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Labor Department.
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THE AUTOMOTIVE SERVICE ASSOCIATION’S Bob Redding, left, hosts panel discussion
entitled “Repairs of the Future” at NACE Automechanika in Atlanta.

TECHNOLOGY TOPICS

TEGHNOLOGY & TELEMATICS
FORUM COVERS ADAS, AUTONOMY

PETE MEIER // Technical Editor

ATLANTA — The Automotive

a Service Association once again
hosted its Technology and Telematics Fo-
rum at the 2018 NACE Automechanika
show, held Aug. 8-10, in Atlanta. The six
sessions held shared a common theme
— the impact Advanced Driver Assist
Systems (ADAS) are having on both the
collision and mechanical repair indus-
try segments and the path these systems
were paving on the road to full autonomy.
Presenters included representatives

from Ford, General Motors, VW and
Audi, as well as leading aftermarket rep-
resentatives like NASTF Executive Di-
rector Donny Seyfer, former ASA Chair
Darrell Amberson and Carquest’s Randy
Briggs and Chris Chesney. The sessions
were a split between individual presenta-
tions and panel discussions that focused
on pressing issues facing both collision
and mechanical repair business owners,
as well as offering observations on what
the future may hold for us all.

Here are just a few of the takeaways:

>> FORUM CONTINUES ON PAGE 5

BREAKING
NEWS

STUDENT OPPORTUNITY

PANEL PRESENTS
OPPORTUNITIES TO
ATLANTA STUDENTS

9 ATLANTA — Nearly 700
students from the metro
Atlanta area were the guests of
NACE Automechanika as the
event entered its last day on
Friday, Aug. 10.

Dennis Smith, President and
CEO of Messe Frankfurt, Inc.,
the show organizer, welcomed
the students on their arrival at
the Georgia World Congress
Center. Before they were set
free to explore the show floor,
though, the students were
introduced to the opportunities
the automotive industry has
to offer by a panel of experts,
under the umbrella of the show's
Career Connection.

Jason Rainey, General
Manager of NAPA AutoCare
kicked off the event, and
was followed by speakers
representing Automotive Training
Institute, AkzoNobel, Metro
Atlanta Automotive Dealers

>> PANEL CONTINUES ON PAGE 5

AROUND THE INDUSTRY

IMR INSIGHT SHOWS
SHOP’S BIGGEST
COMPETITORS

The latest IMR Insight
report, “Independent
Repair Shops' Biggest
Competitors,” is now
available and shows who
shops perceive as their
strongest competition.
MOTORAGE.COM/COMPETE

AAPEX 2018 MOBILITY
GARAGE TO PROVIDE
TRAINING

Attendees of the AAPEX
2018 Mobility Garage can
experience demos of scan
tools, underhood training
and the latest innovations
in electric and alternative
fuel vehicles.
MOTORAGE.COM/MOBILITY
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POWER TOOL INSTITUTE
PROMOTES SAFE
BATTERY USAGE

The Power Tool Institute
encourages all to “take
charge of their battery” in
education and awareness
campaign that promotes
the safe use of lithium-ion
batteries in power tools.
MOTORAGE.COM/CHARGE

SHOP MANAGEMENT
SYSTEM USES Al
Shop4D, created by the
founders of Auto Profit
Masters and the RPM
ToolKit, has launched a
new cloud-based shop
management system that
integrates every aspect of

the repair into a single tool.

MOTORAGE.COM/SHOP4D

FORD EXPANDS
INVESTMENT IN
TELEMATICS

Ford is expanding its
investment in telematics
solutions with new
connected vehicle
products for the fleet
market that give access to
OEM-grade data.
MOTORAGE.COM/FORD
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>> FORUM CONTINUED FROM PAGE 4

Update on federal
autonomous vehicle and new
vehicle technology policies

The Auto Alliance’s Jeff Beck shared
two numbers with the audience: 37,461
— the number of people who died on
American roads in 2016; and 94 percent
— the percentage of those accidents
caused by human error. ADAS is already
having an impact on preserving lives
once lost to drivers more interested in
their phones than to the task of driving.

Autonomous cars are another. And
they are not that far away from reality, ac-
cording to Beck, who estimates that SAE
Level 3,4 and 5 cars will be in production
within the next five years. (In fact, GM
announced earlier this year their intent
to put a Level 5 fully autonomous Chevy
Boltinto production in 2019. The new car
will have no steering wheel or pedals and
will be deployed as “ride hailing” vehicles
in a number of U.S. cities.)

Beck also shared that it is increasingly
important that the Fed sets up legislation
and regulatory guidelines for autonomous
vehicles before individual states. If left un-
checked, the resulting patchwork of regu-
lations would make it difficult for OEMs to
meet the varying standards.

Repairs of the future

ASA Washington D.C. representative Bob
Redding hosted a discussion featuring a
cross-generation panel. Participating in
the panel were Darrell Amberson (LaMet-
try’s Collision Centers), Fred Hules (Tech
1 Auto), Brin Kline (Assured Auto Works),
and Jake Rodenroth (asTech).

When the panel was asked about the
future of the industry, some believed the
number of vehicles would decline as au-
tonomous transportation became more
widely accepted, with consumers elect-
ing to use ‘ride share” services rather
than own their own. But with that would
come even greater needs for mainte-
nance and service as they expected to
see these vehicles in use for longer pe-
riods of time. Conversely, some of the
older panel members felt that, while this
may occur in the more congested areas
of the country, consumers in general will
want to maintain that sense of personal
freedom that owning a car provides.

ADAS and vehicle calibration
After two short presentations from
VW and Audi on their new technolo-
gies, NASTF Executive Director Donny
Seyfer hosted a panel discussion on
the real-world challenges ADAS was
presenting to collision and mechan-
ical repair shops. The panel was quick
to share that following the OEM pro-
cedures, especially when it comes to
target placement, was critical to ensure
that the system(s) calibrated properly.
Even placing the target a few inches off
of the centerline, while possibly allowing
the recalibration to be successful, could
result in an unwanted ADAS activation.
And the only way to know for sure was
to perform a test drive and verify proper
operation. DTCs will not necessarily be
detected or recorded by the system(s).
CTT's Randy Briggs pointed out an-
other important fact that techs should
note. With the integration of other sys-
tem inputs within ADAS, even routine

services and repairs could impact the
operation of the system(s). It is more
critical than ever to understand how
these systems work on the vehicle in
your bay, and what needs to be done (if
anything) after the service.

Today'’s car — front and
center
The last presentation of the day was
made by Chris Chesney, Senior Direc-
tor of Customer Training for Advance
Auto. He began by assuring the crowd
not to fear the oncoming onslaught of
new technology, saying, “We've been
here before and got through it” But he
did caution attendees, echoing a com-
ment made by GM's CEO Mary Barra
when she observed that we are going to
see more technological advances in the
automotive industry over the next five
years than we've seen in the last 50.
The key, Chesney says, is education.
Education is a passion of Chesney’s,
and he continued to share his involve-
ment with leading industry groups to
revamp our approach to training the
next generation. Chesney suggested
that “we expect a '70s education to
serve the technology of today.” He went
on to state that it was time for the in-
dustry to shift to a competency-based
education model instead of the current
outcome-based model. “The pace of
technology change is growing faster
than our current education model
allows,” Chesney told attendees, and
described a new look for training that
would include both oral and practical
exams to actually certify a student’s
ability to perform a task or process. IZ

>> PANEL CONTINUED FROM PAGE 4

Association (MAADA), Standard Motor
Products, and was wrapped up by
Shawn Collins, founder and CEO of
the Technician Academy.

All the speakers echoed common

themes — that there is more to

our industry than just becoming a
technician, that there are numerous
opportunities to grow, and there is
as much potential for success in the
trades as there is in fields requiring

more formal — and costly — education.
After the event, students were

invited to explore the show floor

and talk to the exhibiting companies

about the individual opportunities

their firms offered. IZ
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ecently writing articles on

raising and hiring your

“home-grown” techs (“How

to grow your own techni-
cians,” May 2018 and “How to onboard
new hires in your repair shop,” June
2018), I discovered that many shops
have no process for bringing a new
employee on board. Many individuals
who I did reach out to see what their
process was didn't even understand my
question. Mind you, I only had a small
sample of shops I approached with
these questions, but the lack of having

6 SEPTEMBER 2018 MOTORAGE.COM

A NEW
HIRE
PROCESS

Properly
acclimate new
employees to

V_‘

L
- Wy

your business
to help ensure

their success

JOHN BURKHAUSER //
Contributing Editor

a process in place leaves you and your
shop open to liabilities and possibly the
loss of a new employee, making this a
topic one we should all know.

The disclaimer: I don’t have all the
answers or even offer a complete on-
boarding process, because every shop is
different and the labor laws in your local
area may have their own requirements.
I suggest that you investigate your local
laws and requirements first, then put
together your process based on what
I offer here and what you determine is
important for your business.

The process

When you get a phone call about your
help-wanted posting, get some basic
information about the individual, such
as name, phone number and where
they live. Then search online using their
name and location of where they live.
With the online “tracks” that most peo-
ple have these days, you can do a quick
evaluation of the caller while they are
on the phone. If their online behavior is
questionable, you can end the process
here. For candidates who look great on-
line, invite them in for the interview.

PHOTO: GETTYIMAGES / TYLER OLSON
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On arrival, give the applicant a job
application to fill out even if they have
a resume. Matter of fact, you can send
them a copy of the application via
email, ask them to fill it out and bring
it in when they agree to come in for an
interview. (An application that suits
your needs can be found online, down-
loaded and used.)

Read over the submission for a few
minutes to see what the candidate has
shared so that you can use this for some
of your interview questions with them.
Don't be afraid to mark up the applica-
tion as you interview the individual for
later consideration.

If the interview goes well, I suggest
gathering some of the information that
you will need to bring them on board.
Give a copy of your state’s Department
of Transportation driver’s license report
to the individual and have them fill it
out and sign it while you make a copy
of their license. It would be good to also
have the applicant fill out any tax and
federal paperwork that is required at
this time. But give the drug test before
sending these items in to save money if
they fail. Taking care of this paperwork
now will help make the first day at your
shop easier.

When the applicant has passed the
drug tests and license checks, you can
either have them come in or talk on the
phone about the following:

« Finalize the compensation plan.
Agree on the rate at which they'll start.
Explain to the new employee the pro-
cess of bringing them into your shop
and that they are going to be in a 90-day
period of observation. At the end of this
time they will be evaluated and possibly
given a raise and benefits.

« Arrange for their tool box delivery,
if needed.

« Confirm the employee start date
and time, dress code and any other in-
formation if need be.

« Have a plan for your new employ-

8 SEPTEMBER 2018 MOTORAGE.COM

ee’s first day. Don't just wing it. When
you make the plan, make sure that you
set aside some time with your new em-
ployee. Here are some things to con-
sider for the first day of employment:

Introduce your new person to all the
staff in the shop pointing out who the
employee should go to when they have
questions and/or assigning them a shop
“buddy.” This is done to start building
the social connection that they will need
to work as part of your team. They have
enough to learn. Get them to the people
who will teach them right.

Give the new employee a copy of
your Employee Manual to read and
sign. Don’t have an Employee Manual
or document? Today you need one to
provide the new hire with all the de-
tails of how your shop runs, including
sick days, medical coverage, informa-
tion on harassment in the work place,
how to handle a medical emergency
and so on. Your shop’s philosophy and
beliefs in its mission should also be
part of this manual.

There are many resources online
that you can use to find or build an Em-
ployee Manual or document to use in
your shop. Lay out all the basics of how
your shop is run and what is expected
of every employee each day. Clearly
explaining the employee’s compensa-
tion that they will get in pay, vacation
and other benefits puts everyone on
an even playing field. Having your new
employee read the employee hand-
book and sign it leaves no doubt about
what goes on in your shop, so they can
focus on doing the job you hired them
for. Additionally, this signed document
can also help you if any issues or mis-
understandings come up in the future.

Shop safety should be part of the Em-
ployee Manual, but is important enough
to speak about separately. Implement-
ing a safety orientation using video, an
online source or other method is best
and should be done as soon as possible.

To find one that works for you, check
with your insurance company first to
see if they recommend one and possi-
bly give you a discount on your rates.
You will also find other sources online
to help you in this situation. Whatever
method you choose, be sure that it has a
test or some other indicator that proves
the employee has viewed and com-
pleted the training for your records.

Orienting the new employee
The first day of a new job can be over-
whelming for even a seasoned techni-
cian. I suggest that the majority of the
new employee’s day should be spent just
watching how your shop operates rather
than diving into repairing vehicles. Let
the new employee get an overview of
your systems.

You can use this to your advantage,
too. Have the individual walk around
your shop and note what they see.
Fresh eyes will see what you can no
longer see because you've grown ac-
customed to it. They may notice that
the building needs some work, the
shop is dirty and so on. They will see
your shop as a customer would. Tell
them to be honest and have them write
down what they find on a tablet. Take a
good look at the results and make the
necessary changes.

Shadowing

I suggest that a newer, less experienced
tech shadow one of your better techs
for a day or so. The new tech should be
informed that they just watch and ask
questions, but not do any work at all. As
the newbie becomes more acclimated
to how your shop works, then the guid-
ing tech can start them on some small-
er jobs or assist in what they are already
working on.

The advantages of shadowing are
many. You can prevent bad habits from
forming, limit the damage that inexperi-
ence can cause and monitor their prog-



ress closely while better seeing what you
need to focus on for this individual to
grow into a top-tier tech.

Checking in

At the end of the day, check in with your
new tech and their guide to see how the
day went. Have a discussion between
the three of you and offer any observa-
tions and answers that are needed.

In the beginning, check in more
often; over time, less often, unless
there are behaviors or concerns that
you have with the new tech that need
to be addressed. You will find this is the
most effective way to keep them on the
right path.

90-day review

After 90 days, I recommend having a
good one-on-one sit-down session with
your new hires. Go over everything, in-
cluding what concerns you may have,
if any, and how well they have done
in learning how your shop works and
the quality of the work they have done.
Reinforce your shop’s beliefs and rules.
Give them a chance to ask questions
and tell you how they think they are
doing. If you have a keeper, I recom-
mend a raise and giving the person any
benefits your shop might give to your
employees at this time.

Another advantage of the last three
steps of this process is that you will be
able to weed out any individual who
shouldn’t be working for you rather
quickly and before they have a chance

JOHN BURKHAUSER
is an auto repair
specialist with more than
30 years of experience.
As the Director of
Education at BOLT ON
TECHNOLOGY, John
coaches independent and franchise repair
facilities on how to grow their business
using simple best practices and everyday
technology, resulting in increased car count,
repair order revenue and customer trust.
jburkhauser@boltontechnology.com

to do any real damage.

At this point you might be thinking
that this is too much to do, that you
don’t have the time. Of course you can
pick and choose what will work for your
shop and use it to your benefit, but with
today’s issues of finding good help, any
time you get a good individual, you want
to do your best to keep them and train

LTS OPERATIONS

them to work like you want them to.
You also want to protect yourself from
any person who may not fit with your
shop, eliminating them before they
cause damage or cost money. Quality
time spent up front with new employ-
ees will pay off in the long run, so put an
onboarding process in place today for
lots of better tomorrows. IZ

Build your vision,
part by part.

ebay.com/motors
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Avoiding the black hole
that is “what if..."

