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TO OUR READERS

— 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. 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:
editor@techdrivemag.com
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FEATURE ARTICLE

Diagnosing BMW Air Mass Meters

Whether you know it as an air mass meter or a MAF,

no input is more important to performance than that which
informs the engine management computer of how hard
the engine is breathing.




Did you ever think that a carburetor is
actually a crude air mass meter? Or, are
you of the younger generation that never
worked on a carbureted car? We often get
a wake up call on our own age when we
talk about such things, but being in
California, we still get a small percentage
of vehicles with carburetors, though obvi-
ously not BMWs, which have had fuel
injection, whether K-Jetronic, L-Jetronic,
Motronic, etc., for decades. In any case,
the job of the carburetor with its throat and
venturi was to approximate the volume of
air passing into the engine and add the
appropriate amount of fuel. With or with-
out a feedback system, anything that
upset the ability of the carb to control the
amount of intake air, or to meter the prop-
er amount of fuel atomized into that air
would skew the air/fuel ratio. Vacuum
leaks, PCV problems, fuel supply restric-
tions, heavy floats, and so forth would all
have their negative effect on engine per-
formance, idle quality, acceleration char-
acteristics, and exhaust emissions.

Just as many techs of the past working
without proper diagnostic strategies used
to condemn carburetors when the problem
was really in another area, so today an
improper approach to diagnosis will result
in condemning air mass meters that are not
necessarily defective.

Transfer of learning

As they say, the more things change,
the more they stay the same. That is a for-
tunate fact for us in the vehicle service
business. If we could not transfer forward
our knowledge (educators call it “transfer
of learning”), we’d be hung out to dry as
far as keeping up with technology. We
need that basic understanding of operat-
ing principles in order to build skills that
apply to today's technology.This is not to
suggest it isn’t tough enough as it is, but
the very fact that you as a technician are

Nothing else yet devised is as good at
telling the engine management com-

puter the actual mass of the air it's
ingesting as the air mass meter, other-
wise known as the MAF.

reading this magazine and this article
suggests that you have an interest in
keeping up. So let’s see what we can do
to further our understanding of the hot
film air mass meter used in BMWSs, based
on what we already know about engine
dynamics, fuel delivery, and the ability of
the DME to control air/fuel ratio. Though
BMW used vane airflow meters, then hot
wire sensors before 1996, for the purpos-
es of this article we will stick to the hot
film air mass meter.

Any of the problems that we mentioned
above concerning a carburetor will also
affect an air mass meter system. All of the
air being fed to the engine, minus air com-
ing through the PCV and canister purge
systems, needs to travel through the air
mass meter (or, to use the standardized
SAE term, Mass Air Flow sensor, or MAF).




Principles

The old L-Jetronic vane airflow meter,
or VAF, was ingenious. The swinging
spring-loaded flap rotated a variable
resistor (or, potentiometer) according
to the cfm of air that was entering the
engine. The trouble was, it couldn't
account for the actual mass of the air,
just its cubic volume.

The first Robert Bosch electronic fuel
injection system was D Jetronic.
Introduced way back in 1968, it used a vac-
uum sensor (the "D" is for "Druck," which
means "pressure" in German) to inform the
electronics about the intake situation, but
in '74 the air flow meter, or VAF (Vane Air
Flow) showed up on L Jetronic (the L
stands for "Luftmengenmessung" auf
Deutsch, meaning "air flow management"),
also known as AFC (Air Flow Controlled)
fuel injection. At the time, we thought the
concept was ingenious: A vane rotated
against spring pressure according to how
much of the atmosphere the engine was
ingesting, and this movement turned the
shaft of a variable resistor, thus changing
the reference signal before it returns to the
computer. Simple, and much more accu-
rate than anything else ever devised.

The jump to direct mass measurement
occurred in 1984 when LH-Jetronic with
its hot wire sensor was introduced (to

continue our foreign language lesson, the
"H" stands for "Heisz," German for "hot").
Then came the hot film MAF (Mass Air
Flow) sensor.

A retail analogy will help illustrate this
evolution. Suppose you were in the busi-
ness of selling air. You could calculate the
amount delivered by using a complicated
formula that takes pressure, temperature,
and the diameter of the valve into account,
but that would be slow, unwieldy, and prob-
ably not very accurate (think of the speed-
density systems you may have seen on
Asian cars).

You'd improve the efficiency of your oper-
ation considerably if you had a way of
directly measuring the volume flowing into
your customer’s air canisters in cubic feet
per minute. That would sure speed things
up, but it wouldn't be perfect, either. On
cold days, they'd be getting a big bargain
because any gas is denser when it's cold
than when it's hot -- in essence, you'd be
giving them a baker's dozen and then
some. Sales would go way up (and profits
way down) in winter as soon as your
patrons realized that fact of physical reality.
And they'd always try to buy at sea level in
dry weather because altitude and humidity
affect density, too.

W

This VAF variable resistor sensor is
installed on an old M inline six.
Performance was great, but would've
been even better with a MAF/AMM.




To keep from losing your shirt, you'd still
have to use a formula that varied the price
per cubic foot according to temperature,
altitude, and moisture content. Wouldn't
it be a lot easier, faster, and more precise if
you had a meter that read out in the actu-
al weight instead of just the volume? Sure
it would.

Back to engines. A direct reading by
means of a VAF sensor aids swiftness and
accuracy, which are both critical if optimum
performance, high fuel efficiency, and low
emissions are to be achieved. Since air/fuel
ratios are by weight (stoichiometric is 14.7
Ibs. of air to one Ib. of gasoline -- in gallons
it would be about 2,000 to one), however,
measuring mass makes even more sense,
so for many years BMWs have had sensors
that do just that.

An air mass meter has some other advan-
tages besides its ability to account for den-
sity: no moving parts, restrictions, or com-
pensating sensors. A typical late-model
BMW MAF has a film element that's kept
heated to a specified temperature above
ambient (180 deg. C.) and is exposed to
intake air. Through a Wheatstone bridge
circuit and dedicated electronics, the
amount of current required to maintain that
temperature becomes the signal to the
computer. High air flow obviously has a
greater cooling effect than low, but so does
the denser air of cold days and low alti-
tudes, so the DME gets the true data on
mass it needs to provide the longer injector
pulse width that extra oxygen needs to fire
dependably. The units used in BMWSs pro-
duce an analog voltage output.

Bosch or Siemens?

The hot film air mass meter has been
around for many years now, one version
manufactured by Robert Bosch and the
other by Siemens (Hint: Bosch systems
are labeled “M,” while Siemens systems
are identified by “MS” -- for example, the
M5.2 Bosch, or the MS41.1 Siemens).

Since they have no moving parts and are
less apt to foul than the hot wire type, both
are very reliable meters. They operate on a
principle of thermodynamics: If we move
air over a heated surface, the heat from the
surface will transfer to the air and there will
be a cooling effect. The meter will attempt
to hold the surface at a specific tempera-
ture (the 180 deg. C mentioned above) by
supplying more current to the heating ele-
ment as airflow and therefore heat transfer
increases.

This effort is translated into an analog
signal. That is, its output voltage changes
based on airflow from around .6 volts at
idle to over four volts under heavy throttle
conditions. How this is reported to the
scan tool varies by model and year, but
most commonly the tech will see the
parameter reported in kilograms per hour
(kg/h) rather than a voltage value or grams
per second (gm/s). Hot film sensors are
generally less subject to contamination
problems than the previously-used hot-
wire sensor. Low-quality air filters, filters
that use oil as a filtering aid, and dirty air in
general are very hard on hot wire sensors.
They can affect the hot film sensor as well,
but are less likely to do so.

