit by 
sliding connection lock to release connector. 

Connect voltmeter between fuel pump terminals on 
connector. 

NOTE- 
Fuel pump power (+) is supplied through the white/blue wire 
Ground (-) is supplied by the brown wire. 

With jumper wire connected in place of fuel pump relay as 
described above, check for battery voltage at fuel pump 
harness connector terminals. 

If voltage and ground are present, fuel pump is probably 
faulty. If there is no voltage, check wiring between fuel pump 
and relay. 
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Fuel pump power consumption, testing 

To achieve accurate test results, the battery voltage at the 
fuel pump connector should be 12.6 volts. Charge the battery 
as necessary. 

A higher than normal power consumption may indicate a 
worn fuel pump, which may cause intermittent fuel starvation 
due to pump overheating and seizure. The only remedy is 
pump replacement. A lower than normal power consumption 
may indicate a blockage. Be sure to check that the return line 
and the pump pickup are not obstructed before replacing the 
pump. 

- Expose right side access cover: 

Peel forward lip of carpet. 
Release rubber grommet from center of access cover insu- 
lation. 

Peel back insulation at perforations to expose fuel tank ac- 
cess cover. 

Remove right side cover to expose electrical harness con- 
nector. 

Disconnect harness connector from tank sending unit by slid- 
ing lock back. Lift off connector. 

Test fuel pump for current draw by attaching digital ammeter 
between pump and harness (terminal 2, whitelblue wire) and 
connect a jumper wire between pump and harness (terminal 
1, brown wire) as shown. 

CAUTION- 
Do not allow the test leads to short to ground. 

NOTE- 
See 600 Electrical Systern-General for information on elec- 
trical tests using a digital multirneter. 

Run pump as described in Operating fuel pump for tests. 

- Compare ammeter reading with specification listed in ac- 
companying table. 

Fuel pump current 

Current consumption (average) 9.5 amps 
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Fuel pressure gauge, installing 
(6-cylinder models) 

4 Remove fuel rail cover by prying off trim covers (arrows) and 
removing nuts. 

4 If equipped, remove schraeder valve cap (arrow). Blow fuel 
back through feed line using a brief burst of compressed air 
(maximum 3 bar or 43.5 psi). 

WARNING - 
Fuel in fuel line is underpressure (approx. 3 - 5 bar or 45 - 
75psi) andmay be expelled underpressure. Do not smoke 
or work near heaters or other fire hazards. Keep a fire ex- 
tinguisher handy Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb any leaking fuel. Catch 
and dispose of escaped fuel. Plug all open fuel lines. 

Always unscrew the fuel tank cap to release pressure 
in the tank before working on the tank or lines. 

4 Attach fuel pressure gauge to BMW special tool 13 5 220 
(T-fittlng) or equivalent and attach to schraeder valve. 

WARNING - 
The fuel pressure gauge must be securely connected to pre- 
vent it from coming loose underpressure. 

CAUTION- 
When using the BMWspecial tool, use care when turning the 
T-handle in to open the schraeder valve. Screw the handle in 
just until the schraeder valve opens. Turning the handle in too 
far will damage the schraeder valve. 

NOTE- 
* The schraeder valve must be opened to the fuel pressure 

gauge connection. Either remove the valve using a stan- 
dard tire valve removal tool or use the BMW special tool 
15 5 220. 

* The fuel pressure gauge should have a minimum range of 
0 to 5 bar (0 to 75 psi). 

- For vehicles without the schraeder valve on the fuel rail, at- 
tach the fuel pressure gauge in line with the fuel supply line 
to the fuel rail. 
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Fuel pressure gauge, installing 
(V-8 models) 

Remove engine cover by pressing down on pins (arrows) to 
release cover locks. 

4 Disconnect and remove fuel supply line from lefl side of fuel 
rail by sliding loclting collar in (arrows) and pulling lines 
apart. 

NOTE- 
* ME2 TU and MS43 vehicles (1999 and later models) use a 

non-return fuel line with only one line to the fuel rafl. 
BMW uses three styles of fuellfne connections; a one-use 
clamp, a locking fitting that uses BMWspeclal tool 16 1 050 
to release, and a quick release sleeve (above) that discon- 
nects the line when depressed. 

WARNING - 
* Fuel In fuel line is under pressure (approx. 3 - 5 bar or 45 - 

75psi) and may be expelled underpressure. Do not smoke 
or work near heaters or other fire hazards. Keep a fire ex- 
tinguisher handy. Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb any lealiing fuel. Catch 
and dispose of escaped fuel. Plug all open fuel lines. 

Always unscrew the fuel tank cap to release pressure 
in the tank before workina on the tank or lines. 

< Install inline fuel pressure gauge. 

WARNING - 
The fuel pressure gauge must be securely connected to pre- 
vent it from coming loose underpressure. 

NOTE- 
The fuel pressure gauge should have a minimum range of 0 
to 5 bar (0 to 75 psi). 
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Fuel delivery, testing 

Checitino fuel d e l i v e ~  is a fundamental oart of troubleshoot- .. 
ing and diagnosing thk DME system. ~ u k l  pressure directly 
influences fuel delivery. An accurate fuel pressure gauge will 
be needed to make the tests. 

There are two significant fuel deliveryvalues to be measured: 

* System pressure - created by fuel pump and maintained 
by pressure regulator 

Residual pressure - pressure maintained in closed sys- 
tem after engine and fuel pump are shut off 

if proper system pressure and residual pressure are present, 
also check for problems in fuel delivery volume, which can be 
affected by restrictions such as clogged fuel filter or fuel pick- 
up port in the fuel tank. 

System pressure, testing 

1. Fuel pressure regulator outer seal 

4 System pressure is created by the fuel pump and maintained 

2. Vacuum line connection. 

3. Fuel pressure regulator Inner seal. 

4. Fuel flow back to fuel tank. 

5. Fuel flow from fuel pump. 

Fuel pressure regulator 

Fuel pressure regulator locations 

M52 In fuel injector rail, in engine 
compartment 

M52 TU In 312 way valve, below vehicle under 
driver seat 

by the pressure regulator. System pressure is not adjustable. 

M54 In fuel filter 

M62 to 9/97 In fuel injector rail, in engine 
compartment 

M62 from 9/97 to 9/98 In 312 way valve, below vehicle under 
driver seat 

M62 TU from 9/98 In fuel filter, below vehicle under driver 
seat 
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4 Relieve system pressure and attach a fuel pressure gauge as 
described in Fuel pressure gauge, installing (6-cylinder 
models) or Fuel pressure gauge, installing (V-8 models). 

WARNING- 
Fuel in fuel line is under pressure (approx. 3 - 5 bar or 45 - 
75psi) and may be expelled underpressure. Do not smoke 
or worlc near heaters or other fire hazards. Keep a fire ex- 
tinguisher handy Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb any leaking fuel. Catch 
and dispose of escaped fuel. Plug all open fuel lines. 

Always unscrew the fuel tank cap to release pressure 
in the tank before working on the tank or lines. 

- Operate fuel pump as described in Operating fuel pump for 
tests. Compare fuel pressure to specifications in accompa- 
nying table. 

Fuel pressure specification 

All E39 vehicles 3.5 +0.2 bar (50.76 i2.9 psi) 

- If pressure is low, repeat test while gradually pinching off re- 
turn hose to fuel tank. Pressure should rise rapidly. If not, fuel 
pump is most likely faulty. If pressure rises, the fuel pressure 
regulator is most likely faulty. 

- If pressure is too high, checlc return line from pressure regu- 
lator to tank. Check for ltinks in hose. If no faults can be 
found, pressure regulator is most likely faulty. 

CAUTION- 
The fuel pump is capable of developing a higher pressure 
than that regulated by the pressure regulator. In the event the 
fuel pump checlc valve is faulty (stuck closed), male sure the 

I 
fuel pressure does not rise above 6.0 bar (87psi). Damage 
to the fuel lines or fuel system components could result. 

- Reassemble engine, noting the following: 

Remove fuel pressure gauge and fittings. 

Replace schraeder valve, if removed 

Replace fuel pump relay. 

Replace fuel filler cap. 

Residual pressure, testing 

For quick restarts and to avoid vapor lock when the engine is 
hot, the fuel injection system retains fuel pressure after the 
engine is shut off. This residual pressure is primarily rnain- 
tained by the fuel pressure regulator and a checlc valve at the 
fuel pump outlet. 
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4 Relieve system pressure and attach afuel pressure gauge as 

described in Fuel pressure gauge, installing (6-cylinder 
models) or Fuel pressure gauge, installing (V-8 models). 

WARNING - 
Fuel in fuel line is underpressure (approx. 3 - 5 bar or45 - 
75psi) and may be expelled underpressure. Do not smoke 
or work near heaters or other fire hazards. Keep a fire ex- 
tinguisher handy. Before disconnecting fuel hoses, wrap a 
cloth around fuel hoses to absorb any leaking fuel. Catch 
and dispose of escaped fuel. Plug all open fuel lines. . Always unscrew the fuel tank cap to release pressure 
in the tank before working on the tank or lines 

- Start engine allow it to run for approximately one minute. 
Note fuel pressure reading. 

- Observe fuel pressure reading after approximately 20 mln- 
utes. The pressure should not drop more than 0.5 bar from 
system pressure listed in fuel pressure specifications in ac- 
companying table. 

Fuel pressure specification 

Ail E39 vehicles 3.5 i-0.2 bar (50.76 i2.9 psi) 

- When finished, disconnect pressure gauge and fitting, and 
replace schraeder valve, if removed. 

- If fuel system does not maintain pressure: 

Visually check for leaks in fuel lines and unions, 

Check for leaking injector(s). 
Check for faulty fuel pump check valve. 

- To test fuel pump check valve: 

Repeat residual pressure test. 

Immediately aftershutting off engine, pinch off fuel delivery 
line using a fuel hose pinch clamp (BMW 13 3 010 or 
equivalent). 
If pressure is now maintained, fault is most likely at fuel 
pump check valve. 
If pressure again drops below specifications, fault is most 
likely in fuel pressure regulator. 
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FUELPUMP AND FUELLEVELSENDER 

E39 models use a two-lobed fuel tank. Each lobe of the tank 
has its own fuel level sending unit. Each sender has a float 
connected to a variable resistance wipercontact. To equalize 
fuel level between the two tank lobes, a siphon pump is in- 
stalled in the left lobe. 

When replacing asender or fuel pump, always replace hose 
clamps, gasltets and O-rings. 

WARNING - 
When removing the fuel level sender or the fuel pump, the 
fuel tank should be drained to 1/4 capacity or below as de- 
scribed later in this repair group. 

NOTE- 
The compensating siphon pump maintains the fuel level be- 
tween the right and left tank lobes. If fuel level sender resis- 
tances are not approximately the same on left and right, 
remove the senders and visually inspect the level in each 
lobe. If the levels are different, check the siphon pump. 

Fuel level sender resistances 

Float position l ~es t  results (Q 

Down (empty) 150- 70 

U p  (full) 1401 -415 

Fuel level sender (right side) and fuel 
pump, removing and installing 

- Drain fuel from tank as described later. 

- Disconnect negative cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- To access top of fuel tank, remove rear seat lower cushion by 
lifting front edge off catches. 
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- Expose right side access cover: 

Peel forward lip of carpet. 

Release rubber grommet from center of access cover insu- 
lation. 
Peel back insulation at perforations to expose fuel tank ac- 
cess cover. 
Remove right side cover to expose electrical harness con- 
nector. 

WARNING - 
Fuel may be spilled. Do not smolce or work near heaters or 
other fire hazards. 

When disconnecting fuel hose, wrap shop rag around 
end of hose to prevent spray of fuel under pressure. 

Remove tank sending unit: 

Release electrical harness by sliding lock back, then lifting 
off connector. 

a Disconnect hose (arrow). 
Unscrew threaded collar from fuel pumpifuel level sender. 

NOTE- 
BMW special spanner 16 1 020 should be used to remove 
and install the threaded collar. Damage to the collar may re- 
sult i f  the special tool is not used. 

Slowly withdraw assembly from tank, allowing fuel to drain 
off. If necessary, push level sender arm toward sending 
unit to facilitate removal. 

CAUTION- 
Do not bend fuel level sender arm. 

To remove fuel pump, press locking tabs (arrows) towards 
pump body. Lifl out pump, using care not to damage hoses. 
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Fuel Tank and Fuel Pump 

- To reinstall: 

Use new sealing ring at tank collar. 
* Align tab of sending unit with matching recess in opening 

of tank. 

Be sure that fuel line connections point in same direction 
as they came out. 

Reconnect harness connector and hose. 
Fill tank and check for leaks by running engine. 

Install access cover and its mounting fasteners. 

CAUTIOI\C 
After finishing repairs but before starting engine, be sure 
there is at least 5 liters (1.5 gallons) of fuel in the tank. The 

NOTE- 
It is common practice to replace the fuel filter when the fuel 
pump unit is replaced. See 020 Maintenance. 

Tightening torque 

Tank collar locking ring to tank 35 Nm (26 lb-ft) 

Fuel level sender (left side), 
removing and installing 

The procedure for removing and replacing the left side fuel 
level sender is simllar to that used for the r~ght side. There is 
no fuel pump on the left side. 

- Remove rear seat lower cushion by lifting off catches at front. 

- Expose left side access cover: - Peel forward lip of carpet. 

Release rubber grommet from center of access cover 
insulation. 
Peel back insulation at perforations to expose fuel tank 
access cover. 

Remove cover to expose electrical harness connector. 

WARNING- 
Fuel may be spilled. Do not smoke or work near heaters or 
other fire hazards. 

When disconnecting fuel hose, wrap shop rag around 
end of hose to prevent spray of fuel under pressure. 



/ ~ u e l  Tank and Fuel Pump 

4 Remove tank sending unit: 

Disconnect electrical harness connector. 
Disconnect hose (arrow). - Unscrew threaded collar from fuel level sender. 

NOTE- 
BMW special spanner 16 1 020 should be used to remove 
and install the threaded collar. Damage to the collar may 
result i f  the special tool is not used. 

Slowly withdraw assembly from tank, allowing fuel to drain 
off. If necessary, push level sender arm toward sending 
unit to facilitate removal. 

CA UTIOW- 
Do not bend fuel level sender arm. 

4 Once level sensor unit has been lifted partially out of tank, 
disconnect tank siphon hose by pressing tabs (arrows). 

- Installation is reverse of removal 

Attach tank siphon hose to sender unit firmly. 
Use new sealing ring at tank collar. . Be sure that fuel sender float points in same direction as 
during removal. - Reconnect harness connector. 
Fill tank and check for leaks by running engine. 

CAUTION- 
After finishing repairs but before starting engine, be sure 
there is at least 5 liters (1.5gallons) of fuel in tan/(. The fuel 
pump will be damaged if run without fuel. 

Tightening torque 

Tank collar loclting rlng to tanlt 35 Nm (26 lb-ft) - 
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Siphon pump, removing and installing 

The fuel compensating siphon pump equalizes fuel level 
between the two fuel tank lobes. 

- Drain fuel tank as described later, 

WARNING - 
Fuel may be spilled. Do not smoke or work near heaters or 
other fire hazards. 

- Remove left and right fuel level sensors and fuel pump as 
described earlier. 

4 Once left side level sensor unit has been lifted partially out 
of tank, disconnect tank siphon hose by pressing tabs 
(arrows). 

- The tank lobe siphon pump is held to baffle in bottom of right 
tank lobe. Release retainer and lift out pump. 

- Installation is reverse of removal. 

Attach siphon pump to right side baffle. 
Attach tank siphon hose to left sender unit firmly. 

Use new sealing ring at tank collars 
Be sure that fuel sender floats point in same direction as 
during removal. 
Reconnect harness connectors. . Before starting engine, fill fuel tank with at least 5 liters 
(1.5 gallons) of fuel. 
Check for leaks by running engine. 

Afler finishing repairs but before starting engine, be sure 
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The plastic fuel tank is mounted underneath the center of the 
car (underneath the rear seat). Mounted in the fuel tank are 
the fuel pump and fuel level sending units. Connecting lines 
for the evaporative emission control system and expansion 
tank are also attached to the tank. 

Fuel tank capacity for E39 models 

Tank capacity 70 liters (18.5 gal) 

Reserve capacity 8 liters (2.1 gal) 

Fuel tank, draining 

Drain fuel tank into a safe storage unit using an approved fuel 
pumping device. 

WARNING- 
# Before removing tank, be sure that all hot components, 

such as the exhaust system, are completely cooled down. 

Fuel may be spilled. Do not smoke or work near heat- 
ers or other fire hazards. 

- Start engine and allow to run 10 - 15 seconds to fill fuel com- 
pensating siphon assembly. This will allow both lobes of fuel 
tank to he drawn off through fuel filler pipe, 

- Disconnect negative cable from battery. 

CAUTION- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

- Remove fuel tank filler cap 

- Slide suction hose into filler neck about 130 cm (51 in.), twist- 
ing as necessary. Withdraw fuel into storage unit. 

- Monitor fuel level reduction in both lobes: - Remove rear seat cushion and access both fuel tank send- 
er harness connectors. 

Use multimeter to measure resistance at both senders, 
Resistance should drop as fuel level drops. 

- If siphoning mechanism is faulty, drain left tank lobe sepa- 
rately by removing sender cover and pumping fuel directly 
out of left lobe. 
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- Remove suction hose from tank filler neck carefully to avoid 
damaging filler neck baffle plate. 

CAUTION- 
After finishing repairs but before starling engine, be sure 
there is at least 5 liters (1.5 gallons) of fuel in tanlc. The fuel 
pump will be damaged if run without fuel. 

Fuel tank, removing and installing 

- Remove fuel tank filler cap and drain tank as described 
earlier. 

- Disconnect negative cable from battery. 

CAUTION- 
Prior to disconnecting the battea read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove rear seat bottom cushion. Peel forward lip of carpet 
from beneath seat cushion and carefully peel back insulation 
to expose fuel tank access cover on left and right sides. Re- 
move covers. 

Disconnect right side supply hose and electr~cal harness 
connector (arrows). 

D~sconnect left side return hose and electrical harness 
connector. 

Working inside car, disconnect parking bralte cable ends 
from parking brake lever. See 340 Brakes. 

Lift car and support safely. 

Make sure the car is stable and we/ supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjaclc is not adequate support. 

- Remove complete exhaust system and heat shield. See 180 
Exhaust System. 

- Remove drive shaft. See 260 Driveshaft 
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4 Working underneath car, pinch off supply and return fuel hos- 
es (arrows), then disconnect hoses from rigid metal lines. 

- Remove right rear wheel and wheel housing splash shield. 

4 Worlting at right rear wheel housing, loosen hose clamp 
(arrow) and disconnect filler pipe from tank. 

- Support tank from below. Remove tank strap mounting bolts. 
Lower and remove tank, disconnecting right side vent and 
other hoses/electrical connectors as necessary. 

Always use new seals, gaskets, O-rings, and hose clamps. 
lnspect hoses and replace any that are chafed, dr~ed out or 
cracked. 
lnspect heat shield and replace if corroded. 

Inspect rubber buffers and h e r s  on fuel tank, support 
straps and on underside of body. Replace rubber parts that 
are hardened or damaged. 

- After finishing repairs but before starting engine, fill fuel tank 
with at least 5 liters (1.5 gallons) of fuel. 

CAUTlOI+ 
The fuelpump will be damaged if run without fuel. 

* I f  the filler neck has been removed from the body, be 
sure to reattach the neck grounding screw (where ap- 
plicable). Check electrical resistance between the 
ground tab and wheel hub. The resistance should be 
no hiaher than 0.6f2 

Tightening torques 

Fuel tank to body 23 Nm (17 ft-lb) 

Hose clamp 8 -13 mm dia. 2 Nm (18 in-lb) 

Hose clamp 13 - 16 mm dia. 3 Nm (27 in-lb) 

Hose clamp 42 - 48 mm dia. 4 Nm (36 in-lb) 
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Fuel expansion tank, removing 
and installing 

- Raise rear end of car and support safely. 

CA U T I O G  
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the ouroose. A floor iack is not adequate support 

- Remove left rear wheel and wheel housing inner shield. 

4 Remove plastic nut (A) and disconnect hose (B). 

4 Tilt vent tank down and loosen or cut off hose clamps 
(arrows). Pull hoses off fittings. 

- Release vacuum line loclting clips and remove tank 

- Installation is reverse of removal. Use new hose clamps. 

Tightening torques 

Hose clamp 8 - 13 mm dia. 2 Nrn (18 in-lb) 

Hose clamp 13 - 16 mm dia. 3 Nm (27 in-lb) 

Hose clamp 42 - 48 mm dia. 4 Nm (36 in-lb) 
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Activated carbon canister I fuel tank leak 
detection unit (LDP or DMTL), removing . . - 
and installing 

- Raise rear end of car and support safely. 

CAUTION- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floor jack is not adequate support. 

- Remove left rear wheel and inner fender panel 

Remove carbon canisterlfuel tank leak detection unit 
(V-8 model shown): 

Disconnect electrical harness connector (A) from fuel tank 
leak detection unit. 

Pinch and remove quick-disconnect fittings at intake line to 
air filter housing (5) and hose to expansion tank (C).  

* Remove mounting clamp and lower canister with fuel tank 
leak detection unit. 

Installation is reverse of removal. 

Tightening torques 

Hose clamp 8 - 13 mm dia. 2 Nrn (18 in-lb) 

Hose clamp 13 - 16 rnm dia 3 Nm (27 in-lb) 

Running losses (312-way) valve, 
removing and installing 

The running losses (312-way) valve is located under the car 
beneath the driver's seat, just ahead of the fuel filter. A protec- 
tive covershieldsfuel system components from road hazards 
and dirt. 

The engine control module (ECM) controls the operation of 
the 312-way valve (pulse-width modulated). On engine start 
up, the valve solenoid is energized for 20 seconds in order to 
supply full fuel volume to the fuel rail. After20 seconds, the 
solenoid is deactivated and sprung closed (the bypass is 
opened). This reduces the amount of fuel circulating through 
the fuel rail and diverts the excess to return to the fuel tank 
through the fuel pressure regulator. 

The fuel injectors are supplied with pressurized fuel, but ex- 
cess fuel is diverted to the fuel tank without first passing 
through the fuel rail. This prevents the excess fuel from ab- 
sorbing heat in the engine compartment, thus lowering the 
temperature and amount of vaporization in the fuel tank. 
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The 312-way valve is also activated briefly if an engine misfire 
is detected. This provides full fuel flow through the fuel rail to 
determine if the misfire was caused by a lean fuel condition. 
The valve is monitored by the ECM forfaults. 

- Using BMW or compatible scan tool, read out fault memory. 
See OBD On-Board Diagnostics. 

- Turn off ignition. 

- Raise car and support safely. 

CA U T I O W  
Male sure the car is stable and well suppodedat all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floor jack is not adequate support. 

- Worlting under car beneath driver's seat, remove protective 
panel from fuel filter and 312-way valve. 

- Clamp off fuel lines at 312-way valve. 

4 To remove 312-way valve (V-8 model shown): 

Disconnect electrical harness connector (A) from valve. 

Remove vacuum hose (B) from fuel pressure regulator. 

* Remove hose clamps (arrows) and disconnect fuel lines. 

Remove M6 mounting nuts and lower 312-way valve. 

WARNING- 
Fuel will be spilled. Use shop rags to capture fuelas fuellines 
are disconnected. Do not smoke or work near heaters or oth- 
er fire hazards. 

- Installation is reverse of removal. Use new hose clamps 

NOTE- 
Install protective cover and seals correctly to keep moisture 
and road dirt out of underbody fuel system components. 

Tightening torques 

Hose clamps 8 - 13 mm dia. 2 Nm (18 in-lb) 

Hose clamps 10 - 16 mm dia. 2 Nm (18 in-lb) 

Hose clamps 18 mm dia. 3 Nm (27 in-lb) 

Hose clamps 42 - 48 mm dia. 4 Nm 136 in-ib) 
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This section covers component repair information for the en- 
gine cooling system. 

Heater core replacement is covered in 640 Heating and Air 
Conditioning. 

Special tools 

Special tools are necessaryfor belt-driven fan clutch removal 
and also for pressure testing the cooling system. 

4 Cooling fan counterhold wrench 
(Tool No. BMW 11 5 030) 

4 Cooling fan wrench 
(Tool No. BMW 11 5 040) 

< Expansion tank cap test adaptor 
(Tool No. BMW 17 0 007) 

17 0 002 
4 Cooling system pressure tester set 1 17 o 005 (Tool No. BMW 17 0 OOZi17 0 005) 
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Cooling system overview 
(M52 TU shown, others similar) 

Coolant pump 

A centrifugal coolant pump is mounted to the front of the en- 
gine. The belt-driven pump circulates coolant through the 
system whenever the engine is running. 

Thermostat 

Two types of thermostats are used in the cars covered by this 
manual. 6-cylinder models built up to 911 998 (M52 engine) 
use a conventional mechanical thermostat. All V-8 models 
and 6-cylinder models from 911998 use an electrically heated 
thermostat. 
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Mechanical thermostat (M52 engine) 

4 The mechanical thermostat relies on coolant temperature to 
operate. While coolant is cold, it remains closed, and circu- 
lating coolant bypasses the radiator for rapid engine warm 
up. At higher coolant temperature, the thermostat progres- 
sively opens to allow coolant flow through the radiator, thus 
controlling engine temperature. Port A restricts coolant flow 
from radiator, and port B restricts coolant flow to radiator. 

Electrically heated thermostat 

4 The electrically heated thermostat is DME map-controlled. 
The engine control module (ECM) activates the thermostat to 
maintain engine coolant temperature within a narrow range. 

In case of failure of the electronics, the mechanical function of 
the thermostat acts as a fail-safe. 

Radiator and expansion tank 

The radiator is a crossflow design. An expansion tank pro- 
vides for coolant expansion at higher temperatures and easy 
monitoring of the coolant level. 

On cars with automatic transmission, ATF is circulated 
through an additional heat exchanger (ATF cooler). 

Mechanical cooling fan with viscous clutch 

The mechanical cooling fan is belt-driven via a viscous fluid 
coupling (clutch) attached to the front of the coolant pump. 
The fan clutch controls the speed of the fan based on the tem- 
perature of the air flowing through the radiator core. 

Electric (auxiliary) cooling fan 

The electric cooling fan is mounted on the bumper side of the 
radiator. 

In models manufactured up to 911 998 (M52 or 1997 M62 en- 
gine), the electric cooling fan is controlled by a dual tempera- 
ture fan switch mounted in the side of the radiator. 
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Fan switch calibration (M52, M62 engine) 

coniprairoi 
OUt rlgnal 

Auto. ciimilte ~on t io i  
inpuls via CAN bus 

Electric fan activation: 

Low speed 91°C (196°F) 

High speed 104' C (21 9' F) 

< In models manufactured after 911998 (M52 TU engine, M54 
engine. M62 TU engine), the electric cooling fan is controlled 
by the engine control module (ECM) via the output final 
stage. 

The output final stage is mounted on the fan housing, next to 
the fan motor. The fan is operated using a pulse width modu- 
lated signal. Fan circuit wiring is protected by a 50-amp fuse. 
Electric fan activation is based on the following inputs to the 
ECM: 

Radiator outlet temperature 

Calculated catalytic converter temperature 

Vehicle speed 

* Battery voltage 

Calculated A/C pressure 

When the vehicle is first started, the ECM activates the elec- 
tric fan briefly at 20% of its maximum speed, then switches 
off. This is for diagnostic monitoring. The voltage generated 
by the fan when it slows down (acting as a generator) must 
match the stored rpm values in the fan output stage toconfirm 
that the fan is operating correctly. 

NOTE- 
If the ECM fault memory indicates a cooling fan fault, check 
that the fan is not seized and that it spins freely. 
When A/C is switched ON, the electric fan is not immedi- 
ately turned on. 
After the engine is switched OFF the fan may continue to 
run at varying speeds for up to 10 minutes, based on cal- 
culated catalyst temperature. 

Transmission fluid heat exchanger 

Automatic transmission fluid lines circulate transmission fluid 
(ATF) to and from a heat exchanger at the radiator. 

All 6-cylinder models andV-8 models produced to 911998 are 
equipped with a transmission cooler located in a cooling cas- 
sette in front of the radiator. 
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I I 4 The cooling cassette incorporates cooling coils for various 
vehicle systems: 

1. Steering fluid cooler 

2. Transmission oil coolel 

3. AIC condenser 

4 In V-8 cars produced after 911998 (M62 TU engine), the en- 
gine radiator is divided into an upper chamber (about 80%) 
and a lower chamber (about 20%). The ATF heat exchanger 
is coupled to the lower chamber. 

On cold engine start-up, the engine coolant is heated more 
quicltly than the transmission fluid. Heat from engine coolant 
is used to warm up the ATF faster, reducing drag in the trans- 
mission and improving fuel mileage. 

Once the ATF has reached normal operating temperature, 
the ATF heat exchanger acts as cooling device. The lower 
20% of the radiator stays cooler than the upper chamber, so 
the ATF is cooled more effectively. 

4 M62 TU cooling system ducting at radiator: 

1. Coolant distribution housing connection 

2. Thermostat connection 

3. Water cooled alternator connections 

4. Transmission fluid heat exchanger connections 



Warnings and cautions 

O b s e ~ e  the following warnings and cautions when worlting 
on the cooling system. 

WARNING - . At normal operating temperature the cooling system is 
pressurized. Allow the system to cool as long as possible 
before opening (a minimum of one hour), then release the 
cap slowly to allow safe release ofpressure. 

a Releasing the coolant system pressure lowers the cool- 
ant boilingpoint and the coolant may boil suddenly. Use 

1 heavy and wear eye and face protection to 
guard against scalding. 

Use extreme care when draining and disposing of en- 
gine coolant. Coolant is poisonous and lethal to hu- 
mans andpets. Pets are attracted to coolant because 
of its sweet smell and taste. Seek medical attention im- 
mediately if coolant is ingested. 

C A U T I O G  
Avoid adding cold water to the coolant while the engine is 
hot or overheated. If it is necessary to add coolant to a hol 
system, do so only with the engine running and coolanl 
pump turning. 

To avoid excess silicate gel precipitation in the cooling 
system and loss of cooling capacity, use BMW coolant 
or equivalent low silicate antifreeze. 

a If oil enters the cooling system, the radiator, expansion 
tank and heating circuit must be flushed with cleaning 
agent. BMW recommends removal of the radiator and 
expansion tank to flush. 

When worlcing on the cooling system, cover the alter- 
nator to protect it against coolant drips. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions given in 001 General Warnings 
and Cautions. 

Begin the diagnosis of cooling system problems with a thor- 
ough visual inspection. If no visual faults are found, it is rec- 
ommend that the engine control module (ECM) fault memory 
be checked for stored diagnostic trouble codes (DTCs) using 
BMW scan tool DlSplus or equivalent. 
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Common cooling system faults can be grouped into one of 4 
categories: 

Cooling system lealts 

Poor coolant circulation 

Radiator cooling fan faults 

Electrical/electronic faults 

Cooling system inspection 
- Check that coolant pump drive belt tensioner is functioning 

properly and that belt tension is correct. Belt tensioner sys- 
tems for the different models are shown in 020 Maintenance. 

- Check condition of coolant pump drive belt. 

- Checlc coolant hoses for cracks or softness. Checlc clamps 
for looseness. Check coolant level and check for evidence of 
coolant lealts from engine. 

- Check that radiator fins are not blocked with dirt or debris. 
Clean radiator using low-pressure water or compressed air. 
Blow outward, from engine side out. 

- To check coolant pump: 

Remove mechanical cooling fan. See Mechanical (vis. 
cous clutch) cooling fan, removing and installing. 

Remove drive belt from coolant pump pulley. See 020 
Maintenance. 

Firmly grasp opposite sides of pulley and check for play in 
all directions. 

Spin pulley and check that shaft runs smoothly without 
play. 

NOTE- 
The coolant provides lubrication for the pump shaft, so an oc- 
casional drop of coolant lealing from the pump is acceptable. 
If coolant drips steadily from the vent hole, replace the pump. 

- At normal engine operating temperature, cooling system is 
pressurized. This raises boiling point of coolant. Leaks may 
prevent system from becoming pressurized. If visual evi- 
dence is inconclusive, pressure test cooling system as de- 
scribed later to help pinpoint hard-to-find leaks. 

- If cooling system is full of coolant and holds pressure: - Use an appropriate scan tool to interrogate engine control 
module (ECM) for radiator fan or DME control circuit faults. 

Checlc for loose or worn drive belt. 

0 Test for failed thermostat or coolant pump impeller. Some 
pumps may be fitted with plastic impellers. 
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Check for cloggedlplugged radiator or coolant passages. 

Cooling system pressure test 

A cooling system pressure tester is used to test for coolant 
leaks, including internal ones. Common sources of internal 
coolant leaks are a faulty cylinder head gasket, a craclted cyl- 
inder head, or a cracked engine block. 

WARNING- 
At normal operating temperature the cooling system is pres- 
surized. Allow the system to cool before opening. Release 
the cap slowly to allow safe release ofpressure. 

4 With engine cold, install pressure tester (BMW special tools 
17 0 002117 0 005 or equivalent) to expansion tank. Pressur- 
ize system to specification listed in Table a. Cooling system 
test pressures. 

Pressure should not drop more than 0.1 bar (1.45 psi) for 
at least two minutes. . If pressure drops rapidly and there is no sign of external 
leakage, cylinder head gasket may be faulty. Perform com- 
pression and leak-down tests. 

Test expansion tank cap using pressure tester with correct 
adapter (BMW special tool 17 0 007 or equivalent). Re- 
place faulty cap or cap gasket. 

Table a. Cooling system test pressures 
0021663 I Component l ~ e s t  pressure 

Radiator 11.5 bar (21.75 psi) 

Radiator cap 12 bar (29 psi) 

CAUTION- 
Exceeding the specified test pressure could damage the ra- 
diator or other svstem com~onents. 
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Combustion chamber leak test 

- If you suspect that combustion chamber pressure is leaking 
into the cooling system past the cylinder head gasket, use an 
exhaust gas analyzer to test the vapors rising from the cool- 
ant at the expansion tank. 

CAUTIO& 
Use an extension tube above the reservoir neclc to main- 
tain distance between the top of the coolant and the gas 
analyzer nozzle. The gas analyzer is easily damaged if it is 
allowed to inhale liquid coolant. 

* While running engine to checlc for causes of overheat- 
ing, observe coolant temperature carefully in order to 
avoid engine damage. 

Thermostat 

If the engine overheats or runs too cool and no other cooling 
system tests indicate trouble, the thermostat may be faulty. 

In V-8 models and 6-cvlinder models nroduced afler 911 998 
(M52TU or M54 eng'ne), rheelecrricaily heated rhermostal I S  

mon tored by [he OBD I I  diagnostlc software The fault may ic 
in the DME software or hardware, or it may lie in the wiring to 
the thermostat. See OED On-Board Diagnostics. 

Coolant, draining and filling 
(6-cylinder models) 

WARNING - 
Allow the cooling system to cool before opening or draining 
the cooling system. 

- Raise front of car and support safely. 

WARNING - 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floor jack is not adequate support. 

- Remove splash shield from under engine. 

4 Loosen radiator bleed screw at top radiator fitting (arrow). 

- Remove cap from radiator expansion tank. Set temperature 
controls to full warm. 

gallon pail underneath radiator. 
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4 Remove drain plug (arrow) at bottom of radiator. 

Coolant is poisonous. It is especially lethal to pets. Clean up 
spills immediately and rinse the area with wate,: If coolant is 

- Place a 3-gallon pail beneath the engine block. Remove en- 
gine block coolant drain plug and drain coolant. 

< M52 TU 1 M54 engine: Bloclc drain plug is located on exhaust 
side of engine block at cylinder 2 (arrow). 

M52 engine: Bloclc drain plug is located on exhaust side of 
engine bloclc between cylinders 3 and 4. 

- Reinstall radiator and engine block drain plugs using new 
sealing washers. 

- Before refilling radiator: 

Switch ignition to ON. (Do not start engine). 

Set temperature controls to full warm. 

Set blower control to low. 

- Using a coolant mixture of 50% antifreeze and 50% distilled 
water, fill expansion tank slowly. Continue until coolant 
emerges from bleed screw. Cooling system capacity is listed 
in Table c. Cooling system capacity (6-cylinder models). 

NOTE- 
Be sure radiator bleed screw is loose when filling cooling 
system. 
Tap water may cause corrosion of radiator, engine and 
coolant hoses. 
Coolant can be reusedprovided i t  is clean and less than 
two years old. Do not reuse coolant when replacing dam- 
aged engine parts. 

- Bleed cooling system. See Cooling system, bleeding 

Table c. Cooling system capacity (6-cylinder models) 

Engine Capacity 

M52, M52TU, M54 10.5 liters (1 1.1 US qls) 
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Tightening torques 

Block drain plug to block 25 Nm (1 8 ft-ib) 

Radiator drain plug to radiator 2-3 Nm (18-27 in-lb) 

Coolant, draining and filling (V-8 models) 

WARNING - 
Allow the cooling system to cool before opening or draining 
the cooling system. 

- Raise front of car and support safely. 

I WARNING- 1 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 

I the purpose. A floorjack is not adequate support 1 
- Remove splash shield from under engine. 

Loosen radiator bleed screw at top radiator fining (arrow). 

Remove cap from radiator expansion tank. With ignition 
switch in ON position, set temperature controls to full warm. 

Place 5-gallon pail underneath radiator. 

4 Remove drain plug (arrow) on bottom of radiator and allow 
coolant to drain. 

NOTE- 
For radiators without drain plug, remove lower hose to drain 
radiator. 

WARNING - 
Coolant is poisonous. It is especially lethal to pets. Clean up 
spills immediately and rinse the area with water. If coolant is 
ingested, immediately seek medical attention. 
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< V-8 engine bloclc drain plugs (one shown at arrow) are locat- 
ed on each side of engine block (exhaust manifold removed 
for photo). 

- Place 5-gallon pail underneath engine block coolant drain 
plugs. 

- Remove engine bloclc coolant drain plugs and drain coolant. 

- Reinstall radiator and engine block drain plugs using new 
sealing washers. 

- Before refilling radiator: 

Switch ignition to ON. (Do not start engine) 

Set temperature controls to full warm. - Set blower control to low. 

- Using a coolant mixture of 50% antifreeze and 50% distilled 
water, fill expansion tank slowly. Continue until coolant 
emerges from bleed screw. Cooling system capacity is listed 
in Tabled. Cooling system capacity (V-8 models). 

NOTE- 
Be sure radiator bleed screw is loose when filling cooling 
system. 
Tap water may cause corrosion of radiator, engine and 
coolant hoses. 
Coolant can often be reused provided it is clean and less 
than two years old. Do not reuse coolant when replacing 
damaged engine parts. 

- Bleed cooling system. See Cooling system, bleeding 

Tabled. Cooling system capacity (V-8 models) 

M62, M62 TU 12.0 liters (12.7 US qts) 

Tightening torques 

Block drain plug 25 Nm (18 ft-lb) 

Radiator drain plug 2 - 3 Nm (18 - 27 in-lb) 
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Cooling system, bleeding 

Trapped air in the cooling system can prevent proper coolant 
circulation and overheating. Wheneverthe coolant is drained 
and filled, bleed the cooling system to remove trapped air. 

4 Loosen bleed screw (arrow) on radiator expansion tank. 

- Set temperature controls in passenger compartment to full 
warm, set blower to low setting and turn ignition to ON posi- 
tion (do not start engine). 

CAUTIOIG 
On late model cars with latent heat pump, do not turn ignition 
to ON position. 

- Slowly add coolanUdistilled water mixture to expansion tank 
until it spills from bleed screw. When coolant spilling from 
bleed screws is free of air bubbles, tighten screw and replace 
cap on expansion tank. 

Run engine until it reaches operating temperature, - After engine has cooled, recheck coolant level. 

Top up so that coolant level indicator is at MAX. 

- If trapped air cannot be bled manually, pressure-bleed sys- 
tem using cooling system pressure tester. 

CA UTlON-- 
Always use genuine BMW coolant or its equivalent to avoid 
the formation of harmful, clogging deposits in the cooling sys- 
tem. 

Tightening torque 

Radiator bleed screw to radiator 2.5 Nm (22 in-lb) 

Mechanical (viscous clutch) cooling fan, 
removing and installing 

The procedure given here describes the removal of the me- 
chanical fan and fan shroud. It is possible to remove the fan 
without the shroud. 

< Working at top of fan shroud: 

Remove expansion tank bleed screw (arrow) and expan- 
sion tank locking tabs. 

Push top of expansion tank toward engine and lift to free 
from lower mounts. 

- Remove two expansion rivets in upper corners of fan shroud. 
Unclip expansion tank bleed hose located under shroud. 
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Remove rubber trim strip between top of shroud and radiator. 

Using 32 mm wrench (BMW special tool 11 5 040) on fan 
clutch nut (arrow), turn wrench in a clockwise direction 
(working from front of car) while counterholding pulley with 
BMW special tool 11 5 030. Spin fan off coolant pump. 

NOTE- 
The radiator cooling fan nut (32 mm wrench) has left-hand 
threads. 

Unclip AUC (air quality) sensor from shroud, 

M54 engine: Disconnect auxiliary coolant pump from base of 
fan shroud. 

Lift fan and shroud together out of engine compartment. 

To replace fan clutch, remove fan mounting bolts and sepa- 
rate viscous clutch from fan. 

Installation is reverse of removal. 

Tightening torques 

Clutch nut to pump 

Without BMW tool 11 5 040 40 Nm (29 ft-lb) 

With BMW tool 11 5 040 30 Nm (22 ft-lb) 

Fan to viscous clutch 10 Nm (89 in-lb) 

Electric cooling fan, removing and 
installing 

The electric cooling fan is mounted behind the front bumper, 
in front of the A/C condenser. 

- Remove front bumper. See 510 Exterior Trim, Bumpers. 

- Remove left and right headlights. See 630 Lights, 

- Where applicable, detach horizontal air ducts behind front 
bumper and fold to side. 

- Disconnect fan electrical connector on right side of radiator 
shroud and lay aside. 

- Detach wire loom from air duct in front of cooling fan 

- Pry out expansion rivets holding air duct. Slide air duct down- 
ward to remove. 
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- Remove fan and fan shroud mounting fasteners. Slide fan 
and fan shroud downward to remove. 

- Reinstallation is reverse of removal. 

Thermostat, removing and installing 
(M52 engine) 

The coolant thermostat is installed in a housing at the front of 
the engine. 

- Drain coolant from radiator and engine block. See Coolant, 
draining and filling (6-cylinder models). 

WARNING - 
Allow the cooling system to cool before opening or draining 
the system. 

- Remove mechanical cooling fan and fan shroud. See Me- 
chanical (viscous clutch) cooling fan, removing and in- 
stalling. 

- Disconnect coolant hoses from thermostat housing. 

- Remove thermostat housing from front of engine. 

- Remove thermostat. Note thermostat direction and orienta- 
tion before removing. 

- Installation is reverse of removal, noting the following: - Use new O-ring and gasket(s) when installing thermostat 
and housing. 

NOTE- 
Some thermostats have a direction arrow or vent hole near 
the edge. Install the thermostat so that either the arrow or 
hole are at the top. 

Fill system with coolant as described in Coolant, draining 
and filling (6-cylinder models). 

CAUTION- 
Be sure to reconnect ground wire@) at thermostat housing 
mounting bolt, where applicable. 
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Tightening torques 

Block drain plug to block 25 Nm (18 it-lb) 

Coolant hose clamp (32 - 48 2. 5 Nm (22 in-lb) 
mm hose diameter) 

Radiator drain plug to radiator 2-3Nm(l8-27in-lb) 

Thermostat housing to cylinder 
head 

10 Nm (89 in-lb) 

I Coolant thermostat housing assmbly-  - I 

Thermostat, removing and installing 
(M52 TU or M54 engine) 

4 The electric map-controlled thermostat is part of the thermo- 
stat housing at the front of the cylinder head. 

1. Bolts (M6) 
2 Bolt (ME) 
3. Housing with thermostat 

4. Gasket 

- If a faulty thermostat is suspected, use appropriate scan tool 
to interrogate ECM for stored fault codes. 

- Drain radiator and engine block. See Coolant, draining and 
fi l l ing (6-cylinder models). 

CAUTION- 
Allow cooling system to cool before opening or draining the 
system. 

- Remove cooling fan and fan shroud. See Mechanical (vis- 
cous clutch) cooling fan, removing and installing. 

- Disconnect electrical harness connector from thermostat 
housina. 

4 Lever out retaining clips (arrows) and pull hose fittings off 
thermostat housing. 

- Unbolt and remove thermostat housing from front of engine. 
Loosen nut at top of engine lifting eye to facilitate removal. 

- Installation is reverse of removal, noting the following: 

Keep sealing faces free of oil. 

* Use new sealing gasket. 

When reinstalling hose to thermostat housing, install clip 
on hose end fitting, then push hose onto housing until it 
clicks into place. 

Fill system with coolant. See Coolant, draining and fill- 
ing (6-cylinder models). 



Tightening torques 

Block drain plug to block 25 Nm (18 ft-lb) 

Radiator drain plug to radiator 2 - 3 Nm (18 - 27 in-lb) 

Thermostat housing to 
cylinder head 

10 Nm (89 in-lb) 

Thermostat, removing and installing 
(V-8 models) 

The electrically-heated thermostat is an integral parl of the 
thermostat housing. The operation of the thermostat is moni- 
tored by the engine control module (ECM). 

- If a faulty thermostat is suspected, use appropriate scan tool 
to interrogate ECM for stored fault codes. 

- Drain radiator and engine block. See Coolant, draining and 
filling (V-8 models). 

WARNING - 
Allow cooling system to cool before opening or draining the 
system. 

- Disconnect mass air flow (MAF) sensor electrical harness 
connector. Remove air intake duct together with MAF sensor. 

- Remove mechanical cooltng fan and fan shroud. See Me- 
chanical (viscous clutch) cooling fan, removing and in- 
stalling. 

Disconnect electrical harness connector (arrow) from ther- 
mostat housing. 

Remove coolant hose from thermostat housing. 

NOTE- 
M62 engine: Hose is clamped on. 
M62 TU engine: Hose is attached with quick-disconnect fit. 
ting. Remove clip to disconnect hose. 
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Coolant pump 

Remove thermostat housing fasteners (arrows) and remove 
thermostat housing. 

Installation is reverse of removal, noting the following: - Keep sealing faces clean and free of oil. 

Use new sealing gasket. 

Fill system with coolant. See Coolant, draining and fill- 
ing  (V-8 models). 

Tightening torques 

Block drain plug to block 25 Nm (18 it-lb) 

Coolant hose clamp (32 - 48 2. 5 Nm (22 in-lb) 
mm hose diameter) 

Radiator drain plug to radiator 2 - 3 Nm (18 - 27 In-lb) 

Thermostat cover to 
coolant pump 

10 Nm (89 in-lb) 

Coolant pump, replacing (6-cylinder 
models) 

< The engine coolant pump is mounted in the front of the en- 
gine in the timing chain cover. 

- Drain cooling system as described earlier. See Coolant, 
draining and fi l l ing (6-cylinder models). 

WARNING- 
Allow cooling system to cool before opening or draining sys- 
tem. 

- Remove cooling fan and fan shroud. See Mechanical (vis- 
cous clutch) cooling fan, removing and installing. 

- Remove coolant pump drive belt. See 020 Maintenance. 

4 Remove coolant pump pulley bolts (arrows) and remove pul- 
ley from pump. 

- Remove nuts retaining pump to engine block. 

NOTE- 
The coolant pump is mounted on studs and retained by nuts. 



.," -- 
Radiator and Cooling System --- 1 

insert two M6 screws (arrows) in tapped bores and tighten 
uniformly until pump is free from timing chain cover (thermo- 
stat and hoses have been removed for purposes of visual 
clarity). 

Installation is reverse of removal, noting the following: 

Be sure to replace sealing O-ring and gaskets. 

Coat O-ring with water-based lubricant during installation. 

Refill with coolant. See Coolant, draining and fi l l ing (6- 
cylinder models). 

Tightening torques - 
Coolant pump to timing chain 10 Nm (89 in-lb) 
cover 

Coolant pump pulley to coolant 10 Nm (89 in-lb 
pump 

Engine block drain plug to block 25 Nm (1 8 It-lb) 

Radiator drain plug to radiator 2 - 3 Nm (I8 - 27 in-lb) 

Coolant pump, replacing (V-8 models) 

I 1 < The engine coolant pump is mounted in the front of the en- 
gine in ;he timing chain cover. 

1. Thermostat housing 
2. Thermostat 

3. Thermostat sealing O-ring 
4. Water pump 

5. Water pump gasket 

- Drain cooling system. See Coolant, draining and filling (V- 
8 models). 

- Remove cooling fan and fan shroud. See Mechanical (vis- 
cous clutch) cooling fan, removing and installing. 

- Remove engine drive belts: See 020 Maintenance. 

NOTE- 
Mark direction of drive belt rotation i f  reusing belt, 

- Remove vibration dampener. See 117 Camshaft and Tim- 
ing Chain. 

- Disconnect mass air flow (MAF) sensor electrical harness 
connector. Remove air intake duct together with MAF sensor. 

- Disconnect coolant hoses from thermostat housing and cool- 
ant pump housing. 
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- Disconnect thermostat and cooling system temperature sen- 
sor plug connectors. 

4 Remove thermostat housing fasteners and remove housing. 

- Remove coolant pump pulley bolts and remove pulley from 
pump. 

Remove fasteners A and B (arrows). 

NOTE- 
* The coolant pump is retained to the block using different 

length bolts. 
0 Bolts A: M6 X 105 mm 
0 Bolts 8: M6 X 35 mm 

Slide coolant pump away from coolant pipes (arrows) while 
being careful not to dislodge pipes from fittings at rear of en- 
gine. 

- Installation is reverse of removal, noting the following: 

Replace all sealing O-rings and washers. 

Coat O-rings with water-based lubricant during installation. 
Fill system with coolant. See Coolant, draining and fill- 
ing (6-cylinder models) or Coolant, draining and filling 
(V-8 models). 
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Tightening torques 

Coolant pump to timing chain 10 Nm (89 in-lb) 
cover 

Coolant pump pulley to coolant 
pump 

10 Nm (89 in-lb 

Engine blocic drain plug to block 25 Nm (18 ft-lb) 

Radiator drain plug to radiator 2-3Nm(18-27in-lb) 

Thermostat cover to coolant 
pump assembly 

10 Nm (89 in-lb) 

Radiator, removing and installing 

Removal of the radiator is similar for V-8 and 6-cylinder mod- 
els. 

- Raise front of car and support safely. 

WARNING - 
Make sure the car is stable and well supported at aN times. 
Use a professional automotive liff orjaclc stands designed for 

- Remove splash shield from under engine. 

- Drain radiator and engine block. See Coolant, draining and 
fi l l ing (V-8 models). 

WARNING - 
Allow cooling system to cool before opening or draining sys- 
tem. 

< Remove air filter housing: 

Disconnect electrical harness connectors (A and B). 
Loosen clamps (C and D). 
Remove mounting fastener (arrow) and remove air filter 
housing together with mass air flow (MAF) sensor. 
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4 Pry out expansion rivets (A) on left and right side of fan 
shroud. Loosen hose clamp (6) and remove hose from ex- 
pansion tank. 

Remove expansion tank: 

Remove expansion tanlc cap, vent plug (A) and tank retain- 
ing clips (arrows). 

Lift expansion tanlc upward and off lower retaining lugs. 
Push shroud back to expose expansion tank vent line. Re- 
move line. 

Using 32 mm wrench (BMW special tool 11 5 040) on fan 
clutch nut (arrow), turn wrench in a clockwise direction 
(working from front of car) while counterholding pulley with 
BMW special tool 11 5 030. Spin fan off coolant pump. 

NOTE- 
The radiator cooling fan nut (32 mrn wrench) has left-hand 
threads. 

Disconnect electrical harnesses from AUC (air quality) sen- 
sor and coolant level sensor. 
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4 Lift fan and shroud together out of engine compartment. 

- Detach upper and lower radiator hoses. 

NOTE - 
Later models use retaining clips to fasten coolant hoses to 
expansion tank and radiator. 

- Disconnect temperature sensor harness connector. 

4 Remove radiator support bolts and supports (arrows). 6-cyl- 
inder shown. 

- Slide right side of radiator back toward engine and pull radi- 
ator up to remove. 

- Installation is reverse of removal, noting the following: 

Fill radiator and cooling system. See Coolant, draining 
and filling (6-cylinder models) or Coolant, draining 
and filling (V-8 models). 

Tightening torques 

Engine block drain plug to block 25 Nm (18 it-lb) 

Radiator drain plug to radiator 2 - 3 Nm (18 - 27 in-ib) 

Expansion tank, removing and installing 

- Raise front of car and support safely. 

WARNING - 
Make sure the car is stable and well supported at all times. 
Use a professional automotive /iff orjacltstands designed for 
the purpose. A floorjacl~ is not adequate support. 

- Remove splash shield from under engine. 

- Drain radiator as described earlier. See Coolant, draining 
and filling (6-cylinder models) or Coolant, draining and 
filling (V-8 models). 

I WARNING- 
Allow cooling system to cool before opening or draining sys- I tem. 



170-25 

Radiator and Cooling system] 

< Disconnect expansion tank: 

Remove expansion tank bleed screw and support clip (A) 
Loosen hose clamp (6) and disconnect coolant hose from 
expansion tank. 

Disconnect harness connector from coolant level sensor 
(C). 
Push top of expansion tank toward engine and disconnect 
bleed hose. 
Lift expansion tank to free it from lower mounts, then lift 
straight up to remove. 

- Installation is reverse of removal, noting the following: 

Fill radiator and cooling system as described earlier. See 
Coolant, draining and filling (6-cylinder models) or 
Coolant, draining and filling (V-8 models). 
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Exhaust System 

The exhaust system is designed to be maintenance free, al- 
though regular inspection is warranted due to the harsh oper- 
ating conditions. Under normal conditions, the catalytic 
converter does not require replacement unless it is damaged. 

New fasteners, clamps, rubber mounts and gaskets should 
be used when replacing exhaust components. A liberal appli- 
cation of penetrating oil to the exhaust system nuts and bolts 
in advance may make removal easier. 

WARNING - 
The exhaust system and catalytic converter operate at 
very high temperatures. Allow components to cool before 
servicing. Wear protective clothing to prevent burns. 
Do not use flammable chemicals near a hot cataiyiic 
converter. 

Corroded exhaust system components crumble easily 
and often have exposed sharp edges. To avoid injury, 
wear eye protection and heavy gloves when working 

Exhaust system, removing and installing 

The removal and installation procedures given here are gen- 
eral procedures for all models. The removal of the exhaust 
system as a complete unit is recommended. Once the com- 
plete system is removed from the car, individual pipes and 
mufflers can be more easily replaced. 

WARNING- 
Exhaust gases are colorless, odorless, and very toxic. Run 
the engine only in a well-ventilated area. Immediately repair 
any leaks in the exhaust system or structural damage to the 
car body that might allow exhaust gases to enter the passen- 
ger compartment. 

CAUTION- 
Use care not to drag or bang oxygen sensors. Oxygen sen- 
sors can be easily ruined. 
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Exhaust System 

- With exhaust system fully cold, raise and support car for ac- 
cess to exhaust system. 

WARNING - 
Do not worlc under a lifted car unless it is solidly supported on 
jack stands designed for that purpose. Never work under a 
car that is supported solely by a jack. 

- Disconnect oxygen sensor connector(s). 

4 Loosen and remove bolts holding front exhaust pipes to ex- 
haust manifolds (arrows). Right side of V8 model shown. 

- Support exhaust system 

- Where applicable, disconnect exhaust support bracket as- 
sembly from transmission. 

< Remove hangers by prying off bracket (arrows). 

- Lower exhaust system as a single unit to ground. 

NOTE- 
I f  the catalytic converterlfront exhaust pipe assembly is to be 
replaced, transfer the oxygen sensors to the new pipe(s). 

Tightening torque 

Oxygen sensor 55 Nm (41 ft-lb) 

- installation is reverse of removal. 

* Make sure there is at least 20 mm (314 in.) clearance be- 
tween exhaust system and car body at every point. 
Loosely install ail exhaust system mounting hardware and 
hangers before tightening fasteners to their final torque. 

Coat manifold studs with copper paste before installing 
nuts. 

NOTE- 
Where applicable, tighten front pipe with semi-flexible com- 
pensator last when installing front pipe to manifolds. 

Tightening torques 

Exhaust manifolds to cylinder head 22 Nm (1 7 It-lb) 

Front exhaust pipe to manifolds 30 Nm (22 ft-lb) 

To prevent exhaust system rattles and vibration, the system 
should be slightly preloaded by pushing the rear clamping 
brackets forward about 7 mm (114 in). 
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Muffler, replacing 

BMW offers individual mufflers as replacement parts for the 
original one-piece assembly. Replacement of a rear muffler 
may be possible with the system installed on the car. Re- 
placement of the front or middle muffler should only be done 
with the exhaust removed from the car. 

< Mark length of new muffler pipe(s) on old system. 

- Use exhaust pipe cutter to cut pipe(s). Deburr cut pipe 
end@). 

4 Use clamping sleeves to join new pipe(s) to old. 

Make sure pipe ends are centered inside sleeve. 
Point clamping sleeve bolt threads (arrows) down. 

- Reinstall exhaust system. 
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Exhaust manifold removal procedures are organized accord- 
ing to engine code. If necessary, see 100 Engine-General 
for engine code and application information. 

Exhaust manifolds, removing and installing 
(M52 engine) 

4 Exhaust manifolds for the M52 engine. 

Always use new retaining nuts and gaskets when removing 
and installing the exhaust manifolds. 

- With exhaust system cold, raise and support car for access 
to exhaust system. 

WARNING - 
Do not work under a lined car unless it is solidly supported on 
jack stands designed for that purpose. Never work under a 
car that is supported solely by a jack. 

- Disconnect secondary air check valve and pipe from exhaust 
manifold. 

- Unbolt front exhaust pipe@) from exhaust rnanifold(s) 

- Remove exhaust support bracket from transmission. 

- Loosen and remove nuts from exhaust manifolds and remove 
manifolds. Discard nuts and gaskets. 

NOTE- 
On cars with oxygen sensors mounted in the exhaust mani- 
folds, use care when removing manifolds. To be safe, remove 
the sensors from the manifolds before removing manifolds. 

- Installation is reverse of removal 

Coat exhaust manifold mounting studs with copper paste 
before installing new nuts. 

Install manifold gaskets with arched side facing manifolds. 

Tightening torque 

Exhaust manifolds to cylinder head 20 Nm (15 ft-lb) 
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Exhaust manifolds, removing and installing 
(M52 TU and M54 engines) 

I Exhaust manifolds with converters I 4 The exhaust manifolds incorporate the catalytic converters. 
Two precatalyst and two post-catalyst oxygen sensors are 
mounted in the exhaust manifold assembly. 

Under normal conditions, the catalytic converters do not re- 
quire replacement unless damaged. Always use new retain- 
ing nuts and gaskets when removing and installing the 
exhaust manifolds. 

I \ \  1 4 Using engine support equipment (BMW special tools 00 0 
200. 00 0 201. 00 0 202.00 0 204.00 0 208 or equivalent). 
connect to lifting eye on front of engine. Rhise engine approx. /I 1 5 mm (IH in). 

With exhaust system cold, raise and support car for access 
to exhaust system. 

WARNING- 
Do not worlc undera liftedcar unless it is solidly supported on 
jack stands designed for that purpose. Never worlc under a 
car that is supported solely by a jaclc. 

in order to avoid damaging oxygen sensors: - Detach oxygen sensor harness connectors, 

Remove oxygen sensors from exhaust manifolds as de- 
scribed later in this group. 

Unbolt and remove secondary air checkvalve and pipe from 
right front of cylinder headlexhaust manifold. 

Working underneath car, unbolt front exhaust pipes from ex. 
haust manifolds. 

With engine supported from above, remove right engine 
mount bracket and right engine mount (arrow). 

Loosen and remove nuts from exhaust manifolds and remove 
manifolds. Discard nuts and gaskets. 

CA U T I O G  
Take care tliat the front and rear oxygen sensor connectors 
are not mixed up. 

- 
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NOTE- 
The front exhaust manifold must be removed before the rear 
manifold. 

- Installation is reverse of removal. 

Coat exhaust mounting studs with CRC or equivalent cop- 
per paste. 

Use new gasltets and self-locking nuts. 

Tightening torques 

Exhaust manifold to cylinder head 20 Nm (15 ft-lb) 

Front exhaust pipe to manifold 30 Nm (22 ft-lb) 

Oxygen sensor to manifold 50 Nrn (37 ft-lb) 

Exhaust manifolds, removing and installing 
(M62 engine) 

Always use new retaining nuts and gasltets when removing 
and installing the exhaust manifolds. 

NOTE- 
Access to manifolds is extremely limited. I f  removing exhaust 
manifolds as part of additional engine worlc (such as cylinder 
head removal), i t  may be easier to first remove engine. 

- With exhaust system cold, raise and support car for access 
to exhaust system. 

WARNING - 
Do not work undera lifted car unless it is solidly supported on 
jaclt stands designed for the purpose. Never worlc undera car 
that is supportedsolely by a jack. 

- Remove exhaust system. See Exhaust system, removing 
and installing. 

- Removing right side exhaust manifolds (cylinder bank 1-4): 

Remove heat baffle plate. 

Disconnect plug connection to oxygen sensor. 

securing exhaust manifolds to head. 

Remove manifolds towards bottom. 

- Installation is the reverse of removal. 

Coat exhaust mounting studs with CRC or equivalent 
copper paste. 

Use new gasltets and self-loclting nuts. 



- Removing left side exhaust manifolds (cylinder bank 5-8): - Remove heat baffle plate on left side. 

Remove oxygen sensor using BMW special tool 11 7 030 
or similar oxygen sensor socket. 

Install BMW special tools 00 0 200,OO 0 201,OO 0 202,OO 0 
204, and 00 0 208 or other suitable engine lifting support 
above engine and attach to lifting eye on left head. 

NOTE- 
The supports on special tool 00 0 208 must rest on the 
screws on the fenders. 

- Remove nut at top of engine support on left side 

- Raise engine at front suspension lug a maximum of 25 mm 
( I  .O in). 

Release clamping bolt and nut (arrow) and slide universal 
joint off steering gear. 

4 Remove nuts securing left exhaust manifold to head, 

Raise front of manifold as high as possible past end posi- 
tion of steering gear and feed out towards bottom. 

- Installation is reverse of removal. 

Coat exhaust mounting studs with CRC or equivalent 
copper paste. 

Use new exhaust gaskets and self-locking nuts. 

Install new self-locking nuts on engine mount and steering 
shaft bolt. 
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Oxygen sensors (precatalyst), replacing 
(M52 TU and M54) 

The precatalyst oxygen sensors are installed at the top of the 
exhaust manifolds. 

WARNING- 
Allow components to cool before servicing. 

- Using BMW scan tool DlSplus (Diagnostic Information Sys- 
tem) or equivalent, read out and clear ECM fault codes. 

Working at right side of engine above exhaust manifolds, 
remove front or rear oxygen sensor harness connector 
(arrows) from bracket, then separate plug. 

NOTE- 
In photo, secondary air pump has been removed for clarity. 

Remove oxygen sensor using special oxygen sensor 
removal socket. 

Installation is reverse of removal 

New sensor threads come coated with anti-seize paste. 

If reusing a sensor, apply thin coat of anti-seize paste to 
threads only. Do not contaminate tip of sensor with paste 
or lubricants of any sort. 

Install harness and connector in original location. 

Tightening torque - - .  

Oxygen sensor to manifold 50 Nm (37 ft-lb) 

Oxygen sensors (post-catalyst), replacing 
(M52 TU and M54) 

The post-catalyst oxygen sensors are installed at the rear of 
the catalytic converters. 

WARNING- 
Allow components to cool before servicing 

- Using BMW scan tool DlSplus or equivalent, read out and 
clear ECM fault codes. 

- Remove large cover from above fuel raillintake manifold. 



Exhaust System 

Label and disconnect sensor harness connectors (arrows). 

CAUTlOI\C 
Label connectors so that front and rear connectors are not 
mixed up. 

- Detach harness from guides and brackets. 

- Remove oxygen sensor from exhaust manifold using special 
tool 11 7 030 or equivalent. 

- Installation is reverse of removal 

New sensor threads come coated with anti-seize paste. 

If reusing old sensor, apply thin coat of anti-seize paste to 
threads only. Do not contaminate tip of sensor with paste 
or lubricants of any sort. 

Install harness and connector in original location. 

Tightening torque 

Oxygen sensor to manifold 50 Nm (37 ft-lb) 

Oxygen sensor, replacing 
(M52 and M62 engine) 

The sensors are installed at the front and rear of the catalytic 
converters. 

I WARNING- I 
I Allow components to cool before servicing. I 

Using BMW scan tool DlSplus or equivalent, read out and 
clear ECM fault codes. 

Detach harness from guides and brackets. 

Remove oxygen sensors (arrows) from exhaust using spe- 
cial tool l l  7 030 or equivalent. 

Installation is reverse of removal 

New sensor threads come coated with anti-seize paste. 

If reusing a sensor, apply thin coat of anti-seize paste to 
threads only. Do not contaminate tip of sensor with paste 
or lubricants of any sort. 

Install harness and connector in original location. 

Tightening torque 

Oxvaen sensor to manifold 50 Nm (37 it-lb) 



Exhaust System 

M52 engine 
(5281 1997-1 998) 

1. Exhaust manifolds 

2. Sealing washer 

3. Plug 

4. Gasket (manifold to cylinder 
head) 

5. Clamping sleeve 

6. Post-catalytic converter oxygen 
sensor 

7. Pre-catalytic converter oxygen 
sensor 

8. Hanger 

9. Rear muffler 

10. Vibration dampener 

11. Center support bracket 

12. Clamping sleeve 

13. Front pipe with catalytic 
converters 

14. Hanger 

15. Center muffler 

16. Gasket (front pipe to manifold) 
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M52 TU and M54 engines 
(528i 1999-2000 
and 525i 2001-2003) 

1. Transmission bracket 

2. Center support bracket 

3. Front muffler 

4. Clamping sleeve 

5. Vibration dampener 

6. Hanger 

7. Rear muffler 

8. Hanger 

9. Center muffler 

10. Oxygen sensors, post-catalytic 
converter 

11. Oxygen sensors, pre-catalytic 
converter 

12. Exhaust manifoldlcatalytic 
converter assemblies 
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M54 engine 
(5301 2001-2003) 

Clamping sleeve 

Front muffler 

Rear muffler 

Hanger 

Vibration dampener 

Clamping sleeve 

Center muffler 

Hanger 

Gasket (front pipe to manifold) 

10. Exhaust manifold/catalytic 
converter assemblies 

11. Oxygen sensors, post-catalytic 
converter 

12. Oxygen sensors, pre-catalytic 
converter 



I Exhaust System 

M62 engine 
(540i 1997-1 998) 

1. Right side catalytic converters 

2. Support bracket 

3. Support bracket 

4. Center muffler 

5. Hanger 

6. Rear muffler 

7. Clamping sleeve 

8. Oxygen sensors, post-catalytic 
converter 

9. Oxygen sensors, pre-catalytic 
converter 

10. Left side catalytic converter 

11. Sealing rings 

12. Left front exhaust manifold 

13. Left rear exhaust manifold 

14. Gasket 

15. Exhaust manifold, right front 

16. Exhaust manifold, right rear 
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M62 TU engine 
(540i 1999-2003) 

1. Oxygen sensors, pre-catalytic 
converter (2) 

2. Oxygen sensors, post-catalytic 
converter (2) 

3. Hanger 

4. Rear muffler 

5. Clamping sleeve 

6. Hanger 

7.  Center muffler 

8. Clamping sleeve 

9. Catalytic converter, left side 

10. Catalytic converter, right side 

11. Exhaust manifoldlcatalytic 
converter, left side 

12. Gasket (2) 

13. Gasket (2) 

14. Exhaust manifoldlcatalytic 
converter, right side 
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This repair group covers general application information for 
the clutch, manual and automatic transmissions, shift linkag- 
es and driveshaft. 

Drivetrain 

I ZF manual transmission I 

BMW E39 models are equipped with a longitudinal drivetrain. 
The transmission is bolted directly to the rear of the engine. A 
driveshaft connects the output shaft of the transmission to the 
rear final drive. Individual drive axles with integrated constant 
velocity joints transfer rotational power from the final drive 
unit to the rear wheels. 

4 Due to different power characteristics and performance re- 
quirements, various manual transmissions are used in mod- 
els covered by this manual. Manual transmission 
applications are given in the table below. 

For manual transmission specifications or repair procedures, 
refer to 230 Manual Transmission. 

Manual transmission models use a single disc clutch with 
dual-mass flywheel. For further information, see 210 Clutch. 

The manual transmission metal ID plate is mounted on side of 
transmission. Do not rely on numbers cast on transmission 
case for identification. 

Manual transmission applications 

Model Year Engine Transmission 

5251 2001 - 2002 M52TU, M54 Getrag S5D 250G 

528i 1997-2002 M52 ZF S5D 3202 



Different automatic transmissions are used, depending on 
model and model year and/orproduction date. All of the auto- 
matic transmissions are electrohydraulically controlled with 
five forward speeds. Automatic transmission applications are 
given in the table below. 

Automatic transmission applications 

Model Year Engine Transmission 

526 from 911 999 M52 TU ASS 360R 

5251 from 312001 M54 ASS 3252 

5301 to 312001 M54 ASS 390R 

530i from 312001 M54 ASS 3252 

540i from 111 997 M62 TU ASS 4402 

Automatic transmission identification metal ID plate is mount- 
ed to body of transmission. 

4 GM transmission ID tag (arrow) is on left side of transmission 
housing, behind transmission selector cable, just above 
transmission pan. 

< ZF transmission ID tag (arrow) is on left rear of transmission, 
just above transmission pan. 



The lubricant used varies, depending on transmission and 
model year. Fluid application information is clearly marked on 
a label on transmission. 

On manual transmission, either ATF (orange label reads 
ATF-Oil) or a special BMW lubricant (yellow label reads MTF- 
LT I )  is used. See 230 Manual Transmission. 

Automatic transmission is filled with either Dexron Ill ATF 
(black transmission ID plate reads ATF-Oil), or special life- 
time oil (green transmission ID plate reads Life-Time Oil). See 
240 Automatic Transmission. 

CAUTION-- 
If in doubt as to the type of fluid installed in a particular trans- 
mission, consult an authorized BMW dealer service depari- 
ment for the latest in operating fluids. 
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1 Clutch 

This repair group covers replacement of clutch mechanical 
and hydraulic components. 

BMW 5 Series models with manual transmission use a single 
disc hydraulically actuated clutch. Twoversions of the clutch 
are used: 

1997 5281 (6 cylinder) uses traditional clutch components. 

All 540i (V-8) and 1998 and later 6 cylinder models use a 
self-adjusting clutch (SAC). 

NOTE- 
See 200 Transmission-General for transmission applica- 
tion information. 

Special tools 

Some special tools and techniques are required for clutch re- 
pairs. Be sure to read a procedure through before beginning a 
job. 

< Flywheel loclting tool (V-8 models) 1 (Tool NO. 11 2 070) 

- 
4 Flywheel loclting tool (6 cylinder models) 

(Tool No. 1 1 2 170) 

- < Pilot bearino removal tools 

11 11 2350 
< pilot bearing instaation 

(Tool No. 11 2 350) 
tool 



4 Tom T60 socket for V-8 flywheel bolt removal 
(Tool No. 1 1 4 180) 

4 Hose clamping tool 
(Tool No. 13 3 01 0) 

4 Clutch disc lining gauge 
(Tool No. 21 2 080) 

4 Clutch disc centering mandrels (non-SAC clutch) 
(Tool No. 21 2 141,21 2 142,21 2 200,21 2 201) 

4 Clutch disc alignment tools (SAC clutch) 
(Tool No. 00 5 500 (handle). 21 2 130 (drift)) 

4 SAC tensioning tool 
(Tool No. 21 2 170) 

4 SAC locating ring 
(Tool No. 21 2 180) 



Tool for bleeding clutch hydraulics (Tool No. 21 5 030) 
21 5 030 I 

The clutch is hydraulically actuated by the master and slave 
cylinders. With the self-adjusting clutch (SAC), clutch disc 
wear is automatically taken up through the self-adjusting 
pressure plate springs, making pedal feel consistent through- 
out the life of the clutch. 

A soft or spongy feel to the clutch pedal, long pedal free-play, 
or grinding noises from the gears while shifting can all indi- 
cate problems with the clutch hydraulics. In these circum- 
stances it is best to star? with a clutch fluid flush, followed, if 
necessary, by replacement of the hydraulic parts. 

NOTE- 
The clutch hydraulic system shares the fluid reservoir and flu- 
id with the brake hydraulic system. 

Clutch hydraulic system, 
bleeding and flushing 

If the clutchlbralte fluid is murky or muddy, or has not been 
changed within the last two years, flush the system and 
change the fluid. Flushing the old fluid from the clutch lines is 
done using a bralte system pressure bleeder. 

- Remove brake fluid reservoir cap. Using a clean syringe, re- 
move brake fluid from reservoir. Refill reservoir with clean 
DOT 4 bralte fluid. 

Worlting inside engine compartment, remove left interiorven- 
tilation filter housing: 

Release 3 plastic taps (A) on duct. Earlier models use a 
single release latch. 

Rotate duct inward to remove. 

Disconnect electrical harness to hood position switch. 

Remove filter housing cover. 

Release spring lock (B) on interior ventilation housing and 
remove housing. 



Anach pressure brake bleeder to fluid reservoir and pump 
bleeder a few times to pressurize hydraulic fluid system. 

