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4 INDUSTRY NEWS 
REPAIR ACT INTRODUCED
If passed, this federal legislation would give consumers rights to 
their vehicle’s data and ensure a free and fair repair market.
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INDUSTRY NEWS

REPAIR ACT INTRODUCED
IF PASSED, THIS FEDERAL LEGISLATION WOULD GIVE CONSUMERS RIGHTS TO THEIR 
VEHICLE’S DATA AND ENSURE A FREE AND FAIR REPAIR MARKET.

WIRE REPORT // 

Editor’s note: Independent repair facilities throughout the nation 
likely relish the thought of increased repair opportunities and 
corresponding revenue the REPAIR Act promises to bring (and 
not to mention, the convenience provided to their customers). 
This is an exciting time and a breath of fresh air to independent 
technicians and shop owners everywhere, for sure. Having access 
to the appropriate tooling, necessary vehicle data, and service/
repair information would be a game-changer in the aftermarket.  

United States Rep. Bobby Rush has introduced the 
Right to Equitable and Professional Auto Industry 

Repair (REPAIR) Act. The Automotive Aftermarket Suppliers 
Association (AASA), Auto Care Association, CAR (Consumer 
Access to Repair) Coalition, and Specialty Equipment Market 
Association (SEMA) issued a statement supporting this action. 
The legislation, H.R. 6570, is meant to ensure the preservation 
of consumer choice, a fair marketplace, and the continued safe 
operation of the nation’s 288 million registered motor vehicles, 
70 percent of which are serviced by independent repair shops.

“Today is one of the most memorable and important days 
in the history of the aftermarket. The REPAIR Act will help 
guarantee consumers’ rights and the ability of the industry to 
ensure their vehicles operate safely,” commented Paul McCar-
thy, president and CEO of AASA. “From the repair shop to the 
board room, this effort has been fueled by the people of the 
aftermarket, and we couldn’t be prouder of that alignment be-
hind this important legislation. This effort supports principles 
of competition, consumer choice, and safety that we believe 
will benefit the whole automotive industry in the long run.”

To accomplish this, the REPAIR Act will: 
•  Preserve consumer access to high-quality and afford-

able vehicle repair by ensuring that vehicle owners and 
their repairers of choice have access to necessary repair and 
maintenance tools and data as vehicles continue to become 
more advanced.

•  Ensure access to critical repair tools and information.
All tools and equipment; wireless transmission of repair and 
diagnostic data; and access to on-board diagnostic and tele-
matic systems needed to repair a vehicle must be made avail-
able to the independent repair industry.
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•  Ensure cybersecurity by allowing vehicle manufacturers to se-
cure vehicle-generated data and require the National Highway 
Traffic Safety Administration (NHTSA) to develop standards 
for how vehicle-generated data necessary for repair can be ac-
cessed securely.

•  Provide transparency for consumers by requiring vehicle 
owners to be informed that they can choose where and how to 
get their vehicle repaired.

•  Create a stakeholder advisory committee and provide them 
with the statutory authority to provide recommendations 
to the FTC on how to address emerging barriers to vehicle 
repair and maintenance.

•  Provide ongoing enforcement by establishing a process for 
consumers and independent repair facilities to file complaints 
with the FTC regarding alleged violations of the requirements in 
the bill and a requirement that the FTC act within five months 
of a claim. 

As advancements in vehicle technology continue, more barri-
ers are being created for a competitive auto repair market. These 
barriers not only raise prices for vehicle repair and maintenance 
but also limit the consumer’s choice in where they take their ve-
hicle for those services. The REPAIR Act will limit these barriers, 
putting consumers’ interests first. 

According to a recent YouGov poll, 93 percent of respondents 
agreed that they should have the right to choose where and by 
whom their vehicle is repaired.

“The REPAIR Act will ensure consumers will have more, not 
fewer choices when they need a repair shop,” said the CAR Coali-

tion executive director Justin Rzepka. “They will also have access 
to the data they need to make sure the repair is done safely. This 
is important, consumer-first legislation and we look forward to 
working with lawmakers and industry partners to pass it.”

The REPAIR Act follows three other significant moments for 
consumer choice in repair. In November 2020, Massachusetts 
voters voiced their support for Ballot Question 1 (also known 
as Right to Repair) with 75 percent of the vote, which preserves 
their right as vehicle owners to have access to and control of their 
vehicle’s mechanical data necessary for service and repair at the 
shops of their choice. In May 2021, the FTC released their Nixing 
the Fix report which highlighted barriers that vehicle manufac-
turers have instituted to squash a consumer’s right to repair. The 
FTC strongly supports expanding consumer repair options and 
found “scant evidence” for repair restrictions imposed by original 
equipment manufacturers. And in July 2021, President Biden is-
sued the “Promoting Competition in the American Economy” 
executive order which encouraged the FTC to address anti-
competitive repair restrictions. 

“Americans should not be forced to bring their cars to more 
costly and inconvenient dealerships for repairs when indepen-
dent auto repair shops are often cheaper and far more accessible,” 
said Rush. “But as cars become more advanced, manufacturers 
are getting sole access to important vehicle data while indepen-
dent repair shops are increasingly locked out. The status quo for 
auto repair is not tenable, and it is getting worse. If the monopoly 
on vehicle repair data continues, it would affect nearly 860,000 
blue-collar workers and 274,000 service facilities.”

Endeavor Business Media’s Vehicle Repair Group welcomes 
Brandon Steckler to his new full-time role as technical edi-

tor of Motor Age magazine. He had been part-time technical editor 
since January 2019, in addition to what was his “day job” of running 
Steckler Automotive Technical Services, a diagnostic specialist and 
technical training/support company serving technicians across the 
globe, as well as serving as a training instructor with CARQUEST 
Technical Institute.

“I’m extremely excited for the opportunity to devote more time 
to Motor Age,” Steckler said. “This will allow me to weave myself 
more tightly into the fabric of the automotive community that I 
love so much, and to give back more than I ever could in the past. 
Great things to come, I promise.”

Steckler began his automotive career at Northampton County 
Community College in Bethlehem, Pennsylvania, where he was a 
student of GM’s Automotive Service Educational program. In 2001, 
he graduated top of his class and earned the GM Leadership award 
for his efforts. He still instructs classes on evenings and weekends 
and also provides private training, telephone and live technical sup-
port for technicians around the world. He holds ASE certifications 
A1-A9 as well as C1 (Service Consultant) and is certified as an Ad-
vanced Level Specialist in L1 (Adv. Engine Performance), L2 (Ad-
vanced Diesel Engine Performance) and L3 (Hybrid/EV Specialist).

“We are thrilled to welcome Brandon to the Vehicle Repair 
Group,” said Group Publisher Kylie Hirko. “His role as Technical 
Editor brings a depth of technical expertise to ensure our portfolio 
of flagship brands continues to deliver expert insights and technical 
content to address the biggest challenges impacting automotive 
service professionals today. Brandon is recognized as one of the 
top aftermarket trainers in the industry, and we’re so excited he 
has joined our team to help us in our mission of advancing the 
automotive service professional.”

STAFF ANNOUNCEMENT

ENDEAVOR BUSINESS MEDIA 
WELCOMES BRANDON STECKLER 
AS FULL-TIME MOTOR AGE 
TECHNICAL EDITOR

Honda and Acura Genuine Parts is an online ordering portal 
for repair facilities to order parts directly from 

the Honda/Acura Dealer(s) of their choice
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Benefits for 
Repair Facilities:

GET STARTED!
CREATE YOUR ACCOUNT AT:

GenuineHondaParts.Honda.com

For Account Help, Contact: HondaandAcurapartsportal@ahm.honda.com

Click on the “My Account” button and then click “Register”.

*Available through most dealers
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Why it’s 
important 
to track 

your shop’s 
conversion 

rate
BY MIKE HALEY  //  Contributing Editor

We have all been told that 
tracking sales and key 
performance indicators 
(KPIs) is the best way to 

determine how well our business is doing. 
While that statement is true, I’ve found that 
the most common KPIs tracked rarely in-
clude conversion rate. � e problem with 
excluding conversion rate is that this KPI 
plays a key role in gauging sales perfor-
mance. Keep reading to discover why you 
should track conversion rate and its role in 
tracking sales performance.

The goal of courtesy checks
Let’s go back a decade or so. Do you re-
member when courtesy checks were 
introduced as a process that would help 
grow our business? Back then, it was a pa-
per checklist of safety and maintenance 
items that a technician should inspect 
while the vehicle was in for service. It has 
evolved into a picture/video inspection, 
but the original intent remains intact. So, 
what was the reason for introducing the 
courtesy inspection? � ere are a few. First, 
vehicles were becoming more complex, 

and the “do-it-yourselfers” could not work 
under the hood like they used to. Second, 
checking the engine when the light came 
on required a scan tool to pull the code 
to help diagnose the problem. � ird, the 
tune-up went away along with other parts 
that required adjusting or replacing. All 
these changes put auto repair profession-
als at the forefront, making it our respon-
sibility to inspect vehicles for the conveni-
ence and safety of our customers.

There was also a business reason for 
courtesy checks. Back in the day, car count 
was not an issue. The car manufacturers 
were not building the highest quality 
product. Between breakdowns, tune-ups, 
brake replacements, and rebuilt carbure-
tors, shops had no shortage of vehicles to 
work on. Then things started to change. 
Car manufacturers began to put in tech-
nology and improve reliability to compete 
with the Japanese manufacturers. As ve-
hicles became more reliable, the number 
of yearly service visits was reduced. With 
fewer visits per year on each vehicle, we 
had limited opportunities to sell. The cour-

2111MA_AutomotiveTrainingInstitute.indd   1 10/19/21   2:06 PM
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OPERATIONS

IF YOU REALLY WANT TO 
MEASURE THE TOTAL SUCCESS 
OF YOUR SHOP’S PERFORMANCE, 
YOU ALSO NEED TO TRACK 
CONVERSION RATE

tesy check helped ensure we inspected the 
correct items and systems on a vehicle to 
avoid missing a sales opportunity.

To that end, we worked hard to do a 
great job inspecting the vehicles’ safety 
items and systems that required mainte-
nance. Many of us have also become pro-
ficient in tracking related KPIs to gauge 
performance, including car count, sales, 
and average repair order. But, if we really 
want to measure the total success of our 
business, we also need to track the missed 
opportunities.

Why missed opportunities
are important
Why track the missed opportunities, you 
ask? As we know, we very rarely sell eve-
rything we recommend to the customer. 
Taking our recommended total versus 
what we actually sell is the conversion rate. 
Sales companies measure this KPI to deter-
mine their sales team’s performance. I like 
to use a baseball analogy to help explain 
this. Baseball tracks players’ performance 
by taking their at- bats versus their actual 
hits to determine their batting average. No 
baseball players get a hit at every at bat; 
most professionals average around .300. A 
.300 batting average means a player earned 
three hits for every ten times at bat and 
missed seven opportunities to make a hit.

How do we apply this to our industry? 
Hopefully, you have a courtesy check pro-
gram in your shop, and your technicians 

are doing a great job inspecting vehicles 
so your service writers can have more 
opportunities to sell estimates. This now 
becomes a measurable KPI.

Let’s use simple numbers as an exam-
ple. Let’s say our technicians are averaging 
$1,000 estimates. The service writers are 
averaging $300 work orders. Our conver-
sion rate is 30%. We can also help diagnose 
our business by measuring our technicians 
on the average estimate they turn in versus 
the other technicians. We can do the same 
for the service writers by measuring what 
each one is averaging. This can become a 
quick way to determine if you have a train-
ing, process, or another type of issue with 
a technician or service writer. It may also 
lead you to work on sales skills at the coun-
ter and possibly product knowledge for the 
technicians.

A strong conversion rate
So, what is a good conversion rate? � e 
national average � uctuates between 33% 
and 36%. Being an optimist and wanting 
to be the best, I see these numbers as 
big opportunities. What if you work with 
your technicians to improve the courtesy 
checklist to help build taller estimates? 
What if you help the service writers sell 
features and benefits along with value? 
How much could you move the conver-
sion rate?

A strong conversion rate will help you 
increase sales even if car count is off. Look-
ing at your business from the perspective 
of “What could I have done versus what I 
actually did?” can help you diagnose op-
portunities you have.

To measure your service writer’s con-
version rate and your shop’s rate overall, 
get ATI’s Conversion Rate Tracker at  
http://www.ationlinetraining.com/2022-
02  for a limited time. 

MIKE HALEY started in the auto industry in 1985 at a four-bay shop while also 
attending college. He joined Pep Boys in 1987, climbing to District Operations Manager, 
and then was operations manager for CarMax Toyota, the second largest Toyota dealership 
in the country. Mike uses his experience and certifications to help shop owners become 
successful. ATI’s 34 full-time, certified coaches, including Mike, have helped ATI’s members 

earn over TWO BILLION DOLLARS in return on their coaching investment since ATI was founded.
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These are incredible times to be 
a shop owner.

Techs have never had more 
information closer at hand for 

fixing vehicles. Service advisors have never 
had more access to parts sourcing solutions. 
There have never been this many software 
applications or diagnostic tools or online fo-
rums literally at the fingertips of everyone 
in the shop.

Despite unprecedented access to tools 
and training and systems and processes and 
help, there’s no efficiency revolution taking 
place in the auto repair industry. The aver-
age shop is paying for a half-dozen subscrip-
tions each month, all explicitly promising 
the same undelivered thing. All the while, 
the hours billed by technicians stay steady, 
the effectiveness of the service advisors re-
mains flat, and the amount of money spent 
by the owner keeps increasing.

We live in a golden age of tech-
nology, and we’re wasting it.
It doesn’t have to be this way. Shops CAN 
use technology to work faster not harder. But 
the only way to get the efficiency revolution 
we all want in this industry is to see technol-
ogy as a means, not an end…and that using 
technology is an activity, not a result.

The telltale signs 
are everywhere. 
For some shops, it’s multiple monitors sit-
ting on the front desk in front of each ser-
vice advisor. For others, it’s the flicker of the 
technician’s computer screens as they toggle 
between multiple website subscriptions try-
ing to dig for what they need. It’s unnecessary 
personnel. It’s unneeded hardware.

In shop after shop, owners have been 
sold a vision that technology can solve prob-
lems, but that’s not really the truth. What they 
mean is “technology can solve this problem,” 
with “this” being the one thing solved by the 
software or hardware a company is selling.

Which makes sense, of course. It’s natural 
to want to solve one problem at a time, pref-
erably the one that you’re dealing with right 
now. If technology can make it easier to han-
dle part and core returns, and all it takes is a 
new machine to do the work, then why not?

Of course, seven “solutions” later, and 
your shop needs a dedicated AP clerk to 
run the parts and core return technology, 
a dedicated AR clerk to operate the billing 
technology, and a dedicated parts manager 
to control the new inventory technology, and 
suddenly it’s technology that is running your 
shop instead of the other way around.

This kind of thing happens everywhere 

in a shop. It happens to the numbers and 
reports that shop owners use to manage 
the shop every day. It happens to the hard-
ware we have to upkeep to run all of the new 
systems and processes. And it happens to 
the technology we use to try to make our 
jobs easier.

We’ve fought this kind of bloat in our 
own shop! Technology gave us an unprec-
edented understanding of our metrics and 
allowed us to crunch the shop and team’s 
performances into dozens of numbers. We 
then tried to use all of these numbers in our 
daily decision-making. You can imagine how 
poorly this went!

Rather than being empowered by all of 
the new insight created by technology, we 
created paralysis. We let unimportant data 
hinder our ability to make good decisions, 
and worse, we inflicted that same paralysis 
on our managers. Ultimately, despite all of 
its promise, technology created far more 
problems than it alleviated.

