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What could be more useful to independent service technicians who
work on BMWs than a publication dedicated specifically to them?

That's the idea behind the magazine you're holding, TECHDRIVE.
BMW of North America both sponsors the publication and provides much
of the information that's included in it. A big part of the rationale behind
TECHDRIVE is the belief that if you are able to diagnose, repair and
maintain BMW vehicles properly and efficiently, your reputation and ours
will be enhanced.

TECHDRIVE's combination of feature service articles (written from both
BMW tech information and interviews with successful independent BMW
specialists), new technical developments, systems evolution, as well as
the correct BMW replacement part, and service bulletins are intended to
help you fix that BMW right the first time, on time. Our list of BMW dealers
will assist you in finding Original BMW Parts.

There's more to this effort, including highly-informative and user-friendly
web sites, which we'll explain in future issues.

We want to make TECHDRIVE the most useful and interesting technical
magazine you receive, and you can help us do that. Please let us know
what topics you'd like to see covered, and provide any other comments
you might have. With your involvement, this publication can evolve into
one of your most important tools.

Thanks for your continued interest.

For more information please email us at:
cayers@cmacomm.com
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Brake Wear & Pulsation Investigated

Finally, the whole truth
about two major service issues




Where stopping power is concerned,
BMW has been at the forefront for
decades. Take a look at the vehicle tests
in any of the car buff magazines and you’ll
see that the stopping distances of this
company’s products are consistently
shorter than those of the competition.
This shows a fundamental concern not
only for safety, but also for a superior driv-
ing experience.

But brakes take a terrific beating in the
process of converting inertia into heat, so
even the best systems in the world will
develop problems and need care at some
time in their service lives. Lining and rotor
wear and pedal pulsation are chief among
these eventualities, so here we will investi-
gate the causes and cures.

>

Once, machining rotors at every
reline was S.O.P. in most shops.
Not anymore.

Primitive approach

If you were to design a brake system with
a very thick, heavy rotor and soft asbestos
linings, the discs would probably never
wear out, and all that would be needed to
keep going forever would be an occasional
pad replacement. Of course, that would go
against all modern engineering goals. Not
only would the brake be dangerously prone
to fade, but unsprung weight would be too
high for good handling. Also, nobody
would want to have asbestos, that danger-
ous fibrous mineral, around either in a man-
ufacturing plant or a service shop.

No, to get high performance braking
you need an aggressive, up-to-date lining
recipe and sophisticated metallurgy in the
rotor, both matched to the application,
and this is the approach BMW engineers
have taken. The trick is in balancing lining
and rotor wear against stopping power
and pedal feel, and compromises come at
the expense of wear, which is just as it
should be.

Lathes for sale

It wasn't that long ago that it was stan-
dard operating procedure in most shops to
automatically turn rotors on a lathe during
a reline, providing they weren't down to
their legal throw-away thickness. No more,
at least among the highest-quality repair
facilities. As one successful European car
specialist says, "We’ve gotten rid of our
brake lathe. The tolerances on late models
are so close, any appreciable wear
demands that the rotors be replaced."
Also, new discs will be extra insurance
against a recurrence of a pulsation com-
plaint simply because they haven't been
cut, so are thicker.

So that leaves replacement, which,
besides being fast, amounts to a profitable
parts sale for the shop. But how do you
choose among the available options? Do



you try to save the customer a few dollars,
or would you rather feel confident that the
job won't come back to haunt you?

As an independent BMW service shop
owner tells us, "We've tried premium after-
market rotors from one of the biggest disc
manufacturers in the world, but we got
warpage and comebacks. So, we did a lit-
tle research and found that these parts
weighed about two Ibs. less than the origi-
nal equipment discs. When we told the
manufacturer about this, they said, essen-
tially, ‘take it or leave it.” We left it, and now
we use only BMW O.E. rotors."

It takes careful measuring to
uncover the thickness variation
that causes pulsation.

Bumpy braking

Pedal pulsation is an extremely common
condition that tends to repeat. Sure, the
car goes out of your shop with smooth
braking action, but in a distressingly high
percentage of cases, it shows up at your
door again within a couple of months, and
there's a good chance the customer will
have lost his or her faith in your work.

Greg McConiga, former ASE Technician
of the Year, has a theory about why pulsa-
tion problems increased when semi-mets
supplanted asbestos. He believes it's relat-
ed to what happens when you stop at a
light. By their very nature, semi-mets con-
duct heat away from the rotor, whereas
asbestos is nothing if not a good insulator.
This was intended, but it has an unintend-
ed consequence: The area of the disc
that's gripped by the pads cools faster than
the metal around it, causing warpage.

A logical question at this point might be,
"Shouldn't floating and sliding single-pis-
ton calipers just ride with the runout?
What's making those pulses?"

The answer: When it comes right down to
basics, the direct cause of pulsation is DTV
(Disc Thickness Variation), which can also
be seen as a lack of parallelism between the
two sides of a rotor. Wobble causes the
rotor to wear unevenly as it hits those abra-
sive pads in one spot on each side every
revolution of the wheel, and the contact
areas will end up thinner than the rest of the
disc. Some authorities claim that .002 in. of
runout can cause about .0004 in. of DTV in
3,000 to 5,000 miles. Typically, thickness
variation should be held to .0002 in.,
although we know brake experts who say
it'll take .0004 to generate a complaint.
Either way, you're going to have to take your
time checking for discrepancies this tiny.

Zeroing in

As a diagnostic preliminary, make sure
the condition is indeed due to the friction



components and not the result of a mal-
functioning ABS. The module could misin-
terpret a bad signal from a damaged or

Adaptive Brake Lights

If somebody told you in a normal voice,
"The car ahead is stopping," you'd react
at a normal pace, right? But if he shout-
ed it, you'd jam your foot onto the brake
pedal instantly.

That's the idea behind the adaptive
brake lights found on new selected mod-
els, but visually. The main taillight
units are outboard, and incorporate three-
dimensional LEDs for their tail- and brake
lights. Additional tail lamps and the backup
light are in a light band across the trunk lid.
This set-up lets following drivers know
how hard you're stepping on the pedal, or
if the ABS has engaged.

Under normal braking, the outboard and
3rd brake lights illuminate as usual. During
hard braking or when the ABS is activated,
the taillights join the brake lights (at the
same lighting intensity as the brake lights)
for a significant increase in visual warning.

In case of burnout of certain exterior
bulbs, a nearby bulb (one normally used
for a different function) is "comman-
deered" automatically until the defective
bulb is replaced. The Check Control mon-
itor system alerts the driver to the burned-
out bulb.

contaminated wheel speed sensor to be a
skidding tire, so may pulse the hydraulics.
If you take the time to carefully experience
the condition, however, your technician's
instincts should allow you to differentiate
between the two.

Next, you've got to determine whether
the pulses are coming from the front or the
rear (or both). Commonly, DTV in the front
will cause the steering wheel to rock or
shudder on light brake applications at low
speeds. You'll feel the side-to-side move-
ment if you hold the wheel with just a few
fingers. To find out if the rears are at fault,
find an uncrowded street, coast in neutral
at about 20-25 mph, and apply the parking
brake gradually.

Get the car safely up in the air, but don't
pull the wheels yet. Instead, measure
runout on the inside of the rotor with the
wheel installed and the lugs torqued, if pos-
sible. This will tip you off to real-world
runout.

Potato chips?

Besides ordinary runout, there's disc flat-
ness, the kind of warpage that makes the
rotor resemble a potato chip. With your dial
indicator, check for this at points 90 deg.
apart and close to the outer edge of the
wear surface. Find the high point and mark
it "1," rotate the disc one-quarter turn,
mark it "2" and record the reading. Do the
same thing twice more to establish points
"3" and "4." The difference between "1"
and "3" will be max runout, whereas the
biggest deviation from flatness will be
between "1" and "2," "2" and "3," "3" and
l|4’|| Or "1 n and "4."

In the past we were told we could check
for flatness with a straightedge and feeler
gauges, but most authorities today say
that's apt to be inaccurate and misleading.

Uncovering DTV requires that you pay
attention. Measure thickness at eight
evenly-spaced points around the disc.

Everything we've mentioned so far



applies to both front and rear discs. Since
rears only account for maybe 20-30% of
stopping power, however, they won't be the
cause of as many complaints.

Prevention

One of the primary statements of the
modern version of the Hippocratic Oath
that physicians take is, "Never do harm."
The same should be applied to what you do
when you're performing brake service.

Cranking down those lugs with your
impact wrench is a case in point. We all
know that's how just about everybody out
there in the trenches does it, but it can,
and does, cause harm (even the use of
torque sticks is suspect because they're
simply not as accurate as a torque
wrench). As one veteran brake expert
explains it, "What happens is you tighten
the first lug to 90 ft. Ibs, and that cocks the
wheel. Then, you may tighten the second
to 90 also, but the wedge effect makes the
other one actually closer to 130, which
puts an uneven strain on the rotor. After a
couple of months, or 1,500 to 4,000 miles,
the iron relaxes to match the stress, and
you've got a pulsation problem. You can
avoid this by installing the wheel and tight-
ening the lugs while the car's on the lift,
lowering it, backing them each off half a
turn, then torquing them."

Good point, and we'll add that you should
use the proper tightening pattern, either
star or criss-cross, depending on the num-
ber of lugs.