Codes and scan tools

Air mass meters are notoriously poor at
diagnosing themselves directly, particularly
when the failure is due to a loss of accuracy
in reading airflow. Many techs have trouble
as a result when they find codes that are
based on a problem with multiplicative or
adaptive fuel trim, specifically P codes
0170 and 0173, or FC codes 202 and 203,
227 and 228. In talking to techs who own
the BMW factory-specific GT-1 tool with
the DIS software, we find they rarely dis-
cuss failures in terms of codes since the
scan tool software will lead them down a
diagnostic path based on the scanner’s
interpretation of the FC code.



CHECK

ENGINE

While a lack of power or a rough idle
due to an AMM problem might not
bring the customer in, an illuminated
MIL probably will. Ditto for a failed
emissions test.

Most independents will be working with
an aftermarket scan tool instead of the GT-
1, so you'll probably be proceeding on the
basis of trouble code descriptions of what
system may be causing the code. This
means engaging your understanding of
electronic engine management systems in
general and your skills in using OBD Il in
order to perform effective diagnoses.

Customer communications

When a vehicle comes into the shop with
a potential air mass meter problem,
chances are it is due to one or more of four
possible customer complaints. Number
one would probably be lack of power; num-
ber two would be rough idle; number three
would be an illuminated MIL (Malfunction
Indicator Lamp); and number four would be
a failed emissions inspection.

We've compiled quite a list of our own of
probable symptoms of AMM trouble.

Bosch tells you to expect starting problems
both hot and cold, hesitation, stalling
(especially under load), rough idle, and low
power output. Also, the engine may fire up,
then die.

Contamination of the sensing element,
which slows response, will result in stum-
ble, which brings us to the most prominent
logical effect of a bad or non-existent AAM
signal: transient throttle glitches, including
stalling, sagging, and missing. If it's far
enough out of range to cause the DME to
shift to limited operating strategy, overall
performance and driveability will be lousy.

But don't let these symptoms cause you
to jump to an unfortunate conclusion and
automatically replace that expensive sen-
sor. Plenty of other malfunctioning compo-
nents can result in the same kinds of
annoying and inefficient engine behavior.
So, check the basics first. That means igni-
tion, compression, fuel pressure and vol-
ume, etc. Then there are all the other sen-
sors and the wiring and connections that
are part of every electronic engine manage-
ment system. In short, don't blame the
AAM right off because most of them have
proved to be pretty dependable.

OBD I continually examines the MAF
under the comprehensive component
monitor. It looks for an out-of-range signal,
and compares output to values calculated
from input on rpm, manifold absolute pres-
sure, throttle position, and intake air tem-
perature, then sets a generic DTC if there's
a discrepancy.

But codes can get you into trouble. All
they should really be used for is aiming
your diagnostic efforts in a general direc-
tion, not as the final word on what's wrong.
You'll need to do some more troubleshoot-
ing and rely on your experience before you
can be sure.

There's a good quick check: With the key
off, unplug the MAF's harness connector,
then start 'er up. If the engine runs appre-
ciably better now, it's time for a new sensor.

In our shop, regardless of the customer
complaint, we require that the car must be



road tested unless it is unsafe to drive. We
don’t know how it is in your area, but we
can tell you that our customers are notori-
ously poor communicators. What they say
they don’t like may vary pretty far from your
experience, so you'd better start out with a
comprehensive road test, preferably with
the customer aboard. If the complaint is a
lack of power, and you are constrained by
speed limits in your area, shift into the low-
est possible gear and see how well the
engine will wind up in rpom. Badly shifted
air mass meters will often limit engine rpm
to well below the redline, though the feel-
ing cannot always be distinguished on a
road test from a blocked exhaust or low
fuel pressure.

Visual and tactile

The technician’s diagnostic path may
vary based on the actual complaint after the
road test, but an underhood inspection is
always a good place to go next. Remember
that unmetered air will generate a lean con-
dition, since the AMM will underestimate
the airflow and, as a consequence, the
DME will produce too short an injector
pulse width. Deteriorated vacuum hoses
seems to be fairly common. These would
include the hose going to the fuel pressure
regulator and the hoses that route air to and
from the idle air controller. These leaks are
sometimes hard to find even with a smoke
machine as the engine needs to be pulling
avacuum to get the leaks to open, while the
smoke machine applies positive pressure
and the leak will not always show up. From
your starting point of the visual inspection,
begin by squeezing the suspect rubber
hoses and looking for the characteristic
mushiness that may indicate a failure in
vacuum tightness.

Of course, this goes doubly for the big
duct between the AMM and the throttle
body. For some reason, this seems to be
vulnerable to the development of splits
and holes.

We've said this before, but it bears
repeating: Whether from heat, rough
handling, or even gnawing mice, the
duct between the AMM and the
throttle body seems to be vulnerable
to perforation, thus admitting "false
air" and causing the engine manage-
ment computer to supply too short a
pulse width.

If your underhood visual inspection
comes up dry, it's time to break out your
scan tool -- we hope you have something
that can do a better job than a standard
generic OBD Il code reader. Whether or not
the MIL is on, check for codes. BMW is
pretty good about setting codes for prob-
lems in airflow, though once again, they are
systems codes, not component codes. Pay
close attention to your multiplicative and
adaptive fuel trim numbers. These num-
bers represent the amount of correction
the DME has had to apply to its base injec-
tor pulse width, based on the value it calcu-
lated given the incoming parameter from
the air mass meter. Multiplicative values
are listed in percentage numbers, either
plus or minus.




The PCV comes in downstream of the AMM, too, and BMW's unusual crankcase ven-
tilation unit, shown here, can develop a leaky diaphragm, which not only upsets the
air/fuel mix calculation, but can also cause oil burning.

Fuel trim

Early ('96-'99) Siemens systems would
set fuel trim codes when the multiplicative
value exceeded 8% in either direction, rich
correction or lean correction. Bosch sys-
tems could run the values as high as 25%
before setting a code for rich or lean limit.
Multiplicative numbers are the rough
equivalent of what is called in SAE stan-
dardized terminology LFT (Long Term Fuel
Trim). Some techs report that multiplica-
tive fuel trim is based on memory cells that
are not adapted at idle because they are
biased according the engine load, but we
were not able to confirm this. So, use your
own powers of observation to check it for
yourself. Create a vacuum leak at idle and
observe whether multiplicative numbers
move, or only additive numbers. Additive
fuel trim is the equivalent of the SAE term

SFT (Short Term Fuel Trim). This number
is given in tenths of a millisecond, either
plus or minus, and relates directly to the
actual injector pulse width as it would be
measured with a lab scope.

Over the years, numerous versions of
the BMW oil separator PCV have been
used.




Positive numbers on both additive and
multiplicative at idle are usually a good
indication of an air leak. One spot of com-
mon trouble is the positive crankcase ven-
tilation valve found at the rear of the intake
manifold on BMW V8s and the bottom of
the intake on sixes. The diaphragm will fail
and apply excessive vacuum to the
crankcase. BMW procedures (Bulletin
#11 05 98) call for the use of an inches-of-
water manometer to check crankcase vac-
uum. The spec is three inches to six inch-
es of water, which is very little vacuum.
The complaints listed in the service bul-
letin include rough running, a whistling
noise, and MIL illuminated. The codes set
may include O2 sensor codes 12 and 13 in
OBD I, but the system should not set those
codes from 1996 onwards.