Keep a firm balance between your dreams and reality to avoid disaster

ost of us have had these
thoughts. What if  won
the lottery? What if my
business got better and
I could take some time off? What if it
grew so successful that I didn't have to
be there at all? What would happen if I
lost my key people? What if they treated
the customers so bad they didn’t come
back? What if I had to go back to turning
awrench again?

There are the good “what ifs” that
turn bad and the bad “what ifs” that turn
even worse. It’s part of human nature,

but how do we defend ourselves? Let’s
listen to ATI Head Coach George Zeeks
explain how to prepare yourself.

What are what ifs?
“What if” is the key behind every inven-
tion, every new idea and every success
story. This can only happen when you
balance the “what is” right alongside of it.
I graduated from high school at 17.1
had no real intention of going to college,
but my mom demanded otherwise. She

was in the process of fighting the cancer
that would eventually kill her and she
made me promise that I would go to
college and finish. It didn’t really sound
that bad, at first. The problem was that
there was no money in the family.  had
envisioned a great summer. [ worked
three jobs that summer, caught up in the
“whatif” I saved every dime I could. The
amount of money that I would need to
pay, just for the fall semester, would take
that much. I had to adjust to the reality
of “whatis.”

I tried to work while going to school
but found that I couldn’t work enough
and study enough to get it all done. It
looked like a choice between flunking
out or not having enough money for the
spring. I thought college was supposed
to be fun. What if I failed? What if I broke
my promise? Would it affect her health?
The black hole of “what if” had full con-
trol of me now. Everything started to slide
downhill in a self-fulfilling prophecy. 1
was 17, and I was already a failure.

When you balance “what if” with

for return on their ATl investment
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We've helped more than 25,000 shops over
o 35-plus y:o‘rs .
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Visit www.ATIworkshops.com or call
(410) 691-8122 to register for a
workshop near you.
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NCREASE CAR COUNT
WE OFFER LIFE-CHANGING 1-DAY AUTO REPAIR SHOP
OWNER WORKSHOPS ACROSS THE US AND CANADA!

[ In 2018, ATI members surpassed the $1 Billion milestone

Automotive Training Institute

“what is,” things begin to change. I saw
some people at my neighbor’s house
who were cleaning the carpets inside. I
stopped and talked to the two guys. The
conversation led me to ask my neighbor,
Mrs. Baker, if I could watch the men
clean her carpet. As I'watched, Ilearned
that the work wasn'’t that hard. It didn’t
take that long. Then I asked Mrs. Baker
how much it cost to do those carpets.
Then I got interested. I did some quick
research on what I would need. I took all
of my money out of the bank and bought
the equipment and the chemicals. Now
just needed some customers.

T00 MUCH WORRYING AND
YOUR ABILITY TO DRIVE ON
DIES. THE KEY IS TO BALANCE
THE “WHAT IF” VS. “WHAT IS.”
KEEP YOURSELF BALANCED
AND UNDER CONTROL.

I took the change I had left and went
to the library to photocopy phone num-
bers out of a crisscross reverse telephone
directory. Now I had pages of phone
numbers to call and get appointments, so
I could clean the carpets in their house. I
was on cloud nine! I'was going to make a
ton of money. I was stuck, once again in
the land of “what if”

The reality of what is
The reality of “what is” crashed down
again. It took ridiculous amounts of work
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to call the people, get the appointment,
sell the job and finally do the work. At
first, I made far less money than I had
working for someone else. Don't forget
I still had a full load at school and was
trying to help take care of my mom.
Things got better, then they got worse.
I hadn't counted on having almost no
work after the holidays. It seemed that
after the New Year’s parties had been
cleaned up, no one needed my services.
WhatifI failed?

I understand the roller coaster that
many of you are on. I have been there
many times. The key is to balance the
“what if” vs. “what is” and to keep your-
self grounded and under control. Too
much dreaming and the dream dies.
Too much worrying and your ability to
drive on dies. In case you're wondering,
I did graduate from the University of
Maryland, with a degree in marketing. It
took five years, but I did it. The business
did well enough that by the time I had
graduated in spring of 1982, I was mak-
ing between $800 and $1,000 a week in
net profit. I gave my business, contained
in my Atari 800 home computer, to my
father. I kept the promise and I was off
to do what I wanted to do. By the way, I
still hate carpet to this very day.

The technician shop capacity
calculator
Some of you may be going through simi-

CHRIS “CHUBBY”
FREDERICK is the

CEO and founder of

the Automotive Training
Institute. ATI's 130 full-time
associates train and coach
more than 1,500 shop
owners every week across North America
to drive profits and dreams home to

their families. Our full-time coaches have
helped our members earn over 1 BILLION
DOLLARS in a return on their coaching
investment since ATl was founded. This
month’s article was written with the help of
ATl Head Coach George Zeeks.
chubby@autotraining.net

lar times. You may be stuck, wrapped up
too tight in one of the black holes. Some
of you may have hit a ceiling that you
can’t break through. Some of you may
be wondering what is the answer to the
what if/what is that YOU may be going
through. If it has to do with your shop, a
great place to start is with a solid “what
is” How about answering the question:

IR OPERATIONS

what is possible in my shop? What is
my shop built to do? How much can
my technicians produce? How close
to the best practices are we? If you
are curious, simply go to www.ationlin-
etraining.com/2018-09 and receive the
Technician Shop Capacity Calculator
to find out what is possible for your
business.

BUY ROTARY ALIGNMENT
EQUIPMENT, GET

- FREE

With no camera towers, our alignment system eliminates the
empty, wasted space in front of your lifts. It’s also faster,
easier to use and costs less than the competition.
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Your parts supplier

guestions answered

The industry needs to better educate itself on its partners’ business

oday the aftermarket is a dif-

ferent industry than it was five

years ago. Let’s ask and an-

swer some questions to bring
clarity to the new reality.

Part suppliers are an essential
part of the execution process for
shops. How can a shop receive the
best technical support and buy the
right product at the right cost?

The shop owner and part supplier
must learn to develop a win/win rela-
tionship by having discussions as to
where and how the shop is going to
move forward and what the supplier
needs as well.

How can you get suppliers the in-
formation they need so they can pro-
cess orders and deliver faster?

This, again, is a conversation as to
what kind of parts the supplier should be
stocking for the shop. Does the supplier
truly understand their customers’ busi-
ness? It is also a technology question. The
supplier and shop owner should engage
in the conversation as to “how” they can
embrace the right technology that serves
both of them efficiently.

How can a repair shop improve its
efficiency, knowledge and be more
profitable on listening to the advice
of part suppliers?

The first concern is: “Does the sup-
plier truly understand the shop side of
the business?” In most cases, part sales
reps go into a shop and ask the ques-
tion, “Are you busy?” That is the wrong
question. A shop makes money when
they are steady, as they are maximizing
efficiencies. Site efficiencies only improve
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with increased billed hours. Billed hours
improve with proper vehicle inspections.
When billed hours improve, parts pur-
chases are needed. Too many suppliers
look at “sell a part and you should get
some labor” That is out of touch today. A
successful shop is in the knowledge busi-
ness and understands the importance of
the correct billed hours to ensure their cli-
ent’s vehicle is safe, reliable and efficient.

What will be the main challenge
for both of them in the future?

The challenge will be a total change
in mindset. Due to the dramatic increase

WHEN RELATIONSHIPS ARE

IN A WIN/WIN SITUATION
COMPARED TO A WIN/LOSE
SITUATION, PROGRESS IS
MADE AND PROFITABILITY FOR
EACH BUSINESS IMPROVES.

in vehicle technology, the shop business
and the technician are no longer in a
trade. This truly is a profession, as all
within the shop are in the knowledge
business. Diagnostics is growing at a
very rapid pace and that requires highly
skilled people to successfully execute it
by understanding the vehicles' software
platform. The shop owner must under-
stand the suppliers’ business now as
well and how tough it is when dealing
with stocking issues and inventory man-
agement. A business relationship must
be embraced and trust between the two
must be developed. This is an incredi-

ble challenge when you have differing
mindsets and ideals. Those who want to
develop the right relationships can still
struggle if others do not share the same
thought process.

What is your best advice for a bet-
ter supplier/repair shop service?

The aftermarket industry must come
together and educate themselves better
about each other’s business. When re-
lationships are in a win/win situation,
progress is made and profitability for
each business improves. Imagine how
many shops will close over the next 5
years because these owners did not want
to make the necessary investments and
adjust their business to the new reality
to ensure growth and prosperity of their
business. Imagine how many suppliers
will sell out because they don’t want to
adjust their business to get the top shops
in their marketplace with 85 percent pur-
chase loyalty paid in full each month by
understanding what value they can bring
to their customers. Both businesses must
develop and maintain alearning culture.
When that is achieved and sustained,
both enterprises will have an extremely
positive effect on the future aftermarket.

Welcome to the new aftermarket. ZZ

BOB GREENWOOD,
e AMAM, is president
and CEO of Automotive
Aftermarket E-Learning
Centre Ltd. (AAEC),
which provides business management
resources for the automotive aftermarket.
Bob has more than 36 years of business
management experience and is one of 150
worldwide AMi-approved instructors.
greenwood@aaec.ca
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From Prussia with love

German engineer teaches his sons the value of always doing the right thing

ROBERT BRAVENDER // Contributing Editor

9 Ever since Karl Benz invented the modern car in 1885,

German engineering has played a prominent role in
automotive history, but it wasn't until the early 1950s that Ger-
many cracked the U.S. market with the original Volkswagen
Beetle. And as the Federal Republic’s products grew in repu-
tation, America would fall in love with some of their top-notch
marques: Porsche, Audi, BMW and Mercedes-Benz.

And with German engineering came German engineers,
among them Hans Wittler, who with his wife Christel, immi-
grated to Albuquerque, NM in 1958. There he worked as a
factory-trained dealership technician before opening his own
shop in 1975.

“Of course the Bug was reallly big back then, Audi was just
coming along and Porsche was pretty big too — it was a pretty
decent market,” recalls Hans  younger son Andreas. “He had ex-
perience in all of those, for the simple reason that he had come
out of (those) dealerships, so the buzz was huge at that point.

Besides Hans' detailed knowledge of German cars, “his own
ideals shape[d] a quality service experience,” notes the shop’s
website. “Christel and Hans worked together for 24 years to
make their small business a success with help from their sons
Roger and Andreas. With their father’s standards of hard work,
dedication and integrity, Roger and Andreas took control of the
business in 1999, when their father passed away.

“My dad taught us to do the right thing no matter what,”
Andreas states. “He used to say ‘just fix the car, whether you
make money or not, and it will all work itself out in the end’
Those are the kind of things he instilled in us”

However, when the Wittler brothers took over the company,
they had to do a bit of retooling to incorporate newer high-tech
cars rather than the older, less sophisticated classics their fa-
ther had specialized in. Just over the last six years they've had
to evolve and upgrade with the market, even including their
own roles in the shop.

“I'was mainly the service writer;” Andreas reports. “My brother
did more behind-the-scenes management. But now I'm doing
some management stuff with him, and right now my main role
is more HR, dealing with the technicians and the service writers,
making sure everything goes smoothly with the crew.

“Every once in a while we have to pinch hit for each other,
but Roger still does more of the management stuff than I do.”
Andreas continues. “For example, he’s getting it to where we
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HANS WITTLER'S AUTOMOTIVE

Albuquerque, New Mexico // www.hanswittlerauto.com

Andreas and
Roger Wittler 1 [)

Owners No. of bays

1 $550

No. of shops Average repair order

43 65

Years in business No. of customer vehicles per week

10 $1.9 million

No. of employees Annual gross revenue

5,500

Total square footage of shops

can program Porsche keys — something I have absolutely no
patience for. I'd rather deal with the people while hed rather
deal with the logistics, like setting up our scan tools. He's the
go-to guy for fixing something or to improve our business in
some way, shape or form.

For his own part, Andreas found there were several groups
devoted to the German marques and their markets. “One in
particular was BIMRS [pronounced ‘Bimmers], and they really
helped get us into the BMW market,” he explains. “You have to go
through an application process to be able to join, and they vet you
through different questionnaires, etc. I believe there are about 300
members in the country, and it’s just an amazing group.”

According to Andreas, BIMRS is similar to a 20 group, but
more informal. “Their resources are what really got me moti-

PHOTOS: HANS WITTLER'S AUTOMOTIVE
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vated about 15 years ago. On the tech-
nical side, the training sessions have
helped us, and they connected me with
LMVIND, a tech support service” They
also provided him with business and
management advice, which helped the
brothers expand beyond their primary
market. “In percentage of business,
BMW is now our biggest car line, the
second being Audi/VW

BIMRS was also helpful when it came
to investing in new diagnostics. Before
joining the group the Wittlers were ar-
bitrarily trying systems with mixed re-
sults. “But these guys have ‘been there,
done that,” says Andreas. “Being from
huge cities like in Southern California,
they see cars out of warranty earlier than
we do; they know what to get and what
to use and how to be cost efficient with
their investment. We ourselves have in-
vested $100,000 over the last 20 years in
scan tools and scopes.”

Working on German cars — let alone
specializing in them — is clearly a chal-
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lenge, one which most shops simply
electnot to do. ‘And I totally understand,’
laughs Andreas. “They’re tough, finicky
cars. You can’t cut corners on them. We
go to great lengths to not do this, maybe
even going a bit overboard on trying to
make things as right as possible.”

And key to this is a robust mainte-
nance schedule, a fact hindered by a
common misconception that these
high-tech brands are low-maintenance
cars. According to Andreas, back in the
late 90s/early 2000s some German au-
tomakers promoted the idea that their
cars could go for longer intervals with-
out servicing. “And to a certain extent |
think this has come around and bit them
in the butt because they didn't tell you
that this was under ideal driving condi-
tions,” he comments.

“Before this, every 30,000 miles you
would change every fluid, every filter on
the car, adjust the valves — youd do like
a major service. [The carmakers] had
been getting away from that. We try

to push maintenance a little bit more
than that, so hopefully it will keep the
customer from buying a big ticket item.”

But as Andreas points out, “it’'s harder
to explain to the customer why their
owner's manual says not to worry about
it while we're telling them otherwise. Do
we know better than BMW? But we don't
give up; we wade through a problem so
we learn what to do better, and be able to
walk up to a customer and say we know
what it is, it's going to cost this much;
what do you want to do? If you fix the car,
you look like a hero, and they'll probably
come back for the easy stuff” ZZ

ROBERT BRAVENDER
graduated from the
University of Memphis with
a bachelor’s degree in
win film and video production.
He has edited magazines
and produced shows for
numerous channels, including “Motorhead
Garage” with longtime how-to guys Sam
Memmolo and Dave Bowman.
rbravender@comcast.net
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OEM repair issues have no
place in public policy arena

Pre- and post-repair scans should always be the industry norm

he 2018 state legislative season saw
several states consider mandating
the use of OEM repair procedures.
Why isn'’t following OEM repair
procedures a common practice by collision re-
pairers? Why don't all insurers require it as part
of their DRPs? The question arises as to why pol-
icymakers are being brought in to referee what
should be the accepted practice by all parties in-
volved in collision repair. First, let’s take a look at
what we saw in the 2018 state legislatures:

Indiana - The Indiana Legislature considered
OEM repair procedure legislation that allowed a
work-around by recommending adherence to “in-
dustry standards” as an alternative to the vehicle
manufacturer’s repair procedures.

