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Coverage
Continually updated and enhanced coverage for Domestic, Asian 

and European brands. Recent software updates included a huge 

European vehicle coverage release for BMW, Volkswagen, Audi and 

Mercedes-Benz vehicles, with new coverage also added for GM, 

Ford, Chrysler and Nissan vehicles.

 Compatible with many wireless borescopes, battery testers, NVH 

analyzers and more 

Accessories

The tools

ADS 325

f  7" ultra-crisp, high-resolution display 

f  5MP rear camera enables sharing photos and Vehicle 

6FDQâ5HSRUWV

f  Complete diagnostic needs with Auto ID, read/clear DTCs 

and DTC types from all controllers, data PIDS, bidirectional 

controls, calibrations, resets and relearns.

f  Android 5.0 plus 64GB SSD for fast processing, printing and 

ÀOHâVKDULQJ

f  Built-in Wi-Fi and Firefox for full browsing capabilities

f  Lifetime Warranty with an active, unlapsed 

GLDJQRVWLFVâVXEVFULSWLRQ

f  Tablet, AC power adapter and OBD II cable with light 

DQGâYROWPHWHU

ADS 625

All the features of the ADS 325, plus:

f� �,QGXVWU\�OHDGLQJ�IXOO�FRORU�2(�V\VWHP�ZLULQJâGLDJUDPV

f  Wireless VCI and dual WiFi cards for strong web and 

9&,âFRQQHFWLRQ

f� �-�����SDVV�WKUX�9&,�IRU�2(�SURJUDPPLQJâFDSDELOLWLHV

f Large 10" ultra-crisp high-resolution display

f Dual 5MP front and rear cameras

f HDMI output for extended display

f Docking and charging station included

Diagnose, research,  

and repair - all-in-one
Engineered and assembled in the USA by Bosch. The ADS series is designed by technicians, 

for technicians, to diagnose, research and repair vehicle issues.

Repair-Source

ADS tools now come with Bosch Repair-Source, a comprehensive 

vehicle service and repair information library. 

f  Connect the diagnosis with vital technical information needed 

IRU�UHSDLU�²�IRU�WKH�VSHFLÀF�YHKLFOH�PDNH��PRGHO�DQG�\HDU�\RX�DUH�

ZRUNLQJâRQ��

f  Repair information included with standard subscription 

f  Access to vehicle service and repair information including DTC 

WURXEOHVKRRWLQJ�ZRUNÁRZV��UHSDLU�SURFHGXUHV��PDLQWHQDQFH�

schedules, TSBs, OE wiring diagrams, component locations, labor 

times and more

ADS 325 ADS 625

Ask your tool dealer about Bosch Diagnostics or 

visit boschdiagnostics.com

Now with  

Bosch  

Repair-Source
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TRENDING

BREAKING

NEWS

INDUSTRY NEWS

ASA APPOINTS NEW 

EXECUTIVE DIRECTOR

Ray Fisher, executive 
director of ASA’s Michigan 
affi liate, has been selected 
to head the Automotive 
Service Association as 
its executive director/
president, beginning Jan. 
2, 2019.
MOTORAGE.COM/FISHER

COLLEGE TO OFFER ONE-

YEAR GENERAL SERVICE 

CERTIFICATION

Beginning in winter 
semester 2019, 
Kalamazoo Valley is 
offering a one-year 
certifi cate program in 
General Automotive 
Service (GAS). 
MOTORAGE.COM/ONEYEAR

TECHS TRAINED BEHIND 

BARS HELPING FILL 

VOIDS

Business owners eager 
to fi ll vacant staffi ng 
slots amid a national 
unemployment rate of just 
3.9 percent have been 
increasingly willing to tap 
into this resource.
MOTORAGE.COM/BARS

VOLKSWAGEN HELPING 

TRAIN TECHS OF 

TOMORROW

VW has technical training 
centers around the 
nation that support VW 
dealership employees, and 
there is also a collision 
training facility that tech 
teams can utilize.
MOTORAGE.COM/VWTRAIN

S/P2 CAREERS 

SURPASSES 50,000 

RESUMES

S/P2 Careers has 
surpassed 50,000 
resumes in its resume 
database, which is fueled 
by career tech students 
looking opportunities as 
entry-level technicians.
MOTORAGE.COM/RESUME

>> TECH CONTINUES ON PAGE 6

AWARD WINNER

MOTOR AGE TRAINING, 

ASE NAME 2018 TECH 

OF THE YEAR 

Jimmy Brigance knows the 

value of ASE certifi cation, 

and it is one he works to pass on 

to his students.

And it is a value he is now 

being recognized for. Instructor 

and Master Technician Brigance, 

of Stigler, Okla., was named 

the 2018 Motor Age Training/

ASE Master Automobile + 

L1 Technician of the Year. He 

received his award at the ASE 

banquet late last year. “I was 

really proud and impressed 

with all the people they were 

honoring, not just me. There are a 

lot of people in our industry who 

don’t understand how important 

ASE certifi cation is,” Brigance 

said. “We joke that you have to 

have a license to give someone a 

haircut, but not to fi x someone’s 

car. Being certifi ed is just the 

right thing to do.”

An Automotive Service 

Technology Instructor for 

AUTOMOTIVE INSTRUCTOR PUTS 

PICO TO GOOD USE
PETE MEIER // Technical Editor

Troy Anderson is a high school 

automotive instructor training 

the next generation of technicians at the 

Area 30 Career Center located in Green-

castle, Ind. As a fan of the webcast series 

hosted by Motor Age and TST (Techni-

cians Service Training), he registered 

for “Essential Scope Techniques” and 

logged in to participate in the live event 

this past November. Little did he know 

that this would be an extra special we-

binar for him!

Thanks to the efforts of TST, and the 

generosity of AESWave and ATS (Auto-

motive Test Solutions), this was to be 

the first webinar that offered registrants 

the chance to win one of two popular 

Digital Storage Oscilloscopes (DSOs). 

AESWave provided a Pico 4-channel 

starter kit, and ATS supplied the PC 

version of their latest, the EScope Elite 

4-channel DSO. 

The webinar (the recorded ver-

sion is still available at MotorAge.com/

ScopeTechniques) was hosted by Motor 

CONTEST WINNER

>> PICO CONTINUES ON PAGE 6



That’s right, we are expanding beyond oxygen sensors to 

manufacture a full line of premium technical sensors for the 

aftermarket with more than 6,500 SKUs. Engineered for 

optimum performance, our new sensors meet exacting OE 

requirements and are designed for reliability. 

See our new sensors at ngksparkplugs.com/sensorspecialist
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INDUSTRY NEWS

Age technical editor Pete Meier and TST 

president G. Jerry Truglia. The webcast 

focused on setting up any scope to ob-

tain (or “capture”) a usable pattern (or 

“waveform”) that could assist a techni-

cian in making a more efficient diagno-

sis. Several testing methods were also 

shared as part of the 90-minute event. 

Several attendees requested a “part 2” 

to further explore the capabilities of the 

DSO when used for automotive trouble-

shooting. 

But just before the two signed off 

for the night, there was one more item 

of business to attend to — drawing the 

names of the two winners! 

The winner of the ATS EScope Elite 

was Gib Moorhead, co-owner of MAS 

Auto Centers, with shops in Tipton and 

Tulare, Calif. Moorhead shared with 

Motor Age that he’d been considering 

the addition of a DSO to his shop for 

some time now and was impressed with 

the EScope after only 30 minutes of use. 

It didn’t take long for Moorhead to see 

the power the tool offers techs in solving 

tough diagnostic challenges. 

Troy Anderson was announced 

as the winner of the Pico kit and is 

thrilled to have this tool to use in the 

classroom. “I started teaching in 2007. 

Teaching Automotive Technology had 

always been my dream job,” Anderson 

said. “I find teaching high school stu-

dents about cars to be one of the most 

rewarding things I have ever done. My 

program here at Area 30 Career Center 

has an enrollment of 33 students this 

year, so the addition of the new Pico 

scope will be a tremendous help in 

their education. ” 

>> PICO CONTINUED FROM PAGE 4

more than eight years with Kiamichi 

Technology Center in Stigler, Okla., 

former working technician Brigance 

continues to work on his education and 

set a positive example for his students.

Brigance found his career as a 

child, working in his father’s two-bay 

general repair shop in Oklahoma. “I 

helped him whenever I could and in 

the summers. His shop is still open, 

but he pretty much sticks to tractors 

and lawn mowers now,” he said. Once 

he got older, Brigance began working 

at Williams Chevrolet Pontiac in 1995 

when he was in college working on his 

automotive repair associates degree. 

“I started as a general tech and 

specialized in automotive transmissions 

until about 2010. In 2005, I started 

taking college courses for education 

because I decided it was time to 

transition to something else, something 

different,” he said. 

Currently 8 credit hours shy of his 

bachelor’s in Career and Technical 

Education at Oklahoma State 

University Stillwater campus, Brigance 

plans to stay in his position at Kiamichi 

once he is fi nished.

Amid teaching and going to school, 

Brigance also maintains his ASE Master 

Tech status. “The students talk about 

it, and you can tell they really look up 

to you with that certifi cation. Because 

ASE is voluntary, it lets customers know 

that you want to have experience and 

knowledge for them, and you are more 

likely to know what you are doing. The 

students appreciate that,” Brigance said. 

“I get questions weekly on how they can 

get certifi ed, and it is something we do 

work on. I just had 6 students pass their 

student tests last week.”

In addition to striving for career 

excellence, Brigance has a strong 

foundation and focus at home as well. 

Married for more than 20 years, he and 

his wife stay active at her business — a 

local gym — and enjoy traveling and 

kayaking in their free time. “We travel 

as much as we can. Right now we go 

to Florida a lot, and Delray Beach is 

one of our favorite spots. And at home, 

we visit Lake John Wells when we can. 

It is a small lake, but just the perfect 

size for kayaking,” he said. 

>> TECH CONTINUED FROM PAGE 4

FILTER LINE NETS HIGHER MARGINS FOR SHOPS, WDS
K&N Engineering, a longtime provider 

of specialty and racing filter applica-

tions, is rolling out a new lineup of after-

market fi lters exclusively designed for 

distributors and repairers serving driv-

ers within the do-it-for-me marketplace.

“Over 70 percent of filtration sold in 

North America is installed on a consum-

er’s vehicle,” says senior sales director 

Dennis Grau. “Our Professional Series 

filter line includes oil filters, air filters 

and cabin air filters that combine filter 

performance and long life. The K&N 

Traditional Aftermarket program also 

includes our washable air filters and 

cabin air filters; both lines feature our 

million-mile warranty.”

Founded in Riverside, Calif. in the 

early 1960s by Ken Johnson and Norm 

McDonald — both now retired — with 

an initial emphasis on motorcycle and 

championship-caliber off-road and track 

racing products, K&N has expanded 

over the years to encompass a 400,000-

sq.ft. complex of 10 buildings. Facilities 

are also located in England and The 

Netherlands, with the company market-



INDUSTRY NEWS

ing 5,000-plus products into more than 

30 nations.

Several initiatives are being devel-

oped — including point of sale materi-

als, an Authorized Dealer designation 

for participating shops and a motorist-

based media campaign — to position the 

company’s products as the primary filter 

brand carried by the installer channel.

Covering all makes and models, “the 

financial benefit to the shop owner is in-

creased margin when selling our filtra-

tion products.” And being able to offer 

the peace-of-mind guarantee “allows the 

shop to charge a fair price appropriate for 

an ultra-premium product,” Grau notes.

“Today the average new car is fi-

nanced for 70 months,” says Grau. 

“Shops who understand the customer 

is keeping their car for nearly six years 

embrace our washable filter program. 

These shop owners earn industry-

leading margins using our million-mile 

warranty to make the sale by saving their 

customers hundreds of dollars over the 

length of time they own their vehicle. We 

also show shop owners how to develop 

a loyal customer base when the con-

sumer returns to the shop to have their 

filter washed.”

A significant portion of the com-

pany’s marketing efforts are now being 

directed toward the DIFM segment. “We 

have campaigns launching with specific 

calls-to-action that include, ‘Ask for K&N 

products at your local installer.’ We ex-

pect to drive a significant volume of 

impressions around these campaigns 

throughout 2019.”

Individual repairers can accumulate 

desirable “K&N points” under the Pro-

fessional Technicians Rewards program.

Valuable instruction can be obtained 

through K&N University Field Training 

Clinics along with a package of educa-

tional videos. “We do not want our video 

training series to be viewed simply as a 

K&N commercial,” says Grau. “We will 

provide the shop owner and their tech-

nicians important technical information 

that will teach filtration as well as pro-

vide tips on how to sell premium filtra-

tion. One glaring opportunity is training 

the market on the negative results of not 

replacing the oil, air or cabin air filters on 

a regular basis.”

He goes on to point out that “49 per-

cent of consumers will purchase pre-

mium filtration if they are provided with 

an option at the time of purchase. Our 

Business and Productivity training pro-

gram includes helping our WD custom-

ers and shop owners understand how to 

sell premium filtration. The goal of our 

field and video training is to provide the 

tools to make the premium sale and re-

alize the margin benefit of K&N.” 
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MARKETING TO 
MILLENNIALS

Y
ou’ve probably heard 

countless times that the 

way to a millennial’s heart 

is through his or her phone. 

While that’s true to a large degree, fo-

cusing solely on millennials’ digital hab-

its fails to account for the fact that many 

still watch television, listen to the radio 

and embrace other traditional forms of 

media. We believe that if you’re target-

ing younger customers, the best strate-

gy is an integrated approach that blends 

the latest digital trends with more con-

ventional marketing techniques.

For our clients, we recommend using 

a mix of direct mail and digital platforms 

to reach millennials. The shop owners 

we work with have seen a better return 

on investment when utilizing an inte-

grated approach and find that they can 

conduct more targeted campaigns with 

direct mail than they would with radio 

or newspaper advertising. Both forms of 

advertising can also be tracked, which 

is key in determining which efforts are 

generating results.  

Our belief is that your direct mail and 

digital campaigns should complement 

each other. The goal is to maximize your 

impressions and increase your brand 

awareness in the channels where millen-

nials are most likely to see your messages.  

With that in mind, here’s a look at 

some direct mail and digital strategies 

to consider if you’re hoping to expand 

your millennial customer base. 

Using postcards to build trust

You might be skeptical about using 

direct mail to reach an audience that 

seems to be constantly “plugged in.” 

But the truth is, millennials view mail 

as a novelty and actually spend more 

time reading the material that ends 

up in their physical mailbox than their 

TIM ROSS AND JON BUTTS // Contributing Editors

best reach this customer base

PHOTO: OINEGUE / GETTYIMAGES.COM
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inbox. The direct marketing firm US 

Presort found that 84 percent of mil-

lennials look through their mail on a 

regular basis. Th at’s the very defi nition 

of a captive audience, so capitalize on 

that habit by developing direct mail 

pieces that help you build trust with 

younger audiences. Th e fi rst step is to 

ensure that everything on your post-

cards matches the look and feel of your 

website and your physical store. Con-

sistency breeds comfort and lets po-

tential millennial customers know what 

to expect when they visit. It also helps 

alleviate any confusion between your 

shop and competitors. Featuring testi-

monials on your postcards is another 

great way to boost your credibility and 

help form connections with prospec-

tive customers. Research has shown 

that millennials rely on user reviews 

more heavily than their baby boomer 

and Gen X counterparts when making 

purchasing decisions. Finally, consider 

featuring an off er that provides poten-

tial customers with a no-risk way to try 

your shop, such as a free inspection or 

tire rotation.

Personalize your promotions

Millennials value connections. They 

want to do business with retailers who 

they believe know them. Using past pur-

chasing and repair history can help you 

customize off ers and build long-term re-

lationships. Th e postcard can focus on 

reminding customers about upcoming 

maintenance services or it can be tied 

to seasonal buying habits. For example, 

maybe a customer had his tires rotated 

the previous summer in a preparation 

for longer road trips. Sending a discount 

for a tire rotation six months later or the 

following summer will show that you 

know their vehicle and understand their 

needs. Likewise, you can use postcards 

to remind millennials when they’ve 

missed an appointment and direct them 

to personalized landing pages that fea-

ture discounts specifically tailored to 

their vehicles. We believe that custom-

izing off ers yields better leads than the 

mass market approach most shop own-

ers typically associate with direct mail 

campaigns.  