CAUTION- 
* Do not exceed 2 bar (29 psi) pressure at the fluid resenfoil 

when bleeding or flushing the hydraulic system. 

Brake fluid is poisonous, highly corrosive and danger- 
ous to the environment. Wear safety glasses and rub- 
bergloves when working with brake fluid. Do not siphon 
brale fluid with your mouth. Immediately clean away 
any fluid spilled on painted surfaces and wash with wa- 
ter, as brale fluid will remove paint. 

Always use new brake fluid from a fresh, unopened 
container. Brake fluid will absorb moisture from the air. 
This can lead to corrosion problems in the clutch and 
brake hydraulic systems, ;nd will also lower the brake 
fluid boiling point. Dispose of brale fluid properly. 

- Raise and safely support vehicle. 

WARNING- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjackstands designed for 
the purpose. A floor iack is not adequate support. 

- If necessary, remove transmission splash shield. 

Hydraulic system, bleeding 

Worlting underneath transmission, connect a hose from 
clutch slave cylinder bleeder valve (arrow) to a container. 

Open bleeder valve and allow bralte fluid to expel until 
clean fluid comes out, free of air bubbles. 
Close bleeder valve and disconnect pressure bleeding 
equipment from fluid reservoir. 

Slowly operate clutch pedal about 10 times. Fill reservoir 
with clean fluid as necessary. 

C R *  .,,, .rP,ll,h.:I,,~,~mn.lI","i,,i" 



21 0-6 

1 Clutch 

Hydraulic system, bleeding 
(using BMW special tool 21 5 030) 

4 Working underneath transmission, remove slave cylinder 
mounting nuts (arrow) from clutch housing and remove 
cylinder. Leave fluid line attached. 

4 Use BMW special tool 21 5 030 to press slave cylinder push- 
rod completely into slave cylinder. 

Hold slave cylinder so that bleeder valve is at highest point. 

Open bleeder valve and allow brake fluid to expel until 
clean fluid comes out, free of air bubbles. 

* Close bleeder valve and disconnect pressure bleeding 
equipment from fluid reservoir. 

Slowly unscrew and detach special tool 21 5 030 from 
slave cylinder. 

CAUTION- 
Do not remove tool i f  hydraulic system is pressurized. 

- Reinstall slave cylinder. 

Tightening torque 

Slave cylinder to transmission case 22 Nm (1 6 ft-lb) 

- Slowly operate clutch pedal about 10 times. Fill reservoir with 
clean fluid as necessary. 

Clutch master cylinder, replacing 

The clutch master cylinder is mounted to the pedal assembly 
directly above the clutch pedal. 

Working inside engine compartment, remove left interior 
ventilation filter housing: 

Release 3 plastic taps (A) on duct. Earlier models use a 
single release latch. 

Rotate duct inward to remove 

Disconnect electrical harness to hood position switch. 
Remove filter housing cover. 

Release spring loclc (B) on interior ventilation housing and 
remove housing. 
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- Remove brake fluid reservoir cap. Using a clean syringe. 
remove brake fluid from reservoir to below level of clutch 
hydraulic supply hose. 

- Detach clutch hydraulic supply hose from brake fluid reser- 
voir. Plug reservoir outlet and hose. 

4 Remove lower dash trim panel fasteners (A) and (B). 

Lower trim panel and disconnect wiring harnesses on back 
side of panel. 

Remove trim panel. 

4 Working under dash, remove clutch master cylinder pushrod 
retaining clip (arrow) and pin from clutch pedal. 

4 Remove master cylinder mounting bolts (arrows) 
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4 Remove hydraulic line locking clip (1) and pull line (2) off 
master cylinder. 

CAUTION- . To prevent brake fluidspill, wrap clutch master cylinder with 
shop rags when removing hydraulic fluid lines from master 
cylinder. 

* Brake fluid damages paint andstains carpets. Clean off 
any brake fluid on or in the car immediately. 

- Remove master cylinder with supply hose 

4 Remove switch module from master cylinder. 

Press locking button (A) to release harness connector. 

Pull harness connector (8) off switch module. 

Use screwdriver to lever off switch module (C). 

- Installation is reverse of removal. 

CA UTlON- 
Switch module must snap firmly into place on the master cyl- 
inder during installation. 

Tightening torques 

Clutch master cylinder to pedal cluster 10 Nm (89 in-lb) 

Fluid line to master cylinder or slave cylinder 17 Nm (13 ft-lb) 

- Fill fluid reservoir with clean fluid. Bleed clutch hydraulics as 
described earlier. 

Clutch slave cylinder, replacing 

4 Working inside engine compartment, remove left interiorven- 
tilation filter housing: 

Release 3 plastic taps (A) on duct. Early models: release 
latch. 

Rotate duct inward to remove. 

Disconnect electrical harness to hood position switch. 

Release spring lock (B) on interior ventilation housing and 
remove housing. 

- Pinch off brake fluid supply hose to clutch master cylinder us- 
ing BMW special tool 13 3 01 0 or equivalent hose clamping 
tool. 



- Raise and safely support vehicle 

WARNING- 
Make sure the car is stable and well supporied at all times. 
Use a professional automotive /iff orjack stands designed for 
the ournose. A floor jack is not adeouate suooort. 

- If necessary, remove transmission splash shield. 

- Disconnect fluid line from slave cylinder on lefl side of trans- 
mission. Place pan under hose to catch dripping fluid. 

4 Working underneath transmission, remove slave cylinder 
mounting nuts (arrow) from clutch housing and remove 
cylinder. 

- Installation is reverse of removal, noting the following: 

Check for wear on slave cylinder. Any wear except on tip is 
caused by misalignment of clutch components. 

Lightly coat pushrod tip with molybdenum disulfide grease 
(MolyltoteIB Longterm or equivalent). . During installation be sure pushrod tip engages recess in 
clutch release lever. 

Fill fluid reservoir with clean fluid. . Bleed clutch hydraulics as described earlier. 

Tightening toraues - - .  
Clutch slave cylinder to transmission 22 Nm (16 R-lb) 

Fluid line to slave cylinder 17 Nm (13 ft-lb) 

The transmission must be removed from the engine to access 
the clutch mechanical components. It is recommended that 
the clutch disc, pressure plate and release bearing be re- 
placed during a clutch overhaul. 

Besure tocheck the bottom of the bellhousing foroil. If engine 
oil is found, check for a faulty rear crankshaft main oil seal. 
See 119 Lubrication for rear main seal replacement. 

Clutch variations 

Two versions of the clutch are used: 

1997 528i (6 cylinder) uses traditional clutch components. 

All 540i (V-8) and 1998 and later 6 cylinder models from 
use a self-adjusting clutch (SAC). 
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Installing the non-SAC clutch (1 997 5281 model) requires the 
use of only a flywheel lock and traditional clutch disc align- 
ment tool. 

Installing the self-adjusting clutch (SAC) requires several 
special tools for aligning and assembling the clutch, as well as 
locking the flywheel in place. In addition, the procedure for re- 
installing a previously used SAC differs from the procedure 
for installing a new SAC. Be sure to read the SAC installation 
procedure through before starting the job. 

The pressure plate of the SAC uses a spring-loaded wedge 
rino to cornoensate for clutch disc wear. The wedge ring ad- 
;u$s by means of spr'ng tenson, so specal t o o l s h ~ s t  be 
used to appy and relieve spring tension as the c utch pres- 
sure plate is installed. 

Self adjusting clutch (SAC) 
and clutch hydraulics 



Clutch, removing 

The procedure given here applies to both non-SAC and SAC 
clutch assemblies. 

- Remove transmission from engine. See 230 Manual Trans- 
mission. 

4 Loosen 6 clutch mounting bolts (arrows) evenly 

- Remove pressure plate and clutch disc. 

WARNING- 
The clutch disc contains asbestos. Inhaling or ingesting as- 
bestos dust can cause severe health problems. Always wear 
an approved respiratorandprotective clothing when handling 
components containing asbestos. Do not use compressed 
air to clean components. Do not grind, heat, weld, or sand on 
or near anv asbestos materials. 

Pull release bearing off transmission input shaft. Remove 
clutch release lever by sliding it out of spring clip in direction 
of arrow. 

Clutch components, inspecting 

- Inspect clutch disc for wear, cracks, loose rivets, contamina- 
tion or excessive runout (warping). Replace if necessary. 

- Measure clutch disc lining thickness at shallowest rivet head. 
7 

Clutch and pressure plate wear limits 

Minimum clutch disc lining thickness (at rivets) 1.0 mm (0.04 in) - 
Maxtmum lateral runout 
(d~aphragm sprtngs to pressure plate) 0 6 mm (0 02 in) 
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Release bearing 

Release bearin 

- lnspect flywheel for scoring, hot spots, cracks or loose or 
worn guide pins. If any faults are found, replace flywheel as 
described later. 

- lnspect transmission pilot bearing in end of crankshaft. The 
bearing should rotate smoothly without play. If necessary, 
replace as described later. 

4 lnspect and clean release bearing lever. Apply a thin coat of 
grease to release bearing lever lubrication points (arrows). 
Clean and lightly lubricate clutch disc splines and transmis- 
sion input shaft splines. 

4 Checlc release bearing ball stud and spring retainer. Replace 
if damaged or worn. 

CAUTION-- 
On S6S 420G transmission, always replace release bearing 
ball stud and retainer spring. 

- Clean release bearing guide sleeve. 

CA U T I O G  
Do not grease guide sleeve. If guide sleeve is greased, 
release bearing may stick to it. 

Flywheel, removing and installing 
(6 cylinder engine) 

- lnspect flywheel for scoring, hot spots, cracks or loose or 
worn guide pins. Replace flywheel if any faults are found. 

Lock flywheel with BMW special tool 11 2 170. Remove 
pressure plate and clutch disc as described earlier. 

- Loosen and remove flywheel mounting bolts. Remove 
flywheel. 

- Clean flywheel bolt threads in crankshaft. 



Checlc flywheel location dowel 
and correct installation. 

sleeve (arrow) for damage 

4 When installing dual-mass flywheel, position dowel sleeve 
next to two locating notches (arrows). 

- Install flywheel using new self-locking bolts, 

Tightening torque 

Flywheel to cranltshaft 
(use new self-locking bolts) 120 Nm (89 ft-lb) 

Use new self-lock~ng bolls lo rnslall llylvheel Do not reuse llle 
old slrelch-lype bolls Do nor rnsrall bolls wrlh Loct~lo@ or srm- 

I ilar thread licking compound. 1 

Flywheel, removing and installing 
(V-8 engine) 

- Inspect flywheel for scoring, hot spots, cracks or loose or 
worn guide pins. Replace flywheel if any faults are found. 

4 Loclcflywheel with BMW special tool 11 2 070. Remove pres- 
sure plate and clutch disc as described earlier. 

- Use BMW special tool 11 4 180 (Ton. T60) to loosen and re- 
move flywheel mounting bolts. Remove flywheel. 

- Clean flywheel bolt threads in crankshaft 
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Dowel sleeve I 

Check flywheel location 
and correct installation. 

dowel sleeve (arrow) for . damage 

< When installing dual-rnass flywheel, position dowel sleeve 
next to two locating notches (arrows). 

- Lightly oil flywheel mounting bolt threads and torque to 
specification. 

Tightening torque 

Flywheel to crankshaft 105 Nm (77 ft-lb) 

CAUTIOI\C 
Do not reinstall flywheel bolls with LoctiteCTJ or similar thread 
locl~ing compound. 

- Install transm~ssion as descr~bed in 230 Manual Transmis- 
sion. 

4 If flywheel was replaced, check pulse sensor (arrow) for cor. 
rect installation depth. 

- Remove pulse sensor. 



21 0-1 5 

Clutch 

Use crankshaft pulley bolt to rotate engine in direction of ro- 
tation until a full pulse tooth (arrow) is centered in pulse sen- 
sor opening. 

Measure depth from pulse sensor mounting surface on trans- 
mission to top of tooth. 

Q Measure length (A) of pulse sensor from mounting surface to 
end. 

- Subtract length of pulse sensor (A) from distance to pulse 
tooth from mounting area on transmission. This resulting 
measurement is the pulse sensor air gap. Use shims avail- 
able from BMW to adjust air gap to specification. 

Pulse air sensor gap 

End of sensor to flywheel teeth 0.55 i-0.2 rnrn 
(0.0217 i0.0079 in) 

Transmission input shaft pilot bearing, 
replacing 

- Remove clutch as described earlier. 

4 Remove pilot bearing from end of crankshaft using BMW 
special tool 11 2 340 or equivalent puller. 
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4 Press new bearing into place using BMW special tool 
11 2 350 or equivalent driver. 

Clutch, installing (non-SAC) 

C A U T I O G  
Avoidcontaminating clutch friction surfaces with oilorgrease. 
Do not touch these surfaces. 

4 Center clutch disc on flywheel using centering tool 

Clutch 
Clutch pressure 
disc plate 

Dual mass 
flywheel - 

5-speed transmission: Special tool 21 2 130 

- Install flywheel lock, BMW special tool 11 2 170. 

4 Install pressure plate and clutch disc to flywheel. Install and 
tighten bolts hand-tight. 

C A U T I O G  
Be sure clutch disc is facing the correct way The disc should 
be marked 'kngine side" or "transmission side': 

- Tighten each clutch bolt one turn at a time until pressure 
plate is fully seated. Torque to specification. 

Tightening torques 

Clutch to flywheel 

. M8 (8.8 grade) 24 Nrn (18 ft-lb) 

- M8 (10.9 grade) 34 Nrn (25 ft-lb) 

- Remove clutch disc centering tool. 



Clutch 

- Remove flywheel locking tool 

4 Inspect and clean release bearing lever. Apply a thin coat of 
grease to release bearing lever lubrication points. Install re- 
lease bearing. Bearing tabs (A) align with contact points (B) 
on release lever. 

CAUTION- 
Do not grease release bearing guide sleeve. If guide sleeve 
is greased, release bearing may stick to it. 

- Clean and lightly lubricate clutch disc splines and transmis- 
sion input shaft splines. 

- Install transmission. See 230 Manual Transmission 

. 

Transmission to engine 

MB (Torx) 22 Nm (16 fl-lb) 

MlO(Torx) 43 Nm (32 fl-lb) 

Clutch, installing (new SAC components) 

V-8 models and 1998 and later 6 cylinder models are 
equipped with the self-adjusting clutch (SAC) pressure plate. 
The SAC pressure plate, when new, comes from the factory 
with a lock plate at the center which maintains spring tension 
on the self-adjusting springs. This loclting ring must not be re- 
moved until the pressure plate is securely installed on tlie fly- 
wheel with the clutch disk in place. 

CAUTION- 
Avoidcontaminating clutch friction surfaces with oilorgrease. 
Do not touch these surfaces. 

< Center clutch disc on flywheel using centering tool. 

5-speed transmission: Special tool 21 2 142 - 6-speed transmission: Special tool 21 2 141 

G6S-3782 transmission: Special tool 21 2 201 

CAUTION- 
Be sure clutch disc is facing the correct way The disc should 
be marked "engine side" or "transmission side': 

The large bolt in the clutch disc centering tool is used to in- 
stalland remove the tool only. Once the disc is in place on the 

eel, remove the bolt to male room for tlie SACpressure 
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- lnstall flywheel lock, special tool 11 2 170 (6 cylinder model) 
or 11 2 070 (V-8 model). 

- Install SAC pressure plate on dowel pins at flywheel. lnstall 
clutch mounting bolts and tighten each one turn at a time until 
pressure plate is fully seated. Torque to specification. 

Tightening torques 

Clutch to flywheel - M8 (8.8 grade) 

MB 110.9 orade) 

24 Nm (1 8 it-lb) 

34 Nm (25 ft-lb) 

Use 14 mm Allen wrench to unscrew (clocltwise or counter- 
clockwise) lock plate in center of pressure plate. 

NOTE- 
The spring lockplate may make snapping noises while being 
unscrewed. 

Using large bolt, pull out clutch centering tool 

Remove flywheel locking tool 

4 Inspect and clean release bearing lever. Apply a thin coat of 
grease to release bearing lever lubrication points. lnstall re- 
lease bearing. Bearing tabs (A) align with contact points (B) 
on release lever. 

- Clean release bearing guide sleeve. 

C A U T I O G  
Do not grease guide sleeve. Ifguide sleeve is greased, re- 
lease bearing may stick to it. 

- Clean and lightly lubricate clutch disc splines and transmis- 
sion input shaft splines. 

- lnstall transmission. See 230 Manual Transmission. 

Tightening torques - - - 
Transmlsslon to engine - . MB (Torx) 22 Nm (16 it-lb) 

MI0 (Torx) 43 Nm (32 it-lb) 

* M12 (Torx) 72 Nm (53 it-lb) 

.- 



Clutch 

Clutch, installing (used SAC components) 

When reinstalling a previously used self-adjusting clutch 
(SAC), special tools are needed to reset the self-adjusting 
ring to its original position. 

CAUTIOI\C 
Avoidcontaminating clutch friction suifaces with oilorgrease. 
Do not touch these suifaces. 

- Place SAC pressure plate on clean worlc suriace. 

4 Place BMW special tool 21 2 180 on pressure plate 

Note that locating hoolts of special tool engage pressure 
plate adjusting ring openings (inset). 

Grip tool firmly and squeeze special tool handles together. 

Tighten down special tool knurled screws (arrows). - SAC adjustment ring is now in its original position. 

4 Install BMW special tool 21 2 170 on SAC pressure plate. 

Fit fingers of special tool in slots above dowel pin bores. 

Tighten down knurled nut (arrow) finger-tight. 

Screw in T-handle until pressure plate diaphragm spring is 
pretensioned to stop. 

< Center clutch disc on flywheel using centering tool. 

5-speed transmission: Special tool 21 2 142 

6-speed transmission: Special tool 21 2 141 

G6S-3762 transmission: Special tool 21 2 201 

CAUTION-- 
Be sure clutch disc is lacing the correct way The disc should 
be marked 'kngine side" or 'Transmission side': 

NOTE- 
The large bolt in the clutch disc centering tool is used to in- 
stalland remove the tool only Once the disc is in place on tlie 
flywheel, remove the bolt to male room for the SACpressure 
plate. 



1 Clutch 

- lnstall flywheel lock, special tool 11 2 170 (6 cylinder model) 
or 11 2 070 (V-8 model). 

- lnstall SAC pressure plate on dowel pins at flywheel. lnstall 
clutch mounting bolts and tighten each one turn at a time until 
pressure plate is fully seated. Torque to specification. 

Tightening torques 

Clutch to flywheel - M8 (8.8 grade) 

M8 (10.9 grade) 

24 Nm (18 ft-ib) 

34 Nm (25 ft-lb) 

- Slip out clutch centering tool using large bolt. 

- Remove flywheel locking tool. 

Inspect and clean release bearing lever. Apply a thin coat of 
grease to release bearing lever lubrication points. lnstall re- 
lease bearing. Bearing tabs (A) align with contact points (B) 
on release lever. 

- Clean release bearing guide sleeve. 

CA U T I O G  
Do not grease guide sleeve. I f  guide sleeve is greased, re- 
lease bearing may stick to it. 

- Clean and lightly lubricate clutch disc splines and transmis- 
sion input shaft splines. 

- Install transmission. See 230 Manual Transmission 

Tightening torques 

Transmission to engine - ME (Torx) 

. M1O (Torx) 

. M12 (Torx) 

22 Nm (16 ft-lb) 

43 Nm (32 ft-lb) 

72 Nm (53 it-lb) 



Self-adjusting clutch (SAC), breaking in 

With normal driving, 800 to 1000 gearshifts are required to 
break in the clutch. 

Break in the SAC gradually, with light to medium loads, to en- 
sure correct operation and long life. Fast sports driving ma- 
neuvers may destroy a new clutch.The following break-in 
procedure helps to create the correct coefficient of friction. 

Drive normally on level grade. Starting speeds on level 
grade may be up to 2000 rpm. 

Upshift and downshift through all the gears at 3500 - 4000 
rpm. 

On medium grades (approx. 12% and up), start off at ap- 
prox. 2500 rpm for the first 5 or so times. 

Tightening torques 

Clutch slave cylinder to transmission case 22 Nm (16 It-lb) 

Clutch master cylinder to pedal cluster 10 Nm (89 in-lb) 

Bralte fluid line to clutch master or slave cylinder 17 Nm (13 ft-lb) 

Transmission to engine 

M8 (Torx) 22 Nm (16 fl-lb) 

. M1O (Torx) 43 Nm (32 ft-lb) 

MI2 (Torx) 72 Nm (53 it-lb) 

Flywheel to crankshaft 

6 cylinder engine (use new self-loclting bolts) 105 Nm (77 ft-lb) 

V-8 engine 105 Nm (77 ft-lb) 

Clutch to flywheel 

M8 (8.8 grade) 

M8 (10.9 grade) 

24 Nm (18 ft-lb) 

34 Nm (25 ft-lb) 





230 Manual Transmission 

General . . . . . . . . . . . . . . . . . . . . . . . . . . .  .23 0.2 Output shaft seal. replacing (5-speed 
. . . .  Special tools . . . . . . . . . . . . . . . . . . . . . . . .  .23 0.2 transmission) (transmission installed) 230-10 

Manual transmission aoolications . . . . . . .  .23 0.5 Output shaft seal. replacing (6-speed . . . . . .  transmission) (transmission installed) 230-12 
. . . . . . . .  Transmission Fluid Service .23 0.6 put shaft seal. replacing 

Transmission fluid level. checking . . . . . . .  .23 0.6 (transmission . . . . . . . . . . . . . . .  230-15 
. . . . . . . . . . .  Transmission fluid, replacing .23 0.6 

Transmission Removal 
. . . . . . . . . . . . . . . . . . .  . . . . .  Transmission External Service .23 0-7 and installation 230-1 

Back-up light switch, replacing . . . . . . . . . .  .23 0-' Transmission, removing and installing 230-16 . . .  
Selector shaft seal. reolacina . 
(transmission installed) . . . . . . . . . . . . . . . .  .23 0.8 
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This repair group covers external transmission service, 
including removal and installation of the transmission unit. 
Internal transmission repair is not covered. Special tools and 
procedures are required to disassemble and service the 
internal geartrain. 

Special tools 

BMW specified tools are required for removal and installation 
of the manual transmission, as well as the removal and instal- 
lation of seals at the transmission input, output, and selector 
shafts. If these tools are unavailable, equivalent tools may be 
substituted. 

4 Transmission jack 
(Tool No, BMW 00 2 030) 

4 Seal puller 
(Tool No. BMW 00 5 01 0) 

4 Engine support block (V-8 models) 
(Tool No. BMW 11 7 31 0) 

4 Engine support bloclc (6 cylinder models) 
(Tool No. BMW 11 7 370) 



I Manual ~ransmissionl 

4 Transmission flange counterhold tool 
(Tool No. BMW 23 0 020) 

4 Transmission support (for use with transmission jack) 
(Tool No. BMW 23 0 040) 

Selector seal extractor 
(Tool No. BMW 23 0 210) 

4 Selector seal installation drifl 
(Tool No. BMW 23 0 220) 

4 Input shaft seal puller (slide hammer) 
(Tool No. BMW 23 0 490) 

4 Output shaft flange nut socltet (27 mm) 
(Tool No. 23 1 210) 

4 Output seal installation drift 
(Tool No. BMW 23 2 300) 

EBlislltliPubiilir~ti corn-ill R~l1 l .  Rriniurd 
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4 Output shaft flange nut socket (36 mm) 
(Tool No. BMW 23 2 320) 

Seal installation drift 
(Tool No. BMW 23 2 340,23 2 430,24 0 11 0) 

4 Output shaft seal installation drift 
(6-speed transmission) (Tool No. BMW 23 2 480) 

4 Input shaft seal installation tools (6-speed transmission) 
(Tool No. BMW 23 2 490 (23 2 491 and 23 2 492)) 

< Output flange installation tool 
(6-speed transmission) (Tool No. BMW 23 3 01 0) 
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Manual transmission applications 

Manual transmissions used are based on engine application. 
See Table a. Manual transmission applications. For gear 
ratio specifications, seeTable b. Manual transmission gear 
ratios. 

Table a. Manual transmission applications 

Model Year Engine Transmission 

5251 
Sedan 2001 -2002 M54 Getrag S5D 250G 
Sport Wagon 2001-2002 M54 ZF S5D 3202 

5281 all 1997-2000 M52, M52 TU ZF S5D 3202 

530i Sedan 2001 -2002 M54 ZF S5D 3202 

540i Sedan 1997-2002 M62, M62 TU ZF S6S 420G 

NOTE- 
Do not rely on casting numbers for transmission code 
identification. 

Table b. Manual transmission gear ratios - 

Getrag 
Gear Getrag S5D 250G ZF S5D 3202 S6S 420G 

5-speed 5-speed 6-speed 

6 th 0.83 

Reverse 4.04 3.89 3.75 

Final drive 3.15 523: 3.23 2.81 
5281 530i: 2.93 
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Manual transmissions installed in the 5 Series are normally 
filled with a "Lifetime" manual transmission fluid (BMW MTF 
LT-I) and do not require periodic fluid changes. Transmis- 
sions filled with MTF LT-I lifetime oil are identified with a yel- 
low label near the transmission fill plug labeled "Lifetime Oil 
MTF-LT-1". 

Transmission fluid level, checking 

- Drive vehicle for a few miles to warm transmission. 

- Raise and safely support vehicle to access transmission 
filler plug. 

CAUTION- 
Make sure the car is stable and well supporfedat all times. 

4 Remove side filler plug (B). Insert finger into hole to check 
fluid level. If fluid level is up to bottom of filler hole (finger is 
wetted by transmission fluid), level is correct. 

NOTE- 
* Check and fill transmission with car on level surface. 

5-speed transmission shown in illustration. 6-speed trans- 
mission is similar. 

- Install and torque filler plug. 

Tightening torque 

Transmission drain or fill plug 
to transmission case SO Nm (37 it-lb) 

Transmission fluid, replacing 

- Drive vehicle for a few miles to warm transmission. 

- Raise and safely support vehicle to access drain plug. 

CAUTION- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed 
for the purpose. A floor jack is not adequate support. 

Check that the fill plug is not seizedprior to draining 
transmission fluid. 
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Place drain pan under transmission and remove drain plug 
(A) at bottom of transmission. 

Drain fluid. 

lnstall and torque drain plug. 

Remove fill plug (6) from side of transmission. 

Slowly fill transmission with fluid until fluid overflows fill 
hole. 

lnstall and torque fluid fill plug. 

NOJE- 
5-speed transmission shown in illustration. 6-speed trans- 
mission is similar. 

Fluid capacity 

Initial fill newirebuilt 
Transmission unit Fluid change 

Getrag S5D 250G 1.1 liter (1.2 US qt) 1.0 liter (1 .l US qt) 

Getrag S6S 420G 1.9 liter (2.0 US qt) 1.7 liter (1.8 US qt) 

ZF S5D 3202 1.3 liter (1.4 US at) 1.2 liter (1.3 US qt) 

Tightening torque 

Transmission drain or fill plug to transmission 50 Nm (37 ft-lb) 
case 

Back-up light switch, replacing 

- Raise and safely support vehicle to access back-up light 
switch. 

WARNING - 

4 Unscrew switch from transmission. 

Back-up light switch location on transmission varies. 
Refer to illustration. 

- Install new switch. 

Tightening torque 

Back-up light switch 18 Nm (13 ft-lb) 
to transmission 

ission fluid level before lowering vehicle. 



Manual Transmission 

Selector shaft seal, replacing 
(transmission installed) 

- Put transmission into second gear. 

- Raise and safely support vehicle. 

WARNING- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjack is not adequate support 

- 6-speed transmission: Remove rear engine splash shield 

- Remove exhaust system and heat shields. See 180 Exhaust 
System. 

- Support transmission with transmission jack. 

- Disconnect driveshaft at transmission and tie to side. See 
260 Driveshaft. 

4 Remove transmission crossmember: 

Where applicable, release electrical harnesses from 
transmission crossmember. . Remove transmission mounting bolts (A). 

Remove transmission crossmember bolts (B). 

Where applicable, remove bolts (C) .  

NOTE- 
5-speed transmission shown in illustration. 6-speed trans- 
mission is similar. 

- Tilt down rear of transmission. 

CAUTION- 
Jilting the engine to lower the transmission can lead to 
damaae to various components due to lack of clearance. 
- 

4 Pry sprlng locking rlng (A) out of groove and press pin 
of sh~f l  rod. 

Detach sh~ft rod from selector shafl and tie as~de. 

(B) out 
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Carefully pry out selector shaft oil seal with BMW special tool 
23 0 210, or with a narrow seal remover or small screwdriver. 

Coat new selector shaft seal with transmission fluid. Drive 
new seal in flush with housing. Use BMW special seal instal- 
lation tool 23 0 220 or equivalent and a soft-faced (plastic) 
hammer. 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Install driveshaft using new loclc nuts. 

Check transmission oil level, topping up as necessary. 

Tightening torques 

Aluminum driveshaft to flex-disc . MI2 (use Dacromet-coated washers) 90 Nm (66 ft-lb) 

Driveshaft CV joint to final drive flange 

MI 0 (Torx bolt) 70 Nm (51 ft-lb) 

M8 (compression nut) 32 Nm (24 ft-lb) 

Flex-disc to transmission flange or driveshaft 

MI0 (8.8 grade) 48 Nm (35 ft-lb) 

MI0 (10.9 grade) 60 Nm (44 it-lb) 

MI2 (8.8 grade) 81 Nm (60 ft-lb) 

MI2 (10.9 grade) lo0 Nm (74 ft-lb) - MI4 140 Nm (103 ft-lb) 

Transmission crossmember 

to transmission (ME) 21 Nm (15 ft-lb) 

. to chassis (M10) 42 Nm (30 ft-lb) 
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Output shaft seal, replacing (5-speed 
transmission) (transmission installed) 

- Raise and safely support vehicle. 

WARNING - 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lilt orjack stands designed 
for the purpose. A floorjack is not adequate support. 

- Remove exhaust system and heat shields. See 180 Exhaust 
System 

Support transmission with transmission jack. 

Disconnect driveshafi at transmission output flange, and 
hang driveshaft to side. See 260 Driveshaft. 

Remove transmission crossmember: 

If applicable, release electrical harnesses from transmis- 
sion crossmember. 

Remove transmission mounting bolts (A). 
Remove transmission crossmember bolts (6). 

Where applicable, remove bolts (C). 

- Tilt down rear of transmission. 

CAUTIOI\C 
Tilting the engine to lower the transmission can lead to 
damage to various components due to lack of clearance. 

4 Remove collar nut with BMW special tool (see table below) or 
suitable thin-walled deep socltet. Use BMW special tool 
23 0 020 or equivalent to counterhold output flange. 

Collar nut sockets 

Transmission BMW special tool 

Getrag S5D 250G 23 1 21 0 (27 mm) 

ZF S5D 3202 23 2 320 (36 mm) 

Use puller (BMW special tool 33 1 150 or equivalent) to 
remove output flange. 

Use BMW special tool 0 0  5 010 or other suitable seal puller 
to remove seal from transmission housing. 
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Coat new seal with transmission fluid. Use seal installation 
drift (see table below) to drive seal into position until it is flush 
with housing. 

Output seal drives 

Transmission BMW special tool 

Getrag S5D 250G 240110 

ZF S5D 3202 23 2 300 

inspect sealing surface on output flange. Replace if flange 
surface is worn or damaged. 

Heat output flange to about 176" F (80" C) to aid in installa- 
tion. This can be done by placing flange in hot water. Rein- 
stall output flange to output shaft. 

- Coat flange nut with LoctiteB243 and reinstall. Torque in two 
stages. 

Tightening torques 

Output flange to output shaft 

Stage I 190 Nm (140 ft-lb) 

Stage II (after loosening) 120 Nm (89 ft-lb) 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Install driveshaft using new nuts. See 260 Driveshaft. 
Check transmission fluid level, topping up as necessary 

Tightening torques 

Aluminum driveshaft to flex-disc - MI2 (use Dacromet-coated washers) 90 Nm (66 ft-lb) 

Driveshaft CV joint to final drive flange 

. MI0 (Torx bolt) 70 Nm (51 ft-lb) 

. M8 (compression nut) 32 Nm (24 ft-lb) 

Flex-disc to transmission flange or driveshaft - MI0 (8.8 grade) 48 Nm (35 ft-lb) 

- MI0 (10.9 grade) 60 Nm (44 It-lb) 

. MI2 (8.8 grade) 81 Nm (60 ft-lb) 

. MI2 (10.9 grade) I00 Nm (74 It-lb) 

M14 140 Nm (103 It-lb) 

Transmission crossmember - to transmission (ME) 21 Nm (15 It-lb) - to chassis (M10) 42 Nm (30 It-lb) 
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Output shaft seal, replacing (6-speed 
transmission) (transmission installed) 

- Raise and safely support vehicle. 

WARNING- 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjack is not adequate support. 

- Remove exhaust system and heat shields. See 180 Exhaust 
System. 

- Support transmission with transmission jack 

- Disconnect driveshaft at transmission output flange, and 
hang driveshaft to side. See 260 Driveshaft. 

Remove transmission crassmember: 

If applicable, release electrical harnesses from transmis- 
sion crossmember. 
Remove transmission and crossmember mounting bolts 
(arrows). 

5022305201 - Tilt down rear of transmission 

CAUTION- 
Tlting the engine to lower the transmission can lead to dam- 
age to various components due to lack of clearance. 

Use screwdriver to pry out output flange collar nut retaining 
plate. 

Remove collar nut with BMW special tool 23 2 320 or equiv- 
alent thin-walled deep socltet (36 mm). Use BMW special 
tool 23 0 020 or equivalent to counterhold output flange. 
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I 4 Remove shims under collar nut and set aside. 

- Use puller to remove output flange 

4 Use BMW special tool 00 5 010 or other suitable seal puller 
to remove seal from transmission housing. 

4 Coat new seal with transmission fluid. Use seal installation 
drift, BMW special tool 23 2 480 or equivalent, to drive seal 
into housing as far as it will go. 

- Inspect sealing surface on output flange. Replace if worn or 
damaged. 

- Coat sealing lip of seal, sealing surface of output flange and 
transmission splined shaft with transmission oil. 

4 Press output flange on output shafl using BMW special tool 
23 3 010. . Counterhold flange with BMW special tool 23 0 020. 

Tighten special tool 23 2 010 to 200 Nm (148 ft-lb). 

Remove special tools. 
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If installing new output flange: Recalculate thickness of 
shims based on difference in height between output shaft 
surface and collar nut support surface. Shims must be within 
the output flange preload specification below the collar nut 
support surface. 

Output flange preload 

Difference between heights of shaft and output 0.05 - 0.22 mm 
flange sealing suriace MINUS thickness of shims (0.002 - 0.009 in) 

NOTE- 
Shims are available in increasing sizes of 0.1 mm from 
1.4 mm to 2.1 mm (0.055 in to 0.083 in) from BMWparts. 

- Install shims. Install and torque flange collar nut. 

Tightening torques 

Output flange to out put shaft 

. Stage I 190 Nm (140 ft-lb) 

. Stage II (after loosening) 120 Nm (89 it-lb) 

- Use BMW special tool 23 2 470 to install flange nut retaining 
plate. 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Install driveshaft using new nuts. See 260 Driveshaft. 

Checlc transmission fluid level, topping up as necessary. 

Tightening torques 

Aluminum driveshaft to flex-disc - MI2 (use Dacromet-coated washers) 90 Nm (66 ft-lb) 

Driveshaft CV joint to final drive flange 

MI0 (Tom bolt) 70 Nm (51 ft-lb) 

M8 (compression nut) 32 Nm (24 ft-lb) 

Flex-disc to transmission flange or driveshaft 

* MI0 (8.8 grade) 48 Nm (35 ft-lb) - MI0 (10.9 grade) 60 Nm (44 ft-lb) 

. MI2 (8.8 grade) 81 Nm (60 ft-lb) 

MI2 (10.9 grade) 100 Nm (74 ft-lb) - MI4 140 Nm (1 03 ft-lb) 

Transmission crossmembe~ 

to transmission (ME) 

to chassis (M10) 

21 Nm (15 ft-lb) 

42 Nm (30 it-lb) 



Manual Transmission 

Input shaft seal, replacing 
(transmission removed) 

- Remove transmission from vehicle as described later in this 
group. 

- Remove clutch release bearing end release bearing lever 
from inside bellhousing. 

4 Remove bolts (arrows) for clutch release-bearing guide 
sleeve, noting bolt lengths (Getrag trensmission shown). 
Remove sleeve and any spacers (shims) under it. 

Two covered removal holes (arrows) are present in seal. 
Thread BMW special tool 23 0 490 or equivalent slide ham- 
mer seal puller into one hole and remove seal. 

- Getreg S5D 250G transmission: 

Place BMW special tool 23 2 460 or similar protective 
sleeve over input shaft. 
Coat sealing lip of new seel with trensmission oil and push 
over protective sleeve up to transmission housing. 
Remove protective sleeve from input shaft. 

Use BMW special tool 23 2 430 or similar drifl to drive seal 
until fully seated. 

- ZF S5D 3202 transmission: 

Place BMW special tool 23 2 380 or similar protective 
sleeve over input shaft. 

Coat sealing lip of new seal with transmission oil and push 
over protective sleeve up to transmission housing. 

* Remove protective sleeve from input shaft. 

Use BMW special tool 23 2 340 or similar drift to drive seal 
until fully seated. 

- 6-speed transmission: 

Fit cap of BMW special tool 23 2 492 over tool sleeve. 

Coat sealing lip of new seal with transmission oil and push 
on tool sleeve. Remove tool cap from tool sleeve. - Push sleeve with seal on input shaft. - Use BMW special tool 23 2 491 or similar drift to drive seel 
until fully seated. 
Remove protective sleeve from input shaft. 
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- Thoroughly clean guide sleeve mounting bolts, sealing sur- 
faces, and threads. Apply Loctite8243 or equivalent thread 
locking compound to guide sleeve bolts. Reinstall guide 
sleeve and spacer(s). 

Tightening torques 

Guide sleeve to transmission case 

M6 10 Nm (89 in-lb) 

* M8 x 22 18 Nm (13 ft-lb) - M a x 3 0  25 Nm (18 ft-lb) 

- Reinstall transmission. 

TRANSMISSION REMOVAL AND 
~NSTALLATION 

Removal and installation of the transmission is best accorn- 
plished on a lifl using a transmission jack.The engine must be 
supported using appropriate support equipment. This allows 
the engine to pivot on its mounts to access the upper Torx- 
head bolts at the bellhousing. 

WARNING- 
Male sure the car is stable and well supported at all times. 
Use a professional aulomorive lift or jack slanos des~gned 
lor the purpose. A floor jack is nor adequare supporr. 

The removal of the transmission may upset the balance 
of the vehicle on a lifl. 

Transmission, removing and installing 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 Warnings and Cautions. 

V-8 engine: Remove plastic engine cover. 

Early models: pry out protective caps (arrows), then re- 
move nuts securing cover. Lift off cover. 

Later models: depress four studs to release, then lift off 
cover. 

- Raise and safely support vehicle 

- Remove engine splash shield from underside of vehicle 

- Remove exhaust system and heat shields. See 180 Exhaust 
System. 



--. 

- - 
Manual Transmission 

- V-8 engine: Remove heat shield from left front axle support. 

< V-8 engine: Remove engine speed reference sensor from 
transmission. 

- Where applicable, remove brackets for transmission under- 
body protection (adjacent to transmission). 

4 Support transmission with transmission jack. 

- Where applicable, remove reinforcing cross brace from 
below driveshaft at transmission. 

- Disconnect harness connector from back-up light switch 
on transmission. 

- Free harnesses for oxygen sensors and back-up lights 
from crossmember and transmission. 

Remove transmission crossmember: 

Remove transmission mount bolts (A). 

Remove transmission crossmember bolts (B) 
Where applicable, remove bolts (C) .  

NOTE- 
5-speed transmission shown in illustration. Crossmember 
assembly for 6-speed transmission is similar. 

Disconnect driveshaft from transmission and hang to one 
side. See 260 Driveshaft. 

I CAUTION- I 
Do not damage constant velocity joint orprotective boot at 
rear differential. 

- 6-cylinder engine: Remove stabilizer bar links and swivel sta- 
bilizer bar u~wards. 
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- Unbolt clutch slave cylinder from side of transmission. Do not 
disconnect fluid hose. Suspend slave cylinder from chassis 
using stiff wire. 

CA U T I O G  
Unbolt clutch slave cylinder slowly to prevent air being 
drawn into hydraulic system. . Do not operate clutch pedal with slave cylinder re- 
moved from transmission. 

4 Put BMW special tool 11 7 370 or appropriate sized spacer 
between engine oil sump and front axle support. Lower trans- 
mission until engine is supported on spacer. 

0 V-8 vehicle: Turn front wheels to prevent strain from being 
placed on center tie rod. 

All vehicles: Tilting the engine to lower the transmission 
can lead to damage to various components due to lack 
of clearance at rear of engine. Lower transmission 
slowly 

- Support front of engine with floor jack. 

4 Disconnect shift rod from selector shaft coupling 

- Disconnect shift console from top of transmission. See 250 
Gearshift Linkage. 

6-cylinder: Remove transrnisslon mounting Torx-head bolts 
(arrows). Note length and locatlon of bolts. 

Remove transrnlssion by pulling backward untll transmls- 
sion Input shaft clears clutch d~sc spl~nes, then pull down- 
wards. Lower transmlsslon jack to remove transrnlsslon. - 

- - - 
- 
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4 V-8 engine: Remove transmission mounting Tom-head bolts 
(arrows). Note length and location of bolts. 

Remove transmission by pulling backward until transmis- 
sion input shaft clears clutch disc splines, then pull down- 
wards. Lower transmission jack to remove transmission. 

- Installation is reverse of removal, keeping in mind the 
following: 

When installing a new transmission, be sure to transfer 
parts from old transmission if applicable. 
Thoroughly clean input shafl and clutch disc splines. Light- 
ly lubricate transmission input shaft before installing. 

* Be sure bellhousing alignment dowel sleeves are located 
correctly. Replace damaged sleeves. 

Center rear of transmission in driveshaft tunnel before 
tightening transmission support bracket. 

NOTE- 
In order to avoid difficulties in transmission removal at a fu- 
ture time, use washers with Torx-head mounting bolts. 

- Reinstall driveshaft. Use new nuts when mounting driveshaff 
to transmission/flex disc. See 260 Driveshaft. 

- Refill transmission with appropriate lubricant before starting 
or towing car. See Transmission fluid service earlier in this 
repair group. 
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Tightening torques 

Flex-disc to transmission output flange - M l o  (8.8 grade) 48 Nm (35 ft-lb) 

- M I 0  (10.9 grade) 60 Nm (44 ft-ib) 

M I 2  (8.8 grade) 

M I 2  (10.9 grade) 

81 Nm (60 ft-ib) 

100 Nm (74 ft-lb) 

M14 140 Nm (103 ft-lb) 

Rubber mount to transmission or crossmember 21 Nm (15 ft-lb) 

(ME) 

Slave cylinder to transmission 22 Nm (16 ft-lb) 

Transmission crossmember to chassis or transmission 

21 Nm (15 ft-lb) 

42 Nm (32 ft-lb) 

Transmission to engine (Towhead) 

. M8 22 Nm (16 ft-lb) 

M I 0  43 Nm (32 ft-lb) 

M12 72 Nm (53 It-lb) 

Transmission drainlfili plug to transmission 50 Nm (37 It-lb) 
case 
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This section covers maintenance and replacement of the 
automatic transmission for E39 models. 

Automatic transmission internal repairs are not covered. 
Such repairs require special service equipment and knowl- 
edge. If it is determined that transmission internal sewice is 
required, consult an authorized BMW dealer about a factory 
reconditioned unit or a transmission rebuild. 

CAUTION- 
ATF does not circulate unless the engine is running. When 
towing an automatic transmission vehicle, use a flat bed truck 
or raise the rear wheels off the ground. 

Special tools 

Some special tools are required for the removal and installa- 
tion of an automatic transmission on the E39 BMW models. 
While these tools are not absolutely necessary, they are es- 
pecially helpful when dealing with the removal and replace- 
ment of the torque converter. 

4 Engine support bracket 
(Tool No. BMW 00 0 200.00 0 208) 

4 Transmission jack 
(Tool No. BMW 00 2 030) 

4 Engine support block (V-8 models) 
11 7310 (Tool No. BMW 11 7 310) 
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4 Engine support block (&cylinder models) 
(Tool No. BMW 11 7 370) 

4 Tran5mission support (for use with transmission jack, 
A5S 560Z transmission) (Tool No. BMW 24 0 170) 

4 Transmission support (for use with transmission jack, 
A5S 4402 transmission) (Tool No. BMW 24 0 250) 

4 Torque converter socket 
(Tool No. BMW 24 1 100) 

< Spline bore alignment tool 
(Tool No. BMW 24 2 300) 
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Automatic transmission applications 

Automatic transmissions are identified by code letters found 
on a data plate located on the side or rear of the transmission 
case. See table below for application information. 

Automatic transmission applications 

Model Year Engine Transmission 

5281 to 911999 M52 A4S 310R 

5281 from 911999 M52 TU A5S 360R 

5251 to 312001 M54 A5S 390R 

5251 from 312001 M54 ASS 3252 

530i to 312001 M54 ASS 390R 

530i from 312001 M54 A5S 3252 

540i from 111997 M62 TU A5S 4402 

Automatic transmission basic components 

The automatic transmission fitted to BMW 5 Series models is 
comprised of 3 main elements: 

0 Torque converter capable of torque multiplication at an 
infinitely variable ratio 

Electrohydraulically controlled valve body 

0 Gearbox containing 5 forward speeds and reverse 
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Electronics are used to control the operation of these auto- 
matic transmissions. Steptronic transmission functions are 
also programmed into the transmission control module 
(TCM). The TCM monitors transmission operation for faults 
and alerts the driver by illuminating the transmission fault indi- 
cator on the instrument panel. Diagnostic trouble codes 
(DTCs) stored in the TCM may be downloaded and interpret- 
ed by trained technicians using special BMW diagnostic 
equipment. 

Some minor automatic transmission problems can be cor- 
rected by changing the automatic transmission fluid (ATF) 
and filter. Begin by checking ATF level and condition. Checlc 
to see if the fluid is dirty or has a burned odor indicating over- 
heated fluid. The burned odor may be the results of burned 
discs in theclutch paclts. The friction material from the burned 
disc can clog valve body passages. 

NOTE- 
The E39 automatic transmission is not equipped with a dip- 
stick. Checking the ATF level must be done while monitoring 
the ATF temperature with the engine idling. The BMW dealer 
is equipped with the special equipment to make this check. 
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Automatic transmission fluid (ATF) 

The E39 automatic transmission is filled with either Dexron Ill 
ATF or Texaco 80728, a life time oil. 

CA UTIOI\C 
Use only the transmission fluid that is approved for use by 
BMW All other fluids will cause non warrantable transmis- 

I sion damage. 

Mixing different types of transmission fluids will lead to 
transmission failure. 

NOTE- 
The type of transmission lubricant used can be found on a 
stickeron the transmission pan. Dexron 111ATF (blacksticker) 
reads "ATF-Oil': Special life time oil (green sticker) reads 
'Life-Time Oil': If in doubt, consult an authorized BMW dealer 
for alternate fluid use and current information regarding 
transmission operating fluids. 

ATF level, checking 

Check ATF level if there is evidence of a leak, a complaint re- 
lated to fluid level or afler transmission repairs. 

The automatic transmission is not equipped with a dipstick. 
Checking the ATF level requires that the transmission be at 
operating temperature during the checking procedure. 

NOTE- 
Vehicle must be level throughout tests 

- Drive vehicle to warm up ATF to operating temperature. 

- Connect BMW diagnostic scan tool DiSplus, MoDiC, GTI or 
equivalent to determine transmission oil temperature. 

ATF level checking 

Fluid temperature 30' - 50°C (85' - 120" F) 

- With engine running, switch on air conditioning to increase 
engine idle speed. 

- Apply parking brake. 

- While applying foot brake firmly move gear shift selector 
lever through all gear positions, pausing in each gear briefly. 
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- Raise and safely support vehicle. 

CA U J I O G  
Male sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. A floorjack is not adequate support 

4 With engine running and selector lever in PARK, remove filler 
plug (arrow) (A5S 360R transmission shown, refer to other 
illustrations for location of filler and drain plugs on other 
transmissions). 

If a small stream of fluid runs out of the filler hole the level 
is correct. 
If no fluid leaks out when plug is removed, fluid level is to 
low. Add ATF fluid until it starts to overflow. 
Install filler plug using a new sealing ring. 

Hot ATF can scald. Wear eye protection and protective cloth- 
ing andgloves during the check. If the tmnsmission was over- 
filled, hot ATF will spill from the filler hole when the fill plug is 
removed. 

ATF, draining and filling 

The procedure given here includes removal and installation of 
the fluid strainer (filter). Refer to illustrations in Automatic 
transmission fluid pan and strainer. 

Remove ATF drain plug (1) and drain fluid into container. 

WARNING- 
ATFshould be warm when draining. Hot ATFcan scald. Wear 
eye protection, protective clothing and gloves. 

Remove transmission pan mounting bolts and remove pan. 

Remove pan gasket and clean gasket sealing surface. 

- Pull ATF strainer from transmission pump housing. If strainer 
sealing ring remains in pump housing remove using a seal 
puller. 

- Installation is reverse of removal. 

Always replace seal for drain plug and all gasket(s) 
and O-rings. 
Clean sump and sump magnet(s) using a lint-free cloth. 

Tighten transmission pan bolts in sequential order. 
Using filler plug (2), fill transmission with approved ATF. 

Check fluid level as described earlier. 
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NOTE- 
Use new ATF pan bolts purchased from BMW Alternatively, 
clean old bolts and coat with LoctiteB thread locl<ing com- 
pound or equivalent 

Automatic transmission fluid capacity 

with torque converter 7.8 liters (8.3 US qt) 
without torque converter 3.3 liters (3.5 US qt) 

A5S 360R 1 A5S 390R 

with torque converter 
without torque converter 

9 liters (9.5 US qt) 
4 liters (4.2 US qt) 

A5S 3252 (2.5 liter engine) 

with torque converter 
without torque converter 

8.9 liters (9.4 US qt) 
6.2 liters (6.5 US qt) 

A5S 3252 (3.0 liter engine) 

with torque converter 8.7 liters (9.3 US qt) 
without torque converter 6.1 liters (6.4 US qt) 

A5S 5602 

with torque converter 13.1 liters (13.8 US qt) 
without torque converter 5.5 liters (5.8 US qt) 

A5S 4402 

with torque converter 
without torque converter 

9.7 liters (10.2 US qt) 
4.0 liters (4.2 US qt) 

Tightening torques 

ATF drain plug to ATF pan 

A4S 310R 33 Nm (24 ft-lb) 
A5S 360R I A5S 390R (M14) 20 Nm (15 It-lb) 
A5S 3252 35 Nm (26 ft-lb) 
A5S 560Z 50 Nm (37 ft-lb) 
A5S 4402 (MI 6) 30 Nm (23 ft-lb) 

ATF fill plug to transmission housing 

A4S 31 OR 25 Nm ( I 8  ft-lb) 
A5S 360R 1 A5S 390R (M14) 20 Nm (1 5 ft-lb) 
A5S 3252 30 Nm (23 ft-ib) 
A5S 5602 100 Nm (74 ft-lb) 
A5S 4402 (M18) 35 Nm (26 ft-lb) 

ATF pan to transmission (M6) 

A4S 310R 
A5S 360R 1 A5S 390R 
A5S 3252 
A5S 5602 
A5S 4402 

12 Nm (9 ft-lb) 
10 Nm (7 ft-ib) 
6 Nm (4 ft-lb) 

10 Nm (7 ft-lb) 
10 Nm (7 ft-lb) 
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Automatic transmission 
fluid pan and strainer 

1. ATF strainer 

2. ATF strainer seal 

3. Pan gasket 

4. Sump magnet 

5. ATFpan 

6. Filler plug 

7.  Drain plug 
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TRANSMISSION REMOVAL AND 
INSTALLATION 

Removal and installation of the transmission is best accorn- 
plished on an automotive lift using a transmission jack. Use 
caution and safe workshop practices when working beneath 
car and lowering transmission. 

Torx-head bolts are used to mount the transmission to the 
bellhousing. Besure to have appropriate tools on hand before 
starting the job. 

WARNING- 
Be sure the vehicle is properly supported. The removal of the 
transmission may upset the balance of the vehicle on a lift 

CAUJION- 
Tilting the engine to remove the transmission can lead to 
damaae to various components due to laclc of clearance. 1 

Transmission, removing and installing 

WARNING - 
Allow engine and transmission to cool down before starting 
work on the transmission. 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warninas. 

4 V-8 engine: Remove plastic engine cover. 

Early models: pry out protective caps (arrows), then re- 
move nuts securing cover. Lift off cover. 

Later models: depress four studs to release, then lift off 
cover. 
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II I 4 Install engine support across engine bay. Raise and safely 
support vehicle. 

Make sure the car is stable and we1 supported at all times. 
Use a professional automotive lift orjaclc stands designed for 

CAUTIOI\C 
Removal of transmission will cause engine to tip unless en- 
gine support is used. 

- Remove splash shields from underside of vehicle. 

- &cylinder models: Detach front stabilizer bar from stabilizer 
bar links. Swivel stabilizer bar upward. 

- Drain ATF from transmission as described earlier. 

- Remove exhaust system and exhaust heat shield. See 180 
Exhaust System. 

- Disconnect driveshaft from transmission and hang to one 
side. See 260 Driveshaft. 

4 With selector lever in park: 

Hold linkage clamping bolt (A) stationary when loosening 
selector lever cable clamping nut (6). - Loosen cable clamping nut and remove cable from bracket 
(ASS 3252 transmission shown). 

- Where applicable, disconnect vehicle speed sensor harness 
connector. 

4 Disconnect main electrical harness connector(s) from trans- 
mission by turning bayonet lock ring(s) (arrows) counter- 
clocltwise. 

A4S 310R transmission: Harness connector at right rear of 
transmission. 
ASS 360R / ASS 390R transmission: Harness connector 
(arrow) at right rear of transmission. 

ASS 3252 transmission: Two connectors (arrows) on left 
side of transmission. 

ASS 5602 transmission: Harness connector at right rear of 
transmission. - ASS 4402 transmission: Harness connector at top left rear 
of transmission. 

- Remove wiring harness from transmission housing 



Automatic Transmission 

4 Remove transmission cooler line clamp mounting nut (ar- 
row) from transmission bell housing. Disconnect cooler lines 
from transmission. 

- Disconnect both transmission cooler fluid lines from trans- 
mission. 

CAUTION- 
Place a pan under transmission fluid lines to catch dripping 
fluid. 

4 Remove access plug in cover plate below engine oil pan 
(V-8 models) or left side of bellhousing (6-cylinder models). 
Remove torque converter bolts. Turn cranltshaft to access 
bolts. 

V-8 models: Place BMW special tool 23 3 030 between 
engine oil pan and front subframe (arrows). 

- 6-cylinder models: Place BMW special tool 11 7 370 
between engine oil pan and front subframe. 

- Support transmission with transmission jack. 

4 Remove transmission crossmember bolts A, B and C and re- 
move transmission support crossmember (V-8 model shown, 
6-cylinder models are similar). 

- Remove bellhousing-to-engine mounting bolts. 

- Use appropriate selection of BMW special tools 24 4 130 to 
hold torque converter in place during transmission removal. 

CAUTION- 
Do not allow the torque converter to fall off the transmission 
input shaft 

- Remove transmlsslon by pull~ng back and down. Lower jack 
to allow transmiss~on to clear vehicle. 

rrs corn-hi8 Rniiti Riranrd 
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Automatic ~ransmissionl 

- Blow out oil cooler lines with low-pressure compressed air 
and flush cooler with clean ATF twice before reattaching lines 
to transmission. 

CA U T I O G  
Wear safety glasses when worling with compressed air: 

@ Do not reuse ATF used for flushing. 

- Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Reinstall driveshafl using new nuts. 

Install new sealing washers on transmission cooling line 
banjo bolts. 

Install new O-rings on transmission cooler lines, where 
applicable. 

Inspect engine drive plate (flywheel) for cracks or elongat- 
ed holes. Replace if necessary. 

Be sure bellhousing alignment dowel sleeves are located 
correctly. Replace damaged sleeves. 

Checlc to be sure torque converter is seated correctly in 
transmission during final installation. 

Use BMW special tool 24 2 300 to align three mounting 
tabs on torque converter with indentations on drive plate 
(flywheel). 

Fill transmission with clean ATF until oil level is even with 
fill hole. Then check fluid level as described earlier. 

Adjust gearshift mechanism. See 250 Gearshift Linkage. 

NOTE- 
In order to avoid difficulties in transmission removal at a fu- 
ture time, use washers with Torx-head mounting bolts. 
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l~utomatic Transmission 

Tightening torques 

ATF drain plug to ATF pan 

A4S 310R 25 Nm ( I 8  ft-lb) 
A5S 360R I A5S 390R (M14) 18 Nm (14 ft-lb) 
A5S 3252 35 Nm (26 ft-lb) 
A5S 5602 50 Nm (37 ft-lb) 
A5S 4402 (M 16) 30 Nm (23 ft-lb) 

ATF fill plug to transmission housing 

A4S 310R 33 Nm (24 ft-lb) 
A5S 360R I A5S 390R (M14) 18 Nm (14 ft-lb) 
A5S 3252 30 Nm (23 ft-lb) 
A5S 5602 100 Nm (74 ft-lb) 
A5S 4402 (M18) 35 Nm (26 ft-lb) 

Flex-disc to transmission output flange 

MI0  (8.8 grade) 48 Nm (35 it-lb) 
M I  0 (1 0.9 grade) 60 Nm (44 R-lb) 
MI2  (8.8 grade) 81 Nm (60 ft-lb) 
M I  2 (1 0.9 grade) 100 Nm (74 ft-lb) 
MI4  140 Nm (103 it-lb) 

Torque converter to drive plate 45 Nm (33 ft-lb) 
(flywheel) (MIO) 

Transmission crossmember to chassis or transmission 

M8 21 Nm (15 ft-lb) 
MI0  42 Nm (32 it-lb) 

Transmission cooler lines to transmission 

Banjo bolt 
(M18. A5S 4402 transmission) 
Banio bolt (M16) 

25 Nm (18 ft-lb) 
37 Nm (27 ft-lb) . . 

Banjo bolt cap screw 
(M18, A5S 4402 transmission) 20 Nm (15 it-lb 
Compression fitting 
(MI4 or M16) 37 Nm (27 ft-lb) 
Oil cooler bracket to transmission 
(M8) 21 Nm (15 ft-lb) 

Transmission to engine 

21 Nm (15 ft-lb) 
42 Nm (31 ft-lb) 
72 Nm (53 ft-lb) 
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250 Gearshift Linkage 

General . . . . . . . . . . . . . . . . . . . . . . . . . . .  ,250-2 Automatic Transmission Gearshift. . .  250-6 
Special tools . . . . . . . . . . . . . . . . . . . . . . . .  ,250-2 Gearshift mechanism, adiustina - 

(automatic transmission) . . . . . . . . . . . . . . .  250-6 Manual Transmission Gearshift . . . . .  ,250-3 
Automatic shiftlock, checking function 

Gearshift lever, removing 
(automatic transmission) . . . . . . . . . . . . . . .  250-7 

(manual transmission) . . . . . . . . . . . . . . . .  ,250-3 Shift interlock, checking function 
Gearshift lever, installing (automatic transmission) . . . . . . . . . . . . . . .  250-8 
(manual transmission) . . . . . . . . . . . . . . . .  ,250-4 
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I Gearshift Linkage 

This repair group covers transmission gearshift and linkage 
service for both manual and automatic transmission 
equipped vehicles. 

To gain access to the complete gearshift mechanism it is 
necessary to remove the exhaust system and the driveshaft 
as described in 180 Exhaust System and 260 Driveshaft. 

NOTE- 
In models with automatic transmission, the electronic immo- 
bilizer (EWS) prevents starter operation unless the gear po- 
sition is Park or Neutral. 

Special tools 

BMW suggests the use of one special tool in the removal 
of the gear shift lever for manual transmission equipped 

I I vehicles. 

Manual transmission 
gearshift linkage 

-- 

4 Gearshift linkage 

1. Inner rubber boot 

2. Shift lever mounting ring 

3. Bushing 

4. Shift console 

5. Shift lever 

6. Selector rod 

7. Spacer ring 

8. Circlip 

9. Dowel pin 

10. Locking ring 

11. Washer 

12. Gear selector rod coupling 

13. Locking pin 

14. Bushing 

4 Sh~fter spanner 
(Tool No. BMW 25 1 11 0 )  

MANUAL TRANSMISSION GEARSHIFT 
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Gearshift lever, removing 
(manual transmission) 

Use the accompanying illustration as a guide when removing 
and installing the gearshift linkage. 

- Remove shift knob by pulling knob straight off shift lever. 

NOTE- 
Pull up on the shift knob with about 90 lbs. of force. Do not 
twist knob or locating key can be damaged. 

- Squeeze sides of shift boot to unclip from center console. 
Pull boot up and off shift lever. 

- Remove sound insulation at base of shift lever. 

- Raise vehicle to gain access to underside of vehicle. 
- -- 

WARNING- 
Male sure the car is stable and well supported at all tfmes. 
Use a professional automotwe hft orjaclc stands designed for 
the purpose. A floorjaclc 1s not adequate support. 

- Remove complete exhaust system. See 180 Exhaust 
System. 

- Remove driveshaft. See 260 Driveshaft. 

- Support transmission with transmission jack. Remove 
crossmember from rear of transmission. 

- Lower rear of transmission to access gearshift linkage. 

CA UTIOI\C 
Tilting the engine to lower the transmission can lead to 
damage to various components due to lack of clearance. 

4 Working above transmission, disconnect selector rod: 

* Pull off shift rod retaining circlip (A). 

Remove washer (6) .  
Disengage selector rod (C) from gearshift lever. 
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I Gearshift Linkage 

Release gearshift lever mounting ring from below using BMW 
special spanner 25 1 110. Turn tool 90' ('I, turn) 
counterclockwise. 

Push shift lever up to remove from shift console, 
Raise transmission and temporarily install transmission 
crossmember. 
Lower vehicle. Working from inside passenger compart- 
ment, pull up on shift lever to remove it together with inner 
rubber boot and shift lever mounting ring. 

Gearshift lever, installing 
(manual transmission) 

- Clean old grease from shift lever ball and mounting ring. 
Also clean shift console bowl. Lubricate with molybdenum 
disulfide grease. 

- Insert shift lever together with inner boot and mounting ring 
into center console. 

4 Align shift lever mounting ring locking tabs with slots 
(arrows) in shift console bowl. Press down until ring 
snaps into place. 

NOTE- 
lnstall mounting ring witli arrow pointing toward front of car. 

4 Pull inner rubber boot over shift console bowl (arrows) to 
seal base of shift lever. 

NOTE- 
lnstall rubber boot witli arrow pointing toward front of car. 

- Raise car and support transmission. Remove transmission 
crossmember and lower transmission to access base of shift 
lever. 

CAUTIOI\C 
Tilting the engine to lower the transmission can lead to 
damage to various components due to lack of clearance. 



Gearshift Linkage 

- Connect selector rod to shift lever. Lift transmission, install 
crossmember and tighten crossmember bolts. 

Install driveshaft and heat shield. See 260 Driveshaft. 
Reinstall exhaust system. See 180 Exhaust System. . Lower vehicle. Install shift boot. Push shift ltnob on lever. 

Tightening torque 

Driveshaft CV joint to final drive flange . MI0 (Tom bolt) 70 Nm (51 ft-lb) 

. M8 (compression nut) 32 Nm (24 ft-lb) 
- 
Driveshaft clamping sleeve - MI0 ribbed nuts 80 Nm (59 ft-lb) 

MI0 compressed nuts 64 Nm (47 ft-lb) 

Flex-disc to driveshaft or transmission flange 

MlO (8.8 grade) 48 Nm (35 ft-lb) 

. MI0 (10.9 grade) 60 Nm (44 ft-lb) - MI2 (10.9 grade) 100 Nm (74 ft-ib) 

MI4  140 Nm (103 fi-lb) 

Transmission crossmember 

. to transmission 21 Nm (15 ft-lb) 

. to chassis 42 Nm (30 ft-lb) 



pearshift Linkage 

~ U T O M A T I C  TRANSMISSION 
GEARSHIFT 

Automatic transmission 
gearshift mechanism 

automatic 

5-speed 
Steptronic 
(5251,530i) 

1. Shift lock solenoid 

2. Shifter assembly 

3. Shift cable 

4. Support bracket 

5. Selector lever 

Gearshift mechanism, adjusting 
(automatic transmission) 

- Position gearshift lever in Park. 

- Raise vehicle to gain access to shift linkage. 

WARNING - 
Make sure the car is stable and well supported at all times. 
Use a professional automotive lift orjack stands designed for 
the purpose. 

4 Counterhold bushino A and loosen cable clam~ino nut 6. 

Push cable end backward away from engine (arrow 2). 
Release pressure on cable. 

Tighten clamping nut. 

/ CAUTION-- 

Tightening torque 

Shift cable clamping nut 10 Nm (7.5 it-lb) 
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Gearshift ~ i n k a ~ e l  

Automatic shiftlock, checking function 
(automatic transmission) 

The automatic shiftlock uses an electric solenoid to lock the 
selector lever in Park or Neutral. Depressing the foot bralte 
with the ignition on energizes the solenoid, allowing the lever 
to be moved into a drive gear. The solenoid is energized only 
when the engine speed is below 2,500 rpm and the vehicle 
speed is below 3 mph (5 kph). The solenoid is mounted in the 
right side of the selector lever housing. 

... nir r 

Shiftlock 

4 Automatic shiftlock prevents drive gear selection until brake 
pedal is depressed. 

With engine running and car stopped, place selector lever 
in Park or Neutral. 

Without depressing bralte pedal, check that selector lever 
is loclted in position (Parlt or Neutral). 

Depress brake pedal firmly. Solenoid should click audibly. 

Check that selector lever can now be moved out of Parlt or 
Neutral. 

parking brake on and with extreme caution. 

solenoid 
0012713 

With selector lever in Park or Neutral and bralte pedal de- 
pressed, raise engine above 2,500 rpm. Check that selec- 
tor lever cannot be moved out of Park or Neutral. 

If any faults are found check the electrical operation of the 
shiftloclt solenoid and checlt for wiring faults to or from the 
transmission control module (TCM). See 610 Electrical 
Component Locations and ELE Electrical Wiring Dia- 
grams. 

NOTE- 

NOTE- 
The solenoidis controlled via the TCM, using brake pedalpo- 
sition, engine speed, and road speed as controlling inputs. 

The next test should be performed in an open area with the 
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-;Ag Gate 
"",?it., 

Shift interlock, checking function 
(automatic transmission) 

4 The shift interlock uses a cable between the ignition switch 
and the shift lever to lock the shift lever in the park position 
when the key is in the off position or removed. This feature 
also prevents the key from being removed from the ignition 
lock until the selector lever is in Park. 

Shift selector lever to Park position and turn ignition key to 
the off position. 

Remove ignition key. Checlc that selector lever cannot be 
shifted out of Park position. 

Turn ignition lkey on and depress brake pedal. Checlc that 
selector lever moves freely from gear to gear. 

With selector lever in a gear position other than Park, at- 
tempt to turn lkey to off position and remove. Key should not 
go into off position. 

If any faults are found check cable for lkinks and check 
cable attachment points for damage or faults. 

NOTE- 
* I t  must only be possible to remove ignition ley with 

selector lever in Park position. 
* Do not l i nk  shift interlocl( cable. 

Shift interlock repair is covered in 320 Steering and 
Wheel Alignment. 
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1 Driveshaft 

This repair group covers repair and replacement of the 
driveshaft and driveshaft components. 

Driveshaft repairs consist of replacement of front flex-disc. 
center mount or rear CV joint. If the driveshaft joint is defec- 
tive, replace the complete driveshaft. 

Drive axle repairs are covered in 331 Final Drive 

Special tools 

BMW suggests the use of certain special tools in removing, 
installing or servicing the driveshaft or its components. 

4 Transmission jack 
(Tool No. BMW 00 2 030) 

4 Transmission support (for use with transmission jack) / (Tool NO. BMW 23 0 040) 

24 0 170 1 4 Transmission support (for use with transmission jack, 
A5S 560Z transmission) 
(Tool No. BMW 24 0 170) 

24 0 250 I 4 Transmission support (for use with transmission jack, 
A5S 4402 transmission) 
(Tool No. BMW 24 0 250) 

4 Drlveshaft center mount allgnlng yg 
Tool No. BMW 26 1 000) 



Driveshaft 

4 Driveshaft center slide nut spanner 
(Tool No. BMW 26 1 040) 

7, 25 1 H o  
4 cv joint removal tool 

(Tool No. BMW 26 1 11 0) 

support assembly 

Driveshaft description 

4 The two-piece driveshaft is connected to the transmission by 
a rubber flex-disc and to the rear final drive by a constant ve- 
locity (CV) joint. 

A universal joint is used at the center of the driveshaft and 
the shaft is supported in the middle by a center support 
bearing. The bearing is mounted in rubber to isolate vibra- 
tion. - The rear constant velocity joint compensates for fore and 
aft movement of the drive line. 

Troubleshooting 

The source of driveline vibrations and noise can be difficultto pin- 
point. Engine, transmission, rear axle, or wheel vibrations can be 
transmitted through thedriveshaftto the car body. Noises from 
thecar may be caused by final drive problems, or by faulty wheel 
bearings, drive axles, or even wom or improperly inflated tires. 

NOTE- 
For drive axle repair information, see 331 Final Drive 

Driveshaft noise or vibration may be caused by worn ordam- 
aged components. Check the universal joint for play. With the 
driveshaft installed, pull and twist the driveshaft while watch- 
ing the joint. The BMW specification for play is very small, so 
almost any noticeable play could indicate a problem. 

Check the torque of the fasteners at the flange connections. 
Check the rubber of the flex-disc and center bearing for dete- 
rioration or tearing. Check the driveshaft for broken or miss- 
ing balance weights. The weights are welded tabs on the 
driveshaft tubes. In addition to inspecting for faulty driveshaft 
parts, the installed angles of the driveshaft should also be 
considered. 



1 Driveshaft 

Further inspection requires removal of the driveshaft. Checlc 
the front centering guide on the transmission output flange for 
damage or misalignment. Also check runout at the transmis- 
sion output fiange and output shaft, and at the final drive input 
fiange. Check the bolt hole bores in the flange for wear and 
elongation. 

Driveshaft flange runout (max. allowable) 

Transmission flange - Axial play 0.10 mm (0.004 in.) 

Radial play 0.07 mm (0.003 in.) 

Spin the driveshaft center bearing and check ior smooth op- 
eration without play. Check the constant velocity joint forwear 
or play. Checlc the universal joint for wear or binding. If it is 
difficult to move or binds, the driveshaft section should be 
replaced. 

Universal joint play 

Maximum allowable 0.15 mm (0.006 in.) 

NOTE- 
With the driveshaft installed, the actual amount that the drive- 
shaftjoint pivots is limited. For the most accurate test, check 
joint in its normal range of movement. 

If inspection reveals nothing wrong with the driveshaft, it may 
need to be rebalanced. This can be done by a speciality drive- 
shaft repair shop. Also, checlc driveshaft alignment as de- 
scribed below. 

NOTE- 
Minor driveshaft vibrations can often be corrected simply by 
disconnecting the driveshaft at the final drive and reposition- 
ing it go", 180" or 270" in relation to the final drive input 
flange. 

The troubleshooting table below lists symptoms oi driveshaft 
problems and their probable causes. Most of the repair infor- 
mation is contained within this repair group. There are refer- 
ences to other repair groups, where applicable. 



Driveshaft 

Driveshaft problems and causes 

Symptom Probable cause Corrective action 

Vibration when starting off Center bearing rubber deteriorated. Inspect center bearing and rubber. Replace if necessary. 
(forward or reverse) 

Flex-disc damaged or worn. Inspect flex-disc. Replace i f  necessary. 

Engine or transmission mounts faulty. Inspect engine and transmission mounts. Align or 
replace, if necessary. 

Front centering guide worn, or driveshaft Checic front centering guide and replace if necessary. 
mounting flanges out of round. Check runout of driveshaft flanges. 

Universal joint worn or seized. Check universal joint play and movement. Replace 
driveshaft if necessary. 

Driveshaft misaligned. Check driveshaft alignment. 

Noise during onloff throttle Final drive components worn or damaged Remove final drive and repair. 331 Final Drive 
or when engaging clutch. (excessive pinion-to-ring-gear clearance). 

Drive axle or CV joint faulty. Inspect drive axles and CV joints. Repair or replace as 
necessary. 331 Final Drive 

Vibration at 25 to 30 mph Front centering guide worn, or driveshaft Check front centering guide and replace if necessary. 
(40 to 50 kmlh). mounting flanges out of round or damaged. Check runout of driveshaft mounting flanges. 

Universal joint worn or seized. Check universal joint play and movement. Replace 
driveshaft if necessary. 

Flex-disc damaged or worn. Inspect flex-disc. Replace if necessary. 

Center bearing rubber deteriorated. Inspect center bearing. Replace if necessary. 

Misaligned installed position. Check driveshaft alignment. 

Vibration, audible rumble Front centering guide worn, or driveshaft Check front centering guide and replace if necessary. 
over 35 mph (60 kmlh). mounting flanges out of rouncl or damaged. Check runout of driveshaft mounting flanges. - - 

Mounting flange bolts loose or holes worn. Remove driveshaft and check transmission output flange 
and final drive input flange. Replace if necessary. 