Even more important, though, is anything
that interferes with the trueness of the rotor
mounting. For example, corrosion on the
flange that keeps the disc from seating
properly, hence introducing runout. In our
shop, we use our "whizzer" with abrasive
discs and various powered wire brushes to
get those flanges as clean as possible
before mounting the rotor. If there was no
pulsation problem and the disc is to be
reused, we index a lug and the rotor "hat"

with punch marks, paint, or a tire crayon.

It's a worthwhile precaution to check
runout whenever a new rotor is installed. If
it's less than .002 in., send the car out. If
it's anything more, remove the rotor, rotate
it one lug, remount it, and check again.
Keep doing this until you arrive at the posi-
tion with the least wobble.

Finally, please heed to the SIVs ( Service
Information Bulletin) and that BMW has
issued over the years and always use OEM
recommeded parts to avoid customer com-
plaints.

There's a real science involved in
formulating lining material to
achieve good pedal feel, longevity,
etc. Ifit's too hard, it'll amplify and
transmit even the tiniest vibrations.




Original BMW
Parts is a proud
sponsor of
Formula BMW
USA Racing

History

First steps on the road to greatness.

BMW’s commitment to young driving talent goes
back as far as the 1970s, when the company supported the
BMW Junior Team and the spectacular Procar series over
many years. From 1991 to 2001, BMW was involved in the
Formula ADAC championship as engine supplier, helping
gifted young drivers to progress from go-karts to Formula
racing. In many cases, these drivers subsequently went
on to compete in international motor sports. Indeed, over the
past twelve years, well over forty beneficiaries of BMW ADAC
Scholarship have made their way into Formula 3. The most
famous “old boy” has to be Ralf Schumacher, who competed
in his first Formula race on the Norisring in 1992 and is now
one of the leading drivers in Formula One.

Philosophy

Excellence is catching.

Talent alone is not enough - it needs to be properly
developed. So BMW doesn't just offer gifted young go-kart
drivers a seat in a Formula racing car; we put them on pole
position to enjoy a successful career. We provide them with
first-class technology at an affordable price, rigorous safety
standards, professional training and a scholarship program.
2002 saw the launch of a new concept, a new name and a
new car. The previously separate Championship and Junior
Cup have now been combined to form the international
Formula BMW Championship. The main aim of this
championship is to support Motorsports at the grassroots
level by offering drivers the comprehensive training they
need to make the move into Formula racing, and the new
international dimension can only contribute to the process.
The official racing car of the series is the Formula BMW FB2.
The regulations require all participants to race with identical
equipment, and teams are not allowed to enhance the car’s
performance by making construction changes such as adding
or removing parts. The only way in which they can alter its
performance is by making limited alterations to the set-up.

This means that all the drivers compete on a level playing
field, both financially and technically, and on a relatively low
budget. “After all, the purpose of the exercise is to identify
the best drivers, not the best car,” says BMW Motorsport
Director Dr Mario Theissen.

For more information go to bmwusa.com>The BMW
Experience>Motorsports>Formula BMIW USA
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It's been a decade since
OBD li first hit the streets,
so it's definitely time to
review your understanding

The Check Engine light, generically
named the Malfunction Indicator Lamp
(MIL) under SAE J-1930, is intended to be
a red flag for the driver, but the fact that it's
illuminated is also important information for
the technician. That is, providing he or she
understands the basic strategies that make
OBD Il such a valuable diagnostic aid.

So, we'd better take a look at the big pic-
ture of OBD II's logic -- what actions is it
intended to take when it detects a problem?

Essentials

To boil it down to essentials, the pro-
gram will turn on the MIL if a system or
component fails or deteriorates to the
point where emissions could rise to one
and one-half times the Federal Test
Procedure standards. Of course, the con-
ditions under which such a rise could
occur have been determined through dili-
gent research with real engines on
dynamometers and on test tracks.

From an emissions standpoint, a misfire
is about the most dangerous malfunction
that can occur in a vehicle. Not only does it
pump raw hydrocarbons out of the dead
cylinder, but this extra fuel can cause the
reaction inside the catalyst to become so
hot that the cat either loses its ability to do
its job, or actually melts down, perhaps
clogging the exhaust system.

So, the instant the management software
detects a misfire, it doesn't just switch the
MIL on, it flashes it once per second. The
flashing stops only when the vehicle is
being operated outside of the load and
speed modes that could damage the cat.
Even then, the MIL stays on steadily.

In fact, misfire is considered so important

that on some models the software not only
turns on the MIL when it detects this prob-
lem, but actually stops injecting fuel into
the misfiring cylinder.

For most other tests, the OBD Il manage-
ment software won't turn the MIL on until it
sees two failures. That way, there won't be
numerous errors, hence motorist-irritating,
warnings.

A trip or a cycle?

Before we get to the actual self-tests,
we'd better explain what's known as a
"trip." First, there's "enable criteria," which
are the exact conditions the management
software requires before it will run a partic-
ular self-diagnostic test.

So, a trip is a key-on cycle during which
all the enable criteria for a particular test
monitor are met, followed by turning the
key off. This differs for each DTC.

More comprehensive than a single-moni-
tor trip is the OBD Il Drive Cycle—a set of
driving conditions that satisfies the require-
ments of all OBD Il monitoring sequences.
The instructions on how to operate the
vehicle to achieve the complete cycle are
too detailed to include here, but we will say
that a mix of accelerating, decelerating,
idling, and steady-state cruising is
required.

Don't confuse trips or OBD Il drive cycles
with warm-up cycles, which the PCM
counts to clear DTCs and freeze frames. A
warm-up cycle is defined as a coolant tem-
perature rise of at least 40 deg. F,, reaching
at least 160 deg., during which no new
faults occur.

Multiple major monitors

OBD II's self-testing consists of seven
major monitors, or eight if you count the
oxygen sensor tests as two, plus a compre-
hensive component monitor, which is a
catch-all for any emissions-control sys-




tems problems. The testing strategies
used in each are interesting, and illustrate
relationships among components that you
may never have realized existed.

For the extremely important misfire mon-
itor, the engineers looked at a number of
different detection techniques, and settled
on the acceleration and deceleration of the
crankshaft during the combustion cycle (as
you'd expect, it should slow down on the
compression stroke, and speed up on the
power stroke). The PCM monitors the
acceleration and deceleration during com-
bustion events and calculates a mean.

Through dynamometer research, the
engineers found out that misfiring eight to
ten percent of the time will damage the cat,
so they labeled that percentage a "Type A"
misfire. Then, they designed the system to
keep track of misfires over a 200-revolution
time frame -- a buffer keeps the average. If
the software sees no acceleration where
there should be some, but sees decelera-
tion instead, it registers a misfire immedi-
ately. The MIL will start flashing, and some
systems will even cut fuel to that cylinder.

A "Type B" misfire isn't quite so danger-
ous, but is bad enough to cause emissions
to exceed one and a half times the stan-
dard. This is monitored over 1,000 revolu-
tions by a different set of buffers. It doesn't
light the MIL the first time, but only on the
second drive cycle. Typically, this is a one-
to two- percent misfire. Note that misfire
DTCs overwrite any other codes, and can
only be removed with a scan tool.

How go the HEGOs?

OBD Il runs two types of tests on HEGO
(Heated Exhaust Gas Oxygen) sensors.
One monitors the sensor's activity, and the
other checks the sensor's electrical heat-
ing element. These tests are run only once
per trip, and must be failed twice to illumi-
nate the MIL.

An O2 sensor can fail the activity monitor
for slow response rate, which is sometimes
called a "big slope" for the way the wave
looks on an oscilloscope. Or, it can fail for
having too small a change in voltage output
from rich to lean and vice versa.

A typical HEGO response test is done
after the system achieves closed loop, and
during steady state speed and load. The
test forces fuel control changes at high fre-
quency, switching rapidly between rich and
lean. Can the HEGO respond to this high
frequency, or has it become too sluggish
and lazy? And, can it produce big enough
voltage swings? Ifit can't satisfy both stan-
dards, it fails.



Since any oxygen sensor is only accurate
when it's hot—at least 600 deg. F—the
HEGO heater monitor is intended to make
sure the sensor is indeed properly heated.
In a common approach, the heating ele-
ment itself isn't tested. Instead, the change
in electrical resistance that the sensor's
output circuit experiences at various tem-
peratures is watched.

After the ignition has been turned off, the
PCM sends a five-volt signal to the sensor
every 1.6 seconds. As the sensor cools
down, its resistance increases, changing
the voltage, which the PCM reads as tem-
perature. Once the sensor is cool enough,
the PCM commands a relay to complete
the circuit to the heating element, then it
watches as the sensor gets hotter and hot-
ter. If it sees the proper voltage for several
pulses, it passes the sensor.

Cat capacity

Obviously, the performance of the three-
way catalytic converter is crucial to emis-
sions control, and a cat's efficiency is
dependent upon its ability to store and
release the oxygen needed to complete its
reactions. If the engine's air/fuel ratio is rich
for too long, the oxygen stored in the cata-
lyst can be used up. When this happens,
the cat won't be able to do its job of clean-
ing up the exhaust stream, and this situa-
tion is called catalyst "punch through."

Since oxygen storage is related to cata-
lyst performance, that's what the catalyst
monitor tests. The PCM compares the
activity of the upstream HEGO to that of the
one downstream. A good cat will have
large oxygen storage capacity, so it will
absorb fluctuations in the oxygen content
of the exhaust, somewhat as an electrical
capacitor smooths voltage variations.