Intake manifold and throttle body gaskets
are other possible vacuum leak locations.
We often find these by feel, but smoke test-
ing is becoming popular. Techs who don’t
have a smoke machine can use a wand-
type propane nozzle. Feed small amounts
of propane to the suspected area while
watching O2 and additive trim numbers for
a reaction to an induced rich condition. If

This inexpensive slack-tube manome-
ter is sensitive enough to measure the
low vacuum the PCV system is sup-
posed to be operating under.

there is a leak, the O2 voltage should swing
high while the additive trim starts subtract-
ing pulse width. Another vacuum leak we
occasionally encounter is inside the brake
booster.

Positive and negative

Multiplicative numbers that are positive
(greater than 10%) with adaptive numbers
that are negative at idle are often a good
tip-off that the air mass meter has drifted
out of calibration. One diagnostic strategy
is to clear the adaptive values (this requires
a scan tool capable of this function; discon-
necting the battery will not work on most
OBD Il BMWSs). After clearing, drive the
vehicle and see how it performs. Without
the multiplicative fuel, the car will run terri-
bly if the AAM is bad, often refusing to rev
over 4,000 rpm, until the computer can re-
adapt by adding back in the additional
pulse width.

Adaptive numbers that are negative indi-
cate an excess of fuel. This seems to be
considerably less common than positive
numbers, but when it occurs the place to
look would be toward other factors that
would cause a rich condition. Among these
would be excess fuel pressure caused by a
faulty regulator, or, on a return-type system,
a pinched fuel return hose (we once
removed a pair of Vice Grips from the return
hose of a vehicle, apparently the result of
someone’s effort to “increase horsepow-
er”)! Other likely causes would be gas con-
taminated engine oil, dripping fuel injec-
tors, or injectors that are stuck open.

In conclusion, diagnosing BMW air mass
meter sensing systems should not overly
tax your troubleshooting abilities if you
have the GT-1, MODIC, or the best among
the aftermarket scan tools available. Sure,
you'll have to engage your reasoning pow-
ers, your experience and the most intellec-
tual discipline you can muster in order to be
sure of your diagnosis before buying a new
part. But that's what makes you a top tech.
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BMW'’s Tech Information Site

If you work on these
great cars, you'll find
www.bmwtechinfo.com
to be a fabulous online

resource

Those of us who've been in the auto serv-
ice business for many years first got used
to finding our specific service information
in printed manuals -- a huge, ponderous
and clumsy mountain of paper. There was a
period back about a quarter of a century
ago when it looked like microfiche data sys-
tems would become the answer to the
problems of storaging and organizing tech
info. Very quickly, however, it was generally
realized that the power of the personal
computer could vastly improve on that,
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Minimum System Requirements
1E: Windows 95 on a 486 with 66 megahertz
processor (Pentium processor recommended)

Netscape: Windows 95 on a Pentium 233 with 64

even adding a search function. So, we got
the CD, then DVD, service information sys
tems that have been evolving and improv-
ing all along.

They had a couple of drawbacks, howev-
er. First, you had to make sure you kept
your discs updated. And, shuffling
through piles of discs for exactly the right
one takes time.

Enter the Internet. Here, a site can be
maintained by a company -- BMW in this
case, of course -- so that it always contains
the most up-to-date content possible. No
messing with stacks of CDs/DVDs, either.

This is such an important aid to all people
who work on cars, dealers and independ-
ents alike, that there's now a law making it a
requirement that, where emissions-related
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Browse through each tool.




subjects are concerned, all carmakers pro-
vide access to such a site at a reasonable
cost. But BMW has gone way beyond that,
providing comprehensive information on the
whole car. This can be had on a daily,
monthly or yearly subscription basis at $25,
$300, and $2,500, respectively. That's a
good value, and, in any case, it can be
charged to the customer.

We've been using BMW's tech info site
for over a year, and have had great success
finding exactly what we were looking for.
The menus make sense, and the searches
are easy to use and highly productive. As a
matter of fact, we've tried other automak-
ers' technical sites, and have found them to
be much less convenient to use.

On the BMW site, which is affectionately

What's New
*Information added within
the last 30 days

Service Information
*Bulletins and Measures KSD

Operating Fluids
*Operating Fluids

Technical Training
*Training Manuals

*Service Technology Bulletins (SBT) s\Wheel-Tire Combinations

Special Tools

*Special Tools Database

*CIP - Coding and Programming
(System Requirements and FAQ)

*Online Diagnosis
(System Requirements and FAQ)
(Help Printing Online Diagnosis)

known as TIS for Technical Information
System, the menu page that opens up after
you log on couldn't be any easier to under-
stand or work with. We always check the
"What's New" section, which contains info
added within the last 30 days. Then, we
usually go to "Service Information" and do
a search under "Bulletins & Measures"
(very simple and effective).

There's much more here that you'll
appreciate, such as repair manuals new
and old (and we mean old!), labor times,
special tools, a model map that gives you
series, engine, and code, and OBD Il Mode
$06 interface data. We can't think of any-
thing you'd need that you won't find on this
site. You'll wonder how you ever got along
without it.

BMW of North America, LLC

Repair Information Model Map
*Manuals prior to E36 *Model Map
*Manuals from E36 - WebTIS Technology

Labor Times OBD

*Pcode Lookup Application

*Mode $06 Interface data

*QOBD Il Overview and Drive Cycle
*0BD Il Systems

Purchase Materials
*Special Tools and Service Information
materials can be purchased here.

ASAP
*WebEPC

Support Files available for download

right-click and save as...
* BMW Pass Thru Tool Setup
("Mew BMW Driver 0044")

* Click here to view a graphic of the

Pass Thru Tool connection
* Java VM Setup

ETM Information
*Wiring Diagrams to E36

*Wiring Diagram System from E38

... and the whole world of BMW service technical information will open up to you with
this menu, which we hope most of you are familiar with.
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This test bench engine should give you an ide:}f /
how much heat is released inside the cylinders:

—

BMW Cooling System Service:
Adventures in the Temperate Zone

Neglected cooling system problems and maintenance

can lead to the biggest repair bill your customer has
ever seen.




As winter approaches, it's time for you
to start promoting cooling system
service.

You've certainly noticed that cars in gen-
eral, and BMWs in particular, just keep
getting better and better, and last longer
and longer. Given good maintenance,
engines and transmissions can go hun-
dreds of thousands of miles without major
repairs, steering and suspension compo-
nents take seemingly forever to wear out,
serpentine belts run much longer than the
V-type they replaced, electrical systems
rarely give any trouble, and the electronics
that control everything these days are
practically bulletproof.

There are a couple of areas, however, that
require about the same amount of care as
they always have. Brakes, of course. And
what keeps that terrific engine from melting
itself down in an orgy of self-destruction?
The cooling system, our subject here.
Although some other automakers have
pushed the recommended service intervals
on this system to foolhardy limits, BMW
maintains a sensible and conservative phi-
losophy on this maintenance. Having seen
so many ruined engines due to severe over-
heating, we applaud this attitude.

Fundamentals
You need a fundamental understanding

of cooling system principles or you'll be apt
to flub diagnosis, and you won't be able to

explain the need for maintenance to your
customers.

To begin with, if automotive engines were
perfectly efficient, they wouldn't need a
cooling system. All the energy contained in
each gallon of gasoline -- about 125,000
BTUs worth -- would be converted into
useful mechanical work.