Driveshaft unbalanced. Check driveshaft for loose or missing balance weights. 
Have driveshaft rebalanced or replace if necessary. 

Universal ioint worn or seized. Check universal ioint ~ l a v  and movement. Reolace ' . .  
driveshaft if  necessary. 

Center bearing faulty. Replace center bearing. . 

Final drive rubber mount faulty. Inspect final drive rubber mount and repiace if necessary. 

Driveshaft misaligned. Check driveshaft alignment. 



Driveshaft 

Repair kits for the universal joint are not available for BMW 
driveshafts. A worn or damaged universal joint usually require 
replacement of the driveshaft. 

The driveshaft is balanced to close tolerances. Whenever it is 
to be removed or disassembled, the mounting flanges and 
driveshaft sections should be marked with paint or a punch 
before proceeding with work. This will ensure that the drive- 
shaft can be reassembled and installed in exactly the original 
orientation. 

1. Rear section of drive shaft 

2. Hex bolt, M I 2  x 1.5 x 25 

3. Knurled bolt 

4. Clamp 

5. Reinforcement 

6. Seal 

7. Constant velocity joint 

8. Circlip 

9. Hex nut 

10. Hex bolt, M12x 1 . 5 ~ 5 8  

11. Centering sleeve 

12. Flexible disk 

13. Self-locking hex nut 

14. Front section of driveshaft 

15. Center bearing 

16. Dust cover (some models) 

17. Spacer (some models) - 



Driveshaft, aligning 

The alignment of the driveshaft does not normally need to be 
checked unless the engineltransmission or the final drive 
have been removed and installed. if ail other parts of the 
driveshaft have been inspected and found to be okay, but 
there is still noise or vibration, driveshaft alignment should be 
checked. 

There are two important driveshaft alignment checks. The 
first is to make sure that the driveshaft runs straight from the 
transmission to the final drive, without any variation from side- 
to-side caused by misalignment of the engineltransmission in 
its mounts. Make a basic check by sighting along the drive- 
shaft from back to front. Any misalignment should be appar- 
ent from the center bearing forward. 

To adjust the side-to-side alignment, loosen transmission or 
engine mounts to reposition them, then retighten mounts. 
The driveshaft should be exactly centered in driveshaft tun- 
nel. 

The second important driveshaft alignment check is more 
complicated. It checlts the amount the driveshaft is angled 
vertically at the joints. This angle is lknown as driveshaft 
deflection. 

In general, there should be little deflection in the driveshaft 
between the engine, the center bearing, and the final drive. 
Precise checks require the use of a large protractor or some 
other means of measuring the angle of the engine and the fi- 
nal drive and comparing these angles to the angle of the . . 
driveshaft sections. 

- To change the deflection angle, shims can be placed be- 
tween the center bearing and the body or between the trans- 
mission and its rear support. When using shims to change a 
deflection angle, keep in mind that the angle of adjacent 
joints will also change. Deflection angles should be as small 
as oossible. 
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/ Driveshaft 

Driveshaft, removing 

CAUTION- . Be sure the wheels are off the ground before removing the 
driveshak Set the parl(ing brake before removing the 
driveshaft. 

Once the driveshaft has been removed, the vehicle can 
roll regardless of whether the transmission is in gear or 
not. 

The driveshaft is mounted to the transmission and final 
drive with self-locliing nuts. These nuts are designed to 
be used only once and should be replaced during reas- 
sembly. 

Remove complete exhaust system. See 180 Exhaust 
System. 

- Remove exhaust heat shields. 

- Support transmission with transmission jack. 

< Loosen transmission mount nuts (arrows) on real 
transmission support crossmember. 

- Release wiring harness retainers from rear transmission 
support crossmember. 

< Remove mounting bolts (arrows) for rear transmission sup- 
port crossmember. Slide crossmember rearward to remove. 

- Matchmark front and rear driveshaft halves to corresponding 
transmission output and final drive input flanges. 

4 Remove nuts securing driveshaft mounting bolts at transmis- 
sion output flange. Counterhold bolts (arrows) at transmis- 
sion flex-disc. Discard old nuts. 

- Hang driveshaft front section from body using stiff wire. 



4 Remove nuts (arrows) from constant velocity joint mounting 
bolts at final drive. Pry constant velocity joint free from final 
drive input flange at groove (A). 

- Hang driveshaft rear section from body using stiff wire. 

< Do not let driveshaft hang unsupported, as rear CV joint rub- 
ber boot (arrow) may be damaged. 

4 Remove center support bearing mounting nuts (arrows) 

- Remove driveshaft. Pull down on center of driveshaft to 
facilitate removal. 

CAUTIOI\C 
Protect CVjoint with plastic cover. 
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/ Driveshaft 

Driveshaft, installing 

- Prepare CV joint for reinstallation: 

Extend joint to limit. 

Clean off old grease and fill with fresh grease 

Install new seal. 

- Bend driveshaft slightly at center universal joint to install 

CAUTION- 
Do not allow CVjoint seal to become displaced. 

- Align matchmarlts on driveshaft to matchmarks on final drive 
and transmission flanges. 

- Fit constant velocity joint to final drive input flange. Alternate- 
ly tighten two opposite nuts to draw constant velocity joint 
evenly into the final drive input flange. Once seated, tighten 
down remaining nuts. 

I CAUTION- 
I Do not reuse self-locking nuts. These nuts are designed to be / 
I used onlv once. 1 

- Insert bolts in front of driveshafl to transmission output 
flange. Counterhold each bolt while tightening nut. 

CAUTION- . Do not reuse self-locking nuts. These nuts are designed to 
be used only once. 

Avoid stressing the flex-disc when torquing the bolts. 
Do this by counterholding the bolts and turning the nuts 
on the flange side. 

- Position center support bearing and install mounting nuts. 
Use new self-locking nuts. 

- Install heat shields. 

- Install rear transmission support crossmember. 

- Install exhaust system. See 180 Exhaust System. 
Reconnect oxygen sensor wiring harnesses and reattach 
wiring harness retainers to rear transmission support 
crossrnernber. 



Driveshaft 

- Road test vehicle to check for noise or vibration 

CAUTION- 
Do not reuse self-locking nuts. These nuts are designed to 
be used only once. 

Avoid stressing the flex-disc when torquing the bolts. 
Do this by  counterholding the bolts and turning the nuts 
on the flange side. 

Tightening torques 

Alunlinum driveshaft to flex-disc - MI2 (use coated washers) 90 Nm (66 ft-lb) 

Driveshaft CV joint to final drive flange 

Mi0 (Tom bolt) 70 Nm (51 ft-lb) 

M8 (compression nut) 32 Nm (24 ft-lb) 

Flex-disc to transmission flange or driveshaft 

MI0 (8.8 grade) 48 Nm (35 ft-lb) 

MI 0 (1 0.9 grade) 60 Nm (44 ft-lb) - Mi2 (8.8 grade) 81 Nm (60 ft-lb) - MI2 (10.9 grade) I00 Nm (74 ft-lb) 

MI4 140 Nm (103 ft-lb) 

Transmission crossmember 

to transmission (ME) 21 Nm (15 ft-lb) . to chassis (M10) 42 Nm (30 ft-lb) 

NOTE- 
Boltgrade is marked on the bolt head. When replacing bolts, 
only use bolts of the same strength and hardness as the orig- 
inals installed. 

Flex-disc, replacing 

- Checlc flex-disc between front section of driveshafl and trans- 
mission output flange for craclts, tears, missing pieces, or 
distortion. Check for worn bolt hole bores in flange. 

- If flex-disc needs replacement, remove driveshafl as de- 
scribed earlier. 

- Unbolt flex-disc from driveshaft. 

NOTE- 
Removal andinstallation of the bolts may be made easier by 
placing a large hose clamp around the flex-disc, and tighten- 
ing the clamp slightly to compress the rubber. 
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1 Driveshaft 

Install new flex-disc using new self-locking nuts. Molded ar- 
rows (arrows) on coupling should point towards flange arms. 

4 On vehicles with aluminum driveshaft, use coated washers to 
prevent contact corrosion. - Counterhold bolts while tightening nuts. 

Tightening torque 

Aluminum driveshaft to flex-disc 

M12 (use coated washers) 90 Nm (66 ft-lb) 

Steel driveshaft to flex-disc 

MI0 (8.8 grade) 48 Nm (35 ft-lb) - MI0 (10.9 grade) 60 Nm (44 ft-lb) 

Coated washers - MI2 (8.8 grade) 
5027500 . Mi2 (10.9 grade) 

M14 

81 Nm (60 ft-lb) 

100 Nm (74 ft-lb) 

140 Nm (103 ft-lb) 

- Install driveshaft as described earlier 

Center bearing assembly, replacing 

The center bearing assembly consists of a grooved ball bear- 
ing in a rubber mount. The bearing assembly is pressed 
the driveshaft. 

- Remove driveshaft. See Driveshaft, removing 

- Matchmark front and rear driveshaft sections before 
separating. 

Remove bolt (arrow) securing front and rear halves of 
driveshaft and pull driveshaft apart. 

- Remove shim and dust shield, where fitted 

- Use puller to remove center bearing assembly from 
driveshaft. 

onto 



- On installation, drive new center bearing firmly to stop. 
Reassemble driveshaft using matchmarks made prior to 
disassembly. 

- Clean threads and install bolt securing driveshaft halves. 
Use thread locking compound LoctiteO or equivalent. 

Tightening torque 

Driveshaft front half to rear half 
(use thread locking compound) 97 Nm (72 fl-lb) 

- Install driveshaft as described earlier. 

Front centering guide, replacing 

The front centering guide centers the driveshafl in relation to 
the transmission. The guide is press-fit into a cavity in the 
front of the driveshafl and slides onto the transmission output 
shaft. 

No specifications are given forwear of the guide, but general- 
ly the guide should fit snugly on the transmission output shafl. 

NOTE- 
Some driveshafts have a dust cap installed on the end of the 
driveshaft, over the centering guide. The dust cap may be- 
come bent or distorted when the driveshaft is removed or in- 
stalled. Damage to the dust cap should not affect the 
centering guide and should not be mistaken for guide wear. 

- Remove driveshafl as described earlier 

- Pack cavity behind centering guide with heavy grease until 
grease is flush with bottom edge of guide. 

- Insert 14 mm (approximately 9/16 in.) diameter mandrel or 
metal rod into guide. Strike guide with hammer to force cen- 
tering guide out. 

NOTE- 
Tlie mandrel should fit snugly in the centering guide so that 
the grease cannot escape around the sides of the mandrel. 

- Remove old grease from driveshaft, lubricate new centering 
guide with molybdenum disulfide grease (MolykoteO, Long- 
term8 2 or equivalent) and drive it into driveshaft. 

4 When installing new driveshafl centering guide, be sure seal- 
ing lip of guide faces outward. Drive guide into driveshaft to 
a protrusion depth of 4 - 6mm (0.16 - 0.24 in.). 

- Install driveshaft as described earlier. 
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Driveshaft 

Constant velocity (CV) joint, replacing 

The CV joint at the rear of the driveshaft is available from 
BMW as a separate part. 

- Remove complete driveshaft as described earlier in this 
section. 

< Clean grease off CV joint. Remove retaining circlip (arrow) 
from CV joint end of driveshaft. 

- Drive out bolts from CV joint. 

4 Remove CV joint from driveshaft: 

Pry back protective boot (A). - Using BMW special tool 26 1 110 on inner race (B), press 
or pull joint off shaft. 

- Check protective boot for damage. Replace if necessary. 

- lnstall new CV joint: . Working from both sides of joint, inject approximately 80 
grams of OptimolB grease (or equivalent) into joint. 

Install new sealing gasket on joint face that mates with pro- 
tective boot. Seal fits in groove on outer race of joint. 

Clean grease off driveshaft and mating splines on joint. 

Apply LoctiteO 648 to driveshaft splines. 

Press new CV joint onto shaft as far as it will go. 

CAUTIOI\C 
Only press on inner CVjoint race. 

- Install new retaining circlip to end of driveshaft, 

- Insert CV joint mounting bolts. Be sure to reuse washers. 

- Install driveshaft as described earlier in this section. 
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This section of the manual covers front and rear suspension, 
braking and steering systems, and contains wheel, tire and 
wheel alignment information and specifications. Also covered 
here are the integrated braking and suspension systems in- 
cluding antilock braking (ABS), traction control (ASCIDSC), 
and electronic height control (EHC). 

Vehicle ride height information is at the end of this repair 
group. Alignment information is in 320 Steering and Wheel 
Alignment. 

Aluminum suspension components 

In order to reduce vehicle weight, aluminum suspension com- 
ponents are used in some models. A test with a magnet will 
easily reveal the metal used. If working with aluminum com- 
ponents, be sure to read and follow the cautions below. 

CAUTION- 
* Due to the chemical and corrosion characteristics of alumi- 

num, do not bring into contact with battery acid. 

Do not use wire brushes with brass or iron bristles. 
Only use brushes with stainless steel bristles. 

Do not expose to flying sparks from grinding/cutting op- 
erations. 

Do not subject to steel welding splashes. 

Do not expose to temperatures over 80°C (176"F), 
even for short periods. Temperatures in painting facili- 
ties are not a problem. 

The E39 front suspension subframe is used as a rigid mount- 
ing platform for the front suspension arms, stabilizer bar and 
steering gear. 

The suspension arms, known as the lower control arms and 
the tension struts (thrust arms), are connected to the sub- 
frame through rubber bushings. The arms are connected to 
the steering knucltles in a double pivot configuration. 

Each front strut assembly includes a tubular strut and a coil 
spring. The upper strut mount includes a bearing. The lower 
end of each strut housing is fitted to the steering knuckle. The 
integral wheel bearing and hub are bolted to the steering 
Iknucltle. 

6-cylinder and V-8 models use different steering systems and 
other front suspension components. 
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Front suspension 6-cylinder models 
(5251, 5281, 530i) 
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Front suspension V-8 models (540i) 
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The E39 rear suspension subframe is used as a rigid mount- 
ing platform forthe differential (also called final drive) and rear 
suspension components. The differential is mounted to the 
subframe and the subframe is bolted to the body through rub- 
ber bushings which help isolate drivetrain noise and vibration. 

The €39 rear suspension is known as a modified multi-link 
system. Three control arms on each side locate the rear 
wheels. 

The lowercontrol arm, called the swing arm, is attached to the 
wheel bearing carrier through a pivoting integral link. 

An eccentric mounting bolt at the rear inner mounting of the 
swing arm is used for rear camber adjustment. 

The inner end of the upper front control arm, called the trac- 
tion strut, is also mounted with an eccentric fastener, used to 
adjust rear toe. 

Drive axles with constant-velocity (CV) joints at both ends 
transfer power from the differential to the road wheels. 

Sedan models 

The rear suspension in sedan models uses coil springs over 
strut shock absorbers. The bottom of each strut bolts to the 
wheel carrier.The top strut mount attaches just below the rear 
parcel shelf of the car. 

Sedan models fitted with EDC (Electronic Dampening Con- 
trol) use air struts. 
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Rear suspension sedan models 

Coil 
spring 

Strut - 

'01 arm 

Sport Wagon models 

In order to provide a wide, ilat iloor in the cargo compartment, 
the rear suspension on the Sport Wagon is unique to itself. 
The shoclcabsorber is attached diagonally between the lower 
swing arm and a mounting bracket on the subframe. The 
spring on each side is mounted between a perch at the top oi 
the wheel bearing carrier and the bottom of the cargo com- 
partment floor. 

Starting with 1999 Sporl Wagon models, a self-leveling air 
suspension system with electronic height control (EHC) was 
introduced. The system is standard on V-8 models and op- 
tional on 6-cylinder models. 

On models fitted with electronic height control (EHC) rear 
suspension, the standard coil springs are replaced by air 
springs. Air pressure in the air springs is automatically con- 
trolled by the EHC system to compensate for ride height and 
load variations. 
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Rear suspension Sport Wagon 
(with coil springs) 

Shock absorber 1 
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Rear suspension Sport Wagon 
(EHC with air springs) 

Air sprIn9 Shock absorber I 

(tiaction strut) arA \ 
(lower control arm) Integral arm 502330210 

EHC initiates a control sequence as necessary. The system 
offers the following features: 

Control system independent from vehicle engine (no en- 
gine driven hydraulic pump system) 

Individual control of rear wheels 

Uneven load identified and compensated for 

Uneven road surfaces identified and not compensated for 

Automatic control interrupted when cornering 

System diagnosable using the BMW Service Tester (DIS- 
plus, GTI, or MoDiC) 



EHC operational diagram 

LEFTAIR SPRING RIGHTAIR SPRlNG 

50230000, 

- 
- 
- 
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The steering system features variable power assist provided 
by an engine-driven hydraulic pump. 

Rack and pinion steering 
6-cylinder models (525i, 5281, 5300 

Two types of steering systems are used in E39 models. 6- 
cylinder (525i, 5281, 530i) models are equipped with a steer- 
ing rack system. V-8 (540i) models are equipped with a re- 
circulating ball and nut steering gearbox. 

Rack-and-pinion steering 

Steering components in 6-cylinder models consist of a rack- 
and-pinion type steering gear and connecting linltage to the 
road wheels. 

The steering linkage connects the rack-and-pinion unit 
through tie rods to the steering knucltles. The tie rod ends al- 
low the wheels to pivot and react to suspension travel. 

Recirculating ball and nut steering 
V-8 models (540i) I Recirculating ball and nut steering 

Recirculating ball and nut steering in V-8 models consists of a 
steering box with integrated hydraulic control valve and con- 
necting linkage to the road wheels. 

Thesteering linkageconnects the steering gearbox through a 
pitman arm to the wheels. An idler arm maintains correct toe 
angle. The tie rod allow the wheels to pivot and react to sus- 
pension travel. 

E39 cars are equipped with power disc brakes with integral 
antilock brakes (ABS). The parking bralte is a dual-drum sys- 
tem integrated with the rear brake rotors. 

Power assist is provided by a vacuum booster when the en- 
gine is running. The brake pedal pushrod is connected direct- 
ly to the master cylinder, so failure of the vacuum booster 
does not normally result in total bralte failure. 

Each disc bralte uses a caliper with a single hydraulic cylin- 
der. Brake pads in the left front and right rear contain wear 
sensors. When brake pads need replacement, the sensors il- 
luminate a light on the dashboard. 
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WHEELS AND TIRES 
Tire size is critical to the properoperation of the antilock brake 
system and traction control system. Several differentstyles of 
wheels in 15,16, and 17 inch diameters are available from an 
authorized BMW dealer. 

Rim and tire size applications are listed in the table below. 

Rim and tire sizes table 

ELECTRONIC BRAKE AND STABILITY 
CONTROL SYSTEMS 

Model 

5251 

5281 

530i 

540i (manual 
transmission) 

540i (automatic 
transmission) 

All E39 vehicles are equipped with the Antilock Braking Sys- 
tem (ABS). Early production models featured ABS with Auto- 
matic Stability control (ABSIASC). Later models came 
equipped with ABS and Dynamic Stability Control 
(ABSIDSC). DSC builds upon the existing ABSIASC system 
to provide electronic control of drive and braking systems to 
insure vehicle stability. 

This manual will refer to these systems as ABS. ASC or DSC 
will be specified when necessary. ABS component replace- 
ment is covered in 340 Brakes. 

Standard 

ABS applications are shown in the accompanying table 

Rim size 

16x7  

15x7  

16x7 

17x8 

16x7  

Optional 

Tire size 

225160R-15 

235145-1 7 

225155-1 6 

Rim size 

17x8 

Front 17 x 8 Rear 17 x 9 

17 x 8 

Front 17x8 
Rear 17x9 

Front 17 x 8 
Rear 17 x 9 

Tire size 

245145R-17 

Front 235145-1 7 
255140R-17 

235145R-17 

Front 235145-1 7 
Rear 255140R-17 

Front 235145-17 
Rear 255140R-17 
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E39 electronic brake and stability control 
systems application table 

(528i, 54bi) Traction (ASC) I Hydraulic unit in right rear of engine compartment 1 

Identifiers Year (model) 

I No precharge pump 1 

Manuf. up to 911998 l~utomatic Stability Control plus I Electronic control module next to glove compartment 

System 

Precharge pump in lefl front of engine compartment, below 
steering fluid reservoir 

Separate rotational rate (yaw) and lateral acceleration sensors 

I I 

Combined rotational rate (yaw) and lateral acceleration sensors 

Electronic control module next to glove compartment 

Hydraulic unit in right rear of engine compartment 

Manuf. up to 911999 
(540i optional) 

I I 

ABS system 

Dynamic Stability Control (Bosch 
DSC Ill v. 5.3) 

The electronically controlled ABS maintains vehicle stability 
and control during emergency braking by preventing wheel 
lock-up. ABS provides optimum deceleration and stability dur- 
ing adverse conditions. It automatically adjusts brake system 
hydraulic pressure at each wheel to prevent wheel lock-up. 

Control moduleihydraulic unit in right rear of engine compartment 

No precharge pump 

Manuf. from 911999 
(all models) 

Automatic Stability Control (ASC) 

Dynamic Stability Control (Boscli 
DSC Ill v. 5.7) 

NOJE- 
ASC (Automatic Stability Control) may also be referred to as 
A S C i T  (Automatic Stability ControkTraction). 

A S C  works in conjunction with ABS and the engine manage- 
ment system to enhance vehicle control. The main function of 
the A S C  system is to maintain the contact between the tires 
and the road surface under all driving conditions. This is 
achieved through exact application and management of brak- 
ing and drivetrain forces. 

The A S C  system improves traction by electronically applying 
the rear brakes when the rear drive wheels are spinning at a 
faster rate than the front wheels. The combined ABSIASC 
control module, operating through the ABS hydraulic control 
unit, modulates braking force at the rear wheels. 

In addition, A S C  overrides the throttle opening to reduce en- 
gine torque and maintain vehicle traction. Because the throt- 
tle is controlled electronically, the driver cannot increase 
engine power output during ASC intervention regardless of 
how far the accelerator pedal is pushed. 
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The main components of the system are the wheel speed 
(pulse) sensors, the ABSIASC or ABSIDSC control module, 
and the hydraulic control unit. 

Traction control also comes into operation during decelera- 
tion. Decelerating on snowy or icy road surfaces can lead to 
rear wheel slip. If a rear wheel starts to drag or lock up, the 
ASC system can limit the problem by adjusting throttle, fuel 
injection and ignition timing. 

4 A switch (arrow) on the center console is used to toggle the 
ASC on or off. 

NOJE- 
Even with the ASC system turned off, i f  the ASC control mod- 
ule senses a difference in wheel speed (one wheel spinning) 
the ASC system applies modulated braling force to the slip- 
ping wheel until traction is regained. There is no override of 
fuelinjection function. 

The ASC system is designed to be maintenance free. There 
are no adjustments that can be made. Repair and trouble- 
shooting of the ASC system requires special test equipment 
and knowledge and should be performed only by an autho- 
rized BMW dealer. 

ABSIASC traction 

I 1. 

control system 

Wheel speed sensor 

Wheel speed pulse wheel 

Brake disk 

Brake caliper 

ABSIASC hydraulic unit 

Brake master cylinder 

Pedal operated throttle valve 

ASC controlled throttle valve 

Engine control module (ECM) 

Accelerator pedal 

ABSlASC control module 
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DSC system I 
Dynamic Stability Control (DSC) 

Dynamic Stability Control (DSC) utilizes many principles and 
components of the ASC traction control system. DSC is ac- 
tive throughoutthe driving range, unlike ASC which is only ac- 
tive during acceleration and braking. DSC helps stabilize the 
vehicle in cornering and avoidance maneuvers by adjusting 
engine controls such as throttle, ignition, fuel injection and the 
application of brake pressure individually to the wheels. 

Inputs 

fi- 0 

2 4-* .. 
o 

[11-' 
IJ 

411m4 
3?- 

G 

4 The DSC control module uses various inputs to determine 
vehicle instability during braking, cornering, or reduced trac- 
tion situations. Based upon these inputs the ABSIDSC con- 
trol module sends outputs to the engine control module and 
the ABSIDSC hydraulic unit to activate torque reduction pro- 
tocols and braking intervention. 

- 

ABSIDSC 
control 
module 

OUI~YIS 

4 

The DSC system can be toggled on and off by a switch 
mounted on the center console. Turning off the DSC system 
does not disable ABS or ASC functions. 

+ 

Measure ride height (A) from center of fender arch to bottom 
of wheel rim. 

Car in normal loaded position on the ground. See Normal 
loaded position. 

Engine 
control 
module 

Specified tires and wheels, correct tire pressure, even tire 
wear 

-'* 9- 
.%A 

Correct wheel bearing play 

T'== ..t, 9 
B 

-.m 

Model with air suspension (EHC): Disconnect electrical har- 
ness connector to air supply pump to prevent automatic 
height regulation. 

When finished, reset ride height using BMW diagnostic 
scan tools DIS or MoDiC. 

NOTE- 
Airsupply pump is located beneath a cover under the spare 
tire in the floor of the cargo compartment. 

- If ride height is outside specification listed, install new 
springs. Suspension spring removal and installation is cov- 
ered in 310 Front Suspension and 330 Rear Suspension. 

Normal loaded position 

Each front seat 68 kg (150 Ib) 

Center of rear seat 68 kg (150 lb) 

Trunk 21 kg (46 lb) 

Fuel tank full 
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Front ride height specifications 
(measurement A) 

E39 6-cylinder (5251,5281,530i) models 

E39 V8 (540i) models 

Wheel size 

15 inch 

16 inch 

17 inch 

18 inch 

Maximum variation between sides: 10 mm (0.4 in) 

Maximum deviation from specifications: 10 mm (0.4 in) 

Standard suspension 

579 mm (22.8 in) 

592 mm (23.3 in) 

607 mm (23.9 in) 

620 mm (24.4 in) 

Wheel size 

15 inch 

16 inch 

17 inch 

18 inch 

Sports suspension 

559 mm (22.0 in) 

572 mm (22.5 in) 

587 mm (23.1 in) 

600 mm (23.6 in) 

Maximum variation between sides: 10 mm (0.4 in) 

Maximum deviation from specifications: 10 mm (0.4 in) 

Standard suspension 

579 mm (22.8 in) 

592 mm (23.3 in) 

607 mm (23.9 in) 

620 mm (24.4 in) 

Rough road suspension 

599 mm (23.6 in) 

612 mm (24.1 in) 

627 mm (24.7 in) 

640 mm (25.2 in) 

Sports suspension 

559 mm (22.0 in) 

572 mm (22.5 in) 

587 mm (23.1 in) 

600 mm (23.6 in) 

M sports package 

559 mm (22.0 in) 

572 mm (22.5 in) 

587 mm (23.1 in) 

600 mm (23.6 in) 

Rough road suspension 

599 mm (23.6 in) 

612 mm (24.1 in) 

627 mm (24.7 in) 

640 mm (25.2 in) 

M sports package 

562 mm (22.1 in) 

575 mm (22.6 in) 

590 mm (23.2 in) 

603 mm (23.7 in) 
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Rear ride height specifications 
(measurement A) 

E39 6-cylinder (5251,5281,530i) models 

E39 VB (540i) models 

Wheel size 

15 inch 

16 inch 

17 inch 

18 inch 

Maximum variation between sides: 10 mm (.04 in) 

Maximum deviation from specifications: 10 mm (.04 in) 

Standard 
suspension 

547 mm (21.5 in) 

560 mm (22.0 in) 

575 mm (22.6 in) 

588 mm (23.1 in) 

I I I I I 

Maximum variation between sides: 10 mm (.04 in) 

Wheel size 

15 inch 

16 inch 

575 mm (22.6 in) 

Maximum deviation from specifications: 10 mm (.04 in) 

Sports suspension 

532 mm (20.9 in) 

545 mm (21.5 in) 

560 mm (22.0 in) 

573 mm (22.6 in) 

Rough road 
suspension 

567 mm (22.3 in) 

580 mm ( in) 

E39 Sport Wagon models 

M sports package 

536 mm (21.1 in) 

549 mm (21.6 in) 

Standard 
suspension 

547 mm (21.5 in) 

560 mm (22.0 in) 

588 mm (23.1 in)l 573 mm (22.6 in)/ 603 mm (23.7 in)l 608 mm (23.9 in)l 577 mm (22.7 in) 

560 mm (22.0 in) 

Ride level control 

562 mm (22.1 in) 

575 mm (22.6 in) 

590 mm (23.2 in) 

603 mm (23.7 in) 

Sports suspension 

532 mm (20.9 in) 

545 mm (21.5 in) 

590 mm (23.2 in) 

Rough road 
suspension 

567 mm (22.3 in) 

580 mm (22.8 in) 

595 mm (23.4 in) 

608 mm (23.9 in) 

Ride level control 

562 mm (22.1 in) 

575 mm (22.6 in) 

Wheel size 

15 inch 

M sports package 

532 mm (20.9 in) 

545 mm (21.5 in) 

560 mm (22.0 in) 

573 mm (22.6 in) 

595 mm (23.4 in) 

Sports suspension with 
air spring 

548 mm (21.5 in) 

Standard suspension 

548 mm (21.5 in) 

16 inch 

17 inch 

18 inch 

564 mm (22.2 in) 

Maximum variation between sides: 10 mm (.04 in) 

Maximum deviation from specifications: 10 mm (.04 in) 

561 mm (22.0 in) 

576 mm (22.6 in) 

589 mrn (23.1 in) 

561 mm (22.0 in) 

576 mm (22.6 in) 

589 mm (23.1 in) 

Ride level control 

563 mm (22.1 in) 

Rough road suspension 

568 mm (22.4 in) 

576 mm (21.6 in) 

591 mm (23.2 in) 

604 mm (23.7 in) 

581 mm (22.9 in) 

596 mm (23.5 in) 

609 mm (24.0 in) 
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I Front Suspension 

This repair group covers the repair and replacement of com- 
ponents that make up the front suspension of E39 cars. 

Two different types of steering systems are used in the E39 
series. 6-cylinder (5251,5281 and 530i) models are equipped 
with a rack and pinion type steering system mounted to an 
aluminum subframe. V-8 (540i) models use a steering gear- 
box type system mounted to a steel subframe. 

See 300 Suspension, Steering and Brakes-General for a 
description of the front suspension and components, as well 
as specifications for setting ride height. 

CAUTION- 
Some E39 models are equipped with aluminum suspen- 
sion components. The foiiowing cautions apply: 

Due to the chemical and corrosion characteristics of 
aluminum, do not bring into contact with battery acid. 

* Do not clean with wire brushes with brass or iron bris- 
ties. Only use brushes with stainless steei bristles. 

Do not expose to flying sparks from grinding/cutting op- 
erations. 

* Do not subject to steei welding splashes. 

Do not expose to temperatures over 80°C (176°F). 
even for short periods. Temperatures in painting faciii- 
ties are not a problem. 

Special tools 

Special service tools are required for most of the work de- 
scribed in this repair group. In addition to the tools depicted in 
the illustrations, avariety of press tools are necessaryfor con- 
trol arm bushing replacement. Read the procedures through 
before beginning any job. 

31 2 210 I < Strut nut socket 
(Tool No. 31 2 210) 



Front Suspension 

< Ball joint press 
(Tool No. BMW 31 2 240) 

< Bushing press tools 
(Tool No. BMW 31 2 2611263) 

4 Spring compressor and spring holder arms 
31 3 350 (Tool No. BMW 31 3 340 131 3 350) 
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6-cylinder models 

1 2  3 4 5 

V-8 models 

1 6  7 4 

Front suspension 
variations 

1. Steering knuckle 

2. Tension strut (thrust arm) 

3. Steering rack 

4. Front suspension subframe 

5. Outer tie rod 

6. Control arm 

7. Steering box 

8. Idler arm 

9. Center tie rod 

The front suspension shoclc absorbers on E39 cars are 
MacPherson struts. The strut is a major component of the 
front suspension and supports the spring. Most strut assem- 
bly components are available as replacement parts. Always 
replace struts and springs in pairs. 

Front strut, upper strut mount or spring replacement is a two- 
step procedure: 

Removal of strut assembly from vehicle 

Disassembly and replacement of component on work 
bench 



31 0-5 

Front ~uspensionl 

Front strut assembly, removing and 
installing 

- Raise car and remove front wheel. 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Unbolt bralte caliper assembly, lkeeping bralte hose connect- 
ed. Secure brake caliper to body with wire. Do not let it hang 
from brake hose. See 340 Brakes. 

Remove ABS pulse sensor mounting bolts (arrows) and re- 
move sensor from housing. 

Detach ABS sensor wire harness and bralte pad wear sensor 
wire harness (if equipped) from strut housing. 

Loosen and remove stabilizer bar link mounting nut while 
counterholding link ball joint. Disconnect stabilizer link from 
strut. 

NOTE- 
Use a thin wrench to counterhold shaft of stabilizer bar link 
ball joint. 

- Cars equipped with vertical headlight adjustment system: 
Disconnect control arm from level sensor. 

4 Remove outer tie rod end nut. Use BMW special tool 31 2 
240 or equivalent to press tie rod end out of steering arm. 
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Mark installation position of strut tube (arrow) in steering 
knuckle pinch collar. 

CAUTION-- 
Use paint, not a scribe tool, to mark location of strut tube. 1 

4 Letter on strut tube designates mounting location. - R - Right side installation position 

L - Left side installation position 

NOTE- 
Marking the strut tube is not necessary if factory marks (L or 
R) are still visible. 

4 Counterhold strut tube pinch bolt (arrow) 
nut. 

while loosening 



Front ~us~ensionl  

Spread steering knuckle slot in 
tool 31 2 200. 

pinch collarwith BMW special 

4 Worlting in engine compartment at strut tower: - If applicable, disconnect plug connector at top of strut for 
Electronic Damper Control and remove cap from cable. 

Remove upper strut bearing mounting fasteners (arrows). 

WARNING- 
Do not remove centerstrut retaining nut. 

4 Use lever to push down on wheel hub. Tilt strut outward 

NOTE- 
Use masking tape to protect fender arch from possible dam- 
age. 
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Slide strut assembly out of steering lknucltle pinch collar. If 
necessary use pry bar. 

CA UTIOI\C 
Do notpullstrut out of steering knuckle with twisting motion. 
This can scratch and damage the strut. 

Disassemble and reassemble strut assembly as described 
later. 

When installing new strut, be sure to align locator letter (A) 
on strut body with slot in steering lknuckle pinch collar (6). 
Struts are marked with L for left and R for right. 

Remainder of installation is reverse of removal. 

Make sure strut shoulder (below locator letter) bottoms out 
in steering knuckle pinch collar. 

Use new self-locking nuts and bolts. 

When attaching stabilizer lrnk to strut, use a thin wrench to 
counterhold link ball joint while t~ghtening nut. - Have car professionally al~gned when job IS complete. 

Tightening torques 

Brake caliper to steering knuckle 110 Nm (81 ft-ib) 

Road wheel to hub 120 t i 0  Nm (89 t 7  ft-lb) 

Stabilizer bar link to strut 65 Nm (48 It-lb) 

Steering knucltle pinch bolt at strut 81 Nm (60 It-lb) - mountlng collar 

Steering tle rod to steerlng knuckle 65 Nm (48 it-lb) 

Strut assembly top to strut tower 24 Nm (18 it-lb) 
- - - 
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Front strut assembly 
components 
(6-cylinder models) 

1. Cap 

2. Upper strut self-locking nut 

3. Washer 

4. Strut bearing reinforcement 

5. Strut mount self-locking nut 

6. Upper strut mount 

7. Dust protector collar 

8. Spacer 

9. Upper spring seat 

10. Spacer 

11. Upper spring pad 

12. Coil spring 

13. Rubber stop 

14. Dust boot 

15. Lower strut pad 

16. Strut with lower spring seat 

Front strut assembly, disassembling 
and assembling 

Replacing the strut, upper strut mount or spring requires that 
the strut assembly first be removed from the car and disas- 
sembled. For a guide to parts used during component re- 
placement, see the accompanying diagram. 

NOTE- 
Illustration shows components ior 6-cylinder models (525i, 
528i, 530;). V-8 models (540i) are similar but not identical. 
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4 Clamp spring compressor (BMW special tool 31 3 340 or 
equivalent) in shop vise. 

WARNING- 
* Do not attempt to disassemble the strut assembly without 

a spring compressor designed specifically for this job. 

Prior to each use, checlc special tool for functionality. 

Do not use a damaged tool. 

Do not make any modifications to tool. 

Use correct size spring retainers when compressing 
coil spring. 

I When assembling BMW spring compressor (special 
tool 31 3 340), make sure spring retainerplates are felt 
and heard snapping into place. Check seating of spring 
retainers carefully. 

Position coil spring between spring holders so that 3 coils lie 
between spring holders (arrows). Compress spring. 

WARNING - 
When tensioned, the spring coils must rest completely in 
the spring holder recess. 

Never tighten or loosen spring compressor with an im- 
pact tool. 

Only tighten down the coil springs until stress on the 
thrust bearing is relieved. 

a Only loosen strut nut if spring coils are completely in- 
serted in the spring holder grooves. If necessarx loos- 
en compressor, reposition and recompress. 

Use BMW special tool 31 2 21 0 or equivalent to remove strut 
nut. Counterhold strut shaft using 6 mm Allen wrench. 

CAUTION- 
Do not remove strut nut with impact tool. 

Remove upper strut bearing and related components. 

If a new coil spring is being installed, relieve tension on 
spring compressor and remove coil spring. 

Check strut dust boot, rubber stop and spring pads. Replace 
as necessary. 

Replace strut, upper strut mount or spring, as needed 
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/ Front strut top mount assembly 

< Replace springs in matched pairs only. BMW ID number is 
stamped near end (A). 

4 Assembly is reverse of disassembly, noting the following: 

Use a new upper strut self-loclting nut (A). Tighten nut 
fully before releasing spring compressor. 

CAUTION- 
Do not tighten strut nut with impact tool. 

NOTE- 
illustration shows components for 6-cylinder models (5257, 
528i, 5300. V-8 models (5400 are similar but not identical. 

4 Be sure upper and lower spring pads (arrows) are correctly 
installed to spring seats before releasing spring compressor. 

Release spring compressor carefully and evenly, allowing 
spring to expand slowly. 

Have car professionally aligned when job is complete. 

Tightening torques 

Upper strut mount to strut shaft 64 Nm (47 ft-lb) 

Strut mount to strut tower (ME) 24 Nrn (18 fi-lb) 
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Front suspension arms FRONT SUSPENSION ARMS 
Scyllnder models (5251,5281,530i) 

Control arms and tension struts are attached to the front sub- 

Front suspension arms 
V-8 models (5401) 

frame through rubber bushings and to the steering ltnuckles 
by ball joints. 

NOTE- 
Tension struts are sometimes called thrust arms or thrust 
rods. 
Control arms or tension struts are sometimes called lower 
front arms or lower rear arms. 

Inspect ball joints for wear and looseness. lnspect bushings 
for wear or fluid lealts. The ball joint can only be replaced as 
part of an entire suspension arm assembly. Some suspen- 
sion arm bushinas are available as re~lacement Darts. Al- 
ways replace in pairs 

NOTE- 
Steering wheel vibration during braking (usually at road 
speeds of 50 to 60 m.p.h.) are often causedby faulty suspen- 
sion arm bushings, not out-of-true brake rotors. 

Some special tools may be required to remove suspension 
arms and to replace bushings. Read procedures through be- 
fore beginning the job. 

Control arm, removing and installing 
(6-cylinder models) 

- Raise car and remove wheel 

Male sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parfs. 

Cars equipped with vertical headlight adjustment system: 
Disconnect control arm from level sensor. 

Remove control arm fasteners (arrows). Lightly tap inner 
control arm mounting bolt out of subframe. 
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< Use BMW special tool 31 2 240 or equivalent to separate 
control arm ball joint from steering ltnuckle. 

- When installing control arm, make sure all thread bores. 
bolts, nuts and mating surfaces are clean. 

- Install bushing end of control arm to subframe, using wash- 
ers on both sides of bolt and a new self-locking nut. Do not 
tighten nut at this time. 

- Install control arm ball joint to steering lknucltle using a new 
self-locking nut. Tighten fully. 

- Install wheel and lower car. 

- Load car to normal loaded position as described under Ride 
height. See 300 Suspension, Steering and Brakes-Gen- 
eral. Bounce suspension a few times. 

- With car on ground and loaded, tighten control arm bushing 
through-bolt. 

Tightening torques 

Control arm to steering ltnuckle 80 Nm (59 ft-lb) 

Control arm to subframe 110 Nm (81 It-lb) 

Road wheel to hub 120ilO Nm (8957 it-lb) 

Control arm, removing and installing 
(V-8 models) 

- Raise car and remove wheel 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural cliassis points. Do not place jack stands under 
suspension parts. 

Loosen and remove stabilizer bar link mounting nut (A) while 
counterholding ball joint (B). Disconnect stabilizer link from 
stabilizer bar. 

- Cars equipped with vertical headlight adjustment system: 
Disconnect control arm from level sensor. 
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Front Suspension 

4 Mark installation position of strut tube (arrow) at steering 
knuckle pinch collar. 

NOJE- 
The strut tube installation position is marked on factory 
strut tubes: L for leff and R for right. 
Marking the strut tube is not necessary i f  factory marks (L 
or R) are still visible. 

CAUTION- 
Use paint, not a scribe tool, to mark location of strut tube. 

Counterhold strut tube 
nut. 

bolt (arrow) while loosening 

4 Spread steering ltnucltle pinch collar with BMW special tool 
31 2 200 to release strut tube. 

- Pull steering knuckle down so that strut tube slides up far 
enough to gain better access to control arm nut. 



310-1 5 

Front ~ u s ~ e n s i o n /  

4 Remove control arm fasteners (arrows). Lightly tap inner 
control arm mounting bolt out of subframe. 

Use BMW special tool 31 2 240 or equivalent to separate ball 
joint from steering knuckle. 

When installing control arm, make sure all thread bores, 
bolts, nuts and mating surfaces are clean. 

lnstall bushing end of control arm to subframe, using wash- 
ers on both sides of bolt and a new self-loclting nut. Do not 
tighten nut at this time. 

lnstall control arm ball joint to steering knuckle, using new 
self-locking nut. Tighten fully. 

- Slide strut back into position and tighten strut pinch bolt fully. 

- Install wheel and lower car. 

- Load car to normal loaded position as described under Ride 
height. See 300 Suspension, Steering and Brakes-Gen- 
eral. Bounce suspension a few times. 

- With car on ground and loaded, tighten control arm bushing 
through-bolt. 

Tightening torques 

Control arm to steering knuckle 80 Nm (59 ft-lb) 

Control arm to subframe 78 Nm (58 ft-lb) 

Road wheel to hub 120 f 10 Nm (89 +7 ft-lb) 

Stabilizer bar link to stabilizer bar 59 Nm (44 fl-lb) 

Strut pinch bolt 81 Nm (60 it-lb) 
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Tension strut, removing and installing 

- Raise car and remove wheel. 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove engine splash shield 

6-cylinder models: Remove brake cooling duct. 

V-8 models: Detach stabilizer bar from front subframe. 

Mark installation position of strut tube (arrow) at steering 
ltnuckle pinch collar. 

NOJE- 
* The strut tube installation position is marlted on factory 

strut tubes: L for left and R for right. 
* Marlting the strut tube is not necessary if factory marks (L 

or R) are still visible. 

CAUJION- 
Use paint, not a scribe tool, to mark location of strut tube. 1 

4 Counterhold strut tube pinch bolt (arrow) while loosening 
nut. 
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< Spread steering knuckle pinch collar with BMW special tool 
31 2 200 to release strut tube. 

- Pull steering knuckle down so strut tube slides up farenough 
to gain better access to tension strut or tension strut nut. 

4 Unscrew ball joint nut (arrow) from steering knuckle. Use 
BMW special tool 31 2 240 to remove ball joint from steering 
Iknucltle. 

CAUTION-- 
Tale care not to damage the balljoint threads if the tension 
strut is to be reused. 

- Remove through-bolt attaching tension strut to subframe. 

- When installing tension strut, make sure all thread bores, 
bolts, nuts and mating suriaces are clean. 

- Install bushing end of tension strut to subframe using wash- 
ers on both sides of bolt and a new self-locking nut. Do not 
tighten nut at this time. 

- Install tension strut ball joint to steering knuckle using new 
self-locking nut. Tighten fully. 

- Slide strut back into position and tighten strut pinch bolt fully. 

- Install wheel and lower car. 

- Load car to normal loaded position as described under Ride 
height. See 300 Suspension, Steering and Brakes-Gen- 
eral. Bounce suspension a few times. 

- With car on ground and loaded, tighten tension strut bushing 
through-bolt. 

Tightening torques 

Road wheel to hub 120-i-10 Nm (89+7ft-lb) 

Stabilizer bar to subframe 24 Nm (1 8 ft-lb) 

Tension strut to steering 
knucltle 

80 Nm (59 ft-lb) 

Tension strut to subframe 110 Nm (81 ft-lb) 

81 Nm (60 it-lb) 

L BcniliiyFlrblrillirn con,-*I R!,illJ Rci , :n>d 



31 0-1 8 

I~ront Suspension 

Tension strut bushing, replacing 

- Raise car and remove wheel. 

WARNING- 
Make sure that the caris firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove tension strut from car as described earlier. 

- Using a service press and appropriate press tools (BMW 
special tools 31 2 26112621263 or equivalent), press bushing 
out of tension strut. 

4 Clean bushing bore and press in new bushing while aligning 
mark on bushing with rnarlt on tension strut (arrows). 

CAUTION- 
To avoid damaging the new bushing, press only on the outer 
steel sleeve during installation. 

- Press bushing in so it protrudes equally from both sides of 
tension strut. 

- Install tension strut as described earlier. 

CAUTION- 
Tighten the tension strut bushing through-bolt to its final 
torque only with car on the ground and the suspension nor- 
mally loaded as described earlier. 

The front wheel bearings are permanently sealed and require 
no maintenance. The bearing is integral with the wheel hub. 
The wheel bearing and hub assembly is bolted to the steering 
knuckle. 

- Raise car and remove front wheel 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
susoension Darts. 

- Unbolt brake caliper and hang to side with stiff wire. Do not 
disconnect bralte hose. Remove bralte disc. See 340 
Brakes. 
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4 Remove ABS pulse sensor mounting bolts (arrows) and pull 
sensor from housing. 

- Detach stabilizer bar link from stabilizer bar. 

4 6-cylinder models: Remove tie rod outer end nut. Use BMW 
special tool 31 2 240 or equivalent to press tie rod end off 
steering arm. 

4 Mark installalion position of strut tube (arrow) at steering 
knuckle pinch collar. 

NOTE- 
The strut tube installation position is marked on factory strut 
tubes: L for left and R for right. 

CAUTION- 
Use paint, not a scribe tool, to mark location of strut tube. 
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Counterhold strut tube 
nut. 

pinch bolt (arrow) while loosening 

4 Spread steering ltnuckle pinch collar with BMW special tool 
31 2 200 to release strut tube. 

- Pull steering knuckle down so that strut tube slides up far 
enough to gain access to wheel bearing hub mounting bolts. 

Carefully pry out dust cover on back side of bearing while 
noting location (arrow) of cover. 



31 0-21 

Front Suspension 

4 Remove four bearing hub mounting bolts (arrows) and tap 
hub assembly out of steering knuckle. 

4 Before installing new wheel bearing and hub assembly, be 
sure hub and steering knuckle sealing surfaces are free of 
dirt and grease. 

- Installation is reverse of removal. 

Replace hub mounting bolts. 

Use new self-locking nuts at steering tie rod and stabilizer 
link. 

Tightening torques 

Road wheel lugs to hub 120i-10 Nm (89i-7ft-lb) 

Stabilizer link to stabilizer bar 

Steering tie rod to steering 
ltnuckle 

Tension strut to steering 
knucltie 

Wheel bearing hub to steering 
Itnucltle (replace bolts) 

65 Nm (48 ft-lb) 

65 Nm (48 it-lb) 

80 Nm (59 ft-lb) 

1 l o  Nm (81 ft-lb) 
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Stabilizer bar, removing and installing 

On E39 models the front stabilizer bar links attach to the strut 
assemblies. 

- Raise car and support safely. 

Male sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jaclc stands under 
suspension parts. 

< Remove slaol zer bar connecring I nk rnounl ng nLts (A) from 
r~glit and eft s~des of slaol lzer bar C ~ ~ n I e r h o l ~  ball ]olnl (6) 
with flat wrench 

NOTE- 
Use a thin wrench to counterhold shaft of stabilizer bar link 
ball joint while removing mounting nut. 

< Remove stabilizer bar anchor bushing nuts (arrows) on right 
and left sides and remove bar. 

- Installation is the reverse of removal, noting the following. 

Use new self-locking nuts on stabilizer bar links. 

Installation of stabilizer bar is easiest with car level (front 
wheels at the same height). 

Tightening torques 

Stabilizer bar to stabilizer link 59 Nm (44 ft-lb) 

Stabilizer anchor to subframe 22 Nm (16 ft-lb) 
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I Steering and Wheel Alignment 

This repair group covers steering wheel and column removal 
and steering system service, including wheel alignment infor- 
mation. 

NOTE- 
Ignition loclc cylinder replacement is covered in this sec- 
tion. 

a For information on steering column mounted switches, in- 
cluding the ignition switch, see 612 Switches. 

Special tools 

Some special tools are necessary to carry out the repairs and 
adjustments required for steering service and wheel align- 
ment. Be sure to read the procedures through before starting 
work on the vehicle. 

4 Steering shafl retaining ring installation tool 
(Tool No. BMW 32 1 090) 

4 Bail joint removal tool 
(Tool No. BMW 32 1 190) 

4 Pitman arm removal tool 
(Tool No. BMW 32 2 000) 

4 Inner tie rod removal tool 
(Tool No. BMW 32 2 110) 



320-3 

Steering and Wheel ~ l i ~ n m e n t l  

4 Pitman arm height measurement gauge /I (Tool NO. BMW 32 2 140) 

- 
4 Ball joint removal tool 

(Tool No. BMW 31 2 240) 

4 Ignition lock releasing tool 
(Tool No. BMW 32 3 11 0) 

4 Steering column shear bolt Toot socket (E8) 
(Tool No. BMW 32 3 120) 

4 Camber setting tool set 
(Tool No. BMW 32 3 140) 

4 Ring antenna removal tool 
(Tool No. BMW 61 3 300) 
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Steering system 

Two types of steering gear are used in the E39 series models. 

6-cylinder (5251, 528i and 530i) models are equipped with 
rack and pinion steering. The steering rack is mounted to 
an aluminum subframe. 

V-8 (540i) models are equipped with a recirculating ball 
and nut steering gearbox mounted to a steel subframe. 

At low speeds, maximum power assist is provided to ease 
parking and city driving. At high speeds, assist is reduced to 
ensure stability. The power steering system varies assist 
based on engine speed. 

Power boost for the steering is provided by an engine-driven 
hydraulic pump. A hydraulic control valve is used to control 
boost pressure. 

The steering wheel connects to the steering gear via an ad- 
justable steering column which incorporates a rubber cou- 
pling ("guibo") to dampen vibration and noise. 

Power steering fluid is supplied from the fluid reservoir to the 
pump and to the steering gear via rubberlmetal hoses. 

The return line from the steering gear to the reservoir loops 
into the airstream in front of the radiator and connects to the 
steering fluid cooler. The fluid cooler is attached to a cassette 
which also includes cooling coils for engine oil, transmission 
fluid and AIC condenser. 

The steering gear requires no maintenance other than align- 
ment and periodic inspection for worn components. Inspect 
rubber rack boots (rack and pinion system) and tie-rod end 
boots periodically for tears or damage. Replace i f  necessary. 

- 
NOTE- 
The airbag system is traditionally referred to as Supplemen- 
tal Restraint System (SRS). The BMW versfon of SRS used 
m the E39 models is known as the Multiple Restraint System - 
(MRS). - - 
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I Rack and r in ion steering 
1 Steering system variations 

I 6-~~linder'rnodels (525i,>28i, 530i) / 1. Left tie rod 

2. Right tie rod 

3. Steering rack 

4. Steering gearbox 

5. idler arm 

6. Center tie rod 

7. Steering knuckle 

Recirculating ball and nut steering r V-8 models 154Oib 
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Steering system warnings and cautions 

WARNING - 
The BMW airbag system is complex. Special precautions 
must be observed when servicing the system. Serious in- 
jury may result if system service is attempted by persons 
unfamiliar with the BMW airbag system and its approved 
service procedures. BMW specifies that all inspection and 
service should be peiformed by an authorized BMW deal- 
e,: 

The BMW E39 is equipped with an airbag mounted in 
the steering wheel. The airbag is an explosive device 
and should be treated with extreme caution. Always fol- 
low the airbag removal procedure as outlined in 721 
Airbag System (SRS). 

BMW airbags are equipped with a bacli-up power sup- 
ply inside the airbag control module. A 5 second wait- 
ing period should be observed after the battery cable 
has been disconnected. This will allow the reserve 
power supply to discharge. 

Do not reuse self-locking nuts. They are designed to 
be used only once and may fail if reused. Always re- 
place them with new locliing nuts. 

* Do not install bolts and nuts coated with undercoating 
wax, as correct tightening torque cannot be assured. 
Always clean the threads with solvent before installa- 
tion, or install new parts. 

Do not attempt to weld or straighten any steering com- 
ponents. Always replace damagedparts. 

CAUTION-- - Some E39 models are equipped with aluminum suspen. 
sion components. The following cautions apply: 

Due to the chemical and corrosion characteristics of 
aluminum, do not bring into contact with battery acid. 

Do not clean with wire brushes with brass or iron bris- 
tles. Only use brushes with stainless steel bristles. 

Do not expose to flying sparks from grindinghutting op- 
erations. 

Do not subject to steel welding splashes. 

* Do not expose to temperatures over 80% (176°F). 
even for short periods. Temperatures in painting iacili- 
ties are not a problem. 
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STEERING WHEEL 

Steering wheel, removal and installation 

WARNING - 
The BMWairbag system (Supplemental Restraint System or 
SRS) is complex. Special precautions must be observed 
when servicing. Serious injury may result if SRS system serv- 
ice is attempted by persons unfamiliar with the BMW SRS 
and its approved service procedures. BMW specifies that all 
inspection andservice should be preformed by an authorized 
BMW dealer. 

E39 cars may come with either one of two different styles of 
steering wheel: 

Multifunction (MFL) steering wheel 

* Sport steering wheel 

4 Multifunction (MFL) steering wheel components: 

1. Cruise control 1 radio 1 telephone electrical harness 

2. Horn button electrical harness 

3. Airbag electrical harness 

4. Radio / telephone control switch set 

5. Air bag 

6.  Cruise control switch set 

Sport steering wheel 

3 

5 0021413 

4 Sport steering wheel components: 

1. Switch carrier 
2 Steering wheel switch set electrical harness 

3. Airbag 

4. Lower cover 
5. Horn button and airbag electrical harness 

- Center steering wheel. Make sure front wheels are pointed 
straight ahead. 

- Disconnect negative (-) cable from battery. 

CA UTIOP& 
Prior to disconnecting the battern read the battew discon- 
nection cautions given in 001 General Cautions and 
Warnings. - 
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4 MFL steering wheel: Loosen 2 airbag mounting fasteners 
(Torx T27 or T30) located at rear of steering wheel (arrow). 

4 Sport steering wheel: 

Insert screwdriver through opening in rear of steering 
wheel and push against spring tension to release airbag. 

Repeat procedure on other side of steering wheel. 

- Carefully lift airbag from steering wheel and disconnect elec- 
trical harnesses from back side of unit. Refer to component 
illustrations above. Also see 721 Airbag System (SRS). 

Improper handling of the airbag could cause serious injury. 
Store the airbag with the horn pad facing up. If stored facing 
down, accidental deployment couldpropel it violently into the 

Avoid damaging the variety of convenience switches, such 
as radio and cruise controls, installed in the steering wheel of 

4 Remove steering wheel center bolt (arrow). 



Check for proper alignment of steering column marks (ar- 
row) before removing steering wheel. 

NOTE- 
The steering column and steering wheel are match marked 
at the factory 

Remove lower steering column trim panel. See Steering col- 
umn trim, removing and replacing. 

Working underneath steering column, disconnect electrical 
harnesses (A) and (B). 

Remove steering wheel. 

When reinstalling steering wheel: 

Align steering wheel and column match marks. 

Align steering wheel to alignment pins located on steering 
column switch block. 

Install steering column center bolt. Do not over-torque. 

Carefully install airbag. See 721 Airbag System (SRS). 

Tightening torques 

Steering wheel to steering shaft (M14) 63 Nm (47 ft-lb) 

Airbag to steering wheel (MFL only) 8 Nm (6 ft-lb) 
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Steering column 
components 

1. Steering lock 

2. Lower steering shafl 

3. Horizontal drive motor 

4. Longitudinal adjusting drive 
shafl 

5. Steering column support 

6. Vertical adjusting drive shafl 

7. Vertical drive motor 

8. Lower support ring for steering 
angle sensor 

9. Upper support ring for steering 
angle sensor 

10. Steering angle sensor 

11. Upper steering shafl 

12. Steering shafl bearing 

13. Bearing inner sleeve 

14. Circlip 

15. Collar 

16. Steering wheel mounting bolt 

Steering column trim, removing and 
replacing 

- Tilt steering column down and extend fully. 

- Remove plastic retaining screw from upper trim cover, 

4 Push in sides of upper trim cover (arrow) to release from 
lower trim. Pull back and up on upper trim. 
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q Pry gently to detach flexible cover from upper trim. Lift off 
trim. 

< Remove lower dash trim panel fasteners (A) and (B). 

Lower trim panel and disconnect wiring harnesses on back 
side of panel. 
Remove trim panel. 

- Installation is reverse of removal. 

Ignition switch ring antenna (EWS), 
removing and installing 

- Remove upper and lower steering column trim as described 
earlier. 

- Disconnect electrical harness plug from ring antenna. 

- Use flat side of BMW special tool 61 3 300 to pry ring antenna 
off ignition lock cylinder. 

- Installation is reverse of removal. 

lgnition lock cylinder, removing and 
installing 

- Disconnect negative (-) cable from battery. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove upper and lower steering column trim as described 
earlier. 
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With ignition key in ON position (60" from LOCKED): - Disconnect ring antenna harness connector. 

Insert BMW special tool 32 3 110 or a thin piece of stiff wire 
into opening (arrow) in lock cylinder. 

Turn tool forward (clockwise) approximately 90" and re- 
move lock cylinder. 

* Reinstallation is reverse of removal. 

NOTE- 
Using the valet ley during this procedure will provide better 
access to lock opening. 

Steering column lock, removing and 
installing 

- Disconnect negative (-) cable from battery. 

CAUTIO& 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove steering wheel as described earlier. 

- Remove steering column trim panels as described earlier. 

- Remove collar and circlip from steering shaft. Refer to illus- 
tration of steering column components. 

4 Pry steering shaft bearing with inner sleeve out of lock hous- 
ing. 

- Remove ring antenna as described earlier. 

- Remove column switches. See 612 Switches. 

< Automatic transmission models: Loosen and disconnect in- 
terloclc shift cable (arrow) from ignition lock assembly. 
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4 Release lock (A) and pull up on harness connector (6) to dis- 
connect ignition switch harness. . Remove wire harness bracket fastener (C). 

4 Remove shear bolts (arrows) using a chisel or punch. 

NOTE- 
The shear bolts can be drilled and then removed using an 
easy-out. 

- Remove steering column lock housing. 

- Installation is reverse of removal. 

Tighten new shear bolts until bolt heads shear off. 

ignition interlock cable, removing and 
installing (models with automatic 
transmission) 

- Remove steering column trim panels as described earlier. 

4 Loosen and disconnect interlock cable (arrow) from ignition 
lock assembly. 

- Remove center console trim panel. 
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Remove cable mounting fastener (arrow). Disconnect cable 
from shift linkage. 

Remove old cable and replace with new cable. 

Reinstall trim. 

Interlock cable, adjusting 
(models with automatic transmission) 

- Remove center console trim panel. 

- Place gear shift selector lever in PARK. 

4 Loosen cable mounting fastener (A). 

- Remove ignition key. 

- Press down on interlock lever (B) and tighten cable mounting 
fastener (A). 

Steering column, removing and installing 

- Disconnect negative cable from battery. 

CAUTIOI\C 
Prior to disconnecting the battea read the battery discon- 
nection cautions given in 001 General Cautions and 
Warninqs. 

- Remove steering wheel as described earlier. 

m - Remove steering column trim panels as described earlier. 

' \ \L/>I - Remove steerinq shaft collar 

Automatic transmission models: Loosen and disconnect in- 
terlock shift cable (arrow) from ignition lock assembly. 

4 - Disconnect steering angle sensor electrical harness. 
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Remove steering shaft coupler clamping bolt (arrow) at base 
of column. 

Slide lower steering shaft forward to gain access to column 
mounting shear bolts. 

< Drill steering column mounting shear bolts (arrow) and use 
easy-out to remove. 

Remove upper steering column mounting bolts (arrows). 
Remove upper steering column. 

Disconnect electrical harnesses from steering column 
switches. 

4 Release lock (A) and pull up on harness connector 
connect harness. 

Remove wiring harness mounting bolt (C). 

- Remove steering column assembly. 

(B) to dis. 
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- Installation is reverse of removal, noting the following: 

Replace shear bolts at steering column mounting bracket. 

Tighten until bolt heads shear off. 

Make sure interlock cable snaps into place. 

When installing column top trim panel, replace expansion 
nut for trim retaining screw. 

NOTE- 
The steering angle sensor must be coded using a BMW scan 
tool if it has been replaced. A steering angle offset check 
must then be carried out using the same BMW scan tool. 

CAUTION- 
Check steering system for freedom of movement through en- 
tire steering column adiustment range. 

Tightening torques 

Steering shaft coupler to steering shaft 25 Nm (18 ft-lb) 
(replace bolt) 

Steering column to body 22 Nm (16 ft-lb) 

Steering column adjustment motors, 
removing and installing 

Remove lower dash panel mounting fasteners (A) and (B). 

- Lower panel and disconnect wiring harness from back side. 

- Remove steering column lower trim panel. See Steering col- 
umn trim, removing and replacing. 

- Disconnect electrical harness from motor. 

Remove motor mounting fasteners (arrows) 

Slide motor to side and forward to remove. 

Installation is reverse of removal. 
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Power assist is provided by a belt-driven pump at the lower 
left front of the engine. The power steering fluid reservoir is lo- 
cated at the left side of the engine compartment. 

Power steering pump, removing and 
installing 

When working with power steering components, absolute 
cleanliness is needed to ensure proper operation of the hy- 

- Empty power steering fluid reservoir using clean syringe. Do 
not reuse fluid. 

- Raise front of car. Remove splash shield from under engine. 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
Darts. 

Remove drive belt from power steering pump. See 020 Main- 
tenance. 

Remove alternator cooling duct 

Remove fluid hoses from pump. Plug openings in pump and 
hose ends. 

Remove pump front mounting bolts (A). 

Remove fluid line support bracket (B) 

Remove pump rear mounting bolt (arrow) 

- Installation is reverse of removal, noting the following: 

Make sure all thread bores, bolts, nuts, fluid couplings and 
mating surfaces are clean, and inside surface of multi- 
ribbed-belt is free of grease and dirt. 

Use new sealing washers when reattaching power steer- 
ing pressure lines. 

Make sure hoses have adequate clearance from chassis. 

Install front pump fasteners. 
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< Hand tighten rear suppoll nut (arrow) against mounting 
bracket. 

Install rear mounting nut and tighten. 

Do not over-torque banjo bolts. 
* Fill and bleed power steering system as described later. 

Tightening torques 

Hydraulic lines to steering pump (banjo bolts) 

a M l O  12 Nm (9 ft-lb) . M 1 4  35 Nm (26 ft-lb) 

M I 6  40 Nm (30 ft-lb) 

. M I 8  45 Nm (33 ft-lb) 

Pump brackets to engine block 25 Nm (18 ft-lb) 

Rear pump support stud to pump housing 22 Nm (16 ft-lb) 

Power steering system, bleeding and filling 

- With engine off, fill power steering fluid reservoir with clean 
fluid. Fill level to MAX mark on dip stick. 

- Start engine. Turn steering wheel twice to left lock and right I 
lock. 

- Recheck fluid level with engine off. Fill to MAX. 
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RACK AND PINION STEERING 
(6-CYLINDER MODELS) 

Refer to the steering components illustration when perform- 
ing the procedures below. 

Rack and pinion steering 
components 
(6-cylinder models) 

1. Power steering fluid reservoir 

2. Fluid supply line 

3. Power steering pump 

4. Copper sealing ring 

5. Banjo bolt MI4 

6. Banjo bolt MI6 

7. Power steering rack 

8. Fluid return line 

9. Pressurized fluid line 

10. Steering fluid cooler 

11. Rack boot components 

12. Tie rod nut 

13. Washer 

14. Outer tie rod end 

15. Tie rod locking ring 

16. Outer tie rod end loclc nut 

17. Inner tie rod 

18. Hydraulic control valve 

Steering rack, removing and installing 

- Remove steering wheel as described earlier. 

- Raise front of car, and remove front wheels. 

WARNING - 
Male sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
parts. 

- Remove splash shield from under engine. 

- Remove right and lefl engine mount fasteners 

-" ., - , . , 
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Raise engine approximately 40 mm (1.6 in). See 110 Engine 
Removal and installation. 

Remove right and left engine mounts and remove mount 
brackets from subframe. 

Empty power steering fluid reservoir using a clean syringe. 
Do not reuse power steering fluid. 

Remove right tie rod fastener (arrow) from right steering 
Itnuckle. Repeat for left. 

4 Press right tie rod out of right steering knucltle using BMW 
special tool 31 2 240. Repeat for left. 

/ \ 
~ o c k  nut Loclting ring 

0012143 

4 Malte reference measurement (A) of right tie rod end to tie 
rod. Record measurement. Repeat for left. 

NOJE- 
0 Accurate measurement of tie rod end with reference to tie 

rod will help approximate correct wheel alignment during 
reassembly. 
Note correct placement of inner taper on locling ring 

Remove fluid line banjo bolts (arrows) from steering rack. 
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Remove lower steering column flexible joint pinch bolt (ar- 
row). Pull flexible joint off steering rack shaft. 

Remove steering rack mounting bolts. Remove steering raclc 
from subframe by pulling it to left. 

Installation is reverse of removal, noting the following: 

Make sure all thread bores, bolts, nuts, splines and mating 
surfaces are clean. 

Use new steering rack mounting bolts. Tighten in two stag- 
es. Note tightening instructions in torque table below. 

Use anti-seize paste on inner tie rod threads. 

Use new self-loclting nuts wherever applicable. 

Use keved comDonents to reassemble steerino column 
flexible\oint to ;teering raclt shaft. 

u 

Use new bolt at steering shaft coupling. 

Use new sealing O-rings on banjo fittings. 

Do not over-torque banjo bolts. 

Fill and bleed power steering system as described earlier. 

Use tie rod measurement previously made (measurement 
A) to temporarily set toe. 

Have car professionally aligned. 

Tightening torques 

Hydraulic lines to steering rack (use new O-ring seals) 

M14 banjo bolt 35 Nrn (26 ft-lb) 

. M16 banjo bolt 40 Nm (30 ft-lb) 

Steering shaft coupling to rack (use new bolt) 19 Nm (14 it-lb) 

Steering rack to subframe (use new bolts) - initial torque 50 Nm (37 ft-lb) 

Torque angle 90" 

Tie rod 

to Steering knuckle (replace self-locking 65 Nm (48 ft-lb) 
nut) - to Steering rack 71 Nm (52 ft-ib) 

Outer tie rod end lock nut 51 Nm (38 ft-lb) 
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Steering rack boot, replacing 

- Remove outer tie rod end. See Tie rod (outer), replacing 

- Cut rack boot band clamps and remove boot. 

- Cut rack boot band clamp and slide bellows back. Inspect 
boot for any sign of damage. Replace if necessary. 

NOTE- 
New rack boot l i t  comes with new band clamp. 

- Grease tie rod taper so that small end of rack boot slides on 
tie rod when tie rod is tightened, preventing raclc boot from 
twisting. 

- Slide new boot into position and replace band clamps 

Tie rod (outer), replacing 

LOCI( nut Locking ring 

- Raise front of car. Remove road wheel 

WARNING- 
Male sure caris firmly suppoiiedon jackstands designed for 
the purpose. Place jack stands beneath structural chassis 
ooints. Do not olace iack stands under susoension oaiis. 

4 Make reference measurement (A) of outer tie rod end to tie 
rod. Record measurement. 

NOTE- 
Accurate measurement of the tie rod end with reference to 
the tie rod will help approximate correct wheel alignment 
when new parts are installed. 
Note correct placement of inner taper on loclcing ring. 

Loosen outer tie rod end loclc nut (arrow). 

Remove tie rod lock nut from steering ltnuclcle. 

Press tie rod out of steering knuckle using BMW 
31 2 240 or equivalent. 

special tool 

Unscrew tie rod end from tie rod shaft. 
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- lnstallation is reverse of removal. 

Make sure all threaded parts are clean. 

Use anti-seize paste on inner tie rod threads. 

Use new self-locking nuts, where applicable. 

Use tie rod measurement (A) to set toe temporarily. 

Have car professionally aligned. 

Tightening torque 

Tie rod 

to steering itnuckle (replace seii-loclting nut) 65 Nm ( 46 ft-lb) 

Outer tie rod end ioclt nut 51 Nm (38 ft-ib) 

Tie rod (inner), replacing 

- To replace inner tie rod, first remove outer tie rod end. See 
Tie rod (outer), replacing. 

- Cut rack boot clamps and slide bellows back 

4 Loosen and remove inner tie rod shafl from steering rack with 
special tool 32 2 110. 

NOTE- 
To avoid damage to steering rack while removing tie rod, turn 
steering until end of rack is as far as possible inside rack 
housing. 

- When reassembling, grease tie rod taper so that rack boot 
support buffer or small end of rack boot slides on tie rod when 
tie rod is tightened, preventing rack boot from twisting. 

- Inspect boot for any signs of damage. Replace boot if neces- 
sary, using new clamps. 

NOTE- 
New rack boot comes with new band clamps 

- Installation is reverse of removal, noting the following: 

Make sure all threaded parts are clean 

Replace self-locking nuts. 

Install outer tie rod end to new tie rod. Use tie rod measure- 
ment (A) to set toe temporarily. 

Have car professionally aligned. 
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Tightening torques 

Tie rod 

to Steering knuckle (replace self-locking nut) 65 Nm ( 4 8  it-lb) 

to Steering rack 71 Nrn (52 ft-lb) 

Outer tie rod end lock nut 51 Nrn (38 ft-lb) 

Refer to the steering components illustration when perform- 
ing the procedures below. 

Steering gearbox system 
components (V-8 models 
up to 911 999) 

1. Tie rod end nut 

2. Washer 

3. Tie rod end 

4. Steering fluid cooler 

5. Tie rod end clamp bolt 

6. Nut 

7. ldler arm 

8. ldler arm bushing 

9. ldler arm bolt 

10. Steering fluid reservoir 

11. Hose clamp 

12. Fluid supply line 

13. Power steering pump 

14. Fluid return line 

15. O-ring seal 

16. Banjo bolt 

17. High pressure line 

18. Center tie rod 

19. Nut 

20. Pitman arm 

21. Pitman arm pinch bolt 

22. Nut 

23. Fluid cooler supply line 

24. Steering gearbox 
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Steering gearbox, removing and installing 

- Disconnect negative (-) battery cable. See 020 Mainte- 
nance. 

CAUTION- 
Prior to disconnecting the battew read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove airbag unit from steering wheel. See 721 Airbag 
System (SRS). 

WARNING - 
Improper handling of the airbag could cause serious injury 
Store the airbag with the horn pad facing up. If stored lacing 
down, accidental deployment couldpropel it violently info the 
air, causing injuv 

- Remove steering wheel as described earlier. 

- Drain power steering system reservoir. 

- Raise front of car. 

WARNING - 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
Darts. 

- Remove heat shield from left side of subframe. 

- Remove fluid hoses from top of steering gearbox. Immedi- 
ately plug all fluid openings. 

Remove and discard pitman arm self-loclting nut (arrow). 
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Press center tie rod off pitman arm. 

Remove lower steering column universal joint clamping bolt 
(arrow) and slide universal joint up off steering gearbox 
shaft. 

Disconnect harness connector for electro-hydraulic regulator 
at bottom of steering gearbox if necessary. 

Remove steering gearbox mounting bolts 

Remove steering gearbox by sliding it forward and down. 

Malte sure all thread bores, bolts, nuts, splines and mating 
surfaces are clean. 

4 To install steering gearbox, center steering column to gear- 
box by aligning universal joint split with tab on steering gear- 
box (arrow). Install new clamping bolt and self-locking nut. 

NOTE- 
Make sure the clamping bolt fits into the machinedgroove in 
the steering gearbox shaft when mating the universaljoint to 
the shaft. 

4 Draw steering gearbox into place using bolt A. Hand tighten 
only. Tighten bolts (B and C)  to torque specification. 

- Install pitman arm on steering gearbox shaft. Do not tighten 
pinch bolt at this point. 
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4 Mark A on steering gearbox shaft must be located in center 
of pitman arm slot. 

- Adjust pitman arm as described later. 

I 5 " ? ~ ~ 5 ~ "  

I / < Gap A = 0.5 - 8.5 mm (0.02 - 0.33 in) 

- Tighten pitman arm pinch bolt to specification. ' 1 Tightening torques 

I u "steering Steering gearbox to subframe 62 Nm (46 ft-lb) 
box 

Steering shaft universal joint to steering 19 Nm (14 It-lb) 
gearbox (replace bolt) 

- Install center tie rod to pitman arm using a new self locking 
Pilrnan nut. 
arm 

5nz3zn588 - Connect harness connector for Servotronic electro-hydraulic 
regulator i f  necessary. 