So, the PCM expects to see a big differ-
ence between the amount of voltage
change activity—actually, the number of
rich/lean switches per unit of time—in the
upstream O2 sensor and the downstream

02 sensor. If, instead, it sees that the ratio
between the two is close to one, the cata-
lyst fails its monitor.

Evap mishap?

The evaporative system monitor watch-
es for leaks that could allow raw gasoline
fumes to escape into the atmosphere.
Originally, it was required to identify a leak
equal to what could pass through an ori-
fice .040 in. in diameter, but that's now
down to .020 in.

OBD II's HEGO monitors test both
the response rate and the heating
element.

In a typical version of this monitor, the
PCM shuts off the charcoal canister vent
solenoid and opens the purge solenoid at
steady-state cruise. This allows manifold



vacuum to affect the pressure in the fuel
tank, which is read by a pressure transduc-
er. It maintains this condition until the pres-
sure drops to a specific value, then it closes
both solenoids to see if this vacuum holds
for 10-20 seconds. No? Then the evap
system fails, and a pending code is regis-
tered. Two failures in a row and a DTC is
set and the MIL is turned on.

Common DTCs are P0442 (small leak)
and P0455 (large leak), which tell you that
the evaporative emissions monitor has
detected a gasoline vapor leak. Commonly,
this is set because the gas cap wasn’t
screwed on completely after refueling, or
that the cap itself is faulty. On some late-
model BMWs, however, there was a prob-
lem in the filler pipe itself that caused a fail-
ure of this monitor, and replacing the cap or
advising the customer to make sure he or
she tightens it completely wouldn’t head
off a reoccurrence.

DTC P0442 or P0O455 may be set
most often because somebody
didn't install the gas cap properly,
but don't automatically jump to
that conclusion because real sys-
tem leaks are also a possibility.

Recirculation examination

OBD Il regulations state that EGR must
be monitored for abnormally low or high
flow rates, which can dramatically increase
the production of NOx. In one common
approach to accomplishing this test goal,
the principle applied is that the position of
the EGR valve pintle will have a direct effect
on manifold pressure, as read by the MAP
sensor. In other words, opening the EGR
valve decreases manifold vacuum, and vice
versa.

To test EGR flow, the PCM forces the
valve open during closed-throttle decelera-
tion, or forces it closed during a steady-
state cruise, depending on the model. The
management software then compares
MAP sensor readings over several valve
actuations and calculates EGR flow. If this
is out of range, the system fails the first test
of the two in a row it will take to set a DTC
and illuminate the MIL.

Pumped air and fuel trim

Secondary air is what's injected into the
exhaust stream during open loop operation
to help oxidize HC and CO, so it obviously
affects emissions. While this system isn't
used on as many new cars as it once was,
where it is present OBD Il regulations say it
must be monitored. A typical testing pro-
cedure simply has to determine that the
system is indeed capable of injecting air. To
do this, the management software first
determines that the HEGO has reached
operating temperature, then reads its sig-
nal to make sure it indicates the lean signal
air injection causes.

The fuel monitor is one of the most
important in OBD I, so it's fortunate that
it's also one of the easiest to understand.
The diagnostic software simply keeps track
of the dynamic adjustments in fuel calibra-
tions known as long-term and short-term
fuel trim. If these exceed certain specifica-
tions in the same direction—in other words,



both making lean corrections or both mak-
ing rich corrections—it identifies a prob-
lem, such as faulty fuel pressure, clogged
injectors, a vacuum leak, etc., and the fuel
system fails its test.

Traditional self-diagnostics

Finally, there's the comprehensive com-
ponent monitor, which looks at emissions-
related factors that aren't tested by previ-
ously-mentioned specific monitors. Many
of these are checked in the same way as
they have been by the car companies' pro-
prietary self-diagnostics since the early
'80s. This monitoring is continuous, so no
enabling criteria are needed.

First, there's the integrity of the electrical
circuits that are involved in the emissions
control system, both for sensors, such as
those for coolant and intake air tempera-
ture, and actuators, such as the idle air con-
trol motor or the canister purge solenoid. Is
there an open, or is there a short to ground
or battery voltage? If so, a code is set and
the MIL is illuminated.

Second, there's input rationality. In
other words, do the signals from the sen-
sors make sense when compared to other
inputs and PROM information. If, for
example, the engine has been running for
half an hour, yet the coolant temperature
sensor is sending a signal that represents
a below-zero reading, there's obviously a
discrepancy, so a code is set and the MIL
is turned on.

Finally, there's functionality. Are the
PCM's commands being carried out? For
instance, when the IAC motor is told to go
to a specific position, does the rpm signal
match? No? Then it's time to set a code
and warn the driver with the MIL.

We'd better expend some space explain-
ing the OBD Il DTCs. These follow SAE
standard J2012, which requires a five-
character alphanumeric code. The first
character is called the prefix letter, and it
may be a "P" for powertrain, a "B" for body,

or a "C" for chassis. Only "P" codes are
OBD lI-related because they have an effect
on the vehicle's emissions.

If the second character is a zero, it tells
you the DTC is a standardized SAE code. If
it were a one, it would be a trouble code
that is part of the car maker's proprietary
diagnostics, and to interpret it you would
need that company's factory information.

The third character of a "powertrain" DTC
indicates the system the trouble is in. The
numeral 1 stands for fuel and air metering,
2 the fuel injector circuit, 3 the ignition sys-
tem or misfire, 4 auxiliary emission con-
trols, 5 vehicle speed control and idle con-
trol system, 6 computer output circuits, 7
and 8 the transmission.

The fourth and fifth characters identify the
specific trouble the system has detected.

Put out the light
and clear the code

Before you buy a generic scan tool
for Global OBD Il, make sure you
know exactly what it'll work on.

(Continued on page 18)




CONSISTENTLY COOL

GREAT WHOLESALE
OPPORTUNITIES

Quality at an Exceptional Value
2-Year Warranty
Remanufactured to OEM Specification
Increase Customer Satisfaction
Lower Cost of Ownership

Large Application Coverage

Available at your local BMW Center,



BMW REmMANUFACTURED
A/C CovmPRESSOR

DISCHARGE
REELD VALVE

CLUTCH
ASSEMBLY

SMNAP
RING

SHAFT
SEAL

FRONT
HOUSING

SHAFT AND
SWASH PLATE

VALVE PLATE

CYLINDER
BLOCK

THRUST
BEARING PISTON
SHOES
CYLINDER BLOCK & oilL

FRONT/REAR HOUSING
Cleaned, inspected and

brought to O.E. specifications,

or replaced with new
componants if necessary,

to inzure proper fit.

DISCHARGE REED VALVE
Inspected, cleaned, and

polished, or replaced by new
components as necessary,

to insure compressor performs

as "new."

STEEL GASKET
Replaced 100% with new
components to insure
compressor paerforms as "new."

O-RINGS & SEALS
Replaced 100% with O-Rings
compatible with both R12 & R134a
refrigerant to achieve O.E.
performance and maximum service
life regardless of which refrigerant
is utilized.

Replaced 100% with R134a
compatible oil to insure long
sarvica life.

PISTON

Inspected and cleansd, or
replaced by new if Teflon
surface is damaged, to insure
compressor performs as ‘new.

SHAFT & SWASH PLATE
Cleaned, polished, and
inspectad, or replaced with

new components if necessary,

to insure compressor performs
as Ilnaw.ll

SHAFT KEYS
Replaced 100% with new
components to insure New
QEM spec. tolerances.

SHOES

Inspected for deterioration and
cleansd to eliminate contaminants,
or replaced by new components.

Gauged and sized for noise reduction.

SERVICE VALVE
ASSEMBLY

VALVE PLATE

MOTION
REED VALVE

BEAR
HOUSING

SNAP RINGS

Replaced 100% with new
components to insure
compressor performs as "new.”

SUCTION REED VALVE
Inspected, cleanad, and
polished, or replaced by

new components, to insure
compressor performs

as "new."

THRUST BEARING
Inspected for deteroration
and cleaned to eliminate
contaminants, or replaced
by new components

if necessary.

VALVE PLATES
Inspected, cleaned, and
polished, or replaced by
new componants, to insure
compressor performs

as "new."



(Continued from page 15)

After you've fixed the problem, you're still
not done until you've cleared the code and
made the MIL go out, which is easily done
with your scan tool by selecting the "Clear
Info" command. Otherwise, it will take 40
warm-up cycles for the system to automat-
ically clear.

What about just disconnecting the bat-
tery or pulling the computer's fuse to erase
the memory, the way it's been done for
years? Well, believe it or not, some com-
puters can retain their memory for months
without battery power, so this just isn't
practical anymore.

Finally. ..

Let's face it: It's not so easy to fix cars
anymore. Sure, the skills you might have
learned in the past will make it possible for
you to replace a water pump, take care of a
steering or suspension problem, bolt on a
new alternator or starter, reline the brakes,
or do many other jobs. But when it comes
to a problem that involves driveability, per-
formance, or emissions, it's a whole new
world of complexity and sophistication.

But the technician hasn't been entirely
forgotten in all this upheaval. One of the
main goals of OBD Il was to simplify diag-
nosis of the systems that are part of elec-
tronic engine management. The more you
work with OBD Il cars and your scan tool,
the more you'll learn about putting this sys-
tem to work for you where it counts:
Helping your customers with efficient,
accurate diagnosis.