Rhode Island - Legislature sent the gover-
nor a bill that prohibits insurance companies
from mandating the use of aftermarket parts
without consent of the vehicle owner under
certain timelines. Important for this discussion
is language that required the use of OEM repair
procedures but for OEM parts only.

1llinois - Legislation was introduced that re-
quired estimates to include OEM repair spec-
ifications for those parts, and no repair facility may use repair
specifications or procedures that are not in compliance with
the OEM for those parts authorized by the customer in writing.

Common to all of these bills was an interest by grassroots

-
r

shops in those states to see reform relative to OEM repair
procedures. Indiana’s bill died in a conference committee. In-
cluding an “industry standards” baseline of repair versus OEM
standards provided the path to the bill's end.

Although Rhode Islands legislation became law, it was ren-
dered less effective by restricting the OEM standards requirement
to OEM parts only. The Illinois bill did not gain significant traction.

Mechanical repairers find the lack of scanning in the col-
lision industry confusing. Some collision shops are now, at
times, without insurer reimbursement, pre- and post-repair
scanning vehicles. Recently at the Collision Industry Con-
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ference (CIC) during the Automotive Service
Association’s (ASA) NACE Automechanika in
Atlanta, Ga,, CIC’s Governmental Committee
addressed OEM repair procedure legislation.
Led by ASA Past Chairman Darrell Amberson,
panelists discussed the importance of using
OEM repair procedures in a collision repair. In
addition, panelists Janet Chaney of Cave Creek
Business Development, John Eck of General Mo-
tors and Wayne Weikel of the Alliance of Auto-
mobile Manufacturers (Alliance) highlighted the
importance of scanning,

Questions and comments that followed the
CIC presentation supported the use of OEM
repair procedures and legislation mandating
such practices if necessary.

ASA and the Alliance recently held a press
conference to announce a joint effort in 2019 to
establish public policy assuring collision repairs
follow OEM repair procedures. These policies
should also include pre-and post-scans. ASA and
the Alliance will be working together to assure pol-
icymakers are educated about the importance for
the safety of vehicle owners, passengers and the
motoring public that OEM repair procedures are
adhered to and scanning is a common collision repair practice.

Unfortunately, the lack of an industry solution was obvious
during the 2018 legislative session when we saw the aforemen-
tioned bills introduced. Many consumers assume that these
practices are followed and the vehicle has been scanned.

During the press conference, ASA noted that many consum-
ers do not understand that there could be vehicle problem not
necessarily indicated by a light or other vehicle information
process. Until insurers and repairers find common ground on
these repair procedures and scanning, the all for government
intervention will only get louder. ZZ

ROBERT REDDING is the Automotive Service Association’s
Washington, D.C. representative. He has served as a member
of several federal and state advisory committees involved in the
automotive industry. rlredding@reddingfirm.com
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Teach service advisors to
continue selling even at delivery

KEEP THE BENEFITS OF THE NEXT SERVICE TOP OF MIND FOR YOUR CUSTOMERS

BOB COOPER // Contributing Editor

fyou want to generate more repeat

business, then there are a number

of things you will need to do. You'll

need to deliver an extraordinary
value, exceed your customers’ expec-
tations at every touch point and stay
in touch with your customers after the
sale. Over the years I have discovered
that most service advisors have the
right intent, and make their best effort
to do all of these things. They want to do
agood job, and they know that a part of
their job is to help their customers see
the value in their services. This is why
they work hard at building value in their
company and services when speaking
with first-time callers. It's also why they'll
build interest and value in their service
recommendations, with the hope that
their customers will agree with their rec-
ommendations, authorize the services
and then ultimately return.

The top advisors in America not only
understand this, but they’ll always put a
strong focus on the benefits of their rec-
ommended services, rather than on the
parts and labor. For example, when dis-
cussing the benefits of a brake service,
they'll tell their customers that they’ll
have smoother and more responsive
pedal operation, quieter braking, faster
stopping and the peace of mind that
they’ll have good, safe and dependable
transportation.

Yet where almost all advisors fail
is at the point of car delivery. We have
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discovered that this is where they'll do
a good job of reselling the customer on
the services that were performed, and
theyll certainly schedule the customer’s
next visit, but what they fail to do is this:
They don'’t discuss the benefits of the
next service.

Here’s an example we can all relate
to. You go to the dentist for a tooth-
ache, and they discover that you need
a crown. The dentist then tells you that
you have two options and explains the
benefits of each. You like what you hear,
and you make your choice based on
the benefits that were shared with you.
Then before you leave, the dentist tells
you that you'll be due for a checkup and
cleaning in six months, and they sched-
ule you in. Will you return in six months?
Well, you might, especially if the dentist
met all of your expectations. But when
that reminder card finally shows up in
your mailbox, you may hesitate for one
simple reason: None of us enjoy going
to the dentist, and the dentist didn't ex-
plain the benefits of the checkup and
cleaning during your last visit. If they
had told you how this visit could save
you money, help prevent other painful
problems, and reduce the amount of
time you'll ultimately spend with your
dentist, you would more than likely be
more willing to return. I can only hope
you agree that it’s no different with your
business. If you want to see more return
business, then do this:

At the time of car delivery, take just
a minute or two to explain the benefits

of the customer’s next service. For ex-
ample, rather than just telling your cus-
tomers that they'll be due for their next
scheduled service in six months, say
something like this... “As I mentioned
to you earlier, Doris, your next service is
going to be a maintenance service, and
it'll be due in six months. Now the good
news is that service is going to help you
squeeze every mile out of every gallon of
gasoline, it's going to help you maintain
your warranty and protect the value of
your vehicle, and it’s going to help you
save time and money by preventing
costly breakdowns”

Although I can’t guarantee that your
customers are going to return if you do
what I am recommending at the time
of car delivery, there is one guarantee
that I can make you: If you take just a
minute to explain the benefits of the
next service to your customers, there
is a strong probability that they'll want
to come back. On the other hand, if the
only reason for them to return is be-
cause you sent them a reminder card
telling them that they need to come in
for nothing more than to spend money
with you and to be without their vehicles
for a day, then you've given them a really
good reason to toss the reminder card...
and not come in. IZ

BOB COOPER is the
president of Elite, a company
that offers coaching and
training from the industry’s top
shop owners.
contact@eliteworldwide.com
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LAND ROVER REAR SUSPENSION SAGS
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sensor relearn procedure. The procedure
was simple — turn the steering wheel
from lock to lock. After performing the
relearn procedure, the tech cleared the
DTC. The ride height went back to normal

VEHICLE:
2007 Land Rover LR3 (LA) V8-4.4L
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noticed the rear suspension was lower
than normal. The tech retrieved a DTC
C1131 — an Air Spring Supply code from
the Suspension Module. This tech tip and others come from
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Technicians.

DETAILS:

The tech visually inspected the system
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valve block pipes for correct routing and
installation. He did not find any issues.
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creating alternative diagnostic
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BLUETEC — A
REVOLUTION IN DIESEL

NOX EMISSIONS
TECHNOLOGY

STARTING IN 2007, NEW DIESEL VEHICLES FROM MERCEDES AND OTHERS USED
SELECTIVE CATALYTIC REDUCTION TECHNOLOGY TO MEET STRINGENT DIESEL
EMISSIONS STANDARDS. READ ON FOR A COMPREHENSIVE OVERVIEW OF EFFECTIVE

DIAGNOSTIC PROCEDURES.

ANDREW LIBERT // Contributing Editor

e story begins in the early
2000s, when the government
laid down the law on a new
generation of emissions stand-

ards, requiring manufacturers to make
drastic improvements in fuel economy
and emissions. Manufacturers respond-
ed by looking at a wide range of new
technologies, including Gasoline Direct
Injection, electric cars, hybrids, fuel cell
vehicles and Advanced Electronic Com-
mon Rail Diesels. Over half of the vehicles
in Europe are diesels, which have excel-
lent fuel economy and low HC/CO emis-
sions, so German manufacturers chose
to refine them and bring them to the US.

There was just one problem with that
plan: diesel engines tend to produce very
high levels of NOx emissions. NOx limits
in the U.S. were always stricter than those
in Europe, but the new laws slashed the
limit by 90 percent! Engineers at Mer-
cedes, BMW, Volkswagen and Bosch put
their heads together and began searching
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for the ideal NOx solution that would rev-
olutionize modern diesels.

Research focused on three different
types of solutions. The first was to de-
crease the amount of NOx coming out of
the engine; the second: use a NOx Stor-
age Catalytic Converter to filter it out; and
the third: Selective Catalytic Reduction
(SCR). SCRinjects a liquid urea solution
(called Diesel Exhaust Fluid or “DEF”)
into the exhaust where it breaks the NOx
down into nitrogen and water. Each tech-
nology has different tradeoffs. Reducing
the engine’s NOx production is less effec-
tive and decreases power. Using a NOx
Storage Catalytic Converter is more effec-
tive but requires extra fuel to be injected
to burn the stored NOx off, which reduces
fuel economy. SCRis extremely effective
and doesn’t reduce fuel economy, but it
requires many expensive parts and space
for a large storage tank for the DEE An-
other disadvantage of the SCR system is
the requirement for maintenance; peri-
odically, the DEF must be refilled or the
system will stop functioning,

2

Mercedes-Benz and BMW ultimately
decided SCR was the way to go. At the
time, though, the government didn't like
SCR — they preferred the NOx Storage
Catalytic Converter technology VW
was promoting because it was mainte-
nance-free. U.S. officials were concerned
that SCR systems would not be main-
tained and that the cars would run wild
with untreated NOx emissions. The EPA
made sure that the Ultra Low Sulfur Die-
sel (ULSD) needed for these new emis-
sions technologies would be available
everywhere by the time the new laws
phased in, but there was concern that
the supply and distribution infrastruc-
ture for DEF wouldn't be ready.
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Manufacturers were required to
disable the vehicles if the SCR system
is not working. Ordinarily, the driver
doesn’t even know the system is there,
but if the DEF level runs low, warnings
appear in the cluster in stages and ul-
timately the vehicle goes into limited
starts mode and counts down. When
the count hits zero, most vehicles will
not start again. Make sure to refill the
tank as part of your regular service on
all SCR-equipped diesel vehicles!

System overview

Diesel Exhaust Fluid is 62.5 percent
deionized water and 32.5 percent urea
by definition, and the industry standard
for its quality is ISO 22241. You can buy
DEF from any manufacturer and use
it in a Mercedes system if it meets the
ISO standard, which should be on the
product label. AdBlue’ is a German Auto
Industry brand name for DEE and I will
use the term “AdBlue” when referring to
DEF going forward.

Although you don’t have to buy it
from Mercedes, they sell a special bottle
I really like. You screw it onto the fill port,
push it down and the fluid will flow into
the tank until it is full. Then you release
and unscrew it for a drip-free job. It also
makes it perfectly clear the tank is full
without accidentally overfilling it and
making a mess. AdBlue is corrosive, so
always use gloves and safety glasses and
keep it away from painted surfaces. Clean
up is easy — just wash it away with water.

An important first step is to make
sure that the fluid is good quality. Ad-
Blue has a limited shelflife (at least one
year when stored properly) and it is
also vulnerable to contamination. On
Sprinters, the AdBlue fill port is under
the hood and commonly gets water or
washer fluid in it instead. On the 166
chassis, it is right next to the diesel fill
port, so sometimes it is contaminated
with diesel, and vice versa (Figure 1).

Mercedes recommends using a re-
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fractometer to measure the quality of
AdBlue. Refractometers work by mea-
suring the way light bends as it passes
through a liquid. When the chemicals
or their concentrations change, the way
they affect light changes as well. You want
arefractometer made specifically for DEF
testing because it will show a scale cor-
responding to the percentage of urea; an
OTC 5025, for example. Regardless of
which one you use, be sure to follow the
instructions for proper calibration and
testing. Mercedes simply specifies the
exact standard of 32.5 percent, but good
fluid generally tests within 32 percent to
33 percent (Figure 2). If the urea percent-
age is incorrect, the fluid is low quality or
itwas contaminated. In either case, it will
be necessary to flush the system and re-
place the fluid. It's also not a bad idea to
verify the quality of your own shop sup-
ply to avoid creating unnecessary con-
tamination problems for yourself and
your customer.

The AdBlue tank is designed to store
enough to make it to the next service,
but with aggressive driving it may have
to be topped off before then. AdBlue’s
freezing point is 12° Fahrenheit and
unlike windshield washer fluid, there
are no compatible anti-freezing addi-
tives. As a result, the entire storage and
supply system is heated and there are
no moving parts in the tank. Instead of
afloat to measure the level, an electronic
sensor uses three switches to indicate
Full, Reserve and Empty. There are three
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heaters as well — one in the tank, one in-
side the pump, and one on the pressure
line to the metering valve. The pump is
mounted on top of the tank but it has
to pull from the bottom, so it has a hard
time priming, unlike a fuel pump, which
is submerged. When the engine is shut
off, the metering valve is held open, the
pump switches into reverse and empties
the line so that it doesn’t freeze.

The exhaust portion of the SCR
system includes the SCR catalyst, the
AdBlue metering valve, a temperature
sensor, and upstream and downstream
NOx sensors. The SCR module monitors
the storage, supply and heating systems
and the CDI module controls the me-
tering valve and monitors the emissions
performance via the NOx sensors.

Troubleshooting
Start diagnosis by checking with the
customer about service history and any
previous diagnostic or repair attempts. It's
common for these vehicles to make their
way around the block and take some
bruises before arriving at your doorstep.
Where you go next depends on whether
the vehicle was towed in or driven in. Di-
agnosis will require a few road tests, so
you need to deal with any countdown or
limited starts condition first.

Hook up the Autologic (or equivalent
scan tool), do a complete vehicle scan,
and record the results.

Do not clear the codes

Clearing DTCs on some models will
cause the system to go into a “Tam-
pering Mode” and get stuck in the
start countdown even after repairs are
completed. If you have zero remaining
starts, you will need to reset the data
that resulted in the system shutdown.
Check the fill level of the AdBlue — if
it is empty you will need to completely
fill it and perform the tank reset adap-
tation. In order for the tank adaptation
to succeed, all of the level sensors need
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to read WET and there cannot be any
ambient temperature sensor faults. If
the tank is full but does not read WET
across the board you need to disconnect
the SCR module and check resistance
across each level switch. They should be
within approximately 3.8 - 4.2 kOhms.
After successful adaptation of the tank,
try again to reset the start countdown. If
it works, go straight to diagnosis. If not,
perform the metering valve adaptation
reset in the CDI module and try again. If

you are still stuck, reset the adaptations
of the AdBlue Quality, both NOx sensors
and the SCR catalyst.