- Connect fluid hoses to steering gearbox. Use new sealing 
washers at couplings and make sure not to overtorque banjo 
bolts. 

Tightening torques 

Hydraulic lines to steering gearbox (banjo bolts) 

M I 0  12 Nm (9 ft-lb) - M14 35 Nm (26 ft-lb) 

. M16 40 Nm (30 ft-lb) 

M I 8  45 Nm (33 it-lb) 

Center tie rod to pitrnan arm 65 Nm (48 it-lb) 
(use new self-loclting nut) 

- Reconnect negative (-) battery cable. 

- lnstall airbag unit. See 721 Airbag System (SRS). 

- Fill and bleed power steering system as described earlier. 
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Pitman arm, removing and installing 

- Raise front of car. Remove splash shield from under engine. 

Male sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jaclc stands under suspension 
parts. 

4 Set steering wheel in straight ahead position with tab (arrow) 
aligned with mark on steering gearbox. 

Remove center tie rod fastener and press tie rod out of pit. 
man arm with BMW special too1 32 1 190. 

- Loosen and remove pitman arm pinch bolt 

4 Mark A on steering gearbox shalt must be located in center 
of pitman arm slot. 

- Reinstall center tie rod and tighten nut. 

- Adjust pitman arm height as described later. 

- Have vehicle professionally aligned. 

Tightening torques 
50:s,n5m Center tie rod to pitman arm 65 Nm (48 ft-lb) 

(use new self-locking nut) 

Pitman arm pinch bolt (note direction of threads) 61 Nrn (45 ft-lb) 
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Pitman arm, adjusting 

As the vehicle suspension settles down, the toe on the left 
and right wheels must remain identical for proper handling. 
By adjusting the height of the pitman arm, the left and right tie 
rods are moved to the same ride level setting. This will opti- 
mize straight-ahead travel on uneven road surfaces. 

- Raise front of car. Remove splash shield from under engine. 

WARNING- 
Male sure the car is iirmly supported on jack stands de- 
signed ior the purpose. Place jack stands beneath structural 
chassis points. Do not place jaclc stands under suspension 
parts. 

- Remove bolts from left and right inner control arm mounts. 

Place BMW special tool 32 2 140 through right side control 
arm mounting bolt hole. 

Loosen fastener A and push pin El up so that it is firmly 
against tie rod (arrow). Tighten fastener A. 

- Remove tool without disturbing position of pin El. 

- Loosen pitman arm clamping bolt and slide arm up. 

4 Place special tool 32 2 140 through left side control arm 
mounting bolt hole. 

Slide pitman arm up or down until tie rod makes contact 
with pin (El). 
Tighten pitman arm clamping bolt. 

Tie rod height differences 

Deviation between left and right tie rod height -?-I .5 rnrn (LO6 in) 
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I I 4 Gap A = 0.5 - 8.5 mm (0.02 - 0.33 in) 

- Reinstall inner control arm bolts 

Tightening torques 

Control arm to subframe 78 Nm (58 it-lb) 
(tighten with wheel on ground) 

Pitman arm pinch bolt (note direction of threads) 61 Nm (45 ft-lb) 

Steering idler arm, removing and installing 

The idler arm is bolted to the subframe through a bushing. 
The bushing is subject to wear and is available as a replace- 
ment part. 

- Raise front of car. Remove splash shield from under engine. 

WARNING - 
Male sure the car is firmly supported on jaclc stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
parts. 

4 Remove center tie rod fastener and press tie rod out of idler 
arm with BMW special tool 32 1 190. 

- Remove idler arm mounting bolt through opening in sub- 
frame and remove idler arm from car. 

- Installation is reverse of removal. 

Make sure all thread bores, bolts, nuts and mating surfac- 
es are clean. 

Use new self loclting nuts to mount idler arm to subframe 
and center tie rod to idler arm. 

If idler arm or idler arm bushing is replaced, adjust pitman 
arm as described earlier. 

Have car professionally aligned. 

Tightening torques 

Center tie rod to idler arm 65 Nm (48 ft-ib) 
(replace self-locking nut) 

Idler arm to front subirame 
(replace self-locking nut) 

62 Nm (46 it-lb) 
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ldler arm bushing, replacing 

- Remove idler arm as described earlier. 

< Press out bushing. Use BMW special tools 32 1 050 and 32 
2 032 or equivalent press fittings. 

4 Press in new bushing with BMW special tools 33 1 305 and 
32 2 032 or equivalent press fittings. 

4 Press new bushing in correct direction (arrow). 

u ..... "A",  

Press bushing in until lip makes firm contact (A) with idler 
arm. 

I 

Installation is the reverse of removal 

Use new self locking nuts to mount idler arm to subframe 
and traclc arm. 

a Adjust pitman arm height as described earlier. 

Have vehicle professionally aligned. 

Tightening torques 

Center tie rod to idler arm 65 Nm (48 ft-lb) 
;nl?mmn / (replace self-locking nut) 

ldler arm to front subframe 
(replace sell-locking nut) 

62 Nm (46 ft-lb) 
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Center tie rod, replacing 

- Raise front of car. Remove splash shield from under engine. 

WARNING- 
Make sure tlie car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
cliassis points. Do not place jack stands under suspension 
parts. 

- Measure length of left and right (outer) tie rods. Write down 
measurements. 

NOTE- 
Accurate measurement of the tie rod end with reference to 
the center tie rod will help approximate correct wheel align- 
ment when new parts are installed. 

4 Remove self-loclting nuts connecting center tie rod to pitman 
and idler arms. Press tie rod off pitman and idler arms using 
BMW special tool 32 1 190 or equivalent. 

4 Loosen left tie rod clamping bolt (arrow). Unscrew left tie rod 
from center tie rod. Repeat for right. 

- Installation is reverse of removal. 

Malte sure all threaded parts are clean. . Coat threads with antiseize compound. 

Replace self-loclting nuts. 

Check tie rod end ball joints and idler arm bushing for wear. 

Use tie rod measurements previously made to temporarily 
set toe. - Have car professionally aligned. 

Tightening torques 

Center tie rod to pitman and idler arms 65 Nm (48 ft-lb) 
(replace self-locking nuts) 

Left or right outer tie rod clamping bolt 27 Nm (20 it-lb) 
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Proper handling, stability and driving ease depend upon the 
correct alignment of all four wheels. The front axle is aligned 
in relation to the rear axle, then the front wheels are aligned in 
relation to one another. This is known as a four-wheel or 
thrust-axis alignment. 

Front and rear alignment specification are given in tables at 
the end of this repair group. 

BMW E39 cars use a sophisticated multi-link suspension at 
the front and rear of the car. Proper alignment requires com- 
puterized alignment equipment. 

Camber 

Front wheel camber is set at the factory and cannot be adjust- 
ed. Rear wheel camber is fully adjustable. 

Always set rear camber before adjusting toe 

Before making rear camber adjustment, install a new rear 
control arm mounting nut (arrow) and tighten. 

- Loosen mounting nut one-half to one full turn. 

Using eccentric bolt, adjust camber to factory settings. 
Tighten nut only after car has been lowered to ground and 
suspension has settled. 
Tighten nut while counterholding adjustment bolt. 

Tightening torque 

Camber adjusting nut (rear) 

MI2 (sedan) - MI4 (Sport Wagon) 

115 Nm (85 ft-lb) 

174 Nm (128 ft-lb) 

Caster 

Front and rear caster are fixed by the design of the car and 
deviations are usually the result of worn or damaged suspen- 
sion or body parts. 

- Check front suspension arms and bushings for wear, dam- 
age and deformation if front caster problems are present. 

- Check rear axle subfrarne and traction struts if rear caster 
problems are present. 
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Front toe and toe  difference angle 

Toe is the difference in the distance between the front of the 
front wheels and the rear of the front wheels. It is adjusted by 
altering the length of the tie rods. 

Toe difference angle determines the progressively different 
paths taken by the front wheels as the car is turning. In V-8 
models, it is set by the pitman arm adjustment, but depends 
on accurate setting of the toe. 

Toe adjustments should only be made on specialized align- 
ment equipment and only with the car in normal loaded posi- 
tion, described below. 

- Set front wheel toe at tie rod ends: 

4 6-cylinder models: Loosen tie rod lock nut (A). 

Adjust toe by turning inner tie rod (B) to change length 

- V-8 models: Loosen left and right tie rod clamp bolts. 

Adjust toe by turning inner tie rod to change length. 

NOTE- 
* Steering rack or steering gearbox can be centered by 

aligning centering mark on steering shaft with lug on steer- 
ing rack. 
To keep steering wheel centered, adjust both tie rods equal 
amounts. 
&cylinder models: Make sure the rubber boot on the rack 
moves freely on the tie rod and does not become twisted. 

Tightening torques 

Tie rod clamp bolt 

Tie rod collar nut 

27 Nm (20 ft-lb) 

45 Nm (33 A-lb) 

Rear toe 

To adjust rear wheel toe, turn eccentric inner mounting bolt in 
upper front control arm (traction strut). 

NOTE- 
Always adjust rear camber first. 

- Before making toe adjustment, install new 
mounting nut and tighten. 

- Loosen nut one-half to one full turn. 

4 Turn eccentric bolt (arrow) to adjust toe. 

rear control arm 
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- Tighten nut while counterholding adjusting bolt, - Tighten nut only after car has been lowered to ground and 
suspension has settled. 

Preparing for alignment 

- The following conditions are necessary prior to wheel align- 
ment: 

Correct wheels and tires are installed, in good condition, 
and are at the correct inflation pressures. 

All steering and suspension parts and bushings are un- 
damaged and show no signs of abnormal wear. Wheel 
bearings are in good condition. 

Ride height is in accordance with specifications. See 300 
Suspension, Steering and Brakes-General. 

Car is in normal loaded position. See below. 

* Cars with air suspension: Remove air suspension power 
fuse. 

Normal loaded position 

Each front seat 68 Kg (I50 lb) 

Center of rear seat 

Trunlc 

Fuel tank 

68 Kg (150 lb) 

21 Kg (46 lb) 

Full 

Alignment specifications tables 

In the alignment specification tables that follow, reference is 
made to the various types of suspension used in E39 cars. 
The type of suspension can be identified by loolting at the la- 
bel on the front strut tube. 

Identifying symbol 

None 

Solid circle 

Solid triangle 

M5 

Circle 

Triangle 

Version 

Standard suspension 

Sports suspension 

Sports suspension 

M sport package 

Standard suspension 

Sports suspension 

Model 

Sedan 

6-cylinder sedan 

V-8 sedan 

V-8 sedan 

Touring (Sport Wagon) 

Touring (Sport Wagon) 
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6-cylinder sedan (5251,5281,530i) 

Parameter 

Front axle 

. . .  
I I I 

Outside wheel (approx. ") / 33.5 133 133 

M Sport 
suspension 

Standard 
suspension 

With i 20" wheel loclc 

Front wheel displacement 

Inside wheel (approx. ") 

Sport suspension 

O0 5' i 10' 

- 36' i 30' 

-ID56'-t30' 

N/A 

6" 41' i 30' 

Total toe 

Camber (difference between lefffright maximum 40') 

Track (differential angle with 20" lock on inside wheel) 

Caster (difference between lefffright maximum 30') 

With i 10" wheel locic 

6" 42' i 30' 

0° i15 '  

42 

. . .  
I I I 

Rear axle 

6-cylinder Sport Wagon  (5251,5281) 

0 " 5 ' i l 0 '  

-13'+30' 

-1" 56' -t 30' 

N/A 

6" 28' i 30' 

OD5'i10' 

- 36' i 30' 

-1" 56' i 30' 

N/A 

6" 41' i 30' 

6" 55' i 30' 

0'2 15' 

41.5 

0" 22' -t 4' 

0" i 12' Geometrical axis deviation 

6' 55' i 30' 

0" i 15' 

41.5 

0°22' i4 '  Total toe 0" 22' i 4' 

Camber (difference between leitlright maximum 15') 1-20 04' ?- 5' 1-2" 04' i 5' 

O"i12' 

Sport suspension Parameter 

- I I 

. . .  
I I 

Outside wheal (approx. ") 133.5 133 

-2' 04' -t 5' 

OO-t 12' 

Standard suspension 

Wlth i 10" wheel lock 

I I 

Front axle 

With i 20" wheel lock 16" 42' i 30' 16" 55 ' i30 '  

6" 28' i- 30' 

0" i 15' Front wheel displacement 

. . .  
I I 

Rear axle 

D"5'iIO' 

- 36' i 30' 

- I056 ' i30 '  

NIA 

Total toe 

Camber (difference between IeWright maximum 40') 

Track (differential angle with 20" lock on inside wheel) 

Caster (difference between lefffrioht maximum 30') 

6" 41' + 30' 

Inside wheel (approx. ") 142 141.5 

O O i  15' 

0"5 ' i10 '  

- 13 ' i30 '  

-1" 56' i 30' 

N/A 

0" 1 6 ' i  10' Total toe 

0" i 12' Geometrical axis deviation 

Camber (difference between iefffright maximum 15') /-lo 50' i 20' 1-1" 50 ' i20 '  

0" 16'f 10' 

0" i l 2 '  
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V-8 Sedan (540i) 

I Front axle I 
Parameter 

Standard 
suspension 

Total toe 

. 

Track (differential angle with 20" ioclc on inside wheel) 

Caster (difference between leftiright maximum 30') 

With i 10° wheel loclc 

With i 20" wheel lock 

Front wheel displacement 

Inside wheel (approx. ") 

Outside wheel (approx. ") 

M Sport suspension 

Camber (difference between leitiright maximum 40') 1 -  13' i30'  1 -  30' i 30' 1 -  37' i 30' 

0" 1 0 ' i  10' 0" 14' i lO'  

Sport suspension 

0" 14 ' i  10' 

Rear axie 

-1°35'i30' 

N/A 

6" 18'+30' 

6' 36' i 30' 

0" i 15' 

42 

32.6 

Total toe 

Camber (difference between IeWright maximum 15') 

Geometrical axis deviation 
~~ 

V-8 Spor t  Wagon (540i) 

O"10'iW 

-lo 49' i 5' 

O"i12' 

0" 22' i 4' 

-2' 04' i 5' 

0" i 12' 

Parameter 

-1 " 43 'i 30' 

NIA 

6" 27' i 30' 

6"49'i30' 

P i l o '  

41.5 

32 

0°22' i4 '  

-2" 04' i 5' 

O"i 12' 

- I D  44' i 30' 

N/A 

6" 34' i 30' 

6' 50' 130' 

0" i 15' 

42 

31.8 

Standard suspension Sport suspension 

Front axie 

0" 14'210' 

- 3 7 i 3 0 '  

-la44'+30' 

N/A 

6" 34' i 30' 

6' 50' i 30' 

O0i15' 

42 

31.8 

0" 16'2 10' 

-I050' i20'  

0" i 12' 

Total toe 

Camber (difference between ieftiright maximum 40') 

Track (differential angle with 20" loclc on inside wheel) 

Caster (difference between leftiright maximum 30') 

With i 10" wheel lock 

With i 20° wheel lock 

Front wheel displacement 

Inside wheel (approx. ") 

Outside wheel (approx. ") 

0" 1 4 ' i  10' 

-13 ' i30 '  

-1" 35' i 30' 

N/A 

6' lS ' i30'  

6' 36' i 30' 

O n +  15' 

42 

32.65 

Rear axle 

Total toe 

Camber (difference between lettiright maximum 15') 

Geometrical axis deviation 

0" 1 6 ' i  10' 

-I050' i20'  

0" i 12' 
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This repair group covers removal and replacement of E39 
rear suspension components. A general description of sus- 
pension systems and ride height specifications can be found 
in 300 Suspension, Steering and Brakes - General. 

CAUTIOI\C 
Some E39 models are equipped with aluminum suspen- 
sion components. The following cautions apply: 

Due to the chemical and corrosion characteristics of 
aluminum, do not bring into contact with battery acid. - Do not clean with wire brushes with brass or iron bris- 
tles. Only use brushes with stainless steel bristles. 

Do not expose to flying sparl~s from grinding/cutting op- 
erations. 

* Do not subject to steel welding splashes. 

0 Do not expose to temperatures over 80°C (176°F). 
even for shortperlods. Temperatures in painting facili- 
ties are not a problem. 

Special tools 

Special service tools are required for some of the work de- 
scribed in this repair group. Most of these tools are special- 
ized press jigs and pullers that might be replaced by standard 
pullers of various sizes. 

Read the procedures through before beginning any job. 

< Strut upper mounting nut socket 
(Tool No. BMW 31 2 21 0) 

I Axle shaft removal and installation set 

Spring compressor 
(Tool No. BMW 31 3 340.31 3 350) 



Rear suspension/ 

31 3 333 
"I Rubber bushing removal tool set 

(Tool No. BMW 33 3 331,33 3 332,33 3 333,33 3 334) 

4 Subframe mount removal set 
(ToolNo.BMW334 140,334148,334149,334151,334 
155.33 4 156) 

4 Subirame mount tool set 
(Tool No.BMW334151,34140,334155,334154) 

4 Rear wheel bearing carrier mount tool set 
(ToolNo.BMW334151,334152,334153,334154,334 
156,334157) 

4 Subframe mount installation set 
(Tool No. BMW 33 4 153,33 4 155,33 4 156,33 4 157) 

Slide hammer set 
(Tool No. BMW 33 4 201,33 4 202,33 4 203) 

13 4 201 
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Rear suspension variations 

1. Coil spring 

2. Strut 

3. Final drive (differential) 

4. Rear subframe 

5. Upper rear control arm 
(wishbone) 

6. Subframe mounting bushing 

7. Drive axle 

8. Upper front control arm 
(traction strut) 

9. Swing arm (lower control arm) 

10. Integral link 

12. Air spring 
I 

Waaon 

11. Shockabsorber 

a m 3  withair s ~ r i i a s  
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REAR STRUTS AND SPRINGS 
(SEDAN MODELS) 

Rear strut assembly, removing and 
installing 

Replace struts and coil springs in pairs only. 

- Raise car and remove rear wheels. 

WARNING - 
Male sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove rear parcel shelf: 

Remove rear seat headrests by pulling straight up. 

Remove both rear roof pillar (C-pillar) trim panels. 
Unbolt rear seat belt anchors. See 720 Seat Belts. 

Models with fixed rear seat: Remove rear seat backrest. 
See 520 Seats. 

* Models with fold-down rear seat: Remove rear seat back- 
rest side sections. See 520 Seats. Fold down backrest. 

* Working inside trunk, remove roller blind mounting nuts 
and bolts, if applicable. Also disconnect roller blind har- 
ness connector at right edge of rear seat backrest. 

Gently pry rear speaker cover grilles and rear window defog- 
ger grilles (A) out of parcel shelf. 

Carefully remove seat belt and headrest mount finisher 
strips (B). 
Remove middle seat headrest anchor bolts (C). Remove 
headrest anchor. 
Remove expansion rivets (arrows) and lift out parcel shelf. 

- Remove rear speakers. 

- Remove rear wheels. Remove wheel arch trim 

- Support rear wheel bearing carrier. 

CAUTION- 
The strutassembly prevents the drive axle and wheel bearing 
carrier from dropping too far. Supporting the wheel bearing 
carrierbefore disconnecting the strut mounting fasteners pre- 
vents damage to the brake hose, parking brake cable and 
drive axle CV joints. 
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4 Remove rear strut top cover. Remove upper strut mounting 
nuts (arrows). 

Remove strut assembly lower mounting bolt (arrow). 

Disassemble strut and spring assembly as described below 
in Rear strut assembly, disassembling and reassem- 
bling. 

Installation of assembly to car is reverse of removal, noting 
the following: 

Make sure all threaded bolts, nuts and mating surfaces are 
clean. 

Install strut assembly top mount using new self-loclting 
nuts. 

Malte sure long lower strut bushing fits in hole in wheel 
bearing carrier. 

Tightening torques 

Strut to wheel bearing carrier 127 Nm (94 it-lb) 

Strut mount to body 

Gray fasteners 28 Nm (21 ft-lb) 

Yellow fasteners 24 Nm ( 18 it-lb) - 
Road wheel to hub 120 i lO Nm (89i7ft-lb) 



Rear ~ u s ~ e n s i o n l  

Rear strut assembly, disassembling and 
assembling 

Replace struts and coil springs in pairs only 

Replacing the upper strut mount, spring or strut requires that 
the strut assembly first be removed from the car, as described 
earlier. Strut disassembly requires a spring compressor. 

WARNING- 
Do not attempt to disassemble the strut without a spring com- 
pressor designed specifically for the job. 

- Remove strut assembly from car as described in Rear strut 
assembly, removing bnd installing 

4 Mount spring compressor (BMW special tools 31 3 340 and 
31 3 350 or equivalent) in shop vice. Install correct-sized 
spring retainers (A). 

WARNING- 
Do not attempt to disassemble the struts without a spring 
compressor designed specifically for this job. 

* Prior to using the spring compressor checlc its opera- 
tion. Do not use a spring compressor that is damaged. 
Do not make any modifications to the spring compres- 
sor. 

Never use an impact wrench to compress or relieve 
tension when using a spring compressor. 1 

- Place strut assembly coil spring in spring retainers. Com- 
press spring until force on upper strut mount is relieved. 

Remove strut top mount self-locking nut with BMW special 
tool 31 2 21 0 while counterholding strut shaft with a box end 
wrench. 

- Remove upper strut mount and related components. Sepa- 
rate strut from spring. 

NOTE- 
Store the removed shock absorber upright Do not allow it to 
lie horizontally or upside down for any length of time. If incor- 
rect storage has occurred, place the shoclc absorber upright 
with the rod fully extended for at least 24 hours. 

- Replace strut, rubber bumper, upper strut mount or spring, 
as needed. 

NOTE- 
Relieve tension on spring compressor slowly and carefully. 
Fit new spring in spring compressor so that one coil at 
each end is outside spring retainer. 
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4 Compress spring and install it and related components to 
shock absorber. Use new self-locking upper strut mounting 
nut. 

1. Upper strut mount self-locking nut 

2. Washer 

3. Poor road surface adapter 

4. Upper spring seat 

5. Upper strut mount 

6. Upper rubber bumper seat 

7. Rubber bumper 

8. Coil spring 

9. Dust boot 

10. Lower spring seat 

I I .  Strut 

WARNING- 
Male sure the upperself-locking nut is fully tightened before 
releasing the spring compressor. 

Tightening torque 

Upper strut mount to strut shaft 27 Nm (20 ft-lb) 
(M14, replace self-locking nut) 

4 Before releasing spring tension, position upper strut mount 
so that one threaded stud is on a plane with flat end of strut 
bushing at other end of strut. 

- Release spring compressorslowly, positioning spring ends in 
shoulders of spring seats. 

- Reinstall strut assembly in vehicle, as described above in 
Rear strut assembly, removing and installing. 
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Depending on year and model applications, the Sport Wagon 
rear suspension may be equipped with: 

Conventional shock absorbers and coil springs 

Electronic height control (EHC) system which incorporates 
air springs 

NOTE- . Suspension and EHC troubleshooting is covered in 300 
Suspension, Steering and Brakes-General. 
EHC system repairs, other than air spring replacement, 
are covered in Electronic height control (EHC) compo- 
nent replacement. 

Replace shock absorbers and springs in pairs only. 

Rear shock absorber, removing and 
installing 

- Raise car and remove rear wheels, 

WARNING- 
Male sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

CAUTION- 
If working on a vehicle with compressedairshock absorbers, 
disable air supply pump by disconnecting electrical plug be- 
fore performing any repairs. Pump is located beneath a cover 
under the spare tire in the floor of the cargo compartment. 

- Support swing arm from below 

C A U T I O G  
The shock absorber prevents the drive axle and wlieel bear- 
ing carrier from dropping too far. Supporting the wheel bear- 
ing carrier before disconnecting the shock absorber 
mounting fasteners prevents damage to the brake hose, 
parking brake cable and drive axle CVjoints. 

- Working in cargo compartment, remove carpet. Remove tri- 
angular upper shock mount covers located beside spare tire 
well. 

- If applicable: Detach air supply line from shock absorber. 
Plug ports and lines to keep out dirt. 
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- Remove rubber protective cap from shock absorber upper 
mount. 

- Remove shock absorber upper mounting nuts. 

- Remove shock absorber lower mounting bolt. Lower shock 
absorber out of wheel housing. 

< Transfer shock top mounting plate, dust cover (if applicable) 
and related components to new shoclc absorber. 

1. Self-locking nut 

2. Washer 
3. Upper siioclc absorber mount 

4. Rubber bumper seat 

5. Rubber bumper 

6. Dust boot 

7. Shock absorber 

8. Long lower bushing 

Tightening torques 

Shock absorber to upper mount 27 Nm (20 it-lb) 
(M14, replace self-locking nut) 

- Installation on car is reverse of removal, noting the following: 

Make sure all threaded bolts, nuts and mating surfaces are 
clean. 

Install shock absorber upper mount to subframe using new 
self-locking nuts. . Make sure long lower shock absorber bushing fits in hole 
in suspension swing arm. 
Tighten lower shoclc absorber bolt to its final torque once 
car is on ground. 

Tightening torques 

Quick coupling screw to air 2 Nm (18 in-lb) 
shock absorber 

Road wheel to hub 120 &I0 Nm (89 -f7 ft-lb) 

Shock absorber to swing arm 127 Nm (94 ft-lb) 

Strut mount to body 

Gray fasteners 

Yellow fasteners 24 Nm ( 18 it-lb) 
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Coil spring, removing and installing 

Raise car and remove rear wheels. 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove brake caliper and brake disc. Hang brake caliper 
aside with stiff wire. Do not disconnect bralte fluid hose. See 
340 Brakes. 

- Remove exhaust system. See 180 Exhaust System. 

- Disconnect driveshafl from final drive. See 260 Driveshaft. 

- Detach parking bralte cables from mounting bracltets on sub- 
frame. 

< Support final drive unit from below using transmission jack 
and BMW special tool 33 4 390 or equivalent. 

Remove rear suspension subframe mounting bolts (arrows). 

Lower rear subframe until coil springs can be removed. 

When reinstalling springs, replace upper and lower spring 
pads if necessary. 

Slowly lift suspension back into position, making sure coil 
springs are correctly seated in upper and lower spring seats. 

Install and tighten subframe mounting bolts. Note that on 
each bolt, rubber-coated detent plate (arrow) must be in- 
stalled at rear in driving direction 

- Remainder of installation is reverse of removal 

Tightening torques 

Road wheel to hub 12OilO Nm (89i-7 ft-lb) 

Subframe to body 163 Nm (120 ft-lb) 
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Air spring, removing and installing 

CAUTION- 
If vehicle is driven with airspring depressurized, the airspring 
will be permanently damaged and must be replaced. 

An air spring is made from a flexible rubber material which 
forms an airtight cavity. It is pressurized by an air supply 
pump activated by an electronic control unit to provide a vari- . . 
able spring rate depending on vehicle load 

CAUTIOIG 
Disable air supply pump by disconnecting electrical plug 
before performing any repairs. Pump is located beneath a 
cover under the spare tire in the floor of the cargo compart- 
ment. 

When removing and installing air connections, extreme 
cleanliness must be followed. Small dirt particles can 
cause leakage in the system. 

Remove luggage compartment floor mat. 

- Working above air spring, loosen quick coupling screw con- 
nection to allow air pressure to escape. 

- Once pressure has been reduced, retighten screw. 

Tightening torque 

Quick coupling screw to air pump 2 Nm (18 in-lb) 

- Remove quick coupler. Plug openings to keep dirt out, 

- Remove air spring mounting clips. 

- Raise car and remove rear wheels. 

Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jaclc stands under 
suspension parts. 

- Working underneath rear suspension, lift wheel bearing car- 
rier to relieve rear spring tension. Then unbolt air spring 
mounting bolt from seat on wheel bearing carrier. Remove air 
spring. 

NOTE- 
Left and right air springs are different. The left air spring is 
marked with a red identification marl. The right air spring is 
marked with a blue identification mark. 
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Rear Suspension 

1 1 4 Check roll fold of air spring (arrows). Reinstall only if roll fold 
is undamaged and formed correctly. 

- To install air spring: 

Check sealing O-rings at air spring inlet. Replace if dam- 
aged. Do not grease O-rings. Reinstall protective plug. 

* Install spring above suspension subframe. Make sure ec- 
centric lug at bottom of air spring fits in recess of subframe 
spring seat. 

Reattach top spring mounting clips. - Reattach air line connections. 

- Remainder of installation is reverse of removal. 

Tightening torques 

Air line connection 2 Nm (1 8 in-lb) 

Air spring to wheel bearing carrier 20 Nm (1 5 ft-lb) 

Road wheel to hub 120 510 Nm (89-F-7 ft-lb) 

REAR SUSPENSION ARMS, 
SUBFRAME AND BUSHINGS 

A damaged suspension arm orworn bushings will change the 
rear wheel alignment and may adversely affect handling and 
stability. 

WARNING- 
Do not attempt to straighten a damaged suspension arm. 
Bending or heating may weaken the original part. Always re- 
olace a damaoed susoension arm. 

Rear suspension arm 
components 

1. Eccentric washer 
(for rear toe adjustment) 

2. Upper front control arm 
(guide link or traction strut) 

3. Outer swing arm bushing and 
integral link 

4. Swing arm (lower control arm) 

5. Upper rear control arm 
(wishbone) 

6. Wheel bearing carrier 

7.  Circlip 

8. Swing arm ball joint 

9. Eccentric washer 
(rear camber adjustment) 



[Rear Suspension 

Swing arm, removing and installing 
(sedan models) 

CAUTION- 
If working on a vehicle with compressed airshock absorbers, 
disable air supply pump by disconnecting electrical plug be- 
fore performing any repairs. 

- Raise rear end of car and remove wheel 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
sus~ension Darts. 

- Disconnect control rod for ride height sensor if  applicable. 

Remove ABS pulse sensor (arrow) from wheel bearing car- 
rier. 

Remove stabilizer bar link mounting nut (arrow). Press link 
out of swing arm. 

4 Mark location (arrow) of rear camber adjustment washer and 
bolt. 

NOTE- 
Rear camber is adjusted at the inner swing arm eccentric 
rear mounting bolt 

- Support wheel bearing carrier from below. 
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Rear ~ u s ~ e n s i o n l  

Remove fasteners A, B and C while supporting swing arm 
from below. 

Carefully pry swing arm away from mounting points, while 
continuing to support from below. 

Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Use new self-locking nuts. 

lnstall bolt (C) through bracket and arm. Install and tighten 
nut finger tight. 

Install bolts (A) and (6) .  Install and tighten nuts finger tight. 

Line up eccentric camber adjusting bolt with marlts made 
previously. 

Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

Have car professionally aligned when job is complete. 

Tightening torques 

ABS pulse sensor to wheel bearing carrier 8 Nm (6 ft-lb) 

Road wheel to hub 120+10 Nm 
(89 i-7 ft-lb) 

Stabilizer link to swing arm 65 Nm (48 ft-lb) 

Swing arm to rear subframe 
(camber bolt M12) (A) 

115 Nm (85 ft-lb) 

Swing arm to rear subframe (B) 58 Nm (43 ft-lb) 

Swing arm to wheel bearing carrier (C) 256 Nm (189 ft-lb) 



Rear Suspension 

Swing arm, removing and installing 
(Sport Wagon models) 

- Raise rear end of car and remove wheel. 

WARNING - 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

CAUJION- 
Model with air springs: Disable air supply pump by discon- 
necting electricalplug beforeperforminganyrepairs. Pump is 
located beneath a cover under the spare tire in the floor of the 
cargo compartment. 

< Model with air springs: Loosen compressed air pipes (ar- 
rows) at air distribution assembly to release system pres- 
sure. 

NOJE- 
Vehicle will stand quite low 

- If applicable: Detach air supply line from shock absorber. 
Plug ports and lines to lkeep out dirt. 

- Model with rear coil springs: Remove cargo compartment 
floor carpet. 

4 Working at top of coil spring, press center cap down or pry 
upward to remove. If pushed down, remove from inside coil 
spring from under car. 

4 Working from underneath, position BMW special tool 
33 2 301 between 2nd and 3rd spring coil from bottom. 

Make sure tool recess faces upward. 
Working in cargo compartment, guide BMW special tool 
33 2 304 from above and thread into special tool 33 2 301. 



Rear ~ u s ~ e n s i o n l  

Working in cargo compartment, attach BMW special tools 
33 2 302,33 2 303 and 33 2 305 to special tool 33 2 304. 

Use special tool 33 2 306 to compress spring. 

Tighten until lower spring coil lifts off spring seat on wheel 
bearing carrier. 

- Disconnect control rod for ride height sensor if applicable. 

4 Remove ABS pulse sensor (arrow) from wheel bearing car- 
rier. 

- Support wheel bearing carrier from below. 

CAUTION- 
The shock absorberprevents the drive axle and wheel bear- 
ing carrier from dropping too far. Supporting the wheel bear- 
ing carrier before disconnecting the shock absorber 
mounting fastenerprevents damage to the brake hose, park- 
ing brake cable and drive axle CVjoints. 

- Remove shock absorber lower mounting bolt 

4 Remove stabilizer bar link mounting nut (arrow). Press link 
out of swing arm. 

4 Mark location (arrow) of rear camber adjustment washer and 
bolt. 

NOTE - 
Rear camber is adjusted at the inner swing arm eccentric 
rear mounting bolt. 
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Rear Suspension 

Remove fasteners A. B and C while supporting swing arm 
from below. 

Carefully pry swing arm away from mounting points, while 
continuing to support from below. 

Remainder of installation is reverse of removal, noting the fol- 
lowing: 

Use new self-locking nuts. 

Install bolt (C) through bracket and arm. Install and tighten 
nut finger tight. 

lnstall bolts (A) and (6). Install and tighten nuts finger tight. 

Line up eccentric camber adjusting bolt with rnarlts made 
previously. 

Make sure long lower shock absorber bushing fits in hole 
in swing arm. 

Tighten fasteners to final torque only afler vehicle has 
been lowered and suspension has settled. 

Have car professionally aligned when job is complete. 

Tightening torques 

ABS pulse sensor to wheel bearing 8 Nm (6 It-lb) 
carrier 

Quiclc coupling screw to air shock 2 Nm (18 in-lb) 
absorber 

Road wheel to hub 120 210 Nm (89i-7 It-ib) 

Shocic absorber to lower control arm 127 Nm (94 ft-lb) 

Stabilizer link to swing arm 65 Nm (48 ft-ib) 

Swing arm to rear subframe (camber 11 5 Nm (85 It-lb) 
bolt M12) (A) 

Swing arm to rear subframe (6) 58 Nm (43 It-lb) 

Swing arm to wheel bearing carrier 256 Nm (189 It-lb) 
(C) 



330-1 9 

Rear suspension1 

Swing arm ball joint, replacing 

- Raise rear end of car and remove wheel. 

Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Sport Wagon model: Support wheel bearing carrier from be- 
low. 

CA UTION- 
The shock absorberprevents the drive axle and wheel bear- 
ing carrier from dropping too far. Supporting the wheel bear- 
ing carrier before disconnecting the shoclc absorber 
mounting fastenerprevents damage to the brake hose, park- 
ing brake cable and drive axle CVjoints. 

- Model with air shock absorbers: Detach air supply line from 
shoclc absorber. Plug ports and lines to keep out dirt. 

- Sport Wagon model: Remove shock absorber lower mount- 
ing bolt. 

4 Remove stabilizer bar link mounting nut (arrow). Press link 
out of swing arm. 

Model with air springs: Disable air supply pump by discon- 
necting electrical plug before performing any repairs. Pump is 
located beneath a cover under the spare tire in the floor of the 
carao comoartment. 

4 Model with air springs: Loosen compressed air pipes (ar- 
rows) at air distribution assembly to release system pres. 
sure. 

WARNING- 
Vehicle will lower when the air pipes are opened. 

- Models with rear coil springs: Remove cargo compartment 
floor carpet. 



Rear Suspension 

4 Models with coil springs: Working at top of spring, press cen- 
ter cap down or pry upward to remove. If pushed down, re- 
move from inside coil spring from under car. 

4 Working from underneath, position BMW special tool 33 2 
301 between 2nd and 3rd spring coil from bottom. 

Make sure tool recess faces upward. 
Working in cargo compartment, guide BMW special tool 33 
2 304 from above and thread into special tool 33 2 301. 

Working in cargo compartment, attach BMW special tools 33 
2 302,33 2 303 and 33 2 305 to special tool 33 2 304. 

Use special tool 33 2 306 to compress spring. 

Tighten until lower spring coil lifts off spring seat on wheel 
bearing carrier. 

- - - 
- 
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Rear Suspension 

4 Remove outer mounting bolt (1) from swing arm. Pull swing 
arm down. 

Remove integral link I swing arm metal bushing locating 
bolt (2). Remove integral link. 

4 Press bushing out of wheel bearing carrier using BMW spe- 
cial tools 33 4 191,33 4 192.33 4 193 and 33 3 333. 



330-22 

I Rear Suspension 

s 4 If necessary, machine special tool 33 4 191 as shown. 

NOTE- 
Slotted end of special tool 33 4 191 points toward wheel 
bearing carrier. 

Press new bushing into wheel bearing carrier using BMW 
special tools 33 4 191,33 4 192,33 4 194 and 33 3 333 until 
bushing collar is flush with carrier (arrows). 

- Install new snap ring 

- Reassembly is reverse of disassembly 

Use new self-locking nuts. 

Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

Tightening torques 

Integral link to wheel bearing carrier 105 Nm (77 ft-lb) 

Quick coupling screw to air shock 2 Nm (18 in-ib) 
absorber 

Road wheel to hub 120+lO Nm (89c7ft-ib) 

Shock absorber to lower control arm 127 Nm (94 ft-lb) 

Stabilizer link to swing arm 65 Nm (48 fl-lb) 

Swing arm to wheel bearing carrier (C)  256 Nrn (189 ft-lb) 

Upper rear control arm, removing and 
installing (sedan models) 

- Raise rear end of car and remove wheel. 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jaclc stands under 
suspension parts. 
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Rear Suspension 

Remove rear control arm: 

Remove inner control arm bolt (A). 
Detach plastic wiring harness support (B). 

* Remove outer control arm ball joint nut (C).  Press ball joint 
out of rear wheel bearing carrier. 

Installation is reverse of removal, noting the following: 

Always use new self-locking nuts. 

Malte sure all threaded bolts, nuts and mating surfaces are 
clean. 

Inner control arm mounting bolt must thread to rear (bolt 
head at front). 

Tighten fasteners to final torque only afler vehicle has 
been lowered and suspension has settled. 

Have car professionally aligned when job is complete. 

Tightening torques 

Control arm to subframe (M12) 110 Nm (81 ft-ib) 

Control arm ball joint to wheel bearing 142 Nm (105 ft-lb) 
carrier (M14) 

Quick coupling screw to air shock absorber 2 Nm (18 in-lb) 

Road wheel to hub 120-flONm 
(89 i7 ft-lb) 

Upper rear control arm, removing and 
installing (Sport Wagon models) 

C A U T I O G  
Disable air supply pump by disconnecting electrical plug be- 
fore perlorming any repairs. Pump is located beneath a cover 
under the spare tire in the floor of the carqo compartment. 

- Raise rear end of car and remove wheel. 

WARNING - 
Make sure the car is firmly supported on jaclc stands de- 
signed for the purpose. Place jaclc stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

Models with rear coil springs: Remove cargo compartment 
floor carpet. 

Worlting at top of coil spring, press center cap down or pry 
upward to remove. If pushed down, remove from inside coil 
spring from under car. 
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Rear Suspension 

4 Working from underneath, position BMW special tool 33 2 
301 between 2nd and 3rd spring coil from bottom. 

Make sure tool recess faces upward. 

Working in cargo compartment, guide BMW special tool 33 
2 304 from above and thread into special tool 33 2 301. 

4 Working in cargo compartment, attach BMW special tools 33 
2 302, 33 2 303 and 33 2 305 to special tool 33 2 304. 

Use special tool 33 2 306 to compress spring. 
Tighten until lower spring coil lifts off spring seat on wheel 
bearing carrier. 

4 Models with air springs: Loosen compressed air pipes (ar- 
rows) at air distribution assembly to release system pres- 
sure. 

WARNING - 
Vehicle will lower when the air pipes are opened. 1 

- Support wheel bearing carrier from below. 

CAUTION- 
The shock absorber prevents the drive axle and wheel bear- 
ing carrier from dropping too far. Supporting the wheel bear- 
ing carrier before disconnecting the shock absorber 
mounting iastenerprevents damage to the brake hose, parl- 
ino brake cable and drive axle CV ioints. 

- Models with air shock absorbers: Detach air supply line from 
shock absorber. Plug ports and lines to keep out dirt. 

- Remove shoclc absorber lower mounting bolt 
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Rear Suspension 

Remove rear control arm: 

Remove inner control arm bolt (A). Push shock absorber 
out of the way to slide bolt out. 

Detach plastic wiring harness support (B). 

Remove outer control arm ball joint nut (C). Press ball joint 
out of rear wheel bearing carrier. 

Installation is reverse of removal, noting the following: 

* Always use new self-locking nuts. 

Maite sure ail threaded bolts, nuts and mating surfaces are 
clean. 

Inner control arm mounting bolt must thread to front (bolt . 
head at rear). 

Make sure long lower shock absorber bushing fits in hole 
in suspension swing arm. 

* Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

Have car professionally aligned when job is complete. 

Tightening torques 

Control arm to subframe (M12) 110 Nm (81 ft-ib) 

Control arm ball joint to wheel bearing 142 Nm (105 ft-lb) 
carrier (M14) 

Quick coupling screw to air shocit absorber 2 Nm (18 in-lb) 

Road wheel to hub 

Shoclc absorber to lower control arm 127 Nm (94 it-lb) 

Upper front control arm (traction strut), 
removing and installing 

- Raise rear end of car and remove wheel. 

WARNING- 
Maice sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 

< Mark location of inner control arm eccentric washer (rear toe 
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/ Rear Suspension 

Remove inner control arm eccentric nut and bolt (A) 

Remove control arm ball joint nut (6). Press ball joint out 
of wheel bearing carrier. 

Lifl out control arm. 

Installation is reverse of removal, noting the following: 

Use previously made marks to install eccentric bolt and 
nut. 

Always use new self-locking nuts. 

Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

0 Have car professionally aligned when job is complete. 

Tightening torques 

Road wheel to hub 120klONm 
(89 i7 ft-lb) 

Upper front control arm (traction strut) to 60 Nm (44 ft-lb) 
subframe (rear toe adjusting bolt) 

Upper front control arm (traction strut) to wheel 65 Nm (48 ft-lb) 
carrier 

Rear axle assembly, removing and 
installing (sedan models) 

In case of damage to the subframe, or if a pressed-in bushing 
is worn, remove subframe by removing complete axle assem- 
bly. 

- Raise car and remove rear wheels. 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove exhaust system. See 180 Exhaust System 

- Detach driveshaft from differential. See 260 Driveshaft. 

- Remove brake caliper and brake disc. Hang brake caliper 
aside with stiff wire. Do not disconnect brake fluid hose. See 
340 Brakes. 

- Remove lefl and right ABS sensors from wheel bearing car- 
riers. 

- Disconnect parking brake cable from brake shoe expander. 
See 340 Brakes. 

- Remove heat shield from above driveshaft. 
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Rear ~uspensionl 

- If equipped, remove ride height sensor connectors. 

Support final drive unit from below using transmission jack 
(BMW special tools 00 2 030 and 33 4 390 or equivalent). 

NOTE- 
Special tool 33 4 390 will need modifications to cradle the ii- 
nal drive properly. 

4 Remove right and left suspension trim panels (arrow) 

4 Remove right and left lower strut mount bolts (arrow) 

Remove rear suspension subframe by removing 4 mounting 
bolts (arrows). 

Carefully lower rear suspension subframe away from body to 
remove. 
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Rear Suspension 

4 To install, jack subframe into position. Install and tighten sub- 
frame mounting bolts. Note that on each bolt, rubber-coat- 
ed detent plate (arrow) must be installed at rear in driving 
direction. 

Tightening torques 

Rear subframe to body (M12) 163 Nm (120 ft-lb) 

- Remainder of installation is reverse of removal, noting the fol- 
lowing. 

Make sure long lower strut bushing fits in hole in wheel 
bearing carrier. 

111 \ 0 Tighten suspension arm and shoclc absorber fasteners to 
502330036 final torque only afler vehicle has been lowered and sus- 

pension has settled. 

Have car professionally aligned when job is complete 

Tightening torques 

ABS pulse sensor to wheel bearing carrier 8 Nrn (6 ft-lb) 

Brake rotor to hub 16 Nm (12 ft-lb) 

Driveshaft CV joint to final drive flange - MI0 (Tow bolts) 70 Nm (51 ft-lb) 

MB (compression nut) 32 Nm (24 ft-lb) 

Rear brake pad carrler (caliper) to wheel 65 Nm (48 ft-lb) 
bear~ng carrler 

Rear strut to wheel bearlng carrler 127 Nm (94 ft-lb) 

Road wheel to hub 120210Nrn 
(89 57 ft-lb) 

Rear axle assembly, removing and 
installing (Sport Wagon models) 

Incaseof damage to thesubframe, or if apressed-in bushing is 
worn, remove subframe by removing complete axle assembly. 

In Sport Wagon models with conventional coil spring, lower 
subframe slowly, making sure rear springs stay on spring 
seats. 

In models with air suspension (EHC), disable the air supply 
pump, deflate the air springs and disconnect them from the 
wheel carriers before lowering the subframe. 

- Raise car and remove rear wheels. 

WARNING- 



Rear Suspension 

- Remove exhaust system. See 180 Exhaust System. 

- Detach driveshaft from differential. See 260 Driveshaft. 

- Remove brake caliper and brake disc. Hang brake caliper 
aside with stiff wire. Do not disconnect brake fluid hose. See 
340 Brakes. 

- Remove left and right ABS sensors from wheel bearing car- 
riers. 

Disconnect parking brake cable from brake shoe expander. 
See 340 Brakes. 

Remove heat shield from above driveshaft 

If equipped, remove ride height sensor connectors 

CAUTION- 
Models with air springs: Disable air supply pump by discon- 
necting electrical plug before performing any repairs. Pump is 
locatedbeneath a coverunder thespare tire in the floorof the 
carqo compartment. 

Models with air springs: Loosen compressed air pipes (ar- 
rows) at air distribution assembly to release system pres- 
sure. 

WARNING - 
Vehicle will lower when the air pipes are opened. 1 

- Working underneath rear suspension, lift wheel bearing car- 
rier to relieve rear spring tension. Then unbolt air spring 
mounting bolt from seat on wheel bearing carrier. 

4 Support final drive unit from below using transmission jack 
(BMW special tools 00 2 030 and 33 4 390 or equivalent). 

NOTE- 
Special tool 33 4 390 will need modifications to cradle the fi- 
nal drive properly 

4 Remove right and left suspension trim panels (arrow), 
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I Rear Suspension 

Remove right and left lower strut mount bolts (arrow). 

Remove rear suspension subframe by removing 4 mounting 
bolts (arrows). 

Carefully lower rear suspension subframe away from body to 
remove. 

To install, jack subframe into position. Install and t~ghten sub- 
frame mounting bolts. Note that on each bolt, rubber-coat- 
ed detent plate (arrow) must be installed at rear in driving 
direction. 

Models w~ th  coil springs: Fit springs correctly in lower 
spring seats. 

Models with air suspension: Fit eccentric lug at bottom of 
air sprlng in recess of wheel carrier spring seat. 

Tightening torques - 
Air spring to wheel bearing carrier 20 Nm (1 5 ft-lb) 

Rear subframe to body (M12) 163 Nm (120 ft-lb) 

- 



Rear Suspension 

- Remainder of installation is reverse of removal, noting the fol- 
lowing. 

Tighten suspension arm and shock absorber fasteners to 
final torque only afler vehicle has been lowered and sus- 
pension has settled. 

Tightening torques 

ABS pulse sensor to wheel bearing carrier 8 Nrn (6 ft-lb) 

Air line connection 2 Nrn (18 in-lb) 

Brake rotor to hub 16 Nrn (12 ft-lb) 

Driveshaft CV joint to final drive flange - MI0 (Torx bolts) 70 Nrn (51 ft-lb) - MB (compression nut) 32 Nrn (24 ft-lb) 

Rear brake pad carrier (caliper) to wheel 65 Nrn (48 ft-lb) 
bearing carrier 

Road wheel to hub 120i lO Nrn 
(89 i-7 ft-lb) 

Rear subframe mounting bushings, 
removing and installing 

- Remove rear subframe mounting bolts as described earlier. 
Lower subframe approximately 40 - 45 mm (1 -2 in). 

4 Install BMW special tools 33 4 140,33 4 151,33 4 154,33 4 
155,33 4 156 as shown. 

Use hot air gun with a maximum output temperature of 
600°C (1100" F) to heat bushing area of subframe for no 
more than 2 minutes. Remove rubber mount from sub- 
frame. 

CAUTION- 
Aluminum suspension parts may be severely damaged 
witli intense heat 

* Heating for 2 minutes with the recommended heat 
source is intended to keep the temperature of the alu- 
minum parts below the safety threshold of 80°C 
(1 76°F). 

. 
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4 When installing subframe bushing, be sure alignment arrows 
point front and rear. 

Coat new mount with CircolightB anti-friction agent. 

< Draw new bushing into subframe using BMW special tools 33 
4152,334153,334154,334155,334157. 

- Remainder of installation is reverse of removal, noting the fol- 
lowing. 

* Tighten suspension arm and shock absorber fasteners to 
final torque only after vehicle has been lowered and sus- 
oension has settled. 

Rear wheel bearing carrier, removing and 
installing (sedan models) 

- Raise rear end of car and remove wheel 

WARNING- 
Make sure the car is firmly supported on jaclc stands de- 
signed for the purpose. Place jaclc stands underneath struc- 
tural chassis points. Do not place jaclc stands under 
suspension parts. 

4 With an assistant applying brakes, break free and remove 
staked collar nut (arrow). 

- Remove brake caliper and brake disc. Hang brake caliper 
aside with stiff wire. Do not disconnect brake fluid hose. See 
340 Brakes. 

- Disconnect parking brake cable from brake shoe expander. 
See 340 Brakes. 
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4 Remove ABS sensor mounting fastener (arrow) and sensor. 

4 Remove outer swing arm nut (arrow) and bolt 

4 Press out axle shaft using BMW special tools 33 2 117, 
3 3 2 1 1 6 a n d 3 3 2 l l l .  

- Support wheel bearing carrier. Remove lower strut mounting 
fastener. 



(Rear Suspension 

< Remove upper front control arm (traction strut) ball joint 
mounting nut (arrow). Press control arm ball joint out of 
wheel bearing carrier. 

- Repeat above process on upper rear control arm. 

- Remove wheel bearing carrier assembly. 

4 When reinstalling, pull axle shaft through wheel bearing car- 
rier using BMW special tools 33 2 115, 33 2 116 and 33 2 
118. 

- Lightly oil bearing surface of axle collar nut and install. T~ght- 
en collar nut firmly, but do not fully tighten it at this time. 

WARNING- 
For safety reasons, the a l e  collar nut should only be tight- 
ened to its final torque with the wheel installed and the car 
lowered to the ground. However, loading the bearing without 
the nut tightened sufficiently may damage tlie bearing. 
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Rear Suspension 

- Remainder of installation is reverse of removal, noting the fol- 
lowing. 

Always use new self-loclting nuts. 

Make sure all threaded bolts, nuts and mating suriaces are 
clean. 

Make sure long lower strut bushing fits in hole in wheel 
bearing carrier. 

Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

Stake axle collar nut after tightening. 

Tightening torques 

ABS pulse sensor to wheel bearing carrier 8 Nm (6 ft-lb) 

Brake rotor to hub 16 Nm (12 ft-lb) 

Rear brake pad carrier (caliper) to wheel 65 Nm (48 ft-lb) 
bearing carrier 

Rear axle shaft to hub (M27) 300 Nm (221 ft-lb) 

Rear strut to wheel bearing carrier 127 Nrn (94 ft-lb) 

Road wheel to hub 120+10 Nm 
(89 i 7  ft-lb) 

Swing arm to wheel bearing carrier 256 Nrn (189 ft-lb) 

Upper front control arm (traction strut) to 65 Nrn (48 ft-lb) 
wheel carrier 

Upper rear control arm to wheel carrier 142 Nrn (105 ft-lb) 

Rear wheel bearing carrier, removing and 
installing (Sport Wagon models) 

- Raise rear end of car and remove wheel. 

WARNING- 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

Models with air springs: Disable air supply pump by discon- 
necting electricalplug beforepedormingany repairs. Pump is 
located beneath a cover under the spare tire in the floor of the 
cargo compartment. 

-- 4 Models with air springs: Loosen compressed air pipes (ar- 
rows) at air distribution assembly to release system pres- 
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- Working underneath rear suspension, lift wheel bearing car- 
rier to relieve rear spring tension. Then unbolt air spring 
mounting bolt from seat on wheel bearing carrier. 

- Models with rear coil springs: Remove cargo compartment 
floor carpet. 

Working at top of coil spring, press center cap down or pry 
upward to remove. If pushed down, remove from inside coii 
spring from under car. 

< Working from underneath, position BMW special tool 33 2 
301 between 2nd and 3rd spring coii from bottom. 

Make sure tooi recess faces upward. 

Working in cargo compartment, guide BMW special tooi 33 
2 304 from above and thread into special tool 33 2 301. 

4 Working in cargo compartment, attach BMW special tools 33 
2 302,33 2 303 and 33 2 305 to special tool 33 2 304. 

Use special tool 33 2 306 to compress spring. 

Tighten until lower spring coil lifts off sprrng seat on wheel 
bearing carrier. 



Rear suspension/ 

4 With an assistant applying brakes, break free and remove 
staked collar nut (arrow). 

- Remove brake caliper and brake disc. Hang bralte caliper 
aside with stiff wire. Do not disconnect brake fluid hose. See 
340 Brakes. 

- Disconnect parking brake cable from brake shoe expander. 
See 340 Brakes. 

Remove ABS sensor mounting fastener (arrow) and sensor. 

Remove outer swing arm nut (arrow) and bolt. 



I Rear Suspension 

4 Press out axle shaft using BMW special tools 33 2 117. 33 2 
116and332111. 

4 Remove upper front control arm (traction strut) ball joint 
mounting nut (arrow). Press control arm ball joint out of 
wheel bearing carrier. 

- Repeat above process on upper rear control arm. 

- Remove wheel bearing carrier assembly. 

4 When reinstalling, pull axle shafl through wheel bearing car- 
rier using BMW special tools 33 2 115, 33 2 116 and 33 2 
118. 

- Lightly oil bearing surface of axle collar nut and install. Tight- 
en collar nut firmly, but do not fully tighten it at this time. 

WARNING- 
For safety reasons, the axle collar nut should only be tight- 
ened to its final torque with the wheel installed and the car 
lowered to the ground. However, loading the bearing without 
the nut tiqhtened suificiently may darnaqe the bearina. 
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I Rear suspension1 

- Remainder of installation is reverse of removal, noting the fol- 
lowing. 

Models with coil springs: Fit spring correctly in lower spring 
seat. 

* Models with air suspension: Fit eccentric lug at bottom of 
air spring in recess of wheel carrier spring seat. 

Always use new self-locking nuts. - Make sure all threaded bolts, nuts and mating surfaces are 
clean. 

a Tighten fasteners to final torque only after vehicle has 
been lowered and suspension has settled. 

Stake axle collar nut afler tightening. 

Tightening torques 

ABS pulse sensor to wheel bearing 8 Nm (6 ft-lb) 
carrier 

Air spring to wheel bearing carrier 20 Nm (15 ft-lb) 

Brake rotor to hub 16 Nm (12 it-lb) 

Rear axle shaft to hub (M27) 300 Nm (221 ft-lb) 

Rear brake pad carrier (caliper) to wheel 65 Nm (48 ft-lb) 
bearing carrier 

Road wheel to hub 120ilONm 
(89 k 7  ft-lb) 

Swing arm to wheel bearing carrier 256 Nm (189 it-lb) 

Upperfrontcontrol arm (traction strut) to 65 Nm (48 ft-lb) 
wheel carrier 

Upper rear control arm to wheel carrier 142 Nm (105 ft-lb) 

Rear wheel bearing, replacing 

< The rear wheel bearing is integrated with its mounting flange. 

1. Torx bolt 

2. Wheel bearing and mounting flange 

3. Wheel hub 

4. Collar nut 

- Raise rear end of car and remove wheel. 

WARNING - 
Make sure the car is firmly supported on jaclc stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 
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4 With an assistant applying brakes, break free and remove 
staked collar nut (arrow). 

- If equipped, disconnect brake pad sensor connector at brake 
caliper. 

- Remove brake caliper assembly and rotor. See 340 Brakes. 
Leave brake hose connected to caliper. Suspend caliper as- 
sembly from chassis using stiff wire. 

- Remove ABS pulse sensor at wheel bearing carrier. 

Remove drive flange from bearing assembly using impact 
style puller (BMW special tools 33 2 116, 33 4 201/202/203 
or equivalent). 

CAUTION- 
The wheel bearing is destroyed when the drive flange is re- 
moved. Do not attempt to reuse bearing. 

4 Remove four wheel bearing flange (Torx) bolts (arrows) 
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Rear Suspension 

4 Remove wheel bearing assembly. 

4 Remove inner wheel bearing race with BMW special tools 33 
1 312 and 00 7 500 or equivalent. 

- Install new wheel bearing assembly. Malte sure mounting 
surfaces are free of dirt and grease. 

Tightening torques 

Wheel bearing to wheel bearing carrier (use new Tom bolts) 

Stage 1 30 Nm (22 ft-lb) 

Stage 2 90" torque angle 

4 Reinstall wheel hub. 

Lightly oil wheel bearing and axle shaft contact surfaces on 
wheel hub. 

Use BMW special tools 33 2 115,33 2 116 and 33 2 118 
or equivalent press tools to press wheel hub to bearing. 

CAUTION- 
BMWspecifies speclaltools to pull the wheel hub through the 
wheel bearing into position. If using alternative tools, be sure 
to support the bearing inner race when pressing orpulling the 
hub into place. 

- Lightly oil the bearing surface of the axle collar nut and install. 
Tighten collar nut firmly, but do not fully tighten it at this time. 

WARNING- 
For safety reasons, the axle collar nut should only be tight- 
ened to its final torque with the wheel installed and the car 
lowered to the ground. However, loading the bearing without 
the nut tightened sufficiently may damage the bearing. 
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- Install ABS sensor and road wheel. 

- Lower car to ground. With an assistant applying brakes, use 
new axle collar nut to tighten to final torque. Stake nut. 

- Remainder of installation is reverse of removal 

Tightening torques 

ABS pulse sensor to wheel bearing carrier 8 Nm (6 ft-lb) 

Brake disc to hub 16 Nm 

Rear brake pad carrier (caliper) to wheel 65 Nm (48 ft-lb) 
bearing carrier 

Rear axle shaft to hub (M27) 300 Nrn (221 ft-lb) 

Road wheel to hub 120F10 Nm 
(89 ?7 ft-lb) 

The rearstabilizer bar is mounted to the rear subframe and at- 
tached via stabilizer bar linlts to the lower swing arms. 

Stabilizer bar, removing and installing 

- Raise rear end of car. 

WARNING - 
Make sure the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands underneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Paint mark stabilizer bar on left side for ease of assembly. 

Remove stabilizer link fastener (A) on each side. Press out 
stabilizer link ball joints. 

Remove stabilizer support bracket fastener (B) on each 
side. 

Remove stabilizer bar. 

Installation is reverse of removal. Use previously made paint 
mark for reassembly. 

Tightening torques 

Stabilizer link to stabilizer bar 42 Nm (32 ft-lb) 

Stabilizer bar bracket to sublrame (ME) 22 Nm (1 6 fi-lb) 



Rear Suspension 

Stabilizer bar link, removing and installing 

Remove stabilizer link mounting nut (arrow) at stabilizer bar. 

4 Remove stabilizer link mounting nut (arrow) at swing arm 

- Press out stabilizer link ball joints 

- Installation is reverse of removal 

Tightening torques 

Stabilizer link to swing arm 65 Nrn (48 ft-lb) 

Stabilizer link to stabilizer bar 42 Nm (32 ft-lb) 
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Rear Suspension 

ELECTRONIC HEIGHT CONTROL 
(EHC) COMPONENT REPLACEMENT 
Sport Premium rear suspension is an option on Sport Wagon 
models and standard on 1999 and later V-8 Sport Wagons. 
This suspension incorporates electronic height control (EHC) 
using air springs. 

With vehicle lifted off the ground, if the rear air springs can be 
compressed by hand, either the spring is defective or the sys- 
tem is depressurized. 

Locate EHC faults using BMW scan tools DIS or MoDiC. EHC 
description and some troubleshooting is covered in 300 Sus- 
pension, Steering and Brakes-General. 

Air spring replacement is covered earlier in this chapter. See 
Air spring, removing and installing. 

CAUTION- 
Maintain high levels of cleanliness around air line connec- 
tions when disassembling and assembling air suspension 
components. Even small dirt particles can cause leakage in 
the pressurized system. 

Electronic height control 
(EHC) components 

1. Air spring 

2. 1 liter air reservoir 

3. EHC control module 

4. Air supply distributor 

5. Airsupply pump 
(under spare tire) 

6. Air spring mounting bolt 
(at wheel bearing carrier) 

7. Rear ride height sensors 
(Hall effect) 

8. Air supply pump relay 
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Air compressor pump relay, removing and 
installing 

- Working in cargo compartment, remove spare wheel. 

4 Remove air supply pump fasteners (arrows). Turn pump 
over. 

- Turn relay plug 45" and remove relay. 

EHC control module, removing and 
installing 

The EHC control module is mounted on the right side of the 
spare tire well in the cargo compartment. 

- Remove spare tire. 

4 Remove electrical components cover (A). 

- Release control module wiring harness plug loclting clip (B) 
and remove module. 

- Installation is reverse of removal. 

- After assembly, reset ride height using BMW diagnostic scan 
tool DIS. 

Air supply unit, removing and installing 

CAUTION- 
Maintain high levels of cleanliness around air line connec- 
tions when disassembling and assembling air suspension 
components. Even small dirt particles can cause leakage in 
the pressurized system. 

When the airsupply unit is removed for any reason, reset ride 
height using BMW scan tools DIS or MoDiC. 

- Remove spare tire. 

i~B,!n,,ayPubi.l,c~u.c~"~-A~~ R 
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4 Remove air line fittings (A) from bottom of air distribution con- 
nectors. 

Cut off wire ties. 

WARNING- 
Vehicle will lower when the air pipes are opened. 

4 Rotate air line distribution connector (A) 45" in direction of 
arrow to remove. 

Rotate electrical connector (B) 45" in direction of arrow to 
remove. 

Compress wiring connector locking clips (arrows) and dis- 
connect wiring harness. 

< Remove air supply unit mounting fasteners (arrows) and re- 
move unit. 

- Installation is reverse of removal. 

When installing air lines always match line colors. 

a After assembly, reset ride height using BMW diagnostic 
scan tool DIS. 
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Rear suspension/ 

Ride height sensor, removing and installing 

Hall effect sensors for vehicle height detection are mounted 
on the left and right sides of the rear suspension. A coupling 
rod mounted between the rear suspension arm and the sen- 
sor arm is used to send a varying voltage signal to the EHC 
control module. 

Raise car and support safely. 

WARNING- 
Male sure the car is firmly supported on jaclc stands de- 
signed for the purpose. Place jaclc stands underneath struc- 
tural chassis points. Do not place jaclc stands under 
sus~ension Darts. 

Working underneath rear of car, remove trim panel (arrow) 
just ahead of suspension subframe. 

Disconnect electrical harness connector from sensor. 

4 Remove control rod mounting nut (arrow).Turn control rod to 
access sensor mounting fastener. 

- Remove sensor mounting fasteners. 

- Remove ride height sensor. 

- Installation is reverse of removal. 

Make sure sensor lever points outward. After assembly, re- 
set ride height using BMW diagnostic scan tool DIS. 

Tightening torques 

Ride height sensor to bracket 5 Nrn (44 lb-in) 

Lever to height sensor 9 Nrn (80 ib-in) 
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Final Drive 

This repair group covers removal and repair informat~on for 
the final drive (differential), axle shafts. CV joints, CV joint 
boots, and final drive seal replacement. 

Internal repairs of the differential assembly are not covered in 
this manual. 

Special tools 

BMW recommends some special tools for the removal of the 
drive axles as well as the installation of rear differential input 
and output drive flange seals. Some common pullers and 
drifts can often be substituted for these tools. 

4 Drive flange holder 
(Tool No. BMW 2 30 020) 

< Drive flange puller 
(ToolNo.BMW31 2101 131 2102131 2103131 2104) 

< Drive pinion set 
(Tool No. BMW 33 1 340) 

4 Clamp~ng tool set 
(ToolNo.BMW332101 13321021332103) 



Final Drive 

4 Output shaft tool set 
(ToolNo. BMW332111 1332114 /332115 /3321161  
33211713321181332119) 

4 Trailing arm tool set 11 (Tool N O  BMW 33 3 331 I 33 3 332 1 33 3 333 133 3 334) 

4 Final drive mount set 
(ToolNo. BMW334151 / 334152 /334153 /334154 /  
3341551334156133415713341581334159) 

< Differential mount press set 
(Tool No.BMW334161 1334162133416413341651 
33 4 166) 

33 4 161 

Q Differential mount press set 
(ToolNo. BMW334171 / 334172 /334173 /3341  174) 

. . 

33 4 181 4 Differential mount press set 

33 
(Tool No. BMW334181 133418213341831334184) 

Support tube set 
(ToolNo.BMW334191133419213341931334194) 

33 4 192 

33 4 191 
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4 Final drive output shaft seal tool 
(Tool No. BMW 33 4 250) 

4 Pulling set 
(Tool No. BMW 33 4 401 / 33 4 402 / 33 4 403 133 4 404 / 
33 4 405 / 33 4 406) 

Aluminum suspension components 

In order to reduce vehicle weight, aluminum suspension com- 
ponents are ~ s e d  in some models. A tesl w l h  a magnet wi.1 
eas'ly reveal lhe metal Lseo. I f  working with a u m i n ~ m  com- 
ponents, be sure to read and follow the cautions below. 

CAUTIOI\C 
Due to the chemical and corrosion characteristics of alumi- 
num, do not bring into contact with battery acid. 

Do not use wire brushes with brass or iron bristles. 
Only use brushes with stainless steel bristles. 

Do not expose to flying sparks from grinding/cutting op- 
erations. 

Do not subject to steel welding splashes. 

Do not expose to temperatures over 80°C (176"F), 
even for short periods. Temperatures in painting facili- 
ties are not a problem. 
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Final drive, removing and installing 

- Raise rear of car. 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place the jaclc stands beneath struc- 
tural chassis ~oints. Do not i lace iaclc stands under 

( suspension barfs. 

Remove exhaust system. See 180 Exhaust System. 

Disconnect drive shaft from final drive. See 260 Driveshaft. 

Remove drive axle CV joint bolts (arrows) at left and right 
sides. Suspend drive axles from body using stiff wire. 

4 Support final drive with BMW special tool 33 4 390. 

* Remove front final drive mounting bolt. 

Remove rear final drive mounting bolts (2). 

Carefully lower final drive unit. 

- To install, use BMW special tool 33 4 390 to lift final drive into 
place. 

CA UTIOP& 
The following sequence must be used when installing the fi- 
nal drive to prevent torsion stress on the final drive during in- 

Install mounting bolts and finger tighten only. 

Remove final drive support. 

Tighten both rear mounting bolts. 

Tighten front mounting bolt. 

NOTE- 
Use new self-locking nuts. 

- Check differential oil level. See Differential oi l  level, check- 
ing. 

- Remainder of installation is reverse of removal. 



Final Drive 

Tightening torques 

F~nal drive to rear axle carrier 105 Nm (77 it-lb) 

Driveshaft CV joint to final drive flange - MlO (Torx bolt) 70 Nm (51 ft-lb) - M8 (compression nut) 32 Nm (24 ft-lb) 

Drive axle to final drive ilange 

Torx bolts (M10) 83 Nm (61 ft-lb) 

Torx bolt with rlbbed teeth (M10) 64 Nm (47 ft-lb) 

Torx bolt wlth ribbed teeth (MI0 sliver) 80 Nm (59 ft-lb) 

Torx bolt with ribbed teeth (M10 black) 100 Nm (74 ft-lb) 

* Torx bolt with ribbed teeth (M12) 135 Nm (100 ft-lb) 

Differential oil level, checking 

The E39 differential is filled with lifetime oil that ordinarily 
does not need to be changed. BMW recommends using only 
a specially formulated synthetic gear oil (SAF-XO) that is 
available through an authorized BMW dealer parts depart- 
ment. For additional information on this lubricant and any oth- 
er lubricants that may be compatible, contact an authorized 
BMW dealer service department. 

< Check rear differential oil level at filler plug (arrow). 

- Check lubricant level with car on a level surface: 

Level is correct when fluid just reaches edge of filler hole. 

I f  necessary, top up fluid. 
* Replace filler plug sealing ring. 

Install and tighten oil filler plug when oil level is correct. 

NOTE- 
Use either a 14 mm or 17 mm Allen socket to remove the 
drain plug. 
I f  car is raised in the air. i t  should be level when checkino " 
or filling final drive fluid level. 

- Tightening torque - 
Filler plug to final drive housing 70 Nm (52 ft-lb) - 
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Final drive input shaft seal, replacing 

- Remove exhaust system. See 180 Exhaust System 

- Remove drive shaft. See 260 Driveshaft. 

< Lift out collar nut locking plate (arrow). 

4 While counterholding drive flange with special BMW tool 23 

23 0 020 0 020 loosen and remove collar nut. 



/Final Drive 

4 Remove final drive input flange using BMW special tools 31 
2 101,31 2 102,31 2 103 and 31 2 104 or equivalent. 

Using BMW special tool 00 5 010 or equivalent remove seal 
from final drive housing. 

1 

4 Drive new seal into place until its fully seated using BMW 
special tools 00 5 500, 33 3 440 and 33 3 470 or equivalent. 
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Final Drive 

Coat drive flange sealing area and seal lip with differential oil. 

* Install drive flange on pinion shaft. 

Using BMW special tools 23 1 300,33 1 341 and 23 1 302 
press drive flange on to pinion shaft only to extent as to al- 
low collar nut to be installed. 

4 Tighten collar nut only until previously marked points are 
aligned (arrow). 

CAUTION- 
Do not underany circumstances tighten collarnut beyond the 
markedpoints, othe~l ise clamping sleeve will have to be re- 
placed. 

- Using a suitable drift, install new collar nut locking plate 
Stalte plate in place. 

- Remainder of installation is reverse of removal. 

- Check and, if necessary, set differential oil level. See Differ- 
ential o i l  level, checking. 

Tightening torque 

Driveshaft CV joint to final drive flange 

MI0 (Torx bolt) 70 Nrn (51 ft-lb) 

ME (compression nut) 32 Nrn (24 ft-lb) 
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Final Drive 

Final drive output shaft seals, replacing 

- Remove exhaust system (if necessary). See 180 Exhaust 
System. 

Remove drive axle CV joint bolts 
axle from body using stiff wire. 

(arrows). Suspend drive 

4 Drive out final drive output flange using soft faced hammer. 

4 Remove seal using BMW special tool 00 5 010 and 32 1 060 
or equivalent. 
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< Coat seal with differential oil and drive into place using BMW 
special tools 00 5 500 and 33 4 250 or equivalent. 

Replace snap ring (arrow) on final drive output flange shaft. 

Coat output flange shaft with differential oil where it con- 
tacts shaft seal. . Push output flange into final drive until flange splines en- 
gage splines of differential gear and snap ring can be 
heard to snap into place. 

- Remainder of installation is reverse of removal. 

Check and, if necessary, set differential oil level. See Dif- 
ferential o i l  level, checking. 

Tightening torques 

Drive axle to final drive flange 

Torx bolts (M10) 83 Nm (61 ft-lb) 

Torx bolt with ribbed teeth (M10) 64 Nm (47 it-lb) 

Torx bolt with ribbed teeth (Mi0 silver) 80 Nm (59 ft-lb) 

Torx bolt with ribbed teeth (MI0 black) 100 Nm (74 ft-lb) - Torx bolt with ribbed teeth (M12) 135 Nm (100 ft-lb) 
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Final drive cover, removing and installing 

- Remove final drive. See Final drive, removing and install- 
ing. 

I 1 4 Remove fasteners (arrows) from rear cover and remove cov- 
er. 

Clean cover and final drive housing sealing surfaces. 

Install new gasket with cover. 
* Installation is reverse of removal. 

- Check differential oil level. See Differential o i l  level, check- 
ing. 

Tightening torque 

Final drive cover to final drive housing 

. M10 (8.8 grade) 45 Nm (33 ft-lb) 

M10 (10.9 grade) 90 Nm (66 ft-lb) 

Final drive mounts, replacing 

- Remove final drive. See Final drive, removing and install- 
ing. 

Rear final drive mounts 

- Remove rear final drive rubber mounts using BMW special 
too ls333314,333315,334 181, and334  183. 

4 Coat new mount with CircolightB anti-friction agent and in- 

. 

stall, noting the following: 

Long bushing on mount must face forward (arrow). 

A shows installation position of mounts. 
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Front final drive mount 

4 Remove front final drive mount using BMW special tools 33 
3312,333314, 333315,334161 and334162. 

I i 4 Coat bearing sleeve in rear axle carrier and rubber mount 
with ~ i r c o l i g h t ~  anti-friction agent. 

Slide rubber mount from side with large diameter into 
BMW special tool 33 4 165. 

Milled recess (A) makes firm contact with rear axle carrier 
when top rubber mount is tightened down. 