Mobile geotargeting

When it comes to the digital side of the 

equation, technology is rapidly evolv-

ing to help us reinforce the messages 

our clients are sending through the 

mail. One eff ective route to reach mil-

lennials is through mobile geotarget-

ing. Utilizing location services on smart 

phones, marketers are able to track us-

ers around a business and analyze their 

patterns and behaviors. Shop owners 

can combine that information with 

offl  ine data, such as home addresses, 

and send mobile ads specifi cally to mil-

lennials within a certain geographic re-

gion. Th ey can also “geofence” around 

the area surrounding their shops, so 

that when a target visits a nearby com-

petitor in that zone, for example, they’ll 

receive a mobile ad. Since millennials 

are known for their app usage, one of 

the most eff ective ways to deliver your 

messages to this group is by placing ads 

directly in apps they use most often. To 

make the most of your marketing cam-

paigns, we suggest employing mobile 

ads that reinforce the messages you’ve 

mailed to them. Th at should help keep 

your shop top of mind. 

Paid social

The days of posting occasionally on 

your Facebook page with the hope of 

generating traffic organically are long 

gone. Today, social media is a pay-to-

play game, and the more targeted you 

can make your ads, the better. There’s 

so much competition for ad space on 

social media that attempting to reach 

every person in a certain area will end 

up being a waste of money (and likely 

won’t produce strong results). When 

it comes to millennials, crafting ads 

around a certain event or targeted to 

a subset within their demographic is a 

better bet. For instance, your shop might 

be hosting a “Ladies Day” to provide car 

repair education to female consumers. 

Establishing an ad based on that type 

of event and focusing it on women of a 

certain age located closest to your shop 

is a wise way to allocate your social me-

dia budget. You could also develop a dis-

count aimed specifi cally at a certain de-

mographic — say college students, since 

they might be more cost-conscious than 

their older peers.  

Your social campaigns could also 

include partnerships with social media 

influencers who can serve as advo-

cates for your brand. When millenni-

als see someone their age validating a 

company, their comfort level with that 

business rises. Just be sure to team with 

influencers who represent your area of 

interest and have a large and engaged 

fan base. And one last note: don’t limit 

your ad buys to Facebook if millenni-

als are your target audience. More and 

more young people are shifting away 

from the platform in favor of Instagram, 

Twitter and other channels.  

Connecting to millennial consumers 

requires a multi-channel approach. Using 

direct mail to forge relationships and sup-

plementing those efforts with the latest 

digital marketing tools is a good way to 

get the most bang for your buck. 

JON BUTTS is founder 

& president of Muscle Up 

Marketing, a division of 

Mudlick Marketing. He has 

over a decade of direct 

marketing experience. 

info@mudlickmail.com

TIM ROSS is president of 

Mudlick Mail, a provider of 

direct mail services for the 

automotive service industry. 

He has been with Mudlick 

Mail since 2008. info@mudlick.com
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Fix the inside you to 

improve the outside you

W
e are always aspiring 

to get or have what 

the other person has, 

whether that’s mate-

rial things like a bigger home or newer 

car, or maybe it’s a better relationship 

with our spouse or significant other. 

Maybe it’s eating healthier or getting in 

shape. We read the how-to book and/

or take a class. Sometimes we hire a 

trainer/coach to help us. Most of the 

time we don’t reach the outcome we 

desire. We get frustrated, give up and 

wonder what went wrong. We think to 

ourselves, “I know how to get it,” but it 

didn’t happen. Did I miss a step or was 

it something or someone who kept me 

from reaching my goal?

There are a tremendous number of 

resources that give us the nuts and bolts 

on how to get what we want. It is harder 

to understand what’s keeping us from 

getting what we want. Why did I fail at 

getting what I want? I would like you to 

hear ATI Head Coach, Mike Haley, ex-

plain some of his ideas of why that is:

This is not the typical article talking 

auto shop. I’m talking about the inner 

working of you and what makes you do 

what you do. Let’s call this the “inside 

you.” The part of you that thinks, has 

fears, likes and dislikes. The part that 

has desires and dreams and makes 

up your personality. This inside you is 

what causes you to do or not do. If the 

“inside you” is not healthy, mature and 

complete, this could be causing inter-

nal conflict, which results in external 

conflict. Would you agree most people 

have stresses and are struggling with re-

lationships or goals in their life? When 

the inside you is not healthy, you are 

unable to help yourself or the people 

around you. If you are going to fix ex-

ternal relationships and stay on course 

with getting what you want, you need to 

fix the inside you first.

Let’s start with the first thing when it 

comes to obtaining goals. Having a strong 

foundation is key. You need to know 

where you are starting from. Think of it 

like a GPS. The only way it can take you 

to where you want to go is to know where 

you currently are. You also need to start 

from the right place. What I mean by the 

right place is within you. You have to be 

on a solid foundation. If not, you will be-

come frustrated, unsettled and probably 

begin putting band aids over bullet holes. 

Now the question becomes where do I 

start to look on the inside? 

There are three areas of the inside 

you that I feel hold you back, and I 

would like to discuss them.

Carrying hurts from the past

Some of us do a great job suppressing 

them and forgetting about them and 

don’t even realize it’s there. You remem-

ber the infidelity. You remember the 

friend who was disloyal to you. or when 

the customer took advantage of you or 

when your employee let you down. 

You keep a deep insecurity. Fearful the 

worst is always going to happen, you 

stay guarded, not letting anyone into 

the “inside you.” In many cases, you’re 

not even aware of your insecurities be-

cause you have carried these hurts for 

so long. Or you will heighten expecta-

tions. Th ere is a saying: “all frustrations 

stem from unmet expectations.” You 

keep a deep insecurity.

Discontent in the present

We are told “never be satisfied with 

nothing.” We need to get bigger, strong-

er and shinier. As soon as you get it, 

that thing becomes obsolete so now 

you need to get a new something. Th is 

keeps us unsettled and causes us to 

look over the fence at what others have. 

Th at’s why the car you have is not good 

enough. Th e home you have is not big 

enough. Your business is not what you 

want it to be. It can even go deeper in that 

the relationships you are in don’t satisfy 

you anymore. Th e friends you have aren’t 

doing it for you, so you want new friends. 

Th is wanting and needing goes on and 

on. You end up cultivating a restlessness 

that is toxic. You’re never content and 

never satisfied and so never become 

steadfast. This discontent also causes 

insecurities with the people around you. 

Th ey don’t know what you’re going to do 

and when you’re going to do it. Are you 

going to stop talking to a friend? Are you 

going to ask for that separation/divorce? 

Will you change the way you approach 

your business?

It could be anxiety about 

the future

You’re fearful that your business or re-

WHEN YOU LOOK AT WHY YOU 

CAN’T ACHIEVE YOUR GOALS, IT’S 

BECAUSE YOU ARE LISTENING TO 

THE WRONG VOICES.

// PROFIT MOTIVE

Examine these three areas of your life to ensure they aren’t holding you back
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lationships will never get better. You’re 

never going to get out of debt. Your em-

ployees will never change. You are con-

vinced the best is behind you and the 

worst is in front of you. Th is gives you 

anxiety and you become a control freak. 

You try to control everything. You try to 

control your family, friends and em-

ployees. You white-knuckle everything. 

Th at only ends up taxing and pushing 

people away. It’s not a free environment, 

and it’s a one-way relationship.

These are the things inside you that 

cause it not to work on the outside 

you. Are these three voice examples 

currently inside you and are they the 

voices you are listening to daily? You 

invite them to have a seat at your inside 

table. The voices end up determining 

your choices. The voices you listen to 

the most determine the direction you 

will go. For some of us, hurts from the 

past are always invited to sit at our table. 

They remind you about the time you 

got burnt or when you were let down. 

They remind you of the reason you 

were left vulnerable and how you can 

never let your guard down. 

For others it’s inviting discontent to 

have a seat at your table. That voice is 

always telling you the grass is greener 

on the other side. It’s time to move on; 

it’s time to scratch that itch. For some 

of us it’s giving in to listening to anxi-

ety. You live in fear and insecurity and 

you’re full of anxiousness. So, you try to 

control everything. You’re always listen-

ing to the voice of anxiety.  

When you look at why you can’t 

achieve your goals it’s because you are 

listening to the wrong voices. When 

you see people who are obtaining their 

goals, they are always happy and in 

healthy relationships. It’s not because 

they are lucky or listened to Tony Rob-

bins that morning. I truly believe it’s 

because they have pushed the wrong 

voices out and invited the right voices 

to the table. Some of you are probably 

asking “So, who do I invite to sit down 

at my table?” I would suggest you invite 

faith, hope and passion.  

As we determine what we truly 

want we then need to change who has 

a reservation at our table. You need to 

no longer allow hurts from the past to 

have a seat at your table. No longer will 

discontent have a seat at your table. No 

more can anxiety about the future have 

a seat at your table. If you don’t change 

the reservations at your table, no one 

else will. It must come from within you. 

You need to decide that you will 

no longer allow hurt to have a seat at 

your table. You realize you don’t have 

to dwell about what happened in the 

past and the pain it has caused. You 

need to remove hurt and invite faith 

to come sit at the table. Decide that 

you will listen to faith/hope and try to 

see the end from the beginning — that 

you truly believe good things come to 

people who let go of what people have 

done to you in the past and forgive. Tell 

discontent that it no longer has a seat 

at my table. You are being replaced 

with hope.  You’re hopeful of what the 

future can bring and what is possible 

with steadfast work. 

Anxiety, you are no longer invited 

to my table. You are being replaced 

with passion/love. We are no longer 

going to live fear-stricken lives. With 

passion/love we will have the strength 

and energy to see what we want to 

the end. Passion/love will drive out 

anxiety. Getting what you want won’t 

work with toxic thinking. To live high, 

you must dig low. Everything we build 

starts with our foundation. For some 

of us the foundation is the voices we 

listen to daily.  

I hope this article gives you some in-

sight into why you are not getting what 

you want. I challenge you to become 

aware of the inside voices and to remove 

the voices that are keeping you from get-

ting what you truly want. Start to invite 

the inside voices that reinforce and drive 

you to all your wants and dreams. 

If you would like a document to 

help give you a visual aid of what 

voices are currently at your table and 

the voices you would like to invite to 

sit at your table, for a limited time you 

can simply go to www.ationlinetraining.

com/2019-01. 

CHRIS “CHUBBY” 

FREDERICK is the 

CEO and founder of 

the Automotive Training 

Institute. ATI’s 130 full-

time associates train and 

coach more than 1,500 

shop owners every week across North 

America to drive profits and dreams home 

to their families. Our full-time coaches have 

helped our members earn over 1 BILLION 

DOLLARS in a return on their coaching 

investment since ATI was founded. This 

month’s article was written with the help of 

ATI Head Coach Mike Haley. 

chubby@autotraining.net
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ADAS systems are forcing 

change across the industry

V
ehicle technology is exploding today and over the 

next two to three years, it will change how a shop 

has to do business in terms of staffi  ng, education 

and establishing its labor rates.

According to the American Automobile Association (AAA), 

vehicles equipped with advanced driver-assistance systems 

(ADAS), such as automatic emergency braking, blind spot 

monitoring and lane departure warning, can cost twice as 

much to repair following a collision. 

Even minor incidents can cause damage to expensive sensors 

found behind windshields, bumpers and door mirrors. Removal 

and replacement (or repair) combined with the cost of calibration 

could easily add up to $3,000 in extra repair costs, AAA reports. 

With one in three Americans unable to afford an unex-

pected repair bill of just $500, AAA strongly urges consumers 

to perform an insurance policy review and consider the po-

tential repair costs of these advanced systems if in an accident. 

For the vehicles in AAA’s study, the repair bill for a minor 

front or rear collision on a car with ADAS can be as high as 

$5,300, which is almost two and half times the repair cost for 

a vehicle without these systems. 

So where does the average shop fit into this in terms of how 

to charge for these repairs when a sensor fails and has to be 

replaced and recalibrated during basic maintenance intervals? 

At this level, you are dealing with a Master Tech, whose time is 

not cheap based on their skills and knowledge. Their time must 

be billed at a separate diagnostic rate. Management must under-

stand the math of their business in order to calculate the correct 

labor rate to perform such a highly skilled function. Every shop’s 

math will be different. If you or they don’t charge correctly, no one 

will be able to afford retention of these skilled technicians. Also, 

the labor rate does not include state or local taxes, shop supplies, 

fees or hazardous materials disposal charges. 

As technology continues to evolve, clients need to be 

better educated and more aware of the vehicle they are 

considering purchasing and the vehicle’s capabilities. This 

includes understanding how the vehicle systems work as 

well as how much repairs may cost if damaged. How is your 

shop preparing to educate your clientele about modern ve-

hicle systems? Remember, you are in the relationship busi-

ness. Education of their vehicle, how it must be looked after 

and the potential financial costs in “worse case” scenarios 

is part of the relationship. 

The trade days are done in our industry. This is now a true 

profession, as the skill levels required to work both in and on 

the business are dramatically different. 

What’s your game plan for 2019 to make sure you are still in 

a strong position to retain your clients and their trust in you? 

// FINANCIAL FIGURES

Training, labor rates and client relations all need to be evaluated

BOB GREENWOOD, AMAM, is president and 

CEO of Automotive Aftermarket E-Learning Centre 

Ltd. (AAEC), which provides business management 

resources for the automotive aftermarket. Bob 

has more than 36 years of business management 

experience and is one of 150 worldwide AMi-

approved instructors. greenwood@aaec.ca
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OEM repair procedures lead 

‘19 state policy conversation

T
he Automotive Service Association 

(ASA) recently hosted a webinar for 

the collision repair media to discuss 

OEM repair procedures including 

pre- and post-scanning of vehicles that have been 

involved in an accident. ASA and the Alliance of 

Automobile Manufacturers held a press confer-

ence this summer, in Atlanta, Ga., stating an inter-

est in highlighting OE repair policies in a number 

of states during the 2019 state legislative sessions.

Participants in the recent webinar included 

Wayne Weikel, senior direct of government af-

fairs, Alliance of Automobile Manufacturers; 

Jake Rodenroth, director of industry relations, 

asTech; and Darrell Amberson, ASA Immedi-

ate Past Chairman and president of operations, 

LaMettry’s Collision.

I served as moderator of the webinar. After 

a review of 2018 related legislation in Indiana, 

Illinois and Rhode Island, Weikel discussed au-

tomakers’ efforts to make shops and consum-

ers aware of OEM repair procedures, including 

a website that outlines automaker policies rel-

ative to vehicle repair, www.oem1stop.com. He 

also discussed the scope of how OEM repair 

procedure policy should look in states. Finally, Weikel gave 

participants a sample of states that will be of focus in 2019 for 

legislative activity. It’s important to note that only in Rhode Is-

land did OEM repair procedure legislation become law. Both 

Indiana and Illinois bills died during the session. The final 

Rhode Island bill fell short on policy in that the new law only 

applies when OEM parts are used.

Although some would divide this policy debate between 

shops following OEM repair procedures or separately scanning, 

many of the automakers have publicly stated that scanning is 

part of the repair procedures recommended by the OEMs.   

Rodenroth’s presentation was more technical in nature. High-

lights included emphasis on how complex today’s vehicles are 

and the need for pre- and post-scanning of vehicles involved 

in an accident. This included a snapshot of vehicle complexity.

He reviewed the 2019 Dodge Ram 1500 

Crew Cab (DT) Topology Map; the Audi A8; led 

a discussion of calibration today; and provided 

a comparison of the human body’s complexity 

with today’s vehicles.

Amberson has been an advocate for pre- and 

post-scanning of vehicles in LaMettry’s shops as 

well as in the national policy arena. Both Weikel 

and Amberson argued that following OEM re-

pair procedures should be a natural occurrence 

for shops and be supported by the insurance in-

dustry. This should not be a legislative issue. It 

has not been cured in the marketplace, thus the 

need for policymakers to intervene.  

Complicating matters for a cure is inconsis-

tency. Some states may opt for the Rhode Island 

model and apply OEM repair procedures only 

when OEM parts are used; other states could 

move to require OEM procedures in all cases of 

collision repair and yet others allow the status 

quo, where it is the shop’s decision and in many 

cases driven by insurer recommendations. A 50-

state model as to how vehicles should be repaired 

is not optimal. This is the model that consumers 

and repairers face regarding other collision issues. 