Due to the large number of varia-
tions/revisions of the CDL, SCR and NOx
sensor module software and hardware,
each vehicle performs a little differently.
Sometimes reprogramming and SCN
coding the CDI and SCR modules is
necessary to get everyone on the same
page, or even to escape limited starts.
The NOx sensors have a Q code printed
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Autologic, I have sometimes seen issues
when only one is replaced. The sensors
are very expensive, so it may be best to
advise the customer that you will start
with the faulty sensor and replace the
other as needed, but ideally you would
replace them in sets.

Aside from codes for NOx perfor-
mance and adaptations, diagnose any
and all engine performance faults first,
then diagnose SCR faults. Diagnosing
NOXx performance requires a solid foun-
dation — everything from the tank to the
injection must be verified first.

Use the Autologic to test each heater
with actuations. It's not necessary for
NOx diagnosis, but it only takes five min-
utes and will help you to build familiarity
with typical values, find failed heaters and
find borderline heaters that could result
in a comeback. Usually the heaters will
fail with high resistance or as an open
circuit; generally the tank heater tends
to read a little lower. If you have to drop
the tank for repairs, check the harness for
AdBlue contamination and replace it as
necessary. Also, make sure to fill the pot
all the way to the top, or the pump may
fail to prime and in the worst case sce-
nario the motor can burn up (Figure 3).

Next, use the Autologic to perform
the leak test. The pump will run auto-
matically and hold the pressure at 5 bar
(about 72 psi). Look for leaks, especially
at the pressure line and metering valve.
Remove the metering valve and check
the nozzle for leakage and clogging,
keeping in mind that some crusty white
deposits are normal.

Perform the metering valve test;
watch the spray and look for a finely
atomized three-cone pattern. Collect
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the AdBlue and weigh it. The Auto-
logic will provide the specification — it
is normally around 15 grams. Suitable
electronic scales can be found online
for $10-15; and just like the refractom-
eter, it's best not to wait until you need
it to buy one. Even if the spray is bad
or the valve seems clogged you should
not clean it yet but simply reinstall it be-
cause we want to see exactly what the
control module saw when it decided
that the system had failed before we
change anything. Take that fluid sam-
ple and put it on your refractometer and
check the quality. If your AdBlue is just
reading marginally off, it's good enough
for some test driving, but if it is contam-
inated, flush it out, refill it properly and
reset the tank adaptation. You can also
pull a sample from the tanks fill port.

Evaluating the SCR system
performance

Now that the storage and supply system
is verified, it’s time to test the NOx sen-

76% reduction, good performance

1350 ppm
75 ppm

Implausible reading, most likely a bad or
incompatible sensor

225 ppm
340 ppm

Implausible reading, downstream should never
read higher than upstream.

sors and NOx reduction performance.
NOx sensors need to be heated to about
800° Celsius (1472° Fahrenheit) to op-
erate, but at this temperature they can
easily be damaged by a thermal shock
if moisture or condensation hits them.
Therefore, the NOx sensors are not
turned on until the CDI module calcu-
lates that the exhaust temperature is
high enough to vaporize the water. It's
typical for this to take 5-15 minutes from
a cold start depending on ambient con-
ditions and drive cycle. It seems to occur
around an SCR temp of about 300° Cel-
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sius (572° Fahrenheit).

Note that it’s very unlikely the ex-
haust will get hot enough for the sensors
to work if the engine is only idling; you
must drive the vehicle!

Before they've come online, the sen-
sors could read 0, 1000, 2000, or even
“NOT OPERATIONAL’ (Figure 4).

The SCR catalyst also needs to heat
up and light off in order for the NOx re-
duction reaction to work properly, so
you will need to drive the vehicle. Find
someone to drive you for an SCR System
Performance Road Test; I'm personally
aware of a couple of technicians who
have crashed doing it alone. Before you
take off, check the exhaust temperature
sensors for rationality — if the vehicle is
cold there should be no more than 20°C
(68° Fahrenheit) between the lowest
and highest readings. During the drive,
while you're waiting for the NOx sensors
to come online, monitor your exhaust
temperatures again. A bad temperature
sensor can upset both engine and SCR
systems. Look for a sensor that suddenly
jumps to an implausible value (Figure 5).

When the NOx sensors come online
you want to drive at about 55-60 miles
per hour (85-95 kilometers per hour)
with a very steady engine load. Do your
best to avoid braking, hills, acceleration
and coasting. NOx production increases
when accelerating and decreases when
slowing down, so for this performance
test you need a stable NOx feed to the
SCR catalyst and the catalyst tempera-
ture needs to be stable. Monitor the
upstream and downstream values.
Readings vary by application but the
reduction on a working system will be
30 percent to 50 percent.

For the 906 Sprinter, 251 R-Class, 164
ML-Class, 164 GL-Class with the OM642
engine, the upstream will usually read
anywhere from 200-300 ppm and the
downstream will usually read from 75-
100 ppm.

The 221 S-Class, 166 ML-Class, and
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166 GL-Class use an updated version of
the OM642 engine, so for these vehicles
and for any vehicle with the OM651 en-
gine (166, 204, 205, 253, 212, 906, 907),
the ppm readings should be 50-150 up-
stream and 0-50 downstream.

Diagnosing a malfunctioning
system

What you do next depends on what you
found in the earlier tests. If the metering
valve was leaking, you need to replace
it and see if it corrects the problem, but
you also need to explain you can'’t di-
agnose the SCR cat or the NOx sensors
with a metering valve that is leaking into
the system. It's common to have to re-
place more than the metering valve to
fix the vehicle, so set expectations ap-
propriately. The downstream sensor, for
example, can be skewed by the exces-
sive AdBlue leaking onto it. If you had
some marginally poor quality AdBlue,
go ahead and replace it now.

If the metering valve was just a bit
clogged or not spraying well, you can
wash it off with warm water, put it back
in and re-run the performance test. If
you see a substantial improvement, you
should still recommend replacing the
metering valve to ensure a lasting repair.
Metering valves often clog up because
they are slowly leaking and while clean-
ing it may restore its function tempo-

KAGE
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rarily, in the long run this may result in
a comeback. All parts of this system are
very expensive, so when repairs seem like
they might or might not be necessary, it's
best to make the complete repair or let
the customer make an informed deci-
sion. Don't forget to reset the metering
valve adaptation after replacement and
before quality check road testing,

Bad readings (Figure 6) could be
caused by bad sensors or by a system
malfunction. Here, the next step is to
verify the NOx sensors are reading cor-
rectly and compatibly with each other.
Disconnect the metering valve and go
drive the vehicle hard for 20-30 min-
utes. The SCR catalyst is like a sponge
and it stores a lot of ammonia, so there
is always some available even if the me-
tering valve is not spraying or there is
a sudden increase in NOx (hard accel-
eration). You need to drive it and heat
the exhaust up to burn off all of that
stored ammonia. Once that happens,
the upstream and downstream sensors
should match pretty closely. We know
the engine out NOx on a steady cruise is
around 200-300 ppm (or 50-150 ppm),
abad sensor reading will generally con-
trast pretty sharply.

The last piece of the puzzle (and the
least likely to fail) is the SCR catalyst. The
job of the SCR catalyst is to absorb and
store ammonia and to help it react with
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the NOx to produce nitrogen and water.

What it needs most of all is a good
amount of real estate — that is, a lot of
surface area. Adblue deposits can build
up on the SCR catalyst, causing it to
“deactivate,” or they can collect on the
mixing element after the metering valve
and restrict exhaust flow. The top three
things that can ruin the SCR cat are 1)
poor quality diesel fuel, especially with
excessive sulfur; 2) AdBlue contamina-
tion/deposits; and 3) failures of the DPF
(Diesel Particulate Filter) allowing soot
leakage into the SCR cat.

Normally when the DPF is regener-
ated, the SCR cat is also heated up and
burned clean, starting anew. If DPF re-
generation stops because of a malfunc-
tion, the SCR catalyst is not regenerated
either. Sometimes the SCR cat melts
due to engine malfunctions, sometimes
it breaks apart due to the harsh operat-
ing conditions. You can try to do a visual
inspection with a bore scope or you can
check the exhaust back pressure reading
with and without the SCR temp sensor
removed, but ultimately it is a matter of
probability and process of elimination.
Look for evidence of DPF leakage by
checking the SCR temp sensor for soot
stains, checking inside the exhaust pipe
when removing the metering valve, or
checking the tail pipe with a clean white
cloth. When DPF failure is suspected to
have damaged the SCR catalyst, Mer-
cedes replaces the DPF and SCR together.

Late-model Mercedes diesels can

ANDREW LIBERT
attended Palm Beach
State College's vocational
automotive program, worked
for GM at Chevrolet and
then at Cadillac where

he began specializing in
diagnostic work. He moved to Continental
Imports of Gainesville, where he fell in
love with Mercedes-Benz and continued
a full-time specialization in diagnostics. In
January 2018, he joined Autologic doing
programming, diagnostics and training.
andrew.libert@autologic.com

be very challenging to diagnose, but
with the right information, tooling and
training, that service can be very profit-
able for your shop. Sprinter vehicles in
particular are working vehicles, keep-
ing businesses running every day, and
their owners are often quick to open
the wallet but even faster to ask for the
keys. Don’t be afraid to jump into the

T TECHNICAL

electronic diesel market, after all, this
discussion of AdBlue has already got
your feet wet.

PS. Stay tuned for more develop-
ments on Diesel Emissions Technology,
“clean diesel” isn’t dead yet, as Bosch
has recently announced dramatic
breakthroughs in the NOx manage-
ment technology. I
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THE SCIENGE OF

THE MAF

MANY OEMS ARE STILL USING THE MAF (MASS AIRFLOW) SENSOR AS THEIR PRIMARY
MEANS OF MEASURING THE AIR ENTERING THE ENGINE. KNOWING HOW IT DOES ITS
JOB MAKES IT EASIER TO KNOW WHEN IT ISN'T DOING ITS JOB.

BERNIE THOMPSON // Contributing Editor

eare all living at the bottom of an ocean — an
ocean made of air instead of salt water. The
earth has a vast ocean of nitrogen and oxygen

encompassing it. This ocean of air is being
pulled toward the earth by gravity. Gravity is the force that is
created between two objects with mass that are attracted to
one another. This force is proportional to the product of their
masses and inversely proportional to the square of the dis-
tance between them. On earth, gravity is what gives weight to
physical objects. This vast ocean of air surrounding the earth
has mass and therefore has weight. The weight of this ocean of
air will change depending on the depth of it. Just like an ocean
of water, the deeper the water the more pressure is created. This
ocean of air exerts 14.7 Pounds Per Square Inch (PSI) at sea
level and at 18,000 feet this ocean of air exerts 7.34 PSI, which
is only half of the pressure that is created at sea level.

How that impacts us

The internal combustion engine uses this air weight or air
pressure in order to operate. When the piston moves down-
ward, away from the head, the volume increases, thus creating
alow-pressure area within the cylinder. This low-pressure area
within the cylinder sets up a pressure differential. A pressure
differential is the difference in energy between a higher pres-
sure (atmospheric air) and a lower pressure (cylinder air). High
pressure, having more force, always moves to a low pressure
having less force, thus the surrounding air moves into the cyl-
inder. This inrush of air into the cylinder will be used to operate
the engine in several ways. The first is the volume of air (78
percent nitrogen, 21 percent oxygen, 1 percent other) will be
compressed, creating heat within the cylinder. The second is
the air within the cylinder, being comprised of 21 percent oxy-
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CH, + 20, COo, + 2H,0

Methane + Oxygen Carbon DIOXIde + Water

A stoichiometric diagram of the combustion reaction of methane

gen, will provide an oxidant for the chemical reaction with the
hydrocarbon fuel stock. Third, the 78 percent nitrogen and 1
percent other will be heated by the burning fuel, which creates
the expansion of the nitrogen, thus forcing the piston down-
ward. This, in turn, produces torque on the crankshatft.

The burning of the hydrocarbon fuel stock within the in-
ternal combustion engine is essential. This is what powers the
engine so that the pumpinglosses of the engine and the energy
needed to move the vehicle can be produced. In order to prop-
erly burn the hydrocarbon fuel stock, the weight ratio of the
air and fuel will be important. The proper air/fuel ratio to com-
pletely burn the fuel stock is referred to as stoichiometric. The
stoichiometric ratio between the fuel and air is one where the
hydrocarbons and oxygen are at a weight ratio that once they
react with one another neither chemical will be present. This
means that the hydrocarbons break apart, becoming hydrogen
and carbon. In the presence of oxygen, the hydrogen combines
with the oxygen forming a new chemical: dihydrogen monox-
ide (1,0 — water). The carbon attaches to the oxygen, forming
anew chemical: carbon dioxide (CO, ). If the hydrocarbons and
oxygen are at a stoichiometric ratio and react with one another,
then neither of these chemicals will remain present within the
combustion gases (Figure 1). The chemical weight will be the
same but the new chemicals formed during a complete reac-

PHOTOS: BERNIE THOMPSON
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tion will be water and carbon dioxide.

In order to obtain a stoichiomet-
ric ratio between the fuel and air,
the weight of the air must be known.
Since the fuel stock to be combusted
is known, the fuel weight will also be
known. However, due to the load of the
engine constantly changing, the air
weight is an unknown factor; therefore,
there must be a method to properly
weigh the air. With the fuel-injected
gasoline-based engine there will be
three basic methods used.

The first method is the Alpha-n
method in which the Throttle Position
Sensor (TPS) is the main sensor used.
This is where a look-up table for the
throttle-affected area is used to calcu-
late the air weight entering the engine.

The second method is the Speed
Density method in which the Mani-
fold Absolute Pressure (MAP) sensor is
the main sensor used. This is where a
look-up table for the absolute pressure
within the intake manifold is used to cal-
culate the air weight entering the engine.

The third method is the Mass Air
Flow Measurement method in which
the Mass Air Flow (MAF) sensor is
the main sensor used. This is where a
look-up table for the air entering the in-
duction system is used to calculate the
air weight entering the engine.

Why MAF?

In each of these methods an accurate air
weight can be calculated. Each of these
methods have advantages and disad-
vantages, but perhaps the MAF method
has the greatest advantages. When a
thermal measurement air flow device is
used, there is no altitude error, no signif-
icant moisture influence, no pulsation
error, fast response time, and no moving
parts. The fast response time from these
thermal measurement devices will still
have significant delay or latency. Addi-
tionally, it is hard to measure air flow in
unsteady conditions, such as during a

42 SEPTEMBER 2018 MOTORAGE.COM

@

Mass Air Flow Sensor

. 4 <
X
—— Temperature Hot
— I;‘;“;:::::'“ I:Hw
N F'I"'“ 2222200000000 2222222220002
Ir Flow
Bridge
Resistor P
. >
AMP
O
[ Bridge Bridge Um
Resistor Resistor
R2 R3
O

transitional event. Therefore, during an
acceleration, the engine control pro-
gram will not use the signal from these
thermal measurement devices.