Does that mean I’m anti-
technology? Of course not! 
Technology has empowered my shop to 
maximize efficiency and bill more hours 
on every car. And it’s allowed all my techni-
cians to earn more than $100,000, putting 

Work
faster,
not harder…
with technology
BY DAVID ROGERS  //  Contributing Editor



VEHICLESERVICEPROS.COM  VOL .141.#2  11  

my shop in great shape during this worsen-
ing tech shortage.

The problem is technology 
without process. 
Simply buying a second monitor for a service 
advisor doesn’t allow them to get more done. 
Simply buying a subscription to a new labor 
guide doesn’t make techs complete better 
inspections or writeups.

In fact, in both cases, investing in these 
technologies and neglecting processes 
can make the employee less efficient. If the 
service advisor is constantly hunting for a 
window, or the tech is constantly toggling 
between programs, then technology is a 
hindrance, not a help.

In the case of technology leading to too 
many numbers and decision-making pa-
ralysis, the solution was refining the process: 
these are the numbers our shop needs to 
pull, who is responsible for pulling them, and 
how we’re going to use them as a team. Once 

the process was in place, technology allowed 
the process to be executed smarter and faster.

It’s the same way for new hardware and 
software for service advisors and technicians. 
Is the process clear about how they complete 
inspections, estimates, and advisements? Do 
they clearly understand what they need to 
monitor, how often, and what actions to take? 
Answering these questions will definitively 
lead to eliminating unnecessary systems and 
combining processes, all of which improves 
productivity.

If the need for the new hardware or soft-
ware exists after the process is refined, there’s 
a good chance that adding the technology 
will lead to working smarter, not harder.

The next time you consider adding ad-
ditional infrastructure – whether hardware, 
software, or even personnel – start with 
the process. Is everyone trained on their 
clear expectations? Have you eliminated 
unnecessary steps, extra data, bottlenecks, 
and hurdles?

Remember, every unnecessary system 
and step and process you eliminate will lead 
to your techs billing more hours and your 
advisors growing sales.

In spite of everything, I’m a huge believer 
in the power of technology. My own shop is 
proof of that. The technology emerging today 
has the potential to transform how repair 
shops operate.

But nothing replaces the need for good 
processes. It’s the secret to eliminating stress, 
increasing productivity, and working smarter 
– not harder – with technology. 
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DAVID ROGERS is the COO of 
Keller Bros., an award-winning repair 
shop in Littleton, Colorado. 25 years 
after David took over management 

of the shop, it continues to set sales and profit 
records because of perfected processes and 
systems. These same systems and processes are 
at the core of Auto Profit Masters, which David 
founded in 1999 to help fellow shop owners 
eliminate inefficiencies and maximize profits. Learn 
more at https://autoprofitmasters.com/solutions
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Right to Repair” is currently a prev-
alent issue across industries—
from small electronics and home 
appliances to agricultural equip-

ment and automobiles. In many cases, the 
advent of new technology has prompted 
some original equipment manufacturers to 
restrict access to the tools and information 
necessary for repairs.

In July of 2021, President Joe Biden 
signed the “Executive Order on Promoting 
Competition in the American Economy” 
that directed the Federal Trade Commis-
sion (FTC) to craft rules enforcing the con-
sumer right to repair. In the months since 
this order was signed, President Biden has 
spoken on right to repair on multiple other 
occasions. At the American Farm Bureau 
Conference in January, the President reiter-
ated his support, saying that family farmers 
and ranchers deserve the right to repair the 
equipment they own, either themselves or 
at an independent shop.

President Biden also spoke before a 
meeting of the White House Competi-
tion Council, saying, “Too many areas, if 
you own a product… you don’t have the 
freedom to choose how or where to re-
pair the item that you 
p u r c h a s e d .  D e n y i n g 
the right to repair raises 
prices for consumers and 
means independent re-
pair shops can’t compete 
for your business.” The 
White House Competi-
tion Council was created 
as part of the Executive 
Order and is chaired by 
the head of  the White 
H o u s e  N a t i o n a l  E c o -

nomic Council.
There are currently two lawsuits filed 

against agriculture equipment manufac-
turer John Deere alleging that the compa-
ny’s proprietary tractor software is creating 
a monopoly that unfairly disadvantages 
small farmers. In these cases, farmers were 
given only one option for repair of their mal-
functioning agricultural equipment—the 
John Deere technician. Historically, farmers 
have had the option to repair their equip-
ment themselves or take the equipment to 
an independent repairer. However, accord-
ing to these suits, John Deere has restricted 
access to the software and tools necessary 
to repair this equipment, often resulting in 
more costly repairs for the consumer.

These cases allege that John Deere has 
violated the Sherman Antitrust Act by cre-
ating a monopoly—stifling competition in 
the tractor repair market, driving up prices, 
and forcing small independent repairers out 
of business. John Deere committed to mak-
ing their software and equipment available 
by January 2021, but to date, these suits 
allege, has not followed through on this 
commitment. This month, U.S. Senator Jon 
Tester introduced the “Agriculture Right 

to Repair Act” which, if 
passed, would guarantee 
farmers the right to re-
pair their own equipment 
and work to end current 
restrictions on the repair 
market.

Prior  to  the E xe cu-
tive Order on Promoting 
Competit ion,  the Fe d-
eral Trade Commission 
(FTC) released a report 
entitled “Nixing the Fix.” 

//            INSIGHT

Right to Repair:
Views from the Biden Administration, the
Federal Trade Commission, and the agriculture industry
Independent shops must retain access to the vehicle data, tools, and equipment necessary for repairs

IT IS ESSENTIAL 
THAT INDEPENDENT 
REPAIR SHOPS RETAIN 
ACCESS TO THE 
VEHICLE DATA, TOOLS, 
AND EQUIPMENT 
NECESSARY TO 
REPAIR CARS THAT 
CONSUMERS BRING 
TO THEIR SHOPS.
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This report provided a comprehensive review of “how 
manufacturers may limit repairs by consumers and repair 
shops, and how those limitations may increase costs, limit 
choice, and impact consumers’ rights.” In July, the FTC 
unanimously adopted a policy statement on repair restric-
tions. The statement affirmed that the commission would 
devote more enforcement resources to combat practices 
by manufacturers that impede third-party and self-repair.

On Capitol Hill, industry groups such as the Ameri-
can Alliance for Vehicle Owners’ Rights (AAVOR), whose 
members include the Automotive Service Association 
(ASA) and the American Car Rental Association (ACRA), 
among others, are working for a legislative solution to the 
issue of vehicle data access. This month, AAVOR submit-
ted a statement before the U.S. House Transportation and 
Infrastructure Committee’s hearing on “The Road Ahead 
for Autonomous Vehicles” reaffirming the importance of 
vehicle data access not only for the autonomous vehicles 
of the future, but for all vehicles on the road today.

In November 2020, The Massachusetts Right to Repair 
Law Vehicle Data Access Requirement Initiative passed 
in a 75-25 percent popular vote through a public referen-
dum. This ballot initiative required manufacturers to make 

telematics data wirelessly accessible by vehicle owners 
and independent repairers, beginning with model year 
2022 vehicles. The referendum has been challenged in 
federal court by the Alliance for Automotive Innovation, 
where it remains in litigation.

The judge was initially expected to issue a verdict last 
November. However, in response to the legislation, Sub-
aru disabled the telematics in all their 2022 vehicles in 
Massachusetts, raising questions on the enforceability of 
the ruling. Since then, automaker Kia has disabled their 
telematics system as well. To date, the case in Massachu-
setts remains open.

It is essential that independent repair shops retain ac-
cess to the vehicle data, tools, and equipment necessary to 
repair cars that consumers bring to their shops. However, 
the correct pathway forward, whether it be state legisla-
tion, federal legislation, FTC regulation, or industry agree-
ment, remains to be seen.  

MADI HAWKINS works as a Washington D.C. representative of 
the Automotive Service Association. She has a B.A. of Public Policy 
Studies from Vanderbilt University.   mhawkins@reddingfirm.com
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POWERING UP YOUR 
AC CURRENT 
DIAGNOSTIC 

SKILLS
WITH AC CURRENT, WHAT YOU DON’T KNOW CAN HURT YOU,  

DAMAGE YOUR TEST EQUIPMENT AND FOOL YOUR DIAGNOSTICS.
BY DAVE HOBBS  //  Contributing Editor 

I
f you know who (or what) “ELI the ICE Man” is, you’re 
probably a commercial electrician or electrical engi-
neer. If that applies, you might even consider skipping 
this article! Otherwise, what you don’t know can hurt 
you, damage your test equipment and fool your diag-

nostics. AC (Alternating Current) is found inside alternators, 
coming out of sensors, and totally rules the worlds of HEVs, 
PHEVs, and BEVs. In spite of AC’s varied uses in today’s cars 
and trucks, most of us in the wrenching world are far more 
comfortable with our knowledge level of DC compared to AC.

What exactly is AC, and why should you care?
We’ve all been focusing on DC (Direct Current) for most of our 
automotive service careers, and rightfully so. DC is the flow of 
electrons in one direction. The direction of flow displayed in 
schematics (conventional flow theory of positive to negative) 
or the scientifically proven theory of electron flow (negative 
to positive) is mainly trivial for those of us in the automotive 
service world. AC is electricity that moves in both directions. 

The speed (frequency) at which it switches back and forth 
for household AC electrical power is 60 Hz in North America 
and 50 Hz in certain other parts of the world. Residential and 
light commercial AC voltage levels (Figure 1) are 120v and 
240v (+/- 10 volts), depending on whether the circuit is used 
for lower wattage appliances (i.e., lighting, televisions, etc.) or 
higher wattage appliances (i.e., electric water heaters, clothes 
dryers, etc.). But wait . . . this is “Motor Age Magazine” and not 
“Electrical Contractor Magazine,” right? Right . . . but the auto-
motive world is taking a VERY fast turn to vehicle electrifica-
tion. Knowledge of 3-phase AC power inverters, AC induction 
motors and off-board charging equipment for PHEVs (Plug-in 
Hybrid Electric Vehicles) and BEVs (Battery Electric Vehicles) 
needs to become yet another area of expertise for the profes-
sional automotive repair technician! Bluntly put . . . if you shy 
away from learning some of the same concepts your buddies 
in the electrical contracting world already know, you’re going 
to fall behind in your ever-changing automotive world!

TECHNICAL

DAVID ROGERS  //  Contributing Editor
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Where will you encounter AC circuits  
on today’s vehicles?
They’ve been all over the place, and you may not have thought 
much about them. But with vehicle electrification, they’re 
growing by leaps and bounds! Here are just a few examples:

Examples of Traditional Automotive Low Voltage AC Cir-
cuits with Easier to Understand Concepts:
Sensors
• Electronic ignition distributor pick-up coils
• 2-wire reluctance-style (older) wheel speed sensors
• 2-wire CKP Sensors
• Vehicle Speed Sensors
• Knock Sensors
Audio
• Amplifier outputs to speakers
• �Low level inputs from head units, microphones, and play-

back devices
Composite video
• Infotainment
• Video game connections
• Simple analog back up cameras.

Examples of Newer Automotive AC Circuits 
with High Voltage / More Challenging Concepts:
• �Low-voltage 3-phase BLDC in-tank modular fuel pumps
• �Electric motor resolvers (complicated position sensors)

LESSONS FROM A RESIDENTIAL BREAKER BOX: Diagnosing 
BEV battery charging complaints will involve (at least) a cursory level 
of knowledge of AC residential/commercial power. The black breaker 
marked “MAIN” is where the two 120-volt AC power lines (large red 
wire on left, large black wire on right) come in (power inputs) from the 
power company to provide a total of 240-volts of AC power. These two 
gray-colored breakers (40 amps 2nd from top and 30 amps 2nd from 
bottom) also have a pair of power outputs (one red and one black hot 
wire each) to provide 240-volts of power leading to an electric range 
and an electric drier.  Each of the smaller 15-amp (black) breakers 
have a single black (hot) wire feeding other circuits throughout the 
home. Notice the wires with white insulation and the wires without 
insulation all converging at a block of bus connections at the top?  
These are the neutral (white) and earth grounds (bare) that literally are 
connected into the earth outside this residence.

ELECTRIFIED VEHICLE INVERTERS are involved in the rectifica-
tion (from the MG in Generator mode) to charge the high voltage 
battery pack. They also provide the high voltage AC current to run the 
MG as a motor. Whether it’s a 3-phase BLDC low voltage in tank fuel 
pump or a 480-volt 3-phase industrial motor, or a Prius MG, the same 
circuit labels apply (U-V-W) with the same phasing of a wave every 
120-degrees. Avoiding equipment damage while multi-channel scop-
ing of high voltage may require differential probes depending on the 
model of scope you’re using.

THIS PICO 4423 (fig. 3) uses a common ground between each 
channel’s BNC jack, so a set of differential probes was used.  These 
probes feature attenuators to prevent damaging the scope’s max input 
level, 100-volts.

4
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ON THE LEFT SIDE OF FIG. 4 IS AN INDUCTIVE (COIL) CIR-
CUIT that has additional resistance beyond what can be measured 
by an ohmmeter (inductive reactance) when AC current flows.  On the 
right side is a capacitive circuit that has additional resistance beyond 
what can be measured by an ohmmeter (capacitive reactance) when 
AC current flows.
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•  3-Phase High Voltage AC Motor Generators (MGs on HEVs, 
PHEVs and BEVs)

•  EVSE (Electric Vehicle Supply Equipment)
•  Level 1 Charging Cable (120-volt cable that comes with 

every PHEV and BEV)
•  Level 2 Charging Cable (optional 240-volt cable that must 

be installed in customer’s garage by a qualified electrician)
•  Level 3 (technically level 2 “DC Fast Charge”) charging sta-

tion for 1-hour BEV charges

Testing AC Power Circuits? Use Caution! Basic 
Rules for Test Equipment and AC Powered 
DUTs (Devices Under Test):
RULE # 1
ALWAYS use a differential probe and/or isolation 
transformer to “electrically separate” your equip-
ment from what you’re testing to prevent damage 
and/or injury! 

Reason: Vehicle grounds, equipment grounds, earth 
grounds and ground loops can be confusing. Electrical iso-
lation can be your best friend.

RULE # 2
ALWAYS treat circuits as if they have potentially 
hazardous levels of voltage until proven otherwise. 

Reason: OSHA rules designate any voltage (AC or DC) over 
50-volts as potentially injurious or lethal. I’ve seen Fluke Instru-
ments documents that put the number at 30 volts for AC power 
and 60 volts for DC. Using a Live/Dead/Live test is a good way to 
apply this safety rule. LIVE: First use your equipment to measure 
something you know is live (to make sure your connections and 
meter/scope set up is good. DEAD: Next move to the component/
circuit you’re wanting to make sure has been powered down. LIVE: 
Finally, move back to the circuit that you originally used in the 
1st “LIVE” test to make sure you’re not having a “stupid” moment!
RULE # 3
ALWAYS Follow OEM Recommended 
Safety Practices. 

Reason: Auto and truck manufacturers have teams of engineers 
making sure their dealership service technicians stay safe. Safety 
is always a priority with vehicle manufacturers. When in doubt – 
read the manual! If you are prompted by a service manual to test 
Live AC voltage, (or opt to go beyond the manufacturer’s published 

DISPLAYED ARE SCOPE PATTERNS that illustrate how volts 
leads the amps in an AC powered circuit that’s mostly inductive (L) and 
the opposite when the AC powered circuit is mostly capacitive (C). “ELI 
the ICE man” is a simple mnemonic to help remember the differences 
in “phasing” between volts and amps in the two different types of AC 
circuits.

THIS EQUATION IS USED
to calculate TOTAL resistance 
referred to as impedance (Z).  
Ohms (measured with an ohm-
meter) along with capacitive 
reactance (Xc) and inductive 
reactance (XL) factor in.

THIS PICTURE IS A REMIND-
ER OF SIMPLE OHM’S LAW

(Volts = Amps x Ohms, Amps = 
Volts / Ohms, etc.) to perform 

high-tech math.