The slolled srde ot r11e rubber mounl must be ar r#ghl angles 
lo rhe groove rn specal roo/ 33 '1 165 and shoulo be lrghrened 

I down ~ransversely across the vehicle axis. I 

Draw rubber mount in firmly with BMW special tools 33 3 
314,333315,334164,334165and334166. 

NOTE- 
Male sure special tool 33 4 166 is properly seated. 

0 Rubber mount must locate flush in rear axle carrier. I f  nec- 
essary, rotate special tool 33 4 164 through 90" and draw 
in overlap. 

- Remainder of installation is reverse of removal 
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Drive axles use constant-velocity (CV) joints on both ends. 
For replacement parts, only CV joint boots or complete axles 
are offered by BMW. The procedure for drive axle removal 
varies for sedan and sport wagon. Follow the appropriate pro- 
cedure below. 

Drive axle assembly 

1. lnner CV joint 

2. Drive axle 

3. Outer CV joint 

4. Collar nut 

5. Outer CV boot kit 

6. lnner CV boot kit 

7. Circlip 

8. Dust cover 

9. Reinforcement 

10. Torx bolt 

Drive axle, removing and installing (sedan) 

4 With an assistant applying brakes, break free staked collar 
nut (arrow) at center of rear wheel hub. Do not remove com- 
pletely. 

NOTE- 
The drive flange collar nut is tightened to a torque of over 300 
Nm (221 ft-lb). Male sure the car is firmly on the ground. 

- Raise rear of car. Remove rear wheel 

WARNING - 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place the jack stands beneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Remove f~nal drrve. See Final drive, removing and install- 
ing. 
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4 Remove staked collar nut and press output shafl out of wheel 
hub with special BMW tool 33 2 111/116/117. 

- Remove drive axle. 

- Installation is reverse of removal, noting the following: 

Use a new collar nut. 

a Apply a light coating of oil to contact face of collar nut and 
install it loosely. 

* Install road wheel and lower car to ground. - With an assistant applying brakes, tighten drive axle collar 
nut to its final torque. 

Stake collar nut. 

Tightening torques - 

Drive axle collar nut to drive flange M27 300 Nrn (221 ft-lb) 

Drive axle to differential flange 

* M10x20 rnm black Torx bolt 83 Nrn (61 ft-lb) 

M10x20 rnrn silver Torx bolt 100 Nrn (74 ft-lb) 

Road wheel to hub 120 Nrn f 10 (89 ft-lbf7) 

Drive axle, removing and installing 
(Sport Wagon) 

4 With an assistant applying brakes, brealc free staked collar 
nut (arrow) at center of rear wheel hub. Do not remove com- 
pletely. 

NOJE- 
The drive flange collar nut is tightened to a torque of over 300 
N m  (221 ft-lb). Make sure the car is firmly on the ground. 

WARNING - 
Disable airsupply pump (if applicable) by disconnecting elec- 
tricalplug before performing any repairs. Pump is located be- 
neath a cover under the spare tire in the floor of the cargo 
compartment. 

- Raise rear of car. Remove rear wheel. 

WARNING - 
Malce sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place the jack stands beneath struc- 
tural chassis points. Do not place jack stands under 
suspension parts. 

- Models with rear coil springs: Remove cargo compartment 
floor carpet. 
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Worlting at top of coil spring, press center cap down or pry 
upward to remove. If pushed down, remove from inside coil 
spring. 

4 Worlting from underneath, position BMW special tool 33 2 
301 between 2nd and 3rd spring coil from the bottom. 

Make sure tool recess faces upward. 
Worlting in cargo compartment, guide BMW special tool 33 
2 304 from above and thread into special tool 33 2 301. 

4 Worlting in cargo compartment, attach BMW special tools 33 
2 302.33 2 303 and 33 2 305 to special tool 33 2 304. - Use special tool 33 2 306 to compress spring. 

Tighten until lower spring end lifts off spring seat on wheel 
bearing carrier. 

- Model with air springs: Loosen compressed air pipes at air 
distribution assembly to release system pressure. 

WARNING- 
The vehicle will lower when tlie airpipes are loosened. 

- Remove final drive. See Final drive, removing and install- 
ing. 
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4 Remove staked collar nut and press output shaft out of wheel 
hub with special BMW tool 33 2 11 111 161117. 

- Remove drive axle 

- Installation is reverse of removal, noting the following: 

* Use a new collar nut. - Apply a light coating of oil to contact face of collar nut and 
install it loosely. 

Install road wheel and lower car to ground. 

* With an assistant applying brakes, tighten drive axle collar 
nut to its final torque. 

Stake collar nut. 

Tightening torques 

Drive axle collar nut to drive flange M24 300 Nrn (221 ft-lb) 

Drive axle collar nut to drive flange M27 300 Nrn (221 ft-lb) 

Drive axle to differential flange 

M10x20 rnrn blaclc Torx bolt 83 Nrn (61 it-lb) - M10x20 rnrn silver Torx bolt l o o  Nrn (74 ft-lb) 

Road wheel to hub 120 Nrn+lO (89tt-lbi-7) 

CV joint boots 

NOTE- 
When replacing a CVjoint boot, use a complete CVjoint 
boot repair kit. The l i t  will include a new boot, clamping 
bands, special lubricant, and a new inner CV joint circlip. 
The l i t  is available from an authorized BMW dealerparts 
department. 
The outer CVjoint cannot be removed from the axle shaft 
In order to replace the outer CV boot, i t  is necessary to re- 
move the inner joint and boot first. 
I f  the CVjoints are worn or defective, a complete rebuilt 
axle shaft is available from an authorized BMW dealer 
parts department. 

- Remove appropriate axle shaft. See Drive axle, removing 
and installing (sedan), or Drive axle, removing and in- 
stalling (Sport Wagon). 

- Working with axle shaft at bench, cut off old boot clamps and 
remove boot. Clean old grease off joint and shaft. Use new 
grease from CV joint boot kit. 

4 Remove dust cover from CV joint and remove circlip (arrow) 
retaining joint inner hub to axle shaft. 
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4 Support inner hub with BMW special tools 26 1 110 and 
press axle shaft out of joint using BMW special tool 21 2 120. 

- Clean all old lubricant off shaft splines and inner joint splines. 

If the CVjoint must be disassembled for cleaning and inspec- 
tion, be sure to matchmark inner and outer race and interme- 
diate ball cage. This allows reassembly ofparfs in their 
original positions. 

NOTE- 
To inspect a CVjoint, clean away the grease and loolc forgall- 
ing, pitting, and other signs of wear orphysical damage. Pol- 
ishedsurfaces or visible ball traclts alone are not necessarily 
cause forreplacement. Discoloration due to overheating indi- 
cates laclt of lubrication. 

- Slide CV joint boot onto axle shaft 

- Apply LoctiteO270 or an equivalent heavy-duty loclting corn- 
pound to drive axle splines. Position new CV joint on shaft so 
that raised or taller side of hub is facing shaft. 

WARNING- 
Do not let the locking compound contact the balls in the joint. 
Apply only a thin coat to cover the splines. 

While supporting axle shaft with BMW special tool 33 2 130 
press inner hub of CV joint onto shaft. Install a new circlip. 

- Install new boot clamps. 

- Use sealing gel to seal dust cover to CV joint prior to reinstal- 
lation. 

NOTE- 
* Do not let the ball hub pivot too far in the outer ring of the 

joint. Tlie balls will fa1 out. 
Before installing each small boot clamp be sure to 'burp"the 
boot by flexing the CVjoint. A small screwdriver inserted be- 
tween the boot and the axle shafl will help the process. 

CV joint lubricant capacity 

Wheel hub end 80 gram (2.8 oz) 

Differential end 85 gram (3.0 oz) 
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This repair group covers brake service: 

Brake pads, calipers, and disks 

Master cylinder, bralte booster, and parking brake 

ABS 1 ASC and ABS / DSC component replacement 

ABS 1 ASC and ABS 1 DSC system descriptions are covered 
in 300 Suspension, Steering and Brakes - General. 

Special Tools 

BMW requires the use of either the DIS or the MoDiC diag- 
nostic tool to safely and completely bleed the brak~ng and 
traction control systems. Read all procedures through before 
beginning a job. 

< Parking bralte cable adjusting tool 
(Tool No. BMW 34 1 030) 

4 Brake piston expander 
(Tool No. BMW 34 1 050) 

4 Bralte caliper bolt tool (7 mrn Allen) 
(Tool No. BMW 34 1 080) 

34 I 000 

34 1 090 
< Steel wire brush 7 (Tool No. BMW 34 1 090) 



, Brake caliper bolt tool 

4 ASC bleeder wrench 
(Tool No. BMW 34 3 110) 

4 Brake line flare wrench set (12 mm, 14 mm, 17 mm, 19 rnm) 
(Tool No. BMW 34 3 150) 

34 3 152 
34 3 153 

34 3 154 

4 DSC Dressure sensor installation socltet 

4 ABS IASC or ABSI DSC control unit 42-pin harness adapter 
(break-out adapter) 
(Tool No. BMW 34 5 240) 

0 
(Tool NO. BMW 34 5 160) 



E39 brake system 

BMW E39 models are equipped with vacuum power-assisted 
four-wheel disc brakes with an integral Antilock Brake System 
(ABS). Single-piston calipers act on vented front and rear ro- 
tors. A brake pad wear sensor for each axle indicates when 
brake pads need replacement. The dual drum-type parking 
brake system is integrated with the rear brake rotors. 

Electronic braking and stability control 

E39 models were introduced with Automatic Stability Control, 
a computer controlled traction control system that uses the 
AB5 system in conjunction with engine management controls 
to control wheel spin during take-off and maintain vehicle sta- 
bility while braking. 

Added in the 1998 model year was Dynamic Stability Control 
(DSC). This system implements wheel speed modulation 
throughout all stages of driving. For example, DSC is able to 
reduce understeer by applying differing amounts of braking 
force to each wheel, or it can override the engine manage- 
ment system during hard cornering. 

A summary of distinguishing characteristics of the various 
systems is shown in the table E39 electronic braking and 
stability control systems. 

For ABS, ASC and DSC system and component descriptions, 
see 300 Suspension, Steering and Brakes-General. 

WARNING- 
A car with electronic stability control is still subject to normal 
physical laws. Avoid excessive speeds for the road conditions 
encountered. 

E39 electronic braking and stability control systems 

Year (model) 

manuf. up to 911998 
(528i, 540i) 

manuf. from 911999 
(540i optional)* 

From 911 999 
(ail models) 

System 

Automatic Stability Control (ASC) 

Identifiers 

Electronic control module next to glove compartment 
Hydraulic unit in right rear of engine compartment 
No precharge pump 

Dynamic Stability Control 
(Bosch DSC Ill v. 5.3) 

Dynamic Stabil~ty Control 
(Bosch DSC Ill v. 5.7) 

Electronic control module next to glove compartment 
Hydraulic unit in right rear of engine compartment 
Precharge pump in left front of engine compartment, below steering 
fluid reservoir 
Separate rotational rate (yaw) and lateral acceleration sensors 

Control modulelhydraulic unit in right rear of engine compartment 
No precharge pump 
Combined rotational rate (yaw) and lateral acceleration sensors 



Brakes 

Troubleshooting 

Brake performance is mainly affected by three things: 

Q Level and condition of brake fluid 

Ability of bralte system to create and maintain pressure 

Condition of friction components 

Air in bralte fluid will make the brake pedal feel spongy during 
braking orwill increase the bralte pedal force required to stop. 
Fluid contaminated by moisture or dirt can corrode the sys- 
tem. lnspect the brake fluid inside the reservoir. If it is dirty or 
murky, or is more then two years old, replace fluid. 

To check the function of the master cylinder hold the bralte 
pedal down hard with the engine running. If the pedal slowly 
falls to the floor, either the master cylinder is leaking internal- 
ly, or fluid is leaking externally. 

lnspect the rotors for glazing, discoloration and scoring. 
Steering wheel vibration while braking at speed is often 
caused by warped rotors, but can also be caused by worn 
suspension components. 

When troubleshooting, keep in mind that tire inflation, wear 
and temperature can all have an affect on braking. See 300 
Suspension, Steering and Brakes-General for additional 
suspension and brake system troubleshooting. 

The table Brake system troubleshooting lists symptoms of 
brake problems, probable causes, and suggested corrective 
actions. Unless noted otherwise, relevant repairs are de- 
scribed later in this repair group. 
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1 Brakes 

Brake system troubleshooting 

/symptom I Probable cause 1 Repairs 

Brake squeal 

Pedal goes to floor when 
bralting 

Low pedal after system bleeding 

Pedal spongy or brakes work 
only when pedal is pumped 

Excessive braking effort 

Brakes pulsate, chatter or grab 

Uneven bralting, car pulls to one 
side, rear braltes loclt 

Brakes drag, bind or overheat 

Brake pad carriers dirty or corroded or 
pads loose (poor fit) in pad carrier 

Braite pads heat-glazed or oil-soaked 

Wheel bearings worn (noise most 
pronounced when turning) 

Incorrectly Installed brake pads, 
parking bralte shoes, or bralte parts 

Brake fluid loss due to system leaks 

Master cylinder or traction control 
system faulty 

Master cylinder faulty 

Air in braite fluid 

Master cylinder or traction control 
system faulty 

Brake pads wet 

Brake pads heat-glazedorfluid-soalted 

Vacuum booster or vacuum hose 
connections to booster faulty --- 
Warped brake rotors 

Brake pads worn 

Brake pads heat-glazed or oil-soaked 

Remove brake pads and clean calipers. Use original 
equipment pads for proper fit and use BMW anti-squeal 
compound during installation, 

Replace brake pads. Ciean rotors. Replace leaking caliper: 
as required. 

Replace worn bearings. See 310 Front Suspension or33C 
Rear Suspension. 

Check component installation. Checldreplace anti-rattle 
springs. 

Checlt fluid level and inspect for signs of leakage. 

Replace master cylinder. Diagnose traction control system 
using factory or compatible diagnostic tool. 

Replace master cylinder. 

Bleed system using factory or compatible diagnostic tool. 

Replace master cylinder. Diagnose traction control system 
using factory or compatible diagnostic tool. 

Use light pedal pressure to dry pads while driving. 

Replace bralte pads and rotors. Replace leaking calipers. 

lnspect vacuum lines. Test vacuum booster and replace as 
required. Test vacuum non-return valve for one-way flow. 

Resurface or replace rotors. 

Replace brake pads. 

Clean rotors. Replace leaiting calipers. 

Incorrect tire pressures or worn tires 

Brake pads on one side of car heat- 
glazed or fluid-soaked 

Caliper or brake pads binding 

Worn suspension components 

Brake caliper or brake pads binding 

Master cylinder or traction control 
system faulty 

lnspect tire condition. Checlt and correct tire pressures. 

Replace brake pads. Clean rotors. Replace leaking 
calipers. 

Clean and recondition brakes. 

Inspect for worn or damaged suspension components. See 
310 Front Suspension or 330 Rear Suspension. 

Ciean or replace caliper. 

Replace master cylinder. Diagnose traction control system 
using faclory or compatible diagnostic tool. 



Brakes 

Warnings and cautions 

WARNING- . E39 cars require special BMWsen/ice equipment toprop- 
erly bleed the brake hydraulic system. See Bleeding 
Brakes for additional information. 

Semi-metallic and metallic brake friction materials in 
brake pads or shoes may produce dangerous dust. 

Brake fluid is poisonous, corrosive and dangerous to 
the environment. Wear safety glasses and rubber 
gloves when worliing with bralie fluid. Do not siphon 
brake fluid with your mouth. Dispose of brake fluid 
properly 

Do not reuse self-locking nuts, bolts or fasteners. They 
are designed to be used only once and may fail if re- 
used. Always replace them with new self-locliing fas- 
teners. 

CAUTlOI\C 
Immediately clean bralie fluid spilled on painted surfaces 
and wash with water, as bralie fluid will remove paint. 

Always use new brake fluid from a fresh, unopened 
container. Brake fluid will absorb moisture from the air. 
This can lead to corrosion problems in the braking sys- 
tem, and will also lower the fluid boiling point. . Plug open lines and brake fluid ports to prevent con- 
tamination. 

Only tighten brake hoses on front wheels with wheels 
in straight ahead position. 

If carrying out electric welding worlc, be sure to discon- 
nect electrical harness connector from electronic con- 
trol module. 

Do not expose electronic control modules to high sus- 
tained heat, such as in a paint drying booth. Maximum 
heat exposure:-95°C (203 OF) for short periods of time- 
85'C (185°F) for Ions periods of time (approx. 2 hours) 
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Brake bleeding is usually done for one of two reasons: either 
to replace old brake fluid as part of routine maintenance or to 
expel trapped air in the system that resulted from opening the 
brake hydraulic system during repairs. 

Read the Warnings listed below before beginning the bleed- 
ing procedure an on any E39 car. If air enters the ACS or DSC 
hydraulic unit, the factory BMW Service Tester MUST be 
used in conjunction with a bralte pressure bleeder before the 
vehicle is driven. 

The BMW ServiceTester (DISpluslGT1iMoDiC) must be 
used to bleed the braltes if: 

Any hydraulic brake system components are replaced, in- 
cluding bralte lines. 

Air has enter the ABSIASC or ABSlDSC hydraulic unit. 

WARNING - 
* The ASC and DSC systems use electronic controls and a 

sophisticated hydraulic unit Once air enters the hydraulic 
unit, it is very difficult to remove using traditional methods. 
For this reason, pressure brake bleeding should be done 
in conjunction with the BMW Sewice Tester (DIS- 
plus/GTl/MoDiC). The tester electrically cycles the hy- 
draulic unit solenoids in the hydraulic unit while 
pressurized brake fluid is forced through the system. 

When flushing the brake fluid from the system, use ex- 
treme care to not let the brale fluid reservoir run dry If 
air enters the hydraulic unit, the BMW Service Tester 
MUST be used to bleed the brale system before the 
vehicle is driven. 

Always use new brake fluid from an unopened container. It is 
important to bleed the entire system when any part of the hy- 
draulic system has been opened. Be sure to have the special 
equipment needed before beginning the job. 

When bleeding the braltes, start atthe wheel farthest from the 
master cylinder and progress in the following order: 

right rear brake 

left rear brake 

* right front brake 

left front brake 



Brakes 

Brakes, bleeding 

The procedure below requires a BMW Service Tester (DIS- 
pluslGTl/MoDiC). 

- Determine type of traction control (ASC, DSC with precharge 
pump, DSC without precharge pump). Be sure to use correct 
specification brake fluid, according to application table below. 

Brake fluid applications 

ABS I ASC and ABS / DSC models DOT 4 brake fluid 
with precharge pump (to 911998) 

ABS I DSC models without precharge DOT 4 low viscosity 
pump (911998 and later) brake fluid 

< Remove left side interior ventilation microfilter housing: 

Remove upper cover and microfilter loclting clip (A). 

Release locking clamp (B), and rotate air tube in direction 
of arrow to remove. 

Disconnect wiring harness from hood switch (C) .  
Release filter body mounting clamp (D) and remove lower 
microfilter housing. 

- Top off bralte fluid in reservoir and connect BMW Service 
Tester to 20 pin Data Link Connector (DLC) under hood or 16 
pin DLCIOBD I1 connector under dash. 

- Call up service function Bleeding ABS / ASC or service func- 
tion Bleeding ABS / DSC, depending on installed system. 

- Fill pressure bleeding device with the correct brake fluid and 
connect to brake fluid reservoir and apply pressurize. 

Do not exceed a pressure of 2 bar (29 psi) when pressure 
bleeding the brake system. Excessive pressure will damage 

4 Starting at right rear wheel, connect bleed hose and fluid re- 
ceptacle to bleeder screw (arrow). 

CA UTlON- 
Bleeder hose must always remain submersed in clean brake 
fluid whenever the bleeder valve is open. 



Brakes 

- Open bleeder screw. Carry out bleeding procedure with 
BMW Service Tester until clear, bubble-free fluid flows. 

Models with DSC: After BMW Service Tester bleeding rou- 
tine has finished, press brake pedal to floor 5 times until 
clear, bubble-free fluid runs out. Close right rear bleeder 
valve. 

Models with ASC: Close right rear bleeder valve. 

- Repeat procedure at left rear brakes. 

- Repeat BMW Service Tester bleeding at right front brakes. 

Models with DSC: After BMW Service Tester bleeding rou- 
tine has finished, press brake pedal to floor 5 times until 
clear, bubble-free fluid runs out. Close right front bleeder 
valve. 

Models with ASC: After BMW Service Tester bleeding rou- 
tine has finished, press brake pedal to floor 12 times until 
clear, bubble-free fluid runs out. Close right front bleeder 
valve. 

- Repeat procedure at left front brakes. 

- Remove brake bleeding apparatus and disconnect BMW 
Service Tester. Top up brake fluid. Check to make sure brake 1 

fluid reservoir cap seal is intact. 

Tightening torques 

Bleeder screws (wrench size) - 7 rnrn screw 3.5 - 5 Nrn (2.5 - 3.7 ft-lb) 

11 rnrn screw 12-16Nrn(9-12ft-lb) 



Brakes 

BRAKE PADS, CALIPERS AND ROTORS 

Brake pads, 
calipers, and rotors 

Braking system 
components 

1. Brake caliper guide bolts 

2. Brake caliper 

3. Brake pad wear sensor 

4. Brake pad anti-rattle clip 

5. Brake pads 

6. Front brake rotor retaining bolts 

7. Front brake rotor 

8. Rear brake rotor retaining bolt 

9. Rear brake rotor 

10. Parking brake shoes with hard- 
ware 

11. Rear brake backing plate 

12. Brake pad carrier 

13. Brake pad carrier retaining bolts 
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Brakes 

Brake pads, checking and replacing 

Brake pads can be replaced without disconnecting the brake 
fluid hose from the caliper or having to bleed the brakes. The 
rotors can be replaced without disassembling wheel hub and 
bearing. Always machine or replace rotors in pairs. Replace 
pads in sets. 

Front and rear brake pad replacement procedures are identical. 

WARNING - 
* Altllough semi-metallic andmetallic brale friction materials 

in brake pads or shoes no longer contain asbestos, they 
produce dangerous dust. 

Treat all brale dust as a hazardous material. 

Do not create dust by grinding, sanding, or cleaning 
brake friction surfaces with compressed air. 

CAUTION-- 
Pressing caliper piston in may cause brake fluid reservoir to 
overflow To prevent this, use a clean syringe to first remove 
some fluid from reservoir. 

Raise car and remove wheels, 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
parts. 

\ / 4 To measure brake pad lining thickness, insert BMW special 

n 1 tool 34 1 260 at either frontilght wheel or left rear wheel - 
Move wheel until notch for brake wear indicator can be 
seen through wheel opening. 

Insert tip of tool into notch so that the body of tool rests on 
brake pad backing plate (A), and tip touches bralte disc 
(B). 
Replace pads if thickness is 3.0 mm (0.12 in) or less. 

Pry off bralte calipe~ , anti-rattle spring (arrow). 



4 Remove plastic caps from caliper mounting bolts (arrows). 
Use BMW special tool 34 1 080 (7 mm Alien wrench) to re- 
move caliper mounting bolts. Remove caliper from pad carri- 
e r. 

NOTE- 
I f  there is a ridge on brake rotor edge, press caliper pistons 
back into caliper before removing caliper. 

- Check brake rotor thickness. Inspect for rust or damage. if 
necessary replace or machine brake rotors as described lat- 
er. Bralte rotor specifications are given in table below. 

Spread bralte pads using BMW special tool 34 1 050 or 
equivalent. Remove brake pads. 

CA U T I O G  
Pressing caliperpistons in may cause brake fluid reservoir to 
overflow. To prevent this, use a clean syringe to first remove 
some fluid from reservoir. 

NOTE- 
Inner brake pad lias a spring to locate i t  in the caliper piston. 

4 Carefully pry pad wear sensor from brake pad 

- Check caliper dust boots for damage and replace if neces- 
sary. 

- Clean contact surfaces between caliper and caliper carrier. 

C"..., I,.. P,hi..,,,.r.. mm-*ii Ai"i,li "1.i"~"d 
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4 Apply a thin coating of BMW anti-squeal compound to caliper 
contact face (arrow). 

Do not apply grease to brake pad backing plate. 

Right Left 

CAUTION- 
Do not let calliper rubber dust sleeve come in contact with 
anti-squeal compound. The rubber will swell and deteriorate. 

4 Apply a thin coating of BMW anti-squeal compound to bralte 
pad rests (arrows) on pad carrier. 

4 When installing directional brake pads, install the marked 
pads as shown. 

NOTE- 
BMW-supplied (OEM) front brake pads may be marked as di- 
rectionalpads. Aftermarket brands are generally not labeled 
as directional. When installing directional pads, be sure to in- 
stall them as indicated in the illustration. 

- Where applicable, insert brake pad wear sensor into cutout 
in new pad. Push sensor into pad cutout until it locks into 
place. - - 

- 
NOTE- 
If brake lining indicator light illuminatedprior to brake pad re- 
placement, replace wear sensor. 

- Route pad wear sensor wiring through caliper opening and 
under bleeder dust cap. 
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- Remainder of installation is reverse of removal. - Clean brake caliper mounting bolts (7 mm Allen). Replace 
ones which are not in perfect condition. Do not grease. 

Top up brake fluid to MAX marking. - Before driving car, pump bralte pedal several times so that 
brake pads contact brake rotors. 

Check that brake fluid level is correct. Top up if necessary. 

Hold ignition key for at least 30 seconds in accessory po- 
sition without starting engine. This clears any fault codes in 
memory and turns off brake pad warning light. 

Tightening torques 

Brake caliper to pad carrier (7 mm Allen) 

Front caliper 30 Nm (22 It-lb) 

- Rear caliper 28 Nm (21 It-lb) 

Road wheel to hub 120i 10 Nm (89i7 ft-lb) 

Brake rotors, removing and installing 

- Raise car and remove wheels 

WARNING- 
Male sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 
parts. 

Remove brake caliper carrier bolts (arrows). Suspend brake 
caliper from chassis using stiff wire. 

NOTE- 
Hydraulic brake line remains connected. 

4 Remove bralte rotor mounting screw (arrow) and remove ro- 
tor. 

- Inspect rotor for cracks, signs of overheating and scoring. 

- Minimum allowable thickness (MIN TH) is stamped on rotor 
hub. Measure rotor braking surface with a micrometer at 
eight to ten different points and use the smallest measure- 
ment. Compare to specifications in table below. 

- If rotor does not pass minimum thickness requirements or is 
damaged, replace rotor. 
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Max. machine limit per 
friction ring side 0.8 mm (0.03 in) I 

Brake rotor reconditioning specifications 

Model 

Replace braite rotors in pairs 

Bralre rotor sizes 

Clean rotor with brake cleaner before installing. 

Front 

Model 

6-cylinder models (5251, 
5281, 530i) 

V-8 models (540i) 

* When installing new rear brake rotors, adjust pariting brake 
as described later, in Parking brake, adjusting. 

Rear 

Vented rotor wear limit (min. thickness) 

Tightening torques 

Braite rotor to hub 16 Nm (12 ft-lb) 

6-cylinder models 
(525i, 5281, 530i) - V-8 models (540i) 

Front 

296 mm (1 1.65 in) 

324 mm (12.76 in) 

Front bralte pad carrler to steering ltnucitle 110 Nm (81 ft-lb) 

Rear 

298 mm (1 1.73 in) 

Rear brake pad carrier to wheel bearing carrier 65 Nm (48 ft-lb) 

20.4 mm (0.80 in) 

28.4 mm (1.12 in) 

Road wheel to hub 120 i lONm 
(89 -t 7 it-lb) 

18.4 mm (0.72 in) 

The brake master cylinder is mounted to the front of the vacu- 
um booster on the driverside bullthead. - 

CAUTION- 
All E39 vehicles soldin the USA are equipped with Antilock 
Braling System (ABS) and either Automatic Stability Control 
(ASC) or Dynamic Stability Control (DSC). In order for the 
braling and stability controls to work properk if the brake 
master cylinder is replaced, make sure that the brake system 
is bled by an authorized BMW dealer or other qualified repair 
facility using the BMW Service Tester. See Brake Bleeding 
earlier in this group. 
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Master cylinder, removing and installing 

CAUTlOI\C 
Brake fluid is highly corrosive and dangerous to the environ- 
ment. Dispose of it properly. 

4 Remove left side interior ventilation microfilter housing: 

Remove upper cover and microfilter locking clip (A). - Release locking clamp (B), and rotate air tube in direction 
of arrow to remove. 

Disconnect wiring harness from hood switch (C). 
Release filter body mounting clamp (D) and remove lower 
microfilter housing. 

4 Remove side trim panel from left rear of engine compartment 
by releasing clips (arrows). 

4 Disconnect bralte fluid level sensor connector (A) from fluid 
reservoir. Remove reservoir cap. . Using a clean syringe, empty bralte fluid reservoir. 

Where applicable, disconnect hydraulic clutch system sup- 
ply line from fluid reservoir duct (5). Keep supply line sup- 
ported and above clutch master cylinder to prevent air 
bubbles from reaching clutch hydraulic system. 
Where applicable, disconnect DSC system precharge 
pump supply line from fluid reservoir duct (C). Secure sup- 
ply line in vertical position to prevent fluid loss. 
Plug open brake fluid lines and ducts to prevent fluid leak- 
age or contamination. 

- Remove brake fluid reservoir by tilting sideways. 
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Disconnect master cylinder brake lines (A) 

Plug open brake lines to prevent contamination. 

Remove master cylinder mounting nuts (6)  and remove 
cylinder. 

NOTE- 
I t  may be necessary to remove the brake booster with master 
cylinder attached due to limited access. Bralce master cylin- 
dercan then be removed from booster. See Brake booster, 
removing and installing later in this repair group. 

- During reinstallation, make sure all nuts, fluid couplings, 
thread bores, and mating surfaces are clean. 

- Mount master cylinder to bralte booster using new sealing O- 
ring and new self-locking nuts. 

CAUTIOI\C 
* Be sure to align master cylinderpushrod and booster 

pushrod. 

* Do not over-torque master cylinder mounting nuts. This 
could damage the brake booster and prevent proper 
vacuum build-up. 

Tightening torque 

Brake master cylinder to brake booster 26 Nm (19 ft-lb) 

- Connect bralte fluid lines to master cylinder. 

Tightening torque 

Brake fluid line to master cylinder 18 Nm (13 ft-lb) 

- Carefully reinstall fluid reservoir using new sealing grommets. 

- Reconnect precharge pump fluid supply hose, if applicable. - 

- Reconnect hydraulic clutch fluid supply hose, if applicable. 

- Remainder of installation is reverse of removal. 

Top up with fresh brake fluid. 
Bleed entire brake system as described earlier 
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The brake booster is mounted to the bulkhead on driver's side 
of the engine compartment, directly behind the brake master 
cylinder. Intake manifold vacuum acts on a large diaphragm 
in the brake booster to reduce brake pedal effort. 

Brake booster check valve 

The checlc valve in the bralte booster vacuum line prevents 
contamination from engine backfires and other sources from 
entering the bralte booster. 

Location of check valve varies, depending on year and mod- 
el. 

4 6-cylinder models (528i): 

1. Intake manifold 

2 Hose clamp 
3. Vacuum line 

4. Upper hose bracket 

5. Grommet 
6. From 911998: Check valve in grommet in booster. 

Remove left ventilation filter housing for access. 

7. To 911 998: Check valve in vacuum hose. Remove left 
ventilation filter housing, peel back trim rubber below 
housing and unclip upper hose brackets to access hose 
clamps and valve. 

8. Lower hose bracket 

9. Brake master cylinder 

10. Brake booster 

< 6-cylinder models (525i, 530i): Remove left ventilation filter 
housing to access checlc valve. 

1. Vacuum hose 

2. Hose clamp 
3. Hose bracket 

4. Check valve in grommet in booster 

5. Braite master cylinder 
6. Grommet 

7. Brake booster 

4 V-8 models (540i) to 911998: Check valve (arrow) in vacuum 
line behind left cylinder head. 

- V-8 models (540i) from 911998: Checkvalve in brake booster. 

Remove left ventilation filter housing to access valve. 
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- Pump brake pedal a few times to reduce vacuum in brake 
booster. This makes removal of check valve easier. 

- Remove or loosen hose clamp(s) at check valve. 

- Disconnect hoses. Remove valve to test or replace. 

NOTE- 
If valve is pressed into grommet in vacuum booster, pry it out 
carefully. 

- Reinstall valve using new hose clamps 

NOTE- 
Install the valve so that the molded arrow is pointing toward 
the intake manifold. 

Brake booster, removing and installing 

CAUTIO& 
All E39 vehicles sold in the USA are equipped with Antiloclc 
Braking System (ABS) and either Automatic Stability Control 
(ASC) or Dynamic Stability Control (DSC). In order for the 
bralchg and stability controls to work properk if brake fluid 
lines are disconnected and reconnected, male sure that the 
brake system is bled by an authorized BMW dealer or other 
qualified repair facility using the BMW Service Tester: See 
Brake Bleeding earlier in this group. 

- Disconnect negative (-) cable from battery. 

I CAUTION- I 
Prior to disconnecting the battery read the battery discon- 
nection cautions given in 001 General Cautions and 

I Warnings. I 

- Remove bralte master cylinder as described earlier. 

- Disconnect engine vacuum hose from bralte booster. 
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Pull down panel 

If applicable, disconnect electrical harness 
rows) from 16-pin OBD-ll plug. 

Remove panel from interior. 

connectors (ar- 

Working above and in front of pedals, remove locking clip (A) 
and slide brake booster pushrod off bralte pedal pin. Remove 
brake booster mounting nuts (6).  

Working in engine compartment, carefully separate bralte 
booster from engine compartment bulkhead. 

CAUTION- 
Do not use force on booster when separating from bulkhead. 
This can damage booster and pushrod. 

Remove booster by tilting out in direction of engine. Lift 
booster up and out of engine compartment. 

- Installation is reverse of removal, noting the following: 

Make sure all nuts, fluid couplings, thread bores and mat- 
ing surfaces are clean. 

Replace bralte booster self-locking mounting nuts. 

Replace sealing O-ring between master cylinder and bralte 
booster. 

Bleed bralte system as described earlier. 

CAUTION-- 
Do not over-torque tlie master cylinder mounting bolts. 
This could damage the bralce booster and prevent proper 
vacuum build-up. 

After 30 minutes of use recheclc the torque on bralce 
booster mounting nuts. 

Tightening torques 

Brake master cylinder to brake booster 26 Nm (19 it-lb) 

Brake booster to bulkhead 22 Nm (16 it-lb) 
(Recheck torque after 30 minutes of use.) 

Brake fluid line to master cylinder 18 Nm (13 it-lb) 

NOTE- 
When replacing the brake booster check valve or vacuum 
hose, install the valve so that the molded arrow is pointing to- 
ward the fntalce manifold. Use new hose clamps 
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Parking brake components 

1. Clamp 

2. Parking brake cable 

3. Cable bracket 

4. Grommet 

5. Adjusting screw 

6. Support 

7. Shoe expander 

8. Return springs 

9. Parking brake shoe 

10. Lock down spring 

11. Shoe retaining pin 

12. Adjuster 

Parking brake, adjusting 

The parking brake is a brake drum system integrated into the I 

rear brake rotors. It can be adjusted with the wheels installed, 
although the rear wheels will have to be raised off the ground. 

- Adjusting the parking bralte becomes necessary under the 
following circumstances: 

After replacing parking bralte shoes 
After replacing rear brake rotors 

Excessive stroke of parking brake handle required for ac- 
tuation (more then 10 clicks) 

After replacement of brake shoe adjuster or parking bralte 
cable(s) 

- Lift parking brake lever boot out of console. While holding ca- 
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- Using flat-bladed screwdriver, reach into brake drum through 
lug bolt hole. Turn brake adjuster until wheel no longer turns. 
Back adjuster off 12 notches. 

Parking brake adjusting (initial) 

Back off adjuster through wheel 
lug bolt hole 

12 notches 

- Working inside car, set parking brake several times to seat 
cable. Then pull parking brake lever up two notches. Tighten 
cable adjusting nuts until it is just possible to turn rear wheels 
with slight resistance. 

- Release lever and make sure rear wheels turn freely 

- Turn on ignition. Pull up parlting brake lever 1 notch and 
make sure that parking bralte warning light comes on. if not, 
adjust parking bralte warning light contact switch. 

- Install parking brake lever boot. Install road wheel lug bolts. 

Tightening torque 

Road wheel to hub 120 i. 10 Nrn (89 i- 7 ft-lb) 

Parking brake shoes, removing and 
installing 

- Raise rear of car and remove road wheels. 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jaclc stands under suspension 
parts. 

- Without disconnecting brake fluid hose, remove rear bralte 
calipers from trailing arms. Remove rear brake rotors as de- 
scribed earlier. 

CAUTION- 
Do not let the brake caliper assembly hang from the brake 
hose. Support caliper from chassis with strong wire. 

4 Unhook return sprlngs (arrows) from brake shoes 
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4 Remove brake shoe retaining pins using BMW special tool 
34 4 000 or equivalent. 

Rotate retainer 114 turn to release. 

Spread shoes apart and lift out. 

4 Note position of bralte shoe adjuster (arrow). 

Right side is illustrated. Left is mirror image of this. 

- Apply thin coat of grease to sliding parts and pins before re- 
assembly. 

- Installation is reverse of removal. Be sure to adjust parlting 
bralte cables as described earlier. 

Tightening torque 

Road wheel to hub 120 i l o  Nm (89 i 7 ft-lb) 

Parking brake cable, replacing 

The parking brake is actuated by two separate Bowden ca- 
bles. Each cable can be replaced separately. 

- Working inside car, gain access to base of parking brake - 

handle by removing center console storage tray and center 
armrest, as necessary. 

4 Use BMW special tool 34 1 030 or equivalent deep 10 mm 
socket to remove parlting brake cable loclc nuts (A) at base of 
parking brake handle. 

- Raise rear of car. 

WARNING - 
Male sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jaclc stands under suspension 
Darfs. 
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- Remove complete exhaust system as described in 180 Ex- 
haust System. 

- Remove center tunnel heat shield. 

< Pull parlting brake cable out of body guide tube (arrow) and 
detach from routing bracltets, noting correct routing for rein- 
stallation. 

- Remove parlting bralte shoes as described earlier. 

4 Pull shoe expander (A) forward, disconnect parlting bralte 
cable (B) and remove expander. 

4 Reroute new cable under car, attaching to bracltets (arrows). 

- Remainder of installation is reverse of removal. 

Adjust parking brake as described earlier. 
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ABS COMPONENT REPLACEMENT 

CA UTIOW- 
If the tires on the car are of different makes, the ABS/trac- 
tion controlsystem may overreact. Only fit tires of the same 
make and treadpattern. 

In adverse conditions, such as trying to rock the car out 
of deep snow or other soft surface, or when snow 
chains are fitted, it is advisable to switch off traction 
control and allow tlie car driveline to operate conven- 
tionally. 

All E39 vehicles are equipped with Antilock Braking System 
(ABS). Early production models featured ABS with Automatic 
Stability Control (ABS I ASC). Later models came equipped 
with ABS and Dynamic Stability Control (ABS / DSC). This 
manual will refer to these systems as ABS. ASC or DSC will 
be specified when necessary. 

For ABS system and component descriptions, see 300 Sus- 
pension, Steering and Brakes-General. 

Wheel speed sensor, replacing 

- Raise applicable end of car. 

Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place jack stands beneath structural 
chassis points. Do not place jack stands under suspension 

< Front sensor: Unscrew mounting bolts (arrows) at steering 
knuckle. 

4 Rear sensor: Unscrew mounting bolt (arrows) in rear wheel 
bearing carrier. 

NOTE- 
ABS wheelspeed sensor application may vary depending on 
traction control system installed. 



4 Disconnect and remove speed sensor electrical harness (ar- 
row) from retaining mounts. (Lefl front wheel shown). 

- During installation, apply thin coat of StaburagsBNBU 12/K 
or equivalent grease to speed sensor and housing. 

- Installation is reverse of removal. 

Tightening torque 

ABS wheel speed sensor to steering knuckle or 8 Nm (6 It-lb) 
rear wheel bearing carrier 

ABS impulse wheel 

The front and rear impulse wheels are integral with the inner 
wheel bearing seal and not available as separate part. See 
310 Front Suspension or 330 Rear Suspension for wheel 
bearing replacement procedures. 

DSC lateral acceleration or rotational rate 
(yaw) sensor, replacing 

DSC system on 1998 cars (Bosch DSC Ill v. 5.3): Lateral ac- 
celeration sensor and rotational rate (yaw) sensor are sepa- 
rate units, both mounted underneath or in front of driver's 
seat. 

DSC system on 1999 and later cars (Bosch DSC Ill v. 5.7): 
Lateral acceleration sensor and rotational rate (yaw) sensor 
are combined into one unit, located under driver's seat. 

- Remove driver's seat. See 520 Seats. 

- Lateral acceleration sensor (1 998 models): Remove lower 
lefl door pillar trim (driver's kick panel) to access sensor. Pull 
up carpet as necessary to reach sensor harness connector 
or fasteners. 

4 Rotational rate (yaw) sensor (1998 models): Remove plastic 
trim at door sill to access sensor (arrow). Pull up carpet and 
move insulation forward as necessary to reach sensor har- 
ness connector or fasteners. 

- Combined lateral acceleration / rotational rate (yaw) sensor 
(1 999 and later models): Remove plastic trim at door sill to 
access sensor. Pull up carpet and move insulation forward as 
necessary to reach sensor harness connector or fasteners. 

- Disconnect electrical harness connector at sensor. 

- Combined sensor (1 999 and later models): Remove sensor 
bracket mounting screws. 
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- Remove sensor mounting screws. Lift sensor away from 
bracket. 

- Installation is reverse of removal. 

CAUTION- 
Be sure to tighten the DSC acceleration sensor(s) and 
mounting bracket, i f  applicable, to specified torques. The 
sensor is vibration sensitive and subject to cause DSC 
malfunctions i f  installed improperly. 

a After replacing the sensor, perform sensor adjustment 
using either DIS or MoDiC under Service Functions 
menu. 

Tightening torques 

Lateral acceleration I rotational rate sensor 8 Nm (6 R-ib) 
to bracket 

Sensor bracket to body 8 Nm (6 ft-lb) 

DSC steering angle sensor, removing and 
installing 

4 Remove lower dash panel mounting fasteners (A) and (5). 

- Remove steering column lower trim panel. See 320 Steering 
and Wheel Alignment. 

Remove steering shaft clamping bolt (arrow). 

Disconnect sensor wiring harness connector. 



Remove snap ring from steering shaft. 

- Slide steering angle sensor off steering shaft 

< Installation is reverse of removal, noting the following. 

Take care to line up loclting pin (arrow) with mount hole in 
sensor. 
Perform steering angle offset test using BMW scan tools 
DISplus, GT1, or MoDiC. Once calibrated, the sensor 
sends a confirmation ID code to the DSC control module 
to indicate proper calibration. 

DSC precharge pump, removing and 
installing (1 998 models) 

1998 V-8 cars with Bosch DSC Ill v. 5.3 are equipped with a 
DSC precharge pump mounted in the engine compartment. 
There is no separate precharge pump in the Bosch DSC Ill v. 
5.7 system (1999 models and later). 

WARNING- 
E39 cars require special BMWservice equipment to properly 
bleed the brakes. Removal of hydraulic components is not 
recommended unless this equipment is available. For safety 
reasons, the brake system on cars with ABS must be bled us- 
ing the procedures described in this repair group. 

- Using a clean syringe, empty brake fluid reservoir. 

CAUTIOI\C 
Brake fluid is highly corrosive and dangerous to the environ- 
ment. Disoose of it orooerlv. 

Working at precharge pump, disconnect hydraulic lines (A) 
and electrical harness connector (6). Clean up dripping fluid. 

hydraulic unit. Label all con- 
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- Remove precharge pump mounting bracket fasteners and re- 
move pump. 

- Installation is reverse of removal, noting the following: 

Be sure to replace rubber pump mounts if damaged 01 

worn. 
Bleed brakes as described earlier. 

Tightening torque 

Brake line to precharge pump 18 Nrn (13 ft-lb) 

DSC pressure sensor (1 999 - 2002 models) 

On 1999 and later DSC systems, the DSC pressure sensor is 
screwed into the DSC hydraulic unit (right rear of engine com- 
partment). 

WARNING- 
* €39 cars require special BMW service equipment to prop- 

erly bleed the brakes. Removal of the DSCpressure sensor 
is not recommended unless this equipment is available. For 
safety reasons, the brake system on cars with ABS must be 
bled using the procedures described in this repair group. 

Switch off ignition and remove key to male sure brake 
system cannot be activated. 

- Disconnect electrical harness connector at switch. 

- Use BMW special tool 34 5 160 to remove and install sensor. 

Inspect threads and sealing surfaces for damage. 

* Work quicltly to avoid excessive brake fluid leakage. 

Tightening torque 

Pressure sensor to hydraulic 19 Nrn (14ft-lb) 
unit 

- Reconnect harness connector 

- Bleed front brakes as described earlier. 

- Press on brakes and check for leaks at sensor. 

- Turn on ignition and firmly depress brake pedal. Check that 
DSC warning light does not come on. 
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ABS 1 traction electronic control module 
(1 997 -1 998 models) 

4 The traction control electronic control module in 1997- 1998 
models is located to the left of the glove compartment. 

NOTE- 
In both ASC and early DSC systems this location is used for 
the electronic control unit. 

- Before removing the traction control electronic module, read 
any fault codes in memory. 

ABS I DSC control module 
(1 999 - 2002 models) 

The DSC electronic control unit in 1999 and later models 
(from 911998) is bolted to the DSC hydraulic unit in the right 
rear of the engine compartment. 

- Before removing the traction control electronic module, read 
any fault codes in memory. 

- Install electronic control unit using new screws. 

Tightening torque 

DSC electronic control unit to 2.9 Nrn (26 in-lb) 
hydraulic unit (use new screws) 

- Code newly installed module using either DIS or MoDiC. 

- Adjust steering angle sensor using menu item Service func- 
tion in DIS or MoDiC. 

ABS I traction control hydraulic unit, 
removing and installing 

WARNING - 
E39 cars require special BMWsewice equipment to properly 
bleed the brakes. Removal of the hydraulic unit is not recom- 
mended unless this equipment is available. For safety rea- 
sons, the brake system on cars with ABS must be bled using 
the procedures described in this repair group. 

NOTE- 
Before starting this procedure, read control module mem- 
ory and print out diagnostic record. 
DSC system: Adjust steering angle sensor using either 
DISplus, GTI, or MoDiC. After completing work, function 
test control module. 
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The procedure for removing the ABS I ASC or ABS I DSC hy- 
draulic unit is similar for all models. The unit is located at the 
right rear of the engine compartment. 

- Using a clean syringe, empty brake fluid reservoir. 

CAUTION- 
Brake fluid is highly corrosive and dangerous to the environ- 
ment. Dispose of it properiw 

4 Disconnect electrical harness connector (A) at hydraulic unit 
(1998 DSC hydraulic unit in V-8 model shown). 

Where applicable, detach electrical harness connector to 
DSC pressure sensor. 
Mark brake lines (arrows) in relation to their placement on 
hydraulic unit. Detach lines from unit using appropriate 
sized flare wrench. 
Seal open brake fluid lines and bores with suitable plugs to 
prevent contamination. 

- Carefully push aside brake lines from retainerslgrommets 
that may be in the way of hydraulic unit removal. Use care not 
to kink brake lines. 

- Remove hydraulic unit mounting screws. Remove hydraulic unit. 

- If necessary, separate hydraulic unit from control module. 

- Installation is reverse of removal, noting the following: 

Check rubber mount for hydraulic unit/control module. Re- 
place if damaged. 
Make sure all nuts, fluid couplings, thread bores and mat- 
ing surfaces are clean. 
Avoid bending pins on control module harness connector 
when reattaching. 
Make sure brake lines are securely seated in grommets 
before installing brake lines in hydraulic unit bores. 

Bleed brakes using BMW Service Testeras described earlier. 

Tightening torques 

Brake lines to hydraulic unit 18 Nm (13 ft-lb) 

DSC electronic control unit to hydraulic unit 2.9 Nrn (26 in-lb) 
(use new screws) 

Hydraulic unit to body 8 Nm (6 ft-ib) 

Mounting bracket to hydraulic unit 8 Nrn (6 ft-lb) 
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This chapter covers system descriptions and general infor- 
mation for the repair groups found in sections 4 Body and 
5 Body Equipment. 

Body dimensions (in inches) 

E39 sedan E39 Sport Wagon 



Body shell 

Exterior and aerodynamics 

Crash behavlor 
-frontal impact 
-side impact Body 
-rear impact Structural body components -rigidity 
-rollover -strength -vibrations 

-acoustics 

Bumpers compartment lid 
-bendable 

Seets,.steerlng system .dents 
-vibrations 

bars -vibration patterns 
Fenders -aerodvnamic 

With its traditional styling features, such as the ltidney grille. 
circular headlights behind a glass cover (for reasons of 
streamlining), and the "kiclt" in the rear most roof pillar (C-pil- 
lar), the E39 can be immediately recognized as a BMW. 

The BMW 5 Series chassis is a unibody design constructed of 
high strength steel. Attaching parts, such as the front fenders, 
rear quarter panels, doors, trunk lid and hood are also con- 
structed of steel. 

Computer aided design (CAD) techniques have been used in 
refining the E39 body to reduce vehicle weight while retaining 
strength and increasing torsional rigidity. For good handling 
purposes, the more rigid the structure the more precisely the 
suspension can operate. 

Wind resistance 

Windows bonded flush to the body and the guided flow of 
cooling air into the engine compartment provide the carwith a 
good coefficient of drag (Cd). E39 cars have been designed 
for balanced aerodynamics but not necessarily an extremely 
low Cd. See table below. 

Windshield wipers are designed for effectiveness at speeds 
up to and beyond 200 ltph (124 mph). 

Coefficient of aerodynamic drag (Cd) 

6-cylinder sedan 0.30 

V-8 sedan 0.31 

6-cylinder Sport Wagon 0.31 

V-8 Sport Wagon 0.33 

Fenders 

The exterior panels are corrosion-resistant zinc coated (gal- 
vanized) steel. The front fenders are bolted on. For front fend- 
er replacement information, see 410 Fenders, Engine 
Hood. 
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Bumpers 

The front and rear bumpers are clad in high quality deform- 
able plastic and, at solid barrier impact speeds of 4 kph (2.5 
mph), provide protection with virtually no damage to the 
bumper orthe vehicle. In addition to hydraulic dampeners. 
which absorb the initial impact energy, these bumpers are 
backed by compressible tubes. These deform in a controlled 
manner at impact speeds greaterthan that forwhich bumpers 
and hydraulic dampeners are designed. This helps avoid ex- 
pensive damage to the body at impact speeds up to 14 kph (9 
mph). 

The E39 Sport Wagon was introduced to the US market in 
911 998 (model year 1999). It shares many components with 
the E39 sedan and is identical to it from the B-pillar forward. 

US marltet 5 Series Sport Wagons are available in two vari- 
ants: 

6-cylinder (5251, 528i) powered by the 2.8 liter M52 TU en- 
gine (1 999) or the 2.5 liter M54 engine (2000 and later) 

* V-8 (540i) powered by the 4.4 liter M62 TU engine 

The wheelbase of the Sport Wagon is the same as the sedan. 
Howeverthe body is 30 mm (1.2 in) longer and 10 mm (0.4 in) 
higher. 

The Sport Wagon rear suspension was redesigned to elimi- 
nates the upper rear spring strut mounting on the E39 sedan. 
The use of separate coil springs and shoclc absorbers results 
in a flat, wide floor in the cargo area. See 300 Suspension, 
Steering and Brakes-General. 

The self-leveling air spring suspension system (electronic 
height control or EHC) is standard on Sport Wagon V-8 mod- 
els and optional on 6-cylinder models. 

Sport Wagon cargo capacities are shown below. 

Sport Wagon load capacities 

Cargo capacity 

Rear seat up 909 liters (32.1 cu ft) 

Rear seat folded down I809 liters (63.9 cu ft) 

Load limit 

Cargo compartment 460 Kg (1014 lb) 

Roof I00 Kg (220 lb) 
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Tailgate 

The E39 Sporl Wagon tailgate is large with a low sill for easy 
cargo loading. The tailgate opens to an angle of 88" mea- 
sured from the rear roof pillar (D-pillar) and to a height of 2029 
mm (79.8 in) measured from the ground to the upper edge of 
the raised tailgate. 

The rear window is bonded to a load bearing frame and can 
be opened separately from the main tailgate. Tailgatesupport 
gas springs are recessed into cavities in the roof. 

Tailgate lock system 

A mechanical tailgate lock cylinder is not used; the tailgate is 
opened by the unlock pad above the license plate, the remote 
tailgate switch located in the drivers kick panel, or via FZV 
(Iteyless entry) control. 

4 An emergency release mechanism is incorporated into the 
latch assembly to open the hatch from the vehicle interior if a 
malfunction occurs. 

The tailgate lock assembly includes an automatic soft close 
(SCA) feature. The electrical operation of SCA is a function of 
central body electronics (ZKE Ill). The SCA actuator is locat- 
ed in the rear cowl panel below the tailgate. The actuator is 
controlled by a load relay in the General Module. A locking 
cam is mounted on an eccentric that is driven by the actuator. 

4 The SCA cam always turns in the same direction to open or 
close the tailgate. The cam turns 180" to open or to close. 
When the cam turns in the up direction the notch in the cam 

SCA actuator pushes on a lever on the back of the latch in the tailgate. This 
mechanically unlocks the latch. The tailgate is raised up and 
can be opened. 
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Rear wiper system 

The rear wiper assembly on the E39 Sport Wagon is a self- 
contained unit. The control electronics are integrated into the 
gear drive that is part of the motor assembly. The control elec- 
tronics contain two hall sensors, one forthe park position and 
one forthe end stop or to signal reverse direction of the wiper 
motor. 

- 
Wiperlwasher 
stalk switch 

/ 
4 - 
3 

502400100 

4 The rear wiper is controlled through the stalk switch on the 
steering column. The switch includes the following functions: 

Intermittent rear window wiping 

Programmed rear window wiping interval 

Operation of rear window washer 

The wiper system automatically controls the following safety 
and convenience features: 

* Wiper interrupted when rear glass is opened 

Wiper interrupted if wiper arm is blocked 

Continuous wiping when vehicle is shifled into reverse 

Antenna and sound system 

4 There are two diversity FM antenna amplifiers: 

FMI amplifier located in the rear window frame 

FM2 / FZV amplifier located in the lefl D-pillar 

The radio amplifier and CD changer are behind the side ac- 
cess panels in the cargo compartment: 

CD changer on lefl side 

Sound system subwoofer on right side 

The subwoofer has a hold down knob and is mounted on a 
hinge. It can be swung out to access the batteryand fuse pan- 
el by unscrewing the knob. 
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SAFETY AND SECURITY FEATURES 
A number of new or improved safety and security features are 
incorporated in E39 cars. 

Safety cage 

4 The body safety cage is a continuation of an established 
BMW concept for passenger protection. Tubular impact 
structures built into the body provide protection against pas- 
senger injury during front or rear impacts. 

Door locks and door handles 

4 The door handles allow easy door opening, but are secure in 
accidents. 

Electrical components in the locks are fully encapsulated and 
cannot be picked easily. The door handles, latches and loclc 
assemblies offer reliability and security against theft. 

Door position and loclc condition are detected by hall sensors. 

Roof padding 

In addition to the side and head protection airbags, there is 
supplementary padding at the roof pillars and along the roof 
above the doors. This is positioned to present energy absorb- 
ing surlaces to passengers thrown around by side impact 
forces. 

Seat belts 

Each front seat belt assembly has a height-adjustable anchor 
at the 8-pillar. 

An automatic pyrotechnic (explosive charge) tensioner tight- 
ens the front belt at the buckle upon impact, snugging up lap 
and shoulder segments of the belt. The tensioners are de- 
signed to automatically tension the belts by about 2 inches 
(55 mm) in the event o fa  collision. 

A force limiter puts an upper limit on the amount of iorce each 
belt can exert on the passenger. 
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Airbags 

Front airbags, s~de a~rbags, pyrotechnic seat belt tensioners 
and the Battery Safety Terminal (BST) are integrated into the 
Supplemental Restraint System (SRS) and its variants. 

NOTE- 
The BMW SRS system is called Multiple Restra~nt System 
(MRS). Over the years, E39 cars were equipped with MRS, 
MRS 11, MRS 111. Each version offers varied features and im- 
provements over the previous system. 

< As many as 8 airbags may be installed in E39 cars, depend- 
ing on model and MRS version. 

The front airbags operate without sodium azide propellant, 
widely considered an irritant when an airbag is deployed. 

Starting with 1999 models. "smart"front passenger and driver 
airbags were installed. These are of the dual-threshold, dual 
stage design, including a sensorto help prevent the unneces- 
sary deployment of the passenger side airbag if the seat is un- 
occupied. 

MRS control Depend~ng on options chosen, one airbag may be installed in 
module 

each door of the sedan and Sport Wagon models, protecting 
passengers against s~de  impacts. 

Head Protection System (ITS) airbags strelch diagonally 
across the tops of the front doors. 

Airbag deployment automatically triggers fuel shutoff, turns 
on the hazard and interior lights, and unlocks the doors. 

- - 

WARNING - 
Airbags are inflated by an explosive device. Handled im- 
properly or without adequate safeguards, airbag units can 
be very dangerous. Special precautions must be observed 
prior to any worlc at or near any of the airbags. See 721 Air- 
bag System (SRS). 

Always disconnect the battery and cover the negative 
(-) battery terminal with an insulator before starting di- 
agnostic, troubleshooting or service work on cars fitted 
with SRS, and before doing any welding on the car. 
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Battery safety terminal (BST) 

4 Starting with 1999 models (9198 production and later), a py- 
rotechnic (explosive charge) device automatically discon- 
nects the battery positive terminal during impacts. Key 
features, like power windows and door locks, remain opera- 
tional. 

Security 

Electronic immobilization (EWS) 

Ignition key transponder signal 
All E39 vehicles incorporate an electronic immobilization sys- 
tem known as EWS. This svstem uses a wireless comrnuni- 
cation link between a transponder chip in the ignition key and 
the ring antenna surrounding the ignition switch. The EWS 
control module blocks the starting of the vehicle unless the 
correct coded ignition key is used. 

NOTE- 
Electronic immobilization is sometimes referred to as the 
driveaway protection system. 

Antitheft alarm (DWA) 

This is adealer-installed option for which the E39 vehicles are 
factory-wired. When armed, the system monitors door loci( 
contacts and trunk and engine hood locks and sounds a siren 
if it detects tampering. 

E39 interiors have a unique character, with a combination of 
sporty features and innovativedesign. All body versions were 
made in a wide choice of interior and exterior colors. New col- 
ors with matching leather or leatherette upholstery were intro- 
duced for each model year. 

Driving comfort is enhanced by power steering, tilt steering 
wheel, height-adjustable front seats, and electrically adjust- 
able and heated rear-view mirrors. Inside the car there are 
reading lights at four seating positions. 
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Seats 

4 Anatomically correct seats are constructed from polyure- 
10 way seat adjustment thane foam containing areas or "zones" of different firmness. 

They offer good lateral support without constricting the occu- 
pant. 

The seats have a passive internal ventilation system: Cylin- 
drical cavities within the cushions and backrests generate a 
pumping effect as the ride motions cause occupant motion. 
This helps remove moisture and feeds fresh air into the seats. 

Other features of the seating system: 

The seat bases have steel springs for added support and 
strength. 

The seat control switches are along the outside edge of the 
seat. 

Heated seats are an option in all models 

In cars equipped with seat position memory, three different 
seat confiaurations can be memorized by the seat control 
module(s): Seat memory coordinates with outside mirror 
memory. These functions are controlled by the seat mem- 
ory module(s). 

* For security reasons, the release lever to fold the rear seat 
backrest forward is installed in the trunk. 

Sport Wagon models: Rear seat baclts are split 60140, with 
the center armrest on the left seat back. 

The center armrest incorporates a non adjustable head- 
rest. When folded down, the armrest opens out with cup- 
holders and a storage compartment. See 520 Seats for 
more details. 

instruments and controls 

Everything in the interior passengercompartment essential to 
the driver is logically grouped and easy to reach. All instru- 
ments and controls have been arranged ergonomically and 
are fully integrated into the overall design of the vehicle. 

Tilt-telescopic steering wheel has 30 mm (1.2 in) of vertical 
and longitudinal adjustment. 

Multifunction steering wheel contains two ltey pads con- 
taining controls for the sound system, telephone and 
cruise control. 

Padded dashboard houses the instrument cluster and the 
ventilation and heating system. 



Instrument cluster 

Instrument cluster uses large easy-to-read analog instru- 
ments and is removable as a unit without removing the dash- 
board. On-board computer and Check Control functions are 
integrated into the instrument cluster displays. 

Service Interval Display 

Service Interval Display calculates vehicle service needs 
based on current driving patterns, and indicates to the driver 
when the car requires service 

On-board navigation 

An integrated on-board navigation system, based on Global 
Positioning System (GPS) technology, is optionally available 
on E39 cars. When installed, a multifunction monitor is includ- 
ed in the center of the dash above the radio. in addition to dis- 
playing navigation system information, this monitor accesses 
On-Board Computerfunctions, audiosystem controls, mobile 
phone dialling and memory, and automatic ventilation. 

Park Distance Control (PDC) 

Park Distance Control (PDC) is an optional system which 
uses ultrasonic sensors in the rear bumper trim to warn the 
driver of approaching too close to obstacles when parlting. 

Central body electronics 

E39 vehicles are equipped with an integrated complex of 
electronic modules connected mostly via K-Bus. This system, 
called central body electronics (ZKE Ill), is primarily con- 
trolled by the general module (GM Ill). An overview of ZKE Ill 
functions is found in 600 Electrical System-General. Details 
of ZKE Ill functioning is in the following repair groups: 

- 512 Door Windows 

* 515 Central Locking and Aniti-Theft 

520 Seats 

a 540 Sunroof 

611 Wipers and Washers 

620 Instruments 
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I Body-General 

HEATING AND AIR ~ONDITIONING 
(I H KA) 

4 The integrated heating and air conditioning (IHKA) system 
uses an extra large, infinitely variable radial blower motor for 
good distribution of air. Fresh air enters through the grille be. 
low the engine hood and into the passenger compartment via 
the dashboard and footwell vents. 

- Repair information for the heating and air conditioning 
system is covered in 640 Heating and Air Conditioning. 
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[Fenders, Engine Hood 

This repair group covers replacement of the front fenders and 
removal and installation of the engine hood. 

NOJE- 
The body is painted at the factory affer assembly Realign- 
ment of body panels may expose unpainted metal. Paint all 
exposed metal once the work is complete. 

Special tools 

Most body repairs can be performed using regular automotive 
service tools. Some BMW special tools are required to set 
body pieces into the service positions. 

Front fender, removing and installing 

- Raise front of vehicle and remove wheel 

WARNING- 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Placejaclr stands beneath structural 
chassis points. Do not place jack stands under suspension 
parts. 

- Raise hood to service position. See Hood, raising to  ser- 
vice position. 

4 Working beneath vehicle, remove fasteners (arrows) from 
left side floor panel and remove panel. 

- Remove inner plastic liner from wheel housing. 
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Carefully pry front turn signal assembly from fender and dis- 
connect electrical harness (arrow). 

< Release headlight trim panel locking clip with a screwdrivel 
(arrow). 

* Working at corner of side trim panel, pull trim panel out 
from side of fender to remove. 

- Remove front bumper. See 510 Exterior Trim, Bumpers. 

Working at rear of 
teners (arrows). 

fender well, , remove fender 'mounting fas- 

< Remove lower 
housing. 

'attaching bolts (arrow) at rear of wheel 
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Working from below, remove front wheel arch fastener (ar- 
row). 

With door open remove fastener 
fender to door post. 

(arrow) attaching upper 

Remove screw (arrow) at front of fender. 

Remove ground strap nut and hood hinge bolts (arrows) 

CAUTION- 
Secure hood in such a way that the windshield and body pan- 
els wiN not be damaged. 
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4 Remove bolts (arrows) along top edge of fender. 

- Carefully remove fender from body. 

Detent screw on left and right hood hinge (1) must be set at 
25 i- 1 mm (1 k .04 in). 

- Installation is reverse of removal, noting the following: 

Before installing new fender, clean old sealant and protec- 
tive coating from mounting surfaces. 

Position new fender and loosely install all mounting bolts. 
Align fender with door pillar and inner fender, then tighten 
bolts. 
Repair any paint damage and paint any exposed metal. 

Reseal and apply protective coating to mounting surfaces. 



Hood, raising to service position 

CAUTION- 
Do not switch on the windshield wipers with the engine 
hood raised. As a precaution, remove the wiper motor 
fuse. See 610 Electrical Component Locations. 

The hoodis heavy Before removing the hoodsupports, 
be sure to have an assistant help support the hood. 

< Open hood fully. With the help of a partner, support hood and 
remove retaining clips (arrow) on upper end of pressurized 
lifting struts. Pull struts off hood. 

< Raise hood to service position and loclc in position by placing 
bolts (arrow) in right and left hinges. 
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Hood, removing and installing 

With hood open: 

Remove hood wiring harness mounting clip (A) 
Disconnect electrical harness connector (B). 
Unplug windshield washer hose (C). 

WARNING- 
The hood is heavy Before removing the hoodsupports, be 
sure to have an assistant help support the hood. 

Mark position of hinge plates. 

With the help of a assistant, support hood and remove retain- 
ing clips (A) on upper end of pressurized lifting struts. Pull 
struts off hood. 

Loosen upper hinge bolts (B) 

Remove lower hinge bolts (C). Lift hood off carefully. 

Installation is reverse of removal. 

* Repair any paint damage and paint any exposed metal 

Check hood alignment. See Hood, aligning. 

NOTE- 
The hood was fitted and attached to an unfinished body at 
the factory Unfinished sun'aces exposed by this procedure 
must be touched up with paint, 
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Hood, aligning 

When installing the hood, align the hinges as close to the orig- 
inal painted surface as possible. Movement of the hood on its 
attaching hardware may require touch-up paint. 

The hood should be aligned so that gap (arrows) to fender is 
as even as possible. 

4 If height adjustment at rear of hood is off, adjust height using 
adjusting screw in lower hinge (arrow). Loosen and reposi- 
tion as necessary. 

If height adjustment at 
ing adjusting screw: 

rear of hood cannot be completed us- 

Q Loosen lower hinge screws (1) and (2). 

Add or remove washers as needed to correct height set- 
ting. 
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Adjusting detent buffers for hood: 

Raise hood. 
* Shape pieces of rubber (butyl) tape into two IOmm col- 

umns and place on buffers (A). 
* Close hood. 

Measure dimension of the compressed rubber tape. 

Using measurement dimension, adjust detent buffer (A) 
Hood should be under a slight preload. (+0.5 mm). 

Fellow the same procedure on the front buffers (B). 

- After adjustment have been made, check that hood lid is flush 
against detent buffers and if necessary repeat the adjust- 
ment. 

CAUTION- 
To avoid excessive wind noise, the hood must not protrude 
beyond the front side panels. 



41 0-1 0 

I Fenders, Engine Hood 

Hood latch components 

1. Hood 

2. Gas pressurized Strut 

3. Spacer 

4. Hinge 

5. Ground stud 

6. Torx bolt 

7. Torx bolt 

8. Hex bolt 

9. Bowden cable bracket 

10. Ball pin 

11. Torx bolt 

12. Spring pin 

13. Stop buffer 

14. Bowden cable 

15. Lower hood lock 

16. Bowden cable 

17. Torx bolt 

18. Stop buffer 

19. Hex nut 

20. Torx bolt 

21. Hood latch 
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Hood release cable and spring pins, 
adjusting 

Before adjusting hood pins, be sure the hood is aligned even- 
ly to fenders and front panel. 

- Malte sure bowden cable, which connects both hood loclts 
together, is seated in lock guide on both left and right loclts. 

4 Loosen hood spring pin bolts (A) and retaining hoolt bolts (B) 
at hood on left and right sides only enough to allow move- 
ment. 

- Lower (but do not fully latch) hood several times so pins on 
hood center themselves in lower loclts. 

NOTE- 
Do not let hood lock with latch bolts loose 

- Tighten hood spring pin bolts and latch bolts when alignment 
is correct. 

- Remove one bolt at a time from each side, clean and coat 
with LoctiteB 270 or equivalent, and reinstall. Repeat pro- 
cess on all other bolts. 

- Adjust rubber stop buffers above headlight assemblies. See 
Hood, aligning. 

- Test hood for correct closure and opening. If hood does not 
spring open, lengthen spring pins. 

- To lengthen spring pin, loosen locltnut (arrow) with wrench 
inserted through spring, then turn pin counterclocltwise. 
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Doors 

This repair group covers front and rear door repair informa- 
tion. It includes removal and installation of front and rear 
doors and trim panels. 

For information on airbag removal and installation, see 721 
airbag. 

For information on the power door windows and door glass 
replacement, see 512 Door Windows. 

For information on the power door loclting system, see 515 
Central Locking and Anti-Theft. 

WARNING- 
E39 cars are fitted with side-impact airbags in the front doors 
and optional side impact airbags in the rear doors. When 
servicing doors, always disconnect the negative (-) battery 
terminal. See 721 Airbag System (SRS) for cautions and 
procedures relatinq to the airbaq system. 

Front or rear door, removing and installing 

- Disconnect negative (-) battery cable. 

Prior to disconnecting the battery, read the battery discon- 
nection cautionsgiven in 001 General Cautions and warn- 
ings. 

Remove harness connector mounting bolt (arrow) at door 
pillar. 
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Doors 

4 Pull up on locking clip and remove connector. 

4 With door fully open, unscrew pin bolts (arrow) from top and 
bottom hinges. 

Disconnect door check by squeezing mounting pin tabs 
(arrow) and driving pin up. 

Remove door by lifting up off lower hinge halves. 

CAUJION- 
Be careful not to damage door or otherpainted body surfac- 
es. Make sure no load is placed on wirinq harness. 

Installation is reverse of removal. Keep in mind the following: 

Mount and align rear doors first, followed by the front 
doors. 

Align door so that panel gaps are equal on either side, see 
specifications at the end of this procedure. If necessary, 
adjust door hinges. See Door hinge adjustment. 

* Adjust door striker so that trailing edge of front door is 
slightly higher (I  mm 10.04 in.) than leading edge of rear 
door. See 515 Central Locking and Anti-Theft. 

Repair any paint damage and paint any exposed metal. 



Doors 

~ o b r  adjustment 

Front fender to 4.25 mm i 0.25 mm (0.17 i- 0.01 in) 
front door gap 

Front door to 4.5 mm i 0.25 mm (0.18 i 0.01 in) 
rear door gap 

Rear door to rear fender 4.0 mm i 0.25 mm (0.16 i 0.01 in) 

Permissible deviation 1 .O mm (0.04 in) 
from ~arallel 

Tightening torque 

Door hinge to door frame 20 Nm (15 it-lb) 

Door check, replacing 

WARNING - 
E39 cars are fitted with side-impact airbags in the front doors 
and optional side impact airbags in the rear doors. When 
servicing doors, always disconnect the negative (-) battery 
terminal. See 721 Airbag System (SRS) for cautions and 
procedures relating to the airbag system. 

- Close door window completely. 

- Disconnect negative (-) battery cable. 

CAUTION- 
Prior to disconnecting the batter)! read the battery discon- 
nection cautions given in 001 General Cautions and 
Warnings. 

- Remove interior door panel. See Door tr im panels, remov- 
ing and installing. 

- Where applicable, remove side-impact airbag from door. See 
721 Airbag System (SRS). Remove door vapor barrier. 

Disconnect door check by 
(arrow) and removing pin. 

squeezing I mounting pin tabs 
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Remove rubber cover (A) and bolts (B) from door check lock- 
plate on door. 

Worlting inside door, remove door check assembly 

Installation is reverse of removal. 

Lubricate door check before installing. - If removed, use new mounting bolts when reinstalling side- 
impact airbag to door. 

Tightening torque 

Door check to door frame 24 Nm (16 it-lb) 

Door hinge adjustment 

If the installed door is uneven or out of parallel, spacers can 
be used to correct its position. Spacers are placed behind the 
hinge and are available in two different thicltnesses (0.5 mm 
and 1.0 mm). 

- Front and rear door adjustment procedure is similar. 

Tightening torque 

Door hinge to door frame 20 Nrn (15 ft-lb) 
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1 Doors 

Door hinge assembly 

1. Door 

2. Spacer ring 

3. Upper hinge 

4. Hex bolt 

5. Spacer ring 

6. Lower hinge 

7.  Door check gasket 

8. Doorcheck 

9. Pin 

10. Torx bolt 

11. Gasket 

12. Cover 



WARNING - 
E39 cars are fitted with side-impact airbags in the front doors 
and optional side impact airbags in the rear doors. When 
servicing doors, always disconnect the negative (-) battery 
terminal. See 721 Airbag System (SRS) for cautions and 
procedures relating to the airbag system. 

Door trim panel, removing and installing 

Disconnect negative (-) battery cable. 

CAUTION-- 
Prior to disconnecting the battem read the batfew discon- 
nection cautions given in 001 General Cautions and warn- 
ings. 

Q Open door, and remove screw (arrow) located in air duct. 

< Pry out seat memory switch and disconnect wiring harness. 
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< Pry off plastic plug (arrow) from door handle trim and remove 
screw. 

4 Carefully pry out window switch panel and disconnect elec- 
trical harness plugs. 

< Slide door handle through trim panel 



I 

< Unclip door panel from door perimeter using a plastic trim 
panel tool. Pry panel retaining clips off one at a time. 

- Lift bottom of door trim panel up and away from window trim 
to release clips. 