When using these thermal mea-
surement devices, air weight is directly
measured by the sensor. This is accom-
plished using a sensor that is located
before the throttle plate (Figure 2). This
sensor must be located in front of the
throttle plate. If the sensor were located
after the throttle plate, the turbulent air
flow would have a negative effect on

the sensor’s output voltage, causing an
erratic output voltage that cannot be
used. Turbulent air is such a problem
that these sensors are equipped with
an inlet screen to allow the air moving
through the sensor to be straightened
before being measured. Some manu-
facturers show an MAF sensor located
behind the throttle plate. These sen-
sors are called out as MAF sensors in
the wiring diagrams and scan tool data
streams, but these are really MAP sen-
sors, because when the sensor is located
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behind the throttle plate the sensor is
based on the speed density method.

When troubleshooting fuel manage-
ment faults, it is important to identify
which air weight method is being used.
Each of these methods have different
effects on the fuel injection system.
For example, if you have a single ex-
haust with a restriction, these systems
would correct for this problem differ-
ently. The speed density system reads
the pressure (vacuum) within the in-
take manifold. The exhaust restriction
would cause the pressure to rise toward
atmospheric pressure under load. This
is interpreted by the Engine Control
Module (ECM) that the air weight en-
tering the engine is higher than what
is actually entering. Thus, the fuel trim
would move to a negative factor (tak-
ing away fuel). Using the MAF system
with this same problem would cause
the air flow to drop under load, which,
since the MAF sensor reads the direct
air flow into the engine, would read this
drop in air flow correctly. Thus, no fuel
trim factor would be utilized.

Now let’s change the problem to one
ofanairleak. If the speed density method
were used, the air actually entered the
engine dropping the intake pressure.
Since the air volume actually entered
the engine there would be no fuel trim
correction factor. If the MAF method
were used and an air leak were to let air
into the engine, this air would not be read
by the MAF sensor so the unmetered air
would have to be compensated for with
a positive fuel trim factor (adding fuel).
As you can see, these systems operate
differently from one another making it
imperative that you identify the system
correctly in order to accurately diagnose
the fuel injection system.

MAF construction and
operation

The MAF sensor can be constructed in
several different ways. The first MAF
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sensors were vane air flow sensors in
which a mechanical door was pushed
open by the air flow entering the engine.
The vane air flow sensor is based on the
equation for orifice flow, where the ki-
netic energy of the air flow is converted
to pressure energy at the vane. The vane
air door is connected to a potentiom-
eter, which sends an output voltage to
the ECM that is proportional to the door
movement, and the door movement is
proportional to the amount of air enter-
ing the engine, thus the air weight can be
correctly calculated. The problem with
this type sensor is that they are prone to
damage from high pressure waves such
as backfires.

Newer MAF sensors use an electrical
circuit based on a wind speed anemom-
eter (Figure 3). This is where a hot wire
or hot film device works on the basic
principle that the amount of electrical
power required to maintain the heated
element in a moving fluid stream at a
fixed temperature above the fluid tem-
perature is a direct function of the mass
air rate past the element. This principle
is based on convection. Convective heat
transfer is a mechanism of heat trans-
fer occurring due to the movement of
fluids, in this case the fluid is air. The
heated element is hotter than the sur-
rounding air so when cooler air moves
past the hot element, the heat is trans-
ferred into the cooler air, being carried
and dispersed by the air flow.

This may sound complicated but
you already understand this principal
in the effect of wind chill. Your body
temperature is hotter than the sur-
rounding air temperature. If the air is
not moving, there are not as many air
molecules coming in contact with your
body. Each air molecule that is colder
and comes in contact with your body
will take heat on. The more molecules
that come into contact with your body,
the greater the heat transfer. If the air
flow has a higher velocity, then more air
molecules will come into contact with
your body, allowing more heat energy
to be removed from your body.

Now in place of your body put the
electric heating element. If the heating
element is hotter than the surround-
ing air, the heat will be transferred into
the air molecules. Each air molecule
that comes in contact with the heated
element removes heat from it. If the
velocity of the air is increased, then
more molecules come in contact with
the heated element, which will remove
more heat from the element. In the en-
gine compartment the air temperature
can be greater than 250°F. This means
the heating element or hot wire will
need to be hotter than its surround-
ings so the transfer of heat can be made
from the hot wire to the air flow.

These heated elements will be kept
ata constant temperature that, depend-
ing on the heating element type used,
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will be approximately 425°F to 450°F. This is accomplished
with a bridge circuit from a platinum hot wire-type element
as shown in Figure 3. The platinum hot wire is very thin (ap-
proximately .0027 inch in diameter) so it can obtain a rapid
heat transfer that will help limit the transient delay from the
sensor. The bridge circuit is designed so that the heating
element is kept at a constant temperature regardless of the
air flow across it. When the air flow is increased, removing
more heat from the heating element, the resistance of the wire
drops. This causes the bridge circuit to become out of balance
where the amplifier supplies more current to the circuit in
order to keep the temperature consistent. Depending on the
air flow, the bridge circuit supplies 500 mA to 1500 mA to the
heating circuit. Since the air flow is responsible for removing
the heat from the heating element, the current will be propor-
tional to the air flowing across it. This current will be read
as a voltage drop across precision resistor R3. This voltage
drop across R3 will be read by the ECU and converted from
voltage to air weight in a transfer function table (Figure 4).
When this table is calibrated by the manufacturer, the engine
head and complete induction system, including the air filter,
isused. This assembly is then put on a flow bench where air is
allowed to flow through the induction system at different flow
rates. The voltage output from the MAF sensor is written into
alookup table and then matched with the air flow weight that
was present through the MAF sensor and induction system.
When the engine is running, the ECU looks up the voltage
that is being produced from the MAF sensor and converts it
to actual air weight. This method allows an accurate way to
normalize the voltage reading to an actual air weight reading.

The density of air changes with temperature change, thus
the temperature must be compensated for. This is accom-
plished with a temperature compensation resistor (Rk). The
temperature compensation resistor has a resistance of 500

ohms, so very little current will flow through this bridge leg as
compared to the heating element bridge leg. The temperature
compensation resistor will be made out of the same material
as the hot wire: platinum. However, the temperature com-
pensation resistor will be configured out of platinum-film
and will be located close to the heating element. During pro-
duction there are variances within the bridge circuit that will
require calibration. Resistor R1 will be used to compensate for
the temperature compensation circuit and is laser trimmed to
provide means to calibrate the temperature circuit. Resistor
R2 will be used to compensate the bridge circuit and is laser
trimmed to provide means to calibrate the bridge circuit.
Since this sensor is basically a velocity sensor, the air
speed is critical and is controlled by the sensor housing bore
diameter. This bore diameter is engineered for the liter size
of the engine that will be used. This is why a manufacturer
can use the same electronic sensor on a 4, 6, 8, and 10-cyl-
inder engine. All that will be needed is to change the sensor
housing bore diameter so that the air velocity is the same on
each engine. For example, on a 4-cylinder engine the bore
diameter will be smaller than that on an 8-cylinder engine.
This method saves the manufacturer from having to pro-
duce a different electronic sensor for each different engine
type. Beware that someone can put the wrong sensor on the
engine. For example, an 8-cylinder MAF can be installed on
a 6-cylinder engine. Now the air flow velocity will be slower,
allowing the MAF sensor to produce less output voltage. Thus
the voltage read from the MAF sensor and used to convert the
air flow weight on the transfer function table will be incorrect.
When this happens the fuel trim will compensate with a pos-
itive fuel trim factor that will be linear from idle, to light load,
to full throttle (Figure 5). (Note: the positive fuel trim factor is
21 percent across the engine loads). To verify this problem a
Volumetric Efficiency (V.E.) test will need to be run.

SEARCHAUTOPARTS.COM VOL.137.09 47
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Volumetric Efficiency

A volumetric efficiency test is the best
way to test the MAF sensor. The ECM
takes the voltage produced from the
MAF sensor and then normalizes it
to an air flow weight that is used to
run the engine. This MAF air weight is
available on the scan tool data stream.
If the Engine Liter Size, Revolution Per
Minute (RPM), Barometric Pressure
(BARO), Air Temperature (AT) and
MAF air weight are known, then a cal-
culation can be made to estimate the
correct air flow to the engine. For ex-
ample, if a 4.4-liter engine turned two
revolutions and pumped 100 percent
of the volume, it would move 4.4 liters
of air. However, other factors come into
play such as the BARO, AT, RPM and
the actual engine flow efficiency. These
factors will reduce the V.E. from the nat-
urally aspirated engine where (at sea
level, at 70°F AT) they are only about 89
percent efficient. Once these factors are
known, a very accurate engine model
calculation can be made.

A V.E. test is then run (Figure 6) on
the same engine that is shown in Figure
5. This V.E. test shows the actual MAF
reading in yellow and an engine model
(V.E.) shown in red. This shows the ac-
tual air weight is low by 21 percent, and
this is the same amount as the fuel trim
correction factor. Remember the ECU
reads the air weight first and then bases
its fuel ratio calculation on this air read-
ing. If the air weight is incorrect, then
the fuel delivery rate will be incorrect
as well. The fuel trim factor will need
to make up for the incorrect air reading
that was made by the MAF sensor. This
is why the V.E. test shows 21 percent
low, and a fuel trim correction factor
of 21 percent corrects the air weight.
This is accomplished by the fuel trim
correction factor multiplying the actual
air weight reading, and thus corrects
for the incorrect air weight.

The output voltage from the sen-
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when a digital
frequency is
used, the trans-
fer function
table is built
using frequency
instead of volt-
age). In Figure
5, a snap throt-
tle event from a
voltage output MAF sensor has been
recorded on an oscilloscope. During a

snap throttle event, a high air flow rate
can be obtained due to the pressure dif-
ferential that is created from a closed
throttle plate at idle. When the throttle
plate is snapped open, the inrush of
air into the engine can be measured
as shown in Figure 7 (Note: if a Drive
By Wire system is used, this may not
open the throttle plate to Wide Open
Throttle (WOT). This inrush can be
seen as point B, this is the maximum
voltage output from the MAF sensor
during the snap throttle event. Use the
scope’s cursors and make a measure-
ment on the voltage waveform from the
idle (point A) to WOT (point B). This is
the voltage difference produced from
the MAF sensor. This voltage change
should be greater than 2.5 volts, which
is half of the 5-volt supply to the sensor.

When the engineering team pro-
duces the MAF sensor they want
enough voltage change with which to
calibrate the engine. This voltage out-
put from the sensor is broken down
into increments that will represent the
air flow from the engine. Depending
on the engine type, if the engine went
from idle to full load, the air flow may
change 250 Grams Per Second (GPS).
The greater the MAF voltage change
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the more points can be used to cali-
brate this air flow. If a 5-volt power
supply is used, the calibration team
will want at least half of the power
supplied to the MAF sensor for cal-
ibration purposes. This means the
minimum voltage change during this
snap throttle event should be greater
than 2.5 volts. We can change the MAF
sensor on the engine from Figure 7 so
the minimum voltage change is now
2.75 volts, instead of the 2.33 volts.
This new MAF sensor’s higher volt-
age output now matches the transfer
function table in the ECM, thus fixing
the fuel trim DTC's. During your day,
take known good vehicles and snap
test the MAF sensor on your scope.
Keep the recording of this voltage
change for future diagnostics. Just a
little knowledge on how these MAF
sensors operate will provide you with
an easy diagnosis on your next MAF
sensor engine problem. Z

BERNIE THOMPSON is
an automotive diagnostician
and trainer, and co-founder
of Automotive Test Solutions
in Albuquerque, N.M. He is
an expert at diagnostics and
repair strategy and designs award-winning
diagnostic tools and software for the
automotive industry.
sales@automotivetestsolutions.com
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DAVE MACHCOLZ // Contributing Editor

ndercar service, diagnostics and repair have be-
come more complex with advancements in ve-
hicle weight reduction. Technicians will need to
be aware of industry standard equipment and
best practices in order to correctly perform these services.
Understanding how to build this equipment into a shop’s
business model could also provide a new revenue stream for
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shop owners. Tire, wheel and brake service as well as noise
vibration and harshness (NVH) diagnostics are great starting
points when considering an upgrade to your current under-
car service offerings.

If you haven't already noticed, every vehicle manufacturer
is working to make their vehicles lighter in order to improve
overall fuel economy and emissions. With the move towards
light weighting, every possible method for weight reduc-
tion is in play. The effect this has had on undercar service

PHOTOS: DAVE MACHCOLZ
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is that every vibration is now amplified
through the lighter-weight components
that have an inherent ability to carry
vibration frequencies from the road
to the driver. Today’s undercar ser-
vice technician has to be aware of all
areas of noise, vibration and harshness
(NVH). Jobs such as tire replacement,
wheel balancing, alignment and rotor
machining have all become complex
due to vibration concerns and require
technicians and shop owners to raise
their level of awareness, understand-
ing and tooling to stay current. Addi-
tionally, vibrations that can’t be easily
pinpointed will require the technician
to have a fundamental understanding
of NVH diagnostics.

Tire mounting

In an effort to make wheel assemblies
lighter, many manufacturers have
moved to plastic cladded wheels to de-
crease overall wheel assembly weight.
Wheel designs have also added ex-
pense with some European varieties
priced at over $2,000. What this means
for you is that the old center clamp tire
machine is ready for the scrap pile or a
sale or donation to a restoration shop.
It also means that a job that was rela-
tively straightforward in the past now
comes with additional complications.
How many scratched or damaged Audi
wheels can your shop support? I think
you get the idea.

In order to perform tire mounting,
shops now have several choices. The
firstis to send tire work to the tire shop
down the street. The second is to be
the shop down the street. While new,
non-contact tire machines may appear
expensive, forward-thinking shops
have realized that this new equipment
can help to establish them as a go-to for
tire replacement and ultimately turn
tire service into a profit center for their
business. As an example, the Hunter
Revolution tire changer is claimed to
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NON-CONTACT TIRE CHANGERS such as the Hunter Revolution provide an automated,

efficient mounting process.

be a fully-automatic tire machine de-
signed for its ease of use and built-in
efficiency. Once the technician sets
the first tire up on the machine, a task
that requires no lifting, the technician
can walk away from the subsequent
tire dismounts and let the machine do
the work. While this is happening, the
technician can spend his or her time
at the wheel balancer. Hunter.com
claims that this machine can save the
technician 25 percent or more time as
compared to traditional tire machines.
Additionally, the leverless design of this
machine allows for mounting and dis-
mounting without tool contact with the
wheel, preventing costly wheel repairs.