5

6

7 EVEN THOUGH THE PICO 4425A featured high resistance 
between the BNC ground and USB ground and had a max input rating 
of 200-volts, I used a differential probe with a built-in attenuator set 
to 20:1 and only connected the red lead to the hot terminal in the 
power strip (just to be safe).  The meter is a true RMS meter, showing 
119.6-volts. The peak voltage of the scope shows 160-volts.

GETTING A NICE AC sinewave pattern like this one from a 120-volt 
wall socket can be hazardous to your scope (or you) if you don’t use 
the correct adapters and equipment.
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diagnostics and scope an inverter output 
– Figure 2) make sure you protect your 
equipment (Figure 3) and yourself (with 
Class 0/1,000-volt safety gloves). If you’re 
dealing with residential/commercial 120-
volt and 240-volt AC power and are in 
doubt, consult a professional electrician!
RULE # 4
Ohm’s Law Still Applies to AC 
Circuits (Kind of!) 

Reason: Subtle differences between 
DC and AC can change the math!

When DC travels through an inductor 
(i.e., a coil winding) there are some strange 
things (current inrush, voltage spikes, etc.) 
but they typically only occur for an instant. 
When AC travels through the same induc-
tor, the frequency of the AC (moving back 
and forth within that coil) causes some 
additional resistance depending on the 
inductance (measured in Henries) and 
the frequency of the AC. (Figure 4) When 
DC travels in a circuit with a capacitor 
involved, it simply charges the capacitor 
and stops flowing. The capacitor acts like a 
diode to stop the current flow. When AC is 
involved in a similar “capacitive-natured” 
circuit, the AC will charge and discharge 
the capacitor. AC current (for all practical 
purposes) flows through the capacitor if 
the frequency of the AC and the capaci-
tance (measured in Farads) allow. That’s 
where we can get the crazy differences 
in a scope pattern illustrated in Figure 
5. Ohm’s Law still applies, (Figure 6) but 
with some variations thanks to inductive 
and capacitive reactance. The math to 
total circuit Impedance (Z) is complicated, 
(Figure 7) compared to simple math with 
Ohm’s Law. The good news is, there is NO 
need to memorize ANY of this to diagnose 
vehicles. Just understand why AC behaves 
differently (compared to DC) depending 
on the nature of the circuit!

Testing AC power  
the RIGHT way! 
Some concepts of AC power using a 
meter are simple – use a meter that 
says “True RMS” on it. RMS stands for 

“Root Mean Square.” It’s simply 0.707 
multiplied by the peak AC voltage. (Fig-
ure 8) When looking at an AC power 
(wall socket) waveform on a scope, 
you’ll see a VERY tall waveform with 
peak-to-peak voltage. Peak voltage is 
the highest voltage measured from the 
0-volts level on the AC waveform. A bat-

tery-powered multimeter has no issues 
with plugging into line power because 
it’s isolated from the power source. A 
scope, however, may need extra adapt-
ers and procedures (Figure 9) in order 
to capture accurate waveforms without 
damaging the scope or you!

Need OE quality hybrid parts?
You’re headed in the right direction:  
www.continentalaftermarket.com

Inverter 
cooling  
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cooling fans

HVAC blower 
motors
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Tips on EVSE – Electric vehicle supply 
equipment 
Regarding EVSE, you might ask “why not let the customer deal 
with their local electrician on the matters of charging cables / 
stations?” Take a long pause and think about that question for 
a moment. Ask yourself “how many electricians do you know 
who are knowledgeable on PHEVs and BEVs?” I think we’ll all 
agree the answer to this question will be “few to none!” Similar-
ly, “how many automotive techs know the difference between 
Level 1 EVSE charging cable NEMA 15 and NEMA 20 plugs 
and wall outlets?” (Figure 10) The same answer applies . . . few 
to none! This will be an area where cooperation between those 
who manufacture and install EVSE will need to work closely 
with you, the professional auto tech. Otherwise, PHEV and BEV 
high voltage battery pack charging issues will become a game 

of “finger pointing” between the electricians/charging station 
providers and the auto techs. Not all EVSE components are cre-
ated the same. The PHEV/BEV Level-1/120-volt charging cable 
in Figure 11 is has a composite body and rubberized cord that 
is rated to survive vehicle runovers and operate in extreme cold 
temperatures. Some cheaper and/or fancier (Bluetooth Con-
trolled) charging cables entering the aftermarket may not last 
as long or have the same protection compared to more robust 
(and expensive) charging equipment. I like to compare the 
lesser quality PHEV / BEV charging equipment to the Brand-X 
inexpensive power supplies for laptop computers. I’ve always 
avoided using them out of the reasonable concern they might 
damage my laptop. An electrical incident in your shop and/or 
expensive ‘thermal incident’ with your customer’s PHEV/BEV 
would be an even greater concern compared to a damaged 
laptop. For the AC power-savvy shop of tomorrow, continued 
education and well researched tool and equipment choices 
(Figure 12) will be the key to success diagnosing and repairing 
vehicles that interact with AC power!  

NOT SURE IF YOUR CUSTOMER’S PHEV OR BEV has a faulty 
Onboard Charging Module or a problem with their mobile Level 1 
or optional (home) Level 2 equipment?  For the serious “electrified 
repair shop” test equipment to test EVSE (off-board chargers and 
charging stations) like this FEV100 from Fluke can make the dif-
ference between the “blame game” and getting to the bottom of a 
customer’s vehicle problem.

CHECKING OUT YOUR CUSTOMER’S PHEV OR BEV destina-
tion charger?  They should have an OEM-supplied Level 1 / 120-volt 
charging cable that comes with the vehicle.  However, they may have 
purchased an aftermarket unit.  You probably will end up purchasing a 
J1772 level 1 and possibly level 2 (240-volts) charger for your shop’s 
diagnostic purposes.  Look not only a reputable brand, but also make 
sure there’s a “UL Listed” and CUS label (Canada and United States 
testing standardization).  Note the charge cable’s amperage draw spec 
and match to a suitable circuit in your shop.  This Level 1 Charging 
cable from Delphi Technologies by BorgWarner has multicolored LEDs 
on the front to give charging status and outlet condition.

NEMA (National Electrical Manufacturers Association) HAS STAN-
DARDS for AC power plugs and sockets/receptacles.  Make sure you 
know the difference between NEMA 15 (right) and NEMA 20 (left).  
Don’t try to install a NEMA 20 GFI receptacle in your repair shop 
unless you know that circuit’s wiring is rated for 20 amps.  If in doubt – 
consult a qualified electrician!
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DAVE HOBBS is a senior technical trainer and 
curriculum developer for Delphi Technologies 
Aftermarket at BorgWarner Inc. He’s Master ASE-
certified with L1 (advanced engine performance) & 
L3 (hybrid) specialist certifications. 

He has extensive OEM service and field engineering expertise, 
with more than 30 years of experience in troubleshooting vehicle 
systems electronics, with 15 of those years in the independent 
aftermarket repair business. He has 20 years of experience in 
training engineers (worldwide) and service technicians in both the 
OEM and aftermarket arenas, as well as experience in working 
with postsecondary vocational / community college students as an 
adjunct instructor.
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I
remember my � rst car just like it was still sitting in my 
driveway. It was a $50 1970 VW Beetle that had caught 
� re, burning most of the harness in the front trunk. I re-
wired it with spools of cheap stranded wire purchased 
from Murphy Mart, and it was a great learning experience 

for this 14-year-old. I spent the next year “polishing” this pile, 
but boy was I proud of it. Once running, I installed a radio, 14” 
tires (taken from a Buick, that rubbed the fenders if anyone 
rode in the back seat), and white seat covers from J.C. Whitney. 
I loved that car. � ere wasn’t a weekend that I didn’t � x, break, 
or add something to it, so eventually, I ran out of common-
sense things to do and decided I needed to have an alarm sys-
tem. (FIG 2)

For those of us who cut our automotive teeth in the early 
‘80s, you’ll remember these systems. � ey came in a box full 
of wire and an installation manual that couldn’t be more 

confusing if the sellers wanted it to be. I spent months trying 
to get at least the basic functionality operational but spent 
more time repairing the damage the installation was creating, 
rather than enjoying what the system could provide for me. 
My friends nicknamed the beetle “Kraco.” (FIG 1)

That was then, this is now
Aftermarket alarm systems have improved immensely since 
those early days, and they are still a part of the automotive 
upgrade pathway. But most are now installed by profession-
als that have an understanding of modern vehicle electronic 
systems and how to integrate a third-party alarm correctly. 
However, the market for “aftermarket alarms” has signi� cantly 
decreased for one simple reason: new vehicles (more often 
than not) have integrated security mechanisms from the OEM.

Even the most basic cars and trucks produced today have 
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immobilization and tamper sensors 
to protect them from content-theft 
or vandalism, and these OEM offer-
ings have gotten very complex. If you 
haven’t stumbled across it yet, check 
out the YouTube videos on Tesla cam-
eras, capturing vandals and parking 
mishaps being automatically recorded 
with its industry-leading security and 
autonomous systems. Of course, the 
more complex the system, the more 
significant the viability for a service 
opportunity.

Alarms available from the aftermar-
ket continue to evolve to keep up with 
OEM development. Integrated with au-
tonomous (ADAS) systems, vehicle se-
curity will continue progression into a 
viable but complex network of sensors, 
cameras and controls, reporting data 
locally and into cloud-based comput-
ing options.

� e modern OE alarm system had 
an extensive development phase, with 
incremental steps along the way to im-
prove the offering. For example, GM 
vehicles have had � ve di� erent vehicle 
deterrent systems, each requiring its 
own set of procedures to be followed 
for diagnostics and repairs. Take that 
number and multiply it by the number 
of vehicle manufacturers, and you’ll get 
an idea of the variety of systems out 
there, increasing the challenges faced 
by the technician.

Keyless entry…but 
does it have an alarmed 
security system?
It is also surprising how many consum-
ers have no idea of the capabilities of 
their vehicle’s advanced factory sys-
tems and are often challenged to know 
whether they have a security system at 

all. Confusion can begin with a misun-
derstanding of the key fob. Just because 
a vehicle has a fob with a “Lock and 
Unlock” function, it does not guarantee 
that an alarm system exists. � e owner’s 
manual in the glove box with all the 
important operating procedures is a re-
source that could determine a vehicle’s 
alarm existence and capabilities very 
easily. Most likely, the manual is un-
opened or possibly missing altogether.

Many incorrectly assume that their 
vehicle also has an alarm because they 
have a keyless entry system. If the fob 
has only two buttons (lock and unlock), 
chances are the car does not have a sys-
tem. An easy way to test this is to roll 
down the window, turn the car o� , get 
out, and lock the doors. After a minute 
or two (to assure any alarm has been 
activated) reach in the open window 
and attempt to open the door. � en, if 
the vehicle is equipped with an alarm, 
you’ll know it.

A nother way to determine this 
would be to look for a � ashing light on 
top of or on the face of the dashboard 
of a locked vehicle. � is � ashing light 
shows you that your vehicle’s alarm 
system is armed and should be some-
what of a deterrent to thieves (as they 
most likely recognize what that bea-
con represents). � is light can also be TEL: 1.855.288.3587  I  WEB: AUTEL.COM

EMAIL: USSUPPORT@AUTEL.COM
FOLLOW US @AUTELTOOLS  
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EARLY ALARM SYS-
TEMS were always a bit of a 
wiring challenge. 

THE TESLA ADAS and alarm system are 
in many ways leading the push into advanced 
vehicle security systems. 

SMARTPHONES ARE BECOMING an integral part of today’s vehicle alarm systems. 
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helpful to show the status of your alarm 
system, as most will illuminate a solid 
light when the vehicle is in operation 
to show an error in the system (as op-
posed to a � ashing light).

Of course, the most common-sense 
thing to do would be to allow a repair 
professional to examine the vehicle and 
determine its alarm capabilities. If nec-
essary, the vehicle owner can then de-
cide if installing an aftermarket system 
is right for them.

The different fl avors 
of security
OE and aftermarket systems both can of-
fer similar functionality. It can be di�  cult 
to remain one step ahead of well-heeled 
thieves, but a modern alarm system can 
give you a � ghting chance. Of course, the 
more complex the system, the more sig-
ni� cant challenge for the diagnostic and 
repair technician. Let’s start the discus-
sion by listing the most popular alarm 
system features that can be present on 
an alarm-enabled vehicle. (FIG 3)

Keyless remote: The remote is 
pretty self-explanatory, whether inte-
grated into a key or as a stand-alone fob.

Immobilizer: Don’t you love a sys-
tem whose name states precisely what it 
does? � e immobilizer… immobilizes. 
Tied directly into the vehicle’s ECU, the 
immobilizer signal (which originates 
from the key fob) prevents the car from 
starting if the fob is not within range or 
the correct one for the vehicle.

Vehicle tracking system: Mod-
ern alarm systems can feature strate-
gies that help recover a stolen vehicle 
through satellite GPS tracking.

Cameras: OEMs are integrating 
cameras into their vehicle networks. 
Not just for ADAS but also security. 
Tesla, the General Motors Surround 
Video Recording System, and oth-
ers are pioneering video systems that 
perform multiple duties. � ese include 
driver situational awareness, safety sys-
tems, and vehicle security. Designed to 

start recording when there is 
vehicle movement or, in 
some cases, exterior activ-
ity is detected by proxim-
ity sensors, these cameras 
can record and stream live 
video to the vehicle owner’s 
smartphone.

Anti-snatch mode: A relatively 
new system, anti-snatch functionality 
takes advantage of the ability to pair 
your smartphone with your vehicle 
(FIG 4). � is connectivity allows for a 
host of consumer-friendly tasks such 
as proximity lock/unlock and shared 
data service, but anti-snatch is per-
haps one of the most intriguing. With 
anti-snatch enabled, a running vehicle 
will automatically shut down after a 
user-de� ned period once the connec-
tion between the phone and vehicle are 
out of range of each other. � is helpful 
feature is attractive in today’s concerns 
over carjacking and “I only left the car 
running while I ran into the store for a 
minute” scenarios.

Anti-theft mode: A close relative of 
Anti-snatch, Anti-theft works the same 
way. With the vehicle security system 
activated, the car or truck will not start 
unless the connection between the 
phone and the vehicle is active.

Repairing a faulty alarm system 
(whether OE or aftermarket) can be a 
challenging docket. We all recognize 
that systems are integrated rather than 
stand-alone, building challenges for di-
agnostics. A good example happened to 
a friend who has a successful indepen-
dent shop. He was asked why a client’s 
Adaptive Cruise Control didn’t work 
correctly. In addition, the OE alarm 
occasionally gave a false warning.

His scan showed many calibra-
tion errors of vehicle sensors, and a 
visual exam showed signs of a recent 
front-end collision repair. He queried 
the client, who informed him the front 
bumper cover had been replaced due 
to a parking incident a month before. 

A call to the collision shop that per-
formed the repair showed that no re-
calibration of sensors had taken place 
after straightening a grille brace and 
the replacement of the bumper cover.

Diagnostic steps for OE alarm sys-
tems always start with your scan tool. 
Factory service data and TSBs are also 
essential resources for system repair. 
But, of course, if the issue is rooted in an 
aftermarket system, all bets are o� . � e 
best recommendation I read was with a 
well-known automotive instructor that 
said, “Figuring out what is wrong with 
a stereo-shop alarm system has to start 
with disabling the entire system, then re-
activate/install each system and sensor 
individually till the problem shows up.”
He has over 40 years in the industry, 
and I trust what he says.

Remember the basics
Another great place to begin when deal-
ing with an alarm system error is the ba-
sics, such as issues originating with the 
fob (FIG 5). Is the consumer acciden-
tally creating a problem by having the 
vehicle’s fob bouncing around in the bot-
tom of a purse or briefcase? Perhaps the 
fob’s battery is low or loose in its socket, 
creating an intermittent issue.