Even high-efficiency diesels, such as
this one being developed at BMW's

Steyr plant, still can't convert enough
heat into mechanical work to be able
to do without a cooling system.

Alas, something is lost when the theories
of physics and thermodynamics are trans-
lated into the reality. If we're lucky, we can
get maybe 30% fuel efficiency. There are
experimental adiabatic (that means no heat
loss) diesels that are striving for a much
higher level, but don't hold your breath.

So, any internal combustion engine pro-
duces far more heat than it can convert to
mechanical work. Some is lost to the
atmosphere as exhaust, but there's a stub-
born remnant that has to be forcibly
extracted. Hence, the cooling system,
which amounts to a heat sink. If everything
is working as designed, this carries away
the excess heat, thus keeping the engine
below the point at which its parts would
start to melt, warp, scuff and seize.

Actually, it’s this way for nearly all
mechanical systems -- especially those
that generate usable power. We have no

(Continued on page 18)
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BMW ReEmANUFACTURED
A/C ComPRESSOR

CLUTCH
ASSEMBLY

SNAP T 1 '
RING [t
SEAL

FRONT
HOUSING

THRUST
BEARING

CYLINDER BLOCK &
FRONT/REAR HOUSING
Cleaned, inspected and

brought to O.E. specifications,

or replaced with new
components if necessary,

to insure 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 performs 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.

VALVE PLATE

DISCHARGE
REED VALVE

SHAFT " | Rl——.?-—-:_

SHAFT AND
SWASH PLATE

CYLINDER
BLOCK

OIL

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

PISTON

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

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

new components if necessary,

to insure compressor performs
as "new."

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

SHOES

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

Gauged and sized for noise reduction.

SERVICE VALVE
ASSEMBLY

VALVE PLATE

MOTION
RBREED VALVE

REAR
HOUSING

SNAP RINGS

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

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

new components, to insure
compressor performs

as "new."

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

if necessary.

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

as "new."



(Continued from page 15)

alternative to making excess heat that's not
being turned into useful work, or to using
marginal, relatively-crude mechanical sys-
tems to extract or convert the energy, then
finding ways to shed the excess BTUs
before they destroy our fragile mechanical
contrivances. We're getting better, though.
Electronic engine management, and
improved coatings, materials, lubes and
designs are gradually increasing the
amount of energy we can get from our
chemical reactions, but into the foresee-
able future we are going to be stuck with
cooling systems on cars.

The operative word here is “system.”
It's a radiator, it’s a pump, it’s flexible
hoses to connect an engine that rocks
with torque to a stationary chassis. It's
coolant, fans, belts, thermostats, restric-
tors, reservoirs and radiator caps . . . and
one thing out of shape will put us over the
top and into thermal overload. We all
know the results of neglected cooling sys-
tems. Muddy coolant aside, there are
scored pistons, blown head gaskets, over-
heated and destroyed engine and trans-
mission oils. The modern cooling system
is a violent place, full of localized hot
spots, boiling, pressure surges, cavitation
and flow restrictions, slag or pockets that
create low pressure swirls that flash hot
coolant into foam.

Move it

Water pumps are an interesting subject.
In designing an engine, you want to put
the pump as low as possible so that it
won't start to cavitate if the coolant level
should fall. That's where all powerplants
have it except for one French car we
remember that actually had it at the very
top -- it's no wonder that that make isn't
being imported anymore.

You may have noticed that water pumps
tend to start leaking shortly after an over-
heating incident. That's because the rub-
ber components are subjected to tempera-
tures far beyond what they can tolerate, and

This V10 water pump may be highly-
evolved, but it's still vulnerable to seal
damage if the engine should overheat.

they harden and crack. Naturally, lack of
coolant makes the whole engine red hot,
but it also results in dry contact between
the rings, which adds friction to the equa-
tion. This can cause another failure:
warpage of the sealing elements.

We've heard it said that hard particles,
such as a collection of the silicates and
phosphates from anti-freeze, or core sand,
can score and fracture those precisely-
made rings, but engineers tell us that the
space between the sealing faces is too
small to allow those particles to enter.
There is the possibility, however, that using
plain water instead of a 50/50 blend of H20
and anti-freeze will deprive the seal of the
lubrication it needs to survive.

Hot, hotter, hottest

The hottest area is the head, particularly
around the back of the exhaust



valves/ports. There's less heat as you
approach the crankshaft since cylinder
pressure and temps drop as the piston is
pushed away from the combustion cham-
ber, which is concurrent with the flame
extinguishing in the cylinder.

Plenty of pressure and unimpeded
flow is needed to achieve even cooling
throughout all those passages.

Why hold boiling point up? Obviously, we
need to keep the coolant inside the system,
so tightly capping it accomplishes this, but
also raising overall pressure keeps the
coolant from boiling in tight turns or sharp
radii inside the system and at the suction
side of the pump. Foam or vapor is a lousy
heat transfer medium. The walls need to be
fully bathed to transfer heat. Plus, the col-
lapse of vapor bubbles in the system as
they transition from low pressure to high
leads to a condition called cavitation ero-
sion, typically seen on aluminum surfaces
near the water pump.

Crevice corrosion occurs in tight spaces
where a lack of flow keeps the trapped
coolant from mixing with the main flow,
thus depleting additives and setting up
high rates of corrosion. This occurs mostly
on hose nipples where the clamp is posi-

tioned improperly. They should be as near
to the nipple flange as possible to keep
coolant out of the space between the nip-
ple and hose. It's not uncommon to see the
metal pocked with ruts and holes, or even
rotted through.

Damage from poor coolant system man-
agement takes one of three forms. There’s
erosion, the thinning of material by mechan-
ical force or impingement -- remember
we're dealing with the vigorous movement
of coolant, and abrasives or debris slam-
ming into soft materials can literally “sand
blast” its way through. There’s also corro-
sion, the result of a chemical attack on the
metals or rubber, much as acid would do.
And there’s electrolysis, the stripping of
donor material from one source for deposit
in another location -- sort of a mini plating
cell -- created by stray electrical currents
passing through the coolant stream. In all
cases, one of the largest contributors to the
destruction of the system is water. Chlorine,
calcium and magnesium from treated or
hard tap water dramatically accelerate the
onset and progression of erosion and corro-
sion. Most experts are beginning to recom-
mend de-ionized or distilled water for fill or
makeup (see the sidebar).

Modern maladies

To find out what problems are prevalent
out there in the real world these days, we
talked to seasoned service experts. A few
of the more common items mentioned:

* Hot spots inside the engine, which can
cause serious damage such as galled or
even seized pistons. The major culprit
is deposits.

* Head gaskets that have rotted out to
the point that they leak.

* Restrictions in head gasket coolant holes.

* The formation of heavy, hard deposits
("Like stalactites," one shop owner said).



¢ Restricted airflow through the radiator
due to leaves, fast food wrappers,
unfortunate birds, etc.

For the most part, these troubles can be
attributed to — surprise! - Poor maintenance.

But there are other cooling system mal-
adies that are rarely talked about. Don't
underestimate the importance of bleeding
the air out of convoluted modern cooling
systems. Not only will trapped air ruin the
intended flow pattern, thus causing hot
spots, but it'll increase corrosion dramati-
cally. Streamlining cars to reduce drag is
great, but it means that airflow through the
radiator and over the engine is a controlled
matter in most late models. Make sure all
shrouds, belly pans, and deflectors are
present and properly secured.