State departments of insurance regulate the insurance industry.   

Although the U.S. Congress has made attempts to regulate the 

insurance industry at the federal level, states still are in control of 

insurer regulation and thus insurers’ relationships with consum-

ers and repairers. The Dodd-Frank Wall Street Reform and Con-

sumer Protection Act created the Federal Insurance Office (FIO) 

at the U.S. Department of the Treasury, but the FIO has been 

limited to studies and analyses of the insurance industry and 

is not considered a regulator of property and casualty insurers.  

For the foreseeable future, OEM repair procedure policy 

will have to be addressed by the states. 

Groups rally around consumer and shop owner protections

THE AUTOMOTIVE 

SERVICE ASSOCIATION 

IS THE LEADING 

TRADE ASSOCIATION 

FOR INDEPENDENT 

AUTOMOTIVE SERVICE 

PROFESSIONALS. 

ROBERT REDDING is the Automotive Service Association’s 

Washington, D.C. representative. He has served as a member 

of several federal and state advisory committees involved in the 

automotive industry.  rlredding@reddingfirm.com
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Florida is hot. So anyone who can fi gure out a better 

way of supplying aff ordable A/C in the Sunshine State 

will have Floridians beating a path to their door. In this case, that 

door says R&Y A/C Compressors, and the path to it is online.

“Our business is unique,” explains Prosper Mamane, who 

has partnered with his cousin Jacob Shaked to run R&Y. “We 

have very little competition, and we’re in an emerging market in 

the fact that e-commerce for automotive parts is in its infancy.” 

“We’re not wholesale,” adds Shaked. “What we do is 99 

percent business to consumer. We sell online through eBay, 

Amazon, Wal-Mart and our website. We also sell locally and 

to other shops within Miami-Dade County.” 

According to their website, R&Y A/C Compressors distrib-

utes “a comprehensive line of replacement mobile climate 

control products.” Their principal product is remanufactured 

A/C compressors, which they do in-house. And who are the 

consumers? Again, thanks to the internet, there’s a new and 

growing breed of do-it-yourselfers armed with YouTube videos; 

what R&Y likes to call “weekend warriors” on the site. 

“What we’ve found through our data, from our customer 

surveys, and speaking to customers in person,” explains 

Shaked, “is that many people find us on the internet, not so 

much word of mouth. And they want to purchase the part on-

line because at the end of the day the one thing that controls 

everything else is price. As long as the quality of your product 

is good and the price is reasonable, consumers are willing to 

take a chance at purchasing parts online.” 

The whole thing got started in 1987 when Shaked’s father 

Roy started AAA Radiator & Auto Air Conditioning in North 

Miami Beach. “The demand was there, the supply was low, so 

he figured that was the first step for the business,” Mamane 

says of the original service shop. “But after a year or so they 

concluded that they needed to be rebuilding their own parts, 

because that’s where the real business was. There are a lot of 

shops, but how many of them can rebuild their own parts, sup-

ply their own demand, and do it in a quick amount of time?” 

Named after Roy and Yosef, an early business partner, R&Y grew 

as an enterprise just around the corner from the shop. It quickly 

became symbiotic between the two. “One company couldn’t work 

without the other,” says Mamane. “My company’s biggest customer 

was my uncle Roy’s shop, and the shop was reliant on this place 

to get the parts that he needed with a quick turnaround time and 

an affordable price. For many years before the internet, they were 

basically one company, just with two buildings.”  

Today R&Y has more than 8,000 square feet of warehouse 

space to rebuild compressors. “We have around 20 people that 

we employ between the office, the books and the inventory,” cites 

Mamane. “We have rebuilders, master rebuilders, floor men. And 

then my uncle Roy has about 20 techs at his shop that he em-

ploys full time in about 15-16 bays.”  

It was after working at his uncle’s shop for a few years that 

Mamane had an epiphany, perhaps partly inspired by his cous-

in’s achievement. “We jokingly say that Jacob’s the Christopher 

Columbus of the family,” he laughs, “because he got his dad to 

sell refrigerant on eBay in 2005, one of the first such sales ever.” 

Shaked is a bit more modest: “I can’t conclusively say that, but 

I’m pretty sure we were.”  

Regardless, after Mamane moved over to R&Y five years 

ago, he saw the potential of online sales and began developing 

it as a market. “I went to school for marketing and advertising, 

which is ironic because I have little to do with marketing and 

// SHOP PROFILE

A/C heats up the internet
Remanufactured product sales and repair drives business success

ROBERT BRAVENDER // Contributing Editor

9,000
Total square footage of shop

20
No. of employees

Roy Shaked
Owner

1
No. of shops

29
Years in business

R&Y A/C COMPRESSORS
North Miami Beach, Fla. // www.rycompressors.com
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advertising here,” he notes. “But I always 

like to find opportunities, especially in 

emerging markets like this.” 

Mamane saw the future of sales as 

being online and not in brick and mor-

tar. “Amazon Prime is now part of every-

day life,” he observes. So it made sense 

for Shaked, the guy who started it all, to 

come onboard to handle the all-impor-

tant catalog. “He studied to be a lawyer, 

but had a change of heart and found a 

better opportunity here,” said Mamane. 

According to Shaked, R&Y first got on-

line back in 2002 with an eBay store. “We 

weren’t really doing much on eBay back 

then; I guess (it too) was in its infancy,” 

he muses. “But around the mid-2000s 

we started selling more and more online, 

and after 2010 we really started selling 

compressors online. It was fairly easy be-

cause they have a section, ‘eBay Motors’, 

with all the structured data that makes it 

simple to input your parts and create a 

listing. Then Amazon came around doing 

essentially the same thing—” 

“—And we jumped on that early,” in-

terjects Mamane. 

“After that, we created our own web-

site, r&ycompressors.com, to have an-

other sales channel,” Shaked continues. 

“And this is actually picking up signifi-

cantly now because we’ve invested a lot 

of time and money to make sure that it 

functions properly and looks good. We 

do a lot of SEO — search engine opti-

mization — and we do a lot of pay per 

clicks. That’s essentially how we market 

and brand ourselves to the customers.” 

“The key to the whole game is our 

catalog,” says Mamane. “Because if I tell 

you that a part fits your vehicle and it 

doesn’t, that’s a $30 mistake for me since 

a compressor weighs 15 pounds to ship.” 

Like all online stores, they ship for free. 

But they have a valuable R&D resource 

in the AAA A/C shop.  

“That gives us a real advantage,” 

Mamane said. “As the years go on 

we’ve seen just about every single car 

that exists in America, and my uncle’s 

done them thousands of times. And 

every day he tells us what he finds. 

That’s the unique niche that we have 

and take advantage of. It’s really my 

uncle who created this bad boy, 

and we took it into the 21st century 

through e-commerce.” 

ROBERT BRAVENDER 

graduated from the 

University of Memphis with 

a bachelor’s degree in 

film and video production. 

He has edited magazines 

and produced shows for 

numerous channels, including “Motorhead 

Garage” with longtime how-to guys Sam 

Memmolo and Dave Bowman.

rbravender@comcast.net
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BOB COOPER // Contributing Editor

D
on’t let your waiting room 

miss the mark. Follow these 

eight steps:

1. First-time custom-

ers may be anxious, so anything you 

can do to reduce their anxiety will help 

them be more receptive to your recom-

mendations. On your entry doors, or in 

a prominent location they’ll easily see, 

you should have clear indications of 

your professional affiliations and any 

financing options you offer. 

2. Inside the customer waiting area, 

have your mission statement promi-

nently displayed. This will give your 

customers good insight regarding the 

type of people they will be working 

with. People do business with people, 

not with businesses, so anything you 

can do to humanize your company will 

help put your customers at ease.  

You can also create a 10x12 plaque 

for each of your employees with their 

headshot in the upper left corner. To 

the right of the photo, you can list their 

credentials, certifications, awards, etc. 

Across the bottom, you can include 

a brief bio of the employee that ad-

dresses their personal life. Not only will 

these plaques help your employees feel 

appreciated, but your service advisors 

can use them as sales tools when they 

are telling a customer who will be ser-

vicing their vehicle. 

3. I prefer service kiosks (stations) 

rather than counters. Not only do coun-

ters and desks serve as barriers between 

your advisors and their customers, but 

your advisors need to come from be-

hind the counter to greet the customer. 

Kiosks also allow your advisors to stand 

next to their customers when looking 

at the computer screen. Again, putting 

your customers further at ease. 

4. The clocks, newspapers and cur-

rent event magazines need to go. The 

clocks will have your customers timing 

you and your techs, and the newspa-

pers and current event magazines are 

filled with both negative news and the 

ads of your competitors. Instead, you 

should have magazines that address 

sports, hobbies, home and gardens and 

entertainment. You should also have 

point of sale literature that explains 

the value of vehicle maintenance, other 

services you offer, etc. Lastly, you need 

to have magazines and books for your 

small “future” customers, as well as self-

contained toys that can keep those kids 

occupied when mom and dad are busy 

with you. WiFi? Cellular phones are 

quickly replacing the need for WiFi, but 

if your core customer base has a strong 

need for it, you should consider making 

it available. 

5. You need to have fresh coffee 

available all day long, along with bottles 

of cold water and soda. When I still had 

shops we would offer our customers a 

cold drink, and it would always be on us. 

It’s your call, but I feel it’s a small price to 

pay for the relationship that you can and 

will develop.  

6. In addition to having signs on the 

outside of your building, you need to 

have prominent signs in your waiting 

area that reflect your professional af-

filiations, state that you accept all major 

credit cards, and communicate that you 

provide financing options, if applicable. 

I have learned over the years that when 

customers are under stress, they can 

easily forget that credit card that they 

have tucked away for emergencies. 

You’ll be surprised when you see the 

relief on their faces after seeing the signs.  

7. Your customers do not have an 

expectation that the furniture in your 

waiting area will be top of the line, but 

they do have an expectation that it will 

be well maintained and clean. Over the 

years customer panels have told us that 

if shop owners don’t care enough about 

their own furniture to keep it clean and 

presentable, then why would they care 

about their customers’ automobiles? 

Lost sales are guaranteed. 

8. Lastly, your waiting room needs 

to have smiling, well-groomed employ-

ees who greet your customers as soon 

as they arrive. No matter how clean and 

well-appointed your waiting area is, it’s 

the people who work with you that will 

have the greatest impact on your custom-

ers’ decisions, guaranteed.   

PERSONALIZE AND PRIORITIZE WHAT GOES INTO THIS CLIENT-FOCUSED AREA

Make your waiting room an 

inviting space for customers

BOB COOPER is the 

president of Elite, a company 

that offers coaching and 

training from the industry’s 

top shop owners.   

contact@eliteworldwide.com
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TRAINING EVENTS

WATCH + LEARN

SERVICE REPAIR PROBLEMS AND 

SOLUTIONS THAT JUST MIGHT 

BENEFIT YOUR SHOP TECHNICIANS

MECHANICAL 

MOMENT

VEHICLE: 2004 Hyundai Sonata, V6-

2.7L, Automatic Transmission

MILEAGE: 155,080

PROBLEM: The customer brought the 

car in because the front brakes were 

smoking. The technician put the car on 

the rack and confirmed that the front 

brakes were locked up and the front 

brake system was badly damaged.

DETAILS: After the technician replaced 

the front brake pads, calipers, rotors 

and brake hoses, and bled the brake 

system, the brakes were still dragging 

as before. The technician then replaced 

the brake master cylinder but the 

problem persisted.

CONFIRMED REPAIR: The Tech-Assist 

consultant advised the technician to 

check the brake booster intermediate 

rod and brake-lamp switch adjustments. 

The booster intermediate rod was 

adjusted properly, but the brake-lamp 

switch was not. The switch was not 

allowing the brake pedal to completely 

return. After adjusting the brake-lamp 

switch, the brakes began to operate 

normally.

Not an ALLDATA customer? For 

access to this valuable experience-

based repair data and reliable OEM 

information, go to MotorAge.com/

trialnow to start a free trial. 

This tech tip and others come from 

ALLDATA Tech-Assist, a diagnostics 

hotline of ASE-certifi ed Master 

Technicians.

Whatever technicians need — from 

alternative diagnostic strategies to 

step-by-step repair assistance — the 

Tech Assist team can deliver.

Learn more at ALLDATA.com.

HYUNDAI SONATA FRONT 

BRAKES DRAGGING

JANUARY 10-12

Mobile Tech Expo

Orange County Convention Center
Orlando, Florida

FEBRUARY 21-23

MACS 2019 Training Event & Trade Show

Anaheim Marriott
Anaheim, California

FEBRUARY 28-MARCH 3

VISION Hi-Tech Training and Expo

Overland Park Convention Center
Overland Park, Kansas

MARCH 20-23

ATI Super Conference

JW Marriott San Antonio Hill Country Resort
San Antonio, Texas

MARCH 22-24

Automotive Training Expo (ATE)

Doubletree Hotel
Seatac, Washington

MARCH 30

TST 16
th

 Annual Big Event

Westchester Marriott
Tarrytown, New York

AUGUST 16-19

National Conference and Tech Sessions

Omni Orlando Resort
Orlando, Florida

How to stop being a 

micromanager 

MOTORAGE.COM/Micromanage

Shop talk: A conversation 

with Jorge Menchu

MOTORAGE.COM/Menchu

Will we let other industries 

poach our technicians?

MOTORAGE.COM/PoachTechs

How to repair stripped out 

drain plug threads

MOTORAGE.COM/DrainPlug
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The once-a-year shop meeting 

that can change your business

BOB COOPER // Contributing Editor

R
udi Rudloff, an Elite Coach, ap-

proached me years ago when 

he was one of our coaching 

clients. Since his shop was 

only open Monday through Friday, he 

planned to have his employees come in 

on a Saturday so that they could spend 

the entire day together. His goal was to 

not only learn from his employees, but 

to allow them to learn from one another 

as well. He ran one of the top shops in 

America, and I always admired the way 

he thought, but this was a particularly 

great idea. I did suggest we invite a few of 

his customers as well. He liked my rec-

ommendation, so here’s what happened. 

His five techs, two advisors, lot atten-

dant and secretary arrived. Shortly after 

that, five customers he invited showed 

up. Rudi and I started the session by ask-

ing the customers about their expecta-

tions. His employees were taking notes 

and able to hear the customer expecta-

tions directly from them. After about 

an hour and a half, Rudi thanked the 

customers and walked them to the door.  

We then spent the entire day ana-

lyzing every single part of the business, 

from the time a potential customer 

makes that first call, all the way through 

the customer follow-up calls. Every em-

ployee was exposed to every part of the 

customer and vehicle process, and what 

they all learned was priceless. 

The technicians were able to better 

understand what advisors have to go 

through each and every day, and the rec-

ommendations they provided regarding 

how to make the advisor’s job that much 

easier were all well received. Addition-

ally, breaking down and analyzing what 

the technicians go through with each and 

every vehicle enabled the advisors to pro-

vide the techs with their recommenda-

tions, while at the same time giving the 

advisors a deeper appreciation for what a 

technician goes through every day.  

The day ended, and the results were 

no surprise. Over the course of the ensu-

ing weeks, their car counts went up, they 

sold more service, and there was an in-

crease in employee morale, productivity 

and profits. Rudi held his annual shop 

meetings each year after until he finally 

sold his business.  

Giving each and every employee the 

opportunity to see and understand the 

big picture worked for Rudi, and I am 

confident it will work for you as well.  

GET YOUR SHOP SET ON THE RIGHT PATH IN THE NEW YEAR 

BOB COOPER is the 

president of Elite, a company 

that offers coaching and 

training from the industry’s 

top shop owners.   

contact@eliteworldwide.com

The most powerful form of advertis-

ing is word of mouth. But regardless 

of how pleased they are with your 

service, it is easy for customers to 

forget about you. So here’s an easy 

procedure that will turn your custom-

ers into salespeople and fi ll your 

bays with customers presold on you.

Start by identifying customers 

who ideally are good communica-

tors and either work with a lot of 

other people or are in constant 

contact with a lot of other people. 

Then, at the time of car delivery, say 

something like this:

“We’re growing our company, 

and we’d like every customer to 

be like you. You are a pleasure 

to work with, and everyone here 

who knows you thinks the world of 

you. I know birds of a feather fl ock 

together, so here is what I would 

like to do…” Then take two busi-

ness cards, and on the back of each 

card write – “One complimentary 

oil service.” Hand the cards to your 

customer and say: “If you could give 

these cards to a couple of people 

you know or work with, it would be 

appreciated. They’ll get a complete 

oil service at no charge, and we’ll 

be able to meet a friend of yours.” 