Wheel balancing

Growing up in auto shops we were all
familiar with the concepts of static and
dynamic balancing. However, balancing
does not always ensure that a vehicle’s
tire will roll smoothly over the road.
With the vibration concerns on today’s
vehicles, NVH from the force the road
applies to a tire needs to be examined.
This can only be accomplished by ap-

plying a force to the tire during the over-
all wheel balancing process. This pro-
cess will inform the technician as to the
overall ability of the tire to roll smoothly
over the road and ensure the car will

ride like it was intended to from the fac-
tory. To perform this function, a shop
will need to possess a balancer with a
road force drum. In many instances,
the road force process will instruct the
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NEW ALIGNERS WILL NEED to have limited contact with the wheel, which also

speeds up mounting sensors.

technician to reposition the tire on the
wheel assembly, provide suggested lo-
cations for weight placement to com-
pensate for imperfect tires and in some
cases may inform the technician that a
tire is severely out of spec and will need
replacement. If your shop is performing
an extensive amount of tire and wheel
service, this machine may soon become
anecessity if it has not already.

Alignment

Wheel alignment has also evolved with
the light-weighting trend as new wheel
assemblies require equipment that can-
not make contact with the rim. In addi-
tion to the wheel alignments we are all
familiar with, Hunter has patented a
second alignment: Safety System Align-
ment. This addition to Hunter’s align-
ment software was designed to address
the need for additional procedures
following a wheel alignment, including
calibration of steering angle sensors,
camera-based lane detection systems,
radar-based object detection and other
future technologies. Utilizing their pat-
ented CodeLink technology previously
utilized to reset steering angle sensors
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HUNTER’S CODELINK INTERFACE
provides support for new aligner features
that address ADAS issues.

=PRO-CUT

ROTOR MATCHING SYSTEMS

TRAINING AND CERTIFICATIONS ARE AVAILABLE through organizations such as the
National Coalition of Certification Centers.

and a set of proprietary aids and tar-
gets, Hunter has created the ability to
perform advanced functions on Ford,
Lincoln, Chrysler, Dodge, Jeep, Nissan
and Infiniti vehicles with more in devel-
opment. While not directly an alignment
function, these tasks are becoming a
part of the job for many vehicles.

Brake service

The days of the off-car brake lathe are
behind us. In order to address vibra-
tion concerns caused by excessive
rotor runout, the stacked tolerances of
the hub and rotor have to be taken into
consideration. This has brought com-
panies such as Pro-Cut International
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to the forefront of brake service within
the dealership arena and they are start-
ing to make their way into independ-
ent shops. The on-car brake lathe has
evolved drastically from the early ver-
sions we all remember. Set up and use
is very simple and will allow a techni-
cian to cut four rotors in approximately
20 minutes or less. Consider the math:
If you were to perform a brake service
and are charging a customer for a rotor,
alarge part of the money paid to you by
the customer will be going to the parts
warehouse and not to your bottom line.
On-car machining offers a way of offer-
ing a brake service that is potentially
more profitable than replacing rotors.
The knock on the on-car machining
process is that many rotors are already
too thin to machine. While this can at
times be true, the on-car process is also
suggested when installing new rotors
on a vehicle to ensure a machined sur-
face that will reduce the frequency of
vibration comeback complaints after
brake service.

NVH diagnostics

Oftentimes a vibration cannot be eas-
ily located. You may be familiar with
the “Chassis Ear” system that has been
around for decades. Perhaps you re-
member the reed tachometer or the
EVA? This equipment was taught for
quite some time by the domestic OE
manufacturers and oftentimes the inde-
pendent shops were on the outside look-
ing in when it came to this type of diag-
nostics. Additionally, the technician had
to know the science behind matching a
vibration frequency to a given system,
which provided a steep learning curve,
especiallywithout access to some of the
proprietary curriculum.

Recently, vibration software and
hardware that interfaces with PC
based oscilloscopes has been intro-
duced as a factory tool by OEs such
as General Motors. PICO Diagnostics
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OE MANUFACTURERS HAVE LED THE
WAY in NVH diagnostics — pictured here is a
Pico developed for GM for NVH Diagnostics.

now offers a scope diagnostic solution
that is available to the public for pur-
chase. This hardware and software
works with your existing four-channel
PICO scope model 4425 and contains
a microphone and accelerometer for
monitoring noise and vibration levels
and frequencies. Advanced kits are
also available and contain additional
microphones and accelerometers. The
beauty of this system is that the diag-
nostic software helps the technician
to identify the source of the vibration
without a tremendous amount of ex-
perience and/or prior knowledge of
NVH diagnostics. According to Pico,
the NVH kit can be used to diagnose
cabin vibrations at speed, engine vibra-
tions throughout the entire RPM range,
clutch judder or vibration, transmis-
sion and bearing whine, transfer case
noise, brake judder and steering vi-
brations. If you are a Pico 4425 owner,
the NVH add-on kit starts at around
$1,700, which includes the basic kit to
get you started with diagnosing diffi-
cult vibration and noise concerns.

If you have ever encountered a
driveline vibration caused by a an
out-of-balance driveshaft, you may

PICO OFFERS an interface and software
for NVH diagnostics.

PICO OFFERS AN OPTIONAL
OPTICAL SENSOR for diagnosing and
balancing out-of-balance driveshafts.

have had to pull the driveshaft and
send it to a driveshaft shop to have it
balanced — or in some cases charge
your customer a small fortune to re-
place it. Pico has a solution for this
type of diagnostics and repair in the
form of an optional NVH kit add-on in
the form of an optical sensor. In this
kit, the optical sensor is attached to a
robust magnet that will help to keep
the sensor in place while diagnosing a
driveshaft vibration. A technician can
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then diagnose and balance the driveshaft in place and view
before and after graphs of the optical signal. This is consid-
erably cheaper and more cost effective in many cases than
replacing or sending out a driveshaft for balancing. This kit
is available starting around $400.

Certifications

The learning curve in our industry for both seasoned and new
technicians is immense. Fortunately, training is available and
in the case of some of the pieces of equipment we have cov-
ered here, certifications are available as well. For example,
Hunter.com features a variety of training options, including
e-learning and videos for those getting started with Hunter’s
equipment. For those who prefer a live classroom environ-
ment, Hunter offers certification classes across the country in
alignment and road force balancing. High school and college
automotive programs can now offer certifications on Hunter
equipment usage providing a recognizable credential.

Meaningful certification has become a topic that has
not gone unnoticed by industry. The National Coalition of
Certification Centers, known as “NC3,” has established part-
nerships with Snap-on, Pro-Cut International and Starrett
to offer a variety of certifications for the automotive sector.
These certifications include precision measurement, torque,
multimeter, diagnostics, wheel service and alignment and
master rotor machining. These certifications are avail-
able through secondary and post-secondary NC3 affiliate
schools, which offer the certification as either a part of a
full-time program or through continuing education events
for the local automotive community. In order to gain cer-
tification, the student must participate in the course and
demonstrate an understanding and competency in using
the equipment and performing related tasks. For more in-
formation on how to gain these certifications please visit
www.nc3.net for a list of member schools.

Training on Pico scopes and NVH are not as readily avail-
able. However, picoauto.com provides a wealth of information
and resources for the dedicated learner including some fan-
tastic case study videos of the NVH product in use.

As with any new technology, be prepared to spend some
time doing your homework. Be informed, get training and
gain the knowledge you need to perform these services while
adding a new revenue stream to your business. I

DAVE MACHOLZ is an instructor for the Toyota
T-TEN, Honda PACT and general automotive
programs at Suffolk County Community College in
Selden, N.Y. He is an ASE CMAT and L1 technician
and holds a New York State teaching certification in
vehicle repair. liautotraining@gmail.com
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ENGINE MECHANICAL

TESTING USING AN
IN-CYLINDER PRESSURE
TRANSDUCER

LET'S EXPLORE THE BENEFITS OF PERFORMING IN-CYLINDER PRESSURE TESTING

ANALYSIS USING A PRESSURE TRANSDUCER

SCOT MANNA // Contributing Editor

n “Engine mechanical testing: Good, better and best,”

June 2018, I shared two fundamental engine mechanical

tests performed with a scope: cranking relative compres-

sion and cranking intake vacuum. So today, let's take it
one step further.

Please keep in mind that the goal of all of these engine me-
chanical tests is to determine not only whether or not there
is a mechanical problem present but to also determine what
the problem is without engine teardown for visual inspection,
which is very time consuming and may yield a situation where
the car owner may bail out on the repair — but now the vehicle
can no longer be operated unless the engine is reassembled.
I'm sure many of us have been down this road, and it is one
like to avoid.

First let me categorize the types of problems that may be
present before testing begins and the problems that will be
uncovered with these tests. Modern engines can suffer from
any of the following problems: cylinder sealing issues causing
compression loss, incorrect valve timing from failed cam drive
systems, incorrect ignition timing, shifted or out-of-sync engine
rotation sensor signals, intake path restrictions, exhaust path
restrictions and bank-to-bank breathing issues — all of which
can be traced down using these tests. While I have documen-
tation on all of these issues and I could fill a small textbook
with all this information, it is beyond the scope of this article to
discuss each problem in detail. It is my intention to whet your
appetite so you'll invest in the tools needed to perform these
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A FOUR-CYLINDER HONDA ENGINE set up to perform in-
cylinder pressure transducer testing. A Pico WPS500 transducer

is connected to cylinder #4. Many various transducers are available
from different companies, but this transducer does not require power
supplied by the scope so it can be used with any scope and will
produce very good waveforms.

tests and begin using them in your diagnostic routine. There
are many excellent training classes on this subject and further
research will be required to become proficient with this testing,
but we must start somewhere so let’s get started now.

Start at the beginning

To begin, you must have a scope and pressure transducer along
with an assortment of compression test hoses for the different
spark plugs used in the many engines found in the marketplace.
The first item to be aware of is there cannot be a Schrader valve

PHOTOS: SCOT MANNA
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NORMAL CRANKING COMPRESSION WAVEFORM FROM A
4-CYL HONDA ENGINE. Remember to disregard the first and last
pulse. The Pico scope can scale to pressure when you select a pressure
transducer, but keep in mind the pressure transducer outputs a voltage
and this transducer would output 1 volt per 100psi so another scope
would display 1.75 volts. The range is 0-500 psi for this transducer.

in the test hose when using a transducer! If you have a gauge-
style compression test kit with a hose assortment, you can use
these hoses, but be sure to remove the Schrader valve when us-
ing a transducer. The Schrader valve is the reason a mechanical
gauge builds pressure and shows compression puffs or pulses,
but this is not how pressure builds in the cylinder and you will
see that the pressure pulses shown on a scope are all the same
on a normal engine during cranking.

We will not pay too much attention to the first or last pulse
in a transducer generated compression waveform because
you don’t know where the piston was when the engine began
to crank or stops turning. If cranking pressure peaks are vary-
ing during the test we have already uncovered a problem and
one that a conventional gauge will never be able to show us!
The sequence of in-cylinder pressure testing should be a
cranking test first, then a running test with a snap throttle
event to allow analysis of the various problems mentioned
above. You must prevent the engine from starting during your
cranking tests, preferably by removing fuel. Scoping the igni-
tion event will also be needed during certain tests.

Two cranking pressure waveforms will be shown to il-
lustrate a normal waveform and a problem vehicle. The first
waveform shows normal compression pressure from the 4-cyl
Honda engine shown in Figure 1. Notice the first compression
event is low due to the piston being somewhere above bottom
dead center when the engine began to crank, but all of the sub-
sequent compression events are at the same pressure of 175psi
(Figure 2). This engine had a leaking exhaust valve in cylinder
#2 and when tested, the cranking compression was only 149psi
— below the 15 percent variance that would be considered a
max variance on an OBDII vehicle with misfire detection.
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THIS CRANKING COMPRESSION WAVEFORM SHOWS the
first two pulses at 165psi, the third pulse at 75psi and all remaining puls-
es at 4psi. A broken valve spring is the culprit. Because a gauge-style
compression tester uses a hose with a Schrader valve, which traps pres-
sure, the gauge showed about the same value as the other cylinders.
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THIS IGNITION TIMING RELATIONSHIP WAVEFORM WAS
CAPTURED on a 3.3 V6 Toyota during a mild brake torque. The
scope rotational rulers are used to measure the ignition signal and
show the ignition pulse in blue occurring 14 ATDC. This means the
timing is retarded about 22 degrees because the scan tool timing PID
was reading 8 degrees BTDC.
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THIS CRANKING COMPRESSION TEST from a 2.0 VW engine
looks odd with what looks like a double compression event. The
waveform will be zoomed in for a closer look.

The next waveform shows several good compression
pulses and then a complete loss of cylinder compression (Fig-
ure 3). This 5.3 V8 GM truck engine had a cylinder #3 misfire.
A compression test was performed with a gauge, and the tech
said the compression was the same on all cylinders on that
bank. This is the same truck discussed in my June article and
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THIS IS THE CLASSIC WAVEFORM for what should be called an
exhaust path restriction. Pressure on the exhaust stroke should be the
same as atmospheric pressure, which would be the zero point on the
waveform scale. This was caused by an advanced exhaust cam and it
prevented the engine from starting.

the problem was a broken valve spring. This problem would
not escape the cranking compression test done with a trans-
ducer! If the engine is cranked over for at least 10 seconds and
the compression peaks are varying more than a few psi, then
valve sealing issues are likely present.

Timing is everything

The next item I'd like to mention is timing — both ignition and
valve timing. Many technicians today do not have a quick and
reliable way to verify timing on most engines. Ignition timing
marks are mostly a thing of the past and few techs have a work-
ing timing light. If a car comes in as a cranking no-start or lack
of power, how does one eliminate a timing problem as the issue
and do it quickly? The answer is to compare the ignition event
to an in-cylinder pressure event of the same cylinder using two
scope channels and a pressure transducer (Figure 4).

Irecently looked at a 2004 Toyota Highlander 3.3 V6 that
another shop was struggling with diagnosing a lack of power
complaint. When test driven, the vehicle seemed like it was
starting off in third gear, but the transmission had no codes
and was shifting through the gears. Wondering about a possi-
ble torque converter problem, I decided to make sure that the
timing was correct on the engine and found the problem. The
timing was severely retarded due to a grooved-out crankshaft
timing belt sprocket, which also has the crank sensor trigger
wheel cast into the sprocket. This technique has uncovered
many similar problems and is a simple test to verify a very
important relationship that is all too often taken for granted
because timingis no longer adjustable.