- Pull door panel upwards to release center mount clip. 

- Disconnect radio speaker wiring harness. 

- Remove door trim panel. 

< Before installing door trim panel, replace any damaged plas- 
tic clips (arrows). 

NOTE- 
Yellow door trim clips (white arrows) at front are longer than 
white door trim clips (blaclc arrows). 

4 Checlt if support clip for door bracltet remains on door (ar- 
row). 

4 If so, remove support clip from door and replace in bracltet on 
door trim panel (arrow). 

- Remainder of installation is reverse of removal. Note the fol- 
lowing: 

Align metal retainers on window sill with openings on top 
of door panel. 
Checlc door-lock mechanism and window for ease of 
movement. 
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Sill trim panels 

Using a trim tool, gently pry up door sill trim. Starting at A-pil- 
lar, press radius of trim downwards while sliding trim forward 
off trim clips. Remove clips from body using pliers. Save for 
installation. 

Installation is reverse of removal. Replace any damaged 
plastic parts or clips. 
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Trunk Lid, Tailgate 

This repair group covers trunk lid and tailgate removal and in- 
stallation. Also included here are replacement proceduresfor 
the gas-charged support struts that hold the trunk lid or tail- 
gate in the open position. 

NO JE - 
The body is painted at the factory after assembly. Realign- 
ment of body panels may expose unpainted metal. Paint all 
exposed metal once the work is complete. 

Trunk lid, removing and installing 

4 Raise trunlc lid. 

Open tool ltit cover and remove screws attaching tool kit to 
trunlc lid (black arrows). 

Disconnect tool ltit cover retaining strap from trunk lid and 
remove tool kit. 

Remove insulating liner expansion rivets (white arrows). 

4 Pry out moulded trim cover (arrow). 



Trunk Lid, Tailgate 

4 Pry out trunk light and disconnect electrical harness plug 
connector. 

- Gently pry trunk liner away from lid and remove. 

4 Disconnect Wiring connectors A, B and C. Remove wiring 
harness by pulling through opening in lid frame D. 

While supporting trunk lid, loosen left and right top hinge fas- 
teners (arrow A) and remove lower fasteners (arrow B). 

NOTE- 
Before loosening hinge bolts, mark hinge and hinge bolt lo- 
cations for reins~alla~on 

Lift trunk lid straight up to remove. 

Installation is reverse of removal. If necessary, align trunk lid 
to body as described in Trunk lid, adjusting. 



/ ~ r u n k  Lid, Tailgate 

Trunk lid, adjusting 

< Trunk lid must be parallel to both side panels and should be 
mounted flush with body side panels (arrows). Lid fit toler- 
ance is rt 1 mm (0.04 in). 

- Raise trunlc lid and support in open position. 

Turn trunk lid detent buffers in 

4 Remove trunlc strut retaining clip (arrow) and disconnect 
struts. 

WARNING- 
Make sure to suppori trunk lid before removing struts. 



Trunk Lid, ~ a i l ~ a t e l  

Loosen bolts at lefl and right trunk 
to point where lid can be moved. 

hinges fasteners (arrows) 

4 Remove plastic cover from lower trunlc lock. Loosen lock 
bolts (arrows) until lock assembly can be moved. 

CAUTION- 
Before locking trunklid, check that trunk lid is not able to dam- 
age the body or rear window. 

4 Carefully close trunk lid and check side gaps (arrows). Min- 
imum gap is 0.5 mm (0.02 in). 

Adjust to fit side body panels. 

Open trunlc lid. Be careful not to alter adjustments. 

Tighten lower trunlc lock fasteners. 
Close trunk lid and check adjustments. 

Repeat process if necessary. 

- Close trunk lid. Measure gap between trunlc lid and lower 
body panel. 

Position lower section of rear trunlc lid lock higher or lower 
so that a ciao of 5.0 mm (0.04 in) exists between trunlc lid 
and lowe;body panel. ' 

Check adjustment and repeat if necessary, 

4 Screw out detent buffers (arrow) until left and right sides of 
trunk lid rest against detent buffers with lid closed. 
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l~ runk  Lid, Tailgate 

Trunk lid support strut, removing and 
installing 

/ Make sure to supporf trunk lid before removing struts. I 

Open trunk lid and support in open position. 

Remove trunk strut retaining clip (arrow) and disconnect 
struts. 

4 Remove spring clip (arrow) from lower end of strut and re- 
move strut. 

- Installation is reverse of removal. Replace retaining clips 
damaged during removal. 

Tailgate, emergency release 

The tailgate of the E39 Sport Wagon has no ltey cylinder. An 
emergency release mechanism is incorporated into the tail- 
gate latch. This allows mechanical opening of the latch in 
case of an electrical failure. The release is located in the rear 
cargo area, along the lower edge of the rear apron behind a 
small access cover. 

Working inside car, at base of tailgate: 

Open tool compartment cover. 

Pry out emergency release cable cover. 

Pull plastic cable to release rear tailgate latch 



r Trunk Lid, Tailgate 

Tailgate and window strut 
diagram 

1. Rear window frame 

2. Gas struts for tailgate 

3. Gas struts for rear window 

4. Rear window frame 
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Window strut removal 
diagram 

1. Rear window 

2. Rear window gas strut 

3. Inner strut support 

4. Tailgate gas strut 

5. Area to install protective tape 

6. BMW special tool 51 2 153 

7. BMW special tool 51 2 152 
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Rear window gas strut, removing and 
installing 

- Tailgate and window struts are located in left and right sides 
of roof. 

- Open rear window. 

WARNING- 
The tailgate is very heavy and will close without both pressu- 
rized lifting struts installed. Properly support tailgate prior to 
removal of the lifting struts. 

< Remove fasteners (A) from rear window hinge trim cover, 

< While pressing detents (A) and (6) pull down (arrow) on trim 
panel to remove. 

- Close rear window and open tailgate and support. 

- Remove weather stripping along rear of roof panel. 

< Remove tailgate hinge trim panel fasteners (A). 
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l ~ runk  Lid, Tailgate 

Starting at top, pull down (arrow) on trim cover. Carefully re- 
move wiring harness support clip from trim cover. 

NOTE- 
Tailgate window trim cover and weather stripping shown in 
place. 

Insert BMW special tool 51 2 153 into body cavity below 
hinge. 

WARNING- 
Tlie tailgate is ve!y heavy and will close without both pressu- 
rized liftinq struts installed. Properly support tailgafe prior to r 1 removal of the lifting struts. 

- Working at hinge end of strut, remove strut retaining clip and 
remove strut from mounting pin. 

Slide BMW special tool 51 2 152 over strut until end of tool is 
aligned with strut pin (arrow). 

Press down on outer end of special tool to release inner 
strut mount. 

Remove special tool with strut. 

When installing strut make sure ball cup is pointing straight 
down. 

Rema~nder of installation 1s reverse of removal. 

Tailgate gas strut, removing and installing 

- Open tailgate and support. 

Remove tailgate hinge trim panel fasteners (A). 



Trunk Lid, Tailgate 

Starting at top, pull down (arrow) on trim cover. Carefully re- 
move wiring harness support clip from trim cover. 

Install protective plate (BMW special tool 51 2 153) between 
roof panel and hinges. 

WARNING - 
The tailgate is very heavy and will close without both pressu- 
rized lifting struts installed. Properly support tailgate prior to 
removal of the lifting struts. 

Worlting at left side: 

Remove gas strut retaining clip and pin (arrow). 

4 Insert BMW special tool 51 2 151 over strut. 

NOTE- 
BMW special tool 51 2 151 must be chamfered in area (A). 

Press tool down to release inner end of gas strut. 

Push strut forward and toward center of vehicle to remove. 

- When installing strut make sure ball cup is pointing straight 
down. 

- Remainder of installation is reverse of removal. 

Tailgate, removing and installing 

- Remove radio antenna amplifier. See 650 Radio. 

- Disconnect outer end of window and tailgate gas struts. See 
Rear window gas strut, removing and installing and Tail- 
gate gas strut, removing and installing. 

WARNING- 
The tailgate is very h e a q  and will close without both pressu- 
rized lifling struts installed. Properly support tailgate prior to 
removal of the lifling struts. 

- Remove trim panel from tailgate. 



Trunk Lid, Tailgate I 
4 Remove rubber grommet and applicable connectors. Discon- 

nect rear window washer hose. 

NOTE- 
To facilitate installation, mark position of hinges for tailgate 
and rear window frame on body 

WARNING- 
The tailgate is very heavy and will close without both pres- 
surized lifting struts installed. Properly support tailgate pri- 
or to removal of the lifting struts. 

There is risk of fingers being trapped once tailgate fas- 
teners are removed. 

CAUTION- 
Protect body opening for tailgate with fabric tape. 

4 Remove hinge fasteners for tailgate and rear window frame. 

Lower tailgate so that hinge for tailgate and rear window 
can be tilted. - Tilt hinge for tailgate and rear window frame so that tailgate 
can be moved towards the rear with rear window frame. - Remove tailgate with rear window frame towards rear. 

- Installation is the reverse of removal 

Rear window, removing and installing 

- Disconnect electrical harnesses. 

- Support window in open position. 

Loosen fasteners on each window hinge. 

NOTE- 
Note positions of any spacers for reinstallation 

CAUTION- 
Rear window is heavy Use a second person to support win- 
dow prior to releasing from hinges. 

- Remove window hinge fasteners and lift off window. 

- Installation is reverse of removal. Replace waterprooiing 
sheeting where disturbed. 

See Rear window and tailgate, alignment. 
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Rear window and tailgate, alignment 

- Alignment procedures involve adjusting tailgate, window, and 
spoiler to have equal space between iefl and right sides and 
to be flush with body. Measurement locations and specific di- 
mensions are shown. 

- If alignment has been disturbed during repair, adjust fit of tail- 
gate to body. Then adjust fit of rear window to tailgate. 

Clearance of the rear window is adjusted by adding or re- 
moving shims between hinge bracket and rear window 
(maximum of three shims). 

Adjust spoiler gap to body last. 

Height of spoiler is set by alignment of the rear tailgate. 

Gap of spoiler to body is set by adjusting spoiler attach- 
ment fasteners. 

- Lateral and vertical alignment of the window and tailgate is 
done using hinge bolts. Fine adjustment of the tailgate to the 
body is made using rubber stop buffers and latch assembly. 

Spoiler gap specification 

Rear spoiler to roof 4.25 - 5 mm (0.167 - 0.197 in) 

Max. deviation from parallel 0.5 mm (0.019 in) 

Tailgate alignment, preliminary work 

- Open rear window and tailgate. 

< Remove lower sill trim panel fasteners covers (arrows) and 
fasteners. 

- Remove rear window and tailgate trim panel. 

- Checlc left and right side lateral guides and tailgate latch ful- 
crums for wear or damage. Replace if necessary. 
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l ~ r u n k  Lid, Tailgate 

< Loosen left and right lateral guide to body fasteners (arrows) 
until guide can be moved. 

4 Loosen left and right tailgate lateral guide fasteners (arrow) 
and fully retract guides. 

Check fulcrum pads (arrows) on lower section of tailgate 
lock for damage. Replace if necessary. 
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4 Loosen lower tailgate lock fasteners (arrows) so that tailgate 
lock can center itself. 

CAUTION- 
The lower section of tailgate lock must not scrape against 
the upper section. 

The eccentric pin on the lower section of the tailgate 
loclc rotates when being locked from upper section of 
tailgate lock. 

- Disconnect tailgate latch actuator motor by squeeze locking 
tabs on electrical harness connector and disconnecting. 

CAUTION- 
Eccentric pin in lower section of trunk lid lock must be at 
lower dead center. 

After disconnecting plug connector from actuator mo- 
tor, tailgate is opened by electric unloclcing fixture of up- 
per section of tailgate loclc. . For this reason, the cable connections to the upper 
section of the tailgate loclc must remain connected. 
O the~ t i se  the tailgate can only be opened by the emer- 
gency handle. Eccentric pin of lower section of tailgate 
loclc remains at bottom dead center point after unlock- 
ing. 

Tailgate alignment, height adjustment 

4 Loosen left and right tailgate hinge fasteners (arrows) to al- 
low tailgate to be adjusted. 

CAUTION- . When the hinge screws for the tailgate are released, the 
position of the overall assembly changes with respect to 
the body. 

The position of the rear window frame to the tailgate re- 
mains unchanged. 

- Close tailgate carefully and check gap dimensions. See Tail- 
gate alignment specifications below. 

- Tighten hinge screws when gap dimensions are correct. 
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Tailgate alignment specifications 

- The following illustrations show details of the tailgate adjust- 
ment at each marked point. 

< Adjust gap dimensions in accordance with adjustment spec- 
ifications B, C,  D, E, and F. 

4 Adjustment B: 

a = + 11 - 0.5 mm (+0.04 in/ - 0.02 in) 

b = 1 mm + 11 - 0.5 mm (+0.04 in1 - 0.02 in) 

4 Adjustment C: 

a = 4.5 mm + 11 - 0.5 mm (0.18 in + 0.041 - 0.02 in) 

b = 0.8 mm 20.6 mm (0.03 in 20.02 in) 



. - 
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< Adjustment D: 

a = 4.5 rnrn + ll- 0.5 rnrn (0.18 in + 0.041- 0.02 in) 

b = 3.7 rnrn +2 l- 1 rnrn (0.1 5 in + 0.081 - 0.04 in) 

4 Adjustment E: 

1 tailgate lid 

a = 1 . 3 r n r n i l  rnrn(0.05ini0.04in) 

2 rear side panel 

b = 4.5 rnrn + 11 - 0.5 rnrn (0.1 8 in + 0.041 - 0.02 in) 

4 Adjustment F: 

a = 1.3 rnrn 2 1  rnrn (0.05 in 20.04 in) 

b = 1 rnrn 20.5 rnrn (0.04 i 0 .02  in) 

* c=1.3rnrn+lrnrn/-1.3rnrn(0.05in+0.04in-0.05in) 

d = 4.5 rnrn + 1 rnrn I - 0.5 rnrn (0.18 in + 0.041 - 0.02 in) 

CAUTION- 
Rear window frame must not extend above height of roof. 
Olherwise, wind noise will be created. 
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Trunk Lid, Tailgate 

Tailgate gap and length adjustment 

- Close tailgate and open rear window. 

Loosen left and right tailgate hinge bracket fasteners (ar- 
rows) to allow movement of tailgate. 

CAUTION- 
When the hinge bracket fasteners are loosened, the posi- 
tion of the rear window frame changes with respect to the 
tailgate. 

Always check the settings of the rear window frame to 
the tailgate and make adjustment if necessary 

NOTE- 
The tailgate should be approximately I mm lower then side 
walls. 

4 To obtain tailgate to body parallel alignment, top edge of tail- 
gate must first be adjusted parallel to the edge of D-pillar (A). 

I D-pillar gap 27 rnrn (1.6 in)/ 

- Adjust gap with window open and tailgate closed. 
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4 Tighten left and right tailgate bracket iasteners (arrows) 

4 Tighten upper left and right tailgate fasteners (arrows). 

- Open tailgate while taking care not to change hinge posi- 
tions. 

4 Tighten lower tailgate hinge fasteners (arrows) 

- Reconnect eccentric pin actuator motor electrical harness 
Plug. 

CAUTION- 
The eccentric pin in the lowersection of the tailgate loclc turns 
in the tailgate when the button is pressed. 

- Operate button in tailgate to actuate loclting motor. Eccentric 
pin should move to top dead center position. 
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4 To periorm contact pattern test, coat lower latch areas A, 6 
and C with grease. 

Carefully close and reopen tailgate. 

Check that upper section of tailgate lock does not scrape 
against lower latch. 

* Eccentric pin in lower section of tailgate loclc must not 
scrape against upper section (B) of tailgate lock. 

The contact pattern (C) of upper section of tailgate lock on 
eccentric pin should be centered. 

- To adjust height of upper section of tailgate lock, loosen fas- 
teners, move upper section of lock and retighten fasteners. 

Repeat contact pattern test after height adjustment. 

Tailgate lateral guide, adjusting 

< If necessary, loosen lateral guide to body fasteners (arrows) 
to allow it to move. 

Move lateral guides to center position. 

< Loosen lateral guide to tailgate fasteners to allow it to move. 

- Close tailgate to center guides with respect to each other. 

NOTE- 
The bracket of the lateral guide continues to touch against 
the body without clearance as does the lateral guide against 
the tailgate. 

- Open tailgate and tighten guide fasteners. 
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Rear window, adjusting 

NOTE- 
Three versions of rear window are used on Sport Wagon 
models. 
Tailgate must be correctly adjusted before rear window ad- 
justments are made. 

- . . . . . .. .. 4 With tailgate closeo ano rear window open, oosen ninge fas- 
teners (arrows) to allow ninge to move. 

- LoosL'n fasteners n lower section of ock to al ow movement. 

- Care& ly c ose rear window: 

Ad.~st gap dmensions and poston of rear window relative 
to Oody panel. See Tailgate alignment specifications. 

. 

FA-UTION- I 
On transition area between rooflailgate, tailgate must not ex- 
tend above height of roof othe~lise wind noise will be creat- 
ed. 

- If necessary, adjust height of rear window frame by inserting 
spacers between the hinge and the frame. 

- Carefully open rear window, taking care not to alter adjust- 
ment. 

Tighten left and right rear window fasteners. 

Close rear window and check adjustment, repeat step if 
necessary. See Tailgate alignment specifications. 

Rear window locking pin, adjusting 

NOTE-- 
Several versions of rear window locldng pin are used on 
Sport Wagon models. 1999 528i model is shown. Other 
models are similar. 
For rear window adjustment specifications, seeTailgate 
alignment specifications. 

Loosen lower assembly fasteners (arrows) 
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4 With rear window open, loosen loclc nut (A) so that inclination 
of loclting pin (B) can be adjusted. 

- Carefully close rear window, while ensuring that locking pin 
is centered in rotary latch in lower section. 

NOTE- 
When closing rear window, be sure that there is a gap of ap- 
proximately 1 mm (0.04 in) between the locliing pin and the 
rotary latch in the lower section of lock. 

- Open tailgate and tighten lower loclc assembly fasteners. Be 
careful not to alter inclination of loclting pin (B) when tighten- 
ing loclc nut (A). 

4 To adjust height of rear window at lock, loosen loclc nut (A) 
and turn locking pin (B). 

Be careful not alter position of loclting pin when tightening 
lock nut (A). 

CA U T I O G  
After adjusting rear window, always checlr position of wiper 
axis relative to drive disc and limit stop on rear window wiper 
motor. Adjust if necessary See 611 Wipers and Washers. 
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Exterior Trim, Bumpers 

This repair group includes repair information for the outside 
rearview mirrors, front and rear bumpers, and the easily re- 
movable exterior trim parts. 

Many of the mirror components are separately available from 
an authorized BMW dealer, including the glass and outside . 
plastic housing. 

The E39 models offered two types of outside mirrors, stan- 
dard mirrors or automatic dip mirrors. 

Outside mirror glass, replacing 

CAUTIOI\C 
Mirrorshould be at or above room temperature before remov- 
al. Othe~lise, small plastic parfs or glass may break. 

Outside mirror glass without automatic dip control, 
replacing 

Insert thin pry tool (plastic or tape-wrapped screwdriver) be- 
tween bottom mirror edge and mirror housing and carefully 
pry out mirror glass from housing. 

If equipped with heated mirrors: remove heating element har. 
ness connectors from back of mirror glass. 

Installation: 

Connect mirror heating harness if equipped. 

Ensure correct alignment of locking pins. 
Press mirror glass firmly until it locks in place. 
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Outside mirror glass with automatic dip control, 
replacing 

4 Slide locking pin (arrow) right to release glass (A). 

- If equipped with heated mirrors: remove heating element har- 
ness connectors from back of mirror glass. 

4 Install mirror glass by placing glass on lugs (arrows) and turn 
loclting pin until glass is locked in place. 

Outside mirror housing, removing and 
installing 

- Remove mirror glass as described above. 

4 Compress plastic retainers (arrows) 

NOTE- 
The front mirror housing is retained by either three or four 
clips, depending on model. 
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4 Carefully remove mirror housing from frame 

- Installation is reverse of removal. 

NOTE- 
Check mirror function before installing covering parts 

Outside mirror assembly, removing and 
installing 

- Remove front door panel trim. See 41 1 Doors 

4 Carefully lift inner trim panel up to remove from retaining clip 
(arrow). 

Disconnect electrical harness connectors for window anti- 
trapping protection (B) and speaker (A), if equipped. 



Exterior Trim, ~umpersl  

4 While supporting mirror, remove top mounting fastener 
(arrow). 

Lifi mirror up to remove from door, feed mirror electrical 
harness through opening to remove. 

- Installation is reverse of removal. 

NOTE- 
Checlt mirror function before installing covering parts. 

Tightening torque 

Outside mirror to door (M6) 6 Nm (4.5 It-lb) 

BUMPERS 
- Raise and properly support vehicle. 

WARNING- 
Male sure that the car is firmly supported on jacltstands de- 
signed forthe purpose. Place the jacltstands understructural 
cliassis points. Do not place jack stands under suspension 
oarfs. 
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Exterior Trim, Bumpers 

Front bumper assembly 

1. Bumper support shock 
absorber 

2. Bumper support shock 
absorber seal 

3. Bumper mounting bolt 

4. Bumper support 

5. Bumper to body gasket 

6. Bumper cover 

7. Grill panel 

8. Lower bumper grill 

9. Spoiler 

10. Towing hinge flap 
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Front bumper, removing and installing 

< Working underneath car: 

Remove expansion rivets (arrows) from lefl and right side 
trim panels. 

Remove bumper trim panels. 

4 Remove driving light mounting fasteners (arrows) and dis- 
connect wiring connectors. 

4 Worlting at front of wheel wells 
panel fasteners (arrows). 

remove left and right inner 
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- Installation is reverse of removal, noting the following: 

Carefully slide bumper side panels over mounting brackets 
on fenders. 
Make sure gap between body and bumper is set to speci- 
fications. Adjust height as necessary. See Front bumper 
height, adjusting. 

If equipped with headlight washers or park distance control 
reconnect hoses and harness. 

Tightening torque 

Bumper to impact absorber (M10) 41 Nm (30 ft-lb) 

Front bumper impact absorber, replacing 

To access front bumper mounting bracket and impact absorb- 
er mounting hardware remove front bumper cover. See Front 
bumper, removing and installing. 

4 Remove front bumper impact absorber mounting nuts (A) 
and drill out rivets (B). 

NOTE- 
Install the bumper bracket bolts using thread locking com- 
pound. 

- Installation is the reverse of removal. 

Tightening torques 

Bumper to impact absorber 41 Nm (30 fl-lb) 

Impact absorber to body (6M) 9 Nm (7 ft-lb) 

Impact absorber to body (EM) 22 Nm (16 It-lb) 
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Rear bumper assembly 

1. Center trim cover 

2. Side trim cover 

3. Bumper cover 

4. Bumper support 

5. Outer support guide 

6. Inner support guide 

7.  Bumper shock absorber seal 

8. Bumper shock absorber 

9. Bumper support mount bolt 
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Exterior Trim, Bumpers 

Rear bumper, removing and installing 

Remove expansion rivets from rear inner fender well panels 
(arrows). 

Working in luggage compartment: 

Raise spare tire cover. - Remove trim panel covering luggage compartment latch. 
Open battery cover trim panel on right side and luggage 
compartment. 

Open left side trim panel. 

4 Remove expansion rivets (arrows) from rear panel. 

Remove left and 
remove panel. 

right side panel mounting nuts (arrow) and 
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4 Remove bumper mounting nuts (arrows) 

- Slide bumper straight off bumper side mounting brackets. 

NOTE- 
If equipped with PDC (Park Distance Control) remove electri- 
cal harness grommet and remove harness. 

- lnstallation is reverse of removal, noting the following: 

Make sure gap between body and bumper is set to speci- 
fications. Adjust height as necessary. 

To adjust bumper height, loosen bumper mounting nuts (ar- 
rows) and adjust height. 

Tightening torques 

Impact absorber to chassis (ME nut) 20 Nm (15 ft-lb) 

Side bracket to body 6 Nm (53 in-it) 

Rear bumper impact absorber, replacing 

- Raise and properly support vehicle. 

WARNING - 
Make sure that the car is firmly supported on jack stands de- 
signed for the purpose. Place the jack stands beneath struc- 
turalpoints chassis. Do not place jaclc stands under 
suspension parts. 

- Remove bumper. See Rear bumper, removing and install- 
ing. 

- Remove bumper cover expanding rivets and remove cover. 

. - . . - . . 
".-- < Remove b~mper  mpact absorber (6) bot (arrow). 

I If necessary, replace mounting seals (C). 

- Installation is reverse of removal. 
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Tightening torques 

Impact absorber to chassis (M8 nut) 20 Nm (15 ft-lb) 

Impact absorber to chassis (M6 nut) 9 Nm (80 In-lb 

Bumper bracket to impact absorber 45 Nm (32 ft-lb) 
(MI0 bolt) 

Front bumper height, adjusting 

- A 14 mm allen socket is needed to make adjustments 

- Raise and properly support vehicle. 

WARNING- 
Make sure that the car is firmly supported on jackstands de- 
signed for the purpose. Place the jack stands beneath a 
structural chassis point. Do not place jack stands under sus- 
pension parts. 

4 Using a 12-inch extension and a 14 mm Allen socket, turn ad- 
justing collar clocl~wise or counterclocl~wise as needed to 
change height of adjusting collar. 

4 Distance (A) must be the same at all points (A = 5 i- 1 mm 
(0.2 to 0.04 in)). 

- Reinstall mounting fasteners and check bumper height 

Tightening torques 

Front bumper to bumper 20 Nm (15 ft-lb) 
bracltet (M8 nuts) 

Impact absorber to chassis 9 Nm (80 in-lb 
(M6 nuts) 

Front bumper bracket to impact 
absorber (MI0 bolts) 

41 Nm (31 ft-lb) 
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Exterior trim is attached to the body with plastic clips and fas- 
teners that may be damaged during removal. Be sure to have 
necessary fasteners on hand when reinstalling exterior trim 
pieces. 

BMW emblem, removing and installing 

The procedure given below applies to both front and rear 
emblems. 

- Wrap end of a screwdriver with tape. 

CAUTION- 
Protect hood paint by covering area around emblem with 
tape. 

4 Pry up emblem carefully on either side (arrows) 

NOTE- 
Notice tape on screwdriver tips. 

- Installation is reverse of removal 

Replace plastic inserts in body if damaged. 
If emblem fits loosely, use a small amount of body molding 
tape or adhesive on rear of emblem before installing. 

Body side molding, replacing 

To remove body side moldings, carefully pry moldings 
straight off. 

4 Installation is reverse of removal. Replace any clips or clip 
covering boots damaged during removal. 
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Radiator grill, removing and installing 

- Open hood 

4 Carefully pry out tab on lefl or right side of grill trim ring (A), 
as well as tabs on bottom. 

- Push grill out through opening. Be careful of hood lever on 
passengers side of grill. 

- Once grill is removed, pry remaining tabs (B) to separate in- 
ner grill from chrome trim ring. 

- Before installation, assemble chrome trim ring and grill insert 
securely. Replace components if tabs or catches are brolten 
or missing. 

- Install grill and trim ring in appropriate location in hood. Press 
on trim ring until grill snaps into place. 

Headlight housing trim panel, removing 
and installing 

4 Open hood 

- Remove spray nozzle of vehicles equipped with headlight 
cleaning systems. See 611 Wipers and Washers. 

Release inner tab (arrow) support. 

Swing trim out to release outer hook 
point. 

from fender mounting 

Installation is reverse of removal 



1 512 Door Windows 

. . . . . . . . . . . . . . . . . . .  General . . . . . . . . . . . . . . . . . . . . . . . . . . .  .51 2.2 Window Service .51  2.5 
. . . . . . . . . . .  Special tools . . . . . . . . . . . . . . . . . . . . . . . .  .51 2.2 Window anti-trap strip, testing 512-6 

. . . . .  Power windows . . . . . . . . . . . . . . . . . . . . . .  .51 2.2 Front window anti-trap strip, removing 512-6 

. . . . .  Window switches . . . . . . . . . . . . . . . . . . . .  .51 2.3 Rear window anti-trap strip, removing 51 2-7 
. . . . . . . . . . . . . . . .  Rear window child lockout switch . . . . . . . .  .51 2.3 Door window. adjusting 51 2-8 

. . . . .  Power window motors . . . . . . . . . . . . . . . . .  .51 2.4 Door window. removing and installing 51 2-9 
. . . . . . . . . . .  Convenience openinglclosing .51 2.4 Window Regulator Service . . . . . . . . .  51 2-1 

Window anti-trap protection . . . . . . . . . . . .  .51 2-4 Front window regulator removing 
Window motor limit stop function . . . . . . . .  .51 2.5 . . . . . . . . . . . . . . . . . . . . . . .  and installing 51 2-1 1 

Rear window regulator. removing 
. . . . . . . . . . . . . . . . . . . . . . .  and installing 51 2-1 3 
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This repair group covers door glass, window regulator and 
power window motor repair information. 

CA U JIO& 
All E39 models are equipped with side-impact airbags in the 
front doors. Some models are also equipped with airbags in 
the rear doors. Be sure to read the airbag warnings and cau- 
tions in 721 Airbag System (SRS). 

Electric window switch replacement is covered in 612 
Switches. 

The windshield, rear window, fixed rear doorglass, and cargo 
compartment glass (Sport Wagon only) are bonded using 
special adhesives and tools. It is recommended that bonded 
glass replacement be done by an authorized BMW service fa- 
cility or an automotive glass installer. 

Special tools 

Some window repair operations require special tools. 

Power windows 

- Power window features in E39 models include: 

Control of the front and rear door window motors is carried 
out directly by the General Module (GM Ill). 
One-touch operation in both directions on all four windows. 

Cable type window regulator used for all door windows. . Anti-trap protection provided by pressure sensitive finger 
guard. 
Right front and each rear door has a single window switch 
located in door handle trim. 
Rear door window switches can be deactivated by press- 
ing child lock-out switch in the driver's window switch block. 

Convenience closinglopening of the windows from driver's 
loci( cylinder or convenience opening only from remote un- 
lociting feature (FZV) remote key. 
Window (FZV) operation can be owner customized with 
Car Memory function. See 515 Central Locking and Anti- 
Theft. 
After ignition is switched off, electric windows can be oper- 
ated until a door is opened or until I 6  minutes has elapsed. 

The GM IiI bases window motor end position on current 
draw (load). There is a maximum window motor run time of 
6 seconds. The motor is then switched off even if the end 
position load sensor fails. 
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Window switches 

4 The push type window switch provides the GM Ill with a cod- 
ed ground signal. Holding a switch at the first detent provides 
a single ground signal on one wire requesting the GM Ill to 
open the window. When released, the ground signal is re- 
moved and the window motor stops. 

- Momentarily pushing the switch to the second detent and re- 
leasing provides an additional ground signal on the second 
wire requesting "one touch mode". The GM Ill lowers the win- 
dow automatically until it reaches the end position. Each win- 
dow has four positions, two each for the standard mode of 
operation and two for the one-touch mode. All window oper- 
ation signals are digital inputs to the door modules and GM 
111. 

- The switch functions in the same manner for window closing 
but the ground signal sequence is reversed. 

4 Window switch positions. 

1. Off 

2. Open 

3. One touch open 

4. Close 

5. One touch close 

Rear window child lockout switch 

4 The rear window child lockout switch (arrow) is incorporated 
in the driver's window switch block in leit front door arm rest. 
When activated, it provides a constant ground signal to the 
GM Ill, preventing the windows from being operated from the 
rear door switches. 

- The lockout switch ground signal is overridden by the GM Ill 
if a passive safety system (MRS) crash signal is received. 
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/ 
Anti-trap strip 

Power window motors 

The window motors are mounted on cable regulators. The 
window motor control circuit consists of two wires for operat- 
ing the motor in both directions. 

The motors are activated by relays in the GM Ill. The relays 
provide either power or ground depending on the direction of 
window travel. The GM Ill controls the polarity based on a re- 
quest to run the window from a window switch or a conve- 
nience openinglclosing signal. 

Convenience openinglclosing 

The GM Iii provides the convenience openlclose feature, pro- 
viding control of the power windows (and sunroof) from out- 
side the vehicle with the key in the driver's door lock. The FZV 
(remote key) provides the same function for window opening 
only. 

Anti-trap protection is active during convenience closing from 
the driver's door lock. 

If the GM receives a request to operate convenience closing 
or opening for more than 110 seconds, the function is deacti- 
vated and a fault code is stored. 

Window anti-trap protection 

4 A rubber pressure guard is located at the top edge of each 
door frame. It consists of two contact strips that close when 
subjected to pressure. When the contact strip closes (for ex- 
ample, a hand is trapped between the top of the window and 
the door frame), an anti-trap signal is sent to the GM Ill. The 
window immediately (within 10 milliseconds) reverses direc- 
tion. This feature does not require initialization. 

The E39 pressure sensor finger guard has a resistance of 3 
Kw and it is monitored for open circuits. When pressed, the 
monitored resistance changes to < 1 Kw. if anti-trap protection 
becomes faulty the one touch window closing will not func- 
tion. 

Window anti-trap protection is only active in the one touch 
and convenience close modes of operation. If the window 
switch is pulled and held, anti-trap protection will not function. 

The anti-trap contact strip has a resistance of 1.2 K Ohm and 
it is monitored for open circuits. Faults with the anti-trap sys- 
tem will cancel the one touch feature requiring the window 
switch be held to close the window. 



Door windows1 

Window motor limit stop function 

If repeated window activation (upldown cycles) exceeds one 
minute, the GM I l l  deactivates the internal relays and disre- 
gards any further upldown requests. The GM I l l  provides mo- 
tor activation after a short duration but not for the full one 
minute monitoring cycle. 

The GM I l l  monitors the number of times a window motor is 
activated. It counts each cycle and stores the number in 
memory. Afler the stop function limit is reached and the win- 
dow motor is deactivated, the GM I l l  slowly reverses the 
stored count of activation until the stored number equals 0 ,  
thus allowing the window motor to cool down. 

WARNING- 
* Always wear hand and eye protection when working with 

brolen glass. 

If a window is brolen, all of the glass bits should be 
vacuumed out of the door cavity. Use a blunt so-ewdi-iv- 
er to clean out any remaining glass pieces from the 
window guide rails. 

When servicing the door windows, the harness con- 
nector to the window regulator should always be dis- 
connected to prevent pinching fingers in the moving 
window mechanism. 

Sedan and Sport Wagon doors are similar. Use the following 
procedures for window service on these models. 

WARNING- 
E39 cars are iitted with side-impact airbags in the front 
doors. Some are equipped with airbags in the rear doors 
as well. When servicing the door windows on cars with 
side-impact airbags, always disconnect the negative (-) 
battery cable. See 721 Airbag System (SRS) for cau- 
tions and procedures relating to the airbag system. 

* Prior to disconnecting the battery, read the battery dis- 
connection cautionsgiven 001 General Warnings and 
Cautions. 



Door Windows 

Window anti-trap strip, testing 

- To test function of anti-trap strip on any window: 

With key ON and window down, pull up window switch to 
second detent, thus activating one-touch close operation. 

Insert wooden block or other soft object between glass 
and upper door frame. 

Window should contact block, then immediately reverse 
direction and lower by approximately 25 mm (1 in). 

NOTE- 
Anti-trap strip is integrated into the molding strip of the door 
window frame. 

Front window anti-trap strip, removing 

- Remove front door panel and vapor barrier as described in 
411 Doors. 

< Remove window frame mold~ng strlp and peel toward inside 7 of vehrcle. 

Separate anti-trap electrical harness connector 
top front of door. 

NOTE- 
Wire color for anti-trap strip is dark gray. 

(arrow) at 



Door Windows 

molding and 
anti-trap strip 

4 If replacing molding with new one, transfer mounting clips 
and foam insulation as necessary. 

1. Window frame molding 

2. Clip 

3. Door corner speaker cover 

4. Foam insulation 

- After installation, recheck anti-trap protection. 

Rear window anti-trap strip, removing 

- Remove rear door panel and vapor barrier as described in 
411 Doors. 

4 Remove window frame molding strip, peeling it off fixed win- 
dow partition (arrows). Do not tear strip in area (A). 

Disconnect electrical harness connector (arrow). 

After installation, recheck anti-trap protection. 
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Door Windows 

Door window, adjusting 

Whenever the door window or window regulator is removed, 
window adjustment should be checked. The glass should 
contact the top of the window squarely and should seat 
against the window seal uniformly. 

NOTE- 
If the window does not contact the window seal uniformly, 
wind noise or water infiltration may result. 

- Remove door panel as described in 411 Doors. 

- Disconnect negative (-) cable from battery. Remove airbag 
unit and vapor barrier from door. See 721 Airbag System 
(SRS). 

WARNING- 
Prior to disconnecting the batteg read the battery discon- 
nection cautions given in 001 General Warnings and 
Cautions. 

Longitudinal adjustment 

- Adjustments are made with window in open position. 

Loosen window guide rail mounting nuts (arrows), but do not 
remove. 

Slide window glass in longitudinal direction to adjust 

Tighten guide rail nuts. 

Tightening torque 

Window regulator guide rail to door 10 Nrn (89 in-ib) 
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Door Windows 

Vertical adjustment 

- Adjustments are made with window in open position 

4 Loosen window clamping fasteners (arrows), but do not 
remove. 

Adjust rear clamp and tighten fastener. 

Tighten front clamp fastener. 

4 Raise door window up to stop: 

Check gap (A) at window front edge, 

Checlc gap (5) at window top edge. 

NOJE- 
Measure window frame between door window edge and 
panel. 

Front window gap settings 

Front of window (A) 5.4 mm (0.21 in) 

Top of window (6) 10 mm (0.39 in) 

Tightening torque 

Window regulator guide rail to door 10 Nm (89 in-lb) 

Door window, removing and installing 

- Remove door panel as described in 411 Doors 

- Reconnect window switch and lower window down to conve- 
nient height and disconnect window switch. 

- Disconnect negative (-) cable from battery, then remove air- 
bag unit and vapor barrier from door. See 721 Airbag Sys- 
tem (SRS). 

WARNING - 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Warnings and 
Cautions. 



Door Windows 

Worlting carefully with a plastic prying tool, remove window 
trim strip from door. 

Starting from rear of inner window trim strip, carefully 
on trim strip clips (arrows) to remove window trim. 

< Loosen 1 clamping jaw ' fasteners (arrows) 



Door Windows 

Tilt window glass carefully inside door cavity and lift out of 
door. 

Installation is reverse of removal. 

Replace plastic window retainers once glass is inside door. 
Use new mounting bolts when reinstalling side-impact air- 
bag to door. 
Adjust window as described earlier, 

Sedan and Sport Wagon doors are similar. There are two win- 
dow rails in each front window regulator, only one in the rear. 
Otherwise the front and rear regulators are similar. 

WARNING- 
E39 cars are Wed with side-impact airbags in the front 
doors. Some are equipped with airbags in the rear doors 
as well. When servicing the door windows on cars with 
side-impact airbags, always disconnect the negative (-) 
battery cable. See 721 Airbag System (SRS) for cau- 
tions and procedures relating to the airbag system. 

Prior to disconnecting the battery, read the battery dis- 
connection cautions given at the front 001 General 
Warnings and Cautions. 

NOTE- 
Because window operation is electronically controlled, a win- 
dow motor does not have mechanical endpositions. For this 
reason it can be removed and installed with the window in 
any position and does not need reinitialization. 

Front window regulator removing and 
installing 

NOTE- 
BMW recommends removing the window regulator and mo- 
tor as one unit, then separating the two on the bench. 

- Remove front door panel as described in 411 Doors. 

- Disconnect negative (-) cable from battery, then remove air- 
bag unit and vapor barrier from door. See 721 Airbag Sys- 
tem (SRS). 
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I Door Windows 

- Disconnect window from window guide rail as described in 
Door window, removing and installing. Do not remove 
window from door. 

* Push window up and use wedge to hold in position. 

- If necessary, remove speaker unit from door. 

- Removing window regulator from door: 

Disconnect window motor electrical harness connector. 

4 Remove lower window regulator fasteners (arrows). 

Remove window regulator fasteners (arrows) 

Loosen fasteners (arrows) and slide regulator up to remove 
from mounts. 

- Remove window regulatorthrough opening in bottom of door, 
checking for any wiring that might become snagged during 
removal. 

- Installation is reverse of removal. 

Be sure to route wiring harnesses to keep them away from 
moving window mechanism. Use new wire ties as neces- 
sary. 

- 
Tightening torques - 
Window motor to regulator 5 Nm (44 in-lb) 

502512211 

Window regulator to door 8 Nm (71 in-lb) 

Adjust window as described earlier. - - 

W~ndow to guide 8 Nm (71 in-lb) 
-- 



Door windows1 

Rear window regulator, removing and 
installing 

NOTE- 
BMW recommends removing the window regulator and mo- 
tor as one unit, then separating the two on the bench. 

- Disconnect negative (-) cable from battery 

- Remove door panel as described in 411 Doors 

- Remove airbag unit and vapor barrier from door. See 721 
Airbag System (SRS). 

- Disconnect window from window guide rail as described in 
Door window, removing and installing. Do not remove 
window from door. 

Push window up and use wedge to hold in position. 

Loosen fastener (arrow) and slide window regulator up and 
out of mount. 

Disconnect wiring harness connector (A) and remove fasten- 
ers (6).  

Remove window regulator and motor through opening in 
door. 

- Installation is the reverse of removal. 

Be sure to route wiring harnesses to keep them away from 
moving window mechanism. Use new wire ties as neces- 
sary. 

Tightening torques 

Window motor to regulator 5 Nrn (44 in-ib) 

Window regulator to door 

Window to guide 

8 Nrn (71 in-lb) 

8 Nrn (71 in-lb) 
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I lnterior Trim 

This repair group covers interior trim removal and installation 
procedures. 

- Refer to the following repair groups for additional information: 

250 Gearshift Linkage 
41 1 Doors (interior door panels) 

@ 612 Switches 
620 Instruments 
640 Heating and Air Conditioning [IHKA control panel! 

650 Radio 
721 Airbag System (SRS) 

lnterior trim repairs 

lnterior trim and finish panels are clipped or screwed into 
place. Many of the trim retaining clips are designed to be used 
only once. When removing trim that is held in place with clips, 
it is a good idea to have spare clips on hand before beginning 
the job. 

WARNING- 
Special precautions must be observed when servicing the 
BMWSupplementai Restraint System (SRS). Serious inju- 
ry may result if system service is attempted by persons un- 
familiar with the BMW SRS and its approved service 
procedures. BMW speciiies that all inspection and service 
should be performed by an authorized BMW dealer. 

Before performing any work involving airbags, discon- 
nect the negative () battery cable. See 721 Airbag 
System (SRS). 

Airbags contain a back-uppowersupply within the SRS 
control module. A 5 second discharge period should be 
allowed after the battery cable has been disconnected. 

CAUTION- 
* When working on electrical switclies or lights, always dis- 

connect the negative (-) cable from the battery and insu- 
late the cable end to prevent accidental reconnection. 

a Prior to disconnecting the battery, read the battery dis- 
connection cautions given in W1 General Warnings 
and Cautions. 

To prevent marring the trim when working on interior 
components, work with plastic prying tools or wrap the 
tips of screwdrivers and pliers with tape before prying 
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The console between the two front seats starts behind the 
shifler housing. It houses the parking brake handle, optional 
telephone and oddments storage tray. The rear portion of the 
console houses the ashtray and covers the emergency brake 
cable ends. 

NOTE- 
The accompanying photos illustrate a model with automatic 
transmission. Manual transmission models are similar. 

Center console, removing and installing 

4 Remove shift knob by pulling straight up (arrow). 

Gently pry shift bezel 
harness (arrow). 

up out of console and disconnect wiring 

Models equipped with automatic transmission remove neu- 
tral safety switch fasteners (arrows) and remove bezel with 
switch. 
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Carefully pry cup holder (arrow) out of console, 

4 Pry air vent down to release locking clips and remove. 

< Remove screws (arrows) at base of front seat armrest and 
slide armrest forward to remove. 

4 Remove console glove box (A). 

Remove rear trim panel fasteners (B). 



Interior iriml 

4 Carefully pry out 4-way hazard flasher switch (A) 

Disconnect wiring harness (B). 

Remove trim panel fastener (arrow) under 4 way flasher 
switch. 

4 Remove console trim panel retaining fasteners (arrow) at 
rear of trim panel. 

Remove front console trim fasteners (arrows) and carefully 
remove trim panel. 
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Remove parking bralte lever side cover fasteners (arrows) 

4 Unclip trim boot for parking brake lever and pull boot and 
handle forward off brake lever. Remove parking bralte cover 
fastener (arrow) and remove cover. 

4 Remove fasteners at rear of console (arrows). 

4 With left and right seats in lowest position, remove side con- 
sole fasteners (arrow). 

- Remove left and right side console trim covers. See Lower 

- Remove center console. 

- Installation is reverse of removal. 



Interior Trim 

The E39 dashboard assembly includes the instrument clus- 
ter, passenger side airbag, glove compartment, fuse and re- 
lay panel, radio. IHKA control panel oron-board monitor (if 
equipped with GPS). The dash is made up of an upper and 
lower sections. The lower section must be remove before the 
upper section can be removed. 

Dashboard removal is a complex operation. Read the proce- 
dures through before starting work. 

Lower dash panel assembly, removing and 
installing 

- Disconnect negative (-) cable from battery and cover termi- 
nal with insulating material. 

--7 
CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nectioncautionsgiven atthe irontin001 General Warnings 
and Cautions. 

- Place steering column in down and extended position. 

4 Remove left side foot well panel fasteners (A and B). 

< Using a plastic trim tool, gently pry left and right steering col- 
umn trim panels (white arrow) to remove and release snap 
clip on column boot (black arrow). 

I 1 < Remove instrument cluster trim panel fasteners (arrows). 
Pull trim panel out and disconnect harnesses for light 
switches. 

- Remove radio volume control knob. 



I Interior Trim 

Insert allen wrench into slot approximately 1 mm and turn 
through 90". 

Disconnect wiring harnesses from radio. 

Remove radio. 

4 Remove left and right locking clips (arrow) from glove com- 
partment straps. 

4 Carefully pry left and right dashboard trim out to remove 

4 Remove right side lower dash support screws (A) 



Interior Trim 

4 Remove trim plug from right side of lower dash and remove 
screw. 

- Open glove compartment door. 

- Remove right side foot well trim panel screw and slide rim 
panel back to remove. 

4 Remove glove compartment mounting screw from right side 
of dash (arrow). 

Remove right side console trim panel fasteners (black ar- 
row) and pull panel back (white arrow) to remove. 
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Remove right side lower dash fastener (arrow) 

< Remove left side console trim panel fasteners (black arrow) 
and slide panel backward (white arrow) to remove. 

4 Remove left slde lower dash fastener (arrow) 

4 Remove upper dash fastener (arrow). - Pull bottom of lower dash out to remove 

- Installation is reverse of removal, noting the following: 

Instrument cluster harness connector loclting levers must 
be in up position before installing connectors. 
If replacing instrument cluster with new unit, recode new 
cluster using BMW scan tool DISplus, MoDiC or equiva- 
lent. 
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Upper dash assembly, removing and 
installing 

- Remove lower dash assembly. See Lower dash panel as- 
sembly, removing and installing. 

I I 4 Remove instrument cluster fasteners (arrows) and swing 
cluster out to remove. 

Disconnect wiring harnesses from instrument cluster. 

4 Remove A-pillar (windshield pillar) trim on left and right sides 
by prying out HPS cover (arrow). - Remove screws beneath covers. 

- Remove passenger side airbag. See 721 Airbag System 
(SRS). 
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< Remove steering column trim panel by releasing clips (ar- 
rows). 

< Remove left side mounting fasteners (arrows). 

Lilt dash panel upwards and remove through passenger 
door. 

- Installation is the reverse of removal. 

Window and door post trim panels, 
removing and installing 

Windshield post trim (A pillar), removing and Installing 

- On 1998 and later cars, disconnect battery negative (-) cable 

I 

WARNING- 
On 1998 and later models, front Head Protection System 
(HPS) airbags are installed in the driver and passenger side 
windshieldpost trim (A-pillar). See 721 Airbag System 
(SRS) for warnings and cautions regarding airbags. 

< Remove A-p~llar trim panel fastener cap (arrow) 
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4 Remove fastener (arrow) beneath trim cap. 

Working from top carefully pull trim panel away from A-pil- 
lar and pull up to remove. 

- Installation is reverse of removal. 

If necessary replace defective or broken mounting clips. 

Door post trim panel (B-pillar), removing and installing 

4 Remove seat belt fastener (arrow) from seat frame. 

- Remove front and rear door sill trim panels. 

- Pull front and rear rubber door seal away from trim panel. 

4 Carefully pull bottom of lower trim panel away from door post 
to release clips. 

Pull trim lower panel straight down (arrow) to remove. 
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Carefully pry bottom of upper trim panel away from door post 
to release clips. 

Pull upper trim panel straight down (arrow) to remove. 

Installation is reverse of removal. 

If necessary replace defective or broken mounting clips. 

Rear window pillartrim (C-pillar), removing and installing 
(models without rear HPS airbags) 

1 I 

WARNING- 
On 1998 and later models, rear Head Protection System 
(HPS) airbags may be installed (optional equipment) in the 
driver and passenger side C-pillar area. The procedure given 
below does not cover models with rear HPS airbags. See 
721 Airbag System (SRS). 

4 Carefully pry interior light out of C-pillar trim panel and dis- 
connect wiring harness. 

Carefully pry trim panel out at top to release clips, - Pull trim panel straight up to remove. 

- lnstallation is reverse of removal. 

If necessary replace defective or broken mounting clips. 
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Dash panel support, removing and 
installing 

- Remove lower dash panel. See Lower dash panel assem- 
bly, removing and installing. 

- Remove upper dash panel. See Upper dash assembly, re- 
moving and installing. 

- Remove upper steering column fasteners. See 320 Steering 
and Wheel Alignment. 

4 Remove dash support fasteners (arrows). 

Remove wire ties as necessary and remove support. 

- Installation is reverse of removal. 

Rear parcel shelf, removing and installing 
(models without rear HPS airbags) 

WARNING- 
On 1998 and later models, rear Head Protection System 
(HPS) airbags may be installed (optional equipment). The 
procedure given below does not covermodels with rear HPS 
airbags. See721 Airbag System (SRS). 

- Remove C-pillar trim panels. See Rear window pillar trim 
panel (C-pillar), removing and installing. 

- Remove rear seat backrest. See 520 Seats. 

- Rear parcel shelf removing: 

Remove center headrest fasteners. 
Remove seatbelt floor mounting fasteners. 

Carefully pry out safety belt trim panels and feed seatbelt 
through slots. 

. . . - -. . . . . . . . . Remove expansion rivets and slide pane fonvard to re- 
move. 

< Remove expanson r:vets (arrows). 

Remove vent panels (A). 
Remove speafter pane s (B). 

Remove center head rest s-pporl fasteners (C). 

Slioe parcel shelf forward lo remove. 

- lnsta lation s reverse of removal. 
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Glove compartment, removing and 
installing 

4 Open glove compartment and remove lefl and right side 
mounting clips (arrow) and support straps. 

Close glove compartment. 
Remove right side lower dash panel. 

4 Working under right side of dash, remove glove compartment 
hinge fasteners (arrows). 

- While supporting glove compartment, release latch to remove. 

- Installation is reverse of removal. 

, & j ? i  8 .: ,,,, < 
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This section covers repair information for door, trunk and car- 
go compartment locks, central locking, electronic immob~liza- 
tion (EWS) and anti-theft alarm (DWA). 

€39 cars are equipped with sophisticated self-diagnostic elec- 
trical systems. When experiencing malfunctions relating to 
central locking. EWS or anti-theft systems, start the diagnosis 
process using the BMW service tester DIS, GT 1, MoDiC or 
equivalent scan tool. An advanced diagnostic scan tool can 
usually pinpoint electrical faults quickly and safely. 

Additional electrical information can be found in: 

610 Electrical Component Locations 

ELE Electrical Wiring Diagrams 

Central locking in E39 vehicles controls the door locks, trunk 
or tailgate lock and fuel filler flap lock. The control module for 
the Central Body Electronics system (ZKE Ill), lknown as the 
General Module (GM Ill), controls central locking. 

ZKE Ill manages the following central locking related func- 
tions: 

Central locking 

* Keyless entry 

Key memory 

Power trunk release 

Electric opening of tailgate 

DWA alarm system 

Diagnosis 

General Module 

4 The General Module (GM) (arrow) is responsible for the op- 
eration of central body electronics. The GM is located behind 
the glove compartment. 

Based on input information, the GM uses internal transistors 
to switch current flow (providing voltage or ground) through 
circuits and actuators. Actuators are the final controlling de- 
vices used by GM to operate or control various output func- 
tions such as relays and motors. 

The accompanying schematic, Central locking inputs and 
outputs, illustrates the GM central locking system. 
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Central locking inputs and outputs 
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Driver's door lock 

The lock/unlock signals are sent as input to the door module 
from two microswitches on the lockcylinder. The driver's door 
module carries out the locking / unlocking functions of the 
driver's door through its final stage control. 

The signal to lock the remaining doors, trunk or tailgate and 
fuel flap is sent over the P-Bus to the GM and the passenger 
door module. Activation of the passengers door loclt is carried 
out by the passenger door module. The rear doors, trunlt or 
tailgate and fuel flap are locked by the f~nal  stage in the GM. 

When locked from the outside, all doors are set to the double 
lock position and the GM will not carry out any unlock com- 
mands from the central loclc button or remote trunk release 
button. 

Selective unlocking 

When unlocking with the key or the remote transmitter, the 
first unloclcrequestwill only unlock the driver'sdoor. A second 
unlock request will unlock the remaining doors, trunk or tail- 
gate and fuel flap. 

Trunk locking I 

The vehicle can be locked/unlocked from the trunlc loclc cylin- 
der. The GM locks the trunk or tailgate, rear doors and fuel fill- 
er. The locking command is passed over the P-Bus to the 
respective door modules to lock the driver's and passengers 
doors. 

Locking the trunk and removing the key in the hor~zontal posi- 
tion will set the valet lock and prevent opening of the trunlt 
with the central locking system. 

Central locking switch - 

< The central locking master control switch (arrow) is located 
in the center console behind the shifter. 

The central locking button will only single loclt the doors 
and trunk. The filler flap remains unloclted for refueling pur- 
poses. 
If a door is opened from inside while centrally locked, the 
remaining doors remain locked. 

The open door can be relocked, when closed, by manually 
locking or pressing the central locking button twice. This 
synchronizes the door locks. 
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DWA alarm 

The DWA alarm system is armedldisarmed when thevehicle 
is locked / unlocked from either the door or trunk. 

Convenience closing I opening 

The windows and sun roof can be closed or opened by hold- 
ing the key in the loclc I unlock position. 

Crash sensor 

The crash sensor is located in the left front kick panel. It func- 
tions by unlocking all doors in the event of an accident. 

NOTE- 
Continuous and repeated locliing / unlocking may cause 
timedarrest of the locliing system. When activated, the timed 
arrest lasts for two minutes. The timed arrest does not affect 
the crash sensor unlocliing the doors in case of an accident. 

Door locks 

The driver's door lock location is the only point outside of the 
vehicle where the ltey can mechanically control all of the cen- 
tral locking system functions. 

4 Door key positions for electrical / manual loclting and 
unlocking are: 

1. Manual unlock 

2. Unlock, DWA disarmed, convenience open 
(hold until activated) 

3. Neutral position 

4. Lock, DWA armed, convenience closing 
(hold until activated) 

5.  Manual lock 

The door lock actuators are sealed. self contained units with 
no replaceable parts. The actuators use Hall effect sensors in 
place of pin contacts and microswitches to provide DOOR 
OPEN I DOOR CLOSED status signal. Each door lock button 
only affects the actuator it controls. There is no effect on the 
other doors. 

An automatic locking feature activates door locks when a 
road speed signal of 4 mph is detected via the K-Bus. The fac- 
tory default coding for this feature is OFF, but can be coded 
ON for individual users with the Key Memoryfunction. See 
Car Memory 1 Key Memory later in this section. 
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Each rear door is equipped with the child lock-out lever, pre- 
venting the door from being opened from the inside regard- 
less of loclc button position. 

Starting with models produced afler 911997, the General 
Module and electronic immobilizer (EWS) interface via the K- 
Bus to monitor double lock status and to initiate double loclc 
override. This feature allows the doors to be opened from the 
inside if a key accepted by EWS is switched on in the ignition. 
See Single lock and double lock function. 

The door loclc buttons are mechanically uncoupled from the 
actuators when locked. The remote keyless entry system 
(FZV) is standard equipment. This allows for elimination of 
the passengers side door loclt cylinder. 

Another function of the locking system is the sofl close trunk 
(SCA) system, where applicable. 

Single lock and double lock function 
(2000 and later models) 

On models produced after 911999, each door lock actuator in- 
corporates two motors: 

Single lock motor controls the mechanical loclc mechanism 
when the central lock switch is pressed to single loclc the 
vehicle. The loclc mechanism is fully locked at this point but 
can stil. be openeo from the interor by pu lng  the appropri- 
are interior door nandle lwce or by pressing rhe central 
lock switch again. When single lock'function is activated, 
the fuel filler flap actuator is not locked. 

Double lock motor, also known as central arrest, is activat- 
ed only when the vehicle is locked from the outside at the 
driver's door lock with a key or when the GM receives a 
lock request from the remote entry (FZV) system. In this 
case the double lock motor is activated simultaneously 
with the single lock motor. The function of the double loclc 
motor is to mechanically offset an internal rod in the loclc 
actuator, disabling it from unlocking the vehicle from the in- 
terior. This prevents the doors from being unloclted by any 
means except from an unlock request at the driver's door 
or via the FZV remote key. 

Lock cylinder safety 

4 The driver's door loclc and the trunk loclc incorporate an over- 
running loclc cylinder similar to the ignition lock. If any key 
other than the vehicle key, or a tool such as a screwdriver or 
dent-puller, is inserted into the cylinder, it will cause the cyl- 
inder to freewheel or spin. 



Central Locking and Anti-Theft 

Trunk lock 

6 T r ~ n k  ftey pos~rions for eecir'cal mama, locking and 
-nlock~ng are: 

1. Manual unock 
.. - - - ........ - ..- .- ................. s.=.=-- 

2. Unlock. DWA oisarmed, conven:ence open 
(nold un1:l aclivaledj 

3. Ne~ t ra l  posit'on 

1 .  -ocn. DWA armeo, Convenience closng 
(hold ~ n t i  activated) 

5. Valet .oc,t position 

. -- .............-... .- . - -..... 

Key memory 

< The remote trunk button (arrow) is located in the lefl lticlc 
panel. 

- The trunk can be opened from this remote release when the 
doors are locked from the central locking button. The trunk 
remote button is disabled when the trunkis loclted in the valet 
position or when a speed signal of 4 mph is present at the 
GM. 

Remote entry (FZV) 

< The €39 remote (keyless) entry system (FZV) uses a tiny ra- 
dio transmitter in the vehicle key to lock and unlock the doors 
and the trunk by remote control. There are a number of other 
features incorporated in FZV: 

Locltinglunloclting of fuel filler lid 

Selective unlocking of driver's door (as with key in lock) 

Armingldisarming of DWA alarm system 

Remote unlocking of trunk lid or tailgate 

Comfort opening of windows and sunroof 

* Interior lighting activation 

Panic mode alarm activation 

* Models to 1999: Key incorporates LED. LED informs oper- 
ator that an FZV signal is being transmitted. LED is also 
useful indicator of key initialization status and lkey self-test. 

Keys delivered with four different colored labels. This is 
helpful to differentiate FZV keys during initialization, pre. 
venting possibility of misassigning key ID which would 
change coded Key Memory functions. 
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The General Module (GM) is connected to the FZV receiver 
module (in left rear roof pillar) via K-Bus. Locking and unlock- 
ing of doors, trunk or tailgate and convenience closing is car- 
ried out by the GM subsystem controlling the door lock, 
window and sunroof modules. 

The accompanying schematic, Remote entry (FZV) inputs 
and outputs, illustrates the GM remote entry subsystem. 

Remote entry (FZV) inputs and outputs 

Inputs Outputs 
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FZV keys 

4 FZV key button functions: 

Bunon 1 press once: 

Unlock driver's door 
DWA disarmed 

/ lnterior lights on 

... - 0 0 2 1 ~ 0 ~ ~ j  

Convenience opening 

2000 - 
'.-,- /- ..,. 

Button 2 press once: 

Button 1 press twice: 

a Total unlocking 

Button 1 hold: 

* Lock - DWA armed 
lnterior lights ON when vehicle is locked 

Button 2 press twice within 10 seconds: 

Deactivate interior and tilt monitoring 

Button 3 press momentarily: 

Trunk lid opens 

Button 3 press and hold: 

Panic mode (alarm) 

LED (4) provides feedback of system operation and battery 
condition. LED is eliminated from 2000 and later lkeys. 

LED flashes indicate the following: 

One flash indicates that FZV lock I unlock signal was sent 
and batteries are OK. 

Quick flashing LED indicates that convenience opening 
signal is being sent. 

Slow flashing LED indicates that initialization procedure 
was successful. 

A steady-on LED [after a self test as described in Trans- 
mitter self-test (models to  1999)l indicates that hard- 
warelsoftware of transminer are OK. 

No LED activity could indicate discharged batteries or de- 
fective transmitter. 
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NOJE- 
A single unlock request from the driver's door with the FZV 
key unlocks the driver's door only. A second unlock request 
unlocls the remaining doors and trunk. This feature can be 
modified for individual users with the Key Memory capabil- 
ities to activate all lock actuators simultaneously See Car 
Memory / Key Memory later in this section. 
Starting with 2000 models, the battery in the FZV ignition 
Icey is recharged by the ignition switch ring antenna while 
the ley  is in the ignition switch. 

Transmitter self-test (models to  1999) 

Press buttons 1 and 2 at the same time. This starts ltey trans- / mitter self-test. Transmitter is OK when LED glows steadily 

te{le"el for that particular key and illuminate an instrument 
cluster message. 

-- 502515092 J 
NO JE- 

If batteries are replaced within one minute of removal, it is 
not necessary to periorm initialization. 
Tlie state of charge of key batteries has no effect on elec- 
tronic immobilizer (EWS) function. 

2 

Remote key initialization 

for one second. If LED fails to illuminate, try replacing l tey~ 
batteries. 

The state of charge of key transmitter batteries is monitored 
by the GM. Once the voltage level of the transmitter drops be- 
low 4.5volts, the LED no longersignals transmitteroperation. 
Convenience opening, initialization and self-testing are no 
lonaer ~ossible. The GM will store a fault indicatina low bat- 

NOJE- 
In the accompanying illustration, the key is from a 1998 mod- 
el. 2000 and later models are equipped with a different look- 
ing /<ex but the button functions are the same. 

- Up to four keys can be coded to operate the same system 
Initialize all key transmitters at the same time. 
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4 The initialization procedure is as follows: 

Close ail doors and have all keys available 

2 LED Using lkey number I ,  turn ignition switch to KL R (ACCES- 
SORY), then switch off within 5 seconds and remove first 
key. 

. - -- 
, ..-.---- - Within 30 seconds of turning ignition switch to OFF, press 

and hold button 2. 

1 While holding button 2, press and release (tap) button 1 
three times within 10 seconds. Models to 1999: LED flash- 

- If acknowledgement signal (doors lock / unlocking) does not 
follow initialization procedure, repeat process. If ignition is 
switched on during process, procedure is cancelled. 

50251509‘1 

NOTE- 
The Key Memory function of the GM responds to the ley 
identification number of each key If  the keys are not initial- 
ized in the same orderprior to initialization, the ley memory 
functions activated by the l(eys will not be assigned correctly. 
Always initialize the keys in the same order. 

es momentarily. 

Release both buttons. GM immediately locks and unlocits 
doors to signal successful initialization. 

Remote system coding 

* Initialize remaining lteys, repeating steps above. 

The E39 remote entry system uses coded signals for security 
purposes. The code signal sent by the transmitter is changed 
every time the vehicle is lockedlunlocked with the transmitter. 
A separate code signal is used for each transmitter that is ini- 
tialized to the system. This allows for each transmitterto oper- 
ate independently of the others. 

Due to the changing of the code each time the buttons are de- 
pressed, the system allows for a lacit of synchronization be- 
tween the transmitter and receiver. This would occur if the 
buttons on the transmitter are pressed inadvertently. 

Up to 100 erroneous actuations of the transmitter are auto- 
matically corrected forby the control module. If more than 100 
actuations are present, the operator need only to press the 
button a second time to restore system operation. 
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Key battery 

9 
4 1997 - 1999 models: Two lithium batteries are used to sup- 

ply power to key transmitter. When replacement is neces- 
sary, remove cover and two fasteners (arrows) from rear of 
key to access batteries 

NOTE- 
I f  you replace the batteries within one minute, the FZV ley 
will not require a new initialization procedure. 

2000 and later models: FZV key battery is recharged by ring 
antenna while ltey is in ignition switch. There is no need to re- 
place ltey battery. 

Car Memory 1 Key Memory 

A number of features and functions can be customized to the 
driver(s) preference. The identity of the vehicle user is provid- 
ed by a s~gnal from the keyless entry system (FZV). 

Car Memory and Key Memory are actually two separate func- 
tions, although they are marketed as a combined feature. 

Car Memory 

Pr'or ro new veh c,e de very, the BMW scan roo (DISp us, 
GTI or MOD C) is ~ s e d  lo cooc ine driver preierences nro ine 
appropriate control modules. Thereafter these choices can- 
not be changed without recoding with a BMW scan tool. 

The functions that can be set using Car Memory include: 

Alarm system (DWA) features such as armingldisarming 
with lkeyless entry (FZV), activation of tilt sensor or interior 
sensor 

lnterior light activation when central locking is used 

Convenience opening of windows/sunroof 

lnterior and external lighting preferences 

Heating I A/C preferences (IHKA) 

Seat and mirror preferences (triggered by Key Memory) 

Instrument cluster display units (for example: km vs. miles) 
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Key Memory 

Whenever one of the FZV keys is used to lock or unlock the 
car, the user is identified by the GM. A maximum of four keys 
can be programmed with the Key Memoryfeature. The use of 
the personalized key then triggers Car Memory functions 
such as heating I AIC (IHKA) settings or memory seat position 
adjustment. 

Most programming of Key Memory requires the use of BMW 
scan tools (DISplus, GT1 or MoDiC). However, features such 
as IHKA blower speed and temperature store automatically 
without the use of scan tools. 

Available Key Memory functions vary based on vehicle equip- 
ment. The functions that can be set include: 

Automatic locking after start off (vehicle speed) 

Selective locking 

Heating 1 AJC blower speed, heated or cooled air distribu- 
tion, automatic blower setting 

Trunk lid soft close (SCA) 

< The optional sofl close trunk feature is called SCA. The SCA 
actuator is located in the panel below the trunk lid. 

1. SCA motor and actuator located behind trunk trim in 
rear wall of trunlc 

2. Lower edge of trunlc seal 

3. Cam in open position 

4. Cam in closed position 

The actuator is controlled by a load relay in the General Mod- 
ule (GM). The closing cam is mounted on an eccentric that is 
driven by the actuator. The cam always turns 180" in the 
same direction to open or close the trunk. 



SCA subsystem 

1. Battery power (term. 30) 

2. Battery power (term. 30) 

3. SCA actuator 

4. Ground (term. 31) 

5. Feedback OPEN 

6. Ground (term. 31) 

7. General Module (GM) 

8. Trunk contact switch 

9. Trunk opening switch 

502515990 

SCA operation 

Three microswitches are used to operate trunk latching sys- 
tem. 

Microswitch mounted on lock cylinder. Pushing lock cylin- 
der in will signal GM to activate actuator and open trunk. 

Q Microswitch in actuator signals GM when trunlc has re- 
leased. Actuator shuts off. 

When closing trunk, third microswitch (on trunk latch) sig- 
nals GM to activate actuator. Cam turns to pull lid closed. 

Foroverload protection, ON duration of actuator is limited to a 
max. 5 seconds. 

Emergency opening of trunk is provided by a mechanical link 
from the lockcylinder. If the trunlc has been opened by the 
emergency release, it can be reclosed as a conventional lid 
with normal pressure. 

Tailgate and rear window locks 

The Sport Wagon tailgate can be opened from: 

0 Remote lkey (FZV) 

Interior tailgate release button at driver's lkick panel 

Unlock microswitch above rear license plate 
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Any of these input requests to the GM activates the tailgate 
latch motor. The GM will also switch on the interior lights with 
a tailgate unlock request. 

The rearwindow is opened with the release switch on the rear 
wiper arm cover. Pressing the switch signals the GM to acti- 
vate the rear window release relay. 

Sport Wagon tailgate and rear window lock 
schematic 

Inputs Outputs 

"UiRWiNOOW 
ACTUATOR RELAY 

RUiRWINDOW 
ACTUlimR 
A 

L 

WIPERS 
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DOOR HANDLES AND LOCKS 
In the procedures that follow, door handle removal, door lock 
cylinder removal and door latch removal are covered for the 
left front door. Other doors are similar although simpler, due 
to the lack of lock cylinder. 

Inside door release removal is covered in the procedure for 
inner door  ane el removal. See 411 Doors. 

Door handle (outer), removing and 
installing 

NOTE- 
IfBMWspecial tools 51 3201 and51 3 203 are available, the 
door handle can be removed without removing the door trim 
panel or door airbag. Use the access hole behind the rubber 
sealing plug on the door edge. 

- Close window on front door. 

- Disconnect battery negative (-) cable. 

C A U T l O G  
Prior to disconnecting the batter)! read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

Remove front door trim panel. See 411 Doors. 

Remove door-mounted air bag. See 721 Airbag System 
(SRS). 

Remove rubber sealing plug (arrow) from door edge 

NOTE- 
In the photo below, door handle and lock cylinder carrier are 
shown on the work bench for clarity. 

Working inside door cavity: - Use long thin screwdriver to release locking tab A. Push 
screwdriver through hole for rubber sealing plug. 

Slide locking plate B toward front of door. 

Working on outside of door, lift out lower edge of handle and 
pull down to remove. 

Installation is reverse of removal, 

Tightening torques 

Airbag to door (replace screws) 8.5 Nrn (75 in-lb) 
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Door latch, removing and installing 

- Close window on subject door and open all other windows. 

- Disconnect battery negative (-) cable 

CAUTION- 
Prior to disconnecting the batterl: read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

- Remove door trim panel. See 411 Doors. 

- Remove air bag. See 721 Airbag System (SRS). 

- Remove outer door handle. See Door handle (outer), re- 
moving and installing. 

< Working inside door cavity, release loclting tabs (arrows) 
and open protective cover. 

Pull down on electrical harness connector (arrow) to re- 
lease. 

< Working inside door cavity, next to outside door sltin: 

Disconnect door lock cylinder Bowden cable from latch as- 
sembly arm (A) and support (B). 

Disconnect microswitch connector (arrow). 
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< Working at outer door edge: 

Disconnect inside door release Bowden cable guide by 
sliding mounting clip (A) forward. 

Remove latch mounting fasteners (B) and (C) and remove 
latch. 

NOTE- 
In the photo below, door handle assembly and latch assem- 
bly are shown removed from the car for clarity. 

Installation: Slide latch into position in door making sure that 
cross-shaped tip of door loclc cylinder mechanism fits cor- 
rectly into corresponding opening in latch mechanism (in- 
set). 

Remainder of installation is reverse of removal. Operate loclc 
using key before installing door trim panel. 

Tightening torques 

Airbag to door (replace screws) 8.5 Nm (75 in-lb) 

Outer door lock cylinder, removing and 
installing 

- Close window on subject door. Open all other windows 

- Disconnect battery negative (-) cable. 

CA U T I O I G  
Prior to disconnecting the baffeg read the battery discon- 
nection cautions given in 001 General Warnings and  Cau- 
tions. 

- Remove door trim panel. See 411 Doors. 

- Remove door air bag. See 721 Airbag System (SRS). 

- Remove outer door handle. See Door handle (outer), re- 
moving and installing. 

- Remove door latch. See Door latch, removing and install- 
ing. 
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4 Remove lock cylinder carrier mounting screws (arrows). 

- Working inside door cavity, turn cylinder carrier assembly 
counterclockwise and carefully pull down to remove. 

- Installation: Place lock cylinder carrier in position in door. In- 
stall and tighten mounting screws. 

- Remainder of installation is reverse of removal. 

Tightening torques 

Airbag to door (replace screws) 8.5 Nm (75 in-lb) 

Trunk lock, removing and installing 

< Remove plastic trim panel: - Remove screw cap and screw (A). 

Remove expansion rivets (B). 

* Gently pry out mount clips (C). 

4 To remove trunk lock: 

Disconnect electrical harness (A). 

* Snap actuator rod out of mounting clip (B). 
Remove fasteners (C) and remove lock assembly. 

- Installation is reverse of removal 

Trunk latch, removing and installing 

4 Remove plastic trim panel: 

Remove screw cap and screw (A). 

Remove expansion rivets (B). 

Gently pry out mount clips (C). 
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4 Disconnect actuator rod (arrow) from trunk loclc assembly. 

4 Remove trunk latch fasteners (arrows). 

- Remove latch and disconnect wiring harness. 

- Installation is reverse of removal. 

Trunk lock striker plate, removing and 
installing 

4 Remove left and right trim panel fasteners (arrow). 

- Remove (4) trim panel expansion rivets (A) and remove trim 
panel. 

1 4 Remove striker plate mounting fasteners (arrows). 
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Trunk l id gap 
measurements 

4 When installing, or adjusting trunk lid alignment, adjust posi- 
tion of trunk loclc striker with mounting bolts finger tight. 