In future issues of TECHDRIVE, we'll
cover some very specific ways in which
those clever engineers at BMW have actu-
ally put the OBD Il concept into practice.
Even though one of the basic reasons it
exists is to give the aftermarket a generic
diagnostic system, there's a certain
amount of leeway in the regulations on how
each carmaker can best achieve that goal
given its particular engines, EFIl, emissions
controls, etc.

= We fondly remember our first encounter

with this situation. A 7 Series BMW was
being driven into the bay next to ours, and it
was running badly -- made us think of an
old carbureted car with a huge vacuum
leak, say from a disconnected brake boost-
er hose.

While the other tech was unpacking his
favorite scan tool, we popped the hood and
took a look around. Having just read an
article on MAF sensors, we felt under the
duct to the throttle body and our fingers
went right through. Sure, it was a case of
what's known in the business as "false air"
-- it's getting in downstream of where
measurement of intake mass is taken, thus
causing the PCM to provide an injector
pulse width that's way too short, which
leans out the blend (BTW, an open PCV
can do the same thing.

Just to back up the obvious, we put some
duct tape over the holes, started it up, and
it idled and revved like the good V8 it was.
That's what we call efficient diagnosis, and
it illustrates two important points: One,
always check the basics before you engage
in high-tech troubleshooting. And, two,
OBD, whether | or Il, can't do everything.

A nagging question remains, though:
What causes holes or splits in that duct?
Gnawing mice, or maybe contact with a belt
or pulley? Neither seems too likely.
Perhaps it's rough handling during previ-
ous service.



You promised the car by b,
so he could start his trip

Will fit parts that usually don't and
knock off parts that cause expensive
comebacks, the story's not new. ZF
first started supplying driveline and
chassis components to BMW in 1937,
Today we continue to do our part to
ensure the driving machines from
BMW remain “the Ultimate”, Since
1979 2" 5ales and Service North
America LLC has worked with BMW
of North America to provide technical
support, parts, and remanufactured
components to keep owners enjoving
their cars, We'll keep working with
BMW to raise the driveline and chas-
sis technology benchmark. You just
take care of that customer who needs
his car by 5 with original BMW Parts
available at your local BMW Center,

ZF Sales and Service
MNorth America LLC
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FEATURE ARTICLE
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In spite of all the
engineers do to
prevent it, sooner or
later even the most
highly-evolved
engine will seep oil
somewhere.

Seek the Leak: Engine Oil

You can’t stop the bleeding

if you can’t find the wound

20



Contained in its proper place, oil does
wonderful things. Elsewhere, it's a mess.
Not only does it make for a disgraceful view
when you open the hood, it can contami-
nate belts and soften hoses. But it's a dis-
solving driveway, a stained and slippery
garage floor, black tracks on the new rug,
and maybe high oil consumption that'll
finally bring that motorist to you for relief.

That doesn't mean you should wait to be
asked. Whenever you've got a car in for any
service, look for evidence of excessive leak-
age. It's arare vehicle that isn't seeping lig-
uid lube from one seam or another, so
there's plenty of work to be done, lots of
money to be made, and a large number of
customers to be pleased.

If you're a long-time reader of automotive
service magazines, you've probably
noticed that the topic of thwarting leaks
comes up over and over. While modern
highly-engineered gaskets made of space-
age materials (when was the last time you
saw cork?) and advanced sealing tech-
niques such as carefully-machined O-ring
grooves have reduced the number of leak-
age problems that find their way into your
bays, the job of keeping hot oil inside an
assembly as complex as an engine is so
incredibly difficult that failures are bound
to occur.

An aside is appropriate here: Many years
ago, a vice president of one of the major
gasket manufacturers told us something
interesting: The company's engineers
decided to find out exactly what would
happen if they pulled out all the stops and
meticulously assembled an engine with
special gaskets, chemicals, and seals so
that nary a sniff of oil would seep through
to the outside, then used it in the real
world. At first, it seemed pretty good, but
after a while everything on that power-
plant, and even the castings themselves,
started to rust to the point that it got out of
hand and actually caused problems,
besides just looking like a horrible lump of

iron oxide under the hood. So, they con-
cluded that a certain amount of seepage
was a good thing. That, of course, is much
less so today with aluminum blocks, heads
and intake manifolds. But who says light
alloys don't corrode, and there are still all
those steel parts bolted to the castings. Of
course, this is no justification for allowing a
leak to exist, just a surprising anecdote.

Time to talk

Whether you're doing this work by
request, or trying to sell it, a little time spent
chatting with your patron now will go a long
way toward his satisfaction with your per-
formance later. Explain that, unless the
source of the leak is obvious, it often takes
serious diagnosis to pinpoint it.

A case in point is the BMW M60 or M62
V8. An oil (or coolant) leak can develop in
the valley due to a head gasket sealing
problem. Unfortunately, the liquid lube
tends to migrate toward the back of the
engine and exits at the weep holes in the
rear of the block. From there, it'll flow down
to the engine/transmission seam, and
there's a good chance you'll mistake it for a
rear crankshaft seal leak, which would be a
big blow to your reputation. So, whenever
you see seepage or drips under the bell-
housing of one of these V8s, remove the
center sound-absorbing engine cover and
look around before you jump to any unfor-
tunate conclusions.

We'll get to the various oil leak detection
methods, both traditional and modern,
shortly, but we want to make the point here
that the confused, buffeting flow of air
through an engine compartment and the
way oil can travel along unsuspected paths
once it's escaped from the crankcase can
fool you into making a monumental mis-
take. You might perform a big, expensive
resealing operation only to have the same
leak present after you're done, which is the
kind of comeback that hurts both your



credibility and your schedule, besides giv-
ing you a self-confidence crisis.

After you're very sure you've zeroed in on
a leak, the repair itself may be as simple
and inexpensive as replacing a cam cover
gasket, a sending unit, or, as on certain
BMW 7-Series cars, retorquing the oil plug
in the filter housing. Or, it might be as
involved as pulling the engine to install a
new rear main seal.

Now would be a good time to insist that
the man REALLY look at that disgustingly
grimy powerplant, and suggest a thorough
cleaning by whatever means you prefer,
which will make finding the leak easier
while actually improving the resale value of
the car.

dmal P 2

An old trick is to clean the engine,
spray likely areas with aerosol foot
powder, then watch for oil tracks.

Looksee

The first logical diagnostic step is a care-
ful visual exam under a strong light. And
bring your experience of various models to
bear. When you're presented with a speci-
men that seems to be losing oil through
every possible joint and seal, suspect ele-
vated crankcase pressure from a clogged
PCV system. A ring problem that results in
more blowby than the PCV can handle is
another possibility, as is frequent overheat-
ing that dries out gaskets and fries seals.

Newspapers and foot spray

Unfortunately, the convoluted airflow pat-
terns through the engine compartment and
under the car cause oil to spread in weird,
inscrutable ways. So, when you confront a
major leak, it wouldn't hurt to use the ancient
trick of spreading newspapers under the
engine while it's idling to find the drip. Of
course, in many cases that won't tell you the
actual source, just the general area.

There are better means of investigation.
The traditional method is to clean the
engine, go for a drive, then look carefully for
spreading shiny spots. Another time-hon-
ored procedure is the use of aerosol foot
powder, which works best with everything
clean. Spray the white stuff over suspect
areas and a leak will often become almost
embarrassingly apparent.

Pump itup

If you're still not sure where the trouble
lies, you can resort to low- or high- pres-
sure testing. For the former, crank your air
compressor regulator down to four or five
psi, rig up a tight connection between your
blow gun nozzle and the dipstick tube (a
length of soft hose and two clamps will do
it), pull the PCV valve, and plug its grom-
met. Tape the gun's trigger in the "on"
position, then mix up some sudsy deter-
gent and water and brush it over likely



seams. Bubbles will tip you off. If there's a
big hole somewhere, you'll hear it -- narrow
down its location with a hose held to your
ear. For high-pressure testing, set your
compressor's psi to 80-100, remove the oil
pressure sending unit, and screw in what-
ever adaptors are needed to tap into the oil-
ing system. Use the soapy water and listen
as above. This is especially useful for find-
ing leaky casting plugs.

UV and you

Just an ounce of dye will do the
trick no matter how much oil the
crankcase contains.

But all those methods pale beside the
champion: ultraviolet or "black" light
detection. We were always impressed with
how well this worked even decades ago
when we used a wimpy 15 watt florescent
tube, which required that the shop lights be
off (that impedes the progress of other

technicians and makes you an unpopular
fellow) and the windows be shaded. Then
we graduated to a succession of high-
intensity lights and found contentment.
They're so powerful ambient light doesn't
really affect their use, although many
makes come with yellow glasses that inten-
sify the effect.

A little story will illustrate how powerful a
quality modern UV light actually is. We had
put a reman engine in an air-cooled tractor,
and it left a pool of oil on the shop floor
overnight. We looked and looked, but
couldn't find anything wrong, so we gave it
a dose of the dye intending to do the UV
thing the next morning. An ex-mechanic
neighbor stopped in for a visit and asked
what that light on the bench was for. So,
we turned it on to show him. Lo and
behold, the hitherto invisible crack in the
block was unmistakable even though the
tractor was maybe ten feet away. Since
then we've had automotive cases where
we'd NEVER have found the problem at all
with any other method.