This works well because if you 

give the cards to the right people, 

they’ll be excited to pass them along, 

and possibly even on the very same 

day. Your cost? The potential cost 

of two oil services, which is mean-

ingless when you consider that you 

are getting a new customer who is 

presold on you, and you are giving 

your best customers the opportunity 

to give something of value to two of 

their friends. 

GENERATE MORE REFERRALS
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HYBRID AND EV 
BATTERY SERVICE

LEARNING HOW TO TEST AND SERVICE THE HV BATTERY IS BECOMING 

AS IMPORTANT AS KNOWING HOW TO TEST 12V SYSTEMS 

// TRAINING

A
few months ago, General 

Motors (GM) donated a 

large high voltage (HV) 

Lithium-Ion (Li-Ion) bat-

tery section from a 2018 Chevrolet Bolt 

EV to our automotive department for 

training purposes. Th is battery section 

is just one of five sections inside the 

Chevrolet Bolt EV battery. Th is battery 

section represents the latest reliable 

Li-Ion battery technology used in GM 

electric vehicles.  

Located next to the Bolt EV battery 

section in my classroom is a small HV 

Nickel-Metal Hydride (NiMh) battery 

section from a 1998 Toyota RAV4 EV. 

This battery section is just one of 24 sec-

tions inside the Toyota RAV4 EV battery. 

This battery section represented the 

relatively new high-tech NiMh battery 

technology available for use in Toyota 

electric vehicles in the mid 1990s.  

Although these two battery sections 

use different chemistries and are more 

than 20 years apart in age, the complete 

battery assemblies in which they are 

placed have the same basic layout and 

components. Many EV manufacturers 

allow service of the components inside 

the battery housing. Many times, it is 

much less expensive to replace a bat-

tery component than it is to replace the 

entire battery. In this article, we will look 

at the individual hybrid and EV battery 

components and highlight the ones that 

are serviceable. 

Safety fi rst

There are many important safety re-

quirements you must follow to protect 

yourself and others from the potential of 

high voltage shock, electrolyte spills and 

fi re. Th is article is not intended to cover 

the laws or requirements for working 

around high voltage batteries and high 

voltage systems. If you are not familiar 

with those requirements, you should 

acquire HV automotive safety training 

before working on these systems. 

The United States Occupational 

Safety and Health Administration 

(OSHA) sets regulations to help protect 

JOHN D. KELLY // Contributing Editor

1998 TOYOTA RAV4 

EV (left) and 2018 

Chevrolet Bolt EV battery 

sections

1

PHOTOS: JOHN D. KELLY
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you in your workplace. For the purposes of this article, there are 

two very important high voltage safety requirements of which 

I want to remind you.  

1. When are insulative gloves required? OSHA Stan-

dard 1910.269 references the National Fire Protection Asso-

ciation (NFPA) Standard 70E. My summary of this standard: 

Personal Protective Equipment (PPE) is required when voltage 

levels are higher than 50V Alternating Current (AC) or 100V 

Direct Current (DC). Keep in mind that many vehicle manu-

facturers require PPE above 50V AC or DC for service work 

on their systems. 

2. How to protect insulative gloves: OSHA Standard 

1910.137 is specific to Electrical Protective Equipment. My 

summary of this standard: Leather protector gloves shall be 

worn over insulating gloves, except under limited-use condi-

tions, when small equipment and parts manipulation necessi-

tate unusually high finger dexterity. Insulating gloves that have 

been used without protector gloves may not be reused until 

they have been recertified by a testing facility.  

Just last week I saw an advertisement for professional au-

tomotive HV training where a technician was shown wearing 

insulative gloves only. I have also participated in factory train-

ing classes where the use of the required outer protector gloves 

was never discussed or emphasized. This is a dangerous and 

illegal practice that needs to stop before someone gets hurt. 

Battery sizes

You may have noticed that high voltage batteries come in a 

variety of physical sizes and power ratings. Most modern high 

voltage (HV) automotive batteries can be categorized into three 

major groups: 

1.  Small-size Hybrid Electric Vehicle (HEV) batteries. 

These are typically rated at 1.5 kWh at 300V or less. These bat-

teries are typically air cooled/heated with a blower fan. Example 

vehicles: Toyota Prius, Ford Fusion, Honda Civic.  

2. Medium-size Plug-In Hybrid Electric Vehicle 

(PHEV) batteries. These are typically rated at 18 kWh at 390V 

or less. (A typical driver can drive 3 miles per kWh). These bat-

teries are air cooled/heated with blower fans or liquid cooled/

heated (Volt). Example vehicles: Chevrolet Volt, Ford Fusion 

Energi, Honda Accord, Toyota Prius Prime.

3. Large-size Battery Electric Vehicles (BEV) batter-

ies. These are typically rated at 100 kWh at 390V or less. These 

batteries are typically liquid cooled, refrigerated (BMW), or not 

cooled at all (Nissan). Example vehicles: Tesla Models S, X, and 

3; Chevrolet Bolt EV; BMW i3; Nissan Leaf.

Internal Components

Service Disconnect Lever or Service Plug Grip: Before ex-

ploring or servicing internal battery components, you need to 

realize that there are live high voltage circuits under the battery 

cover. Removing a service disconnect lever or service plug grip 

accomplishes two things:  

1. It creates an open series circuit inside the battery which 

protects you from high voltages as long as the battery cover is 

installed. Once you remove the cover, you are in the danger 

zone and must use PPE. 

2. It divides the battery into separate, smaller, safer, lower 

voltage sections. For example, removing the service disconnect 

lever of a fully charged 2017 Chevrolet Bolt EV 390V battery 

separates the battery internally into two much safer 195V sec-

tions. Another example: Removing the service plug grip of a 

2010 Toyota Prius 201.6V battery separates the battery inter-

nally into one 64.8V section and one 136.8V section.  

I have learned that the higher voltage batteries (400V to 

800V) of the near future will have multiple service disconnect 

levers to divide the battery into multiple, safer, lower voltage 

sections for service work. 

INSULATIVE HV GLOVES WITH LEATHER PROTECTORS

2011 NISSAN LEAF EV 30KWH 390V BATHER 

(NO COOLING SYSTEM)

2

3
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As shown in Figure 4, the larger service plugs and levers 

contain an HV fuse. In an accident, if there is a short circuit 

of one of the HV wires, the HV fuse is designed to open and 

protect the battery from damage. Batteries utilizing the smaller 

service plugs and levers have the HV fuse located inside the 

battery housing instead. 

Battery Tray: The lower battery tray, or carrier, on a 

PHEV or EV is typically located under the vehicle. It houses 

all of the battery internal components. If damaged, the tray is 

typically serviceable, but it is a lot of delicate precision work. 

The tray, or carrier, on many HEVs is located inside the ve-

hicle and is not typically serviceable without replacing the 

entire battery module.  

Air Cooled Battery Modules or Stacks: The battery stack 

shown in Figure 5 contains 28 3.6V Li-Ion cell packs wired 

in series with each other for a total of 103.6V. There are two 

cell stacks wired in series in this battery for a total of 207.2V. 

Each cell stack is serviceable as an assembly. Each cell stack 

contains three temperature sensors and 28 cell voltage moni-

toring circuits. The serviceable battery smart unit (computer) 

monitors those sensors and commands changes in the service-

able battery blower fan speed to maintain the proper battery 

temperature. Additionally, there are serviceable cooling ducts 

and battery vents in case a battery overheats and starts gassing. 

Automatic voltage balancing of a replacement cell stack with 

the existing cell stack(s) can take up to three days. The vehicle 

can be driven while automatic balancing is taking place. 

Liquid Cooled Battery Modules: The liquid cooled bat-

tery shown in Figure 7 contains 96 3.7V Li-Ion cell packs wired 

in series with each other for a total of 355.2V. The 96 cell packs 

are divided into three serviceable battery sections. Voltage 

balancing of a replacement battery module with the existing 

battery module(s) requires use of a special HV battery Charg-

ing, De-Powering, and Balancing machine. An example of one 

machine used by GM and Toyota is the Midtronics GRX-5100 

EV/HEV Battery Service Tool (Figure 6).

Shipping a Battery: Shipping a new or replacement battery 

module requires de-powering the battery module down to the 

nominal (normal or un-charged) voltage level. The Midtronics 

GRX-5100 EV/HEV Battery Service Tool is designed to do that on 

many battery modules. Shipping also requires special hazardous 

material shipping labels and packaging.  

Disposing of a Battery: Disposing of a used or damaged 

battery module requires completely de-powering the module. 

Complete de-powering can be done with the special Midtron-

ics machine or with a 1 percent salt-water solution bath of the 

module. Salt water solution discharging can take several days. 

De-powering the battery module makes it safe to be near without 

the need for PPE. 

Battery Cooling System: Each battery section has service-

able coolant hoses running between them to keep the battery 

cooled or heated to the proper temperature during operation. 

Some liquid cooled batteries have serviceable cooling plates, 

heat transfer pads, and cooling manifolds. The battery tray on 

liquid cooled batteries typically contains an inspection plug to 

inspect for coolant leaks without the need to remove the battery 

from the vehicle. If you remove the plug and coolant comes out, 

you have an internal coolant leak and will need to pressure test 

or vacuum test the internal battery cooling system to locate it. 

Some battery trays contain serviceable electric radiant 

heaters positioned below or in-between the battery stacks or 

sections. BMW uses a large refrigeration unit (evaporator) and 

a thermostatic expansion valve in their i3 battery tray to cool 

the battery sections. BMW only sells battery components for 

their i3; no complete batteries are available.

Additionally, each section has serviceable temperature sen-

sors to monitor the temperature of the end cells. The battery 

has a serviceable built-in battery coolant heater and service-

able battery heater temperature sensor. The serviceable bat-

HV SERVICE DISCONNECT LEVERS AND SERVICE PLUG 

GRIPS SINCE 2001

LOWER BATTERY TRAY AND AIR-COOLED CELL STACK — 

2017 TOYOTA PRIUS

4

5
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tery computer monitors those sensors, controls the heater and 

requests the desired coolant pump speed.

Each battery section also has serviceable bus bars and/or 

wire harnesses connecting the sections in series electrically. 

There are also serviceable low current HV fuses that protect the 

battery coolant heater, plug-in charger, DC-DC converter and 

A/C compressor. There is also a serviceable service disconnect 

lever socket. Each battery section has its own individual bat-

tery cell voltage monitoring circuits in a separate serviceable 

harness. The battery computer monitors those circuits for bad 

battery cells and other possible malfunctions. 

Battery Junction Blocks: All HV batteries that I have ever 

seen or researched contain one or more Battery Junction Blocks 

or Relay Centers in the lower tray. The purpose of the junction 

block is to connect and disconnect the HV battery from the rest 

of the vehicle’s HV systems. The junction block is typically con-

trolled by a computer module inside the battery housing. 

The junction block of a HEV typically contains:  

1. A Positive Contactor. Function: to connect the HV battery 

positive terminal to the positive HV battery cable and the inverter 

upon initial vehicle power on.  

2. A Pre-charge Contactor. Function: to slowly charge the 

inverter smoothing capacitor through the pre-charge resistor 

upon initial vehicle power on. Once charged, almost no current 

will exist in the circuit and the remaining contactor can close 

without damaging its contacts. The pre-charge contactor will 

then open. 

3. A Pre-charge Resistor. Function: to limit the charging 

current of the smoothing capacitor upon initial vehicle power on.  

4. A Negative Contactor. Function: to connect the HV bat-

tery negative terminal to the negative HV battery cable and 

the inverter after the inverter smoothing capacitor is charged. 

5. A Current Sensor. Function: to monitor the operation 

of the contactors and the amount of current leaving and enter-

ing the HV battery.  

6. One or more low current fuses. Function: to protect 

the HV DC-DC converter. 

Of course, there are several individual Diagnostic Trouble 

Codes (DTCs) for each of the junction block components. Some 

vehicle manufacturers allow individual component replace-

ment, while others require replacement of the entire battery 

junction block for any failure. 

In addition to the components listed above for the HEV, the 

junction block(s) of a PHEV or BEV contain a few more com-

ponents to allow for the HV battery to be charged by a plug-in 

charger. These additional components include:  

1. A Charging Positive Contactor. Function: to connect 

the HV charger positive cable to the HV battery positive terminal, 

the positive HV battery cable, and the inverter while charging. 

2. A Charging Pre-Charge Contactor. Function: to 

slowly charge the inverter smoothing capacitor through the 

pre-charge resistor while charging the battery. Once the in-

verter smoothing capacitor is charged, almost no current will 

MIDTRONICS GRX-5100 EV-HEV BATTERY SERVICE TOOL

6

BATTERY TRAY AND THREE LIQUID-COOLED BATTERY 

SECTIONS — 2018 CHEVROLET VOLT

7

2014 BMW I3 REFRIGERANT LINES, BATTERY COMPUTER 

AND JUNCTION BLOCK
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exist in the circuit and the remaining 

contactor can close without damaging 

its contacts. The pre-charge contactor 

will then open. 

3. A Charging Negative Contac-

tor. Function: to connect the HV charger 

negative cable to the HV battery nega-

tive terminal, the negative HV battery 

cable, and the inverter after the inverter 

smoothing capacitor is charged. 

4. A Contactor Temperature Sen-

sor. Function: to monitor the tempera-

ture of the positive contactor terminals 

while charging the HV battery. 

Battery Energy Control Module 

(BECM) – The computer that monitors 

the condition of the battery from inside 

the battery housing is known by differ-

ent names assigned by their manufac-

turers. Most of these computers perform 

the same functions:  

1. Communicate with modules 

outside the battery for proper battery 

temperature control and to send fault 

messages.  

2. Operate the contactors in the 

junction block at the appropriate times 

to ensure proper vehicle operation and 

collision-activated HV system shut-

down.  

3. Monitor the battery temperature 

sensors to ensure proper battery cell 

temperature.  

4. Monitor the individual battery cell 

or module voltages to ensure proper 

current in the HV circuit and proper 

cell operation.  

5. Monitor the battery current 

sensor(s) to verify proper operation of 

the contactors.  

6. Perform battery cell balancing on 

some models.  

These computers rarely fail, and 

most are updatable with a factory scan 

tool. When replacing a BECM, it is criti-

cal that its electrical connections are dis-

connected and reconnected in a certain 

order. Be sure to read the service infor-

mation to prevent additional damage. 

Sometimes other modules or comput-

ers will need to be reprogrammed after 

replacing the BECM.

There are many serviceable com-

ponents inside an HV battery pack. 

Regardless of the vehicle manufacturer, 

most batteries have the same general 

components. They might not look the 

same, but they perform the same func-

tion. Every time I open another HV bat-

tery, I look for those same components, 

and I am instantly more familiar with 

that battery. Becoming more familiar 

with the battery pack components will 

help you in your diagnostic efforts as 

these vehicles get older and service 

work is more common. Best wishes!   

HEV BATTERY JUNCTION BLOCK — 2010 TOYOTA PRIUS

BATTERY ENERGY CONTROL MODULE — 2017 CHEVROLET BOLT EV

JOHN D. KELLY is a 

professor of automotive 

technology at Weber 

State University in 

Ogden, Utah, and a 

former technician. He 

specializes in automatic 

and manual drivetrain and NVH diagnosis 

and hybrid and electric vehicle technology. 

Jkelly1@weber.edu
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H
ybrid vehicles have been on our 

roads since the model year 2000 

and are now developing prob-

lems just as non-hybrid vehicles 

do. In this article, we will cover a couple of 

hybrid vehicles that we’ve diagnosed and re-

paired. Let’s start with the fi rst hybrid vehi-

cle that hit U.S. roads, the Honda Insight. Th e 

Honda Insight is not a very common vehicle, 

but its hybrid system was the foundation that 

is still used today on the 2018 Acura NSX.

The problem Insight

Th is 2001 Honda Insight (Figure 1) came in with a code “78” 

Honda DTC that translates to a P1449 (High Voltage (HV) Bat-

tery Deterioration) (Figure 2). Th is common code is related 

to Honda’s weak link in the IMA system — the HV battery. Th e 

HV battery used on this vehicle is a Nickel Metal Hydride cylin-

drical cell that has had issues maintaining a balanced charge. 