Another common but easily diag-
nosed root cause could be door, trunk, 
and hatch sensors. These latches get 
heav y use, are exposed to the ele-
ments, and can create alarm issues. A 
savvy tech should check for door/latch 
alignment, clean and lubricate, and 
verify the functionality of the sensor 
contact points. Perhaps the fob or the 
alarm system is looking for a reset. Fobs 

THE KEY FOB. What did 
we ever do without them?
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generally require a scan tool for reset, 
but you may get good results by discon-
necting the vehicle’s 12-volt battery for 
a minute or so. Oh, and don’t forget to 
check the alarm fuse.

For aftermarket systems, the next 
step would be with the wiring. If the 
original installation manual is not avail-
able (it likely won’t be), use the web as a 
resource for the documents that came 
with the system. And don’t forget to 
check any warranty that may exist from 
an aftermarket installer. Some shops 
o� er attractive warranty periods, and 
even if it is out of their service window, 
they can still be a helpful resource.

OE anti-theft system failures can be 
highly troublesome to diagnose with-
out dealer software. However, it is not 
impossible. When analyzing the issue, 
a technician will use a computerized 
scan tool to observe conditions within 
the anti-theft system, identify where the 
miscommunication originates, and ser-
vice that portion of the system.

For instance, if the body control 
module receives correct information 

to signal the engine control module 
to start the vehicle, the engine should 
start. However, consider if it does not 
signal the engine control module to 
start the car. In this case, the circuit, 
body control module, and engine con-
trol module will be tested/isolated to 
f ind which component is failing to 
interpret data. � is can be a long and 
challenging process when intermit-
tent issues are present. In some cases, 
an independent shop without factory 
scan tools may need to reach out to the 
dealership for assistance.

Keys and Key Fobs
Another service opportunity for techs 
and shop owners is vehicle keys. Keys 
get lost, preowned cars arrive with only 

one key, keys stop working, and 
only the savviest user will attempt 

to rectify a key issue on their 
own. Due to the structure of 

today’s keys and fobs, it takes 
a trained technician with 
certi� cations and the right 
tools to assist the customer 
with this problem, but of-
fering this service isn’t as 

expensive or complex as you would 
think (FIG6).

Key prog ramming and cutt ing 
are viable ways an automotive shop 
can create a new revenue stream. For 
those in the market, there are surpris-
ingly complex yet reliable equipment 
that allows independent shops to cut 
and program keys for all makes of ve-
hicles, and for OEM establishments to 
o� er the same services for cars outside 
of the makes they sell. However, a few 
steps need to be followed for those new 
to this service.

First, the ability to access key, im-
mobilizer, and vehicle PIN codes aren’t 
just handed out to everyone, for obvi-
ous reasons. To start down the key and 
fob programming path, a shop needs 
to acquire Secure Data Release Model 
(SDRM) credentials through an organi-
zation called the National Automotive 
Service Task Force, or NASTF (FIG 7).

� e folks at NASTF provide creden-
tials for locksmiths and auto repair 
technicians who need access to ve-
hicle security information (generally 
key codes and or immobilizer codes). 
Techs can apply for a 2-year Vehicle 
Security Professional credential by 
undergoing a background check and 
providing documentation that estab-
lishes their identity and business in 

NASTF IS THE INDUSTRY SOURCE for key programming and cutting credentials. This is a 
screenshot of the NASTF website (www.nastf.org) showing OEM information links. 

AN EXAMPLE OF a mod-
ern digital key production 
machine. 
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their community. All the details can be 
found at nastf.org. It is free to become 
a member of NASTF. It is a relatively 
quick and painless process, and Donny 
Seyfer and the folks at NASTF are top-
notch and will assist with the process. 
Once the certi� cation is completed, the 
remaining key and fob service steps to 
get you up and running are purchasing 
and training on key cutting equipment 
and unprogrammed keys and fobs.

I did a study at a previous place of 
employment on the estimated cost to 
get into this � eld, and the return on in-
vestment was surprisingly attractive. 
Based on investment in tools, machines, 
and key fobs (of around $8,000) as well 
as the average industry charge to the 
consumer of $200 per key, the payback 
on the investment would be about 40 
clients. Compare that with how many 
alignments are needed to pay for that 

new rack you installed last year. I re-
cently saw a Google ad that my local 
ACE Hardware franchise o� ered vehicle 
key cutting and programming. If your 
local hardware store thinks it is a good 
move to provide this service, it makes 
sense that it would work for you, too.

So, what is the future of alarm sys-
tems? A study by Future Market In-
sights predicts the car security system 
market will surpass $33.8 billion by 
2031 to coincide with the predicted 
rise in car theft cases. They further 
note that there was an almost 10% rise 
in auto thefts from 2019 to 2020 and 
expect an even more signi� cant jump 
once the data from 2021 is compiled.

For the automotive technician, secu-
rity systems are much like the growth 
of ADAS: technology and the need to 
understand how to diagnose, repair, 
and calibrate will become a necessity, 

rather than an option, in the tech’s 
toolbox of skills. Jumping on board this 
train is no longer an option but rather 
a means of survival. Seeking training 
on automotive networks and integrated 
security systems will soon be a “must-
have” rather than a “nice to have” skill.

MICHEAL SMYTH is 
a founding partner and 
Director of Training for 
AFV Educate, a not-for-
profit 401(c)(3) training 

organization specializing in alternative fuel 
curriculum development and educational 
presentation for first and second 
responders and automotive technicians. 
His previous positions included Director 
of West Virginia University’s National 
Alternative Fuels Training Consortium and 
Director of Training at Automotive Video 
Innovations. Mike has over 12 years of 
experience working with and presenting 
information on AFVs. Connect with him at 
LinkedIn.
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X-431 IMMO PAD Immobilizer
Diag and Programming

Launch continues to innovate and release diagnostic product so-
lutions that support the Independent Automotive Repair seg-
ment.  � e latest product o� ering is the Launch X-431 IMMO 

PAD, a comprehensive Key and Module Programming Device that 
supports Asian, Domestic and Euro vehicle applications for OBD II 
diagnostics, bi-directional controls and Module Replacement and 
Reprogramming.

“In the past, due to the limited technologies available for program-
ming, module/key replacement and the transfer/cloning of EPROM/ 
chip data, it was a challenge for independent auto repair shops and 
technicians to support these functions,” says Launch Tech USA Prod-
uct Manager Haresh Gobin. “They had to resort to piggyback/work-
around processes such as soldering chips off motherboard circuits 
for the extraction and transfer of the OE-encrypted data protocols.”

In addition to ECM, TCM and other module replacement, the 
IMMO PAD supports the replacement of a common request that 
automotive repair shops encounter, such as replacement copies of 
key fobs. 

ASE Master Tech Tony 
Shelton from John’s Auto-
motive in San Diego, California, frequently uses the X-431 IMMO 
PAD. “Prior to the IMMO PAD, I would have to refer key fob dupli-
cates requests to mobile locksmiths,” he says. “But with this product, 
I am able to perform Immobilizer Diagnostics / Configuration resets 
and key transponder/transmitter duplications and additions in an 
accurate /reliable and timely in-house process.”

Current Launch X-431 Professional Line  Scan Tool Users (Turbo, 
Torque III , Throttle ,Throttle III) are also able to perform IMMO Di-
agnostics and Programming with the acquisition of the XPROG 3 
Device on a standalone basis. 

For more information on the X-431 IMMO PAD, visit 
www.launchtechusa.com

mailto:sales@launchtechusa.com
http://nastf.org
http://www.launchtechusa.com
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Autolite spark plugs meet 
the needs of today’s high-
performing engines

V ehicle engine manufacturers are constantly 
striving to create models that improve efficiency, 
capacity, horsepower and overall performance, 
meaning that the manufacturers of the spark plugs 

that outfit them must keep pace with these innovations.
Autolite® satisfies this need with its Iridium Ultra® and Iridium 

XP lines of spark plugs, which combine to provide coverage for 
up to 94 percent of the nearly 84 million domestic and import 
vehicles in operation (VIO) in the United States today.

Iridium Ultra spark plugs have been designed to be a practical, 
cost-effective competitive alternative to late-model double-
platinum or iridium original equipment (OE) spark plugs, 
which were included in 98 percent of the new cars sold in 2018. 
They feature a laser-welded 0.5-mm iridium finewire electrode 
that creates optimal fuel efficiency, acceleration and focused 
ignitability, and are backed by a limited lifetime warranty. Other 
differentiating features of Iridium Ultra spark plugs include a nickel-
plated, corrosion-resistant shell; a high-alumina ceramic insulator 
that increases strength and reliability; and Autolite’s proprietary 
platinum-sidewire technology.

In side-by-side tests against competitive brands that were 
conducted by an independent lab, the Iridium Ultra spark plug 
was shown to burn – at maximum brake torque (MBT) of minus 
4 degrees of timing – the first 10 percent of the fuel mixture in just 
more than 38 degrees of crank rotation, while the competitors’ 
plugs required more than 40 degrees of crank rotation to achieve 10 
percent Mass Fraction Burn (MFB). The ability of the Iridium Ultra 
flame kernel to burn faster during the first 10 percent of MFB means 
that more of the fuel gets converted into operational energy quicker, 
resulting in improved fuel economy and reduced emissions.

All of these design and performance enhancements combine 
to make Iridium Ultra spark plugs the best alternative to premium 
OE iridium laser-welded plugs, but at a lower price point for repair-
shop owners, technicians and do-it-yourselfers.

For the drivers of older vehicles, with the average age of VIOs 
in the United States having recently reached an all-time high of 
11.8 years, Autolite offers the Iridium XP spark plug. These plugs, 
which can be used on vehicles from model year 1967 and up, have 
been designed to be a high-performance entry-level iridium plug 
for older engines.

They achieve OE-level performance in older engines through 
a construction process that features a balanced blend of iridium, 
platinum and palladium, resulting in a plug that precisely focuses 
its spark energy at the optimum ignition point to deliver high power, 
long life and exceptional value. Like the Iridium Ultra, the Iridium 
XP plugs have an iridium-enhanced finewire center electrode, 
nickel-plated shell, high-alumina ceramic insulator and platinum-
sidewire technology, and are backed by Autolite’s unmatched 
limited lifetime warranty.

Autolite, a division of First Brands Group, is the No. 1 manufacturer 
of ignition products in North America. Autolite manufactures and 
markets ignition products, including spark plugs and glow plugs, for 
U.S., Japanese, European and Korean cars, as well as plugs for Lawn 
& Garden and Powersports that meet or exceed OE fit and function 
requirements. For more information, please visit autolite.com.

COMPANY NAME 
Text text text text text
website address.com

http://VEHICLESERVICEPROS.COM
http://autolite.com
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Whether you’re buying a tire changer for the 
first time or are replacing existing equip-
ment, it’s important to do some work upfront 
to make sure you get a shop MVP instead of 

one that will get sent down to the minors. 
There are three common mistakes people make when choos-
ing a tire changer. Take some tips from the pros and avoid 
these three strikes when you step into the … buyer’s box.  

1. �Buying based purely on price. You might think we’re going 
to warn against buying the cheapest tire changer you can 
find — and you’re right — but we’re also warning against 
choosing the most expensive model “just because.” Some 
tire changers, especially those that cost a little more, are 
made exclusively for high-performance wheels and tires. 
There are often features on these machines that sound 
cool, but that will actually hold you back if you’re 
not in that high-performance market. Before you 
click “buy” or write that check, be sure to talk with 
a product expert about important business details 
like the vehicles you service and how much space 
you have in your shop.

2. �Not understanding the numbers. For a tire changer 
to work properly, the tire/wheel size must be smaller 
than the maximum extendable range of the turntable. 
For example, if the specs say the turntable clamps 
extend to a 30-inch diameter, that doesn’t mean 
the machine can service a 30-inch tire, because the 
clamps must be able to retract further to grab the tire. 
When choosing a tire changer, make sure the turn-
table extends to the right diameter for the wheels you’ll be 
servicing. Also consider whether you will clamp internally 
or externally — that makes a big difference in which piece 
of equipment is best for you.

3. �Wasting time by not using an assist arm. While a swing/
assist arm adds a little to the cost of a tire changer, it’s a 
massive time saver for most shops. And in shops that tra-
ditionally have two mechanics work on changing a single 
tire, it can provide a significant increase in productivity and 
profitability. The assist arm is pneumatically powered, locks 
in place and applies a lot of pressure without damaging the 
tire. A specially designed clamp lets the tire rotate slowly 
with the movement of the turntable and helps efficiently 
unseat the bead. 

So, there you have it. Spend wisely on the right player, study 
the stats, and take the assist to get a tire changer that just might 
be a game changer, too.

Don’t Strike Out When 
Choosing a Tire Changer

https://www.bendpak.com/wheel-service/tire-changers/
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Brake Pedal Pulsation 
2,000-4,000 Miles After 
Brake Service

Manufacturers and the 
a f t e r m a r k e t  b r a k e 
industry have created 
m a n y  b u l l e t i n s 

concerning rotor runout and how to 
correct it. However, we still receive 
calls daily on our technical help line 
concerning brake pedal pulsation 
and supposedly “warped” rotors. This 
typically takes place 2,000-4,000 miles 
after brake service. We will explain the 
reasons why checking rotor runout is so 
important when servicing brakes.

Most vehicles since 1999 have a rotor 
runout spec of .002”. In prior years, .007-
.010 was typical. Brake pad composition 
was one reason all manufacturers 
tightened up the specs. The pads used in 
the 80s and 90s were primarily made of 
soft materials, including asbestos. These 
pads were very forgiving, with very little 
noise and usually didn’t wear the rotors. 

Today’s pads are typically semi-met 
or ceramic. If the rotor runout is more 
than spec, the constant pad to rotor 
contact at one small area will cause a 
thickness variation. This occurs without 
touching the brake pedal; just rolling 
down road. 

If the pads are semi-met, the rotor 
will wear thinner in one spot from an 
abrasive action. The pulsation comes 
from rotor thickness variation. If ceramic 
pads are used, they can leave an uneven 
buildup of material, causing a slip-stick 
condition. 

Ceramic pads leave material on the 
rotor every time you apply the brakes, so 
as you slow down, the pad is transferring 
material to the rotor. If the rotor is within 
runout specs, the material will transfer 
evenly. (fig 1) If too much runout, 
material will be spotty and cause the 
pads to grip, then slip, then grip again. 
This causes pedal to pulsate. (fig 2)

There have been numerous factory 
bulletins on this subject explaining the 
need to check runout. Many shops are 
investing in hub cleaners, dial indicators 
and even on-the-car brake lathes to help 
prevent comebacks.

To limit your brake pulsation issues, 
start performing the extra two to four 
minutes per wheel step of checking 
runout. In our experience, only two to 
three out of 10 rotors need correction. 
Usually, just rotating the rotor on the 
hub to index will get most in spec. Be 
sure to note runout specs on the repair 

order and educate your customer. Also, 
torque lug nuts correctly to minimize 
runout when rotors expand from 
heating. 

The extra time spent will not only 
prevent you from doing the job over, 
but it will also save your customer the 
headache of returning to repair their 
vehicle again.

FIG 1 FIG 2

CENTRIC PARTS
14528 Bonelli St.
City of Industry, CA 91746
877-272-5301
www.centricparts.com

http://VEHICLESERVICEPROS.COM
http://www.centricparts.com
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When you run into a 
no-charge issue on 
an ‘05-‘06 Ford Expe-
dition, the problem 

may be with the alternator’s regulator 
connector. � e alternator sends a signal 
through the wiring harness to the PCM 
so the PCM can determine the vehicle’s 
electrical load to maintain the proper 
voltage set point. The PCM also uses 
this signal to determine the load placed 
on the engine by the charging system. If 
there is an issue with the wiring harness, 
the alternator’s signal cannot reach the 
PCM and could cause a no-charge issue. 