The drill is simple. Pour an ounce of the
proper fluorescent tracer dye (it won't hurt
anything, and dissipates in 300 miles or
so) into the crankcase, let the engine run,
or, if the seepage is minimal, take it for a
drive or ask the cutomer to come back the
next day. Although cleaning the engine
isn't really necessary, it's worthwhile if the
grime is thick. Then, look around under
the light. Use a shop mirror to take those
ultraviolet rays where the light unit can't fit
or be aimed. The offending area will jump
out at you in bright yellow. It's the same
principle as you might remember from the
psychedelic 60's when a black light really
made the colors of that Jefferson Airplane
poster pop.

Patron pleaser
Other great aspects of tracer dye detec-

tion are sales and customer relations. You
can point out exactly where a leak exists,



Nothing beats UV leak detection
using the new generation of pow-
erful and compact lights.

which will make it easy to explain the repair
that'll be necessary to stem the flow. After
the job is done, you can clean the engine
(the dye can be washed off just like oil)
and, under the light, verify that the seep-
age has stopped. You might even consid-
er running a promotion on this service. A
sign that says something like, "Leak
Detection Special -- Keep Your Engine
Clean, Save Oil, and Preserve Your
Driveway," will appeal to your more fastidi-
ous customers and probably generate
considerable business.

Let 'er bleed?

Now we come to a delicate question:
How much leakage is too much? If the
vehicle's an old heap that's not worth fixing,
advise its owner to let it bleed and just keep

checking the oil. On reasonably valuable
cars, such as most BMWSs, however, any-
thing that allows more than a light film of oil
to spread over and under the engine should
be attended to. Drips and heavy accumula-
tions of crud just don't go along with the
image of a well-kept automobile. Also, a
leak can only get worse. Fix it before the
dam bursts.

Avoiding comebacks

We'd better conclude with a couple of
important tips on avoiding a comeback
whenever you do a leak repair:

* Proper torque on those fasteners really
is important. When was the last time you
had your torque wrenches calibrated? We
do it at least once a year, but they take such
a beating in a busy shop that it should prob-
ably be done more often than that. We've
seen bolts broken because of a faulty T-
wrench, which can escalate a simple job
into a nightmare of extraction. Sure, an
Easy-Out will probably work on a fresh
assembly, but sometimes you can't get
your drill in there, and how do you work this
into the flat rate?

* Torque is dependent upon the condition
of the threads, both in terms of cleanliness
and lubrication -- the slipperier the inter-
face between the bolt and the hole, the
more the clamping force at the same
torque reading. Unfortunately, there's no
universal rule here, so you must look up the
manufacturer's recommendations for that
particular fastener. They may say, "clean
and dry," or "clean and oiled," or "coat with
thread sealant." A very scientific technician
once proved to us through experiments
that the condition and lubrication of the
threads had a huge effect on bolt stretch
and clamping force. If you don't follow this
because you're too rushed to sit down at
the computer or open a manual, you're risk-
ing either insufficient clamping, which can
bring that leak right back at you, or, perhaps
worse, a twisted-off bolt.



PARTS LINE

Your local BMW center continues to
be your one-stop shopping source for
Original BMW Parts and Accessories
with access to more than 60,000 parts.

Guarantee

Original BMW Parts and Accessories
not only make it easier for independent
repair shops to meet their customer
needs, it also enables them to exceed
customer expectations by providing
Original BMW Parts and Accessories
covered by a limited warranty of 24
months and unlimited mileage.

Service

Our centers are interested in partner-
ing with you to provide you with the
level of service that you not only expect
but demand. This means that they are
committed to providing exceptional

Original BMW Parts

availability, competitive pricing, delivery,
assistance with parts ordering and
technical assistance.

Technical Assistance

BMW stands committed to our whole-
sale parts program. We have recently
introduced a new Electronic Parts
Catalog (EPC), which may be accessed
through our new Aftersales Assistance
Portal (ASAP). Please contact your local
Authorized BMW center for details. Our
centers are eager to assist you with the
purchase of Original BMW Parts and
Accessories that are factory tested and
guaranteed for absolute perfect fit and
function.

Contact you local authorized BMW
center for availability and ordering
information.




TECH BRIEFS

Big Nuisance:
Check Engine Light
llluminated, Faults
Stored in DME/ECM
Do To Poor

Gas Cap Sealing
(All models)

= |Information received from
the field indicates that in a
large number of cases the
fuel filler cap is the primary
cause for the illumination of
the Check Engine Light due
to the following:

* Insufficient sealing

pressure because the fuel

filler cap is not turned to

the full stop.

* The retaining strap on

fuel filler cap is caught

between the filler pipe

and the fuel filler cap.
= This is such a common
problem that in order to raise
customers' awareness of the
importance of a properly
sealed fuel filler cap and the
effect that it has on the illu-
mination of the check
engine light, BMW has pro-
duced a special brochure on
the topic. The "Check
Engine Light" brochure is
currently part of the cus-
tomer information delivered

Tappet Noise after Cold
Start-Up (All engines
with self-adjusting
hydraulic tappets)

— Engines equipped with

hydraulic tappets may occa-
sionally produce a rattling
noise in the area of the valve
train for a few seconds after
initial cold start.

— Engine start up and shut

down present thermal
changes, which require com-
pensation. The duration of
engine shut down, oil viscos-
ity and ambient tempera-
tures may combine to inhibit
the self-adjusting action and
audible valve lash may result.

== The occasional occur-

rence of hydraulic tappet
noise does not in itself indi-
cate a mechanical fault and
does not affect the service
life of the engine.

— If a tappet rattling noise

continues for more than five
seconds following a cold
start, however, check the
following:
* Engine oil level and
viscosity
* Engine oil pressure
warning lamp operation.

= Should the tappet noise

continue, allow the engine to
idle or drive at slow speed
(less than 2,000 RPM) for
approximately 20 minutes.
This will allow adequate time
for the tappet self-adjusting
action to be completed.

* Press down on each
hydraulic tappet with a
wooden or plastic probe.

¢ |f lash is clearly
observed, the tappet
has failed to self-adjust
and must be replaced.

Engine Removal and
Installation Tips
(All models)

= |If repairs involving the

removal and installation of
the engine become neces-
sary, the transmission must
always be removed first as
outlined in the repair manual.

- Always support the engine

and transmission using the
appropriate special tools to
avoid automatic transmis-
sion oil pump damage due to
engine and transmission
"sag" at the mating point
(engine block to transmis-
sion bell housing) before the
fastening bolts are removed.

= Before reinstallation of the

transmission, the dowel
sleeves must be removed
from the transmission bell
housing and installed in the
engine block as outlined in

the repair manual.
= Failure to follow the proper

— If the tappet noise contin-
ues, check the hydraulic tap-

with each car.
— So, look for it in the glove

compartment and inform
your customers about it to
reduce nuisance MiIL-on
complaints.

pets as follows:
* Stop the engine and
remove the cylinder

head cover.

repair procedures will result
in transmission damage due
to engine/transmission mis-
alignment.