Since our problem vehicle is an Insight that only has a 3-cyl-

inder ICE, it is important that the HV battery does its job in 

supplying power to the overall powertrain output. 

The owner of the problem Insight normally does not start 

or drive the vehicle for over a month. She arrived at our shop 

complaining of a loss of power and the check engine light il-

luminated. We performed a visual inspection after speaking to 

the Insight owner and found a gym bag behind the right front 

seat. Normally, no big deal, but on a Honda Insight Gen 1 this is 

where the HV battery vent is located and the bag was blocking 

air flow to the HV battery. We showed the Insight owner where 

the vent was located and asked her not to place her gym bag 

behind the passenger seat anymore. I explained that blocking 

the vent was causing the problem with the HV battery. I told her 

that the HV battery needed to be cooled or it would be damaged.  

Next, I opened the Insight’s hood and proceeded to show 

her the HV battery label (Figure 3) that states the 144 volt HV 

battery can become damaged if the vehicle is not driven at 

least 30 minutes a month. Since the Insight owner purchased 

this vehicle used about 3 years ago she did not receive any 

information on how the vehicle operated. She, like many of 

our customers, thought that you just get in and drive the ve-

hicle like any other.  

After performing a diagnosis, we uncovered an out-of-bal-

ance HV battery, so we tried the easiest fix first and performed 

the MCM (Motor Control Module) Reset. This reset requires 

starting the engine and holding the RPM at 3500 with no load 

(in neutral) until the IMA Battery Level Indicator (BAT) on 

the gauge displays a normal level. Since this HV battery was 

so far out of balance, we performed three MCM resets only to 

find that there was little to no improvement. The next step was 

to recommend and perform an HV battery reconditioning. 

The process of reconditioning an HV battery begins with 

removal from the vehicle and cleaning all the vents in the HV 

battery case. Then, we connect the HV battery to our recondi-

tioning machine and set it up for discharge and charge cycles. 

WHEN HYBRID 
VEHICLES HAVE ISSUES
HYBRIDS HAVE BEEN ON THE ROAD FOR NEARLY 20 YEARS. HERE’S SOME OF WHAT I’VE 

SEEN IN OUR SHOP WHEN CUSTOMER CONCERNS ARISE.

G. JERRY TRUGLIA // Contributing Editor
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The HV battery sticks are connected to 

the NuVant EVc-30 (Figure 4) in par-

allel. This type of connection ensures 

that each battery stick (which contains 

six D-size cells) can accurately be dis-

charged, charged and finished to the 

correct battery level. The NuVant EVc-

30 HV battery unit is operated by a PC 

that graphs and compares all the dif-

ferent sticks, so the user can see if any 

stick needs to be replaced.  

You need to know that the HV bat-

tery in this vehicle had been replaced 

by Honda three years prior under war-

ranty, making it a good candidate for 

a battery reconditioning. If a battery 

is more than 10 years old, its life as a 

vehicle battery has come to an end, and 

it needs to be replaced. This is true of 

all NiMH (nickel metal hydride battery) 

packs that are over 10 years old.  

After the NuVant EVc-30 battery 

unit discharged and charged the HV 

battery pack for six-plus hours, the In-

sight battery pack came back to life. The 

next step was to install the battery pack 

in the Insight, clear the DTC and test 

drive the vehicle. We kept the vehicle 

for two weeks since the vehicle owner 

was on vacation, providing us addi-

tional time to make sure the Insight 

was back to normal. Now the Insight 

was running great along with an edu-

cated hybrid owner who understood 

to put her gym bag somewhere else so 

that the HV battery could get the cool 

air it needed to stay healthy.

On to a Ford Escape hybrid 

problem

Our next hybrid issue is a 2008 Ford Es-

cape with 110K on the odometer. It had a 

bunch of problems preventing it from be-

ing driven to our shop. We got this vehicle 

through a recommendation from John 

Anello, also known as the AutoTech On 

Wheels. He had diagnosed a no-start is-

sue for the Escape owner, who had the ve-

hicle towed from New Jersey to our shop 

in New York based on John’s referral. 

The first thing I checked was the HV 

inertia switch since the vehicle had a 

no-start condition. I found the inertia 

switch in the normal state and also 

found the shut off/service plug installed 

correctly. Since they were both in their 

normal state, my next step was to per-

form a visual inspection of the remain-

ing HV components. I followed that up 

with connecting the Ford IDS scan tool 

to check for DTCs and PID information.  

The scan data revealed more than 

11 DTCs (Figure 5), but the one that 

attracted my immediate attention was 

a P0AA6-60 (High Voltage System Iso-
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lation Fault) DTC. This was the main 

cause of the no-start condition. When 

you encounter a hybrid vehicle that 

displays an isolation fault, you could 

be in for big problems. Since this Ford 

Escape does not have an electric air 

conditioning compressor, I could rule 

out the isolation fault being caused by 

an A/C compressor that had been con-

taminated with PAG oil. My next step 

was to look at scan data for the HV 

battery and see if the scan tool data 

would reveal anything else besides the 

P0AA6-60 DTC.  

I found that the HV battery pack 

(Figure 6) was at a 0 percent and 

R_LeakN and R_Leak P at 1 Mohm of 

resistance that was off the scale indi-

cated by a blue dot at the right side of 

the data PID. The battery pack voltage 

was down to 247.13 volts, which is very 

low since it should be somewhere in the 

300 volt SOC (State Of Charge) range. 

The average SOC at 0 percent, but yet 

the BathPac_Stat stated OK along with 

one CCNT_BCM DTC. I now knew this 

was going to be a big mess after review-

ing the scan tool data. I had never come 

across a Ford Escape hybrid with so 

many issues. Ford took their time mak-

ing sure they built a robust hybrid so 

that they could launch their way into 

the hybrid business. I should also state 

that this is a second-generation Es-

cape hybrid that, if anything, was an 

improvement over the Gen 1 models.  

With my work cut out for me I 

started with the service disconnect 

fuse (Figure 7) that I checked carefully, 

discovering an issue with it. Looking at 

the fuse, I noticed it had a black stain 

on the white band that I had never seen 

before. Knowing that the fuse condi-

tion was not normal even though it 

had continuity, I knew there had to be 

something that caused this issue, such 

as low electrical resistance that caused 

too much current flow. I moved the ser-

vice plug disconnect in to the Service 

5
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Shipping position then proceeded to re-

move the HV wires from the right side 

of the HV battery pack. I followed that 

up by removing the HV wire connector 

from the motor generator that is located 

under the air filter box on the left front 

of the vehicle. With both ends of the HV 

wires disconnected I could now use my 

Fluke 1587 Meg Ohm meter to check 

the wiring. You can see what I saw in 

Figure 8. One of the pins of the HV 

wire was burnt and missing. 

This now led me to believe that 

there was one serious problem that I 

had never seen before. As I continued 

checking the rest of the HV system out 

I found that the HV MG/transmission, 

inverter and the converter wires had 

also been affected. Remember that this 

hybrid was at another shop before it was 

towed in so I could not be sure what was 

done or touched before I checked it out. 

To burn the main HV fuse and the wire 

connector, there had to be a major event 

that caused so much damage.  

I proceeded to remove the inverter 

cover from the traction motor and found 

that the unit had had an electrical melt-

down (Figure 9). This now made sense 

as to why the main HV wire from the HV 

battery to the traction motor had a com-

pletely burnt terminal. Since the traction 

motor and inverter were toast, most 

likely the converter was not in good 

shape, either. My next step was to check 

the HV wire from the traction motor to 

the converter with the Meg Ohm meter. 

My testing revealed that the wires did 

not meet the required specifications, so 

they also needed to be replaced. 

I priced out all the parts and called 

the vehicle owner to explain what 

would be needed to get this hybrid back 

on the road. Since the traction motor 

and converter could be purchased from 

a salvage yard, this would help keep the 

cost down. The fuse alone for the HV 

battery is only sold as a one-piece ser-

vice disconnect unit from the dealer for 

$855. The high voltage wires from the 

HV battery to the traction motor were 

over $1,300, and the wire from the trac-

tion motor to converter was about $490. 

A used traction motor was difficult to 

find, but I found one that had only had 

45K on it for $500. I continued to do a 

bit more research online finding that 

LKQ had a used converter for $150, 

making the repair parts somewhat 

reasonable. Since the service discon-

nect was so expensive from the dealer, 

I decided to look for a used HV battery 

from LKQ online. I only saw one of 

them had the service disconnect plug 

pictured with the HV battery. I emailed 

LKQ inquiring about the HV battery 

that had 250K on it that was being sold 

with the service disconnect connector 

that listed for $500. With all the parts 

lined up and priced out, I just had to 

add the labor to come up with a total 

price for the repair. As you can imag-

ine this was going to be one expensive 
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repair for this hybrid. I called the cus-

tomer with the estimate and explained 

the price to repair the vehicle.  

When the owner arrived at our shop, 

I showed him what we uncovered and 

explained what would be needed to get 

the hybrid running again. The owner, 

Harold, explained to me that he had 

just spent over $800 at the other shop 

in New Jersey and another couple of 

hundred-plus bucks getting the Escape 

towed to me. I felt really bad for Harold 

because he was such a nice guy who 

was also going through chemotherapy 

treatment. After showing him what 

the vehicle was worth with 110K miles 

on it, he realized that it would not be 

worth repairing. He offered to pay my 

fee of $1,200 and said he had to decline 

repairing the Escape because of his fi-

nancial and health situation. 

Feeling bad for Harold I offered him 

some money for the vehicle, along with 

waving the charges for my diagnostic 

and components testing. Harold was ex-

tremely happy that I made such an offer 

and sold me the vehicle. I thought what 

in the world did I just do — the work and 

money involved to get this hybrid up and 

running was going to be extensive. The 

only saving grace was that I helped a 

person in need along with having a good 

project on a major hybrid problem. 

Repairing the Escape

Our next step was to consult the SI 

systems and read through ALLDATA, 

ProDemand and MotoLogic for the rec-

ommended removal of the traction mo-

tor. Th e HV wiring was a no-brainer — 

just time consuming because we would 

have to remove the HV wire from the 

HV battery that runs along the unibody 

of the vehicle to the fi rewall and on to 

the traction motor. Th e HV wire from the 

traction motor to the converter was not 

going to be that hard, but the inverter/

MG removal and installation would 

make up for that. With a game plan in 

place we ordered all the needed parts 

and proceeded to remove the engine 

and transaxle/MG assembly. 

On this Escape hybrid, along with 

many other modern vehicles, the en-

gine and traction motor is a bottom 

drop (Figure 10). The first thing we 

do when removing any transmission, 

engine or differential is to strap the 

vehicle to the lift using heav y-duty 

ratchet straps. This ensures that the 

vehicle will not move when any heavy 

component is removed. Safety is an 

important part of the job; we like to go 
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home at night all in one piece.  

Once the engine and traction motor were removed, 

we disconnected the traction motor from the engine and 

installed the engine on our engine stand (Figure 11). We 

made sure to check the engine over, cleaned and tightened 

all bolts along with replacing spark plugs, thermostat, valve 

cover gasket, etc. while the engine was out. With everything 

out of the way, we removed and installed the HV wires from 

the HV battery to the traction motor. We waited to install the 

inverter to converter HV wires until we installed the engine 

and transaxle. The installation of the ICE and traction motor 

generators went well since we had everything planned out 

and ready to go back in.  

With all the heavy lifting out of the way, the next step would 

be to program the vehicle since the traction MG inverter unit had 

been replaced. I used the Ford IDS factory scan tool then pro-

ceeded to program the unit (Figure 12) since the traction con-

trol unit is on the CAN Bus. The vehicle would need the security 

update, aka PATS system programmed, or the vehicle will not 

become ready and start. The programming was successful, so we 

started the vehicle up to make sure it ran then shut it down. We 

changed the oil, using synthetic oil, and filter followed by replac-

ing the inverter pump as a precautionary measure.  

The inverter pump is the heart of the HV electronics cool-

ing system and is a weak link that can cause major problems. 

We installed the required Ford Motorcraft coolant/anti-

freeze both into the HV and engine cooling systems using 

Airlift followed up with the coolant burping funnel. One of 

the last tasks that needed to be performed was a HV battery 

rebalance. The rebalance of the HV battery was desperately 

needed since the HV pack was so out of specification. With all 

tasks completed it was time for a good test drive followed by 

performing a full system scan (Figure 13) to make sure that 

there were no issues. Since everything came up normal we 

started using the vehicle as a shop loaner without encounter-

ing any issues. We recently loaned the Escape Hybrid to one 

of our good customers who lives in Ohio. The Escape hybrid 

averaged 30 mpg and now has about 158K on it without issues. 

In closing, I hope that these two stories from the bays help 

you diagnose and repair hybrid vehicles. One quick note, 

please make sure you get the proper hands-on training and 

have all the required equipment before you start working on 

hybrid and electric vehicles. Be safe and smart! 

G. JERRY TRUGLIA, ASE World Class Triple 

Master Technician Auto, Truck & School Bus, L1, L3, 

F1, A9, X1 C1, is president of Technicians Service 

Training and a nationally recognized trainer/author. 

He founded TST to bring affordable training to fellow 

techs and owners. gtruglia@tstseminars.org
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HYBRID CARS LIKE THE TOYOTA PRIUS offer drivers the choice of using gasoline or electricity as a power source. 

Future hybrid technology will offer increases in effi ciency for electric motors, batteries and gas- or diesel-powered engines.

PHOTOS: TRACY MARTIN

// UNDERCAR

A
t the turn of the 20th century, the idea that auto-

mobiles, a new technology at the time, had to be 

powered by gasoline wasn’t a given. Inventors of 

these vehicles experimented with various ways in 

which cars could be powered, including electricity, fossil fuels, 

steam and/or combinations of these power sources. In 1898, 

Jacob Lohner, a coach builder, teamed up with Ferdinand Por-

sche who had recently invented the electric wheel-hub motor. 

Th e motor fi t inside the wheel’s hub and was powered by lead-

acid batteries. Using one of Lohner’s coaches, at the time a more 

common term than “car,” Porsche fi tted two wheel-hub motors 

and a battery to create an all-electric vehicle — the Elektromobil. 

It suffered from the same problem that electric cars face 

today — limited range due to battery technology. Porsche 

added a gasoline-fueled, internal combustion engine that ran 

a generator to charge the battery, making the Elektromobil 

the first vehicle to combine these power sources and thus the 

first hybrid. With the batteries fully charged, it could reach the 

blistering speed of 38 miles per hour. This early hybrid was 

shown to the public at the 1900 Exposition Universelle, held 

in Paris, which showcased innovations like the Ferris wheel, 

diesel engines, talking films and escalators. 

Within a few decades other hybrid vehicles came into ex-

istence — one traveled on land and the other underwater. In-

vented in the 1930s, diesel/electric locomotives used a diesel 

engine to drive a generator that provided power for an electric 

motor connected to the locomotive’s wheels. This technology 

led to an early form of regenerative braking, called rheostatic 

braking, in which the electric motors reversed their func-

tion and became generators driven by the weight of the train 

slowing down. The electricity produced was connected to 

on-board resistors (braking grid) that dissipated the braking 

energy as heat. This process is similar to regenerative braking 

used on modern hybrid cars to charge the battery.  

Another early hybrid vehicle was the diesel/electric sub-

marine that came about in 1929. A diesel engine was used to 

propel the submarine and to charge large batteries. The sub 

used battery power when submerged and switched back to 

THE FUTURE OF 
HYBRID VEHICLES

THE ELECTRIC VEHICLE WAS FIRST ON THE AUTOMOTIVE SCENE BUT WAS OVERRUN BY THE 

AFFORDABILITY OF ITS GASOLINE-POWERED NEPHEW. IS THAT TREND CHANGING TODAY?

TRACY MARTIN // Contributing Editor
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diesel propulsion when on the surface. 

Today, a nuclear-powered submarine 

can be considered a hybrid in that it 

uses a nuclear reactor, steam turbine, 

generator and electric motors to pro-

vide propulsion, and we refer to a car 

or light truck that uses more than one 

power source as a hybrid. Typically 

these vehicles combine gas, or a die-

sel-fueled internal combustion engine, 

with a battery-driven electric motor.  