� e PCM controls the alternator regu-
lator through the Regulator Connector 
terminal/wire. � e PCM sends a com-
mand signal to the regulator, indicating 
the desired voltage setpoint needed. 

This fault often illuminates the No 
Charge/No Charge Warning light.

To test this system, first, disconnect 
the three-terminal connector. Use a 
wiring schematic to identify the AS 
=SENSE, RC =GEN-COM, and LI = GEN-
MON circuits. With the ignition key on, 
engine off, and the alternator connector 
disconnected, your SENSE wire should 
have battery voltage at the connector. 
Next, the GEN-COM wire should have 
zero volts, and the GEN-MON wire 
should have approximately 9 - 12 volts 
at the connector. If there is not, suspect 
a bad regulator connector at the alterna-
tor, and repair or replace the connector.

Need more help? Call TECHNICAL 
SUPPORT 800-228-9672. ASE Certified 
Technicians are Standing by 7 days a 
week.

When dealing with electrical 
issues, make sure you perform 
a proper diagnosis to locate 
the underlying cause

MOTORCAR PARTS OF AMERICA, INC.

2929 California Street
Torrance, CA 90503
www.motorcarparts.com

  Application: 2005 - 2006 Ford Expedition 
   (with a computer-controlled alternator)

When dealing with electrical issues, make sure you perform a 
proper diagnosis to locate the underlying cause.
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connector. The alternator sends a signal through the wiring harness 
to the  PCM so the PCM can determine the vehicle’s electrical load 
to maintain the proper voltage set point. The PCM also uses this 
signal to determine the load placed on the engine by the charging 
system. If there is an issue with the wiring harness, the alternator’s 
signal cannot reach the PCM and could cause a no charge issue.

The PCM controls the alternator regulator through the 
Regulator Connector terminal/wire. The PCM sends a command signal 
to the regulator, indicating the desired voltage setpoint needed.

Symptom: 
No Charge/Charge Warning Light Illuminated

Cause: 
Bad Regulator Connector at the alternator

The Solution: 
Replace or repair the alternator Regulator Connector

TECHNICAL SUPPORT

800-228-9672
ASE Certified Technicians are Standing by 7 days a week.

To test this system, first, disconnect the three-terminal
connector. Use a wiring schematic to identify the AS =SENSE, RC =GEN-
COM, and LI = GEN-MON circuits. With the ignition key on, engine off, and the 
alternator connector disconnected, your SENSE wire should have battery 
voltage at the connector. Next, the GEN-COM wire should have zero volts, and 
the GEN-MON wire should have approximately 9 - 12 volts at the connector.

motorcarparts.com 
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C ars and trucks continue to have increasingly 
complex electrical systems and diagnosing circuit 
problems on modern vehicles can be intimidating. 
But it really doesn’t need to be. 

Power Probe has always been dedicated to providing 
technicians with electrical testing tools to simplify circuit 
diagnosing and fault finding.

When teaching circuit testing, I try to keep things 
simple. One of the things I teach is that in most 
circuits, you will have no more than 5 different 
parts -  

1.  Source – Where the power comes from 
(battery, generator, solar, etc.)

2.  Load - the device being activated (lamp, motor, solenoid, etc.)
3.  Conductors – used to transfer power from the source to the 

load and back (wires, cables, chassis, etc.)
4.  Control – breaks circuit for on/off control (switch, relay, 

transistor.)
5.  Protection – protects circuit from overload (fuse, circuit 

breaker, etc.)
The beauty of this is, no matter how complicated the 

electrical system, you can break it down into circuit segments 
with no more than these 5 parts. So… when things go wrong 
and something isn’t working, it must be a fault with one of 
those parts. Makes sense, right?

Most circuit parts are relatively easy to test and repair – 
checking fuses, testing batteries, etc., but conductor (wiring) 
problems can be the most difficult to diagnose and locate, and in 
my experience, more often than not, it will be a wiring problem. 
They are very common.

The good news is that there are really only 3 things that go 
wrong with wiring –

1.  Opens – breaks or disconnects in the wire (infinite 
resistance.)

2.  Shorts – any unwanted connection. Typically, is short to 
ground (blows fuses) but can be short to power, etc. (lo-
resistance.)

3.  Hi-Resistance – restriction of current usually due to – loose 
connections, damaged or corroded wiring or connectors.

With proper testing you can usually identify which condition 
is causing your problem (open, short, hi-res), the difficulty is 
physically locating the problem in what could be a vast wiring loom 

in the vehicle. Where is it? It can be a challenging task, but Power 
Probe has a tool that can help.

The Power Probe ECT3000 Circuit Tracer and Short Finder is a 
tool specifically designed to help locate shorts and opens in vehicle 
wiring quickly and easily.

The ECT3000 is a 2-piece tool – The ECT Transmitter connects 
to the vehicle’s battery and injects a signal into the wiring and The 
ECT Handheld Receiver can pick up and follow the transmitter 
signal down the wiring. It even has directional arrows that points 
the direction to the Short no matter how the receiver is held.

The ECT3000 signal can be tracked through most paneling, 
carpeting, etc. with adjustable sensitivity up to 6 inches 
deep. This allows technicians to locate wiring faults without 
removing pieces or panels saving hours of valuable time when 
locating Shorts and Opens.

Reduce Circuit
Diagnostic Times

POWER PROBE GROUP, INC.
6509 Northpark Blvd., Charlotte, NC 28216
800-655-3585

www.powerprobe.com

http://VEHICLESERVICEPROS.COM
http://www.powerprobe.com
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DOT 3, DOT 4 and DOT 5.1 are 
glycol-based fluids and are hy-
groscopic, meaning they absorb 
water over time. As moisture 

gets into the brake system, the boiling point 
of glycol-based fluid lowers. DOT 5 is a sil-
icone-based fluid and is hydrophobic, mean-
ing it repels water. Moisture introduced into 
a brake system with DOT 5 fluid doesn’t mix 
with the brake fluid, causing the moisture to 
freeze or boil, leading to brake fade. 

Glycol and silicone-based fluids are NOT 
compatible and should never be mixed. Use 
DOT 5 in a completely dry system or in a vehicle that already 
has DOT 5 in the system. DOT 3, DOT 4 and DOT 5.1 are 
all interchangeable. 

As moisture enters the brake system, the boiling point of 
the brake fluid lowers. As the car is driven and the brakes are 
applied, the brake system heats up. If the fluid heats up to 
the point of boiling, it vaporizes and air bubbles form in the 
brake lines, causing brake fade or a loss of pedal completely. 

Boiling Points
The dry boiling point of the brake fluid is measured with 
zero percent water by volume, while the wet boiling point 
is measured with 3.7 percent moisture by volume. Test-
ing for moisture on a regular basis is important. As the 
moisture content of the fluid increases, the boiling point 
decreases. 

Color 
Glycol-based fluid is translucent yellow and looks clear 
when poured from the bottle. DOT 5 brake fluid is purple, 
making it easy to distinguish between glycol-based and 
silicone-based fluid.

Brake fluid darkens over time as rubber components in 
the hydraulic system break down due to moisture in the 
brake system and general wear.

Brown or black fluid needs replacing. 

Corrosion Prevention 
Moisture in the hydraulic system causes the metal parts to rust, 
including the master cylinder, wheel cylinder and ABS compo-
nents, leading to leaks in the hydraulic system. 

Brake fluid includes additives to prevent corrosion; how-
ever, additives break down over time.

Changing the Brake Fluid 
Check the vehicle’s service manual to see when to change the 
brake fluid. Some manufacturers recommend every two years 
or 24,000 miles. 

If the service manual doesn’t include this information, check 
the color and moisture content of the brake fluid once a year. 

What to Use 
Use whatever fluid is on the cap of the master cylinder reser-
voir. For older models that don’t have this information on the 
cap, use DOT 3. 

Remember, glycol-based fluids are interchangeable. DOT 
3, DOT 4 and DOT 5.1 can be mixed and won’t affect the ve-
hicle’s performance. Don’t mix silicone-based fluid (DOT 5) 
with glycol-based fluid. They aren’t compatible. 

Comparing Different 
Types of Brake Fluid 
The four main types of brake fluid are DOT 3, DOT 4, DOT 5 and DOT 5.1. 

RAYBESTOS 

4400 Prime Pkwy
McHenry, IL 60050
(815) 363-9000
www.raybestos.com 

http://www.raybestos.com
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It’s a well known fact modern vehicles have become 
increasingly complex with an ever increasing num-
ber of sensors and control modules. As the number 
of sensors has increased, so has the amount of data 

� owing between modules. In addition, Advanced Driver 
Assistance Systems (ADAS) which are common in many 
vehicles require very fast communication between sensors 
and modules to prevent collisions.  

To be able to keep the existing two wire hardware of the 
vehicle Controller Area Network (CAN) and improve com-
munication, the CAN FD communication protocol was re-
leased in 2012. This upgraded communication protocol 
has been slowly adopted by vehicle manufacturers over the 
last decade and is currently common with new passenger 
cars & light trucks. The main advantages of the CAN FD proto-
col are data transmission rates of up to 5 times faster compared 
to standard CAN and larger amounts of data to be transmitted 
on the same vehicle wiring. This is achieved by increasing the 
message size from 11 bits with standard CAN to 29 bits. The 
message payload is also increased from 8 to 64 bytes allowing 
more data to be communicated. To maximize the speed and 
amount of data, moving across the CAN, the CAN FD protocol 
can rapidly switch between high & low data rates depending 
on demand. To maintain data integrity and detect errors, the 
CAN FD protocol includes 5 different elements. 

Data transmitted using CAN FD is in a different configura-
tion than standard CAN and therefore diagnostic tools need 
to be able to read this new protocol. To complicate matters, di-
agnostic tools must be able to determine if the data is in either 
standard or CAN FD and interpret both protocols. Diagnostic 
tools manufacturers spend considerable time & resources on 
keeping pace with new data protocols. Higher quality scan 
tools will be able to communicate with hundreds of vehicle 
brands from all over the world ranging from model year 1996 
and newer. 

To ensure its tools keep pace with new diagnostic proto-
cols, THINKCAR employs over 300 engineers to develop new 
tool software & communication devices.  “Tool hardware such 
as screen size, amount of memory & processor speed are all 
important aspects of a tool’s capacity,” Eric Wang, Technol-
ogy Director notes. “However, the software makes the differ-
ence between being able to communicate with a vehicle or 
not,” says Wang. “We are currently working on technology and 

software which will not be released for 6 
to 12 months after extensive field testing 
on hundreds of live vehicles. A recent example of this is 
our new Platinum S10TVCI which was specifically developed 
to support CAN FD and is available via Cornwell Quality Tool 
dealers and Advance Auto Parts. The tool was under devel-
opment for 9 months plus months of field testing to ensure 
the software and upgraded Vehicle Communication Interface 
(VCI) unit would accurately and efficiently communicate with 
a wide variety of vehicles. “ 

The VCI is equally important as the tool software as it pro-
vides the physical connection between the diagnostic tablet 
& the vehicle using the OBDII port. The VCI must be able to 
precisely interpret data from various protocols and relay them 
back to the tablet. 

As modules to accommodate electric powertrains and bat-
tery packs are introduced the need for even faster protocols 
will continue to grow. When selecting a new diagnostic scan 
tool, it’s important to select a model which can support new 
diagnostic protocols. 

THINKCAR TECH INC. 
720 S. Rochester Ave. Unit B
Ontario CA 91761
Ph: 833-692-2766
www.thinkcarus.com

CAN-FD protocol:
Can your diagnostic tools keep up?

http://VEHICLESERVICEPROS.COM
http://www.thinkcarus.com
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W
hen discussing the subject of tire pres-
sure monitoring systems, (TPMS) it’s 
something many technicians (or shops 
for that matter) don’t typically put too 
much thought into. They treat it as one 

of those necessary evils that just come with the territory 
of running a service and repair business. It’s not typically 
thought of as being profitable as much as it is a task that just 
must be dealt with when, say, replacing tires. The truth of the 
matter is being adequately prepared to deal with TPMS sys-
tems can truly be a profitable venture.

A step back in time
We likely know that TPMS came to be popular around 2007, 
when the TREAD Act (which was introduced in 2000 to ad-
dress issues of severe tire failures from inadequate tire pres-
sure) required TPMS to be installed on all new model vehicles 
under 10,000lbs GVW. Now that they are no longer an op-

tion, these systems must now be faced head-on by techs and 
shop owners.

Early systems (known as “indirect TPMS”) capitalized on 
the antilock brake system (ABS) to calculate tire pressure. The 
pressure in the tires was simply inferred (not measured). As a 
tire loses pressure, the outer circumference of the tire lessens 
as well. As a result, a complete rotation of that tire occurs over 
less of a distance, meaning the tire will rotate faster than one 
that is pressurized appropriately. A system like this can be 
found on some vehicles dating back to the 1980s! The wheel 
speed sensors of the ABS system will report this data to the 
ABS control module. That same data is used (by comparing 
the pressures of tires diagonally from one another) to trigger 
the TPMS warning indicator if a threshold is exceeded.

The point is this data was extrapolated from an existing 
system. There was not much needed as far as tooling goes to 
service, diagnose, and repair these early indirect TPMS sys-
tems. Simply driving vehicles under certain operating condi-
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tions was all that was necessary to relearn the system. Again, 
the point is anybody could do it. This information was simply 
for a means to illuminate a warning light, alerting the driver 
to a tire with low pressure (25% lower than placard specifica-
tion). Although these systems could detect the underinflation 
of a few tires, they were unable to calculate the underinflation 
of all four tires. It’s for this reason the game had to change.

A shift in technology
Later systems utilized sensors that would output TPMS data. 
This information was not inferred but rather was being meas-
ured by the sensor. The sensors not only reported pressure 
but also included temperature, battery life, and individual 
sensor identification. Data was broadcast as a wireless signal 
from the sensor at a frequency of either 315 or 433 MHz (in 
the United States), and these two radio frequencies were not 
interchangeable. Because this data was no longer inferred, it 
was far more accurate. We refer to this method of reporting 
as “direct TPMS” (FIG 1).

The sensor could be found as one that attaches to the 
wheel rim (just as conventional tire valves do) or could be 
tethered to the wheel with a clamp or tension band. Depend-
ing on the configuration of the system, one or more trans-
mitter/receivers (transceivers) would receive and process 
the TPMS data from the sensors and possibly relay it to an 
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PICTURED HERE IS just a handful of TPMS sensors that are 
available in the aftermarket. Many more are available but not all 
sensors are compatible with every vehicle make and model. Find-
ing a sensor that functions with most of the vehicles is ideal.

THIS DIAGRAM DEPICTS the two basic designs of TPMS 
systems used. The indirect system inferred tire pressure data 
by way of an ECU using an algorithm to calculate a loss in tire 
pressure. The direct systems use sensors to measure and report 
information directly (pressure, temperature, battery life, and sen-
sor identifi cation).

1

2
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ECU (if it were not integral to the ECU). 
Again, all the system was required to 
do was report if a tire were underin-
flated; however, some of these systems 
could also identify a specific tire. There 
are many sensors available in the after-
market (FIG 2).

Later systems evolved again and 
went back to the indirect system, how-
ever, with far more accurate algorithms 
used to detect tire pressure differential. 
As interesting as a topic that is in and 
of itself, it is not what I am going to 
focus on here.

When it came to service and repair, 
a simple rotation of the tires could 
call for a relearn of the TPMS system. 
ECUs (electronic control units) are not 
smart; they are just programmed to 
process data swiftly and perform spe-
cific functions as a result. We would 
have to indicate to the ECU that the ID 

numbers for each sensor would now be 
in a new location. That is exactly what 
the relearn procedure provided. Many 
times, that procedure was carried out 
by a simple button push (located some-
where in the cabin or under the hood). 
Later systems incorporated initiators 
that would “ping” the sensors and allow 
them to self-identify their location to 
the TPMS system ECU.