YOUR ORIGINAL BMW PARTS SOURCE

ALAS

ANCHORAGE
Stepp Brothers BMW
907.257.6670 Fax907.257.6675

ALABAMA

HUNTSVILLE
Century BMW
256.536.3800 Fax 256.533.0670

IRONDALE
Tom Williams Imports
205.252.9512 Fax205.323.0092

MOBILE
Grady BMW
251.476.0132 Fax251.479.0992

MONTGOMERY
Brewbaker BMW
334.279.0174 Fax334.272.0023

TUSCALOOSA
Townsend BMW
205.345.9811 Fax205.345.1701

ARKANSAS

LITTLE ROCK
BMW of Little Rock
501.224.3200 Fax501.907.0904

ROGERS
BMW of Northwest Arkansas
479.636.4155 Fax479.631.7803

ARIZONA

PHOENIX
BMW North Scottsdale
480.538.3900 Fax480.538.3915

SCOTTSDALE
Chapman BMW
480.949.7600 Fax480.947.0350

TUCSON
Don Mackey BMW
520.748.1333 Fax520.748.0716

CALIFORNIA

ALHAMBRA
New Century BMW
626.570.8444 Fax 323.283.1024

BAKERSFIELD
BMW of Bakersfield
661.835.8900 Fax 661.835.0486

BERKELEY
Weatherford BMW
510.654.8280 Fax510.841.3022

BEVERLY HILLS
Beverly Hills BMW
310.358.7880 Fax310.657.4671

BUENA PARK
Shelly BMW
714.994.8100 Fax714.994.8103

CALABASAS
Bob Smith BMW
818.346.3144 Fax818.598.2983

CAMARILLO
Steve Thomas BMW
805.482.8878 Fax 805.484.7867

CHICO
Courtesy Motors
530.893.1300 Fax 530.342.7901

CONCORD
BMW Concord
925.682.3577 Fax925.671.4067

EL CAJON
Cunningham BMW
619.442.8888 Fax 619.440.3876

ENCINITAS
Harloff BMW
760.753.6301 Fax760.944.6749

ESCONDIDO
Brecht BMW
760.745.3000 Fax760.745.2180

EUREKA
Mid City Motor World
707.443.4871 Fax707.443.7808

FREMONT
Claridge's BMW
510.360.5900 Fax510.360.5930

FRESNO
Weber BMW
559.447.6700 Fax559.447.6705

GLENDALE
Pacific BMW
818.246.5600 Fax818.246.8100

HERMOSA BEACH
South Bay BMW
310.939.7300 Fax310.376.5761

IRVINE
Irvine BMW
949.380.1200 Fax 949.380.0454

LOS ANGELES
Nick Alexander Imports
323.583.1901 Fax 323.588.9985

MODESTO
Valley BMW
209.575.0269 Fax 209.550.2633

MONROVIA
Assael BMW
626.358.4269 Fax 626.358.2325

MOUNTAIN VIEW
BMW of Mountainview
650.943.1000 Fax 650.943.1038

NEWPORT BEACH
Sterling BMW
949.645.5900 Fax 949.645.7125

NORTH HOLLYWOOD
Century West BMW
818.505.7400 Fax 818.508.7735

NORWALK
McKenna BMW
562.868.3233 Fax562.345.7182

OCEANSIDE
Continental Motors
760.722.1868 Fax760.941.2752

ONTARIO
Savage BMW
909.390.7888 Fax 909.390.7899

PALM SPRINGS
BMW of Palm Springs
760.324.7071 Fax 760.324.9222

PLEASANTON
East Bay BMW
925.463.2555 Fax925.463.2116

RIVERSIDE
BMW of Riverside
909.785.4444 Fax 909.785.6550

ROSEVILLE
BMW of Roseville
916.782.9434 Fax916.969.5418

SACRAMENTO
Niello BMW
916.486.1011 Fax 916.487.4305

SAN DIEGO
BMW of San Diego
858.560.5050 Fax 858.560.5919

SAN FRANCISCO
BMW of San Francisco
415.863.9000 Fax415.241.7944

SAN LUIS OBISPO
Coast BMW
805.543.4423 Fax 805.543.5837

SAN MATEO
Peter Pan BMW
650.349.9077 Fax650.349.0549

SAN RAFAEL
Sonnen BMW
415.482.2000 Fax415.482.2020

SANTAANA
Crevier BMW
714.835.3171 Fax714.835.0881

SANTA BARBARA
BMW of Santa Barbara
805.682.2000 Fax 805.563.9158

SANTA CLARA
Stevens Creek BMW
408.249.9070 Fax408.296.0675

SANTA MARIA
BMW of Santa Maria
805.928.7744 Fax 805.349.8967

SANTA MONICA
Santa Monica BMW
310.829.3535 Fax310.828.4598

SANTAROSA
Prestige Imports
707.545.6602 Fax 707.523.2600

SEASIDE
My BMW
831.899.5555 Fax831.899.5606

SHERMAN 0AKS
Center BMW
818.907.9995 Fax818.789.5906

SIGNAL HILL
Long Beach BMW
562.427.5494 Fax 562.426.0017

THOUSAND OAKS
Rusnak BMW
805.496.6500 Fax818.991.4176

VALENCIA
Valencia BMW
661.254.8000 Fax661.254.8187

VISALIA
Surroz BMW
559.732.4700 Fax559.625.8828

DENVER
Murray Motor Imports
303.759.3400 Fax 303.756.3265

FORT COLLINS
Co's BMW Center
970.282.8050 Fax 970.282.8040

LITTLETON
Ralph Shomp BMW
303.798.3737 Fax 303.794.0545

CONNECTICUT

BRIDGEPORT
BMW of Bridgeport
203.334.1672 Fax203.330.6070

DARIEN
Continental BMW of Darien
203.656.1804 Fax 203.656.1802

GREENWICH
BMW of Greenwich
203.661.1725 Fax203.869.2707

HARTFORD
New Country Motor Cars, Inc.
860.522.6134 Fax 860.549.8667

NEW LONDON
BMW of New London
860.447.3141 Fax860.447.8159

NORTH HAVEN
BMW of North Haven
203.239.7272 Fax203.287.0471

RIDGEFIELD
RidgefieldBMW
203.438.0471 Fax203.431.7821

WATERTOWN
BMW of Watertown
860.274.7515 Fax860.274.7714

DELAWARE

MILFORD
. G. Burton & Co., Inc.
302.424.3042 Fax 302.424.6450

WILMINGTON
Union Park BMW
302.658.7245 Fax 302.573.5201

FLORIDA

COCONUT CREEK
Vista Motor Company
954.935.2700 Fax 954.935.2766

DAYTONA BEACH
Daytona BMW
386.274.1200 Fax 386.274.4656

FORT LAUDERDALE
Lauderdale Imports, LTD./ BMW
954.527.3800 Fax954.527.3841

FORT MYERS
BMW of Fort Meyers
239.433.8378 Fax239.481.0198

FORT PIERCE
Coggin Motor Mall
772.466.7000 Fax772.595.9361

FORT WALTON BEACH

Quality BMW
COLORADO 850.863.2161 Fax850.863.1217

BOULDER
Gebhardt Motors, Inc.
303.447.8000 Fax303.381.4114

COLORADO SPRINGS
Phil Winslow BMW
719.473.1373 Fax719.473.1975

GAINESVILLE
Gainesville BMW
352.376.4551 Fax 352.376.4280

JACKSONVILLE
Tom Bush Regency Motors
904.725.0911 Fax 904.724.2071



LAKELAND
Fields BMW - Lakeland
863.816.1234 Fax 863.858,8224

MELBOURNE
The Imported Car Store, Inc.
321.727.3788 Fax 321.725.0559

MIAMI
Braman BMW
305.571.1220 Fax 305.571.1202

MIAMI
South Motors BMW
305.256.2200 Fax 305.232.3536

NAPLES
Germain BMW of Naples
239.643.2220 Fax239.643.2931

PALM HARBOR
Ferman BMW
727.785.3900 Fax727.787.8727

PENSACOLA
Sandy Sansing BMW
850.477.1855 Fax850.479.2216

SAINT PETERSBURG
Bert Smith International
727.527.1111 Fax727.522.8512

SARASOTA
Southpointe BMW
941.923.2700 Fax941.923.0429

TALLAHASSEE
Capital Eurocars, Inc.
850.574.3777 Fax850.575.7898

TAMPA
Reeves Import Motorcars, Inc.
813.933.2811 Fax813.931.4073

WEST PALM BEACH
Braman Motorcars
561.684.6666 Fax561.697.5254

WINTER PARK
Fields BMW
407.628.2100 Fax 407.628.0309

HONOLULU
BMW of Honolulu
808.597.1225 Fax 808.592.0282

BOISE
Peterson Autoplex
208.378.9000 Fax 208.378.9090

IDAHO FALLS
BMW of Idaho Falls
208.529.4269 Fax208.523.9010

ILLINOIS

BARRINGTON
Motor Werks of Barrington, Inc
847.381.8900 Fax847.381.0115

BLOOMINGTON
Dennison BMW
309.663.1331 Fax 309.662.2077

CHICAGO
Perillo BMW, Inc.
312.981.0000 Fax312.981.0076

CRYSTAL LAKE
Anderson Motor Co. of Crystal
815.455.4330 Fax 815.455.3428

ELMHURST
Elmhurst BMW
630.833.7945 Fax630.833.7936

LAKE BLUFF
Karl Knauz Motors
847.604.5000 Fax 847.604.5035

NAPERVILLE
Bill Jacobs BMW