The big buzzword in the cooling sys-
tem hose business today is ECD
(Electro-Chemical Degradation). It
refers to the fact that every place in the
system where dissimilar materials are
joined actually acts as a kind of weak
electrical cell. The rubber companies
tell us this kind of damage can happen
in as few as four years.

Eye exam

When it comes to diagnosis and service,
you need a logical procedure that both
streamlines the work and helps you avoid
missing any opportunities. The following is
intended to give you just that.

Begin with a thorough visual exam. Does
the coolant resemble raw sewage? Is the
radiator plugged or ready to burst a tube?
Are the hoses biodegrading into their basic
elements? Do the belts look like they've
tangled with a chain saw? Is there seepage
at the radiator, heater core, freeze plugs,
water pump vent hole, hose connections,
or the trans cooler lines? |s that declutch-
ing fan permanently declutched? Grab the
fan and rock it from side to side. If there's
excessive play in the water pump bearings,
you may have just saved your customer the
cost of a new radiator, fan, etc. because
things really get chewed up when a pump
shaft snaps.

If the coolant looks bad, chances are it's
been in there too long (the adjective "per-
manent" when applied to antifreeze just
means it won't boil off like the plain alcohol
that was used in the old days). Right on
the back of the jug of original BMW
antifreezel/coolant, it says, "Change
coolant every three years for maximum
protection," and we agree. There's no rea-
son to be asking for trouble by trying to get
every last month out of a load of coolant,
especially when this amounts to relatively
inexpensive maintenance.

In inspection situations where fresh
coolant isn't necessarily included, at least
use your hydrometer or refractometer to
determine the amount of anti freeze pres-
ent. The traditional 50/50 blend is still cor-
rect whether you live in Florida or Alaska,
and this is one place where more isn't bet-
ter. Too low a percentage of water will
reduce the system's ability to move those
BTUs, and the silicates that protect alu-
minum from corrosion can fall out and plug
passages if the concentration becomes
too high from adding straight antifreeze to
maintain the level, something do it your-
selfers are famous for.

(Continued on page 22)
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so he could start his trip

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
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A refractometer is fairly expensive, but
nothing else comes close to its accu-
racy and speed of use. You don't have
to wait for all those floats in a hydrom-
eter to settle down to get an idea of
the coolant concentration.

But perhaps you live in a really frigid cli-
mate where the -34 deg. F. (-37 deg. C)
protection a 50/50 mix provides is margin-
al. In that case, BMW says it's okay to go
to a blend of 60% antifreeze, which will
take protection down to -62 deg. F. (-52
deg. C). If you live where it gets colder
than that, move.

Seek the leak

Hook up your pressure tester to make
sure the system will hold its specified psi
for at least two minutes. While you're at
it, find out if the cap blows off at the cor-
rect pressure. Sometimes it's difficult to
zero in on a leak. One good way is to add
fluorescent dye to the radiator, run the
engine for a sufficient time (this can take
a while it might even make sense to have
the customer bring the car back the next
day), then have a look with your UV/black
light. Seepage will jump out at you in
bright yellow.

But, according to a couple of experts,
some leaks need yet another procedure:
Keep 16-20 psi in the system with shop air
and a pressure regulator (as you'll find in
the analyzer shown in the accompanying
photos) from warmed up to totally cool.
That way, the seepage will give itself away
regardless of when in the engine's temper-
ature range it appears.

You can use your exhaust analyzer to find
compression/combustion leaks into the
cooling system by picking up a sample
above the radiator neck on those models
where that's possible. But it's easy to go
too close and get coolant in the probe. A
better way is to secure a large plastic bag
around the neck with a rubber band, then
punch a hole in the bag and insert the
probe, keeping it a safe distance from the
liquid. The bag trick can be used in anoth-
er way: Clamp off the hose to the reservoir,
put the bag over the neck as above, then
start the engine and see if the bag inflates.
There are also inexpensive leak detectors
that you fill with water, then plug into the
top of the radiator (again, where possible).
If a stream of bubbles appears, the most
likely cause is a gap in the head gasket.

If a visual inspection doesn't uncover
the source of a leak, the next step is
to hook up your pressure tester.
You'll need the right adapter for
BMWs that have the pressure cap on
the overflow jug.




This late-model BMW overflow set-
up uses a pressurized jug. It works
fine, but you can't look down into the
radiator during troubleshooting. So,
you'll be using other means.

Whether from a bad pump impeller or,
more likely, a plugged radiator, a low flow
situation can be hard to diagnose. A way of
measuring the actual flow rate to determine
if the water pump is still moving a sufficient
volume of coolant would be helpful in
determining if that essential component
needs to be replaced. Such a thing exists
(the Radi-Cool from Hickock), but very few
shops have it, or have even seen it. So,
you'll probably have to use your own judg-
ment. On older BMWs that have a regular
cap on top of the radiator, take the coolant
level down until it's just above the fins and
peer down into the neck with a flashlight.
You should see a robust flow, similar to
what you'd expect from a garden hose. The
trouble is, late model BMWSs have their
pressure cap on the overflow reservoir, so
you can't see into the radiator. In these
cases, remove a heater hose, stick the end
in a bucket and start the engine. Finally,
clear tubes are available that you attach in
series with the upper radiator hose that
allow you to see the flow.

Consider the Water

The quality of the coolant's other
ingredient is important, too

o

Anti-freeze formulas are a hot topic
among all kinds of experts in automotive
technology and service. They've been the
subject of numerous industry association
committees, SAE meetings, and, frequent-
ly, heated discussions.

Yet, everybody seems to forget that the
anti-freeze is only half of what goes into a
cooling system. The other half is, of
course, water. Do you know what you're
putting in there? Are you just using tap
water on the assumption that it'll be fine?
Have you ever taken the time to research,
or even think about, what the ramifications
of using unsatisfactory water might be?
No? Well, hardly anybody else has, either,
but we at TECHDRIVE believe you need to
know the whole truth.

If directly from a well, tap water in the U.S.
is apt to be "hard." That is, containing a high
concentration of metals and minerals --
iron, calcium, magnesium, etc. Not surpris-
ing since it comes from an aquifer, which is
underground. This is measured in parts per
million, or in grains (17.1 ppm equals one
grain). Water with over 120 ppm, or seven
grains, is considered hard, but in some
areas it may be as high as 850 ppm - 50
grains! You sure don't want to pour any-
thing like that into a cooling system.



Besides the possibility of clogging heat-
exchanging components, the metallic parti-
cles in very hard water may contribute to
electrolysis failure of those same parts.
Virtually all coolant is at least slightly con-
ductive. If you ground a digital voltmeter
and insert the positive probe into the
coolant, you'll find a small voltage, typically
under 0.1 V. Metallic particles add to the
current-carrying ability of the coolant,
which equals higher voltage that forces
current through the heater and/or radiator
to electrical ground to complete the circuit.
This electrical activity causes corrosion to
form and the corrosive deposits may
restrict either or both heat exchangers

If your water comes from a municipal
water supply system, there's also the dis-
tinct possibility that considerable amounts
of chlorine and fluoride have been added,
neither of which will do that engine, water
pump, radiator, thermostat, etc. any good.