The goal of the TPMS is system is 
to alert the driver of an underinflated 
tire. When detected, it would cause the 
system to illuminate the TPMS warn-
ing indicator steadily (FIG 3). Now, dur-
ing a malfunction of the TPMS system, 
a different indication was given to the 
driver. This could be a separate warn-
ing indicator or the same indicator 
(now “f lashing” instead of being illu-
minated steadily). This would require 
further diagnosis to determine not only the issue, but also which tire was 

related to the fault. As sensors begin 
to age, so do the batteries that power 
them, and they are non-serviceable. 
When it comes to replacement (to pre-
serve battery life), the sensors, shipped 
as replacement parts, were dormant, 
or in an “off mode.” These sensors had 
to be initialized to begin outputting 
data. Some sensors simply had to see 
a change in pressure to be initialized. 
Others required a TPMS activation tool 
that was used to ping the sensor (typi-
cally at a low frequency, 125kHz fre-
quency) so they would function (FIG 4). 
In some situations, a magnetic device 
could be used to perform this same task 
(FIG 5). This is where tooling started to 
come into play.

Time to invest-Getting the 
most bang for your buck
TPMS diagnosis is no different than 
any other system being analyzed on a 
vehicle. It requires an understanding 
of the components and how they in-
teract with one another but equally as 
important as having the tools to do the 
job to completion.
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THIS TPMS LOW TIRE PRESSURE 
ICON is a familiar warning, alerting both 
driver and technician of an underinfl ated 
tire. This indicator can be used in two ways. 
When illuminated solidly, it indicates a tire is 
underinfl ated. However, when this indica-
tor fl ashes, it indicates a malfunction in the 
system. Proper tooling is required to pinpoint 
the root cause of the fault. Not all tools func-
tion with all vehicles. Tooling can become 
expensive. A solution is to utilize a tool that 
is designed to overcome the issues of tool 
application and coverage.
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• Scanning for DTCs
• Ver i f y i ng t he sensors’  f u nct ion (ca n out put 

data accurately)
• Making sure the tires are inflated to proper pressure 

(specification on tire placard)
• Finding t he root cause of t he fault being de-

tected by the ECU
• Performing the repairs necessary to correct the fault
• Clearing the DTCs
• Relearning the TPMS system
• Verifying the proper operation before returning the 

vehicle to the customer
Again, it is just like any other diagnosis/repair procedure 

we perform. But we must have the tools to do the job to com-
pletion. There are many tools on the market today that can 
handle those above tasks. However, keep in mind that not 
every vehicle is configured the same. Therefore, not every tool 
will work on all vehicles. As I wrote in the beginning, having 
the ability to complete the job is just part of the equation. Being 

able to do so profitably is the other factor.
Choosing tools that can tackle those 

above tasks on a large variety of ve-
hicles is what I am interested in as a 
technician in today’s ever-evolving 
world. I need the tools to overcome 
the challenges I face today, but what 

about the ones I face tomorrow? Se-
lecting a tool that will be functional 

on only a few vehicle lines, or whose 
software updates cost a small for-
tune is something I try to avoid 
like the plague.

I want the tools that can do the 
job today, tomorrow, and efficiently. 
I do not think that is too much to 
ask. Rather than spending time 
researching service information, 

FIG 4- DISPLAYED HERE IS JUST A HANDFUL of TPMS 
activation tools available. Each tool functions well on certain vehicles 
but many don’t function on all vehicles. When choosing a tool, it’s best 
to maximize your return on investment. Focusing on a tool with a vast 
range of vehicle coverage will do just that.

THIS MAGNETIC 
DONUT looking device 
can be used to initiate 
a TPMS sensor. The 
magnetic fi eld it creates, 
when surrounding the 
sensor will excite (or 
“ping”) the sensor, forcing 
it to “wake-up” from its 
dormant state and begin 
functioning.
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consider a tool that has guided step-by-
step instructions on the vehicle you are 
addressing. I would much rather be fish-
ing with a net instead of a hook; it’s sim-
ply more efficient. Consider a tool that 
could perhaps scan a VIN. Everything 
you would need to know about that 
TPMS system for that vehicle could ar-

rive at your fingertips instantaneously. 
That would certainly save some time.

Consider the list of bullet points 
above. To complete that full list of tasks 
is necessary, but how easily doable is 
it when we are addressing multiple 
vehicle makes and models? Think of 
the investment in tooling required to 

tackle them all (and the software, as 
mentioned earlier), not to mention the 
time required to familiarize yourself 
with all the different tools and how to 
navigate them. Having one tool that 
would cover all (or at least almost all) 
makes and models is definitely attrac-
tive to me. But what if you had a tool 
that would also carry out that entire 
process on all makes and models (say, 
99% of them)? That would be a game-
changer, for sure!

The next challenge that comes to 
mind is sensor replacement. As men-
tioned earlier, vehicles are looking for a 
certain frequency to recognize the data 
being output from the sensors. Think of 
the inventory selection you would need 
on hand to cover the multiple makes/
models you would be servicing. If pos-
sible, I would choose the sensor that 
functions for “most applications.” For 
an inventory, this would be a safe bet 
to make. Having a sensor that functions 
with “almost all” vehicles would cer-
tainly limit downtime, boost efficiency, 
and maximize inventory storage space.

The hunt is on
When it comes to choosing the right 
tool, it’s not just about if the tool func-
tions. It’s not only about cost, either. It 
must make sense from many angles for 
it to be a rapid return on investment. 
Choosing the tool that I’m going to use 
often and on most applications is the 
right tool for me. Do your due diligence 
and don’t just select a “good tool.” Select 
the “right tool.” It must be “right” from 
all angles. This is how I remain efficient 
and profitable, but most importantly, 
confident that I can get the job done 
right on the customer’s first visit. 
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is Technical Editor of Motor 
Age Magazine. He holds 
multiple ASE certifications. 
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and provides telephone and live technical 
support, as well as private training, for 
technicians all across the world.
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A CASE OF
PENNY-
WISE &
DOLLAR-
FOOLISH
FAILURE TO GAIN A SENSE OF DIRECTION CAN FORCE 
US OUT OF NOT ONLY OUR COMFORT ZONE, BUT 
ALSO OUR NORMAL DIAGNOSTIC APPROACH.
BY ROSS COLKET  //  Contributing Editor

T
here are times we all encounter that one vehi-
cle that simply drives us nuts. Failure to gain 
a sense of direction can force us out of our 
comfort zone as well as our normal diagnos-
tic approach. But sometimes it’s necessary 
to travel the uncharted path.

We were familiar with the customer’s vehicle 
being a simple cargo van, so we knew this wasn’t a 
complex vehicle to deal with. So, this should be a 
quick in-and-out diagnosis, or so we thought. In 
the end, we put 60 miles on the customer’s vehicle, 
fixed the problem, and scheduled his next vehicle 
for a service appointment .

When the customer first called us on this vehicle, we 
viewed it as a chance to gain a new customer. We get many re-
ferrals on electrical and driveability concerns because of our 
reputation. We take pride in fixing these vehicles and always 
look at them as potential long-term customers.

In this case, it was the business owner (not the driver) 
who brought the vehicle in. He only knew that the warning 
indicators would come on every time the vehicle was driven. 
Specifically, the red brake warning lamp, ABS lamp, traction 
control light and traction control off lamps lit up when driv-

ing. No other specific information was given at the time. We 
did place a call to the driver, but he had little information to 
aid in duplicating the problem, just that every time he drove 
it, the lights would come on.

GETTY IMAGES
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THE FORD TRANSIT CONNECT (fi le photo shown) lit up the red 
brake warning lamp, ABS lamp, traction control light and traction control 
off lamps. The fi x for a seemingly simple problem proved to be elusive.
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Flushing the fault to the surface
I am a big believer in making sure you can duplicate the cus-
tomer’s concern. If you can’t, you have nothing to test for. If 
I can’t duplicate the problem, I will ask for the customer to 
give me as much information as possible for the conditions 
in which the problem occurs. I will ask them to go for a test 
drive with me to try to duplicate the problem. We have all had 
that customer who doesn’t believe us when we tell them the 
vehicle isn’t acting up. The solution is simple; take them for a 
ride! There are two possible outcomes:

1) The customer will duplicate the problem for you
2) The customer will see the vehicle isn’t acting up and 

realize you are not trying to ignore their problem
If the problem is not duplicated send the customer out till 

the problem becomes more frequent or until they know the 
conditions to duplicate the problem. On this Transit, it hap-
pened every time it was driven, although sometimes it would 
take longer than others.

My technician, Jason Oltmann (one of the best diagnostic 
technicians I have worked with), was tasked with this vehicle. 
I had every bit of confidence he would knock this one right 
out of the park. He was leaving for vacation in two days, and 
I never thought that would be a factor on this one. But in the 
end, both of us worked together to get this one fixed.

He was given this vehicle to look at and began with a test 
drive, as usual. It did take a longer test drive than normal to fi-

nally duplicate the problem. He initially only noticed that the 
indicator lights would come on and stay on. He then began 
gathering the codes, checking TSBs, and Identifix. The trouble 
codes indicated no clear direction. He went back out on sev-
eral test drives to try and find what the specific trigger was 
for the problem to happen. As the test drives continued, he 
found he could duplicate the concern only on left-hand turns.

Code Scan: Relatively simple vehicle, only has 8 modules.
There are only a total of 6 codes in the vehicle:

• �ABS Module: U0100:00-08 Lost comm with the ECM
• �U0100:87-48: Lost comm with the ECM
• �U0100:00-08: Lost comm with the TCM
• �U0100:87.08 Lost comm with the TCM
• �U0126:00-08 Lost comm with the steering angle sensor
• �BCM U0001:00-08 High Speed CAN comm bus

CODE DESCRIPTIONS:
• �ABS U0100:00 Lost communication with ECM/PCM ‘A’ 

Sets when the ABS module does not receive any messages 
from the PCM

• �ABS U0100:87 Lost communication with ECM/PCM ‘A’: 
Missing message 
Sets when the ABS module any of the following messages 
are missing, accelerator pedal position, brake on-off switch, 
cruise control status, or engine RPM

• �ABS U0126:00 Lost communication with the steering angle 
sensor module
Sets when the ABS module does not receive any messages 
from the SASM

• �BCM U0001:00 High-Speed CAN Communication Bus 
An HS-CAN fault was present at a point in time. The fault 
is not currently present since the module is communicating 
with the diagnostic scan tool.

POSSIBLE CAUSES:
• �ABS U100:00-08 (Applies for both the ECM & TCM) 

Possible causes: Network communication concern 
Stop lamp switch 
PCM 
ABS Module
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THE TRANSIT’S instru-
ment cluster with the 
fuse pulled duplicates 
the problem we were 
diagnosing

THE TRANSIT’S instrument cluster when the problem was occurring 
with the wiring

THE TRANSIT’S instrument cluster showing proper operation
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ABS U0126:00 Possible causes: 
Network communication concern
Stop lamp switch
PCM
ABS Module

BCM U0001:00 Possible causes:
Network communication concern

The problem always lasted just a split second. But once the 
lights came on, the ignition had to be cycled to turn the lights 
out. As we gathered more information, we were finally able 
to make the problem last longer than just a split second. We 
would lose the tachometer, speedometer, odometer, and trip 
odometer when this would happen. Yet we had no codes for 
the instrument cluster. He also found that the vehicle would 
continue to run and would not lose power to the engine. We 
were making progress, back to the drawing board to look at the 
symptoms, trouble codes, and wiring diagrams.

Developing a gameplan
Jason was diligently working on this vehicle to gather as much 
information as possible. He and I would then bounce theories 
off each other to formulate a test plan. I will not begin just test-
ing a vehicle at random. If you are testing a vehicle without 
having a clear idea of what is wrong with the vehicle, you are 
wasting your time. When you test a vehicle, you are testing to 
confirm the problem you suspect. We knew from the trouble 
codes that we should be looking at the network, PCM, and ABS 
module, but what about the instrument cluster? The lights on 
the instrument cluster could be explained by the ABS module. 

The speedometer could be explained also by the ABS module. 
But, what about the tachometer, trip indicator, and odometer? 
Also, why only left-hand turns?

Jason placed the van on his lift, and we began to do a simple 
wiggle test of the engine bay wire harnesses. The symptom was 
not present. All the harnesses were routed properly and in their 
proper retaining clips, and a visual inspection also not indicate 
any type of damage to the harness. Again, where do we begin 
to test when we can’t duplicate the problem consistently or for 
more than a few seconds?

Let’s look at the network from a logical standpoint. The ABS 
module was the one reporting lost communication codes with 
the other modules, but the other modules were not reporting 
lost communication codes with the ABS module. The body 
control module was reporting high-speed CAN message codes. 
Looking at the network topology, we could see that the only 
modules on this vehicle on the High-Speed CAN bus were the 
BCM, PCM, ABS, Parking Assist module, and the Restraint con-
trol module. Why were there no communication codes from 
the other modules? Again, no direction. We checked the wiring 
diagrams for common grounds and power supplies, and none 
were found. We checked the easily accessible grounds, and 
they were all good. We simply could not gain any direction.

By this point, Jason and I were both getting frustrated. Both 
of us are very good diagnostic technicians, and our pride was 
being seriously challenged. We had spent the afternoon in a 
parking lot driving in circles for 6 miles. We had the scanner 
with us scanning modules, looking at live data, but again, we 
couldn’t get the problem to happen consistently, or for more 
than 20 or 30 seconds to gather enough data for a theory as 
to the problem.

At this point, with one last 
test drive with the scanner, both 
of us had our stomachs in our 
throats from driving in circles. 
Jason began to get the problem 
to occur more frequently, and 
I was able to find out that the 
ABS module and BCM would 
go off line when the problem 
occurred. Some direction, but 
still not enough.

With the countdown to va-
cation, I knew Jason wanted to 
finish this job and have a fix for 
peace of mind. The push was 
on! I also knew in the back of my 
mind we should have been on 
the problematic system within 
an hour of starting to work on 

ABS MODULE electrical connector.
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this vehicle to begin pinpoint testing. We weren’t even close.
Jason began the day knowing we had a problem with the 

ABS module going off line when the problem occurred. He 
started testing the ABS fuses for loss of power (when he could 
duplicate the problem); no problems were found. I even went 
as far as to place an amp clamp at the ABS module fuses. Noth-
ing at all was found. I was getting very frustrated with myself 
by this point. I had begun doing what you shouldn’t do, test 
without direction.

As the day continued, we took the van for a ride. And after 
10 minutes, we got it to act up. Back to the bay we went. We had 
been very careful to take note of what was and wasn’t working 
and also the specific lights that were on. Jason and I were both 
stumped; we still did not know if it was a power, ground, mod-
ule, or network communication issue we should be chasing.

I had Jason pull the ABS module’s electrical connector for 
a visual inspection, and no visual problems were found. When 
the connector was apart, Jason had tightened the terminals 
(just out of habit) and we continued on with another test drive. 
FINALLY, some direction! The problem could no longer be du-
plicated on left-hand turns, no matter what we did. Time for a 
different approach, we headed to a local parking lot that had a 
few crater-sized potholes, and we began hitting them. We knew 
we had changed something, but the problem was still there.

Third time is the charm
It was now 4:45 Friday afternoon and we decided we needed 
to come at this problem from a repeatable (but different) 
angle. We took what I deemed a time-consuming approach 
and started pulling fuses until we duplicated the problem. We 
pulled fuse #2, and we got the lights to come on after four sec-
onds. But when we hit the bumps, the problem was immediate. 
Pulled Fuse #13… GOTCHA! We pulled the fuse and the exact 
symptoms happened immediately!