* Check trunk lid loclc operation with lid open. 

Adjust trunk lid alignment. See 412 Trunk Lid, Tailgate for 
lid adjustment specifications. 

NOTE- 
Do not lubricate lock or lock striker with grease. 

Tailgate lock, emergency release 

4 In case of electrical failure, there is an emergency tailgate 
loclk release. The release is located in the tailgate behind the 
tool door. 

- With tool door open, remove access cover and pull to the 
right to release tailgate. 

ELECTRONIC ~MMOBILIZATION (EWS) 

E39 cars are equipped with a passive theft-prevention sys- 
tem. The Electronic Immobilization System (EWS) makes it 
impossible to startthe engine using any means other than the 
special lkeys furnished with the vehicle. 

NOTE- 
Replacement EWS control modules or DME control modules 
must be electronically aligned to each before the vehicle will 
start. This requires the use of the BMW Service Tester (DIS- 
plus, GT1, or MoDiC). Without alignment, the engine will not 
crank (for example: swapping a known good DME control 
module into another vehicle for test purposes will result in a 
no crank situation). 

In the EWS system, the ignition key is embedded with acom- 
puter chip (EEPROM) and coded. The key communicates 
with the vehicle using a transponder in the lkey and a ring an- 
tenna surrounding the steering lock cylinder. Up to 6 replace- 
ment keys are permissible. Only an authorized BMW dealer 
can provide replacement keys. 



Central Locking and Anii-Theft 

- If the starter engages, the following EWS inputs are function- 
ing normally: 

Ignition key 

Code function 

Transmission range switch or clutch position switch 

Engine speed sensor 

NO JE - 
If a vehicle key is  lost or stolen, the electronic authorization 
for that key can be cancelled using the BMW scan and di- 
agnostic tools DISplus, GTl or  MoDiC. 

Force applied to a ley can damage the electronic circuitry 
in the key A damaged ley will not start the engine. In that 
case, a new key should be  purchased and initialized by an 
authorized BMW dealer. 

EWS variations 

EWS variations used in E39 cars are shown in E39 EWS ap- 
plications table below. 

E39 EWS applications 

I I Ifling antenna (surrounds ignition switch) I 

System 
designation 

EWS II 

I I l~ransmitter I receiver module located in right side steering column cover I 

E39 production 
dates 

SOP - 311 997 

I I IEWS 111 (3.2) control module incorporates transmitter1 receiver moduie functions / 

Main components, changes, improvements 

Key with EEPROM transponder 

Control moduie located behind glove compartment, in electrical component panel 

Control module located to left of steering column, under dashboard 

K-Bus input 

Transmitter I receiver module eliminated EWS 111 (3.2) 

Transmission range selection input from automatic transmission control module 

3 11997 - 911997 

- 
EWS ill (3.3) 

Clutch Hall-effect switch (replaces transmission range switch input) 

911997 - 2002 EWS 111 (3.3) control module with iSN code burned in (cannot be overwritten during 
alignment) 

Control module located to left of steering column, under dashboard 
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EWS control module, replacing 

NOTE- 
EWS control module location varies depending on version of 
EWS installed. Checlc the table €39 EWS applications. 

- Disconnect battery negative (-) cable. 

CA UTIOI\C 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

- EWS II: Control module is accessible from behind glove com- 
partment. 

Remove trim below glove compartment. 

Lower relay and module holder to access EWS control 
module 

EWS Ill: Control module (A836) is located to left of steering 
column, below dash. 

Remove trim below steering column. 

Unplug module and remove from holder. 

Installation is reverse of removal. 

Transmitter / receiver module 

Only EWS II vehicles are equipped with a separate transmit- 
ter! receiver module attached to the steering column trim on 
the right side of the column. 

Ring antenna 

- Remove ring antenna using BMW special tool 61 3 300. 

Remove upper and lower steering column trim. 

Disconnect harness connector to ring antenna. 

Pry off ring antenna using BMW special tool 61 3 300 or 
equivalent flattened prying tool. 

Alternatively, remove ignition switch key cylinder: 

With ignition ltey in ON position (60" from LOCKED), insert 
thin piece of stiff wire into opening (arrow) in lock cylinder 
and pull lock cylinder out. - Detach ring antenna harness connector. 

Gently work ring antenna off ltey cylinder. 

CaonliayPuliiliirrl can,-A, R0,il. Rurilrrrri 
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ANTI-THEFT SYSTEM (DWA) 
When the anti-then system (DWA) is armed, the doors, hood, 
windows, trunk lid or tailgate are monitored against forcible 
entry by switches and sensors. The vehicle is protected 
against being jacked up or towed away by a tilt sensor. 

The control electronics for DWA are integrated in the General 
Module (GM). In addition to the control electronics, the sys- 
tem includes the following components. 

* DWA horn 

DWA LED indicator - Tilt sensor - Monitoring switches and sensors 

The system can be armed or disarmed from the driver's door 
lock, trunklid lock, tailgate lockorthe remote transmitter (FZV 
Itey). When armed, the alarm horn soundsfor30seconds and 
the low beam headlights and turn signals flash for 5 minutes. 
The electronic immobilizer (EWS) is also activated when 
DWA is activated. 

The alarm is switched off immediately if key is inserted in door 
loclt or FZV key button is used. 

DWA LED Status 

The DWA status LED is located in the rear view mirror (ar- 
row). When DWA is armed, the LED flashes slowly to indi- 
cate armed status. 

The LED and exterior lights flash once and the alarm horn 
sounds when the system is successfully armed ordisarmed. 
The LED will continue to flash slowly denoting the armed sta- 
tus. If any monitored input is not closed when the system is 
armed, the LED will flash rapidly for 10 seconds to indicate 
the fault. 

Tilt sensor 
- 

4 The tilt sensor, located on the left side of trunlt or cargo com- - 

partment, consists of a conductive liquid chamber, a proces- 
sor board and metal probes. The probes are submersed in 
the liquid and produce a resistance value dependent on the 
tilt of the sensor (angle of the vehicle). This resistance be- 
comes the reference value when the DWA system is armed. .- 
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1 Tilt sensor operation: 

1. DWA armed, vehicle level. Tilt sensor sends HlGH sig- 
nal to General Module (GM). 

2. DWA armed, vehicle tilted. The fluid moves in sensor, 
changing resistance value. HlGH signal changes to 
LOW signal. GM activates alarm. 

If the vehicle is jacked up or lifted in any way, the angle of the 
liquid changes, producing a change in the resistance value. 
The sensor signals the GM to activate the DWA alarm. The 
sensor resets at the new angle. This allows the DWA system 
to remain armed and to reactivate the alarm if tlie vehicle is 
moved again 

Locking the vehicle twice within a few seconds will deactivate 
the tilt alarm sensor while arming tlie remainder of the sys- 
tem. This allows the vehicle to be transported in an armed 
state without activating tlie alarm. 

Interior protection 

The interior motion sensor is mounted in the center of the 
headliner panel. Due to the design of the vehicle interior, the 
sensor must be installed in the correct direction to ensure 
proper operation of the system. 

lnterior sensor FIS (1997 - 1999 models) 

4 When the alarm system is armed, the FIS sensor emits elec- 
tromagnetic waves at a frequency of 2.45 GHz. As long as 
nothing is moving in the vehicle, the waves are reflected baclc 
to the sensor at the same frequency. If a foreign object enters 
the vehicle, the frequency of the reflected signal changes. 
The sensor detects the changed frequency and triggers the 
alarm. 

Every time the DWA system is armed, the sensor adapts to 
whatever objects might be stationary in the interior. This al- 
lows pacltages or objects to be left inside tlie car without ef- 
fecting the operation of the system. The sensitivity of the 
sensor is set so that the moving object must be at least as 
large as a bumble bee. This prevents a false alarm from oc- 
curring if a small insect is caught in the vehicle. 

FIS is switched off when the vehicle is locked two times within 
ten seconds. The DWA LED will flash one time for confirma- 
tion. This allows the sensor to be switched off to avoid false 
alarms when the windows are left open for venting. 
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Central Locking and Anti-Theft 

Interior sensor UIS (2000 and later models) 

The UIS system uses ultrasonic sound waves instead of elec- 
tromagnetic waves. Ultrasonic sound waves are less suscep- 
tible to magnetic interference. 

Every time the DWA system is armed, the sensor adapts to 
whatever objects might be stationary in the interior. The sen- 
sor emits ultrasonic waves in a programmed timed cycle. It re- 
ceives echoes of the emitted waves. The UIS amplifies the 
received sound wave signals and compares them to the ech- 
oes of the transmitted waves. The UIS also checits the incom- 
ing echoes for background hiss (wind noise through a 
partially open window) and adapts for this. 

If the echoes are consistently similar, no movement is de- 
tected. 

If the echoes are altered, (inconsistent), the UIS deter- 
mines motion in the interior compartment. 

If motion is detected, the UIS changes to a constant cycle 
and the echo is compared again. 

If the inconsistency is still present the UIS sends the acti- 
vate siren signal to the GM. 

Glass breakage sensors 

The doorwindows are monitored by inductive sensors mount- 
ed on the inside of the door behind the trim panel. A closed 
window is recognized by a magnetic plate on the glass lining 
up with the sensor. If the glass is broken, the plate falls away 
and the signal from the sensor changes. This causes the GM 
to activate the alarm. 

Emergency disarming 

- An emergency procedure is provided to cancel the DWA in 
the event that a fault occurs within the system. The procedure 
is as follows: 

Driver's door mechanically unloclted and open within 30 
seconds. This will cause triggering of alarm. 
All doors closed. 

Ignition switch turned to KL R (ACCESSORY). LED indica- 
tor will come on. 

- After 10 minutes, alarm is disarmed 
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l Seats 

This repair group covers removal and installation of the front 
and rear seat. 

SeatIMirrorlSteering Column Memory 

< The basic features of seaffmirrorlsteering column operation, 
including memory positions are integrated into the ZKE Ill 
system. Driver adjustment positions can be memorized and 
stored for three different users.The seat control module is in- 
tegral with the seat and mirror switches. The seat control 
module stores seat memory position via the "ripple" counter 
module. 

NOTE- 
Passenger seat on sedan models uses a simple control cir- 
cuit and do not include a memory module or on-board diag- 
nostics. 

Seat memory position, setting 

With the transmission range selector in " P  and the mirror 
change over switched in the left position, switch the ignition 
on and press the "M" on the memory switch. 

Press one of the three position switches (1, 2 or 3) within 
the 7 second memory period (memory indicator lamp will 
illuminate for 7 seconds) - The current positions of the mirrors, seat and steering col- 
umn will now be stored in memory. 

NOTE- 
Seat memory is held in an EEPROM in the seat module and 
is stored in memory before the ZKE goes into its sleep mode. 
I f  the battery is disconnected before the 16 minute sleep 
mode activation, seat memorypositions are lost and repro- 
gramming is required. 

< Power seat controls. 

A -Seat tilt 

B - Longitudinal adjustment 

C - Cushion height 

D - Head restraint height 

E - Back rest angle 



ZKE seat/mirror/steering 
column memory 
operational diagram 

1. General module Ill 

2. Steering column adjustment 
switch 

3. Seat memory module with 
adjustment switches 

4. Headrest motor 

5. Backrest motor 

6. Seat base tilt angle motor 

7. Seat base up - down motor 

8. Seat forward - back motor 

9. Steering column length motor 

10. Steering column tilt motor 

11. Driver's (left) door module 

12. Memory switch 



l Seats 

Seat repair and component replacement is possible once the 
seat has been removed from the vehicle. 

Before servicing front seats read safety regulations on han- 
dling airbag modules and pyrotechnic seatbelt tensioners. 
See 720 Seat belts and 721 Airbag system (SRS). 

WARNING- . The front seats are equipped with pyrotechnic seat belt 
tensioners. These tensioners are powerful devices and 
should be handled with exfreme care. Incorrect handling 
can trigger off the tensioner and cause injury. 

BMW recommends that all repair or replacement worlc 
on pyrotechnic devices must be carried out by a quali- 
fied BMW technician. 

Be sure to disconnect the battery and wait 5 seconds 
before attempting to work on pyrotechnic devices. 

During body straightening and welding with an electric 
arc welder, always disconnect the battery and the con- 
nection to the pyrotechnic gas generators. 

Seat switch and memory module, removing 
and installing 

- Remove front seat. See Front seats, removing and install- 
ing. 

- Carefully pull seat adjusting ltnobs straight out to remove. 

Remove screw fastener ( A )  and trim clips (B), turn side panel 
downward to remove. 

Disconnect electrical harness connector (arrow). 



520-5 

Seats 

1 4 Release mounting tabs (arrows) and remove switch module. 

Front seat, removing and installing 

- Turn ignition switch to OFF position. 

Remove front and rear rail trim panels: 

Raise center of trim panel (A) to release loclting pin. 

Unlock and lift out inner mounting clips tabs (6). 
Slide trim panel off rail (arrow) to remove. 

< Remove seat belt mounting fastener (arrow) from seat 
frame. 
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1 Seats 

4 Remove fasteners (arrows) from rear 

- Move seat as far back as possible. 

of seat rails 

4 Open seat electrical harness cover (A) to release plug loclc 
(6) and disconnect electrical connector (C). 



Seats 

< Remove front seat rail fasteners (arrows) 

- Remove front seat from car. Headrest may be removed to 
provide additional clearance. 

NOTE- 
Use a blanket to protect the door sill from scuffing by seat 
rails during seat removal. 

- Installation is reverse of removal. Use wire ties or equivalent 
means to keep seat harness wiring from fraying. 

Tightening torques 

Front seat to floor 42 Nm (31 ft-lb) 

Seat belt end to seat frame 48 Nm (35 ft-lb) 

E39 models are equipped with at least three different ver- 
sions of rear seats. This manual only covers the standard 
seat used in sedan models. 

Rear seat cushion and backrest, removing 
and installing (sedan only) 

4 Pull front of rear seat cushion up to release clips. While hold- 
ing front of cushion up, pull cushion forward to remove. 



Seats 

Remove left and right side bacltrest mounting fasteners (ar- 
row). 

Pull up on backrest to detach from top retainers. Slide back- 
rest to side to clear seat belts while removing. 

NOTE- 
I f  the car is equipped with heatedrearseats, detach electrical 
harness connector(s) as you remove the seat components. 

4 When reinstalling, be sure to pull seat belts and buckles (ar- 
rows) up through appropriate slots in seat cushion. 

Headrest, removing and installing 

- Slide headrest as far up as possible. 

Press guides (arrows) back and 

Installation is reverse of removal 

pull upward to remove 



540 Sunroof 

General . . . . . . . . . . . . . . . . . . . . . . . . . . . ,540-2 

Sunroof Adjustments. . . . . . . . . . . . . . . .540-2 
Sunroof electronic controls, initializing . . . . ,540-2 
Sunroof, normalization. . . . . . . . . . . . . . . . . ,540-3 
Sunroof, characteristic curve . . . . . . . . . . . .540-3 
Sunroof panel, emergency closing . . . . . . . ,540-4 
Sunroof, adiustino . . . . . . . . . . . . . . . . . . . . ,540-5 
~unroofwit i l  steel roof panel, adjusting . . . ,540-5 
Sunroof with glass roof panel, adjusting . . . ,540-7 

Sunroof Components . . . . . . . . . . . . . . 540-8 
Sunroof components (glass) . . . . . . . . . . . . 540-8 
Sunroof panel, removing and 
installing (steel or glass) . . . . . . . . . . . . . . . 540-8 
Sunroof panel gasket, replacing 
(steel or glass) . . . . . . . . . . . . . . . . . . . . . . . 540-9 
Sunroof motor, replacing . . . . . . . . . . . . . . 540-10 



540-2 

Sunroof 

This repair group covers the slide-tilt sunroof assembly. 
There are two types of sunroof panels available: steel 01 

glass. Service procedures are different for each type. 

Component locations, initialization, sunroof panel replace- 
ment, and sunroof height adjustment are covered. Replace- 
ment of the cable assembly or frame require that the 
headliner be removed. Removal and repair of the sunroof as- 
sembly and othercomponents inside the roof cavity is beyond 
the scope of this manual. 

When the sunroof is set to the vent position (rear of panel up), 
the inside headliner moves rearward approximately 120 mm 
(4.7 in) This provides cabin ventilation with less wind noise. A 
water channel is incorporated into the sunroof assembly. It 
automatically rises when the sunroof panel is in the vent posi- 
tion and prevents water from entering the interior during brak- 
ing. 

Sunroof electronic controls, initializing 

- Initialize the sunroof in the following situations: 

Malfunctions such as lack of one-touch function, lack of 
comfort openinglclosing or lack of safety (anti-trapping) 
features. 

If sunroof motor has been removed and reinstalled. 

If power supply to the sunroof has been interrupted. 

If repairs have been performed on the slideltilt mechanism. 

NOTE - 
The initialization sequence is dependent on the software ver- 
sion of tlie sunroof module (in the sunroof drive unit). 

I WARNING - 
I There is no anti-trapping protection during initialization. I 



Sunroof, normalization 

During normalization the mechanical end positions of sunroof 
movement are detected and stored by the General Module 
(GM Ill). 

,:..I:,* *:3F$&-T 
, a,.,-. . 2 

*i;.'I . :i_(,*,,_ _* Press and hold sunroof switch in "lift" direction. 

Afler reaching end position (A), keep switch pressed for 
approximately 20 seconds longer. 

- Normalization is complete when sunroof in lifl position (A) 
moves briefly in direction of (6). 

E39 models up t o  311 998 

- The characteristic curve for E39 models built up to 311998 is 
learned automatically during operation. After normalization, 
open and close sunroof once by pressing switch. 

NOTE- 
In the event of a faulty triggering of the anti-trap protection in 
a specific position, the fault can be rectified by moving over 
the relevant position several times. 

E39 models from 311 998 

- Characteristic curve is learned manually in the following 
steps: 

Release switch after normalization for maximum of 5 sec- 
onds. 

Then hold down switch in sunroof raising position until sun- 
roof has returned to closed position after a complete open- 
ing operation. 

Characteristic curve learning is complete, release sunroof 
switch. 

NOTE- 
Carry out function check (tip function, anti-trap protection 
and, i f  necessary, comfort function). 
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Sunroof 

Sunroof panel, emergency closing 

4 Using a plastic tool carefully pry interior light out of headliner. 

4 Remove access panel from below sunroof motor by inserting 
fingers through light opening and pressing down. 

4 Disconnect electrical connections (arrow) and lay switch 
panel aside. 

4 Insert hex ltey into drive in sunroof motor (arrow), and turn 
hex ltey to manually close sunroof. 

NOTE- 
The hex l e y  for manually (emergency) closing the sunroof 
can be found in the tool Itit located in the trunk lid (sedan 
models) or under the cargo area floor panel (Sport Wagon). 



Sunroof, adjusting 

The sunroof is controlled by a set of cables that move the sun- 
roof panel along guide rails when the motor is operated. The 
sunroof can be adjusted without removing it from the car. 

NOTE- 
Be sure to check drains in front corners of sunroof carrier i f  
water is entering car through headliner. 

- The sunroof panel should be adjusted under the following cir- 
cumstances: 

Sunroof misaligned with roof. 
Sunroof does not close squarely. 

* Wind noise at high speeds (sunroof closed). 

Sunroof has been removed. 

For correct sunroof alignment: 

Sunroof must be fully closed. 
Gap must be even all around edge of sunroof. 

Front of sunroof must be flush to 1 mm (0.04 in.) below sur- 
face of roof. . Rear of sunroof must be flush to 1 mm (0.04) above sur- 
face of roof. 

NOTE- 
Use a credit card to measure the gap. The card sllould insert 
through the gap with equal resistance all around the perimeter. 

Sunroof with steel roof panel, adjusting 

- The headliner panel must be disengaged from the drive as- 
sembly and moved rearward in order to access the roof panel 
attaching screws. 

CAUTIOI\C 
Sunroof panel must never be moved to open position when . . 

I the headliner is disenaaaed. 1 

- Start with a fully closed roof panel. 

- Remove drive motor access cover. See Sunroof motor, re- 
placing. 

Using hex key from tool kit, turn motor drive 90" counter- 
clockwise. 

Rear of sunroof panel will drop 2 to 3 mm (0.08 to 0.12 in). 
This disengages headliner from sunroof panel. 

- Push headliner panel rearward, exposing roof panel attach- 
ing screws. 



l Sunroof 

4 Adjusting rear roof height: 

Remove fasteners (A) and (6) 
Slide in left and right side adjusting wedges (C) until ideal 
setting is reached. 

Press sunroof panel forward and tighten wedge nuts (6). 
* Tighten center nut (A). 

4 Adjusting front roof height. 

Loosen lefl and right fasteners (A) 
Set front of sunroof to ideal height by moving panel up or 
down. 

Tighten fasteners (A). 
Insert hex key in drive motor and turn 90" clockwise. 

Pull headliner panel forward until it locks in place. 

Tightening torque 

Wedge locking nuts 1.5 Nm (1 3 in-lb) 



Sunroof 

Sunroof with glass roof panel, adjusting - - 
< Slide sunroof liner back into roof cavity until approx. 70 mm 

(2.75 in) is exposed. 

Raise glass sunroof panel to vent position to expose rubber 
gaiter (arrow). 

- Working from center section of gaiter (arrow), carefully pull 
gaiter off slotted mounting on sunroof glass panel. 

CA UTIOW- 
The gaiters tear easik 

* Do not attempt to remove gaiters from lower edge of 
sliding mechanism. 

- With gaiters removed, three adjusting screws are visible at 
front and rear of panel. 

4 Sunroof panel is retained by three Torx screws (arrows) on 
each side. To adjust sunroof height: 

Loosen Torx screws until sunroof can just be moved. - Push sunroof panel forward. 

Push sunroof panel up or down until correct height is 
achieved. 

Reinstall sunroof gaiter. 

Sunroof height adjustment specifications 

Rear Flush1 1 rnrn (0.04 in) higher than roof top 

Front Flush 11 rnrn (0.04 in) lower than roof top 

Tightening torque 

Sunroof panel to roof (Torx) 6 Nrn (4.4 in-lb) 



1 Sunroof 

Sunroof assembly removal and installation involves headliner 
removal, and is not covered in this manual. After sunroof re- 
pairs, be sure to follow initialization and adjustment proce- 
dures given earlier. 

I Sunroof comDonents 

1. Left rubber boot suppori 

2. Left upper control rail 

3. Left side water channel repair ltit 

4. Left lower control rail 

5. Left cover 

6. Left side slider 

7. Cross member 

8. Sunroof frame 

9. Trim panel 

10. Gasket 

11. Glass roof cover 

m5sm.7 - -. 

Sunroof panel, removing and installing 
(steel or glass) 

4 To remove sunroof panel, open sunroof and remove wind 
blocker by removing Tom screw (arrow) on each side. 



Sunroof 

4 Remove three Torx screws (arrows) on each side, and lift 
panel out. 

- Installation is reverse of removal. Adjust sunroof height and 
gap as described earlier. See Sunroof, adjusting. 

Tightening torques 

Wind blocker to roof (Torx) 1 Nm (9 in-lb) 

Sunroof panel to roof (Torx) 6 Nm (4.4 ft-lb) 

Sunroof panel gasket, replacing 
(steel or glass) 

- Remove sunroof panei. See Sunroof panei, removing and 
installing (steel o r  glass). 

Pull old seal from panel. 

Coat new seal and channel in sunroof panel with soapy 
water. 

* Starting at back center of panel, install new seal, taking 
care to not pull seal too tightly around four corners of 
panel. 

- Installation is reverse of removal. Adjust sunroof height and 
gap as shown earlier in this repair group. See Sunroof, ad- 
justing. 

Tightening torques 

Wind bloclter to roof (Torx) 

Sunroof panel to roof (Torx) 

1 Nm (9 in-lb) 

6 Nrn (4.4 ft-lb) 



.-  

Sunroof 

Sunroof motor, replacing 

Remove interior light from below sunroof motor by gently pry- 
ing with a plastic tool. 

4 Remove access panel from below sunroof motor by inserting 
fingers through light opening and pressing down. 

4 Remove sunroof motor mounting screws (arrows). 

- Installation is the reverse of removal. Perform initialization 
procedure as described earlier. See Sunroof electronic 
controls, initializing. 

Tightening torque 

Sunroof motor to sunroof carrier 2.8 Nm (25 in-lb) 
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I Seat Belts 

This section covers repairs to the following seat belts sys- 
tems. See the table below. 

IMultIple Restraint Systems I 
Years 

311 996 - 811 997 

Multiple Restraint System electronics integrate seat belt op- 
erations and airbag deployment. Airbag repair information is 
covered in 721 A i rbag  System (SRS). 

Troubleshooting 

The seat belt reel should lock when driving quicltly through 
curves, during severe braking or in case of a collision. The au- 
tomatic reel does not require any servicing and should never 
b e  opened. 

- In case of an accident, follow the seat belt troubleshooting 
procedures presented in the table below. 

Troubleshooting procedures 

Belt creased, unraveled, pinched, cut or 
melted. Belt buckle or belt loclt plastic casing 

Repairs 

Replace complete automatic seat belt. 
Also checlt and replace, if necessary, seat 

Problem 

Damage to seat belt. 

worn, damaged or missing. 

Seat belt bucltle is not ejected with spring 
pressure when red button on seat belt loclt is 

> - - -  I I 

Automatic belt soueaks when fastened or I~xcessive friction in belt guides. I Replace reel assembly. 

Probable cause 

Accident in which bumper impact absorbers 
were permanently deformed. 

Seat belts aged or worn. 

pressed. 

Seat belt automatic reel does not lock when 
pulled out suddenly. 

Seat belt automatic reel jams when pulled 
out. 

Seat belt does not retract automatically 
(see note below). 

Automatic reel loose. 
Return sorino broken inside reel. 

belt mounting on car body and seat belt 
mounting on seat runner. 

Replace complete automatic seat belt. 

Seat belt loclt mechanism worn or 
damaged. 

Tighten reel mounting bolt 
Replace reel assembly. 

Replace seat belt lock. 

Automatic reel defective. 

Automatic reel loose. 
Return spring broken inside reel. 

Automatic reel loose. 
Return spring brolten inside reel. 

Replace reel assembly. 

Tighten reel mounting bolt. 
Replace reel assembly. 

Tighten reel mounting bolt. 
Replace reel assembly. 

~ ~-~~ , - I '  
Replace complete automatic seat belt. 
Also check retaining bracket of belt 

Seat belt pyrotechnic tensioner triggered. Accident triggered pyrotechnic deployment. 



Seat Belts 

NOTE- 
The rear bench seat belt strap may not retract fully due to in- 
creased friction between strap and seat cover. A small re- 
maining loop in belt strap when fully retracted is acceptable. 

WARNING- 
* For maximum protection from injury, seat bells should be 

replaced as a set (including all hardware), if they are sub- 
ject to occupant loading in a collision. 

Seat belts should not be modified or repaired. The seat 
belt mounting points should not be changed or modi- 
fied. 

Do not bleach or dye seat belt webbing. Webbing that 
is severely faded or redyed will not meet the strength 
requirements of a collision and must be replaced. 

Clean belts with a luke-warm soap solution only: 

Seat belts should be periodically inspected for webbing 
defects such as cuts or pulled threads. 

* Immediately after replacing a damaged or worn seat 
belt, destroy the old belt to prevent it from being used 
again. 
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Seat Belts 

Front seat belt tensioner, removing and 
installing 

- Disconnect battery negative (-) cable in trunk. 

The front seat belt loclts are equipped with pyrotechnic (ex- 
plosive charge) automatic tensioners. These tensioners are 
designed to automatically retract and tension the seat belt by 
55 mm (approximately 2 inches) in the event of an accident. 

CAUTION- 
Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
t ions. 

WARNING- 
Pyrotechnic seat belt tensioners are powerful devices and 
should be handled with extreme care. Incorrect handling 
can trigger the tensioner and cause injury 

BMW recommends that all repair or replacement work 
on pyrotechnic devices must be carried out by a quali- 
fied BMW technician. 

Be sure to disconnect the battery and wait 5 seconds 
before attempting to work on pyrotechnic devices. 

Pyrotechnic devices cannot be repaired. Always re- 
place them. 

Never treat pyrotechnic components with cleaning 
agents or grease. - Do not expose pyrotechnic components to tempera- 
tures above 75% (167°F). 

Pyrotechnic components can only be tested electrically 
when installedusing the BMWService Tester (DISplus, 
GTI ,  or MoDiC). 

Do not fire a pyrotechnic gas generatorprior to dispos- 
al. It must be fired by a special disposal company or 
shipped back to BMW in the packaging of the new com- 
ponent. 

During body straightening and welding with an electric 
arc welder, always disconnect the battery and the con- 
nection to the pyrotechnic gas generators. 

- Remove front seat as described in 520 Seats. 

- 



Seat ~ e l t s l  

< Remove tensioner cover: 

Cut wire ties (A). 

Release wiring harness from tensioner cover clip (B). - Release tensioner cover locks (C) and slide cover down to 
remove. 

- When reinstalling: 

Replace wire ties to relieve tension on pyrotechnic belt ten- 
sioner harness connector. 

Tightening torques . - 

Front seat to floor (M10) 42 Nm (31 it-lb) 

Seat belt to seat 48 Nm (35 It-lb) 

Tensioner mounting bracitet to seat rail 24 Nm (18 it-lb) 

Tensioner to mounting bracket 48 Nm (35 it-lb) 



I Seat Belts 

a Front seat belt assembly 

1. Seat belt buckle 

2. Seat belt stop button 

3. Seat belt 

4. Seat belt height adjuster 

5. 6-pillar cross brace 

6. Seat belt reel mounting bolt 

7.  Seat belt anchor mounting bolt 

8. Seat belt lock with pyrotechnic 
tensioner 

9. Tensioner mounting bolt 

Front seat belt reel, removing and installing 
(sedan and Sport Wagon models) 

- Detach battery negative (-) cable in trunk. 

~~-~ 

Prior to disconnecting the battery, read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 

l tions. I 

- Remove front seat as described in 520 Seats 

4 Gently pry up front and rear plastic door sill protector strips 
to remove. 



Seat Belts 

Remove lower B-pillar (door pillar) plastic trim 

Pry carefully along bottom of trim to disengage 
pillar. 

Slide trim down (arrow) and out to remove. 

clips from 

4 Carefully pry bottom of upper door post trim away from post 
to release clips. 

Slide upper trim panel down (arrow) to remove. 

Remove automatic reel from B-pillar: - Remove upper seat belt anchor bolt (A). 

Remove cross-brace mounting bolts (B). 
Remove sound insulation at base of 8-pillar. 
Then remove automatic seat belt reel mounting bolt (C). 
Lift out reel. 

If it is necessary to remove sliding seat belt height adjuster, 
unscrew mounting bolts from B-pillar. 



720-8 

I Seat Belts 

When Installing automatic reel housing to 5-pillar, slide tab 
into locating slot (arrow). 

Remainder of installation is reverse of removal 

Tightening torques - - .  

Front seat to floor (M10) 42 Nm (31 ft-lb) 

Seat belt to seat 48 Nm (35 ft-lb) 

Seat belt to height adjuster 31 Nm (23 it-lb) 

Seat belt reel to €3-pillar bottom 31 Nm (23 ft-lb) 

Sliding height adjuster to €3-pillar 24 Nm (18 ft-lb) 

Rear seat belt assembly 
(sedan) 

1. Center shoulder belt reel 
assembly (if equipped) 

2. Right shoulder belt lock 

3. Lap-belt assembly 

4. Left shoulder belt lock 

5. Bolt MlO 
(tighten to 31 Nm, 23 ft-lb) 

6. Left shoulder belt reel assembly 

7. Center shoulder belt lock 
(if equipped) 

8. Bolt M12 
(tighten to 48 Nm, 35 ft-lb) 
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Seat Belts 

Rear seat belts (sedan) 

- Remove rear parcel shelf to access shoulder belt assembly 
mounting bolts. See 513 Interior Trim. 

- Remove rear seat cushion to access rear seat belt lock 
mounting bolts. See 520 Seats. 

- When installing seat belt lock straps: 

Install right lock strap (which is shorter) underneath middle 
lock strap. 

Install left lock strap underneath middle lap belt strap. 

Metal strap ends must rest against stop on floor under- 
neath seat. 

Rear seat belt assembly 
(Sport Wagon) 

1. BoltMlO 
(tighten to 31 Nm, 23 ft-lb) 

2. Right shoulder belt reel 
assembly 

3. Center belt lock 

4. Right belt lock 

5. Left belt lock 

6. Center shoulder belt reel 
assembly 

7. Left shoulder belt reel assembly 

8. Bolt MI2  
(tighten to 48 Nm, 35 ft-lb) 
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Seat Belts 

Rear seat belts (Sport Wagon) 

- Center shoulder belt: 

Remove shoulder belt guide trim at top of seat backrest. 

Feed belt out through slot in trim. Working in cargo com- 
partment, partially remove backrest cover to access shoul- 
der belt reel. 

Remove shoulder belt reel mounting bolt inside backrest. 

- Outboard shoulder belt: 

Remove roof-pillar (C-pillar) trim. 

Remove center shoulder belt. 

- Lift up rear seat cushion(s) to access rear seat belt loclc 
mounting bolt(s). 

- When installing seat belt loclc straps: 

Install right belt loclc strap (which is shorter) underneath 
center belt lock strap. 

Install left belt loclc strap underneath center lap belt strap. 

- Metal strap ends must rest against stop on floor underneath 
seat. 
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This repair group covers airbag components and replace- 
ment. Airbag system repairand fault diagnosis is not covered. 
Diagnostics, component testing, and airbag system repair 
should be carried out by trained BMW service technicians. 

Individual airbag system components can only be tested elec- 
tronically when installed in the car. BMW service testers DIS 
or MoDiC or equivalent must be used for diagnostic work. 

WARNING- 
Special test equipment is required to retrieve airbag fault 
codes, diagnose system faults, and reseffturn off the air- 
bag indicator light. The indicator light will remain on until 
any problem has been corrected and the fault memory has 
been cleared. 

Airbags are part of the BMW Multiple Restraint System 
(MRS). Three versions of MRS are available in E39 models. 

Multiple Restraint Systems 

MRS and MRS II include the following restraint components: 

311 996-811 997 

911 997-311 999 

311 999-2002 

Driver and passenger front airbags (MRSIMRS II) 

MRS 

MRS II 

MRS Ill 

Passenger front two-stage airbag (cars manufactured 
from 911998). 

The seat occupancy sensor (SBE) is used for detection of 
a passenger in the right front seat. MRS uses the SBE in- 
put to determine seat belt tensioner and/or front airbag de- 
ployment thresholds. 

Side impact airbag for driver and front passenger 
(MRSIMRS II) 

Leftlright side impact crash sensors (MRSIMRS 11) 

Side impact airbag for rear passenger (MRS II) (optional) 

Head Protection System (HPS) for driver and front passen- 
ger (MRS II) 

Battery Safety Terminal - BST (MRS II) 

Hall Sensor seat belt switches (MRS II) 

Front pyrotechnic seat belt tensioners 

Fuel pump cut off message 
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MRS Ill adds the following features: 

MRS Ill employs "smart" technology. Smart technology re- 
fers to the control module's programming for the deploy- 
ment of the airbags, in stages depending on the severity of 
the impact. 

Two-stage a~rbag for ooln drver and passenger Alloivs for 
a softer c~snioning elfecl when the airbags are l r  ggered at 
lighter impact, 

MRS Ill satellite sensors use 2 wire connectors 

Rear side airbags arrive de-activated from the factory and 
can only be activated upon written request from the cus- 
tomer. 

Rear seat head protection is available when ordered with 
optional rear seat side airbags. 

E39 Airbags 
Driver airbag 

Passenger airbag 

Head Protection System (HPS) 
Inflatable Tubular Structure 
(ITS) (MRS II and MRS Ill) 

Front side impact airbag 

Rear door side impact airbag 
(optional) (MRS I1 and MRS Ill) 
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Two-stage airbag (MRS Ill) 

Beginning with 2000 model year (911 999 production) the front 
airbags were changed to a two-stage style airbag. This en- 
sures that the force of airbag inflation is not greater than nec- 
essary to provide protection. The airbags are designed to 
Drovide "soit" de~lovment if the acceleration sensor detects a 
iow-speed impact, and "hard deployment in higher speed im- 
pacts. 

NOTE- 
A two-stage passenger airbag was used on cars built be- 
tween 9/1998 and 3/1999. This pre-smart technology airbag 
used two ignition stages. Stage one is designed to ignite first 
during an impact. Stage two ignites after a timed period, as 
programmed in the MRS I1 control module. 

Airbag indicator light 

The MRS control module detects and stores system status 

The airbag indicator light in the instrument cluster displays 
the status of the airbag system when the ignition key is in "ac- 
cessory" or ON positions. 

System normal: lndicator light comes on briefly, then goes 
out. - System malfunction: lndicator light fails to come on. 

System malfunction: lndicator light comes on briefly, goes 
out and lights up again. 

The airbag indicator light also comes on if the seat belt pyro- 
technic tensioners have been triggered. 
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Warnings 

When servicing airbag equipped cars, the following precau- 
tions must be observed to prevent personal injury. 

WARNING- . If the airbag indicator light is on, there is a risk that the air- 
bags will not be triggered in case of an accident Be sure 
to have the system inspected and repaired immediately 

Airbag(s) are inflated by an explosive device. Handled 
improperly or witliout adequate safeguards, the system 
can be very dangerous. Special precautions must be 
observed prior to any work at or near the airbags. 

0 The airbag is a vehicle safety system. Serious injury 
may result if system service is attempted by persons 
unfamiliar with the BMW MRS and its approved service 
procedures. BMW advises that all inspection and ser- 
vice be performed by an authorized BMW dealer. 

Always disconnect the battery and cover the negative 
(-) battery terminal with an insulator before starting di- 
agnostic, troubleshooting or service work not associat- 
ed with the airbags, and before doing any welding on 
the car. 

0 After disconnecting the battery, wait 5 seconds before 
beginning work on airbag components. 

* If an airbag has been activated due to an accident, 
BMW specifies that airbag components be replaced. 
For more information on post-collision airbag service, 
see an authorized BMW dealer. 

Do not fire an airbag unit prior to disposal. It must be 
fired by a special disposal company or shipped back to 
BMW in the packaging of the new components. 

When removing a fired airbag unit, avoid contact with 
the skin; weargloves. In case ofskin contact, wash with 
water. 

Do not allow airbag system components to come in 
contact with cleaning solutions or grease. Never sub- 
ject airbag components to temperatures above 167°F 
(75°C). When reconnecting the battery, no person 
should be inside the vehicle. 

Always place an airbag unit that has been removed 
from its packaging with the paddedside facing upward. 
Do not leave an airbag unit unattended. 

0 If the airbag unit or airbag control module has been 
dropped from a height of '/? meter (I//: ft.) or more, the 
airbag unit should not be installed. 
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MRS 

The MRS control module contains the electronic crash sensor 
for frontal impact. Sensors mounted on the driver and pas- 
sengerfloor are used for side impacts. The MRS control mod- 
ule is located between the front seat under the center 
console. 

MRS airbag system 
diagram 

1. Driver's side airbag 

2. Passenger's side airbag 

3. Right side impact sensor 

4. Seat occupancy sensor pad 

5. Right side impact airbag 

6. SBE control module (analog to 
digital converter) 

7. Passenger pyrotechnic seat belt 
tensioner and seat belt mi- 
croswitch (Hall sensor MRS Ill) 

8. MRS control module 

9. Driver pyrotechnic seat belt ten- 
sioner and seat belt microswitch 
(Hall sensor MRS Ill) 

10. Left side impact airbag 

11. Left side impact sensor 
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MRS control module, replacing 

- Disconnect negative (-) cable from battery and cover nega- 
tive terminal with insulating material. 

CAUTIOI\C 
Prior to disconnecting the battery, read the battery discon- 
nection cautionsgiven in001 General Warnings and Cau- 
tions. 

- Remove center console between front seats. See 513 lnteri- 
or  Trim. 

Remove module mounting nuts (arrows) and lift up control 
module. Disconnect electrical harness connector. 

Installation is reverse of removal. 

Be sure that MRS control module ground cable is attached 
to the module mounting stud. 

Side-impact crash sensor, removing and 
installing 

- Make sure ignition key is OFF. 

- Remove front seat. See 520 Seats. 

Remove plastic door sill trim by lifting to release clips at one 
end, then sliding off. Fold up carpet towards rear seat floor. If 
necessary, remove floor level heater duct. 
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4 Remove electrical harness connector from crash sensor (A). 
Remove sensor retaining screws (6) and remove sensor. 
Note direction of sensor before removing. 

- Installation is reverse of removal, 

NOTE - 
Arrow on sensor must point to door sill. 

Driver airbag, removing and installing 

- Disconnect negative (-) cable from battery and cover nega- 
tive terminal with insulating material. 

WARNING- 
After disconnecting the batter)! wait 5 seconds before begin- 
ning work on airbag components. 

CAUTION- 
Prior to disconnecting the batter)! read the battery discon- 
nection cautionsgiven in001 General Warnings and Cau- 
tions. 

4 Multifunction (MFL) steering wheel: . Working behind steering wheel, completely loosen Torx 
screws (T30) while holding airbag in place. 

Support airbag unit to prevent it from falling out. 
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4 Sport steering wheel: 

Insert screwdriver through opening in rear of steering 
wheel and push against spring tension to release airbag 
unit lock. 

Repeat procedure on other side of steering wheel. 

Lift off airbag unit and detach electrical harness connec- 
tors. 

WARNING- 
Store the removedairbag unit with the horn pad facing up. 
If stored facing down, accidental deployment could propel 
it violently into the air, causing injury. 

Once an airbag is removed, the car must not be driven. 

Do not connect the battery with the airbag disconnect- 
ed. A fault code will be stored, setting off the airbag in- 
dicator light Special tools are needed to reset the fault 
memory 

Once the airbag unit is installed and all other service 
procedures have been completed, start the engine and 
check that the airbag indicator light goes out. If the in- 
dicator light stays on, the airbag system will not func- 
tion as designed. Have the system diagnosed and 
repaired by an authorized BMW dealer. 

- Installation is reverse of removal. 

MFL  steering wheel: Torque airbag using specification list- 
ed below. - Sport steering wheel: Press airbag unit mounting pins into 
spring loclts in steering wheel until they snap in firmly. 

CAUTION-- 
Do notpinch airbag harness in center of steering wheel when 
installino airbaa. 

Tightening torque 

Airbao to steerino wheel IMFL) 8 Nm (71 in-lb) 

Passenger airbag, removing and installing 

- Disconnect negative (-) cable from battery and cover nega- 
tive terminal with insulating material. 

-- 

WARNING - 
After disconnecting the batteg wait 5 seconds before begin- 
nina work on airbaa components. 

Prior to disconnecting the battery, read the battery discon- 
nection cautionsgiven in001 General Warnings and Cau- 
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4 Pry up cover from top of passenger side airbag on dash- 
board. 

4 Remove airbag mounting bolts (arrows) 

- Lift airbag and disconnect electrical harness connector. Re- 
move airbag. 

WARNING- 
Store the removed airbag unit with the soft pad facing up. If  
stored facing down, accidental deployment could propel it vi- 
olentlv into the ail: causino inium 

- Installation is reverse of removal. Make sure wiring harness 
is not pinched when installing airbag unit in dashboard. 

Tightening torques - 

Passenger alr bag to 10 NM (88 in-lb) 
dashboard (Me) 

Door mounted side-impact airbag, 
removing and installing 

- Disconnect negatlve (-) cable from battery and cover nega- 
tive terminal with insulating material. 

CAUTION- 
Prior to disconnecting the battea read the battery discon- 
nection cautions given in 001 General Warnings and Cau- 
tions. 

- Remove inside door panel as described in 41 1 Doors 
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Front door airbag: 

Remove airbag mounting bolts (arrows). 
Disconnect electrical harness connector. 

CAUTIOI\C 
When removing andinstalling the airbag unit, pay attention to 
the routing of the electrical harness to avoid kinks or breaks 
in the wire. 

Installation is reverse of removal, 

Rear door airbag: 

Detach electrical harness connector. 

Remove mounting bolts and remove airbag from door. 

- Installation is reverse of removal. 

Route electrical harnesses as they were before. 

Use new wire ties as necessary. 
Use new self-locking mounting bolts. 

Tightening torque 

Side-impact airbag to door 8.5 Nm (75 in-lb) 

Head protection airbag 
components 

1. B-pillar deflection plate 

2. Head protection airbag 

3. Cable holder 

4. Gas generator 
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Head protection airbag (HPS) 

4 Replacement of a head protection airbag (HPS) is an exten- 
sive operation, including removal of the following: 

Complete dashboard 

Complete headliner 

Windshield pillar (A-pillar) trim 

Door pillar (B-pillar) trim 

- Before starting work on the HPS airbag, disconnect negative 
(-) cable from battery and cover negative terminal with insu- 
lating material. 

Prior to disconnecting the battery, read the battery discon- 
nection cautionsgiven in001 General Warnings and Cau- 
tions. 

Tightening torque 

HPS airbag to body 11 Nm (8 ft-lb) 

HPS airbag mounting bracket 
to A or B-pillar 

HPS gas generator to 
dashboard reinforcement (M6 
self-tapping screw) 

2.5 Nm (22 in-lb) 

4 Nm (35 in-lb) 



OBD On-Board Diagnostics 
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General . . . . . . . . . . . . . . . . . . . . . . . . . . .  OBD-1 Diaqnostic Trouble Codes (DTCs) . . OBD-9 

On-Board Diagnostics (OBD I!) . . . . .  OBD-I 
Malfunction Indicator Light (MIL) . . . . . . . .  OBD-2 
Scan tools and scan tool display. . . . . . . . .  OBD-3 
Diagnostic monitors . . . . . . . . . . . . . . . . . .  OED-4 
Drive cycle . . . . . . . . . . . . . . . . . . . . . . . . .  OED-6 
Readiness codes . . . . . . . . . . . . . . . . . . . .  OBD-6 
Diagnostic trouble codes (DTCs) . . . . . . . .  OBD-7 

- 
Automatic transmission diagnostic 
trouble codes . . . . . . . . . . . . . . . . . . . . . . .  OBD-9 
Engine diagnostic trouble 
codes: M52 engine. . . . . . . . . . . . . . . . . .  OED-13 
Engine diagnostic trouble 
codes: M54 engine. . . . . . . . . . . . . . . . . .  OBD-17 
Engine diagnostic trouble 
codes: M62 engine. . . . . . . . . . . . . . . . . .  OBD-24 

This chapter outlines the fundamentals and equipment 
requirements of On-Board Diagnostics I1 (OBD 11) standards 
as they apply to BMW vehicles. Also covered here is a listing 
of BMW and OBD I1 diagnostic trouble codes (DTCs). 

ON-BOARD DIAGNOSTICS (QBD !I) 
OBD II standards were developed by the SAE (Society of 
Automotive Engineers) and CARB (California Air Resources 
Board). OED I1 is the second generation of on-board self- 
diagnostic equipment requirements. These standards were 
originally mandated for California vehicles. Since 1996 they 
have been applied toall passengervehicles sold in the United 
States. 

On-board diagnostic capabilities are incorporated into the 
hardware and soflwareof the enginecontrol module (ECM) to 
monitor virtually every component that can affect vehicle 
emissions. The OED I1 system works to ensure that 
emissions remain as clean as possible over the life of the 
vehicle. 

Each emission-influencing component is checked by a 
diagnostic routine (called a monitor) to verify that it is 
functioning properly. If a problem or malfunction is detected, 
the diagnostic executive built into the OBD I1 system 
illuminates a malfunction indicator light (MIL) on the 
instrument panel. 

The OBD I1 system also stores diagnostic trouble codes 
(DTCs) about the detected malfunction in the ECM so that a 
repair technician can accurately find and fix the problem. 
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Specialized OED II scan tool equipment is needed to access 
the fault memory and OED I1 data. 

The extra hardware needed to operate the OED I1 system 
consists mainly of the following: 

* Additional oxygen sensors downstream of the catalytic 
converters. 

Fuel tank pressure sensor and device to pressurize fuel 
storage system. 

Several engine and performance monitoring devices 

Standardized 16-pin OED II connector under the 
dashboard. 

Upgraded components for the federally required reliability 
mandate. 

Malfunction indicator light (MIL) 

OED II software illuminates the malfunction indicator light 
(MIL) when emission levels exceed 1.5 times Federal 
standards. 

4 For E34 cars covered by this manual, three different MIL 
symbols were used, depending on year and model. 

MIL illuminates under the following conditions: 

Engine management system fault detected for two 
consecutive OED iI drive cycles. See Drive cycle in this 
repair group. - Catalyst damaging fault detected. 

Component malfunction causes emissions to exceed 1.5 
times OED II standards. 

Manufacturer-defined specifications exceeded. 

Implausible input signal. 

Misfire faults. 

Leak in evaporative system, 

Oxygen sensors observe no purge flow from purge valve 1 
evaporative system. 

ECM fails to enter closed-loop operation within specified 
time. 

ECM or automatic transmission control module (TCM) in 
"limp home" mode. 

ignition key ON before cranking (bulb check function). 

OED II fault memory (including the MIL) can only be reset 
using a special scan tool. Removing the connector from the 
ECM or disconnecting the battery does not erase the fault 
memory. 
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Additional MIL information: 

A fault code is stored within the ECM upon the first 
occurrence of a fault in the system being checlted. 

Two complete consecutive drive cycles with the iault 
present illuminate the MIL. The exception to the two-fault 
requirement is a catalyst-damaging fault, which illuminates 
the MIL immediately. 

If the second drive cycle was not complete and the fault 
was not checked, the ECM counts the third drive cycle as 
the next consecutive drive cycle. The MIL illuminates if the 
system is checked and the fault is still present. 

Once the MIL is illuminated, it remains illuminated until the 
vehicle completes three consecutive drive cycles without 
detecting a fault. 

0 An existing fault code is cleared from memory 
automatically when the vehicle completes 40 consecutive 
drive cycles without the fault being detected. 

In order to automatically clear a catalyst-damaging fault from 
memory, the condition underwhich the fault occurred must be 
evaluated for 80 consecutive drive cycles without the fault 
reoccurring. 

A generic scan tool connected to the BMW data link 
connector (DLC) or OBD I1 plug can display diagnostic trouble 
codes (DTCs), along with the conditions associated with the 
illumination of the MIL. Using a more advanced or BMW- 
dedicated scan tool, additional proprietary information is 
normally available. 

Scan tool and scan tool display 

The complexity of the OBD I1 system requires that all 
diagnostics begin by connecting a scan tool to the vehicle. 
Aftermarltet scan tools can be connected to either the 16-pin 
OBD I1 plug or the 20-pin BMW DLC in the engine 
compartment (ii installed). Data from the OBD II plug may be 
limited, depending on scan tool and vehicle. 

OBD I1 standards reouire that the 16-oin OBD I1 oluo be 
located within three (3) feet of the driier and not're&ire any 
tools to access. 

Starting with June 2000 production, the 20-pin BMW DLC, 
previously located in the engine compartment, was 
discontinued. Diagnostic, coding and programming functions 
are incorporated into the OBD II plug, located under left side 
of dashboard. 

On cars built up to 06 / 2000: when accessing emissions 
related DTCs through the 16-pin OBD I1 plug, malte sure the 
BMW 20-oin DLC caD is installed. 
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Professional diagnostic scan tools available atthe time of this 
printing include the BMW factory tools (DISplus, GTI, 
MoDiC) and a small number of aftermarket BMW-specific 
tools. See 020 Maintenance. 

In addition to the professional line of scan tools, inexpensive 
generic OBD II scan tool software programs and handheld 
units are readily available. Though limited, they are 
nonetheless powerful diagnostic tools. These tools read live 
data streams and freeze frame data as well as a host of other 
valuable diagnostic data. 

Diagnostic monitors 

Diagnostic monitors run tests and checks on specific 
emission control systems, components, and functions. 

A complete drive cycle is requiredforthe tests to bevalid. See 
Drive cycle in this repair group. The diagnostic monitor 
signals the ECM of the loss or impairment of the signal or 
component and determines if a signal or sensor is faulty 
based on 3 conditions: 

* Signal or component shorted to ground 

Signal or component shorted to B+ 

Signal or component missing (open circuit) 

The OBD II system monitors all emission control systems that 
are installed. Emission control systems vary by vehicle model 
and year. For example, a vehicle may not be equipped with 
secondary air injection, so no secondary air readiness code 
would be present. 

OBD II software monitors the following: 

Oxygen sensors 

Catalysts 

Engine misfire - Fuel tank evaporative control system 

Secondary air injection 

Fuel system 

Oxygen sensor monitoring. When driving conditions allow, 
response rate and switching time of each oxygen sensor is 
monitored. The oxygen sensor heater function is also 
monitored. The OBD II system differentiates between 
precataylst and post-catalyst oxygen sensors and reads each 
one individually. In order forthe oxygen sensor to be 
effectively monitored, the system must be in closed loop 
operation. 
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Catalyst monitoring. Thisstrategy monitors the outputofthe 
precatalyst and post-catalyst oxygen sensors, comparing the 
oxygen content going into the catalytic converter to the 
oxygen leaving the converter. 

The diagnostic executive lknows that most of the oxygen 
should be used up during the oxidation phase. If it detects 
higherthan programmed values, afault is set and the MIL 
illuminates. 

Misfire detection. This strategy monitors crankshaft speed 
fluctuations and determines if an enoine misfire occurs bv 
monitoring variations in speed between each crankshaft 
sensortrigger point. This strategy is so finely tuned that it can 
determine the severity of the misfire. 

The system determines if a misfire is occurring, as well as 
other pertinent misfire information such as: 

Specific cylinder(s) 

Severity of the misfire event 

Emissions relevant or catalyst damaging 

Misfire detection is an on-going monitoring process that is 
only disabled under certain limited conditions. 

Secondary air injection monitoring. Secondary air 
injection is used to reduce HC and CO emissions during 
engine warm up. Immediately following a cold engine start 
(-1 0" to 40°C), fresh air (and therefore oxygen) is pumped 
directly into the exhaust manifold. By injecting additional 
oxygen into the exhaust manifold, catalyst warm-up time is 
reduced. 

Secondary air system components are: 

Electric air injection pump 

* Electric pump relay 

* Non-return valve 

Vacuum I vent valve - Stainless steel air injection pipes 

Vacuum reservoir 

The secondary air system is monitored via the use of the pre- 
catalyst oxygen sensors. Once the air pump is active and air 
is injected into the system, the signal at the oxygen sensor 
reflects a lean condition. If the oxygen sensor signal does not 
change, a fault is set and the faulty bank(s) identified. If after 
completing the next cold startafault is again present, the MIL 
illuminates. 
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Fuel system monitoring. This monitor looks at the fuel 
delivery needed (long /short term fuel trim) for proper engine 
operation based on programmed data. If too much or not 
enough fuel is delivered over a predetermined time, a DTC is 
set and the MIL illuminates. 

Fuel trim refers to adiustments to base fuel schedule. Lono- ., 
term fuel trim refers to gradual adjustments to the fuel 
calibration adjustment as compared to short term fuel trim. 
Long term fuel trim adjustments compensate for gradual 
changes that occur over time. 

Fuel system monitoring monitors the calculated injection time 
(ti) in relation to enginespeed, load and precatalyticconverter 
oxygen sensor(s) signals. 

Using this data, the system optimizes fuel delivery for all 
engine operating conditions. 

Evaporative system monitoring. This monitor checks the 
the fuel storage system and related fuel lines for leaks. It can 
detect very small leaks anywhere in the system. 

A leak detection unit (LDP or DMTL) is used to pressurize the 
evaporative control system on a continuous basis (as the 
drive cycle allows) and to check system integrity. 

Drive cycle 

The OED II drive cycle is an important concept in 
understanding OBD II requirements. The purpose of the drive 
cycle is to run ail of the emission-related on-board diagnostics 
over a broad range of driving conditions. 

A drive cycle is considered complete when all of the 
diagnostic monitors have run their tests without interruption. 
~ o r a  drive cycle to be initiated, the vehicle must be started 
cold and brought up to 1 60°F and at least 40°F above its 
original starting temperature. 

Readiness codes 

Inspection/maintenance (I/M) readiness codes are mandated 
as part of OBD II. The readiness code is stored aftercomplete 
diagnostic monitoring of specified components and systems 
is carried out. The readiness code function was designed to 
prevent manipulating an I/M emission test procedure by 
clearing faults codes or disconnecting the ECM or battery. 
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Readiness codes indicate whether the OED Ii system is 
actually ready to monitor the various emission control 
systems on the vehicle. The vehicle must complete a drive 
cycle to set readiness codes. The code is binary: 

0 for ready 

1 for not ready 

f 4 The parameters which are monitored for readiness are: 

llM readiness codes 

1. Catalyst efficiency 
2. Catalyst heating 
3. Fuel tank evaporative control 
4. Secondary air injection 
5. N C  refrigerant 
6. Oxygen sensors 
7. Oxygen sensor heaters 
8. Exhaust gas recirculation 

Readiness codes are set to 1 (not ready) in the following 
cases: 

~ 9 ~ ~ . f ~ [ < + t ~ t ~ p : , ~ ; : # j ~ ~ { ] ~ y ~  
,,... , , 8701Dbd001 

The battery or ECM is disconnected. 

When all zeros are displayed, the system has established 

DTCs are erased after completion of repairs and a drive 
cycle is not completed. 

readiness. Readiness codes can be displayed using BMW 
and aftermarket scan tools. 

An OED II scan tool can be used to determine IIM readiness. 

Diagnostic trouble codes (DTCs) 

SAE standard J2012 mandates a 5-digit diagnostic trouble 
code (DTC) standard. Each digit represents a specific value. 
Emission related DTCs start with the letter P for power train. 
When the engine service light (MIL) is illuminated it indicates 
that a DTC has been stored. 

DTCs are stored as soon as they occur, whether or not the 
engine service light illuminates. 

DTCs store and display a time stamp. 

DTCs record the current fault status: Present, not currently 
present, or intermittent. 
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DTC digit interpretation 

1st digit 
P powertrain 
B body 
C chassis 

2nd digit 
0 SAE 
1 BMW 

3rd digit 
0 
1 
2 
3 
4 
5 
6 
7 

4th - 5th digits 

total system 
airlfuei induction 

fuel injection 
ignition system or misfire 
auxiliary emission control 

vehicle speed & idle control 
ECM inputs/outputs 

transmission 

individual circuits or 
components 

DTC example: P 0 3 0 6 

P: A powertrain problem 

0: SAE sanctioned or 'generic' 

a 3: Related to an ignition system / misfire 

06 Misfire detected at cylinder #6 

DTCs provide a freeze frame or snap-shot of a vehicle 
performance or emissions fault at the moment that the fault 
first occurs. This information is accessible through generic 
OED I1 scan tools. 

Freeze frame data contains, but is not limited to, the following 
information: 

Engine load (calculated) 

Engine rpm 

Short and long term fuel trim 

Vehicle speed 

Coolant temperature 

Intake manifold pressure 

Open/closed loop operation 

Fuel pressure (if available) 

DTC 
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DIAGNOSTIC TROUBLE CODES 
(DTCs) 
Below is a listing of E39 powertrain (automatic transmission 
and engine) SAE P-codes, the corresponding BMW fault 
codes, and the fault code definitions. 

BMW fault codes expand on the SAE sanctioned DTCs and 
are accessible primarily through the BMW diagnostic scan 
tool or a BMW-specific scan tool. 

l~u tomat ic  transmission diagnostic trouble codes 

P-code IBMW-FC I DTC Definition 

Ip0560 196 ISystem Voltage I 
I P O ~ O O  I129 l~e r i a i  Communication Link I 

1~0715 116 I InpuVTurbine Speed Sensor 'A' Circuit I 

PO600 

PO601 

PO603 

PO606 

PO705 

PO705 

PO709 

144 

80 

81 

82 

8 

60 

60 

PO71 5 

PO71 6 

PO717 

PO720 

PO720 

PO720 

I I 

PO721 159 loutput Speed Sensor Circuit RangeIPerformance I 

Serial Communication Link 

Internal Control Module Memory Check Sum Error 

Internal Control Module Keep Alive Memory (KAM) Error 

ECMIPCM Processor 

Transmission Range Sensor 'A' Circuit Maliunction (PRNDL Input) 

Transmission Range Sensor 'A' Circuit Malfunction (PRNDL input) 

Transmission Range Sensor 'A' Circuit Intermittent 

I I '  

1~0722 132 IOutput Speed Sensor Circuit No Signal I 

33 

33 

33 

32 

42 

59 

PO720 

I I 

PO727 1150 I Engine Speed Input Circuit No Signal 

InpuVTurbine Speed Sensor 'A' Circuit 

inpuVTurbine Speed Sensor 'A' Circuit RangeiPerformance 

InpuVTurbine Speed Sensor 'A' Circuit No Signal 

Output Speed Sensor Circuit 

Output Speed Sensor Circuit 

Out~ut  Speed Sensor Circuit 

PO720 1106 /output Speed Sensor Circuit 

62 Output Speed Sensor Circuit 

PO730 

PO730 

PO731 

PO731 

PO731 
I I 

100 

102 

50 

51 

100 

PO731 

incorrect Gear Ratio 

Incorrect Gear Ratio 

Gear 1 incorrect Ratio 

Gear 1 incorrect Ratio 

Gear 1 Incorrect Ratio 

PO732 152 /Gear 2 Incorrect Ratio 

131 Gear 1 Incorrect Ratio 
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l ~u to rna t i c  transmission diagnostic trouble codes (continued) - 

P-code /BMW-FC I DTC Definition 
- 

PO732 

PO732 

PO733 

PO733 

PO733 

PO733 

PO734 - 
I I 

I I 
PO742 / 48 l ~ o r q u e  Converter Clutch Circuit Stuck On 

PO734 

100 

132 

53 

57 

122 

133 

54 

PO735 

PO735 

PO735 

PO740 

PO740 

PO740 

PO741 

I I 
PO743 14 l ~ o r ~ u e  Converter Clutch Circuit Electrical 

Gear 2 Incorrect Ratio 

Gear 2 Incorrect Ratio 

Gear 3 incorrect Ratio 

Gear 3 Incorrect Ratio 

Gear 3 Incorrect Ratio 

Gear 3 Incorrect Ratio 

Gear 4 Incorrect Ratio 

Gear 4 Incorrect Rat10 PO734 

I I 

PO743 132 l ~ o r ~ u e  Converter Clutch Circuit Electrical 

PO734 1134 IGear 4 Incorrect Ratio 

123 

55 

101 

135 

4 

48 

111 

48 

Gear 5 Incorrect Ratio 

Gear 5 Incorrect Ratio 

Gear 5 Incorrect Ratio 

Torque Converter Clutch Circuitlopen 

Torque Converter Clutch Circuitlopen 

Torque Converter Clutch Circuitlopen 

Torque Converter Clutch Circuit Performance or Stuclc Off 

PO745 

PO748 

PO748 

PO750 

PO751 

PO751 

I I 

PO755 117 IShift Solenoid '8' I 

PO752 

PO753 

PO753 

PO756 117 I ~ h i f t  Solenoid '8' Performance or Stuck Off I 

1 

1 

5 

16 

6 

16 

Pressure Control Solenoid 'A' 

Pressure Control Solenoid 'A' Electrical 

Pressure Control Solenoid 'A' Electrical 

Shift Solenoid 'A' 

Shift Solenoid 'A' Performance or Stuck Off 

Shift Solenoid 'A' Performance or Stuck Off 

16 

16 

30 

Shift Solenoid 'A' Stuck On 

Shift Solenoid 'A' Electrical 

Shift Solenoid 'A' Electrical 

PO757 

PO758 

PO758 

PO760 

PO761 

17 

17 

33 

18 

18 

Shift Solenoid '8' Stuclc On 

Shift Solenoid '8' Electrical 

Shift Solenoid '8' Electrical 

Shift Solenoid 'C' 

Shift Solenoid 'C' Performance or Stuclc Off 
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Automatic transmission diagnostic trouble codes (continued) 

P-code 

PO762 

PO763 

PO763 

PO763 

PO775 

PO782 

PO783 
I I 

PO795 

PO798 

PO962 

PO963 

PO966 

PO967 

PO970 

PO971 

BMW-FC 

18 

2 

18 

32 

2 

57 

58 

I I 
- 

DTC Definition 

Shift Solenoid 'C' Stuck On 

Shift Solenoid 'C' Electrical 

Shift Solenoid 'C' Electrical 

Shift Solenoid 'C' Electrical 

Pressure Control Solenoid 'B' 

2-3 Shift 

3-4 Shift 

PO778 12 I Pressure Control Solenoid 'B' Electrical 

3 

3 

1 

1 

2 

2 

3 

3 

PO973 

PO979 

P I  700 

PI719 

PI720 

Pi731 

PI732 

PI734 

Pressure Control Solenoid 'C' 

Pressure Control Solenoid 'C' Electrical 

Pressure Control Solenoid 'A' Control Circuit Low 

Pressure Control Solenoid 'A' Control Circuit High 

Pressure Control Solenoid '6' Control Circuit Low 

Pressure Control Solenoid '0' Control Circuit High 

Pressure Control Solenoid 'C' Control Circuit Low 

Pressure Control Solenoid 'C' Control Circuit High 

PI734 

PI738 

Pi738 

PO976 117 IShift Solenoid 'B' Control Circuit Low 

16 

18 

62 

144 

129 

51 

65 

1 

PI743 

PI743 

PI743 

PI746 

PI746 - 
Pi747 

Shift Solenoid 'A' Control Circuit Low 

Shift Solenoid 'C' Control Circuit Low 

Double Error Output Speed and inputflurbine Speed 

CAN Version Error 

CAN Timeout Control Module 

Gear 1 manual Incorrect Ratio 

Gear Monitoring 4 at Electrical Substitute Program 

Pressure Control Solenoid 'B' Eieclrical 

2 

3 

29 

PI747 

PI747 

Pressure Control Solenoid 'B' Electrical 

Pressure Control Solenoid 'C' Electrical 

Pressure Control Solenoid 'C' Electrical 

4 

5 

51 

83 

104 

Pressure Control Solenoid 'E' Electrical (M44lM52: Brake Band Electrical) 

Pressure Control Solenoid 'E' Electrical (M44lM52: Bralte Band Electrical) 

Pressure Control Solenoid 'E' Electrical (M44lM52: Brake Band Electrical) 

Transmission Control Module Output Stage 

Transmission Control Module Output Stage 

129 

128 CAN-Bus Monitoring 

CAN-Bus Monitoring 

144 CAN-Bus Monitoring 
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Automatic transmission diagnostic trouble codes (continued) 

P-code 

PI747 

PI747 

P I  747 

PI748 

PI748 
I I 

PI748 

PI748 

PI748 

P I  748 

P I  749 

P I  750 

P1750 

PI761 

PI761 

BMW-FC 

150 

151 

156 

15 

80 

-- 

PI762 

PI763 

PI764 

PI765 

PI765 

PI765 

P1770 

DTC Definition 

CAN-BUS Monitoring 

CAN-Bus Monitoring 

CAN-Bus Monitoring 

Transmission Control Module Self-Test 

Transmission Control Module Self-Test 

PI748 182 l~ransmission Control Module Self-Test 

81 

103 

105 

110 

I I 

Transmission Control Module Self-Test 

Transmission Control Module Self-Test 

Transmission Control Module Self-Test 

Transmission Control Module Self-Test 

19 

19 

19 

147 

154 

158 

146 

P I  790 

PI791 

P1792 

P I  794 

P I  801 

P1802 

P I  803 

P I  831 

Shiftiock Solenoid High input 

Shiftlock Solenoid Low Input 

Shiftlock Solenoid Open Circuit 

CAN Throttle Valve 

CAN Throttle Valve 

CAN Throttle Valve 

CAN Torpue Interlace 

CAN Torque Reduction P I  780 

I I 
- 

108 

54 

96 

2 

19 

P I  780 1163 ICAN Torque Reduction 

152 

80 

81 

82 

80 

16 

17 

18 

1 

Secondary Pressure Solenoid Communication Error 
(M52: Internal Transmission Control Module Memory Error) 

Secondary Pressure Solenoid Circuit Rangelperformance (System Voltage Input Low) 

Secondary Pressure Solenoid Circuit RangeIPerformance (System Voltage Input Low) 

Shiftioclc Solenoid 

Shiftiocic Solenoid 

internal Transmission Control Module Memory ChecksumlEPROM Error 

internal Transmission Control Module Memory ChecksumIEEPROM Error 

internal Transmission Control Module Watchdog Error 

internal Transmission Control Module Memory Checksum Error 

Shift Solenoid 'A' Low Input 

Shift Solenoid '8' Low Input 

Shift Solenoid 'C' Low input 

Pressure Control Solenoid 'A' Circuit High 

Pressure Control Solenoid 'B' Circuit High PI832 

PI833 13 IPressure Control Solenoid 'C' Circuit High 

2 
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l ~ u t o m a t i c  transmission diagnostic trouble codes (continued) 

P-code 

1 Pi844 
I I 

14 /Pressure Control Solenoid 'D' Circuit Low 

I I 
PI841 11 /Pressure Control Solenoid 'A' Circuit Low 

BMW-FC 

Pi842 

I 
P2722 15 I Pressure Control Solenoid 'E' I 

DTC Definition 

P i  845 

P i  882 

P i  883 

P I  889 

PI891 

P I  892 

P I  893 

P i  843 3 8 
2 Pressure Control Solenoid '0' Circuit Low 

5 

57 

58 

96 

96 

96 

83 

P2729 

P2730 

P2759 

P2761 

P2763 

P2764 

Pressure Control Solenoid 'E' Circuit Low 

2-3 Shift Circuit High 

3-4 Shift Circuit High 

System Voltage - Electrical 

System Voltage High Input 

System Voltage Low Input 

SUDP~V Voltaqe Pressure Control SoienoidIShift Solenoid Circuit High 

~~ ~~ ~ 

Engine diagnostic trouble codes: M52 engine 

5 

5 

4 

4 

4 

4 

I I 

Pressure Control Solenoid 'E' Control Circuit Low 

Pressure Control Solenoid 'E' Control Circuit High 

Torque Converter Clutch Pressure Control Solenoid Control Circuit Electrical 

Torque Converter Clutch Pressure Control Solenoid Control Circuitlopen 

Torque Converter Clutch Pressure Control Solenoid Control Circuit High 

Torque Converter Clutch Pressure Control Solenoid Control Circuit Low 

DTC Definition 

Mass or Volume Air Flow Circuit RangeIPerformance 

lntalte Air Temperature Sensor 1 Circuit Rangelperformance 

Engine Coolant Temperature Circuit RangeIPerformance 

ThrottieIPedai Position SensorISwitch 'A' Circuit 

ThrottleIPedai Position SensorISwitch 'A' Circuit 

P-code 

PO1 01 

PO1 11 

PO116 

PO120 

PO120 

PO1 20 

BMW-FC 

8 

14 

10 

112 

113 

POI 20 1173 /~hrot t ie /~edal  Position SensorISwitch 'A' Circuit 

118 ThrottieIPedai Position SensorISwitch 'A' Circuit 
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I Engine diagnostic trouble codes: M52 engine (continued) - - - 

P-code IBMW-FC ~DTC Definition 

PO133 

PO134 

PO135 

PO136 

PO136 

PO136 

PO139 

PO141 

I I 
PO150 1155 102 Sensor Circuit (Bank 2 Sensor 1) 

I I 

229 

186 

25 

156 

157 

215 

220 

61 

PO150 

0 2  Sensor Circuit Slow Response (Banlc 1 Sensor 1) 

0 2  Sensor Circuit No Activity Detected (Bank 1 Sensor 1) 

0 2  Sensor Heater Circuit (Bank 1 Sensor 1) 

0 2  Sensor Circuit (Banlc 1 Sensor 2) 

0 2  Sensor Circuit (Bank 1 Sensor 2) 

0 2  Sensor Circuit (Bank 1 Sensor 2) 

0 2  Sensor Circuit Slow Response (Bank 1 Sensor 2) 

0 2  Sensor Heater Circuit (Bank 1 Sensor 2) 

PO153 

PO154 

PO155 

PO156 

PO156 

PO156 

PO150 1154 102 Sensor Circuit (Bank 2 Sensor 1) 

153 

PO159 

PO161 

PO170 

0 2  Sensor Circuit (Banic 2 Sensor 1) 

230 

187 

55 

159 

160 

21 6 

p~-~~--~ 

PO173 

PO201 

PO202 

PO203 

PO204 

PO205 

PO206 

0 2  Sensor Circuit Slow Response (Banlc 2 Sensor 1) 

0 2  Sensor Circuit No Activity Detected (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit (Bank 2 Sensor 1) 

0 2  Sensor Circuit (Bank 2 Sensor 2) 

0 2  Sensor Circuit (Banlc 2 Sensor 2) 

0 2  Sensor Circuit (Banlc 2 Sensor 2) 

221 

79 

202 

0 2  Sensor Circuit Slow Response (Banic 2 Sensor 2) 

0 2  Sensor Heater Circuit (Banic 2 Sensor 2) 

Fuel Trim (Banic 1) 

203 

6 

5 

22 

24 

33 

23 

Fuel Trim (Banic 2) 

injector Circuitlopen -Cylinder 1 

injector Circuitlopen - Cylinder 2 

injector Circuitlopen -Cylinder 3 

Injector Circuitlopen - Cylinder 4 

injector Circuitlopen - Cylinder 5 

lniector CircuitlOpen - Cvlinder 6 
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Engine diagnostic trouble codes: M52 engine (continued) 

P-code 

PO340 

PO412 

PO420 

PO430 

PO440 

PO441 

PO442 

PO443 

PO500 

PO505 

PO600 

PO601 

PO601 

I 
PO601 

~ 1 1 3 2  

~ 1 1 3 3  

BMW-FC 

65 

62 

233 

234 

250 

144 
- 
145 

68 

214 

i I 

DTC Definition 

Camshalt Position Sensor 'A' Circuit (Bank 1 or Single Sensor) 

Secondary Air Injection System Switching Valve A Circuit 

Catalyst System Efficiency Below Threshold (Bank 1) 

Catalyst System Efficiency Below Threshold (Bank 2) 

Evaporative Emission System 

Eva~orative Emission Svstem Incorrect Purge Flow . 