BMW is the only auto maker we've seen
that actually publishes standards for the
water in the 50/50 mix:

® Appearance: colorless/clear
* Residue: no suspended particles
® pH value: 6.5-8.0

¢ Total hardness: maximum
357 ppm calcium carbonate

® Chlorine content: maximum
100 mg per liter

¢ Sulfate content: maximum
100 mg per liter

You can buy a home water quality test kit
at your local full-line lumber yard for about
$10. This will tell you the levels of hard-
ness, chlorine, pH, alkalinity, nitrate/nitrites,
iron and copper. If your water's unaccept-
able, you could install a water softener, then
retest. It's probably easier just to buy the
good stuff, though, as we'll explain.

When you take such particular care to
make sure lubrication and other services

are done just right to preserve and
enhance your reputation, why should you
put potentially-damaging substances into
your customers' cars when you do a
coolant change, or even a top-off?
Especially when you consider that dis-
tilled/deionized water costs less than a
dollar a gallon, there's no sense in not
avoiding problems such as internal corro-
sion and electrolysis and deposits that
reduce flow and cut cooling efficiency.
Also, you can distinguish yourself from
your competitors by advertising that you
use only distilled, or deionized, water to fill
your customers' cooling systems.

We should explain the difference
between distilled and deionized. The for-
mer has been boiled, then condensed,
which leaves the minerals and metals
behind. The latter is "softened." In other
words, it's passed through a bed that
exchanges its calcium and magnesium ions
for those of sodium. There's a little salt in it,
but it's still far superior to what you'll get
out of the tap in most locations.

Instituting this improvement in your car-
care practices certainly isn't a difficult tech-
nological challenge. You can just go to the
grocery store and buy plastic jugs of dis-
tilled/deionized water. So, it's a painless
upgrade to the quality of the services you
provide. Just do it, and make sure you let all
your customers know how conscientious
you are about maintaining their cars.
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Don't Risk Your
Reputation on
Generic Antifreeze

Give your customers the right stuff

You may work exclusively on BMWs, but
we'll bet you've heard horror stories about
long-life antifreeze, especially the change
interval and formula embraced by the
largest domestic auto manufacturer.
Indeed, it can last a long time. The trouble
is, its anti-corrosion properties are often
defeated by one simple thing: air. If the
coolant level in the system is allowed to
drop so that all surfaces aren't continually
immersed, oxidation occurs rapidly. The
dusty deposits that form accumulate into
crunchy glop that clogs up the works. And
this situation is much more likely to happen
given the over-100K replacement interval
that particular carmaker advises.

This becomes a risk for you because now
some aftermarket manufacturers are sell-
ing generic antifreeze with essentially the
same formula, and making the same claims
about extended change intervals.

The exclusively-formulated antifreeze
that BMW specifies and makes available
through its dealerships' parts departments
is a different story. It's an ethylene glycol-
based silicated OAT (Organic Acid
Technology) formula, which contains no
nitrates or phosphates, and has been
chemically designed to prevent excessive
silicate dropout. Also, the silicates leave an
anti-corrosive coating on metal that
remains even if the coolant level should be
allowed to drop.

While genuine BMW antifreeze doesn't
say "Long Life" anywhere on the jug, the
fact is that if the car's cooling system
maintenance is neglected, there will be

less damage from corrosion and clogging
than would be the case with a less sophis-
ticated formula.

BMW's engineers are more prudent
where maintenance is concerned than
those of some other carmakers we can
think of, and they want people to enjoy their
cars for a long, long time without encoun-
tering expensive and inconvenient prob-
lems. So, they're sticking with the sensible
recommendation that the coolant be
changed every three years for maximum
protection. Sound wisdom in our opinion,
and something you can easily justify to your
customers. The one-gallon container car-
ries Part Number 82 14 1 467 704.



Will aftermarket parts
really perform properly
on that BMW repair?

Keep your fingers crossed!
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On the one hand... you think you're
saving money by using aftermarket
parts for a BMW repair.

On the other hand... you’re hoping
those parts fit and perform properly
or you could lose time, money and
a valuable customer.

Only Original BMW Parts assure

you absolute perfect fit and function.
With most parts in stock at new,
competitive pricing along with BMW’s
no-nonsense limited warranty, Original
BMW Parts are the hands down

best choice.

Original BMW Parts

The Ultimate
Driving Machine®

www.bmwusa.com




YOUR ORIGINAL BMW PARTS SOURCE

ALASKA

ANCHORAGE
BMW OF Anchorage
907.646.7500 Fax907.646.7510

ALABAMA

HUNTSVILLE
Century BMW
256.536.3800 Fax 256.533.0670

IRONDALE
Tom Williams Imports
205.252.9512 Fax 205.323.0092

MOBILE
Grady BMW
251.476.0132 Fax251.479.0992

MONTGOMERY
BMW of Montgomery
334.279.6955 Fax 334.272.0023

TUSCALOOSA
Townsend BMW
205.345.9811 Fax205.345.1701

ARKANSAS

LITTLEROCK
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 Fax 480.947.0350

TUCSON
Don Mackey BMW
520.748.1333 Fax520.748.0716

CALIFORNIA

ALHAMBRA
New Century BMW
626.570.8444 Fax323.283.1024

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 Fax530.342.7901

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 Fax 760.944.6749

ESCONDIDO
Brecht BMW
760.745.3000 Fax760.745.2180

EUREKA
Mid City Motor World
707.443.4871 Fax 707.443.7808

FREMONT
BMW of Fremont
888-346-8032 Fax510.360.5930

FRESNO
Weber BMW
559.447.6700 Fax559.447.6705

GLENDALE
Pacific BMW
818.246.5600 Fax818.246.8100

IRVINE
Irvine B
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 B
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 Fax818.508.7735

NORWALK
McKenna BMW
562.868.3233 Fax562.345.7182

OCEANSIDE
Continental Motors
760.722.1868 Fax 760.941.2752

ONTARIO
Savage
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 Fax 925.463.2116

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 Fax916.487.4305

SANDIEGO FORT COLLINS

BMW of San Diego Co's BMW Center

858.560.5050 Fax 858.560.5919 970.282.8050 Fax970.282.8040
SAN FRANCISCO LITTLETON

BMW of San Francisco Ralph Shomp BMW

415.863.9000 Fax415.241.7944 303.798.3737 Fax303.794.0545

SAN LUIS OBISPO CONNECTICUT
Coast BMW
805.543.4423 Fax 805.543.5837 BRIDGEPORT
BMW of Bridgeport
SAN MATEO 203.334.1672 Fax203.330.6070
Peter Pan BMW DARIEN

650.349.9077 Fax 650.349.0549 Continental BMW of Darien

203.656.1804 Fax 203.656.1802

SAN RAFAEL

Sonnen BMW

415.482.2000 Fax415.482.2020 (B;I\F;IS\IEr:‘I‘Vé:g::IWich

SANTA ANA 203.661.1725 Fax203.869.2707

Crevier BMW HARTFORD

714.835.3171 Fax714.835.0881 New Country Motor Cars, Inc.
860.522.6134 Fax 860.549.8667

SANTA BARBARA o

BMW of Santa Barbara NEW LONDON

805.682.2000 Fax 805.563.9158 BMW of New London
860.447.3141 Fax860.447.8159

SANTA CLARA

Stevens Creek BMW NORTH HAVEN

408.249.9070 Fax408.296.0675 BMW of North Haven

203.239.7272 Fax203.287.0471

SANTA MARIA
BMW of Santa Maria RIDGEFIELD
805.928.7744 Fax 805.349.8967 RidgefieldBMW
203.438.0471 Fax 203.431.7821
SANTA MONICA WATERTOWN
Santa Monica BMW BMW of Watertown
3108293535 Fax310.828.4598 860.274.7515 Fax860.274.7714
SANTAROSA

DELAWARE

MILFORD
I. G. Burton & Co., Inc.