Fuse #13 is listed as powering the ABS module valves 
(HUH?) How would the power to the ABS control valves af-
fect the network, the odometer, the tachometer? We called it a 
day (defeated, frustrated, and mentally exhausted). It was time 
for Jason to leave for vacation.

Monday 9 a.m., I grab one of my other technicians, Austin 
Gehman, to go pull the ABS module connector and check the 
terminal tightness with the proper terminals. WE GOT IT! The 
terminal was loose enough to lose connection from time to 
time. The terminal was tightened and after another test drive 
in the parking lot of craters, it was deemed FIXED!

HOW AND WHY!
Why did the warning indicator lights come on?

The ABS module was losing power on fuse #13. Let’s exam-
ine the fuses for the ABS module:

Fuse # 22: 40 Amp Hot at all times Goes to the brake vacuum pump
Fuse # 17: 40 Amp Hot at all times Goes to the ABS Pump Motor
Fuse # 13: 25 Amp Hot at all times Goes to the ABS module
Fuse # 2: 4 Amp Switched Goes to the Traction control

switch & VPWR for the ABS module 

We can rule out Fuse #22 (that is the vac pump only), fuse 
#17 (for the ABS pump motor)

Fuse #2 (the power to wake up the module), and finally, fuse 
#13 is for the ABS valves and computer.

4 Amps is most likely not enough to power the com-
puter by itself.

Why did the tachometer, speedometer, odometer, 
and trip stop?

The ABS module relays the information from the PCM to 
the BCM. The BCM then sends the information to the instru-
ment cluster on a low-speed CAN network. I believe the mile-
age is logged in the PCM (therefore the loss of the odometer). 
I believe the trip odometer missing was simply a byproduct of 
the odometer information missing from the network message.

Why did it only happen on left-hand turns?
The best we can figure, it was a combination of body flex 

and movement of the harness.
Why did the amp clamp not work to pick up the loss of 

power to the ABS module?
I had the amp clamp set on a higher scale and did not see 

anything. But also remember, the ABS module did not reinitial-
ize either after regaining power. We still had a switched power 
supply to stay active.

We had debated doing a voltage drop test across the circuit, 
but because the terminal was loose in the ABS module connec-
tor, we would have never seen a change. Our test point voltages 
wouldn’t have changed.

Conclusion:
Looking back throughout events, the very thing that I didn’t 
want to do was exactly what we needed to get the vehicle prop-
erly diagnosed. I was concerned that removing the fuses might 
mask the problem and also be very time-consuming. However, 
that simple step would have saved hours of driving. Yes, I was 
being penny-wise and dollar foolish. We had a very intermit-
tent issue that we were able to force-duplicate. No, it didn’t give 
us a specific fix, but it gave us the direction we needed to start 
our pinpoint tests and come to a conclusion within 30 minutes 
after that. 
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Autel MS906BT
Diagnostic Tester
SKU 6010111

Autel TS508
All-In-One TPMS
Service Tool
SKU 6010116

Ranger RS-500DS
STAINLESS STEEL
Spray Washer
SKU 5155051

• Load Capacity - 500 lbs.
• Tank Capacity - 50 gal.
• Interior Dimensions - 43" x 32" 
• Steel Oil Skimming System

• OBD II Style with Screen
• OBD II Cable
• Includes 8 Sensors

Ranger RD-9G
9 Gallon Oil Drain
SKU 5150997

Ranger RFJ-3TQP
3-Ton Floor Jack
SKU 5150418

SALE PRICE

Ranger
RP-20FC
Oil Filter Crusher
with Stand
SKU 5150067

Ranger RST-1WS
Rolling Work Seat
SKU 5150514

Ranger RH-50PL
50 ft. Hose Reel
SKU 5150211

$1,795

$250

$270

$162

Cheetah CH-5
Bead Seating Tool
SKU 6010233

$188
SALE PRICE

Ranger RST-500ES
Engine Support
SKU 5150103

• Tank Size - 5 Gal.
• Max PSI - 120

• Capacity- 1,500 lbs.
• Adjustable Width - 40"- 63"

• Hose Length - 50’
• Fittings - 3/8”
• Air Pressure - 300 psi

• Capacity - 9 gal.
• Height - 32”- 64”
• Funnel Diameter - 18”

• Capacity - 6,000
• Height - 5” - 19.75”
• Chasis Length - 25.5”

• Steel Tubing - 1”
• Swivel Casters - 2.5”

FREE 20-LB.
Soap Bucket

• 8.0” Tablet
• Android Based
• Master Cable Set

All-In-One TPMS

$355
ON SALE

$390

Ranger RCD-1500EX
GoCart Vehicle Dolly
EXTENDED (Set of 2)
SKU 5150191

$405 $450

Ranger
RP-20FC
Oil Filter CrusherDEALS

• Capacity - 1,500 lbs.
• Tire Width Capacity - 13”
• Tire Diameter Capacity - 19”- 37”

Ranger RJS-2TH 
Tripod
Jack Stand
SKU 5150125

• Capacity - 4,000 lbs.
• Height - 55”- 87”

SUPER DEALS!
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ROSS COLKET is the owner of Colket Automotive 
Technical Services in Lansdale, Pennsylvania. He 
is an ASE Certified Master Technician with over 
30 years of experience as both a technician and 
educator.
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Dannmar D2-10C
10K Capacity 
Two-Post Lift
SKU 5175314

Dannmar D2-10A
10K Capacity 
Two-Post Lift
SKU 5175313

Dannmar D2-12C
12K Capacity 
Two-Post Lift
SKU 5175312

© 2022 Wrenchers LLC. All Rights Reserved. Free shipping applies to the contiguous United States only.

BendPak XPR-10AS
10K Capacity Asymmetric 
Two-Post Lift
SKU 5175397

$5,150

$7,295
$945

$6,145

$149$260$975

$5,090

$5,905

$3,535
$8,260 $4,405

$2,455 $3,077

BendPak XPR-10S
10K Capacity Symmetric
Two-Post Lift
SKU 5175395

Dannmar D4-12
12K Capacity
Four-Post Lift
SKU 5175317

Dannmar D4-12A
12K Capacity Alignment
Four-Post Lift
SKU 5175318

BendPak HDS-14
Standard Length 
Four-Post Lift
SKU 5175170

Dannmar DLR-6
6K Capacity 
Low-Rise Lift
SKU 5175330

Dannmar DMR-6
6K Capacity Portable 
Mid-Rise Lift
SKU 5175328

BendPak LR10000 
Low-Rise Lift
SKU 5175232

Frame Cradle Pads
for BendPak 2-Post Lifts
Set of 4 / 60 mm Pin
SKU 5175761

BendPak
TSP-580V-601
5 HP Air Compressor
SKU 5179111

Dannmar
DT-50A
Tire Changer
SKU 5140157

BendPak Deluxe 
Alignment Turnplates
Set of 2 SKU 5700236

Ranger
Wheel Weight
Dispenser
Stand Kit SKU 5150028

Ranger
Wheel Weights
Combo Set
(Black & Silver)
SKU 5150230

Dannmar DB-70
Wheel Balancer
SKU 5140159

Ranger RL-8500
Brake Lathe
with Bench
SKU 5150066

PACKAGE DEAL
SKU 5140136

Branick 7600
Strut Compressor
SKU 6010123

8,260

• Tank Size - 80-Gallon
• Max. CFM - 17
• Phase - 1-Phase
• Hertz - 60 Hz
• Voltage - 208-230 VAC

• Int. Rim Clamping - 14”- 26”
• Ext. Rim Clamping - 12”- 22”
• Max. Tire Diameter - 47”

• Size - 18.5" x 18.5"
• Free-Floating 360° movement

INCLUDES:
• Dispenser Stand
• Wheel Weights Combo

• Max. Tire Diameter - 49”
• Wheel Diameter - 10”- 28”
• Wheel Width - 1.5”- 20” • Max. Rotor Thickness - 2.5”

• Max. Rotor Diameter - 17”
• Max. Drum Diameter - 28”

• Capacity - 10,000 lbs.
• Max. Rise - 23"
• Width - 85"
• Length - 82.65"

• Max. Rise - 69"
• Overall Height - 145" / Width - 132" or 145"

• Max. Rise - 69"
• Overall Height - 145" / Width - 137" or 145"

• Max. Rise - 70"
• Overall Width - 110.25"
• Overall Height - 88"

• Height - 4"- 29"
• Overall Length - 82"
• Overall Width - 70.5"

• Height - 4.75"- 48"
• Overall Length - 81"
• Overall Width - 41.5"

ONLY

ONLY

ONLY

• Capacity - 12,000 lbs.
• Max. Rise - 68.75"
• Max. 2 Wheel Alignment - 163.5"

• Capacity - 12,000 lbs.
• Max. Rise - 68.75"
• Drive-Thru Clearance- 98"

INCLUDES
Tool Package

• Compression Capacity - 3,000 lbs
• Spring Diameters - 3.5/11.5

INCLUDES
Adapter Set

ON SALE
$2,230

$2,475
DEALS

DEALS

ON SALE
$2,780

$3,085

NEW YEAR SALENEW YEAR SALE

INCLUDES:
• (1) R980XR Tire Changer
• (1) DST2420 Wheel Balancer
• (1) Tape Wheel Weights

BUNDLE AND

SAVE!
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• Free-Floating 360° movement

INCLUDES:
• Dispenser Stand
• Wheel Weights Combo

• Max. Tire Diameter - 49”
• Wheel Diameter - 10”- 28”
• Wheel Width - 1.5”- 20” • Max. Rotor Thickness - 2.5”

• Max. Rotor Diameter - 17”
• Max. Drum Diameter - 28”

• Capacity - 10,000 lbs.
• Max. Rise - 23"
• Width - 85"
• Length - 82.65"

• Max. Rise - 69"
• Overall Height - 145" / Width - 132" or 145"

• Max. Rise - 69"
• Overall Height - 145" / Width - 137" or 145"

• Max. Rise - 70"
• Overall Width - 110.25"
• Overall Height - 88"

• Height - 4"- 29"
• Overall Length - 82"
• Overall Width - 70.5"

• Height - 4.75"- 48"
• Overall Length - 81"
• Overall Width - 41.5"

ONLY

ONLY

ONLY

• Capacity - 12,000 lbs.
• Max. Rise - 68.75"
• Max. 2 Wheel Alignment - 163.5"

• Capacity - 12,000 lbs.
• Max. Rise - 68.75"
• Drive-Thru Clearance- 98"

INCLUDES
Tool Package

• Compression Capacity - 3,000 lbs
• Spring Diameters - 3.5/11.5

INCLUDES
Adapter Set

ON SALE
$2,230

$2,475
DEALS

DEALS

ON SALE
$2,780

$3,085

NEW YEAR SALENEW YEAR SALE

INCLUDES:
• (1) R980XR Tire Changer
• (1) DST2420 Wheel Balancer
• (1) Tape Wheel Weights

BUNDLE AND

SAVE!
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TECHNICAL

STREAMLINING 
ELECTRONIC 
DIAGNOSIS

E
lectronics use devices to manipulate the flow of 
electricity. Most of the actions performed by to-
day’s vehicles are commanded by an Electronic 
Control Module (ECM) using inputs from numer-
ous sensors and switches. An ECM is only as de-

pendable as the information it receives. When an ECM makes 
a bad call, it’s generally because the module received wrong 
information from an input or attempted to command a faulty 
output. In some cases, an ECM will recognize an erroneous 
input and report it to the user in the form of a malfunction 
indicator lamp and a Diagnostic Trouble Code (DTC). Other 
times it will believe the inaccurate input and continue to out-
put invalid commands.

This article will offer tips and pointers that will be helpful 
when diagnosing an ECM-controlled system. This isn’t about 
the inner workings of transistors, diodes, and thermistors. 
There will be no in-depth discussion about the movement 
of electrons between atoms, nor will we dive into electrical 
theory formulas. The purpose of this column is to help you 
diagnose the vehicle that’s sitting in your shop. It’s always cru-
cial that theory, description, and operation are studied and 
understood for the system you’re servicing before the onset 
of diagnosis.

ECMs are not smart
Every decision an ECM makes is based on its programming; it 
will never think out of the box. However many times you can 
try to type the word “train” (on a keyboard with an inopera-
tive ‘T’), it will type “rain.” The computer doesn’t know what 
your intentions were, and it doesn’t care. It will do what it’s 
programmed to do. So, the man at the station will board the 
“rain” every time. Computers really aren’t smart. They are 
obedient, reactive, and quick to process, but they’re not smart.

Look before you leap
Before proceeding with diagnosis, perform a thorough vis-
ual inspection. The visual inspection process is the most 
crucial step of all automotive diagnoses. Eliminating the 
obvious should be the first step when diagnosing an elec-
trical concern.

Look under the hood, under the vehicle, and the dash for 
poorly installed aftermarket devices. Inspect harnesses for 
wire rub-through or critter chew-through. Check the area 
under the battery for a harness that might be corroded due to 
past battery leakage. Was the vehicle sunk in a puddle, caus-
ing water intrusion in connectors, or was it in a crash pinching 
a harness between bent metal? Spare yourself the frustration 
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WHEN AN ECM MAKES A BAD CALL, IT’S GENERALLY BECAUSE 
THE MODULE RECEIVED WRONG INFORMATION FROM AN INPUT.
BY ROY DENNIS RIPPLE  //  Contributing Editor
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of locating the issue following a prolonged diagnosis when 
you could have found it at the beginning during a competent 
visual inspection.

Hands-on testing
Electronic diagnosis starts with pulling DTCs. Even if you 
know which module the concern originates from, it’s best to 
start by pulling DTCs from all modules. The operation of a 
module can be affected by false information transmitted over 
the network by another module. Pulling all DTCs allows you 
to determine if there’s a network issue and if other modules 
are reporting a concern related to the issue you’re diagnosing.

Pinpoint tests (PPT), also called diagnostic f low charts, 
take you step-by-step through a well-thought-out series of 
tests that should eventually lead to a diagnosis. Unfortunately, 
the final result of a PPT isn’t always the correct diagnosis. The 
problem with the PPT is that the author of the test isn’t in the 
service bay diagnosing that particular vehicle. This means 
that you are the eyes, ears, and hands of the test.

Don’t get caught in the trap
Pinpoint tests procedures make many assumptions when 
they calculate results. It’s up to the technician to recognize the 
discrepancies between what the PPT says and what he or she 
sees. It’s not unusual for a PPT to display a wrong wire color 
or show a connector cavity to be empty when it’s occupied by 
wire. Don’t perform a PPT like you’re putting together a piece 
of furniture from Ikea. Tab “A” doesn’t always fit into slot “B”, 
and the result is never predetermined. When directed by a 
PPT to check a circuit, it’s essential to understand why you’re 
testing it, what it does, and how to interpret the results.

For instance, when pursuing an Ambient Air Tempera-
ture Sensor (AAT) issue: Pinpoint test step A5 may direct 
you to check for voltage at pin 1 of connector C714 at the 
AAT. It may then it ask, “Is any voltage present?” The result 
of this step determines whether you’re repairing a circuit 
or moving to the next step of the PPT.

If you’re simply following directions, since no voltage 
measured at pin 1, you answer “no” and move on to step A6. 
The problem with this robotic approach to testing is that the 
test doesn’t always tell you why you performed this step, 
and what you eliminated as a possible cause of the concern.

This is why you should be following every PPT step with 
an open wiring diagram. This allows you to see what is 
being tested and why. In the scenario above, pin 1 is the ATT 
signal wire to the Powertrain Control Module (PCM), and it 
should not be powered up. The wiring diagram shows that 
only the AAT would be affected if there’s a short to power 
on this circuit. It also reveals an inline connector between 
the PCM and the AAT, which is a possible source of an in-
termittent issue. By viewing the schematic, you understand 
the test you performed and the system you’re diagnosing.