Some readers may think this is advanced diagnostic testing
and would only be used in rare cases, but nothing could be fur-
ther from the truth. A nearby shop towed over a 2010 VW CC
they were stuck on. Considerable time had been spent trying to
diagnose a cranking no-start on this 2.0, GDI turbo engine with
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NORMAL RUNNING COMPRESSION WAVEFORM WITH
CALLOUTS. The blue arrows represent the direction of piston travel
through the 4-stroke cycle. Valve overlap occurs in the area of the
360-degree ruler on the screen.
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RUNNING COMPRESSION WAVEFORM FROM CYLINDER
#1 on a 2010 Dodge Challenger 5.7 Hemi engine. This is a normal
pattern from a good cylinder comparing in-cylinder compression to
running vacuum from a Sen-X Technologies First Look transducer.
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RUNNING COMPRESSION AND VACUUM WAVEFORM
FROM THE MISFIRING CYLINDER # 3 on the 2010 Dodge Chal-
lenger. Note the exhaust pressure pulse and vertical rise in the vacuum
waveform and their relationship to each other as highlighted.
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no answers. After verifying a few basics, a cranking in-cylinder
waveform was captured and analyzed. The waveform quickly
pointed out what I will call an exhaust path restriction (Figure
5). The scope rulers are showing the 4-stroke cycle and there is
a high-pressure pulse at the point where the exhaust stroke is
ending and the intake stroke is beginning that measures 117 PSI
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(Figure 6). This is caused by the exhaust cam being advanced
nearly 90 degrees due to a jumped timing chain. I will point
out that older engines that jumped time usually resulted in re-
tarded camshafts, but today’s engine with their complex cam-
shaft drive mechanisms can have cams that jump and end up
advanced or retarded. Exhaust cams that are out of time have
very little effect on cylinder compression. When an intake cam
is out of time there will be a large effect on compression; re-
tarded cams will lower compression and advanced cams will
raise compression. When checking any V-style or opposed en-
gine with two banks, if one bank has different compression than
the other you should immediately suspect camshaft timing.
Advanced intake cams are why an engine can have too much
compression, if the measured compression is above specifica-
tions suspect an advanced intake cam possibly from incorrect
installation, ajumped chain or frozen cam phaser assembly.
If this exhaust pressure pulse was seen on only one cylin-
der expect a worn-down cam lobe or plugged exhaust man-
ifold runner. A clogged catalytic converter could produce a
similar waveform, but expect the pressure rise to begin earlier
due to the transducer seeing the pressure in the manifold as
soon as the exhaust valve opens. I will mention here that some
late-model DOHC engines that phase both camshafts may
have no valve overlap when the cams are not phased and can
produce a pressure pulse at the end of the exhaust stroke and
this can be normal. It should be clear that an in-cylinder pres-
sure test is an excellent way to measure exhaust backpres-
sure! It is almost always easier to remove a spark plug than to
take out an oxygen sensor to measure exhaust backpressure.

On to running compression

Everything to this point has been cranking tests, but once we
start the engine there is quite a bit more information presented.
Let’s take alook at a running compression waveform and point
out what it is showing us. We will look at the basic 4-stroke
cycle (Figure 7) starting with the power stroke and continuing
from there. Remember that we are viewing the change in cylin-
der pressure as the piston is pulled up and down in the cylinder
by the crankshaft, there is no combustion in the cylinder so we
call the first event the expansion stroke, not a power stroke.
There are two basic reasons the pressure changes in the dis-
played waveform: the piston changes direction or a valve event
occurred (valve opens or closes). Once you understand the
basic 4-stroke cycle and what the waveform represents some
pretty powerful diagnostics can be generated.

The next waveform was captured on a 2010 Dodge Chal-
lenger with a misfire code complaint and a slight tick from
the engine. The scan tool would show some misfire counts
on cylinder #3 and sometimes there were none. Relative com-
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THE WORN EXHAUST CAM LOBE IS THE SECOND FROM
THE LEFT IN THIS PICTURE.
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RELATIVE COMPRESSION TEST FROM THE 2011 DODGE
RAM 5.7 HEMI ENGINE. Cylinder #1 has the highest peak. Com-
pression is not the problem, right?

B2 alilv= -Dlllclne o)< om o DO SR A 9N I F
oo o . =1* - ks * "y
x
Cyknder pressure resches
338 psi duning a WOT snap
on#3 Gyl
—
—
.

LLLLLLLERLLRRLLERRRELCLACRMM AL O ERLLELERE .

i’é'w‘ﬂ" ® . RIS DIEST
RUNNING COMPRESSION TEST FROM CYLINDER #3 with a
throttle snap is shown. This is a known good cylinder.

] P ) et 2 Comnt Lot 03

fa » @ - o L oL BN LRI

P | | E_‘ : TR N— |

b | | s e |
I I I |
| | I 1
| | | 1
I 1 1 1
| I | 1
| 1 | 1
I | | 1
| | | 1
| | | ke vahe coses i
| I | 4% degrees AD
| | | - .
I I I .
I [} I T
I TR [ MELRRCLY (RTIETORN 1
| - I g S 1
| | | I
| I | |

= . | | b

jrn

e b [ g Been - B 6 - N[ ) e, 23 ot Z3 Chonmatiabot 23

THIS ZOOMED CAPTURE OF A CRANKING COMPRESSION
TEST FROM CYLINDER #3 is measuring the point of intake valve
closing, which occurs on the compression stroke.



pression and cranking vacuum tests looked normal. There was
very little fuel trim correction so it did not appear to be injector
related. It was decided to do an in-cylinder test after noticing
an abnormality in the running vacuum waveform. Itis always
a good idea to capture a waveform from a known good cylin-
der to compare to a problem cylinder. After testing cylinder #1
(Figure 8) the transducer was moved to the problem cylinder.
The cylinder #1 waveform shows a pressure rise in the vac-
uum waveform that s just in front of the compression peak; this
would be the vacuum event for cylinder #3. When the transducer
is connected to cylinder #3 the problem is obvious (Figure 9).
The waveform shows the vacuum pressure rise lines up with
where the intake valve opens. The in-cylinder waveform shows
a 23psi pressure pulse at the end of the exhaust stroke, which is
not normal. When the intake valve opens, this trapped pressure
isreleased into the intake manifold and can be seen with the in-
take pressure transducer. The waveform cursors are measuring
the difference between exhaust valve opening and closing at 168
degrees, way below what normal duration would be on a cam
lobe in a Hemi! This engine has a worn-out exhaust cam lobe on
cylinder #3 and needs a cam and lifters. You can see the damage
from the picture (Figure 10) of the camshaft after removal.

Another Hemi misfire resolved

The next problem vehicle is a 2011 Dodge Ram pick-up with
another 5.7 Hemi engine. This truck idles fine but misfires un-
der hard acceleration. Normal parts replacement has failed to
rectify the problem — spark plug, ignition coil and fuel injector
were all tried to no avail. The truck is driven and only cylinder
#1 misfires under load. A relative compression test shows cyl-
inder #1 has slightly higher compression (Figure 11).

After seeing a higher compression event for cylinder #1
and knowing this is the problem cylinder a running compres-
sion test is performed. The result is quite revealing. A good
cylinder (Figure 12) will be compared to the problem cylinder.

The good cylinder shows a compression peak during a snap
throttle application reaching over 330 PSI and the intake valve
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RUNNING COMPRESSION TEST FROM THE PROBLEM CYL-
INDER showing lower peak compression during a throttle snap.
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closing at 45 degrees after bottom dead center (Figure 13). Com-
paring the same test from cylinder #1 shows peak compression
during a snap at only 287 PSI (Figure 14) and the intake valve
closing at 20 degrees after bottom dead center.

The early intake valve closing and reduced peak cylinder
pressure during a snap throttle illustrate a worn intake cam-
shaft lobe causing an intake path restriction. Cylinder pres-
sure is a function of airflow and the effective compression
ratio, which is determined by the point at which the intake
valve closes so that pressure can be built. When an intake
valve closes earlier than normal, the effective compression
ratio increases and will cause higher compression values. It
must be clear at this point that engine mechanical problems
cannot escape detection when using the tests performed in
this article. Once these tests are mastered your accuracy in
determining engine mechanical problems will be spot on
without requiring engine disassembly. IZ

SCOT MANNA is the owner of MB Automotive
Inc. He is a contract trainer for the State of lllinois
Emission Program, WORLDPAC and Autowares.
He is ASE Master Certified with L-1 and L-2.
scotmanna@sbcglobal.net
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TURNING OUR
ATTENTION TO WINTER

WITH FALL UPON US AND WINTER NOT FAR BEHIND, IT'S TIME TO HELP
OUR CUSTOMERS PREPARE FOR THE COLD!

PETE MEIER // Technical Editor

ust as the heat of summer brings
us unique service opportunities,
so does the approach of Old
Man Winter — especially if you
live in the Snow Belt! Even if you live in a
part of the country where the difference
between summer and winter is hardly
noticeable, you can still use this time of
year to market important maintenance
services to your customer. And while I
think that these system inspections are
something we should all be doing year-
round, they tend to lend themselves to
special attention in the minds of our
customers when the mercury in the
thermometer begins to dip.

Cooling system check — belts
and hoses

The cooling system is one that seems
to be more on the mind of consumers
in the winter than the summer. It's easy
to understand why — the first time the
cabin won't warm up is almost as bad as
the first time it won’t cool down when
it's hot outside! Interesting how our
customers are so keen on cabin com-
fort, even when we recommend much
needed work on their vehicle’s safety
systems, isn't it?

Begin by performing an overall in-
spection of the cooling system compo-
nents. Inspect the level of coolant in the
recovery bottle and note its condition.
If the level is low, inspect for signs of
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THE “PK” NUMBER (CIRCLED) IS A STANDARD METRIC DESIGNATION FOR
BELTS that can help you select the correct replacement when you're stuck. The first number
(B) is the number of ribs, “PK” means metric, and the last number (1256) is the “effective” length

(not the actual outside circumference).

leakage. Even small leaks can lead to
air in the system, and that can lead to
premature depletion of the coolant’s ad-
ditives and system component damage.
Keep in mind, too, that the leak may
be internal, so no signs on the outside
doesn't mean a leak doesn't exist!

Let's inspect the accessory drive belt
next, since in many cases it drives the
all-important water pump. Since nearly
every belt today is made with EPDM
and can be worn out well before you
see any visual indications, you'll need
abelt wear gauge to perform this check.

The tools vary depending on who
makes them, but the objective is the
same. As an EPDM belt wears, the ribs
become narrower and the grooves
wider. This wear pattern allows the
belt to fit more closely to the pulley
and that’s not a good thing. As the belt
moves in, the gap between the belt and
the pulley that allows a path for water

to escape decreases to the point that
the belt can actually hydroplane when
operated in wet weather. Additionally,
the wider spacing in the grooves re-
duces the interference friction that
keeps the belt from slipping. A slip-
ping belt may not make noise but will
operate hotter than normal. This extra
heat is passed on to the components
that the belt drives, leading to accel-
erated wear and premature failure in
their own pulley bearings.

If you don’t already have one of
these wear gauges in your toolbox,
check with your parts suppliers. If that
fails, you can always reach out directly
to any of the major belt manufacturers
for one. For more tips on checking and
servicing belt issues, check out our
Trainer video on the subject at https://
youtu.be/71toy_rpUDbA.

On to the hoses. The biggest cause
of cooling system hose wear is electro-

PHOTOS: PETE MEIER
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chemical degradation, or ECD, and it’s
not easy to detect. ECD attacks the rub-
ber from within and is caused by the
acids developed in coolant over time.
Check the hoses by squeezing them
between your thumb and forefinger.
The hoses should feel soft and pliable.
If they feel tight or crunchy, they may
require replacement. Take a close look
at the hose connections, looking for
signs of softness, bulging (especially
when the system is under pressure), or
cracks that could be signs of damage
caused by ECD or age.

Even if the hose appears to be OK,
a good rule of thumb is to recommend
hose replacement when a hose is over
five years old.

Cooling system check —
coolants

Coolant can last a long time if main-
tained. Look at our HD cousins as an
example. Class 8 trucks routinely go
400,000 miles or more on a single cool-
ant service. The difference? The health of
the additives included in the coolant is
checked and maintained regularly!

These additives play important
roles. Some work hard to delay the
degradation of the coolant, preventing
acidic decomposition by-products from
entering the system. Others provide
lubrication for cooling system compo-
nents and seals, while others protect
against corrosion. In the automotive
sector, we don't test for these additives
specifically but we can perform a few
simple tests that will allow us to gauge
the condition of the coolant overall so
that it can be replaced if these additives
are depleted prematurely.

And that happens more than you
may think. A smallleak that slowly de-
pletes the coolant recovery tank may
be refilled with tap water, diluting the
mix and introducing contaminants in
the system. A cylinder head gasket leak,
even though it isn't causing a drivabil-
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TO ACCURATELY MEASURE the mixture ratio of the coolant, use a refractometer. Test
strips are also available to help you gauge the coolant ratio.
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USE A TEST STRIP TO MEASURE the pH and reserve alkalinity of the coolant. If reserve
alkalinity is low, but pH is correct, advise your customer that the coolant will be needing

service in the near future.

ity issue, may be present and allowing
exhaust gasses into the system and that
will lead to acidic build up, leading to
ECD. A bad electrical ground can cause
underhood circuits to seek a path back
to the battery via the coolant, also lead-
ing to ECD. So even if you personally
serviced the cooling system last season,
inspect it again just in case!

Start with inspecting the mixture
ratio of the coolant. Take your sample
from the radiator rather than the recov-

ery tank in case someone has added
straight water or coolant to the system.
That will throw off your test results. I
prefer to use a refractometer myself but
there are test strips that you can use for
this purpose. Don't use the old hydrom-
eter your dad used back in the “70s!
The mixture should be between
40 percent and 60 percent. Too much
water will lead to corrosion problems
and too little will interfere with heat
transfer. If the next test passes, you can
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adjust the mixture by adding water or
the proper coolant as needed.

The second test is to measure the pH
of the coolant. This is a great indication
of the coolant’s condition and typically
will become more acidic as the addi-
tives are depleted and the coolant de-
grades. This is the root cause of ECD. As
the coolant becomes acidic, the cooling
system component metals start react-
ing, turning the system into a battery
cell that you can actually measure the
voltage in! In fact, I'm betting many of
you were taught this as a method for
inspecting coolant condition. There’s a
little more to it than that but I don't have
the space to dive into that topic today!

If the coolant pH is out of range,
you'll need to do two things. First, you'll
need to service the cooling system and
replace the degraded coolant. Second,
you'll need to be sure you've identified
why the coolant degraded, especially
if the coolant has failed well before its
normal service life. For more info on
testing coolant, check out this Trainer
at https://youtu.be/zY4YDncoYol.

Don't forget the battery!

The battery’s state of health is increas-
ingly important with the growth of
electronics used on the vehicle. And we
all know that a dip in temperature can
quickly point out the weaknesses in a
battery that tested fine the day before.

My personal preference for battery
testing is the scope method. I've found
weak batteries that tested fine other-
wise with this method, and it’s a great
excuse to set up your scope as part of
your regular morning routine. Because
the scope captures data so much faster
than conventional testing equipment,
expect to see some strange things the
first time you try this!

For example, we all know that nor-
mal starter draw is somewhere around
150 amps, depending on the size of the
engine and its compression. But that’s
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IT TAKES ONLY A FEW MINUTES to test a battery and the charging system using a scope. The
resulting capture can provide so much more information than conventional testing methods.

after the starter has the engine turn-
ing. In the few microseconds before
that, the amount of current needed to
get that mass moving is significantly
higher — and you'll see that on the
scope. Over 500 amps is not unusual
and is referred to as “in rush” current.

Along with high current for a few
microseconds, you'll notice a larger
battery voltage drop occurring at the
same time. We've been taught to look
for loaded voltage levels no lower than
9.5 volts when testing conventionally,
but that “norm” drops to 8.5 volts when
using a scope.