Prestige Imports
707.545.6602 Fax 707.523.2600

SEASIDE
My BMW 302.424.3042 Fax 302.424.6450
831.899.5555 Fax831.899.5606 WILMINGTON

Union Park BMW
SHERMAN OAKS 302.658.7245 Fax302.573.5201
Center BMW
818-990-9518 Fax818-933-6978 FLORIDA
SIGNAL HILL COCONUT CREEK
Long Beach BMW Vista Motor Company
562.427.5494 Fax 562.426.0017 954.935.2700 Fax 954.935.2766
THOUSAND OAKS DAYTONA BEACH
Rusnak BMW Daytona BMW
805.496.6500 Fax818.991.4176 386.274.1200 Fax 386.274.4656
TORRANCE FORT LAUDERDALE
South Bay BMW Lauderdale Imports, LTD./ BMW
310.939.7300 Fax310.376.5761 954.527.3800 Fax 954.527.3841
VALENCIA FORT MYERS
Valencia BMW BMW of Fort Meyers
661.254.8000 Fax 661.254.8187 239.433.8378 Fax239.481.0198
VISALIA FORT PIERCE
Surroz BMW Coggin Motor Mall

559.732.4700 Fax 559.625.8828 772.466.7000 Fax772.595.9361

FORT WALTON BEACH
COLORADO Quality BMW
850.863.2161 Fax850.863.1217

BOULDER
Gebhardt Motors, Inc.
303.447.8000 Fax303.381.4114

COLORADO SPRINGS

GAINESVILLE
Gainesville BMW
352.376.4551 Fax 352.376.4280

JACKSONVILLE
Phil Winslow BMW
719.473.1373 Fax710.473.1975 204725001 FaxB04 7242071
DENVER LAKELAND

Murray Motor Imports
303.759.3400 Fax 303.756.3265

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

OCALA
Gainsville BMW
352.861.0234 Fax 352.387.1350

PALM HARBOR
Ferman BMW
727.785.3900 Fax727.787.8727

PENSACOLA
Sandy Sansing BMW
850.477.1855 Fax 850.479.2216

SAINT PETERSBURG
Bert Smith International
727.527.1111 Fax727.522.8512

SARASOTA
Southpointe BMW
941.923.2700 Fax 941.923.0429

TALLAHASSEE
Capital Eurocars, Inc.
850.574.3777 Fax850.575.7898

TAMPA
Reeves Import Motorcars, Inc.

813-933-2813 Fax813-915-0310

WEST PALM BEACH
Braman Motorcars
561.684.6666 Fax561.697.5254

WINTER PARK
Fields BMW
407.628.2100 Fax 407.628.0309

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 Fax770.933.7850

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 Fax 404.292.7434

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

HONOLULU
BMW of Honolulu
808.597.1225 Fax 808.592.0282

BOISE
Peterson Autoplex
208.378.9000 Fax208.378.9090

IDAHO FALLS
BMW of Idaho Falls
208.529.4269 Fax 208.523.9010

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 Fax847.604.5035

NAPERVILLE
Bill Jacobs BMW
630.357.1200 Fax 630.357.9835

NORTHFIELD
Fields BMW
847.441.5300 Fax847.441.1530

0 FALLON
Newbold BMW
618.628.7000 Fax 618.628.7300

ORLAND PARK
BMW of Orland Park
708.460.4545 Fax 708.460.8771

PEORIA
BMW of Peoria
309.692.4840 Fax 309.692.5143

ROCKFORD
Bachrodt BMW
815.332.4700 Fax815.332.5838

SAVOY
Twin CityBMW
217.356.0303 Fax217.356.7594

SCHAUMBURG
Patrick BMW
847.843.4000 Fax 847.843.4022

SPRINGFIELD
Isringhausen Imports
217.528.2042 Fax217.528.8146

WESTMONT
Laurel BMW of Westmont
630.654.5400 Fax 630.323.2450

EVANSVILLE
D-Patrick Motoplex
812.473.6500 Fax812.471.7767

FORT WAYNE
Tomkinson Automotive
260.436.9000 Fax260.432.6593

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

WESTBROOK
Bill Dodge BMW
207.854.3200 Fax207.854.3210

MARYLAND

ANNAPOLIS
Tate BMW
410.349.9312 Fax410.349.2570

BALTIMORE
Russel BMW
410.744.2000 Fax410.744.2523

BELAIR
BMW of Bel Air
866-882-1269 Fax 443-640-1234

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
410.296.7900 Fax410.324.4030

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 800.338.3198 Fax 508.881.7578

BOWLING GREEN
BMW of Bowling Green
270.745.0001 Fax270.745.9040

LEXINGTON
Don Jacobs BMW
859.276.3546 Fax859.278.0723

LOUISVILLE
Sam Swope BMW
502.499.5080 Fax 502.499.4476

PADUCAH
Bluegrass BMW
270.444.6632 Fax270.442.9765

NORWOOD
BMW Gallery
781.762.2691 Fax 781.762.6787

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
413.746.1722 Fax413.746.1763

ALEXANDRIA
Walker BMW
318.445.6421 Fax 318.449.4682

BATON ROUGE
Brian Harris BMW
225.754.1200 Fax225.751.5351

KENNER
Peake BMW
504.469.6165 Fax504.464.3028

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 Fax 318.797.8308

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 Fax 248.699.3001

GRAND BLANC
Grand Blanc BMW
810.695.4400 Fax810.695.8027

GRAND RAPIDS
Sharpe BMW
616.452.5101 Fax616.452.1101

KALAMAZOO
Harold Zeigler BMW
269.375.4500 Fax 269.372.8627



OKEMOS
BMW of Lansing
517-853-2628 Fax517-853-2661

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

TRAVERSE CITY
Grand Traverse Auto Company
231.929.6532 Fax 231.929.6585

MINNESOTA

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
507.282.9468 Fax507.282.5424

JACKSON
Hallmark BMW
601.956.9696 Fax601.991.9831

MERIDIAN
Sunbelt BMW
601.483.8131 Fax 601.482.8027

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
Reliable BMW
417.889.9200 Fax417.889.5518