Be careful not to change the state of anything between 
PPT steps unless the test directs it. The PPT step above 
could have tripped you up if you didn’t carefully read 
the steps leading up to it. Step A2 requires disconnect-
ing the connector at the PCM and does not reconnect it. 
The test asks if “any” voltage is present. There could be 
less than a volt creeping down that circuit with the PCM 
connected. Reconnecting the PCM after performing step 
A2 could cause a false result, leading you down entirely 
the wrong path.
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THIS HOOKUP IS LOAD-TESTING the ground circuit for the LF 
headlamp. The red test lead is supplying power to the load. The green 
test lead is using the tested ground circuit to supply ground to the load 
(for a clearer photo, the bulbs aren’t lit).

WE DECIDED TO RAISE this Ford Focus on the lift and perform a 
visual inspection before proceeding with check engine light diagnosis. 
Good thing we did. That’s the PCM wired up under the vehicle. We had 
to replace the PCM, both harness connectors and the module box.
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The outlined procedure isn’t necessarily the 
most efficient
The main rule of performing a PPT is to carry out the steps 
without skipping an operation. The problem is that these tests 
usually make minimal effort to streamline the diagnosis. It’s 
not uncommon for a test to require access to a module to 
check for power, just to find out that you have a blown fuse 
in the next step. Sometimes ripping through interior trim 
panels to access a module takes more time than the actual 
testing. Unfortunately, the test doesn’t mention the fuse until 
you’ve removed the center console and discovered that there’s 
no power to the module connector. This is why you need to 
be proactive.

When a PPT requires checking power feed at a hard-to-
access module, reference the wiring diagram and back your 
way into the module connector. If the fuse has power and 
isn’t open, check for power at an easy-to-access inline con-
nector between the fuse and the module. This way, you’re 
eliminating easy to access components and connectors. If 
all tests well, you’ll have to gain access to and check power 
at the module.

If the module has no power, you’ve already eliminated the 
circuit section between the fuse and the inline connector as 
being the problem. If the module is powered up, you are right 
where you need to be for the next step of the pinpoint test.

The same goes for grounds. Reference the schematic and 
put your hands on all easily accessible grounds that pertain 
to the module you’re pursuing. Finding a loose or corroded 
ground during a visual inspection is a “touchdown”.

A logical approach will be a time-saver
You can also save time by performing numerous tests at once. 
Pinpoint tests will have you check the circuits in a connector 
for an open, then go back and check those circuits for a short 
to ground, then the test will send you back to the same con-
nector pins to check for a short to power and a short to each 

other. For the sake of streamlined diagnosis, let’s bang out all 
these tests at once.

After using an ohmmeter to verify that the circuit is closed, 
move the probe to the other wires in the connector, checking 
for continuity between circuits. Then move one probe and 
check for continuity to ground. With the probe still connected 
to ground, turn on the ignition, switch the meter to DCV, and 
check for a short to power. You’ve completed four tests on the 
single circuit with virtually one hookup.

In an ECM-controlled system, the amount of load that a 
wire carry can vary significantly between circuits. The wire 
that commands the HVAC module to move the temperature 
blend door carries only a fraction of the wire’s current that 
moves the blend door actuator, yet the PPT has you check 
both circuits with an ohmmeter. Ohmmeters send minimal 
current through a wire. Circuits that fail under a heavy load 
during operation can easily pass with f lying colors when 
tested with an ohmmeter. Load testing a circuit uses the 
tested wire to operate a load, forcing it to carry a current 
similar to what it endures during regular operation. We like 
to use one or two brake lamp bulbs for the load when testing 
a suspect wire. Again, it’s recommended to use a load similar 
to the intended load.

One way I suggest to load-test a wire is to attach one end of 
the suspect wire to the positive battery terminal and the other 
side to the bulbs using jumper leads. Connecting the alternate 
side of the bulbs to the negative battery terminal should illu-
minate the bulbs. The suspect wire is now supplying current 
for the bulbs; therefore, it’s assuming the load. Compare volt-
age at the bulbs with battery source voltage. Due to resistance 
in the jumper leads and the suspect wire, you could see about 
a 1V difference or voltage-drop. Much more than that means 
that there’s a problem. If the voltage drop is over a volt, sub-
stitute a known good jumper lead for the suspect wire. If the 
drop decreases, the suspect wire isn’t handling the load. Test 
the ground side the same way by using the suspect ground 
circuit to power up the bulbs.

Real-life application
We were diagnosing inoperative heated seats on a newer 
model Ford Taurus. The PPT directed us to check power at 
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A SCANNER SNAPSHOT of DTC P0131 (O2 Circuit Low Voltage 
Bank 1, Sensor 1). Freeze-frame data shows that the engine coolant 
temperature was 161.6 deg F when the DTC was stored. Testing the 
circuit at this temperature revealed high resistance in the wire harness 
that is routed behind the engine.

FIRST STEP OF THE PINPOINT TEST for no network commu-
nication with the Side Obstacle Detection Module on a 2015 Lincoln 
MKZ. The test suggests checking the fuse after removing the rear 

bumper cover and veri-
fying no power to the 
module. We checked 
the fuse first. The fuse 
was blown, saved a lot 
of time.
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WHILE DIAGNOSING an illuminated ABS malfunction indicator 
lamp on a Ford F-150, I referenced the wire diagram, and checked all 
easily accessible inline connectors. I found a pin push-through condi-
tion at pin 16. This visual inspection saved me a lot of time.

2202MA_AutomotiveManagementInstitute.indd   1 1/7/22   4:31 PM

the Seat Control Module (SCM), which is integral to the 
Driver’s Seat Module (DSM).

First, we verified the integrity of the fuse that powers the 
SCM. Then we checked power at the SCM with a voltmeter. 
The voltage at the connector was 12.5V; battery voltage was 
12.6V, so it’s good. We load-tested the power circuit using 
one brake lamp bulb. The bulb lit up brightly, and the volt-
age drop at the bulb was only .6V.

We replaced the DSM, per the PPT. Still no heated seat 
operation. We went through the PPT again. This time we 
load-tested the power circuit using two brake lamp bulbs. 
The bulbs did not illuminate. When we pulled one bulb 
from the circuit, the other lit up. When we added the sec-
ond bulb, they both went out. The power circuit to the SCM 
was able to handle the load of one bulb but failed under the 
load of two bulbs and failed under the load of the heated 
seat elements. The cause was a burnt connector at the Bat-
tery Junction Box.

Circuits that are burdened with a heavy load, like heat-
ing elements or electric motors, should be tested using two 
bulbs. A circuit that uses a small gauge wire can be load 
tested using only one bulb. A brake lamp draws about 2 

amps, so be careful; the 4-amps load of two bulbs could fry 
a low current circuit.

Follow the clues
Heat increases the resistance of a metal conductor. This 
standard of electrophysics can cause chaos when diagnos-
ing a concern in an ECM-controlled system. Resistance is 
the foundation for most module inputs, so any changes in 
resistance can cause values to go out of range.

When diagnosing an intermittent concern, especially if 
it’s a circuit issue, it’s beneficial to know the ambient tem-
perature and the engine temperature at the time of the mal-
function. The high passenger compartment temperatures 
of a vehicle sitting in the sun and the even higher engine 
compartment temperatures can impact a circuit’s resis-
tance, changing a sensor input to the ECM.

Obtaining this information starts with the customer’s 
description of the concern. A good service writer will ask 
the customer if the concern occurs during the first start-up 
or when the engine is warmed up. Is it worse in the after-
noon than it is in the morning? These clues can help you 
determine the best conditions to test the suspect circuits.

Freeze Frame Data accompany most electronic engine 
control DTCs. Freeze frame data is a snapshot of prede-
termined PIDs when the DTC is set. Included in this data 
are engine temperature and ambient temperature. This is 
excellent information to have.

We diagnosed a Ford F-150 that was intermittently turn-
ing on the check engine light with a stored P0190 (Fuel Rail 
Pressure (FRP) Sensor Circuit Malfunction). When the 
technician performed the PPT with the engine cold, no val-
ues were out of range. Freeze frame data showed that the 
DTC set when Engine Coolant Temperature (ECT) was 211 
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ROY DENNIS RIPPLE is a Ford Senior Master 
Technician and an ASE Master Technician with more 
than 30 years experience in the automotive industry. 
As an automotive journalist, he is the recipient of a 
2020 Azbees Award and a 2020 Tabbies Award. 

Ripple is currently working full-time as the shop foreman at a Ford 
dealership. He lives in New Jersey with his wife, three dogs, and two 
motorcycles. He can be reached at ripkrypton@gmail.com. .

deg-F. We monitored the ECT PID until the engine reached 
the target temperature, then rechecked. Circuit 1289 from 
the FRP to the PCM had 22 ohms resistance when hot. We 
found that the wire harness broke loose from its retainer 
and was lying on a heater hose. Repositioning the harness 
is all it took to fix the concern. You have a good argument 
if you say that we should have found this during the initial 
visual inspection.

In-car temperature can play a big role when diagnosing 
an airbag malfunction indicator lamp concern. It takes very 
little change in circuit resistance for the Restraints Control 
Module to turn on the warning indicator. It’s not uncom-
mon for an airbag circuit to test out of range only after a 
long soak in the sun.

Network concerns add a whole new dimension to auto-
motive electronic diagnosis. When a module perceives an 
issue within the network, it will store a U code, but not all 
U codes mean an issue with the network. Bad information 
coming over the network will also set a U code.

Let’s say the Anti-lock Brake (ABS) module is sending an 
incorrect vehicle speed value to the PCM. The PCM might 
store DTC U0415 - (Invalid Data Received from ABS Control 
Module). This DTC tells us that communication between 

the PCM and the ABS module is good, but the PCM doesn’t 
believe what the ABS module is reporting. The most likely 
cause of this DTC is an invalid input to the ABS module. 
This is why it’s important to pull DTCs from all modules.

It’s easy to lose track of the fact that automotive elec-
tronic diagnosis is electrical diagnosis — the proper 
amount of current needs to move along the designated wire 
at the correct time for everything to work smoothly. Under-
standing the strategies of the module you are diagnosing is 
critical when diagnosing an ECM-controlled system. Take 
the time to read Description and Operation before tackling 
the pinpoint test. Understand the reason for each step of the 
PPT and the consequences of the results. Don’t be a robot. 
Modules are relatively stupid, and automotive technicians 
are brilliant. It’s no contest.  
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COMPATIBLE WITH MANY 
LIGHT, MEDIUM, AND HEAVY 
DUTY VEHICLES
The Autel MaxiSYS MS909CV 
Commercial Vehicle Diagnostics 
Tablet is compatible with more than 80 
models of light, medium, and heavy duty 
vehicles. With a 9.7” wireless, Android-based touchscreen, 
it performs extensive diagnostics, including the ability to 
read/erase codes, view and graph live data, and perform 
active tests. The tablet includes a Bluetooth-enabled VCI/
J2534 Pass-Thru programmer, MaxiBAS B200 battery starting/
charging system test device, and a multimeter. The tablet also 
includes ADAS calibration software for Class 3 to 5 vehicles and 
Class 6 to 8 vehicles with dynamically calibrated systems. The 
MS909CV includes one year of free software updates.
AUTEL.COM

MEET PRECISE GERMAN 
SPECIFICATIONS
Textar has developed 
a perfectly matched 
brake disc that en-
sures the ultimate in 
braking performance. 
The Textar range of 
brake discs is manufac-
tured to precise German specifi cations, and it is application-
engineered for cars driven in North America. Textar brake discs, 
pads, e-pads, brake shoes, brake fl uids, anti-squeal pastes, and 
brake tools are available exclusively at WORLDPAC.
WORLDPAC.COM

SMARTER, STRONGER, SAFER
KYB Strut-Plus assemblies start with the 
best and smartest struts: KYB struts featuring 
vehicle specifi c, hand assembled damping valves. 
Then we develop and test the strongest springs: 
high-carbon steel that is stress-relieved, salt 
spray-tested, and cycle-tested. Then we  put it all 
together and test the assemblies in the real world 
to make sure they  help restore designed vehicle 
control and correct ride height.
KYB.COM

SUPPORTS REPLACEMENT COPIES OF KEY FOBS
The X-431 IMMO Pad
from Launch Tech is a com-
prehensive key and module 
programming device that 
supports Asian, Domes-
tic, and European vehicle 
applications for OBD-II diagnostics, bidirectional controls, and 
module replacement and re-programming. The X-431 IMMO 
Pad works in conjunction with X-431 professional line scan tools 
including Turbo, Torque, Throttle, and Throttle III. In addition to 
ECM, TCM, and other module replacement, the IMMO Pad also 
supports replacement copies of key fobs.
LAUNCHTECHUSA.COM

UPGRADE YOUR SHOP, 
UPGRADE YOUR AIR
DanAmAir is a fast,  fl exible, 
and easy-to-modify aluminum 
pipe system for compressed 
air in any shop  or garage with 
optimum fl ow rate performance. 
The Press-to-Connect  fi ttings 
feature a full-bore design for 
turbulence-free air delivery. This  
quick, instant connection elimi-
nates the need to thread, solder 
or glue, for far less installation 
times than traditional copper or 
black  pipe and allows you to do-it-yourself.
DANAMAIR.COM

NO-DRIP FORMULA STAYS WHERE IT’S SPRAYED
The WD-40 Updated Spe-
cialist Gel Lube, previously 
known as Specialist Spray and 
Stay Gel Lubricant and now in a 
blue and yellow can, is designed 
to offer long lasting lubrica-
tion and protection that resists 
water and displaces moisture to prevent rust for up to one year, 
according to the company. With a no-drip formula, the spray gel 
lubricant goes on thick and stays where it’s sprayed, making it 
ideal for use on wheel bearings. It’s also ideal for use on vertical 
surfaces like chains and cables, and offers non-fl ing for moving 
parts such as gears and bearings. Safe to use on multiple sur-
faces including metals, plastic, and rubber.
WD40.COM

MEET PRECISE GERMAN 

 has developed 

brake discs is manufac-
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Electrical How-to-Book  
by Vince Fischelli (250 pages - 198 diagrams) $98.00

“Vehicle Electrical Troubleshooting SHORTCUTS”

Troubleshooting Batteries, Cranking Circuits and Charging Systems 
on-the-vehicle with just a DMM & Current Clamp plus a lot more!

Veejer Enterprises Inc.
www.veejer.com   972-276-9642
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Generate sales leads, maintain market 
presence, conduct market testing, 

promote existing lines, 
introduce new products and services, 

or recruit the best.

Call James Hwang at

Ph: 801-823-1704 or

E-mail: jhwang@endeavorb2b.com
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Any gasoline engine needs the same 
three things to work: the proper air/fuel 
mixture, solid mechanical compression 
of that mixture, and a good spark to get 
the burn started. Today on the Trainer, 
let’s focus on spark - specifically, how to 
verify the engine is getting what it needs 
from a C.O.P. (Coil-On-Plug) ignition 
system.

Learn more about the tools used in 
this video at www.Autel.com!  

PETE MEIER // Director of Training

HOW TO VERIFY THE ENGINE IS GETTING WHAT IT NEEDS FROM 
A C.O.P. (COIL-ON-PLUG) IGNITION SYSTEM.

THE TRAINER #123:  TESTING C.O.P.
(COIL-ON-PLUG) IGNITION SYSTEMS

SPONSORED BY

SIGN UP FOR YOUR SUBSCRIPTION TODAY AT  MOTORAGE.COM/MATCONNECT

MOTORAGE.COM/watch website

http://www.Autel.com
http://MOTORAGE.COM/MATCONNECT
http://MOTORAGE.COM/watch
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worldpac.com  |  worldpac.ca 

Access quality parts, technical training  

and business solutions all in one place.

YOU’RE COVERED
Worldpac stocks OEM parts for every situation.
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