In addition to the battery perfor-
mance, you can visually see current
passing through the starter solenoid
contacts, failed diodes in the alterna-
tor (both in the voltage and current
patterns) and other system problems.
You also have a “picture” you can share
with your customer when recommend-
ing any needed repairs. Add an ignition
reference, and you can also do a quick
check of the engine’s timing and me-
chanical health using the relative com-
pression test. The scope connections
are the same.

And yes, we have a video you can
watch on how to perform this test!
https://youtu.be/dZSyshg0G{E

Certainly, the fall provides additional

USING YOUR MIN/MAX FUNCTION,
you can perform a quick “down and dirty”
battery test that will give you Open Circuit
Voltage (OCV), loaded voltage and charging
system voltage in about three minutes.

opportunities to check the overall condi-
tion of your customers’ cars with afocus
on these traditional areas. But helping
your customer maintain their vehicles
in peak condition is not a seasonal thing
—it'sayear-round thing! ZZ

PETE MEIER is an ASE
certified Master Technician
with over 35 years of

) practical experience as a
w y technician and educator,
covering a wide variety of
makes and models. He began writing for
Motor Age as a contributor in 2006 and
joined the magazine fulltime as Technical
Editor in 2010. Pete believes in the mission
of the magazine to “advance the automotive
professional” and provides resources to
working techs around the country through
print, social media and YouTube.
pete.meier@ubm.com
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NORMAL HUMPS,

SHORT HUMPS,
TALL HUMPS?

MANY DRIVABILITY CONCERNS ARE RELATED TO ENGINE MECHANICAL CONDITIONS.
CHECK FOR THESE FIRST BEFORE YOU SPEND TOO MUCH TIME PLAYING WITH

IGNITION OR FUEL ISSUES!

ERIC OBROCHTA // Contributing Editor

his diagnosis begins like

many others have in the past.

The local guy from the used

car lot drags in a “great deal”
he picked up at the auction. You know
the vehicles — clean, southern, low
mileage, and (oh yeah!) it doesn’t run!
This time it happened to be a 2008 Jeep
Liberty 3.7 brought in on the trailer. It
would crank and attempt to start, smelt
heavily of gas when it did run, accom-
panied with a heck of a lot of mechan-
ical noise from under the hood. Prior
to dropping it off, the throttle body was
replaced as well as the intake manifold
gaskets and spark plugs. However, now
that it is at our shop it is time to see
how much of a “great deal” this vehicle
really was.

Now that the vehicle is in the bay
it is time to get to work. Where to
begin? I initially scanned the vehicle
for codes to see if there was anything
that might help give some direction.
There were approximately 12 codes
stored in the ECM, but at first glance
none of them seemed to be of any
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value for the current situation (Fig-
ure 1). It was obvious when I pulled
the vehicle in there was a hard mis-
fire on one or more cylinders, along
with a fair amount of popping and
mechanical engine noise, so I made
an attempt to use scan data to see
which cylinder(s) were having a hard
time, but at this point I was not able
to get the vehicle to run long enough
to gather any useful data. Seeing that
gathering scan data was not going to
be an option, it was time to move on.

The next step in my diagnostic
routine was to set up my Pico scope
and run a relative compression test
on the engine to gather a “general
health check” of the engine. With the
heavy amount of mechanical noise,
you could hear when the engine did
run, so I figured this would be the
best next step. Oftentimes the rel-
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ative compression test can give us
an insight to the cylinders’ ability
to seal and show us how they are in
comparison to each other.Tam sure if
you have used this approach you are
familiar with the classic waveform
and the benefits it can hold. After dis-
abling the fuel pump and unplugging
the ignition coils, I clamped my high-

amp clamp around the battery cable
and set up a trigger on the #1 ignition
coil (Figure 2). Now we are ready to
crank the engine!

This is where we gather our first
bit of usable data and direction. Have
a look at the waveform we gathered
and tell me what you see (Figure 3).
The blue trace is our starter current
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PERFORMING A RELATIVE COMPRESSION TEST WITHOUT AN AMP CLAMP

Even an inexpensive single channel scope can be used to perform this simple test!

PETE MEIER // Technical editor

Now, we've written and discussed the process for relative
compression testing many times in the pages of this
magazine so I'm not going to rehash it all here. Typically,
though, the contributors who have demonstrated this

test method always use a high amp clamp to capture the
starter current pattern — one basis for this test method.

But it's not the only one, and owning an amp clamp is
not a prerequisite to performing the test. All you need is
a single channel of any scope that allows you to select
“AC Coupling” as an input for the voltage scale. What
does that do? It eliminates the DC component from the
waveform and allows you to see just the AC component
of the voltage signal you're attached to. This comes
in handy, for example, when inspecting the alternator
diodes for failure by measuring the amount of AC voltage
present in the DC output. Figure 1 is an example of AC
ripple. The leads are attached directly to the battery
and if the normal DC signal were present, we would
see a somewhat fuzzy line across the scope at around
the 13.5v level. But to zoom in and see the reason for
the “fuzz” would be nearly impossible for most scopes.
Notice, too, how the AC signal remaining is passing over
the “0" line, providing us with a measurement of just how
much AC ripple there is. Anything over 0.50 VAC is too
much and indicates a failed diode.

But I'm getting off track a bit. There is some AC ripple
present even on healthy charging systems and since the
alternator is being turned by the engine, we can use that
signal the same way we use the starter current. And we
can track the signal from a variety of sources to make our
lives even easier!

Take a look at Figure 2. The blue trace is a conventional
starter cranking current test using a high-amp current
clamp at the battery. The green trace is also directly at the
battery but is a voltage reading that is AC coupled, showing
the AC ripple produced by the alternator. The third trace,
the gold one, is at the Diagnostic Link Connector by way of
a breakout box (or “BOB”), and the leads are connected to
pin #5 for ground and pin #16 for B+.

Notice how similar they are? Wait, we're not done yet.

When most of us perform any kind of current test using
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our scopes, we tend to orient the pattern so any current
“draw” appears as a positive reading up from the “0”" line.
Actually, it's a negative number, isn't it? But that would
be harder to relate to, for me anyway, and | hate making
anything harder than | have to. | have enough trouble as it is!

Rather than get used to a whole new way of viewing
a relative compression pattern, let's cheat and simply
reverse the leads for the two AC Coupled channels and
see what happens. That's what you see in Figure 3.

Note now that all three patterns are nearly identical.

So next time you do a relative compression test, try
this method. And if you have never performed a relative
compression test because you don't own a high amp
clamp - you're welcome!
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TEGHNICAL JILIY:

and the red trace is our #1 ignition coil
trigger. Quickly we can see that the ig-
nition timing seems to be about right
occurring just before TDC. Ok, we can
put that in our memory bank. Let’s
focus on the starter current now. At
first glance on the starter current wave-
form, we might think there are two
“good” cylinders (the higher humps)
and perhaps three other cylinders that
are not contributing as much (the lower
humps). But before we draw any types
of conclusions based on this let’s have
a close look at the amperage scale (Fig-
ure 4). We can see that the amperage
draw of the higher humps is near 300
amps! Experience will kick in at this
point and tell us that “normal” starter
current draw is around 150 to 200 amps
on these engines. After observing this
the big question becomes how can the
starter draw too much current? Can a
cylinder have too much compression?

After some pondering and knowing
that these 3.7s along with the 4.7 liters
are notorious for the cam followers
(rocker arms) falling off, can we make
a hypothesis based on this data as to
what might be going on in this engine?
After all, we are trying to gather as
much data as we can before we open it
up. Knowing the firing order 1,6,5,4,3,2
and knowing the companion cylinders
1and 4, 6 and 3 and 5 and 2, could this
help us (Figure 5)?

After a few moments, a cup of cof-
fee and some pondering, I came up
with the conclusion that if #4 and #6
exhaust valves were not opening then
it would appear on the relative com-
pression test that the #1 and #3 were
doing extra work on their compression
stroke. Make sense? So let’s say the #1
cylinder is traveling up on its com-
pression stroke and starting to draw
current from the starter. At this same
time, the #4 cylinder is on its way up
on the exhaust stroke. TECHNICALLY
this should not affect the starter cur-
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rent because the exhaust valve is open.
But what if it wasn't? In that case, it
would be building compression in #1
AND #4 drawing near twice the cur-
rent as normal from the starter. Same
goes for cylinders 6 and 3.

Now that we have a pretty darn

good idea what could be happening
and we know what two cylinders are
the potential culprits, can we prove
this 100 percent before pulling out the
wrench set? The easiest way I figured
would be to use the Pico and an in-cyl-
inder pressure test to prove or disprove
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our theory. It should be pretty easy to identify a nonfunction-
ing exhaust valve with the pressure test. I started on cylin-
der #4 and there it was (Figure 6) — 180psi compression and
150psi compression on the exhaust stroke of the engine! It
did not take long to move the transducer down one hole and
see the same exact waveform on the #6 cylinder. This made
the diagnosis 100 percent complete. The #4 and #6 exhaust
valves were not opening. On a side note, what would you have
seen if you were using a regular compression gauge? 180psi?
Would you perhaps have moved on at that point, assuming
the cylinder was good? Always keep in mind that the standard
compression test only shows the cylinder’s ability to seal, not
breathe. This is where a pressure transducer and a scope can
really shine over a compression gauge.

Data has been gathered, pondered and proved, so now it
is time to get dirty. Fortunately for us, both 4 and 6 are on the
same bank, so we only had to pull one valve cover. As soon
as the passenger valve cover was removed, both exhaust
rocker arms were found laying on top of the head (Figure
7). Ahh, the sweet feeling of victory! I discussed with the
used car lot as to my thoughts on what causes this and what
the corrective action should be and you may know how this
ends. The rocker arms were snapped back on, valve cover re-
installed and it was off to the sale! The customer was happy
that he really did get a “good deal.”

If you take anything away from this, I would hope it would
be that sometimes we need to slow down to go fast. Gather as
much data as you can before tearing into an engine and take
the time to look at the scales on your relative compression
test and not just the overall picture, because as we proved,
sometimes an engine can have too much compression! Z

P ERIC OBROCHTA is the owner of South Main
Auto Repair LLC, a Napa Auto Care Center, in
Avoca, NY since 2005. In addition to taking care of
customer cars, Eric also provides mobile diagnostics
and programming to other area shops. Born to
shop-owning parents in 1980, Eric now shares his
experiences with others as the owner of the popular South Main
Auto YouTube channel. ericobrochta@hotmail.com
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RADIATORS AND CONDENSERS
Toyota's Genuine Toyota Radiator
and Condenser product line is
designed to provide the superior per-
formance, reliability and precise fit-
ment you expect from Genuine Toyota Parts. Engineered to the
strictest quality standards, this product line is designed, tested
and approved by Toyota, providing you with quality radiators and
condensers at highly competitive prices. To ensure your repair
meets Toyota's standards for fit, function and reliability, always
use Genuine Toyota radiators and condensers.
WWW.TOYOTAPARTSANDSERVICE.COM

BATTERIES

NAPA's premium batteries help make sure trucks

and cars get maximum starting power every time

your customers turn the key. If customers are un-

sure whether their battery has what it takes to take the heat, test
their battery to make sure their battery can be put to the test.
And if it's time for a replacement, let them know NAPA premium
batteries come through with a heat-defeating design and NAPA
Know How. Because when it comes to coasting through the

dog days, your customers can depend on the starting power of

NAPA The Legend Premium batteries.
WWW.NAPAONLINE.COM

DIAGNOSTIC KITS

When fault codes are not enough, our Auto-
motive Diagnostics Kits work with your PC to
measure and test virtually all of the electrical
and electronic components and circuits in
any modern vehicle to help you save time and
money. Our award-winning scopes work with any bike, car or truck

and make it easier — and faster — for you to find faults.
WWW.PICOAUTO.COM/A164
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TECHNICAL TRAINING
WORLDPAC Training In-
stitute (WTI) offers carline
specific advanced tech-
nical training, business
management solutions and exclusive Smart Groups designed
explicitly for independent repair shop professionals. Always
developed and taught by experienced instructors, WTl training
keeps you ahead of the learning curve to ensure your business
remains competitive and profitable. View complete class listing
at the below website.

WWW.WORLDPAC.COM/TRAINING
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WORLDFAC Training Institute.

FUEL PUMPS LN
Carquest Fuel Pumps, available exclusively L
from Advance Professional and Carquest, are ﬁ!
performance-tested premium fuel pumps that N
ensure long life through quiet and precise -
operation. Designed with upgrades to meet - |

or exceed OE specifications, Carquest Fuel

Pumps use a superior carbon commutator and turbine tech-
nology to improve durability, enhance performance and reduce
vibration noise. For more information on quality Carquest parts,

call your local Advance Auto Parts or Carquest delivery location.
WWW.CARQUEST.COM

THERMAL IMAGER

The new Diagnostic Thermal Imager Elite from
Snap-on® uses infrared technology to reveal heat
caused by friction, electrical resistance, pressure
changes and more to help professional techni-
cians track down vehicle faults and find the fix
faster, without having to hope or guess that the
code was the right one after all. When connected
to WiFi, every image captured with the Diagnostic
Thermal Imager Elite is automatically uploaded to the cloud via
Snap-on’s new WiFi sharing service, AltusDrive.com.
HTTP://SNAPONDTIELITE.COM
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VOLTAGE DROP IS NOT ALWAYS A BAD THING!

VOLTAGE DROP, USED AS A TESTING TOOL, IS A GREAT WAY FOR FINDING PROBLEMS IN
ELECTRICAL CIRCUITS. BUT VOLTAGE DROP IS ALSO USED AS A NORMAL PART OF SOME
SYSTEMS. THIS MONTH, WE'LL LOOK AT A FEW EXAMPLES OF “GO0D” VOLTAGE DROP.

PETE MEIER // Technical Editor

If you know me even a little bit, you

know that I am a big proponent of

learning how to test electrical circuits
using the voltage drop testing method.
My very first webinar (co-hosted by
TST's G. Truglia) was on this very topic
and I've written, taught and produced
videos on this invaluable testing tool
ever since.

But I've never taken a good look
at when voltage drop in a circuit is a
good thing! There are many examples
of how engineers use voltage drop to
their advantage. If you think about it
for a minute, the first example that
pops into your mind may be the same
one that popped into mine — the
blower motor resistor!

This simple circuit uses resistors to
“drop” the available voltage allowed to
feed the blower motor. A lower voltage
supply across an equal resistance re-
sults in a lower current flow, doesn’t it?
That's basic Ohm'’s Law stuff. Of course,
the lower current flow results in a
slower motor! This allows the engineer

SIGN UP FOR YOUR SUBSCRIPTION TODAY AT MOTORAGE.COM/MATCONNECT
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to offer the driver various blower motor
speeds simply by adding or subtracting
the number of resistors the source volt-
age has to feed.

And there are others that you trou-

bleshoot every day. In this edition of
The Trainer, we'll take a look at a few
common examples as well as analyze a
cooling fan circuit that uses voltage drop
in a way you may find unique! Z
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