Evaporative Emission System Leak Detected (small leak) 

Evaporative Emission System Purge Control Valve Circuit 

Vehicle Speed Sensor 'A' 

204 

21 7 

100 

170 

171 

188 

189 

PI161 

PI180 

PI181 

PI184 

PI185 

PI178 

0 2  Sensor Heater Control Circuit (Bank 2 Sensor 2) I 

idle Air Control System 

Serial Communication Link 

Internal Control Module Memory Check Sum Error 

Internal Control Module Memory Check Sum Error 

Internal Control Module Memory Check Sum Error 

0 2  Sensor Heater Control Circuit (Bank 1 Sensor 1) 

0 2  Sensor Heater Control Circuit (Bank 2 Sensor 1) 

Mass or Volume Air Flow Circuit RangeIPerlormance Problem PI140 

I 

I I 
P1188 1227 I Fuel Control (Bank 1 Sensor 1) 

PI145 150 /Solenoid Valve Running Losses Control Circuit Electrical 

149 

122 

223 

224 

220 

221 

231 

I I 
P1189 1228 I Fuel Control (Banlc 2 Sensor 1) 

Fuel Trim Adaptation Additive High (Bank 2) (M52: Engine Oil Temperature Sensor Circuit) 

0 2  Sensor Signal Circuit Slow Switching from Rich to Lean (Bank 1 Sensor 2) 

0 2  Sensor Signal Circuit Slow Switching from Rich to Lean (Bank 2 Sensor 2) 

H02S Sensor Voltage Excursion Electrical (Banlc 1 Sensor 1) 

HO2S Sensor Voltage Excursion Electrical (Banlc 2 Sensor 1) 

0 2  Sensor Sianai Circuit Slow Switchina from Rich to Lean (Bank 1 Sensor 1) 

0 2  Sensor Signal Circuit Slow Switching from Rich to Lean (Bank 2 Sensor 1) PI179 

I I 

PI190 1235 I Pre Catalyst Fuel Trim System (Banlc 1) 

PI186 1190 102 Sensor Heater Control Circuit (Banlc 1 Sensor 2) 

232 

I I 

PI191 1236 I Pre Catalyst Fuel Trim System (Banlc 2) 

PI192 

. . -- - 
i 

Pi193 1226 I Post Catalvst Fuel Trim Svstem (Bank 2) 

225 

PI397 

I I 

Post Catalyst Fuel Trim System (Bank 1) 

PI421 1246 /Secondarv Air System (Bank 2) 

18 

Secondary Air System (Bank 1) PI423 

Camshaft Position Sensor '0' Circuit (Bank 1) 

I 245 
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PI542 

PI550 

PI580 

P I  580 

P I  580 

P I  593 

PI622 

PI623 

PI623 

P I  624 

176 

27 

109 

114 

119 

124 

123 

115 

116 

168 

Pedal Position Sensor Electrical 

Idle-Speed Control Valve Closing Coil Electrical 

Throttle Valve Mechanically Stuck (M73: Throttle Valve 1 Spring Test) 

Throttle Valve Mechanically Stuck (M73: Throttle Valve 1 Spring Test) 

Throttle Valve Mechanically Stuck (M73: Throttle Valve 1 Spring Test) 

DlSA (Differentiated lntalte Manifold) Control Circuit Electrical 

Map Cooling Thermostat Control Circuit Electrical 

Pedal Position Sensor Potentiometer Supply 

Pedal Position Sensor Potentiometer Supply 

Pedal Position Sensor Potentiometer Supply Channel 1 Electrical (M52: Coolant Thermostat (Coolant 
Temperature Below Thermostat Regulating Temperature)) 
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Engine diagnostic trouble codes: M54 engine 

P-code BMW-FC Explanation 

PO01 I / 103 I 'A' Camshaft Position Timing Over-Advanced or System Performance (Banlc 1) 
I I 

PO012 1105 I 'A' Camshaft Position Timing Over-Retarded (Bank 1) 
I I 

PO01 4 1104 I 'B' Camshaft Position Timing Over-Advanced or System Performance (Bank 1) 

PO01 5 

PO030 

PO031 

PO032 

I 1 

PO038 179 / HO2S Heater Control Circuit High (Bank 1 Sensor 2) 

I I - .  

I I 

PO050 1 55 I H02S Heater Control Circuit (Bank 2 Sensor 1) 

106 

25 

25 

25 

PO036 

I I 

PO051 1 55 I H02S Heater Control Circuit Low (Bank 2 Sensor 1) 

'B' Camshaft Position Timing Over-Retarded (Bank 1) 

H02S Heater Control Circuit (Bank 1 Sensor 1) 

H02S Heater Control Circuit Low (Bank 1 Sensor 1) 

H02S Heater Control Circuit Hiqh (Bank 1 Sensor 1) 

PO037 1 79 I HO2S Heater Control Circuit Low (Bank 1 Sensor 2) 

79 HOPS Heater Control Circuit (Banlc 1 Sensor 2) 

PO052 

PO056 

PO057 

PO058 

I I 

PO1 03 / 8 I Mass or Volume Air Flow Circuit High. Input 

I I - .  

I I 

PO1 07 1 197 I Manifold Absolute PressureIBarometric Pressure Circuit Low Input 

55 

61 

61 

61 

PO101 

I I 

POI08 1197 / Manifold Absolute PressureIBarometric Pressure Circuit High Input 

H02S Heater Control Circuit High (Bank 2 Sensor 1) 

H02S Heater Control Circuit (Bank 2 Sensor 2) 

HO2S Heater Control Circuit Low (Bank 2 Sensor 2) 

HO2S Heater Control Circuit Hiqh (Banlc 2 Sensor 2) 

PO102 18 I Mass or Volume Air Flow Circuit Low Input 

149 

I I - 
PO122 112 ThrottleIPedai Position SensorISwitch 'A' Circuit Low 

PO123 1112 I ThrottleIPedal Position SensorISwitch 'A' Circuit High 

Mass or Volume Air Flow Circuit RangeIPerformance 

PO112 

PO113 

PO1 17 

PO118 

PO121 

14 

14 

10 

10 

118 

PO128 

PO1 31 

PO132 

PO133 

PO133 

PO1 34 

Intake Air Temperature Sensor 1 Circuit Low 

Intake Air Temperature Sensor 1 Circuit High 

Engine Coolant Temperature Circuit Low 

Engine Coolant Temperature Circuit High 

ThrottleIPedal Position SensorISwitch 'A' Circuit RanqeIPerformance 

I I 

168 

150 

150 

229 

231 

150 

PO135 

Coolant Thermostat (Coolant Temperature Below Thermostat Regulating Temperature) 

0 2  Sensor Circuit Low Voltage (Bank 1 Sensor 1) 

0 2  Sensor Circuit High Voltage (Bank 1 Sensor 1) 

0 2  Sensor Circuit Slow Response (Bank 1 Sensor 1) 

0 2  Sensor Circuit Slow Response (Banlc 1 Sensor 1) 

0 2  Sensor Circuit No Activitv Detected (Banlc 1 Sensor 1) 

188 0 2  Sensor Heater Circuit (Bank 1 Sensor 1) 
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Po202 

PO203 

PO204 

PO205 

PO206 

PO221 

PO222 

5 

22 

24 

33 

23 

119 

113 

Injector CircuiVOpen -Cylinder 2 

Injector CircuiVOpen -Cylinder 3 

lnjeclor CircuiVOpen -Cylinder 4 

Injector CircuiVOpen - Cylinder 5 

Injector CircuiVOpen - Cylinder 6 

ThrotileiPedal Position SensorISwiich 'B' Circuit RangeIPeriormance 

ThrottleIPedal Position SensorISwitch 'B' Circuit Low 
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Engine diagnostic trouble codes: M54 engine (continued) I - .  

P-code BMW-FC Explanation 

PO223 113 ThrottlelPedal Position SensorlSwitch '0' Circuit High 

PO261 / Cylinder 1 Injector Circuit Low 

PO271 Cylinder 4 Injector Circuit High 

PO273 Cylinder 5 Injector Circuit Low 

Cylinder 2 Injector Circuit High 

Cylinder 3 Injector Circuit Low 

Cylinder 3 Injector Circuit High 

Cylinder 4 iniector Circuit Low 

PO265 

PO267 

PO268 

PO270 

, I 

PO277 1 23 1 Cylinder 6 Injector Circuit High 

5 

22 

22 

24 

I I 

PO274 

PO301 

PO302 

PO303 

PO304 

PO276 1 23 I Cylinder 6 Injector Circuit Low 

33 

I I - 

I I 

PO31 3 1 240 I Misfire Detected with Low Fuel 

Cylinder 5 Injector Circuit High 

238 

239 

240 

241 

PO305 

I I 

Cylinder 1 Misfire Detected 

Cylinder 2 Misfire Detected 

Cylinder 3 Misfire Detected 

Cylinder 4 Misfire Detected 

PO313 

PO306 1 243 I Cylinder 6 Misfire Detected 

242 

PO313 

PO313 

PO31 3 

PO327 

Cylinder 5 Misfire Detected 

PO31 3 1239 I Misfire Detected with Low Fuel 

238 

PO332 

PO335 

PO339 - 
PO340 

Misfire Detected with Low Fuel 

241 

242 

243 

57 

PO344 

PO365 

PO369 

PO41 3 

PO414 

PO420 

Misfire Detected with Low Fuel 

Misfire Detected with Low Fuel 

Misfire Detected with Low Fuel 

Knock Sensor 1 Circuit Low (Banlc 1 or Sinale Sensor) 

59 

83 

83 

65 

- 
Knoclc Sensor 2 Circuit Low (Banlc 2) 

Crankshaft Position Sensor 'A' Circuit 

Crankshaft Position Sensor 'A' Circuit Intermittent 

Camshaft Position Sensor 'A' Circuit (Bank 1 or Single Sensor) 

65 

18 

18 

62 

62 

233 

Camshaft Position Sensor 'A' Circuit Intermittent (Bank 1 or Single Sensor) 

Camshaft Position Sensor 'B' Circuit (Banlc 1) 

Camshaft Position Sensor 'B' Circuit Intermittent (Bank 1) 

Secondary Air Injection System Switching Valve A Circuit Open 

Secondary Air Injection System Switching Valve A Circuit Shorted 

Catalyst System Efficiency Below Threshold (Bank 1) 
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Engine diagnostic trouble codes: M54 engine (continued) 

P-code BMW-FC Explanation 

Catalyst System Efficiency Below Threshold (Bank 2) PO430 

PO443 

PO444 

PO445 

PO455 

PO456 

PO491 

PO492 

PO500 

PO441 1250 / Evaporative Emission System Incorrect Purge Flow 

234 

I I 

68 

68 

68 

143 

143 

245 

246 

214 

PO604 

PI083 

PI084 

PI085 

PI086 

Evaporative Emission System Purge Control Valve Circuit 

Evaporative Emission System Purge Control Valve Circuit Open 

Evaporative Emission System Purge Control Valve Circuit Shorted 

Evaporative Emission System Leak Detected (large leak) 

Evaporative Emission System Leak Detected (very small leak) 

Secondary Air injection System Insufficient Flow (Bani( 1) 

Secondary Air Injection System insufficient Flow (Banic 2) 

Vehicle Speed Sensor 'A' 

Idle Air Control System PO505 

. 

P I  087 

P I  088 

PI089 

PI090 

PO600 / 217 I Serial Communication Link 

204 

100 

202 

202 

203 

203 

PI091 

PI092 

PI093 

PI094 

P l l l l  

PI112 

PI120 

Internal Control Module Random Access Memory (RAM) Error 

Fuel Control Limit Mixture Too Lean (Bank 1 Sensor 1) 

Fuel Control Limit Mixture Too Rich (Bank 1 Sensor 1) 

Fuel Control Limit Mixture Too Lean (Bank 2 Sensor 1) 

Fuel Control Limit Mixture Too Rich (Banic 2 Sensor 1) ~ ~ 

229 

229 

230 

235 

PI121 

PI122 

PI123 

0 2  Sensor Circuit Slow Response in Lean Control Range (Bank 1 Sensor 1) 

0 2  Sensor Circuit Slow Response in Rich Control Range (Bank 1 Sensor 1) 

0 2  Sensor Circuit Slow Response in Lean Control Range (Banlc 1 Sensor 2) 

Pre Catalyst Fuel Trim System Too Lean (Bank 1) 

236 

235 

236 

230 

11 

11 

114 

PI134 

PI135 

PI136 

PI137 

PI138 

Pre Catalyst Fuel Trim System Too Lean (Banic 2) 

Pre Catalyst Fuel Trim System Too Rich (Bank 1) 

Pre Catalyst Fuel Trim System Too Rich (Bank 2) 

0 2  Sensor Circuit Slow Response in Rich Control Range (Banic 2 Sensor 1) 

Engine Coolant Temperature Sensor Radiator Outlet Low Input 

Engine Coolant Temperature Sensor Radiator Outlet High Input 

Pedal Position Sensor Circuit 

117 

110 

110 

25 

25 

25 

79 

79 

Pedal Position Sensor 1 RangeIPerformance Problem 

Pedal Position Sensor 1 Low Input 

Pedal Position Sensor 1 High Input 

0 2  Sensor Heater Circuit Signal Intermittent (Bank 1 Sensor 1) 

0 2  Sensor Heater Circuit Low Voltage (Bank 1 Sensor 1) 

0 2  Sensor Heater Circuit High Voltage (Bank 1 Sensor 1) 

0 2  Sensor Heater Circuit Signal Intermittent (Bank 1 Sensor 2) 

0 2  Sensor Heater Circuit Low Voltage (Banic 1 Sensor 2) 

- 
- 



OBD-21 
On-Board ~ ia~nost ics l  

Engine diagnostic trouble codes: M54 engine (continued) 

P-code BMW-FC Explanation 

I I 
PI314 / 202 / Fuel Mixture Deviation Detected with Low Fuel 

I I 

0 2  Sensor Heater Circuit High Voltage (Bank 1 Sensor 2) 

0 2  Sensor Activity Check Signal Too High (Banlc 1 Sensor 2) 

0 2  Sensor Activity Check Signal Too Low (Bank 1 Sensor 2) 

0 2  Sensor Activity Check Signal Too High (Banlc 2 Sensor 2) 

0 2  Sensor Activity Check Signal Too Low (Bank 2 Sensor 2) 

0 2  Sensor Heater Circuit Signal Intermittent (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit Low Voltage (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit High Voltage (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit Signal Intermittent (Banlc 2 Sensor 2) 

0 2  Sensor Heater Circuit Low Voltage (Bank 2 Sensor 2) 

0 2  Sensor Heater Circuit High Voltage (Bank 2 Sensor 2) 

Ambient Pressure Sensor Variant Recognition Value in Boot Range Implausible 

Ambient Pressure Sensor Variant Recognition Error Value Stored in Boot Range 

Ambient Pressure Sensor Variant Recognition Learning Failed 

Pre Catalyst Fuel Trim System (Bank 1) 

Pre Catalyst Fuel Trim System (Bank 2) 

PI139 

PI143 

PI144 

PI149 

PI150 

PI151 

PI152 

PI153 

PI155 

P1156 

PI157 

PI171 

PI172 

PI173 

P I  190 

PI191 

79 

21 5 

21 5 

21 6 

21 6 

55 

55 

55 

61 

61 

61 

196 

196 

196 

235 

236 

Pedal Position Sensor 2 Low Input PI222 

-~~~~~~~~~ 

PI314 

PI314 

PI314 

PI342 
- 
PI343 

P I  344 

PI192 

PI193 

PI223 / I 1 1  I Pedal Position Sensor 2 High Input 

111 

P I  345 

P I  346 

P I  347 

PI348 

P I  349 

PI350 

PI351 

PI352 

PI353 

225 Post Catalyst Fuel Trim System (Bank 1) 

226 Post Catalyst Fuel Trim Svstem (Bank 2) 

203 

227 

228 

238 

238 

239 

Fuel Mixture Deviation Detected with Low Fuel 

Fuel Mixture Deviation Detected with Low Fuel 

Fuel Mixture Deviation Detected with Low Fuel 

Misfire During Start Cylinder 1 

Misfire Cylinder 1 with Fuel Cut-Off 

Misfire Durina Start Cylinder 2 

239 

240 

240 

241 

241 

242 

242 

243 

243 

- 
Misfire Cylinder 2 with Fuel Cut-Off 

Misfire During Start Cylinder 3 

Misfire Cylinder 3 with Fuel Cut-Off 

Misfire During Start Cylinder 4 

Misfire Cylinder 4 with Fuel Cut-Off 

Misfire during Start Cylinder 5 

Misfire Cylinder 5 with Fuel Cut-Off 

Misfire during Start Cylinder 6 

Misfire Cylinder 6 with Fuel Cut-Off 



OBD-22 

I On-Board Diagnostics 

Engine diagnostic trouble codes: M54 engine (continued) 

P-code BMW-FC Explanation 

P I  41 3 

PI414 

PI444 

PI  445 

PI446 

PI447 

P I  448 

P I  449 

P I  451 

35 

35 

142 

140 

140 

142 

142 

142 

126 

Secondary Air Injection Pump Relay Control Circuit Signal Low 

Secondary Air Injection Pump Relay Control Circuit Signal High 

Diagnostic Module Tank Leakage (DM-TL) Pump Control Open Circuit 

Diagnostic Module Tank Leaitage (DM-TL) Pump Control Circuit Signal Low 

Diagnostic Module Tank Lealtage (DM-TL) Pump Control Circuit Signal High 

Diagnostic Module Tanlc Leakage (DM-TL) Pump Current Too High during Switching Solenoid Test 

Diagnostic Module Tank Leakage (DM-TL) Pump Current Too Low 

Diagnostic Module Tank Leakage (DM-TL) Pump Current Too High 

Diagnostic Module Tank Leaitage (DM-TL) Switching Solenoid Control Circuit Signal Low 



OBD-23 

On-Board ~iagnostics] 

I I 
PI625 / 147 I Pedal Position Sensor Potentiometer Supply Channel 2 Electrical 1 

Engine diagnostic trouble codes: M54 engine (continued) 

P-code BMW-FC Explanation 

P I  604 

PI604 

PI619 

PI620 

PI624 

PI632 

PI633 

PI634 

P1 634 

P I  634 

P I  635 

P I  636 

50 

51 

123 

123 

146 

i I 

I 
I Barometric Pressure Circuit Low 

Control Module Self-Test, Speed Monitoring 

Control Module Self-Test, Speed Monitoring 

Map Cooling Thermostat Control Circuit Signal Low 

Map Cooling Thermostat Control Circuit Signal High 

Pedal Position Sensor Potentiometer Supply Channel 1 Electrical (M52: Coolant Thermostat (Coolant 
Temperature Below Thermostat Regulating Temperature)) 

115 

115 

115 

135 

136 

115 

109 

PI639 

PI675 

PI694 

P2088 

P2089 

P2090 

P2091 

I I 
P2229 1197 I Barometric Pressure Circuit High 

Throttle Valve Adaptation Conditions Not Met 

Throttle Valve Adaptation Limp-Home Position Unknown 

Throttle Valve Adaptation Spring Test Failed 

Throttle Valve Adaptation Spring Test Failed 

Throttle Valve Adaptation Spring Test Failed 

Throttle Valve Adaptation Lower Mechanical Stop not Adapted 

Throttle Valve Control Circuit 

Throttle Valve Position Control, Control Deviation P I  637 

I I 

P2270 1215 1 0 2  Sensor Signal Stuck Lean (Banic 1 Sensor 2) 

P I  638 1160 I Throttle Valve Position Control Throttle Stucic Temporarily 

162 

161 

135 

136 

21 

21 

19 

19 

Throttle Valve Position Control Throttle Stucic Permanently 

Throttle Valve Actuator Start Test Re-Adaptation Required 

Throttle Valve Actuator Start Test Spring Test and Limp-Home Position Failed 

'A' Camshaft Position Actuator Control Circuit Low (Banlc 1) 

'A' Camshaft Position Actuator Control Circuit High (Banlc 1) 

'B' Camshaft Position Actuator Control Circuit Low (Bank 1) 

'B' Camshaft Position Actuator Control Circuit High (Bank 1) 

P2271 

P2272 

P2273 

P3041 

P3198 
I I - 

215 

216 

21 6 

10481 

10205 

0 2  Sensor Signal Stucic Lean (Bank 1 Sensor 2) 

0 2  Sensor Signal Stuclc Lean (Bank 2 Sensor 2) 

0 2  Sensor Signal Stuclc Lean (Bank 2 Sensor 2) 

0 2  Sensor Lean and Rich Voltage Thresholds not Reached (Bank 2 Sensor 2) 

Engine Coolant Temperature Gradient Too High 

Engine Coolant Temperature Signal Stuck P3199 

P3238 1 10289 I Control Module Monitoring TPU Chip Defective 

10207 



/ On-Board Diaanostics I 

Engine diagnostic trouble codes: M62 engine 

P-code 

PO01 1 

PO012 

PO020 

PO021 

PO022 

PO030 

PO031 

PO032 

I I 

PO038 / 14 I H02S Heater Control Circuit High (Bank 1 Sensor 2) 

PO010 / 33 / 'A' Camshaft Position Actuator Circuit (Bank 1) 

BMW-FC 

I I - .  

Explanation 

33 

33 

34 

34 

34 

13 

13 

13 

PO36 

'A' Camshaft Position Timing Over-Advanced or System Performance (Bank 1) 

'A' Camshaft Position Timing Over-Retarded (Bank 1) 

'A' Camshaft Position Actuator Circuit (Bank 2) 

'A' Camshaft Position Timing Over-Advanced or System Performance (Banlc 2) 

'A' Camshaft Position Timing Over-Retarded (Banlc 2) 

H02S Heater Control Circuit (Bank 1 Sensor 1) 

H02S Heater Control Circuit Low (Bank 1 Sensor 1) 

HOPS Heater Control Circuit Hiqh (Banlc 1 Sensor 1) 

PO050 

PO051 

PO052 

PO056 

PO057 

PO058 

PO037 / 14 / H02S Heater Control Circuit Low (Bank 1 Sensor 2) 

14 

I I - .  

I r - 1  ThrottleIPedal Position SensorISwitch 'A' Circuit Low- 

HO2S Heater Control Circuit (Bank 1 Sensor 2) 

5 

5 

5 

4 

4 

4 

PO102 

PO1 13 

PO116 

PO117 

PO118 

PO119 

PO120 

PO121 

H02S Heater Control Circuit (Banlc 2 Sensor 1) 

H02S Heater Control Circuit Low (Bank 2 Sensor 1) 

H02S Heater Control Circuit High (Bank 2 Sensor 1) 

H02S Heater Control Circuit (Bank 2 Sensor 2) 

HO2S Heater Control Circuit Low (Bank 2 Sensor 2) 

HO2S Heater Control Circuit Hiqh (Bank 2 Sensor 2) 

PO103 1115 I Mass or Volume Air Flow Circuit High Input 

115 

124 

123 

123 

123 

123 

117 

118 

PO1 23 

PO125 

PO128 

PO1 30 

PO131 

POI 32 

PO133 

Mass or Volume Air Flow Circuit Low Input 

lntalte Air Temperature Sensor 1 Circuit High 

Engine Coolant Temperature Circuit RangeIPerlormance 

Engine Coolant Temperature Circuit Low 

Engine Coolant Temperature Circuit High 

Engine Coolant Temperature Circuit Intermittent 

ThrottleIPedal Position SensorISwitch 'A' Circuit 

ThrottieIPedal Position SensorISwitch 'A' Circuit RanqeIPerformance 

118 

123 

139 

10 

10 

10 

15 

ThrottleIPedai Position SensorlSwitch 'A' Circuit High 

insufficient Coolant Temperature for Closed Loop Fuel Control 

Coolant Thermostat (Coolant Temperature Below Thermostat Regulating Temperature) 

0 2  Sensor Circuit (Bank 1 Sensor 1) 

0 2  Sensor Circuit Low Voltage (Bank 1 Sensor 1) 

0 2  Sensor Circuit High Voltage (Bank 1 Sensor 1) 

0 2  Sensor Circuit Slow Response (Bank 1 Sensor 1) 



1 On-Board ~iaanosticsl 

I Engine diagnostic trouble codes: M62 engine (continued) - .  

P-code I BMW-FC 1 Explanation 
I I 

PO134 / 10 1 0 2  Sensor Circuit No Activity Detected (Bank 1 Sensor 1) 

PO135 

PO136 

PO1 37 

PO138 

POI 39 

PO140 

PO141 

PO150 

PO151 

- - 
. - . . . . - -. - - 

0 2  Sensor Circu I Slow Response (Bann 2 Sensor 2) 
.. -- .- -- .- -- . - . . . -. . - ... - . - - - 

PO160 0 2  Sensor C i r c ~  t No Actv ly Delecleo (Bank 2 Sensor 2) 

13 

PO152 

PO153 

PO154 

PO155 

PO156 

PO1 57 

POI 58 

-- 
12 

12 

12 

17 

12 

14 

18 

18 

0 2  Sensor Circuit (Bank 1 Sensor 2) 

0 2  Sensor Circuit Low Voltage (Bank 1 Sensor 2) 

0 2  Sensor Circuit High Voltage (Bank 1 Sensor 2) 

0 2  Sensor Circuit Slow Response (Bank 1 Sensor 2) 

0 2  Sensor Circuit No Activity Detected (Bank 1 Sensor 2) 

0 2  Sensor Heater Circuit (Bank 1 Sensor 2) 

0 2  Sensor Circuit (Bank 2 Sensor 1) 

0 2  Sensor Circuit Low Voltage (Bank 2 Sensor 1) 

18 

21 

18 

5 

20 

20 

20 

PO161 

PO171 

PO171 

PO172 

PO172 

PO174 

PO174 

I I 

PO201 1150 I Injector CircuiVOpen - Cylinder 1 

0 2  Sensor Circuit High Voltage (Bank 2 Sensor 1) 

0 2  Sensor Circuit Slow Response (Bank 2 Sensor 1) 

0 2  Sensor Circuit No Activity Detected (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit (Bank 2 Sensor I )  

0 2  Sensor Circuit (Bank 2 Sensor 2) 

0 2  Sensor Circuit Low Voltage (Bank 2 Sensor 2) 

0 2  Sensor Circuit Hiqh Voltage (Bank 2 Sensor 2) 

I I .  

4 

24 

26 

24 

26 

25 
- 
27 

PO175 

0 2  Sensor Heater Circuit (Bank 2 Sensor 2) 

System Too Lean (Bank 1) 

System Too Lean (Bank 1) 

System Too Rich (Bank 1) 

System Too Rich (Bank 1) 

System Too Lean (Bank 2) 

1 

PO202 

PO203 

PO204 

PO205 

PO206 

PO207 

PO175 1 27 I System Too Rich (Bank 2) 1 25 

I I '  

System Too Rich (Bank 2) 

157 

155 

152 

151 

154 

156 

Injector CircuiVOpen - Cylinder 2 

Injector CircuiVOpen - Cylinder 3 

Injector CircuiVOpen - Cylinder 4 

Injector CircuitIOpen -Cylinder 5 

Injector CircuiVOpen - Cylinder 6 

lniector CircuiVOpen - Cylinder 7 

injector CircuiVOpen - Cylinder 8 PO208 153 



- - -  - -  

On-Board Diagnostics 



On-Board ~ i a ~ n o s t i c s l  

I I 
PO340 1113 I Camshaft Position Sensor 'A' Circuit (Bank 1 or Single Sensor) 

Engine diagnostic trouble codes: M62 engine (continued) 

P-code 

PO342 

PO343 

PO345 

PO347 

PO348 

PO363 

PO370 

PO41 2 

PO335 I111 I Crankshaft Position Sensor 'A' Circuit 

BMW-FC 

I I 
- 

I I 
- 

PO445 1 98 1 Evaporative Emission System Purge Control Valve Circuit Shorted 

Explanation 

113 

113 

114 

114 

114 

62 

112 

85 

PO41 3 

PO41 8 

PO420 

PO430 

PO440 

PO442 

PO442 

PO443 

PO444 

Camshaft Position Sensor 'A' Circuit Low (Bank 1 or Single Sensor) 

Camshaft Position Sensor 'A' Circuit High (Bank 1 or Single Sensor) 

Camshaft Position Sensor 'A' Circuit (Bank 2) 

Camshaft Position Sensor'A' Circuit Low (Bank 2) 

Camshaft Position Sensor 'A' Circuit High (Banic 2) 

Misfire Detected - Fueling Disabled 

Timing Reference High Resolution Signal 'A' 

Secondary Air lniection System Switchinq Valve A Circuit 

PO41 4 / 85 I Secondary Air Injection System Switching Valve A Circuit Shorted 

85 

84 

40 

45 

93 

183 

188 

98 

98 

PO450 

PO452 

PO453 

PO455 

PO456 

PO491 

PO492 

PO500 

PO506 

I I 

PI102 1163 I Idle Control System, Adaptation of Unmetered Air Mass Too Low 

Secondary Air Injection System Switching Valve A Circuit Open 

Secondary Air Injection System Control 'A' Circuit 

Catalyst System Efficiency Below Threshold (Bank 1) 

Catalyst System Efficiency Below Threshold (Bank 2) 

Evaporative Emission System 

Evaporative Emission System Leak Detected (small leak) 

Evaporative Emission System Leak Detected (small leak) 

Evaporative Emission System Purge Control Valve Circuit 

Evaporative Emission System Purqe Control Valve Circuit Open 

I I 

185 

185 

185 

183 

187 

80 

81 

120 

32 

PO507 

Evaporative Emission System Pressure SensorISwitch 

Evaporative Emission System Pressure SensorISwitch Low 

Evaporative Emission System Pressure SensorISwitch High 

Evaporative Emission System Leaic Detected (large leak) 

Evaporative Emission System Leal$ Detected (very small leak) 

Secondary Air Injection System Insufficient Flow (Bank 1) 

Secondary Air Injection System insufficient Flow (Bank 2) 

Vehicle Speed Sensor 'A' 

idle Air Control System RPM Lower Than Expected 

PI103 

PI130 

PI131 

PO600 1 220 I Serial Communication Link 

32 idle Air Control System RPM Higher Than Expected 

163 

17 

23 

Idle Control System, Adaptation of Unmetered Air Mass Too Large 

0 2  Sensor Circuit Dynamic Test (Bank 1 Sensor 2) 

0 2  Sensor Circuit Dynamic Test (Bank 2 Sensor 2) 



OBD-28 
1 On-Board Diagnostics 

Engine diagnostic trouble codes: M62 engine (continued) 

P-code 

PI134 

PI135 

PI136 

PI137 

PI138 
I I 

. . 

PI139 

~ 

PI152 

PI153 

PI155 

PI156 

PI157 

PI158 

PI159 

I I 

P I  327 1211 / Knoclc Sensor 2 Circuit Low Input (Banlc 1) 

BMW-FC 

13 

13 

13 

14 

14 

I I 
- .  

Explanation 

02 Sensor Heater Circuit Signal Intermittent (Bank 1 Sensor 1) 

02 Sensor Heater Circuit Low Voltage (Bank 1 Sensor 1) 

02 Sensor Heater Circuit High Voltage (Bank 1 Sensor 1) 

02 Sensor Heater Circuit Signal Intermittent (Bank 1 Sensor 2) 

02 Sensor Heater Circuit Low Voltaqe (Bank 1 Sensor 2) 

PI151 15 1 0 2  Sensor Heater Circuit Signal intermittent (Bank 2 Sensor 1) 

14 

~ 

5 

5 

4 

4 

4 

28 

28 

PI160 

02 Sensor Heater Circuit High Voltage (Bank 1 Sensor 2) 

0 2  Sensor Heater Circuit Low Voltage (Banic 2 Sensor 1) 

0 2  Sensor Heater Circuit High Voltage (Bank 2 Sensor 1) 

0 2  Sensor Heater Circuit Signal Intermittent (Banlc 2 Sensor 2) 

0 2  Sensor Heater Circuit Low Voltage (Bank 2 Sensor 2) 

0 2  Sensor Heater Circuit High Voltage (Bank 2 Sensor 2) 

Fuel Trim Adaptation Additive Low (Bank 1) 

Fuel Trim Ada~tation Additive Hish (Banlc 1) 

P I  328 

P I  332 

P I  333 

P I  340 

PI341 

PI342 

PI343 

I 
I Misfire During Start Cylinder 3 1 

PI161 129 / Fuel Trim Adaptation Additive High (Bank 2) 

29 

I I 

Fuel Trim Adaptation Additive Low (Banlc 2) 

21 I 

21 3 

213 

62 

62 

50 

50 

PI344 

Knock Sensor 2 Circuit High input (Bank 1) 

Knoclc Sensor 4 Circuit Low Input 

Knock Sensor 4 Circuit High Input 

Multiple Cylinder Misfire During Start 

Multiple Cylinder Misfire with Fuel Cut-Off 

Misfire During Start Cylinder 1 

Misfire Cvlinder 1 with Fuel Cut-Off 

P I  347 

PI348 

PI349 

P I  350 

PI351 

PI352 

PI353 

PI345 1 57 I Misfire Cylinder 2 with Fuel Cut-Off 

57 

I I 

Misfire During Start Cylinder 2 

55 

52 

52 

51 

51 

54 

54 

Misfire Cylinder 3 with Fuel Cut-Off 

Misfire During Start Cylinder 4 

Misfire Cylinder 4 with Fuel Cut-Off 

Misfire during Start Cylinder 5 

Misfire Cylinder 5 with Fuel Cut-Off 

Misfire during Start Cylinder 6 

Misfire Cvlinder 6 with Fuel Cut-OW 

Misfire during Start Cylinder 7 PI354 

PI355 1 56 I Misfire Cylinder7 with Fuel Cut-Off 

56 



On-Board ~ i a ~ n o s t i c s l  

Engine diagnostic trouble codes: M62 engine (continued) 

P-code 

I I 
- 

I I - 
- .  

PI445 1186 / Diagnostic Module Tank Leakage (DM-TL) Pump Control Circuit Signal Low 

PI357 

PI382 

PI386 

PI413 

PI414 

PI441 

PI442 

PI443 

PI444 

P1356 1 53 I Misfire during Start Cylinder 8 

BMW-FC 

I P1523 
I I 

- - 

1165 I 'A' Camshaft Position Actuator Signal Low (Banlc 1) 

Explanation 

P1381 1215 I Control Module Self-Test, Knock Control Onset (Bank 1) 

53 

21 6 

21 4 

84 

84 

1 

1 

1 

186 

P I  446 

P I  447 

P I  448 

PI449 

P I  450 

PI451 

PI452 

PI476 

Misfire Cylinder 8 with Fuel Cut-Off 

Control Module Self-Test, Knock Control Test Pulse (Bank 1) 

Control Module Self-Test, Knock Control Circuit Baseline Test (Bank 1) 

Secondary Air Injection Pump Relay Control Circuit Signal Low 

Secondary Air Injection Pump Relay Control Circuit Signal High 

Leakage Diagnostic Pump Control Open Circuit 

Leakage Diagnostic Pump Control Circuit Signal Low 

Leakage Diagnostic Pump Control Circuit Signal High 

Diagnostic Module Tank Leakage (DM-TL) Pump Control Open Circuit 

186 

189 

189 

189 

2 

2 

2 

184 

P1524 

P1525 

P1526 

PI527 

PI528 

PI633 

P I  634 

P I  635 

I I 
P I  638 / 131 I Throttle Valve Position Control Throttle Stuck Temporarily 

. - 

Diagnostic Module Tank Leakage (DM-TL) Pump Control Circuit Signal High 

Diagnostic Module Tank Leakage (DM-TL) Pump Current Too High during Switching Solenoid Test 

Diagnostic Module Tank Leakage (DM-TL) Pump Current Too Low 

Diagnostic Module Tank Leakage (DM-TL) Pump Current Too High 

Diagnostic Module Tank Leakage (DM-TL) Switching Solenoid Control Open Circuit 

Diagnostic Module Tank Leakage (DM-TL) Switching Solenoid Control Circuit Signal Low 

Diagnostic Module Tank Leakage (DM-TL) Switching Solenoid Control Circuit Signal High 

Leakaqe Diaqnostic Pump Clamped Tube 

I I 

165 

165 

166 

166 

166 

136 

133 

134 

'A' Camshaft Position Actuator Control Circuit Signal High (Banlc 1) 

'A' Camshaft Position Actuator Control Open Circuit (Bank 1) 

'A' Camshaft Position Actuator Control Open Circuit (Bank 2) 

'A' Camshaft Position Actuator Control Circuit Signal Low (Bank 2) 

'A' Camshaft Position Actuator Control Circuit Signal High (Bank 2) 

Throttle Valve Adaptation Limp-Home Position Unknown 

Throttle Valve Adaptation Spring Test Failed 

Throttle Valve Adaptation Lower Mechanical Stop not Adapted 

Throttle Valve Control Circuit P I  636 

PI639 

P1643 

P2088 

P2089 

P I  637 / 130 I Throttle Valve Position Control, Control Deviation 

132 

131 

135 

165 

165 

Throttle Valve Position Control Thronle Stuck Permanently 

Throttle Valve Actuator Start Test Amplifier Balancing Plausibility 

'A' Camshaft Position Actuator Control Circuit Low (Banlc 1) 

'A' Camshaft Position Actuator Control Circuit High (Bank 1) 



/ On-Board Diaanostics 

Engine diagnostic trouble codes: M62 engine (continued) 

P-code 

I I 

P2189 1 29 / System Too Lean at Idle (Bank 2) 

P2093 

P2096 

P2098 

P2177 

P2178 

P2179 

P2180 

P2092 / 166 I 'A' Camshaft Position Actuator Control Circuit Low (Bank 2) 

BMW-FC 

I I 
P2273 / 23 1 0 2  Sensor Signal Stuck Rich (Bank 2 Sensor 2) 

Explanation 

166 

225 

226 

26 

26 

27 

27 

P2190 

P2191 

P2192 

P2193 

P2194 

P2270 

'A' Camshaft Position Actuator Control Circuit High (Bank 2) 

Post Catalyst Fuel Trim System Too Lean (Bank 1) 

Post Catalyst Fuel Trim System Too Lean (Bank 2) 

System Too Lean Off Idle (Bank 1) 

System Too Rich Off Idle (Bank 1) 

System Too Lean Off idle (Bank 2) 

System Too Rich Off Idle (Bank 2) 

29 

24 

24 

25 

25 

17 

System Too Rich at Idle (Bank 2) 

System Too Lean at Higher Load (Bank 1) 

System Too Rich at Higher Load (Bank 1) 

System Too Lean at Higher Load (Banlc 2) 

System Too Rich at Higher Load (Bank 2) 

0 2  Sensor Signal Stuck Lean (Bank 1 Sensor 2) 
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312-way valve (running losses) 
see Fuel tank 

Abbreviations, commonly used 
600-14 

ABS (antilock brake system) 
see Bral(es 

A/C 
air distribution motors 

see stepper motors (below) 
blower final stage (resistor pack), 
replacing 640-16 

blower, removinglinslalling 
640-1 5 

compressor, replacing 640-24 
condenser, replacing 64045 
control panellmodule, removing1 
installing 640-1 1 

evaporakr, removinglinstalling 
640-29 

evaporator temperature sensor 
640-12 

expansion valve, removinglinstailing 
640-27 

IHKA/ IHKR system description 640-5 
receiveridrier, replacing 640-26 
stepper motors 640-1 3 
ventilation microiilter, replacing 
020-22. 640-17 

see also Heating 

Accelerator iinlcage 
see Maintenance 

Activated carbon canister 
see Fuel tank 

ADS (auxiliary throttle valve) 
130-57 

Air compressor 
330-44 

Air conditioning 
see AIC 

Air distribution (flap) motors 
seeNC, stepper motors 

Air filter 
see Maintenance 

Air spring 
300-6, 330-12 

Airbag system (SRS) 
2-stage airbag 721-4 
control module, replacing 721-7 
driver airbag, removinglinstalling 
721-8 

iiead protection airbag 721-12 
components 721-1 1 

indicator lighl721-4 
passenger airbag, removinglinstalling 
721-9 

side-impact airbags crash sensor, 
replacing 721-7 

Airflow sensor 
see 130 under appropriate fuel 
injection system 

Air pump 
see 130 under appropriate fuel 
injection system, secondary air 
injection system 

Air suspension 
see Electronic height control 
(EHC) 

Alarm 
see Anti-theft alarm 

Alignment 
see Wheei alignment 

Aluminum suspension components 
300-2 

Antenna 
650-6 

Alternator 
see Battery, starter, alte rnator 

Amplifier 
650-4 

Anti-theft alarm (DWA) 
515-24 
emergency disarming 515-31 

Antifreeze (engine coolant) 
see Maintenance 
see also Cooling system 

Antilock brake system (ABS) 
see Brakes 

ASC 
see Brakes 

ATF (automatic transmission fluid) 
see Automatic transmission 
see also Cooling systern 

Automatic headlight adjustmenl 
(LWR) 

see Lights 

Automatic seat belt tensioner 
720-4 

Automatic shiftloclc 
see Gearshift 

Automatic transmission 
applications 200-3, 240-4 
ATF 020-10, 200-4 

capacity 240-8 
checking 240-6 
drainingifilling 240-7 
heat exchanger 170-5 

fluid pan and strainer 240-9 
gearshift 

see Gearshift 
ID tag 200-3 
range switch 610-6 
removaliinstallation 240-10 
steptronic 

see Gearshift 

Auxiliary cooling fan 
see Coollng system, electric Ian 

Auxiliary throttle valve (ADS) 
130-57 

Axle joint 
see Drive axle 

Back-up light switch 
automatic transmission 

see Automatic transmission. 
range switch - . ~ . ~ ~ ~  

manual transmission 230-8 - 
- 
I 
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Battery, starter, alternator 
alternator (generator) 121-10 

6-cylinder engine, removingi 
installing 121-15 

M62 engine 121-16 
M62 TU engine (water cooled) 
121-18 

battery 121-5 
charging 121-9 
safety terminal 121-3 
testing 121-5 

charging system, troubleshooting 
121-12 

starter 121-1 9 
6-cylinder engine, removingi 
instaliinq 121-20 . 

V-8 engine, rernovinglinsialiing 
121-21 

solenoid, removinglinstalling 121-23 
troubleshooting 121-19 

see also Maintenance 

Bearing, wheel 
see Front suspension 
see also Rear suspension 

Belts 
see Maintenance, drive belts 

Blade, wiper 
see Wipers and Washers 

Blower motor 
see A/C 

BMW emblem 
see Exterior trim 

BMW special tools 
010-18 
see also special tools section at 
beginning of each repair group 

Body 
dimensions 400-2 
interior features 400-9 
salety and security 400-7 

Body side molding 
see Exterior trim 

Bonnet 
see Engine hood 

Boot 
see Trunk 

Brake fluid 
020-24, 340-8 

Brake fluid pressure sensor 
340-30 

Brakes 
ABS, ASC or DSC system 300-12 

component replacement 340-26 
ASCIDSC switch 

see Switches 
bleeding bralces 340-8 
brake booster 340-1 9 
bralce Dads. caiioers and rotors , . ,  
340-1 1 

descriotion 300-10 
e~ectrdnic brake & stability 300-11 
light switch 

see Switches 
master cylinder 340-16 
pariking brake 340-22 
troubleshooting 340-5 

Bulbs 
see Lights 

Bumper 
lront 510-6 

height, adjusting 510-12 
rear 510-9 

Bus system 
600-4 

Camber 
320-33 

Camshaft 
removingiinslaiiing 

M52 engine 116-12 
M52 TU / M54 engine 116-1 9 
M62 engine 11 6-39 

wear 116-6 

Camshaft position sensors 
see ignition system 

Camshaft timing chain 
adjusting 

M52 engine 117-22 
M52 TU I M54 engine 117-43 
M62 engine 117-79 

removinglinstalling 
M52 engine 117-26 
M52TU 1 M54 engine 113-46.116- 
28 

M62 engine 117-66 

Capacities, fluid 
020.10 

Car rnemorvlicev memorv . . 
600-10 
see also Centrai lociking 

Carbon canister, activated 
see Fuel tank 

Caster 
320-33 

Catalytic converter 
and oxygen sensor 020-19 
see also Exhaust system: exhaust 
manilolds 

Cautions 
001-3 

CD changer 
650-4 

Center bearing, driveshaft 
see Driveshait 

Center brake light 
sedan 630-13 

Center console 
513-3 

Centrai body electronics (ZKE 111) 
600-6 

Central locking 
car memoryiey memory 515.12 
general module iunctions 515-2 
remote entry (FZV) 515-8 
remote lkey initialization 515-10 
single lociddouble ioclk 515-6 
switch 515-4 

Chain 
see Camshaft liming chain 

Characteristic map (electrically 
heated) thermostat 

see Electrically heated thermostat 

Charging system 
see Battery, starter, alternator 

Cluster 
see instruments 

Clutch 
fluid 

see Maintenance 
hydraulics 210-4 
mechanical 210-9 
switch 

see Switches, pedal ciuster 
variations 210.10 

Codes, fault 
OED-1 

Coil 
see Ignition system 

Coil spring 
see Front suspension 
see also Rear suspe nsion 



WARNING 

Your common sense, good 
judgement, and general alertness are 
crucial lo sale and successlul service 
work. Belore attempling any work on 
your BMW, be sure to read 001 
General Warnings and Cautions 
and lhe copyright page a1 llle Iron1 01 
the manual. Review lliese warnings 
and cautions each time you prepare 
lo work on your BMW Please also 
read any warnings and caulions lhal 
accompany the procedures In !he 
manual. 

Component locations 
see Electrical system 

Compression test 
113-5 

Compressor 
see AlC 

Condenser 
see AlC 

Constant velocity (CV) joint 
see Maintenance 
see also Driveshall 
see also Drive axles 

Consumer cutoff 
600-10 

Control arm 
see Front suspension 
see also Rear suspension, 
suspension arms 

Coolant (antifreeze) 
see Maintenance 
see also Cooling system 

Coolant pump 
see Cooling system 

Cooling system 
coolant 

bleeding 170-14 
6-cylinder engine, draininglfilling 
170-10 

V-8 engine, draininglfilling 170-12 
coolant pump 170-3 

6-cyiinder engine, replacing 170-1 9 
V-8 engine, replacing 170-20 

cooling fan 170-4 
viscous ciutch fan, removingi 
installing 170-14 

electric fan, removlngiinstailing 
170-1 5 

expansion tank, removinglinstalling 
170-22 

electrically heated (ciiaracterislic 
map) therrnostat 170-4 

radiator, removinglinstaliing 170-22 
service 

see Maintenance 
therrnostat 170-16 
transmission fluid heat exchanger 
170-5 

troubleshooting 170-7 
combuslion leal( test 170-10 
pressure test 170-9 

Crankshaft oil seals 
iront 117-6 
rear 11 9-6 

Crankshaft speed sensor 
see Ignition syslem 

Crash sensor 
see Airbag system (SRS), side-impact 
airbag crasii sensor 

Cruise control 
clutch switch 612-9 

CV joint 
see Maintenance 
see also Driveshalt 
see also Drive axles 

CV joint boot 
see Maintenance 
see also Drive axles 

Cylinder head 
removinglinslaliing 

M52 engine 113-8 
M52 TU / M54 engine 113-22 
M62 engine 113-56 

Cylinder head and valvetrain 
hydraulic lifters, checking and 
replacing 116-7 

leak test 116-5 
valves 11 6-56 
see alsocylinder head 

Dashboard 
513-7 

Deck lid 
seeTrunk lid 

Diagnostic monitors 
OED-4 

Diagnostic trouble codes (DTCs) 
080-7  

Digital multimetel 
010-17 

Differential 
see Final drive 

DLC (data link connector) 
020-4, OED-4 

DME (digital motor electronics) 
see 130 under appropriate fuel 
injection system 

see also ignition system 

DM-TL (detection module-tank leak) 
see Fuel lank, leak deteclion unit 

Drive belts 
see Maintenance 

Dome light 
seeLighls, interior lights 

Door 
door check, replacing 411-4 
hinge adjustment 41 1-5 
loci( 

see Door lock 
see also Central locking 

removinglinslaliing 41 1-2 
panel, removinglinstaliing 41 1-7 
window 

see Door window 

Door check 
see Door 

Door handle 
see Door lock 

Door glass 
see Door window 

Door lock 
handles and loci(s 515-16 
see also Central locking 

Door molding 
510-13 

Door panel 
see Door 
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Door window 
anti-trap 512-4 
convenience openinglclosing 512.4 
regulator and motor 512-1 1 
service 512-5 
switches 512-3 

see also Switches 

Double VANOS 
see VANOS 

Drive axle 
CV joint 331-15 
CV joint boot 331-15 
rernovinglinstalling 331-14 

Drive belt 
see Maintenance 

Driveabiiity troubleshooting 
100-4 

Driveaway protection 
see EWS (eiectronic immobilization) 

Driveshaft 
aligning 260-7 
center bearing, replacing 260-12 
CV joint, replacing 260-14 
itex-disc, replacing 260-1 1 
iront centering guide, replacing 
260-13 

rernovinglinstailing 260-6 
lroubleshooting 260-3 
U-joint 260-3 

DSC 
see Braires 

DTC (diagnostic trouble code) 
OBD-8 

DWA 
see Anti-theft alarm 

ECM (engine control module) 
see 130 under appropriate iuei 
injection system 

ECT (engine coolant temperature) 
sensor 

see 130 under appropriate iuei 
injection system 

EDK 
adaptation 130-69 
MS 43.0 130-35 

EHC 
see Electronic iieigiit control (EHC) 

Electric cooling fan 
see Cooling system, cooling fan 
see also Cooiing system, eiectric fan 

Electrical switches 
see Switches 

Electrical system 
abbreviations 600-14 
bus System 600-4 
component location table 610-3 
components 

photos 610-36 
Sport Wagon 610-81 

engine 121-2 
troubleshooting 600-15 
voltage and polarily 600-5 
wire color codes 600-12 
wiring diagrams 600-12 

Electrical wiring diagrams 
ELE-1 

Eiectricaliy heated thermostat 
(characteristic map) 

170-4 

Eiectronic height control (EHC) 
300-8, 330-44 

Eiectronic immobilization 
see EWS (electronic immobilization) 

Eiectronics box (E-box) 
610-37 

Emergencies 
010-18 

Emergency brake 
see BraBes, parking brake 

Engine 
see also Cylinder head and valvetrain 
applications 100-2 
compression, testing 113-5 
cooling 

see Cooiing system 
crankshaft front oil seai 

see Crankshaft oil seals 
cyiinder leak-down test 113-8 
diagnostic testing 113-1 
drive belts 

see Maintenance 
driveability troubleshooting 100-4 
engine management systems 100-2 

see also Ignition 
see also Fuel injection 

fuel supply 130-6 
ground connections 100-5 

see also 61 0 
identilying ieatures 100-3 
lubrication svstem 

see ~ubricetion system 
mount 

on-board diagnostics OBD-I 
oxygensensor 

see Fuel injection 
see also Exhaust system 

Dreventive maintenance 
see Maintenance 

removal/installation 

Engine control module (ECM) 
see 130 under appropriate iuel 
injection system 

Engine cooiant temperature (ECT) 
sensor 

see 130 under appropriate iuel 
injection system 

Engine cooling fan 
see Cooiing system, electric fan 

Engine hood 
41 0-6 
raising to service position 410-6 

Engine troubleshooting 
see Engine, driveability 
troubleshooting 

EVa~oratiVe control svstem 
160-3 
see also 130 under aDDroDriate iuel 
injection system 

Evaporator 
see N C  

Evaporator temperature sensor 
see N C  
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WARNING 

Your common sense, good 
judgement, and general alerlness are 
crucial lo safe and successful service 
ivork. Before attempling any work on 
your BMW be sure lo read 001 
General Warnings and Cautions 
and the copyright page at the fronl of 
Ihe manual. Review these warnings 
and cautions each lime you prepare 
to work on your BMW Please also 
read any warnings and cautions tliat 
accompany Nie procedures in the 
manual. 

Exhaust manifold 
see Exhaust system 

Exhaust system 
diagrams 180.1 1 
exhaust manifolds, removinglinstalling 
180-4 

muifier, replacing 180-8 
oxygen sensors 180-8 

and catalytic converter 020-1 9 
see also Fuel injection 

removinglinstalling 180-2 
see also Maintenance 

Expansion tank 
see Cooling system 

Expansion valve 
see N C  

Exterior lighting 
see Lights 

Exterior trim 
BMW emblem (Roundel), removing1 
installing 510-13 

body side molding, replacing 510.13 
grill, removinglinsialiing 510-14 
headlight housing trim, removing1 
installing 510-14 

outside mirror 510-2 

EWS (electronic immobilization) 
515-21 
ring antenna, iemovinglinstaiting 
320-1 1 

Fan 
see Cooling system 

Fault codes 
OBD-2 
storage 100-4. 600.10 

Fender 
front, rernovinglinstailing 410-2 

Filters 
see Maintenance 

Final drive 
lubricant speciiicatiorls 020-9 
mounh, replacing 331-12 
oil level 020-26. 331-6 
removinglinslalling 331-5 
seals 331-7 

Firing order 
see Ignition system 

FtS 
see Interior protectiorl 

Flex disc 
see Driveshaft 

Fluids and lubricants 
see Maintenance 

Flywheel 
removinglinstalling 210-13 

Fogllght 
see Lights 

Front centering guide 
see Driveshatt 

Front oil seal 
see Crankshaft oil seals 

Front suspension 
control arm 310-12 
description 300-2 
ride height 300-14 
stabilizer bar, removinglinstalling 
310-21 

strutslsprings 31 0-4 
tension strut 310-16 
thrust arm 310-12 
variations 310-4 
wheel bearing 310-18 
see also Maintenance 

Fuel filter 
see Maintenance 

Fuet injection 
applications 130-2 
Bosch M5.2, M5.2.1 130-46 
Bosch ME 7.2 130-66 
fuel delivery 

see 130 under appropriate iuel 
injection system 

see also Fuel pump 
see also Fuet tank 

oxygen sensors 130-72, 180-8 
Siemens MS 41.1 130-7 
Siemens MS 42.0. MS 43.0 130-23 

Fuel injector 
see 130 under appropriate fuel 
injection system 

Fuel level sender 
160-15 
see also Fuei pump 

Fuel pressure 
160-10 
see also Fuel pump 

Fuel pump 160-3 
electrical circuit, testino 160-7 

1 removinglinstalling (includes right side 
iuel levei sender) 160-15 

siphon pump, removinglinstaliing 
160-19 

troubleshooting 160-6 
see also Fuel tank 

Fuel rail 
see 130 under appropriate iuel 
injection system 

Fuei supply 
130-6 
see also Fuei pump 
see also Fuet lank 

Fuel tank 
312-way valve (running losses. 
removinglinstalling 160-24 

carbon canister 160-24 
draining 160-20 
evaporative control system 160-3 
expansion tank, removinglinstalling 
160-23 

I leak detection unit (LDP or DM-TL), 
rernovinoiinstallino 160-24 

level senier 160-15 
removinglinstalling 160-21 

Fuse locations 
610-29 

R V  (remote entry) 
see Central locl(ing 

Fan clutch 
see Cooling system, cooling fan 



Gaskets 
and seals 01 0-9 

Gearshift 
automatic transmission 

adjusting 250-7 
shift interiock. checkino function " 
250-9 

shiftloclc. checicino function 250-8 - 
manual transmission 

gearshift lever, removingiinstalling 
250-5 

steptronic 250-7 

General module (GM Ill) 
600-8 
see also Central locking 

Generator 
see Battery, starter, alternator 

Glass 
see Door window 

Glove compartment 
513-16 
see also 

Global positioning system (GPS) 
620-9 

Grill 
see Exterior trim 

Grounds 
100-5 

Guide link 
see Rear suspension, suspension 
arms 

Halogen headlight 
630-5 

Hand brake 
see Brakes, pariring brake 

Handle, door 
see Door locks 

Hatch 
seeTailgate 

Hazard warning switch 
see Switches 

Headlight 
housing trim 

see Exterior trim 
washer611-17 
see also Lights 

Headlight spray nozzle 
611-17 

Headlight switch 
see Switches 

Heater core 
see Heating 

Heater valve 
see Heating 

Heating 
lieater core, replacing 640-18 
lheater core temperature sensor, 
removingiinstalling 640-12 

heater valve, replacing 640-17 
IHKA housing, removinglinstallin~ 
640-21 

see also N C  

Hood 
410-6 

Hood latch and release 
410-10 

Hydraulic valve lifters 
see Cylinder head and valvetrain 

IAT (lntalce air temperature) sensor 
see 130 under appropriate fuel 
injection system 

idle speed control valve 
see 130 under appropriate fuel 
injection system 

Idle stabilizer 
see 130 under appropriate fuel 
injection system, idie speed controi 
valve 

idler arm 
320-30 

lgnition coll 
see lgnition system 

lgnition interlock 
320-13 

lgnition lock cylinder 
removingiinstalling 320-1 1. 612-4 

lgnition switch 
seeSwifches 

Ignition system 
diagnosis 

checking for spark 120-10 
disabling ignition system 120-10 
misfire detection 120-6 
oscilioscope diagrams 120.6 
troubleshooting 120-6 

camshaft position sensors 120-14 
coils 120.10 
crankshaft speed sensor 120-12 
firing order 120-9 
knoclc sensors 120-16 

IHKA 
see N C  

IHKR 
see N C  

Injector 
see 130 under appropriate fuel 
injection system, luel injector 

Input shaft oil seal 
see Manual transmission, oil seals 

Inspection 
see Maintenance 

Instruments 
GPS 

see Global positioning system 
(GPSI 

layout 6202 
removingiinstalling 620-8 
self-testing 620-6 

Intake air temperature sensor (IAT) 
see 130 under appropriate fuel 
injection system 

Intake manifold 
removingiinstalling 

6-cvlinder enoine 110-10. 113-8. 
113-22 

- 
V-8 engine (M62) 113-56 

Integral link 
see Rear suspension, suspension 
arms 

lnterior lights 
see Lights 

lnterior protection (FISIUIS) 
515-25 

lnterior trim 
513-13 

lnterior ventilation microfilter 
see NC, ventilation microfiller 
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WARNING 

Your common sense, good 
judgement, and general alertness are 
crucial to safe and successful service 
work. Before attempting any work on 
your BMW, be sure to read 001 
General Warnings and Cautions 
and the copyright page at the front of 
the manual. Review these warnings 
and cautions each time you prepare 
to work on your BMW. Please also 
read any warnings and caulions that 
accompany /he procedures in the 
manual. 

Jack stands 
010-16 

Jump starting 
010-19 

Keys 
515-1 1 

Knock sensor 
see Ignition system 

Leak detection, fuel tanlr 
see Fuel tank, leak detection unit 

Leather upholstery 
see Maintenance, leather 
upholstery and trim 

LDP (leak detection pump) 
see Fuel tanir, leal( detection unit 

Level sender 
see Fuel tank 
see also Fuel pump 

License plate iight 
630-1 1 

Lifters 
see Cylinder head and vaivetrain 

Lifting the car 
010-5 

Lights 
bulb applications 630-2 
control module (LCM) 630-3 
foglights 630-8 
headiighls 630-4 

automatic headlight adjustment 
(LWR) 630-7 

vertical aim system 630-8 
interior lights 630-12 

bulb applications 630-13 
side turn signal 630-9 
taillight 630.10 
trunk light bulb 630-14 
turn signals, taillights 630-12 

LOClCS 

see Central loci(ing 
see also Door loclrs 

Lubrication system 
oil level warning switch, replacing 
119-20 

oil pan, removinglinstalling 
6-cylinder 119-10 
V-E lower 119-13 
V-8 upper 119-15 

oil pressure 
checiring 11 9-4 
warning system, testing 119-5 
warning switch, replacing 119-20 

oil pressure reliel valve 
6-cylinder 119-26 
V-8 11 9-27 

oil pump, removinglinstalling 
6-cylinder 119-22 
V-8 1 19-4 

troubieshooting 119-3 

Luggage compartment 
seeTrunk 

MAF (mass air flow) sensor 
see 130 under appropriate fuel 
injection system 

Maintenance 
accelerator linkage 020-14 
air filter 020-14 
automatic transmission 020-29 
battery 020-22 
body lubrication 020-31 
body and interior 020-31 
braire fluid 020-24 
brake padlrotor wear 020-24 
brake system 020-25 
clutch fluid 020-26 
cooling system 020-15 
CV ioint boots 020-27 
differential oil level 020-26 
drive bells 020-16 
engine comparlmenl 020-14 
engine cooling system 020-16 
engine oil 020-1 1 
exhaust system 020-27 
exterior washing 020-31 
fluid and lubricant specifications 020-9 
fuel lilter 020-27 
fuel lanir and fuel lines 20-28 
idle speed 020-19 
inspection 020-5 
interior care 020-31 
lealher upholslery and trim 020-31 
maintenance tables 020-6 
manual transmission oil 020-30 
microiilter 020-22 
oxygen sensors 130-72, 180-8 
parlcing brake 020-25 
power steering fluid level 020-20 
seat belts 020-32 
service indicator 020-3 
spark plugs 020-20 
special cleaning 020-32 
suspension, front 020-29 
suspension, rear 020-29 
tires 020-29 
washing 020-32 
waxing 020-32 
windshield wiper blade 020-33 
wheels, aligning 020-30 

Malfunction indicator iight (MIL) 
OED-2 

Manifold, exhaust 
see Exhaust system 

Manifold, intake 
see Intake maniiold 



Manual transmission 
applications 200-2. 230-5 
back-up light switch, replacing 230-6 
gear ratios 230-6 
gearshift 

see Gearshiit 
ID tag 200-2 
fluid 020-1 0. 200-4 
fluid service 230-6 
oil seals 

input shaft seal, replacing 230-17 
output shalt seal, replacing 230-1 1 
selector shaft seal, replacing 230-8 

pilot bearing 210-16 
removallinstallation 230-19 
see also Maintenance 

Map light 
see Lights, interior 

Mass air flow (MAF) sensor 
see 130 under appropriate fuel 
injection syslem 

Master cylinder 
see Brakes 
see also Clutch, hydraulics 

MDK 
130-42 

Microfilter 
see NC, ventilation microfilter 
see also Maintenance 

Mirror 
see Exterior trim 

Misfire 
see Ignition syslem, diagnosis 

Motor mount 
see Engine, mounl 

MRS (multiple restraint system) 
see Airbag system (SRS) 

Muffler 
see Exhaust syslem 

Neutral safety switch 
see Automatic transmission, range 
switch 

OED II (on-board diagnostics) 
OED-l 

Oil change equipment 
010-16 

Oil level sensor 
see Lubrication system 

Oil pan 
see Lubrication system 

OH pressure 
see Lubrication system 

Oil pump 
see Lubrication system 

Oil service 
020-1 1 

On-Board Monitor 
640-12 

On-board diagnostics 
OED-1 

Outside air temperature sensor 
610-14 

Outside door handle 
see Door loclc 

Outside mirror switch 
see Switches 

Output shaft oil seal 
see Manual transmission, oil seals 

Overheating 
see Cooling system, troubleshooting 

Overload protection 
600-11 

Oxygen sensors 
130-72, 180-8 

P codes 
OED-10 

Panic mode operation 
515-11 

Parking brake 
see Brakes 
see also Maintenance 

Parts, buying 
010-11 

Pedal cluster switches 
see Switches 

Pedal position sensor (PWG) 
6-cvlinder enqine 

V-8 engine (M62 TU) 130-68 

Pitman arm 
see Steering 

Power steering 
see Steering 

Power steering fluid 
see Maintenance 

Power window switch 
512-3 

see also Switches 

PWG 
see Pedal position sensor (PWG) 

Racic and pinion steering 
see Steering 

Radiator 
see Cooling system 

Radiator cooling fan 
seeCooling system, cooling fan 
see also Cooling system, electric fan 

Radiator grill 
see Exterior trim 

Radio 
650-2 
see also Antenna 
see also Speakers 

Rain sensor 
611-6 

Raising car safely 
010-5 

Readiness codes 
OED-6 

Rear door window 
see Door window 

Rear main seal 
see Crankshalt oil seals 

Rear parcel sheif 
513-16 
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WARNING 

Your common sense, good 
judgemenl, and general alerlness are 
crucial lo seie end successful service 
ivork. Beiore attempting any work on 
your BMW be sure to read 001 
General Warnings and Cautions 
and llle copyright page at lhe iron1 of 
the manual. Review Niese warnings 
and caulions each lime you prepare 
lo work on your BMW Please also 
read any warnings and caulions lllal 
accompany the procedures in the 
manual. 

Rear suspension 
ball joints 330-19 
bushings 330-13 
control arms 

seesuspension arms, below 
description 300-5 
electronic height control (EHC) 
330-44 

ride height 300-14 
ride height sensor 330-46 
shoclr absorbers end springs 330-9 
stabilizer bar 330-42 
struts and springs 330-5 
subframe 330.13 
suspension arms 330-13 
variations 330-4 
wheel bearing, replacing 330-32 
see also Maintenance 
see also Drive axles 
see also Final drive 

Rear window (Sport Wagon) 
see Tailgate 

Rear window defroster 
610-17 

Receiverldrter 
see N C  

Relay positions 
see Electrical component tocations 
table 610-3 

Remote entry (FZV) 
see Central locking 

Reversing light switch 
see Baclc-up light switch 

Ride height 
300-14 

Ride height sensor 
see Rear suspension 

Ring antenna 
see EWS (electronic immobilizalion) 

Rotor 
see Brakes 

Roundel 
see Exterior trim 

Running tosses (312-way) valve 
see Fuel tenlr 

SCA (soft close) 
seeTailgate, soft close 
see also Trunk lid. soft close 

Scan tools 
OED-3 

Seals 
gaskets and 010-9 
see also Crankshaft seals 

Seat 
front, removing/instelling 520-10 
memory system 520-4 
rear 520-13 
see also Seat belt 

Seat beit 
front 720-4 
rear 720-8 
troubleshooting 7202 
see also Maintenance 

Secondary air injection 
see 130 under appropriate iuel 
injection system 

Selector shaft seat 
see Manual transmission, oil Seals 

Self-adjusting ctulch (SAC) 
see Clutch, variations 

Service indicator 
see Maintenance 

Shift interlock 
see Gearshift 

Shift lever 
see Gearshift 

Shift linkage 
see Gearshift 

Shiftlock 
see Gearshilt 

Shack absorber 
see Rear suspension 

/ Side turn signal assembly 
see Lights 

Sill trim panel 
411-10 

Slave cylinder 
see Clutch, lhydraulic 

Steep mode 
600-1 1 

Soft close (SCA) 
see Tailgate 
see also Trunk lid 

Solenoid 
121-23 

Sound system 
650-2 

Spare parts kit 
010-21 

Spark plugs 
see Maintenance 

Speakers 
650-4 

Specifications, fluid 
020-4 

Sport wagon 
400-4 

Springs 
see Front suspension 
see also Rear suspension 

SRS (supplemental restraint system) 
see Airbag system (SRS) 

Stabilizer bar 
see Front suspension 
see also Rear suspension 

Starter 
see Battery, starter, alternator 



Steering 
description 300-10 
liuid 

see Maintenance 
gearbox 320-25 
idler arm 320-30 
lock 320-12 
pitman arm 320-28 
power steering pump 320-17 
rack & pinion 320-19 
steering column 320-10 

motors 320-16 
removinglinstalling 320-14 
trim 320-10 

steerino wheei 320-7 
tie rods- 

6-cvlinder, reelacinq 320-22 
V- center tie' rod, replacing 320-32 

variations 310-5 

Steering box 
see Steering, gearbox 

Steering column switches 
see Switches 

Steering column 
see Steering 

Steering lock 
see Steering 

Steering wheei switches 
see Switches 

Stepper motor 
see AIC 

Steptronic transmission 
see Gearshift 

Strut 
see Front suspension 
see also Rear suspension 

Subframe 
see Rear suspension 

Sunroof 
initializing 540-2 
adiustinq 540-5 . . 
cornponents, removingiinstailing 
540-9 

emergency closing 540-4 

Suspension, front 
see Front suspension 
see also Aluminum suspension 
cornponents 

Suspension, rear 
see Rear suspension 
see also Aluminum suspension 
cornponents 

Swing arm 
see Rear suspension, suspension 
arms 

Switches 
ASCIDSC 612-12 
back-ue 

manual transmission 230-8 
automatic transmission, see 
Automatic transmission, range 
switch 

center console switches 612-11 
central ioci(ing 612-1 1 
hazard 612-1 I 
headlight 612-9 
ignition cylinder 320-1 1. 612-6 
outside mirror 612-11 
pedal cluster switches 612-8 
seat heater 612.12 
steering column positioning 612-7 
steering column switches 612-6 
steering wheel switches 612-2 
turn signaliheadlight dimmer 612-6 
window 612-1 1 
wipers 612-6 

Tailgate 
412-6 
emergency release 400-4,412-6, 
515-21 

taiigatelrear window loclring 515-14 
see also Trunldtaiioate ioclr - 
see also Central ioclcing 

Taillights 
see Lights 

Tape player 
650-3 

TCM (transmission control module) 
see Automatic transmission 

Tension strut 
see Front suspension 

Thermostat 
see Cooling system 
see also Electrically heated 
thermostat 

Throttie body 
see 130 under appropriate fuel 
injection system 

Throttie cable 
130-38 

Throttie position sensor 
see 130 under appropriate luel 
injection system 

Throw-out bearing 
see Clutch, mechanical 

Thrust arm 
see Front suspension 

Tie rod 
see Steering 

Tightening fasteners 
010-8 

Tilt sensor 
515-24 

Timing chain 
see Camshaft timing chain 

Tire, changing 
010-18 

Tires 
300-1 1 
see also Maintenance 

Toe 
320-34 

Tools 
010-13 



WARNING 

Your common sense, good 
judgement, and general alertness are 
crucial to saie and successiul sewice 
work. Beiore attempting any work on 
your BMW be sure to read 001 
General Warnings and Cautions 
and the copyright page a1 the iront of 
the manual. Review tliese warnings 
and cautions each time you prepare 
to work on your BMW. Please also 
read any warnings and cautions that 
accompany the procedures in the 
manual. 

Towing 
010-20 

Traction control 
see Brakes, ABS, ASC or DSC 
system 

Traction strut 
see Rear suspension, suspension 
arms 

Transmission fluid 
200-4 
see Maintenance 
see also Automatic transmission 
see also Manuai transmission 

Transmission fluid heat exchanger 
see Cooling system 

Transmission input shaft oil seat 
see Manual transmission 

Transmission lubricant 
200-4 
see also Automatic transmission 
see also Manual lransmission 

Transmission output shafl oil seal 
see Manual transmission 

Transmission pilot bearing 
replacing 210-16 

Transmission service 
see Manual transmission, oil seals 

Trim, interior 
see interior trim 
see also Steering, steering column 
trim 

Trunk lid 
412-2 
soft close (SCA) 515-13 
see also Trunkltailgale loci( 

see also Central iocl<ing 

TrunWtailgate lock 
tailgate loci( emergency release 
400-5, 515-21 

tailgatelrear window locl(ing 515-14 
trunk lock 51 5-1 9 

lrey positions 515-7 

Turn signai assembly 
see Switches 
see also Lights 

UIS 
see Interior protection 

U-joint 
see Driveshaft 

Upholstery 
see Maintenance, leather upholstery 
and trim 

Vacuum booster 
see Brakes 

Valve guides 
see Cylinder head and valvetrain 

Valve seals 
see Cylinder head and valvetrain 

Valve seats 
see Cylinder head and valvetrain 

Valves 
see Cylinder head and vaivelrain 

Valvetrain 
see Cylinder head and valvetrain 

VANOS 
control unit, removinglinstalling 

M52 engine 117-14 
M52 TU i M54 engine 117-36 

double VANOS 
function 117-34 
timing chain service 113-46. 116-28 

timing, adjusting 
M52 engine 117-22 
M52 TU l M54 engine 117-43 

Vehicle identification number (VIN) 
010-12 

Ventilation microfilter 
see AIC 
see also Maintenance 

Viscous clutch 
see Cooling system, cooling tan 

Voitage and polarity 
600-5 

Voltage tests 
see Electrical system, troubleshooting 
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Warnings 
001-1 

Warnings, cautions and notes 
01 0-3 

Washer fluid pump 
see Wipers and washers 

Washers 
see Wipers and washers 

Washing 
see Maintenance 

Water pump 
see Cooling system, coolant pump 

Waxing 
see Mainienance 

Wheel, steering 
see Steering 

Wheel alignment 
320-33 
ride [height 300-14 
see also Maintenance 

Wheel bearing 
see Front suspension 
see also Rear suspension 

Wheels 
300-1 1 

Window motor 
see Door window 

Window regulator 
see Door window 

Window switch 
512-3 
see Switches 

Windows, door 
see Door window 

Windshield wipers and washers 
see Wipers and washers 
see also Maintenance 

Wiper motor 
see Wipers and washers 

Wipers and washers 
rain sensor 61 1-6 
rear window (Sport Wagon) 

wiper motor, removingiinstaiiing 
611-15 

wiper shaft, removing.instaiiing 
611-15 

wiperiwasher system 61 1-8 
washer system 611-16 
wiper assembly 611-12 
wiper blades and arms 61 1-9 

Wiring codes and abbreviations 
600-12 

Wirinq diaarams 
ELF-I - 
see also Electrical system 

Working under car safely 
010-6 

Xenon headlght 
630-6 

ZKE (central body electronics) 
600-8 
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