630.357.1200 Fax 630.357.9835

NORTHFIELD
Fields BMW
847.441.5300 Fax 847.441.1530

OFALLON
Newbold BMW

KT

ALBANY
BMW of Albany
229.883.2040 Fax229.435.1505

ATHENS
Athens BMW
706.549.5340 Fax706.546.7928

ATLANTA
Global Imports
770.951.2697 Fax 770.933.7850

AUGUSTA
Taylor BMW
706.868.6400 Fax706.868.2125

COLUMBUS
BMW of Columbus
706.576.6700 Fax706.576.6796

DECATUR
Nalley BMW of Decatur
404.292.1400 Fax404.292.7434

DULUTH
United BMW
770.476.8800 Fax770.622.8272

MACON
BMW of Macon
478.757.7000 Fax478.757.1801

SAVANNAH
Critz BMW
912.354.7000 Fax912.353.3360

UNION CITY
Hank Aaron BMW
770.969.0755 Fax678.479.4685

ORLAND PARK
BMW of Orland Park
708.460.4545 Fax708.460.8771

PEORIA
BMW of Peoria
309.692.4840 Fax309.692.5143

ROCKFORD
Bachrodt BMW
815.332.4700 Fax815.332.5838

SAVOY
Twin CityBMW
217.356.0303 Fax217.356.7594

SCHAUMBURG
Patrick BMW
847.843.4000 Fax847.843.4022

SPRINGFIELD
Isringhausen Imports
217.528.2042 Fax217.528.8146

WESTMONT
Laurel BMW of Westmont
630.654.5400 Fax630.323.2450

EVANSVILLE
D-Patrick Motoplex
812.473.6500 Fax812.471.7767

FORT WAYNE
Tomkinson Automotive
260.436.9000 Fax 260.432.6593

INDIANAPOLIS
Dreyer & Reinbold, Inc.
317.573.0200 Fax317.573.0208

LAFAYETTE
Bill Defouw BMW
765.449.2800 Fax 765.449.2880

MUNCIE
Stoops BMW
765.288.1903 Fax 765.286.8110

SCHERERVILLE
Levin BMW
219.922.2222 Fax219.922.2232

SOUTH BEND
Basney BMW
574.272.8504 Fax574.271.9104

CEDAR RAPIDS
Bob Zimmerman BMW
319.366.4000 Fax319.364.6972

DAVENPORT
Kimberly Imports
563.391.8300 Fax 563.391.0526

DUBUQUE
Dan Kruse BMW
563.583.7345 Fax563.583.7349

URBANDALE
BMW of Des Moines
515.278.4808 Fax515.278.4371

MERRIAM
Baron BMW
913.722.5100 Fax913.722.5191

TOPEKA
Sunflower BMW
785.266.8480 Fax 785.266.3602

WICHITA
Joe Self BMW
316.689.4390 Fax 316.689.4399

BOWLING GREEN
BMW of Bowling Green
270.745.0001 Fax270.745.9040

LEXINGTON
Don Jacobs BMW
859.276.3546 Fax 859.278.0723

LOUISVILLE
Sam Swope BMW
502.499.5080 Fax502.499.5059

PADUCAH
Bluegrass BMW
270.444.6632 Fax270.442.9765

ALEXANDRIA
Walker BMW
318.445.6421 Fax 318.449.4682

BATON ROUGE
Brian Harris BMW
225.754.1200 Fax225.751.5351

KENNER
Peake BMW

LAFAYETTE
Moss Motors, Inc.
337.235.9086 Fax 337.233.4995

MONROE
Hixson Autoplex
318.388.3300 Fax318.361.5851

SHREVEPORT
Orr BMW

318.797.0700 Fax318.797.8308
WESTBROOK
Bill Dodge BMW
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MARYLAND

ANNAPOLIS
Tate BMW
410.349.9312 Fax410.349.2570

BALTIMORE
Russel BMW

m 410.744.2000 Fax410.744.2523

MARLOW HEIGHTS
Passport BMW
301.423.2700 Fax301.423.8936

OWINGS MILLS
Northwest BMW
410.902.8700 Fax410.363.6839

ROCKVILLE
Vob Auto Sales
301.984.8989 Fax 301.984.0798

SILVER SPRING
Tischer BMW of Silver Spring
301.890.3000 Fax301.890.9230

TOWSON
BMW of Towson
MASSACHUSETTS

BOSTON
Herb Chambers BMW
617.731.1700 Fax617.731.1555

HYANNIS
Trans-Atlantic Motors, Inc.
508.775.4526 Fax508.771.6113

NATICK
Foreign Motors West

KENTUCKY 508.655.5350 Fax508.651.0178

NORWOOD
BMW Gallery
781.762.2691 Fax781.762.6787

PEABODY
BMW of Peabody
978.538.9900 Fax978.538.9911

PITTSFIELD
Flynn BMW
413.443.4702 Fax413.442.4515

SHREWSBURY
Wagner BMW of Shrewsbury
508.845.0505 Fax 508.869.3398

WEST SPRINGFIELD

Bmw of West Springfield
p—— I —

ANN ARBOR
BMW of Ann Arbor
734.663.3309 Fax 734.663.0685

BLOOMFIELD HILLS
Erhard BMW of Bloomfield Hills
248.642.6565 Fax248.642.6517

FARMINGTON HILLS
Erhard BMW of Farmington Hills
248.306.6800 Fax248.699.3001

GRAND BLANC
Grand Blanc BMW
810.695.4400 Fax810.695.8027

GRAND RAPIDS
Sharpe BMW
616.452.5101 Fax616.452.1101

KALAMAZOO
Harold Ziegler BMW



269.375.4500 Fax 269.372.8626
OKEMOS

Williams Auto World

517.484.1341 Fax517.347.4737

SHELBY TOWNSHIP
Bavarian Motor Village, Ltd.
248.997.7700 Fax248.997.7766

TRAVERSE CITY
Grand Traverse Auto Company

BLOOMINGTON
Motor Werks BMW
952.888.2700 Fax 952.886.6363

MINNETONKA
Sears Imported Autos, Inc.
952.546.5301 Fax 952.546.2899

ROCHESTER
Park Place BMW
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JACKSON
Hallmark BMW
601.956.9696 Fax601.991.9831

MERIDIAN
Sunbelt BMW

CLAYTON
Autohaus of Clayton
314.727.8870 Fax314.727.9345

COLUMBIA
Joe Machens BMW
573.445.4450 Fax573.446.2140

CREVE COEUR
Plaza Motor Company
314.301.1700 Fax314.301.1722

MANCHESTER
Suntrup West County BMW
636.227.5454 Fax 636.227.5455

SPRINGFIELD
Rehable BMW

NORTH CAROLINA .

CHAPEL HILL
Performance BMW
919.942.3191 Fax919.969.2313

CHARLOTTE
Hendrick Motors
704.535.0885 Fax 704.531.3282

FAYETTEVILLE
Valley Auto World
910.864.0000 Fax910.864.7742

FLETCHER
Fletcher Motor Company
866.561.4269 Fax 828.681.9948

GREENSBORO
Crown BMW
336.323.3900 Fax 336.323.3850

HICKORY
Hendrick Motors
828.322.5640 Fax828.431.2404

KINSTON
Sale BMW
252.522.3611 Fax252.522.4441

RALEIGH
Leith BMW
919.876.5432 Fax919.790.1239

WILMINGTON
Schaeffer BMW

910.392.2700 Fax910.392.3059
WINSTON SALEM
Flow BMW

NEBRASKA

GRAND ISLAND
BMW of Grand Island

308.382.4662 Fax 3308.382.0421

LINCOLN
BMW of Lincoln
402.479.7600 Fax402.479.7663

OMAHA
John Marcal, Inc.
402 393.9700 Fax 40 40

NEW HAMPSHIRE

NASHUA
Tulley BMW
603.888.5050 Fax 603.888..5043

STRATHAM
Holloway BMW

BLOOMFIELD
Essex BMW
973.748.8200 Fax973.748.6375

EDISON
Open Road BMW
732.985.4575 Fax732.985.4347

FLEMINGTON
Flemington BMW
908.782.2400 Fax 908.788.9487

FREEHOLD
King Cars
732.462.0042 Fax 732.308.3869

LEBANON
Hunterdon BMW
908.236.6302 Fax 908.236.2934

MARLTON
Desimone BMW, Ltd.
856.983.8400 Fax 856.983.5205

MORRISTOWN
Morristown BMW
973.455.0700 Fax973.455.0273

MOUNTAIN LAKES
Denville BMW
973.627.0700 Fax 973.402.7805

NEWTON
Bell BMW
973.579.2600 Fax973.579.3062

PLEASANTVILLE
Marty Sussman, Inc.
609.641.1900 Fax 609.641.9233

PRINCETON
Princeton BMW
609.452.9400 Fax 609.452.7103

RAMSEY
Prestige BMW
201.327.2525 Fax201.327.4921

ROCHELLE PARK
Park Avenue BMW
201.843.7900 Fax201.843.1052

SHREWSBURY
Circle BMW
732.741.1184 Fax732.741.3315

SPRINGFIELD
JMK Auto Sales
973.379.7744 Fax 973.379.3896

TENAFLY
Difeo BMW

201.568.9000 Fax201.568.5301
TURNERSVILLE

BMW of Turnersville
856.629.5500 Fax 856.629.8673

WAYNE
Paul Mlller BMW

ALBUQUERQUE
Sandla BMW
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LAS VEGAS
Desert BMW of Las Vegas
702.871.1010 Fax 702.870.6711