Since 1900 a few hybrid cars were 

created, but it wasn’t until 1997 when 

the Toyota Prius was introduced in 

Japan that the technology took off. Toy-

ota sold the Prius in the U.S. starting in 

2001 and by 2007 they had sold a mil-

lion worldwide. Currently, many OEMs 

offer hybrid cars, SUVs, vans and even 

hybrid trucks. As the U.S. moves toward 

independence from foreign oil sources 

(and the climate heats up) the motiva-

tion for selling hybrid vehicles is ever 

increasing. OEMs are spending millions 

of dollars for research and development 

of all-electric and hybrid technologies. 

For at least the next decade hybrids will 

bridge the gap between fuel-only and 

all-electric vehicles. 

Future of hybrid powertrains

Powertrain configurations that will be 

used for hybrid cars of the future could 

take many forms. Because the reason for 

hybrids existing in the fi rst place is energy 

effi  ciency, it makes sense that the inter-

nal combustion engines (gasoline or die-

sel fueled) and electric motors used for 

hybrids be as effi  cient as possible. All in-

ternal combustion engines (ICE) are the 

most efficient when they are operated 

under a constant load. An ICE running 

at full power will extract the most heat 

energy from the fuel it consumed. Vehi-

cles that use only an ICE cannot operate 

constantly at full power because the en-

gine’s power output must be regulated for 

slower or faster driving conditions. Th is 

throttling of the engine causes it to be less 

effi  cient. Conversely, an electric motor is 

highly effi  cient under variable loads be-

cause maximum torque is available at all 

speeds. In addition, they can be used to 

recover lost energy through regenerative 

braking (see sidebar on page 41). A hy-

brid vehicle combines the advantages of 

both types of power sources — gasoline 

(or diesel) and electricity.

The graphs shown illustrate what 

amount of horsepower is required for 

constant speed driving and accelera-

tion. The upper graph shows how much 

horsepower is required for acceleration 

JUST HOW MUCH POWER DOES IT TAKE? More is needed to get a car moving than is 

needed to keep a car moving.

THE COMBINATION OF A SUPER-

EFFICIENT GAS OR DIESEL ENGINE , 

plus the power of a large electric motor, 

will offer drivers of hybrids the best 

characteristics of both power sources.
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of a 3,050 lb. car with a frontal area of 22 

square feet (Toyota Prius numbers). To go 

from 0-to-60 in 10 seconds requires 140 

horsepower. Zero-to-40 mph in 10 sec-

onds takes about 85 H.P. The faster the car 

is accelerated from a stop, the more power 

is required. For example, 0-to-60 in 4 sec-

onds takes 330 horsepower (Tesla model 

S numbers). The lower graph shows that 

the same vehicle only needs a fraction of 

the power used for acceleration to main-

tain constant speeds. In this example just 

12 horsepower can maintain a steady 

speed of 60 mph.  

Because ICE engines and electric 

motors have very different power-to-

energy characteristics, each will be used 

where it is most efficient. The engine 

will provide a constant power source 

for charging batteries and/or providing 

power to an electric motor. The electric 

motor will provide short bursts of power 

for vehicle acceleration and climbing 

hills. As shown by the graphs, the hybrid 

of the future will not be required to have 

a high horsepower ICE engine. About 

50 horsepower would be sufficient for 

a standard car. The small output ICE 

engine will be complemented by a 100+ 

horsepower electric motor and battery 

with enough capacity for high-energy 

driving requirements.

Series hybrid

Two basic types of hybrid confi gurations 

are series and parallel. A series hybrid con-

fi guration is like a series electrical circuit, 

i.e., battery positive, light bulb one, light 

bulb two and battery ground. In a series 

hybrid layout, energy fl ows from the fuel 

tank to the engine, that drives a generator. 

From the generator, power is directed to 

either the electric motor, battery or both. 

Th e end of the hybrid series circuit are the 

drive wheels of the vehicle. Th e power bus 

controller is a computer that determines 

where power is needed depending on 

driving conditions. During steady-state 

driving, the engine could be turned off  to 

conserve fuel and only the battery used to 

power the motor. When acceleration is re-

quired and the battery’s energy is used at 

a high rate, the engine would be started to 

recharge the battery and power the elec-

tric motor. When the brakes are applied, 

the motor would act like a generator and 

recharge the battery through regenerative 

braking. For maximum effi  ciency, energy 

for the vehicle will be constantly switched 

between the battery and onboard fuel. 

When the vehicle is not in use both en-

ergy sources are replenished. Th e battery 

is charged from a stationary power source 

and the fuel tank fi lled.

Parallel hybrid

Like the series hybrid configuration, a 

UNDERCAR

Einstein once said, “Energy cannot 

be created or destroyed; it can 

only be changed from one form to 

another.” And that is the premise of 

regenerative braking. The average 

car weighs around 3,200 pounds 

with light trucks adding another 

2,000 pounds to that fi gure. To 

accelerate this mass to 60 miles 

per hour takes heat energy that 

comes from fuel or a battery in a 

hybrid. Conversely, to slow down 

the same amount of mass also takes 

an equal amount of energy. The 

braking systems on cars and trucks 

convert the energy of motion into 

heat through friction. The heat is 

dissipated, and its potential energy 

is lost. Regenerative braking can 

recover much of this heat loss and 

turn it into work to power a vehicle.

Many current hybrid cars like the 

Tesla, Toyota Prius, Ford Escape 

and others use regenerative braking 

to convert wasted brake heat into 

electrical energy. The concept is 

simple. The electric motor used to 

propel the car can also be used as a 

generator to charge the battery using 

the energy of the vehicle slowing 

down through braking. Using an 

electric motor as a generator is not a 

new concept. The starter/generator 

was installed in Cadillac models in 

1912 where it was used to start the 

engine (a vast improvement over 

cranking by hand) then once the 

engine was running, it was used as a 

generator to charge the battery.

Ford Motor Company and the 

Eaton Corporation are developing 

Hydraulic Powered Assist (HPA) 

regenerative braking systems. When 

the brakes are applied, the vehicle’s 

kinetic energy is used to power a 

hydraulic pump that forces fl uid 

into a high-pressure accumulator. 

Pressure (1,300 psi or higher) is 

created by compressing nitrogen 

gas in the accumulator. When the 

vehicle is accelerated, the high-

pressure fl uid is used to drive a 

hydraulic motor that is connected 

to the powertrain. This translates 

the kinetic energy of the car into 

mechanical energy that assists with 

vehicle acceleration. It is estimated 

that an HPA system could store 

up to 80 percent of the vehicle’s 

inertia lost during braking and turn 

it back into energy for acceleration. 

This could reduce fuel consumption 

by 25 percent or more as this 

technology matures. 

Because of the size of the 

accumulator, current designs of 

HPA systems are targeted for large 

trucks over 10,000 pounds. As 

the technology is improved, HPA 

designs will be made smaller and can 

be applied to cars and light trucks. 

Regenerative braking on hybrid 

vehicles allows onboard batteries 

to be used longer without external 

charging, thus extending the range of 

both hybrid and all-electric vehicles.

REGENERATIVE BRAKING
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parallel layout uses two power sources 

in separate paths to the vehicle’s drive 

wheels. The battery powers an electric 

motor connected to the vehicle’s trans-

mission. Th e other path of power is the 

ICE engine, also connected to the trans-

mission. One advantage over series hy-

brid systems is that no generator is re-

quired. Th e electric motor can still act as 

a generator to charge the battery during 

braking. Th e ICE engine could be made 

smaller, as it is directly connected to the 

transmission. Because the electric mo-

tor would have two times — or more — 

the power of the ICE, it could drive the 

rear wheels during max power require-

ments while the ICE could drive the front 

wheels for low-speed driving. With a low-

power ICE, the transmission would be 

less expensive to the manufacturer and 

could be smaller than a standard trans-

mission.

Additional benefi ts

Owning a hybrid of the future will off er 

several benefi ts. A hybrid with a large, 

powerful electric motor will be more fun 

to drive than a car equipped with only a 

small fueled engine. All-electrical power 

accelerates the Tesla Model S from 0-to-

60 mph in 3.2 seconds, and only a few 

ICE-powered cars can match that accel-

eration. Th is is a long way from the im-

age of the “not-a-thrill-to-drive” Toyota 

Prius with a 0-to-60 time of around 10 

seconds. While many future hybrid cars 

will not reach the acceleration perfor-

mance of the Tesla S, future hybrids that 

off er owners a high-performance driv-

ing experience will be more common. 

Consumers will buy efficient vehicles 

not only to help the environment, but 

because they will be fun to drive and less 

expensive to own and operate.

An additional benefit of future hy-

brid car designs is a moderately sized 

battery, probably around 5 kWh, which 

will be able to be charged overnight 

from a standard household plug. In ad-

A SERIES HYBRID CONFIGURATION SHOWS how the engine is used to generate 

power for the electric motor and charging the battery. Because the engine is connected to the 

generator it can be operated at full throttle providing the best fuel effi ciency. Under many driving 

conditions it would be shut off and only started when needed to run the generator.

IN THE PARALLEL HYBRID CONFIGURATION there is no need for a generator. The 

battery is charged from an external power source or through regenerative braking. The vehicle’s 

computer will switch between using the electric motor and engine to power the vehicle.

THIS DRAWING SHOWS how hydraulic assist braking could be used in a hybrid car. During 

braking the hydraulic pump sends high pressure fl uid to the accumulator. When accelerating 

the accumulator sends the high-pressure fl uid to the hydraulic motor to drive the rear wheels. A 

computer would control hydraulic valves to operate the system (not shown).
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dition, the widespread use of hybrids will have a dramatic 

effect on consumer fuel purchases in the future. If gasoline 

prices start to increase, owners of hybrids can instantly start 

using more electricity and less gas, reducing the demand for 

oil and lowering fuel prices overall. It will take a high percent-

age of hybrid vehicles to affect fuel prices, but consider that 

through 2016, about 11 million hybrid cars have been sold 

worldwide with 36 percent of that total sold in the U.S. As the 

cost of hybrid vehicles comes down, and performance and 

efficiency goes up, sales will increase, affecting fuel prices.  

Because power for acceleration will be provided by an 

electric motor, the engines used in hybrids will have small 

displacements and be more fuel efficient. On average, an 

ICE wastes around 50 to 70 percent of the heat energy stored 

in gasoline or diesel. Instead of providing power to turn the 

wheels, wasted heat energy is used by the radiator/cooling 

system, engine components like pistons, cylinder blocks and 

heads, and the exhaust system. Engines used in hybrids can 

run at steady speeds and will have higher thermal efficiencies 

that could reach 50 percent or more.  

Small displacement engines that use turbocharging and 

Atkinson cycle designs will power the hybrids of the future. 

Diesel engines could be revisited for automotive applications 

because emissions can be more easily controlled during con-

stant power output. A diesel hybrid could use all-electric power 

for city driving and diesel power for rural areas where pollution 

is less of an issue. Atkinson cycle types of engines provide good 

fuel efficiency as a tradeoff for lower power-per-displacement, 

when compared to traditional four-stroke engines. Variants 

of this engine design were used in 1997 in the Toyota Prius. 

Currently there are over 40 OEMs that use Atkinson-cycle en-

gine designs like variable valve timing. The combination of the 

Atkinson-cycle engine with a large electric motor provides the 

most efficient means of producing power for hybrid vehicles. 

Conclusion

Internal combustion engines operate best when under a con-

stant load. Engines operating at their most effi  cient confi gura-

tion will have increased longevity, be less complex, cost less 

to manufacture and emit lower emissions. Hybrid drivetrains 

will combine the ICE and electric motor to take advantage of 

the best characteristics of both. Th e hybrids of the future will 

circumvent the trade-off  between power and effi  ciency that 

current internal combustion engine-powered cars are subject 

to. Hybrids have been sold in the U.S. for more than 20 years, 

and there is opportunity for many future refi nements. Hybrid 

vehicles will bridge the gap between fuel-powered only to all-

electric power. Th e hybrid of the future will be less expensive 

to own and operate, plus provide consumers with a fun, envi-

ronmentally friendly driving experience. 

INA is a pioneer of automotive technology.

As vehicles become more advanced, we are 

working with OEMs to provide OE-quality 

products for even more makes and models.  

Count on INA for innovative solutions that make 

cars run like new. 

ORIGINAL 
THINKING.

Further information:
www.schaeffler.us   •   www.repxpert.us 

THE LOHNER-PORSCHE “MIXTE” TOURING CAR from 1903. 

Ferdinand Porsche is at the wheel. The wheel hub motors can be seen 

mounted to the front wheels.

TRACY MARTIN has covered the powersports 

industries since 1998. He is also the author of six 

Motorbooks Workshop Series books published 

by the Quarto Publishing Group and is a regular 

contributor for Motor Age. 

tracy.martin@yahoo.com
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H
igh voltage hybrids have 

been available close to two 

decades. More recently, 

48-volt micro hybrid elec-

tric vehicles have been introduced in 

Europe and will soon be spreading to 

American roadways starting with se-

lect 2019 Dodge, Jeep and Mercedes 

models. All this greatly increases your 

chances of having to work on hybrids 

and EVs beyond the realm of preventa-

tive maintenance. To prepare you for 

today’s higher voltage hybrids as well 

as tomorrow’s lower voltage 48-volt sys-

tems, we’ll go over some common hy-

brid DTCs to help you diagnose faster 

by understanding how they work and 

why they set.

P0A0D – High voltage 

interlock circuit voltage high

The title of this common DTC is a bit 

misleading. The circuit that sets the 

DTC itself is NOT a high voltage cir-

cuit, but rather a 12-volt circuit that is a 

watchdog for high-voltage components 

(Figure 1). On GM 2-mode HEVs, for 

example, if you remove the hard plastic 

cover that hides the inverter and DC-

DC converter assembly, a shorting bar 

in that plastic cover is now pulled from 

a connector in the HV interlock circuit. 

A similar arrangement is on Toyota in-

verter cover plates (Figure 2). A DTC 

P0A0D then sets and the high voltage 

contactors in the battery pack open (if 

they were closed) or won’t close if you 

then try to power up the vehicle. On 

Fords (Figure 3), this circuit will be at-

tached to the major orange high voltage 

cables to ensure those cables are fully 

seated/latched. On many hybrids, sim-

ply extending the high voltage battery 

pack’s service disconnect plug (Figure 

4) prior to unlatching it will remove a 

shorting bar in the service plug from the 

terminals in this circuit. Th e whole point 

of this circuit is for safety.

P0AA6 – Hybrid battery volt-

age system isolation fault

Battery packs are subject to leakage 

DTCs as are motor generators, HV 

electric AC compressors and high volt-

age cables. Full-voltage (over 60 volts) 

HEVs and EVs connect both of their HV 

battery pack’s cables directly to the in-

verter. Th e negative DC HV cable does 

NOT connect directly to chassis ground. 

However, if you have ever connected a 

DMM set to DC between chassis ground 

and either of the HV battery pack’s posi-

tive or negative cables, you will read 

half of the HV battery pack’s voltage on 

Toyotas. On Fords, you’ll see something 

curious — a rhythmic sweeping of this 

voltage moving from 0 volts up to about 

70 percent of the HV battery pack’s total 

voltage. Th is sweeping action takes just 

a couple of seconds. This “diagnostic” 

high-voltage circuit carries a harmless 

low current — about 2 mA. It is there 

48-VOLTS AND 
BEYOND – HYBRID 
CHANGES & DTC TIPS
A COLLECTION OF TIPS AND TEST TECHNIQUES TO HELP YOU HANDLE THE 

MORE ROUTINE HV AND EV DTCS.

DAVE HOBBS // Contributing Editor

THIS GEN IV PRIUS (2016-PRESENT) 

HEV has had the back seat removed and 

the 12-volt High Voltage Interlock connector 

removed from the back of the HV service 

plug’s connector. Key on and connector 

removed — 12-volts. P0A0D sets.

1

PHOTOS: DAVE HOBBS
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to inform the vehicle’s electronics of 

even the smallest amount of high volt-

age leakage. Similar in design intent to a 

bathroom/kitchen’s GFI (Ground Fault 

Interrupt), they cause the disconnection 

of high voltage power for safety’s sake. 

Th e downside is that a no-start condi-

tion will occur on HEVs that use their 

MGs for starting the gas engine. Isola-

tion fault detection use high ohm (typi-

cally around 150K ohms) resistors in 

parallel between the high voltage circuit 

and chassis ground (Figure 5). 