NEBRASKA

GRAND ISLAND
BMW of Grand Island

308.382.4662 Fax 3308.382.0421

LINCOLN
BMW of Lincoln
402.479.7600 Fax 402.479.7663

OMAHA
John Markel, Inc.
402.393.9700 Fax402.255.3403

FLEMINGTON
Flemington BMW
908.782.2400 Fax 908.788.9487

FREEHOLD
King BMW
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

MAYWOOD
Park Avenue BMW
201.843.8112 Fax201.843.3251

MORRISTOWN
Morristown BMW
973.455.0700 Fax 973.455.0273

MOUNTAIN LAKES
Denville BMW
973.627.0700 Fax973.402.7805

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 Fax609.452.7103

RAMSEY
Prestige BMW
201.327.2525 Fax201.327.4921

SHREWSBURY
Circle BMW
732.741.1184 Fax732.741.3315

SPRINGFIELD
JMK Auto Sales
973.379.7744 Fax973.379.3896

TENAFLY
Difeo BMW
201.568.9000 Fax201.568.5301

TURNERSVILLE
BMW of Turnersville
856.629.5500 Fax 856.629.8673

WAYNE
Paul Miller BMW
973.696.6060 Fax 973.696.0235

ALBUQUERQUE
Sandia BMW
505.884.0066 Fax505.884.9137

SANTA FE
Santa Fe BMW
505.474.0066 Fax 505.474.0077

ENDICOTT
Gault Auto Sport
607.748.8244 Fax 607.484.9073

FREEPORT
Hassel BMW
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

MOUNT KISCO
Endurance Motorcars
914.666.5181 Fax914.666.6973

NEWYORK
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 Fax516.922.5133

PORT CHESTER
BMW of Greenwich
800.926.9727 Fax914.798.6550

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

NEW MEXICO 631.283.0888 Fax 631.283.0792

SPRING VALLEY
Wide World of Cars, LLC
845.425.2600 Fax 845.425.7387

ST. JAMES
Competition BMW of Smithtown
631.265.2208 Fax 631.265.0018

UTICA

Carbone BMW
NEW HAMPSHIRE NEVADA 315.797.1520 Fax315.734.0742

NASHUA
Tulley BMW
603.888.5050 Fax 603.888..5043

STRATHAM
BMW of Stratham
603.772.0000 Fax 603.772.9381

LAS VEGAS
Desert BMW of Las Vegas
702.871.1010 Fax702.870.6711

RENO
Bill Pearce BMW
775.826.2100 Fax 775.689.2157

WILLIAMSVILLE
Towne BMW
716.505.2100 Fax716.505.2110

WHITE PLAINS
Westchester BMW
914.761.5555 Fax914.761.7297

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 Fax 828.431.2404

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
336.788.3333 Fax 336.785.7959

AKRON
Dave Walter Inc.
330.762.0791 Fax 330.762.4758

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
937.428.2350 Fax937.428.2312

DUBLIN
Midwestern BMW
614.889.2571 Fax 614.889.2877

MENTOR
Classic BMW
440.255.6600 Fax 440.255.1796

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
330.369.4611 Fax 330.369.6435

NEW JERSEY NEW YORK NORTH CAROLINA OKLAHOMA ‘

BLOOMFIELD
Essex BMW
973.748.8200 Fax 973.748.6375

EDISON
Open Road BMW
732.985.4575 Fax 732.985.4347

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

DOUGLASTON
BMW of Bayside
718.229.4400 Fax718.428.8222

CHAPEL HILL
Performance BMW
919.942.3191 Fax919.969.2313

CHARLOTTE
Hendrick BMW
704.535.0885 Fax704.531.3282

EDMUND
Jackie Cooper Imports, Inc.
405.755.3600 Fax 405.755.9069

TULSA
Crown BMW
918.663.4444 Fax918.664.8671



Tom Hesser BMW

BEAVERTON
Kuni BMW

503-748-5460 Fax503-748-5414

BEND

Carrera BMW

541.382.1711 Fax 541.389.2144
EUGENE

BMW of Eugene

541.342.1763 Fax 541.431.4300

MEDFORD
Medford BMW
541.779.5071 Fax 541.774.8429

PORTLAND
Rasmussen BMW
503.226.0380 Fax503.273.4278

SALEM
Delon BMW
503.399.9541 Fax 503.585.5933

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 Fax 610.399.4193

YORK
Apple BMW of York
717.845.6689 Fax 717.843.4903

PUERTO RICO

HATO REY
Autogermana BMW
787.765.4000 Fax 787.765.4717

TEXAS UTAH

AMARILLO
Autoplex BMW
806.359.2886 Fax806.359.2891

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

PENNSYLVANIA RHODE ISLAND
DALLAS

ALLENTOWN
Daniels BMW
610.820.2950 Fax 610.820.2990

BALA CYNWYD
BMW of The Main Line
610.668.2200 Fax610.667.2158

DEVON
Devon Hill Motors
610.687.9350 Fax 610.687.9360

DOYLESTOWN
Thompson BMW
215.340.9823 Fax215.340.9361

ERIE
New Motors, Inc.
814.868.4805 Fax814.864.0001

FORT WASHINGTON
West German BMW
215.643.3322 Fax215.643.2256

JOHNSTOWN
Laurel BMW
814.262.7028 Fax 814.266.2612

LANCASTER
Faulkner BMW
717.569.4269 Fax717.569.2736

LARKSVILLE
Wyoming Valley Motors
570.288.7411 Fax570.283.6501

MC MURRAY
Bobby Rahal BMW of South 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

MIDDLETOWN
Newport Imports, Inc.
401.847.9600 Fax401.848.5860

WARWICK
Inskip BMW
401.821.1510 Fax401.821.2004

SOUTH CAROLINA

BLUFFTON
Hilton Head BMW
843.815.1500 Fax843.815.1547

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

BMW of Dallas
972.247.7233 Fax972.243.0517

EL PASO
BMW of El Paso
915.778.9381 Fax915.779.8952

FORTWORTH
Autobahn Imports, LP
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
281.874.1553 Fax 281.875.4021

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

SOUTH DAKOTA ODESSA

SIOUX FALLS
Vern Eide BMW of Sioux Falls

605-335-3000 Fax 605-367-1120

BMW of Permian Basin
432.580.5911 Fax432.580.8161

RICHARDSON
Classic BMW

TENNESSEE 972.918.1100 Fax972.680.1508

CHATTANOOGA
BMW of Chattanooga
423.894.5660 Fax423.894.7675

CORDOVA
Roadshow BMW
901.365.2584 Fax 901.365.2531

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

SAN ANTONIO
BMW Center
210.732.7121 Fax210.785.2811

THE WOODLANDS
BMW of Houston N. in The Woodlands
866.498.2154 Fax 936.271.3069

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
940.322.5451 Fax940.322.4207

MURRAY
BMW of Murray
801.262.2479 Fax 801.266.9039

VIRGINIA

ARLINGTON
BMW of Arlington
703.684.8500 Fax703.549.4210

CHARLOTTESVILLE
BMW of Charlottesville
434.979.7222 Fax434.984.1139

FAIRFAX
BMW of Fairfax
703.560.2300 Fax703.560.8931

LYNCHBURG
Hammersley BMW
434.385.6226 Fax 434.385.0642

NEWPORT NEWS
Casey BMW
757.591.1300 Fax757.591.1327

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
757.490.1111 Fax 757.687.3508

VERMONT

SHELBURNE
The Automaster
802.985.8482 Fax 802.985.3750

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 Fax509.744.1108

TACOMA
BMW Northwest
253.922.8700 Fax253.922.0180

YAKIMA
Hahn Motor Company
509.453.9171 Fax 509.457.6598

WEST VIRGINIA

SAINT ALBANS
Moses BMW
304.722.4900 Fax 304.722.4999

WISCONSIN

APPLETON
Enterprise BMW
920.749.2020 Fax 920.749.2030

MADISON
Zimbrick BMW
608-443-3900 Fax 608-442-1804

MILWAUKEE
Concourse Inc.
414.290.4200 Fax414.290.4250

WESTALLIS
International Autos
414.543.3000 Fax414.543.2804



¢ SMART [RAKILLE

The

BASF’s family of Sm s the new breed of electronic
tools. They put the pi da echnology to work for you.
These integrated products are all nely easy to use. Once you
get started, you'll see that the SmartTOOLS family is the smart
way to increase productivity and strengthen your bottom line.

For more information, please contact the BASF Call Center at
1-800-825-3000 or visit us online at www.basfrefinish.com.




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 Parts — the ultimate in safety, quality and reliability. Original BMW
Parts are produced to the same high exacting standards of quality and reliability
as those used in Series production, ensuring product quality and functionality.
So 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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