RENO
Bill Pearce BMW

BROOKLYN
Life Quality Motor Sales, Inc.
718.272.0555 Fax718.272.3957

DOUGLASTON
BMW of Bayside
718.229.4400 Fax 718.428.8222

ENDICOTT
Gault Auto Sport
607.748.8244 Fax607.484.9073

FREEPORT
Hassel Motors, Inc.
516.223.6160 Fax516.867.4533

GLENMONT
Capital Cities Imported Cars
518.463.3141 Fax518.463.3193

HARRIMAN
Orange County BMW
845.446.4714 Fax 845.446.4768

HUNTINGTON STATION
Habberstad BMW
631.271.7177 Fax631.421.5345

LATHAM
Keeler Motor Car Company
518.785.4197 Fax518.785.4190

MAMARONECK
Pace BMW
914.670.0011 Fax914.670.0066

MOUNTKISCO
Endurance Motorcars
914.666.5181 Fax914.666.6973

NEW YORK
BMW of Manhatten
212.586.2269 Fax212.262.8722

NORTH SYRACUSE
Burdick BMW
315.458.7590 Fax 315.458.7601

OYSTER BAY
BMW of Oyster Bay
516.922.0930 Fax516.922.0959

POUGHKEEPSIE
BMW of The Hudson Valley
845.462.1030 Fax 845.462.3465

ROCHESTER
Holtz House of Vehicles, Inc.
585.359.7373 Fax585.359.7383

ROSLYN
Rallye Motors, LLC
516.625.1616 Fax 516.625.0055

SOUTHAMPTON
BMW of The Hamptons

631.283.0888 Fax 631.283.0792
SPRING VALLEY

Wide World of Cars, LLC
845.425.2600 Fax845.425.7387

ST. JAMES
Competition BMW of Smithtown
631.265.2208 Fax 631.265.0018

UTICA
Carbone BMW
315.797.1520 Fax 315.734.0742

WILLIAMSVILLE
Towne BMW
716.505.2100 Fax716.505.2110

WHITE PLAINS
Westchester BMW

AKRON
Dave Walter Inc.
330.762.0791 Fax330.762.4758

CINCINNATI
Jake Sweeney BMW
513.782.1122 Fax513.782.1123

CINCINNATI
The BMW Store
513.271.8700 Fax513.271.3587

COLUMBUS
Kelly BMW
614.471.2277 Fax614.475.1988

DAYTON
Frank Z Imports
937.890.5323 Fax 937.890.8802

DAYTON
Voss Village BMW
937.428.6488 Fax9937.428.6480

DUBLIN
Midwestern BMW
614.889.2571 Fax614.889.2877

MENTOR
Classic BMW
440.255.6600 Fax440.255.1796

MIDDLEBURG HEIGHTS
Ganley BMW
440.845.9333 Fax 440.887.9122

NORTH CANTON
Cain BMW
330.494.8855 Fax 330.494.8709

SOLON
BMW Cleveland
440.542.0600 Fax 440.542.0700

TOLEDO
Yark BMW
419.842.7900 Fax419.843.2986

WARREN
Preston BMW

OKLAHOMA

EDMUND
Jackie Cooper Imports, Inc.
405.755.3600 Fax 405.755.9069

TULSA
Crown BMW

OREGON

BEAVERTON
Kuni BMW
503.643.1543 Fax503.626.3518

BEND
Carrera BMW



541.382.1711 Fax 541.389.2144
EUGENE

BMW of Eugene

541.342.1763 Fax541.431.4300

MEDFORD
Medford BMW
541.779.5071 Fax541.774.8429

PORTLAND
Rasmussen BMW
503.226.0380 Fax503.273.4278

SALEM
Delon BMW
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PENNSYLVANIA

ALLENTOWN
Daniels BMW
610.820.2950 Fax610.820.2990

BALA CYNWYD
BMW of The Main Line
610.668.2200 Fax610.667.2158

DEVON
Devon Hill Motors
610.687.9350 Fax610.687.9360

DOYLESTOWN
Thompson BMW
215.340.3900 Fax215.345.0290

ERIE
New Motors, Inc.
814.868.4805 Fax 814.864.0001

FORT WASHINGTON
West German BMW
215.643.3322 Fax215.643.2256

JOHNSTOWN
Laurel BMW
814.262.7028 Fax814.266.2612

LANCASTER
Faulkner BMW
717.299.0961 Fax717.392.8268

LARKSVILLE
Wyoming Valley Motors
570.288.7411 Fax570.283.6501

MC MURRAY
Bobby Rahal BMW of Short Hills
724.941.7000 Fax724.941.7632

MECHANICSBURG
Sun Motor Cars BMW
717.697.2300 Fax717.697.0836

MONROEVILLE
A&LBMW
412.373.6071 Fax412.856.0114

MONTOURSVILLE
Fairfield BMW
570.368.8121 Fax570.368.8644

PITTSBURGH
P&W Foreign Car Service, Inc.
412.682.0788 Fax 412.682.3706

READING
Dick Horrigan BMW
610.777.1500 Fax610.775.9377

SCRANTON
Tom Hesser BMW
570.343.1221 Fax570.343.5209

SEWICKLEY
Sewickley BMW

412.741.9331 Fax412.741.7760
STATE COLLEGE
Joel Confer BMW
814.237.5713 Fax814.238.0154

WEST CHESTER
Otto's BMW
610.399.6800 Fax610.399.4193

YORK
Apple BMW of New York

412 400

PUERTO RICO

HATO REY
Autogermana BMW
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RHODE ISLAND

MIDDLETOWN
Newport Imports, Inc.
401.847.9600 Fax401.848.5860

WARWICK
Insklp BMW

SOUTH CAROLINA

BLUFFTON
Hilton Head BMW
843.815.1500 Fax 843.815.1547

CHARLESTON
Rick Hendrick Imports
843.763.8403 Fax 843.763.8489

COLUMBIA
Hancock BMW
803.754.9241 Fax 803.754.7865

CONWAY
Fowler Motors, Inc.
843.347.4271 Fax 843.347.7762

FLORENCE
Imports of Florence
843.662.8711 Fax 843.669.0064

GREENVILLE
Century BMW
864.234.6437 Fax 864.234.3373

SOUTH DAK

SIOUXFALLS
Billion's Empire BMW

CHATTANOOGA
BMW of Chattanooga
423.894.5660 Fax423.894.7675

CORDOVA
Roadshow BMW
901.365.2584 Fax901.365.2531

KINGSPORT
Rick Hill BMW
423.246.7421 Fax423.224.2133

KNOXVILLE
Grayson BMW
865.693.4555 Fax 865.691.3917

NASHVILLE
BMW of Nashville
615.850.4040 Fax615.850.4000

TEXAS

AMARILLO
Autoplex BMW

806.359.2886 Fax 806.359.2891
ARLINGTON
Moritz BMW
817.436.5750 Fax817.436.5768

AUSTIN
BMW of Austin
512.343.3500 Fax512.343.3525

BEAUMONT
BMW of Beaumont
409.833.7100 Fax409.833.3544

BRYAN
Garlyn Shelton BMW
979.776.7600 Fax979.776.8203

CORPUS CHRISTI
Coastal Motorcars, LTD
361.991.5555 Fax361.991.5791

DALLAS
John Roberts BMW
972.247.7233 Fax972.243.0517

EL PASO
Mack Massey BMW
915.778.9381 Fax915.779.8952

FORT WORTH
Autobahn Motorcars
817.336.0885 Fax817.339.8982

HARLINGEN
Cardenas BMW
956.425.2400 Fax 956.421.3596

HOUSTON
Advantage BMW
713.289.1200 Fax 713.289.1207

HOUSTON
BMW of Houston North
281.775.4400 Fax281.873.8124

HOUSTON
Momentum BMW
713.596.3100 Fax713.596.3164

LUBBOCK
Alderson European Motors
806.763.8041 Fax 806.742.8613

MCALLEN
Bert Ogdon BMW
956.631.6666 Fax 956.668.7701

ODESSA
Broncho BMW
432.580.5911 Fax432.580.8161

RICHARDSON
Classic BMW
972.918.1100 Fax 972.680.1508

SAN ANTONIO
BMW Center
210.732.7121 Fax210.785.2811

TEMPLE
Garlyn Shelton Imports
254.771.0128 Fax254.771.3378

TYLER
Mike Pyle BMW
903.561.7049 Fax 903.534.9484

WICHITA FALLS
Joe Pistocco BMW-Wichita Falls

MURRAY
BMW of Murray

VIRGINIA

801.262.2479 Fax801.266.9039
ARLINGTON

BMW of Arlington

703.684.8500 Fax 703.549.4210

CHARLOTTESVILLE
BMW of Charlottesville
434.295.7727 Fax434.984.1139

FAIRFAX
BMW of Fairfax
703.560.2300 Fax703.560.8931

LYNCHBURG
Hammersley BMW
434.385.6226 Fax434.385.0642

NEWPORT NEWS
Casey BMW
757.591.1300 Fax 757.591.1327

RICHMOND
Richmond BMW
804.346.0812 Fax804.747.8578

ROANOKE
Valley BMW
540.342.3733 Fax540.345.9060

STERLING
BMW of Sterling
571.434.1944 Fax571.434.7722

VIRGINIA BEACH
Checkered Flag BMW

VERMONT

SHELBURNE
The Automaster

WASHINGTON

BELLEVUE
BMW of Bellevue
425.643.4544 Fax 425.643.1027

SEATTLE
BMW Seattle
206.328.8787 Fax206.777.1354

SPOKANE
Camp BMW
509.458.3288 Fax 509.744.1108

TACOMA
BMW Northwest
253.922.8700 Fax253.922.0180

YAKIMA
Hahn Motor Company

09 4 0 ax 509.4 6598

WEST VIRGINIA

SAINT ALBANS
Moses BMW

APPLETON
Enterprise BMW
920.749.2020 Fax920.749.2030

MADISON
Zimbrick BMW
608.258.4000 Fax 608.258.4042

MILWAUKEE
Concours Inc.
414.290.1400 Fax414.228.8150

WEST ALLIS
International Autos
414.543.3000 Fax414.543.2804



For fast, accurate color matching

You Can’t Beat
The System!
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The Glasurit® brand has long been . B e o
considered a worldwide standard for
excellence — it continues to deliver the
productivity and quality demanded by
BMW collision repair centers.

::::::::

As part of the Glasurit system, BASF
offers the most comprehensive color
management systems available to the
collision repair industry. By using the
BASF system— SmartSCAN®2,
SmartTRAK®2, and COLOR-MAX®2 —
BMW Technicians can maximize speed
and accuracy in color matching, which
will help improve productivity.

Glasurit products are approved for use on
BMW vehicles.

For additional information please call
1-800-825-3000 or visit our website at
www.basfrefinish.com.

HELPING MAKE PRODUCTS BETTER™

I - BASF

The Chemical Company



Take the Winning Line.

A race can be won or lost at the apex of a turn, the precise point where power
is applied into the straightaway. For BMW vehicles, that point of precision is
Original BMW Farts — the ultimate in safety, quality and reliability. Original BMW
Farts are produced to the same high exacting standards of quality and reliability
as those used in Series production, ensuring product guality and functionality,
S0 choose the line that means precision. Choose Original BMW Parts.

Original BMW Parts is a proud sponsor of Formula BMW USA,

Original BMW Parts

The Ultimate
Driving Machine®

Original BMW Parts
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