P0A80 – Battery performance

While the fi rst two DTCs may not ap-

pear on the newer 48-volt micro hybrids, 

this battery performance DTC will most 

likely be applicable to just about any hy-

brid or EV on the road regardless of volt-

age levels. Th e P0A80 is a generic DTC 

and the reason a lot of battery packs 

get replaced. This DTC basically says 

the hybrid battery pack “smart” module 

has detected a variation exceeding 0.3 

volts between pairs of battery modules. 

Battery modules in the case of the older 

(and popular) NiMH battery packs are 

either cylindrical (appearing like large 

D-cell fl ashlight batteries) or prismatic 

(fl at rectangular) groups of six 1.2-volt 

cells in series equaling 7.2 volts. Two 

NiMH battery modules are then wired 

in series to comprise a battery block 

(Figure 6). Th e battery blocks are then 

wired in series within the pack to com-

prise the HV battery pack’s total volt-

age. Th e battery control module/smart 

battery unit monitors the internal re-

sistance, temperature, voltage and cur-

rent draw of the total battery and its 

individual blocks. If the blocks are not 

nearly identical in voltage under vari-

ous conditions, the module will fl ag this 

DTC. However, diagnostic charts for this 

DTC can be a bit confusing (Figure 7). 

Th e charts instruct techs to use a scan 

tool to monitor the voltages between the 

various combinations of blocks. You’re 

supposed to replace either the battery 

pack or the battery control module 

depending on the outcome of the bat-

tery block voltage comparisons. The 

key word is “ALL” in the chart when the 

question is posed regarding “are all the 

battery block voltages greater than 0.3 

volts from each other?” Toyota makes 

this distinction clearer than Nissan by 

stating that a common symptom of a 

faulty battery control module (battery 

smart unit) is ALL of the battery blocks 

being 0.3 volts diff erent than each other.

48 volts? Again?

Didn’t the industry already try that 

once? Forty-two-volt dual voltage sys-

tems were designed and ready to im-

plement in the late 1990s. Th e 42-volt 

systems did NOT make it from the engi-

neering labs of OEMs and into consum-

ers’ driveways outside of the few excep-

tions of GM’s early BAS (Belt Alternator 

Starter) blue cable models and the PHT 

(Parallel Hybrid Truck). Neither the 42-

volt BAS or PHT technology had the lat-

est Li-Ion high output/low-weight bat-

tery packs that today’s HEVs and EVs are 

equipped with. Inverters and DC-DC 

converters used IGBT (Insulated Gate 

Bipolar Transistor) technology that was 

state of the art then. A new technology 

referred to as the “Viper inverter power 

switch” by Tier 1 OEM supplier Delphi 

Technologies allows for new inverters 

and converters to be 40 percent lighter 

and 30 percent smaller. This leads to 

a 25 percent higher power density in-

crease. Th e Viper power inverter switch 

also does away with wire bonds and 

tedious connections, which can lead to 

quality and reliability issues.  

Unlike more complex and higher 

voltage HEVs/EVs, a 48-volt system 

will not propel the vehicle around town 

without the gas engine contributing 

power. Then why bother? Increasing 

voltage for high wattage accessories 

and functions is fueled by a simple 

THIS GEN III PRIUS’ (2010-2015) IN-

VERTER ASSEMBLY COVER has been 

removed to expose the HV battery pack’s 

cable connections. With the white plastic 

shorting bar connector remaining on the 

inverter access cover, a P0A0D will set and 

the system will not “boot up” due the shorting 

bar not being in place.

THIS 2010 FORD FUSION HYBRID 

MODEL can set a P0A0D “High Voltage 

Interlock Circuit Voltage High” DTC if one 

of the 12-volt circuits (small wires) are not 

seated when the larger orange HV cable 

connections are not completely latched.

NEWER HONDA HEVS ARE NOW 

USING ORANGE SERVICE PLUGS like 

other OEMs. The larger contacts complete 

the high voltage connections within the bat-

tery pack. The smaller contacts are for the 

high voltage interlock (safety) circuit, which 

is actually a 12-volt circuit. If the service plug 

is NOT inserted AND latched properly, the 

high voltage interlock circuit voltage goes to 

12-volts to indicate a problem.

2
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4
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electrical principle called “Watt’s Law” 

(Figure 8). The higher the voltage, the 

lower the amperage required for given 

electrical work requirements (watts).  

While higher voltage systems are typi-

cally required for propelling the vehicle 

without the I.C.E., the extra voltage 

that 48-volt systems afford have a fair 

amount of other benefits. A 48-volt sys-

tem is quite adept, being able to spool 

up an electric super-charger to launch 

the vehicle faster and smoother, elimi-

nating turbo lag. Other heavy electrical 

(high wattage) load, such as A/C com-

pressors and electric power steering 

motors, will run more efficiently on 48 

volts as well.  

48-volt system safety and 

simplicity

GM advised technicians back in their 

small niche 42-volt era (BAS/PHT) to 

practice similar safety precautions they 

were in the habit of doing on higher volt-

age systems during the service of the 

high-voltage side of the vehicle. OSHA 

regulations, however, are more lax with 

voltages under the 50-60 volt region that 

borders the realm of injurious to lethal. 

This eliminates the need for heavier 

and more expensive circuits that lead to 

DTCs such as P0A0D and P0AA6. Th at 

means 48-volt and 12-volt systems can 

both share a chassis ground (Figure 9).  

When will we see 48 volts?

Forty-eight-volt vehicles have already 

been appearing in Europe in fair num-

bers due to the higher price of fuel there. 

As for models made in/imported into 

the USA, Mercedes has launched a 48-

volt system in their CLS 450 model for 

American roads this year. In addition, 

select Dodge Ram 5.7 liter V-8 Hemi, 

Dodge Ram 3.6 liter V-6 and Jeep Wran-

gler 3.6 liter V-6 models for 2019 have 

adopted a belt-driven 48-volt motor gen-

erator system called E-Torque.  

Dodge/Jeep E-Torque 48-volt 

system explained

The E-Torque system uses two major 

serviceable assemblies each containing 

non-serviceable main subassemblies/

components.

1. Battery Pack – PPU (Power 

Pack Unit) 

HV Battery, HV Battery Control 

Module and DC-DC Converter 

Dodge’s 48-volt Li-Ion battery pack 

contains a BPCM (Battery Pack Control 

Module) that is an integral part of the 

complete PPU. The PPU’s Li-Ion bat-

tery pack is an air-cooled unit contain-

ing 12 4-volt Li-Ion cells. The BPCM 

monitors for current, temperature, 

voltage and internal resistance of the 

pack the same as any HEV/EV’s battery 

control module. The BPCM also con-

A

D

B

B

C

UNDERHOOD

MEASURING BETWEEN THESE 

POINTS with a DMM for each pair of HV 

battery pack modules (called V-blocks by 

some OEMs) confi rms what the smart battery 

unit/battery control module (A) measures 

and displays on your scan tool. Contactors (B) 

A.K.A. relays close when commanded to con-

nect the battery pack’s output to the vehicle’s 

high voltage cables. Higher voltage systems 

require another contactor (C) and power 

resistor (D) to reduce high current inrush into 

the inverter on power up.

WATT’S LAW DISPLAYED TELLS the 

story mathematically why 48 volts is better 

than 12. Same wattage (electrical work) 

means lower amperage (and cable size) when 

system voltage is higher.

SMRS 1, 2, & 3 (A.K.A. CONTACTORS) close in the order of their number to allow the power 

resistor to 1st feed limited current to the inverter on battery pack power up to eliminate inrush 

current damage to inverter. Whenever contactors are closed, the high ohm resistors tied between 

each of the high voltage circuits and ground. This allows only a couple of mA of high voltage to 

fl ow to ground while allowing the battery smart unit to monitor for high voltage leakage.

5 6

7
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trols the charging and discharging of 

the battery pack. The BPCM’s HV bat-

tery self-diagnostics include SoC (State 

of Charge) and SoH (State of Health). 

SoH is based on the rise in calculated 

internal resistance and decrease in ca-

pacity. Battery end of life is generally 

defined as a 20 percent decrease in the 

48-volt battery system capacity or 25 

percent power degradation. The unit 

contains a DC-DC converter, which is, 

of course, any hybrid vehicle’s solid-

state version of a conventional 12-volt 

alternator. The BPCM communicates 

on and manages a special CAN bus 

called a CAN-ePT data network. The 

CAN-ePT is a private bus network 

used only in the e-Torque system with 

e-Torque components.

2. Belt driven MGU (Motor Gen-

erator Unit)  

Motor/Generator, Inverter and 

Main Hybrid ECU 

The MGU mounts on the front of the 

engine and contains the HCP (Hybrid 

Control Processor), which is the major 

smarts for the entire e-Torque system. 

The HCP serves as an electronic con-

troller for the E-Torque system as well as 

an inverter module to change the MGU’s 

internal 3-phase AC to 48 volts of DC 

power. The HCP commands the PPU 

to close the HV battery pack’s contacts 

via a bus message. The HCP also serves 

the important job of sending the PPU a 

message to go into a cell balancing mode 

when the BPCM indicates there is an 

imbalance. The MGU also serves as the 

starter motor to crank the engine as well 

as the generator for the vehicle. E-Torque 

systems also utilize a stop/start strategy 

that interfaces with several other mod-

ules on the vehicle, such as the HVAC, 

ABS and TCM. In addition to electrical 

generation and gas engine stop/start du-

ties, the MGU handles regen braking and 

engine low-end torque boost with 130 ft. 

lbs. of additional torque. 

HCP fl ashing precaution

The HCP is flash programmable and 

is sensitive to cold temperature during 

module flashing. The HCP will need to 

be flashed when the vehicle is at room 

temperature. Failure to fl ash the module 

at room temperature can cause the fl ash 

procedure to not complete, resulting in 

an unnecessary component replacement.

BPCM fl ashing precaution

The ignition state needs to be transi-

tioned to OFF for at least 30 seconds 

and then transitioned to RUN prior 

to flashing the BPCM. This allows the 

PPU’s contactors to be commanded 

open. If the ignition state is cycled too 

fast, a precondition warning may occur, 

which could prevent the fl ash program-

ming procedure from completing.

48-volt future – big or small?

According to the EPA, a fl eet of 11 million 

48-volt mild hybrids would benefi t con-

sumers and increase the nation’s air qual-

ity by saving over 4 billion gallons of fuel 

over the life of those vehicles. That’s a 

very good thing no matter how you state 

it. Will we see 11 million new 48-volt mi-

cro hybrids or will the American fl eet hit 

some other number — lower or higher? 

Mary Gustanski, senior vice president 

and chief technology officer for Del-

phi Technologies gave some interest-

ing insights into that question as she 

predicted some directions where elec-

trifi cation is likely to be heading while 

speaking at the 2018 AAPEX show in 

Las Vegas. Signifi cantly lower costs for 

48-volt systems are a big plus, but high-

er voltage system prices have started 

coming down. Adding into that mix are 

the variables of governmental policies 

regarding required MPG increases/re-

laxations along with EPA restrictions on 

PM (Particulate Matter) and NOx (diesel 

emissions) for the diesel option some 

OEMs take. Th is leads us to the opinion 

that the only thing we can really bank 

on is more electrifi cation and continu-

ing changes in technologies. To that end, 

Motor Age will be keeping you informed 

and ready for whatever new technology 

comes into your service bay!

ADDING TO THE WEIGHT AND COST 

ADVANTAGES of 48 volts are the smaller 

power electronics (DC-DC converter on left) 

and common chassis grounds (center) shown 

in this photo with an uninsulated connection 

of the two brown negative cables. Sealed 

connections for the 48-volt positive circuits 

(blue cables) are maintained for safety’s sake.

THIS 2019 MERCEDES CLS 450’S MG 

(MOTOR GENERATOR) is a 48-volt stop 

start unit located between the engine and 

transmission. The unit is large, heavy and 

contains the typical features of a higher volt-

age full hybrid’s MG – such as a resolver to 

sense torque and direction.

DAVE HOBBS is a field 

trainer and training product 

developer for Delphi Product 

& Service Solutions. He 

holds ASE CMAT/L1 and 

EPA 609 certifications and is 

an experienced hybrid instructor. Dave has 

been featured as an instructor in more than 

15 automotive training videos. 

david.a.hobbs@delphi.com
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W
e usually do our best 

and most efficient 

w o r k  o n  v e h i c l e s 

with which we’re fa-

miliar, but there are times when even 

the ones we know the best can smack 

us around — particularly if we make 

the wrong choices. But in the midst of 

troubleshooting and repair, we usually 

learn the most from our errors. An old 

cowboy proverb I read years ago can 

be paraphrased by the statement that 

we usually learn good judgment after 

having experienced the negative results 

of bad judgment. In the world of auto-

motive electronics, that good judgment 

learning curve can be deep and steep, 

even if we’ve already fi xed a multitude 

of vehicles, and I’ve been in this business 

for more than 40 years now.

The F-150 and the not-so-

perfect storm

A 2003 four-wheel drive F-150 5.4L with 

213,654 miles was one of those bad-

judgment learning curves. Sometimes 

trying to save a customer some money 

costs us a heck of a lot of work. Th is was 

a windshield wiper concern. How hard 

could it be? Somebody had already re-

placed the multi-function switch, too.

For the last 20-plus years on these 

F-150s, the wiper system has its switch 

(part of the multifunction switch) 

wired to a dedicated control circuit in 

the Generic Electronic Module (GEM) 

and three relays in the underhood fuse 

box; one for low speed, one for high 

speed and a third relay for the washer 

motor. The algorithms in the GEM 

module software are supposed provide 

the relays with their marching orders 

based on the chosen switch position. 

The wiper switch portion of the 

GEM module’s IDS datastream screen 

is a long tracking bar that has failure 

areas on each end and normal switch 

positions in the middle. As we cycled 

the switch through its positions, the 

IDS put shadow tracks in all the right 

places and none of the wrong ones, 

indicating that the GEM was reading 

crisp, accurate commands. So far, so 

good, but still no wipers. 

I was able to turn the wipers on by 

telling the IDS to activate the wiper relay, 

and when I then activated the speed 

relay, the wipers would go into high 

gear. When I turned the wiper relay off, 

the wipers would park. I could select the 

washer pump relay and the pump would 

wet the windshield with its spray. 

Remov ing the steering column 

shrouds, we found the square connec-

tor crumbling, so we bought a replace-

ment pigtail and put it in place with 

solder and heat shrink to no avail — 

the wipers still didn’t work. As an ex-

periment, we had the parts store send 

a new switch, because these switches 

look exactly alike from year to year 

but are different internally — I found 

that out the hard way when I was at 

the dealer. From previous experience I 

discovered that a ’98 switch won’t work 

on a ’99 model, and so on. You must use 

the right switch. Period. The new switch 

changed nothing, so we sent it back. 

So why wouldn’t the GEM activate 

the relays when commanded by the 

switch if the IDS indicated that it was re-

ceiving (and reporting) the switch com-

mands? This had to be a problem within 

the GEM module, and I usually get black 

boxes from the salvage yard when I can, 

LEARNING
FROM THE BAD
GOOD JUDGEMENT GROWS FROM EXPERIENCING THE RESULTS OF BAD JUDGEMENT

RICHARD MCCUISTIAN // 

Contributing Editor

WHEN THIS FIRST WIPER MOD-

ULE DIDN’T WORK RIGHT, I had 

the salvage yard snag me another 

module, which turned out to be a 

problem because Hurricane Michael 

heavily damaged the yard’s Panama 

City warehouse and the replacement 

module was still on the truck inside 

the warehouse.

PHOTOS: RICHARD MCCUISTIAN
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sometimes because replacement mod-

ules aren’t available at the dealer and 

sometimes because the replacements 

are so expensive. So, I gave the salvage 

yard the number that was on the old 

module’s sticker and bought a $65 used 

module that was supposed be the right 

one. The sticker on the replacement did 

say it was for a 4-wheel drive F-150, but 

it didn’t have the same prefix and suffix 

numbers as the original module.

We used the IDS “Programmable 

Module Installation” feature to save 

t he ex ist ing module’s data in t he 

Toughbook, and then we installed the 

replacement module (which rides pig-

gyback on the fuse panel in true Ford 

style) and did the requisite data dump 

into it from the IDS. Well, we got an 

error message. Was this even doable 

with a used module? I wasn’t sure. We 

were in discovery mode. With the used 

replacement module in play, you could 

turn the wipers on first low and then 

high and they would work, but when 

you turned the wipers off, they would 

remain on high, and sometimes the 

washer would randomly start spraying.   

I had installed new/rebuilt GEM 

modules like this, but this was the first 

time I have ever tried to install a used 

GEM module like this. Was it a bad 

idea? It was beginning to look that way.  

At this juncture it was evident that 

this module obviously wasn’t going to 

work for us on this job, but it did let us 

know we were moving in the right di-

rection. The salvage yard said that there 

was another module at their warehouse 

that did have the right prefix and suffix 

numbers, but we ran into a hiatus on 

that one because Michael the hurri-

cane washed that warehouse away the 

next day, so we had to wait for the next 

GEM module. But when it arrived and 

we did the Programmable Module In-

THIS CONSIDERABLE DYE DRIP LED US TO THE LEAKY EVAPORATOR, and while we were there, at the customer’s request 
we replaced the heater core as well. The orifi ce tube was in dreadful shape; it took the whole pipe to get this one, but I 
wanted eyes on the original — it was a good call for sure.

THE QUEST OWNER DIDN’T REPORT 
engine overheating, only A/C system 
failure, and that’s how this one 
started out.

THIS IS A FAN TEST I’VE MENTIONED BEFORE, and there are two solid benefi ts. 
First, if the fan fails this test, it’s bad every time. Second, this test can fi nd an 
extremely intermittent fan problem, and often does, if just one or two of the com-
mutator strips are bad. I devised this method when I was at the Ford dealer and 
we were having a lot of hard-to-duplicate intermittent fan failures.
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stallation again, we got a different error 

message and different errors. This time, 

the wipers worked almost perfectly but 

the power windows didn’t because the 

GEM module wouldn’t turn on the 

accessory delay relay. We had wipers 

but no windows. So we were back to 

square one. The discovery was that, in 

this case, it would have been smarter to 

begin with a refurbished module from 

the Ford dealer.

A ’96 Jeep Grand Cherokee

Th is Jeep wasn’t a discovery and judg-

ment case, but it bears mention. It 

came to us with a non-functional A/C 

system and no compressor operation. 

The Neutronics identifier showed us 

nothing but air in the system, and so we 

ran a 15-minute vacuum, didn’t see ap-

preciable vacuum decay, and went on 

to shove the requisite amount of cold 

stuff into the piping. The A/C worked 

at this point, but we knew there was a 

leak somewhere, or else it wouldn’t have 

been empty to start with.  

Now that we knew the compressor 

and the electrical part of the A/C were 

operable, we pulled the cold stuff back 

out and used 150 psi of dry nitrogen 

to see if we could find a leak that way. 

We didn’t. So we did another vacuum, 

injected some dye, and recharged the 

system. We let it run for a bit and then 

shut it down to black light it for leaks, 

but we didn’t find any under the hood. 

It was time to look deeper. 

Starting the engine, we put the A/C on 

again and waited a bit until the evapora-

tor started dripping, and that’s when we 

saw dye — a LOT of it — in the evaporator 

drain. Apparently, it would hold vacuum 

but not pressure. The customer opted for 

a new heater core and evaporator and we 

swapped both in-dash heat exchangers 

out, along with the liquid line, which has 

the orifice built in. I cut the orifice out of 

the old line and found that replacing it 

was a good move. This was the first one 

of these Tim had done, 

but he made it happen, 

and the Jeep has good 

cold air.

A 2008 Charger

This black Charger 

turned out to be an-

other electronics ad-

venture and an exercise 

in discovery and judg-

ment. The complaint 

was that you had to at-

tempt to start it about 

100 times before it’d 

finally wake up and 

fire up; that’s the way 

the owner described it and that’s how I 

wrote it up and he somehow got it start-

ed and brought it in the next morning.

Since the scan tool wouldn’t talk 

and the CAN bus was dead, we poked 

around in the schematics and de-

termined that the Totally Integrated 

Power Module (TIPM) might be at fault. 

Interestingly, the owner came up with 

a used one he got from somewhere and 

we popped it on there to no avail. Noth-

ing changed at all. 

ALLDATA Tech Assist suggested 

that the Wireless Ignition Node (WIN) 

might be at fault and said we should 

check power and ground at that funky 

little box — this is what most people 

might call the ignition switch, but it’s a 

CAN module and apparently wakes up 

the bus and the other modules, which 

it was refusing to do. It had power and 

ground, so we found a rebuilder in San 

Antonio who would refurbish it for $149 

if we’d send the WIN and both fobs, so 

we did. When the node came back, the 

Dodge fired right up, but there were 

other issues — the door locks wouldn’t 

work unless the WIN (the key) was 

turned on. With the key on, the lock 

buttons and the fobs worked fine. Also, 

the accessory delay problem wasn’t 

working right — the windows and the 

radio always kept working even after 

the door was opened. Oh, and the cour-

tesy lights wouldn’t work unless the key 

was on. Could the WIN be causing this? 

For some reason it had no idea the doors 

were open, and the cluster seems to be 

THE HIGH SIDE PRESSURE WAS ALARMINGLY HIGH before the fans were 
replaced. On a different Nissan — a pickup — we found a bad belt-driven fan 
clutch causing a similar problem, but it would slip the A/C belt after a few min-
utes of A/C operation.

THIS WAS THE LEAKY LOWER RADIATOR HOSE WE 

DISCOVERED while investigating the high-pressure 
cutout switch on the Cadillac. I’ve seen more of these 
clamps breaking this way over the past couple of years 
than in the previous 20 combined.
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the module receiving those inputs. 

As a hail Mary pass, we ran through 

a check of all the fuses and found Fuse 

14 missing from the rear PDC (by the 

battery in the trunk). At that moment we 

didn’t know it, but when we researched, 

we found that Fuses 14 and 17 both feed 

the cluster, and when we installed the 

requisite 10-amp fuse in position 14 the 

Dodge was good to go — locks, retained 

accessory power, courtesy lights, every-

thing. Somebody had planted this bug 

before we ever saw the car. 

A 2008 Nissan Quest

Th is was another inoperative A/C; we 

had shoved some juice into this one for 

the fi rst time in its life about four years 

ago and it had worked well until about 

halfway through this past summer. I 

threw the job at one of my folks who 

needed to get some A/C troubleshoot-

ing worksheets done, and I got involved 

after she did her preliminary diagnosis. 

The Neutronics box had sniffed the 

juice and given a green light — 100 

percent 134a, and when we connected 

the refrigerant recycler we found we 

had nearly 100 psi of static pressure, 

but when we fired up the engine and 

turned the A/C on, the pressures 

started climbing and kept going up. 

The high side went above 400 pounds 

within 2 minutes and inside, the cool-

ing went away. We noticed that one of 

the two condenser/radiator fans was 

running slow and the other one wasn’t 

running at all, so we shut everything 

down and did a quick fan electrical test. 

There are several ways engineers 

have wired two-speed fans, and this 

one seems to be unique to Nissan. These 

Nissan fans have proprietary relays with 

two sets of contacts and each fan has 

four terminals, two of them grounds, 

and two of them powers for controlling 

cooling fan speeds. In order to do our 

test-light continuity test, we discon-

nected the condenser/cooling fan that 

wasn’t running and connected a jumper 

to one of the two ground terminals in the 

fan connector (NOT the harness). The 

other jumper was connected in series 

with a test light to any positive battery 

terminal on the motor, and as we turned 

the fan by hand, the light was winking 

off more than it was on. That’s a go-no-go 

fan test that’s always reliable. That one 

got a replacement fan and a draw-down 

and recharge with the right refrigerant 

charge and was once again a comfy ride. 

The SRXs

This family has two Caddy SRX rides, 

a 2005 and a 2008. The 2005 came a 

while back needing front shocks (the 

front would bounce up and down for 

about seven seconds on a sudden stop) 

and with transmission concerns — er-

ratic shifting — and when we checked 

the transmission oil it looked like brake 

fl uid, dark and strange. Th us, we did a 

full fl uid exchange, then followed up by 

yanking the pan, replacing the fi lter and 

adding the necessary quarts for that, 

and those shifting problems were gone. 

We also popped a set of front struts on 

there to handle that bouncing issue.

The 2008 SRX belongs to the parents 

of the lady who drives the 2005 model, 

and she showed me a nasty clunking 

noise under the front end while driving 

around the parking lot and over small 

bumps. She also had an inoperative 

A/C concern. 

We didn’t see anything that was 

loose or needed replacing on the front 

end, but we did apply some heav y 

torque to the control arm bolts (we got 

a full turn on each bolt) and the clunk-

ing was gone. 

As for the A/C problem, the registers 

were almost always hot, but sometimes 

they’d be nice and cool. There was 

plenty of good clean juice in the pipes, 

but no compressor operation, and our 

testing (scan tools and schematics) led 

us to the high-pressure transducer, 

which is very pricey and mounted just 

inboard of the driver’s front wheel well. 

Well, while we were there, we also 

noticed a leaking lower radiator hose 

due to a rusty and cracked spring clamp 

(this one lives up north with the salt) 

and we also discovered a nasty power 

steering leak at the driver’s end of the 

steering rack. When I priced out all the 

repairs, rather than giving the go-ahead, 

this lady called her husband and they 

agreed together that this vehicle needed 

to belong to somebody else; she decided 

her folks needed to trade it in without 

making any repairs, but we did replace 

that broken spring clamp with a nice 

stainless-steel Gates screw clamp. All 

in all, it was a good day, I guess.  

THIS STEERING RACK LEAK AND 

THE PRICEY HIGH-PRESSURE CUT-

OUT SWITCH, when added together, 
drove the estimate high enough that 
the owners decided it was time to 
trade the Cadillac in and let some-
body else deal with the problems.

RICHARD MCCUISTIAN 

is an ASE-certified Master 

Auto Technician and was a 

professional mechanic for 

more than 25 years. Richard 

is now an auto mechanics 

instructor at LBW Community College/

MacArthur Campus in Opp, Ala.

rwm19@mail.com
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I 
think that most technicians are 

comfortable using their scan tools 

when attempting to diagnose a 

customer’s drivability concern. 

It’s a tool we use on a daily basis to ac-

cess stored Diagnostic Trouble Codes 

(DTCs), look at Freeze Frame and his-

tory data and, of course, look at current 

data — all to gather the information we 

need to fi x the problem. 

But when you look at data PIDs (Pa-

rameter Identifiers), do you look at a list 

of PIDs as the bounce around with each 

refresh of the scan tool’s screen or do 

you look for the anomaly by graphing 

the data and comparing multiple PIDs 

to each other at one time? 

I bet you’ve learned to graph the 

data; maybe you’ve even learned to 

perform a drivability test drive that will 

allow you to record critical information 

in a repeatable process that speeds up 

your diagnostic time even further. 

And that is what it’s all about — using 

our time efficiently. 

Getting more with less

A modern DSO is just another way to 

graph information over time. In this case, 

the scope graphs voltage over time but 

with the variety of scope accessories avail-

able, nearly any drivability parameter can 

be converted to a voltage input that can 

be read by the scope — voltage, current, 

pressure, vacuum, even vibration.

And using a scope is not overly 

complicated. So let’s start with a little 

Scope 101. As I stated, a scope is a tool 

that graphs voltage over time. The scope 

screen is separated into equal sections 

on both the X-axis (horizontal line) and 

the Y-axis (vertical line), referred to as 

“divisions.” Typically, scopes are divided 

into 10 divisions in both directions but 

there are some exceptions to the rule.

Time is plotted on the X-axis and the 

scope settings may require the user to 

specify the time range wanted by divi-

sion or by the total time displayed on 

the screen — or a “sweep.” Voltage is 

plotted on the Y-axis and can also be 

set by division or by the total voltage 

“range” displayed on the screen. To 

capture most automotive signals, you 

can use the “20/20” rule as your starting 

point. This means you should set your 

scope to read a total voltage range of 20 

volts and your time per division to 20 

milliseconds (that’s the same as a 200 

millisecond “sweep.”)

You’ll also need to set some kind 

of “trigger.” A trigger is a combina-

tion of settings that tells the scope 

when to start its trace on the screen. 

You’ll need to select the type of trigger 

(None, Normal, Auto or Single are com-

mon selections), the voltage level of the 

trigger, and whether the scope should 

wait for the selected voltage level to be 

exceeded (called a “rising slope”) or 

dropped below (called a “falling slope”).  

You can also set the location of the trig-

ger on the screen, relative to the X-axis.

With these basic settings made and 

your scope connected to the signal you 

want to see, you should have something 

visible on the screen. To fine tune it and 

make it usable as a diagnostic aide, you 

can alter the voltage and time settings 

to “zoom in” on the pattern. 

Practical pocket scope tests

One of the least expensive scopes on the 

market today is the AESWave “uScope,” 

which has a full Master Kit with accesso-

ries. But even if you only own the basic 

kit, there is still a lot you can do with it.

One test I encourage on every car is a 

basic battery/charging system test. The 

uScope is a single-channel (it can only 

trace one input at a time as opposed to 

multi-channel scopes) and is designed 

for quick, point-of-need use. To perform 

this test with the uScope, adjust your 

scope settings slightly by adding to the 

time range. Set the scope to 5 volts per 

DSO TIPS FOR TECHS
MORE AND MORE TECHS ARE REALIZING THE VALUE OF THE DIGITAL STORAGE 

OSCILLOSCOPE. IF YOU HAVEN’T JUMPED ON BOARD YET, MAYBE THESE 

TIME-SAVING TESTS WILL CONVINCE YOU!

PETE MEIER // Technical Editor

1

2
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division (or a 40-volt range) and the time 

to 500 milliseconds per division (or a 5 

second sweep).  

For the trigger settings, the “Single” 

option is helpful when working alone. 

A Single trigger will start the trace once 

the trigger level and slope parameters 

have been met and the scope will stop 

once the trace has completed across the 

screen. In this case, I set the trigger to 

12.4 volts on a falling slope so the pattern 

would start as soon as I turned the key 

on. See the resulting capture in Figure 1. 

With the capture on the screen, I ad-

justed the voltage to 2 volts per division 

to zoom in a bit on the pattern(Figure 2).

The point labeled “A” is called the “in 

rush” voltage and is comparable to the 

loaded voltage you’re used to when per-

forming a battery test. The difference is 

in the speed at which the scope acquires 

its data. Scopes are so fast that they are 

able to capture the millisecond moment 

when current first started flowing into 

the starter motor. It takes a bit to get that 

motor moving, especially when it’s tied 

to the mass of the engine, so you’ll see re-

sults here lower than the 9.6 volt loaded 

maximum used when testing conven-

tionally. In this test, any battery that stays 

above 8.5 volts is considered a “pass.” 

The first section in the area labeled 

“B” shows a series of spikes that repre-

sent the change in voltage caused by 

the changes in current demand as the 

starter motor starts moving individual 

pistons up and down in the cylinders. 

The spikes get closer as engine speed 

increases until, finally, the engine starts. 

There, you see the gradual rise in voltage 

as the charging system replenishes the 

spent battery, ending at a steady charg-

ing voltage level you can compare to 

traditional specifications.

Want to take a closer look at that al-

ternator? AC ripple is a great way to see 

if the diodes have failed and as a tool for 

checking for excessive AC bleedover into 

the electrical system. ECUs do not like 

to be confused and when too much AC 

voltage is riding around on top of the 

DC, it can confuse the heck out of them! 

With the scope, checking for the pres-

ence of excess AC ripple is simple enough. 

By adjusting the time and voltage, and 

adding an AC filter (or selecting the “AC 

Coupling” option on our scope), we can 

zoom in on it (Figure 3).

Checking the engine’s health

Typically, technicians use a high amp 

current probe to perform relative com-

pression testing, which we write about 

often, but if you’re a tech on a budget, you 

can perform this test without one.

As we saw in the battery/charg-

ing test, every time a piston moves up 

on TDC of its compression stroke, it 

adds resistance to the starter motor. 

Increased resistance to turning also 

increases the current demand on the 

starter — and that extra current demand 

means more voltage drop on the battery. 

And that’s exactly what you’re seeing in 

those first few spikes on the battery test!

So, by disabling the engine’s ability to 

start, we can perform the same test and 

see what happens to the spikes once the 

rpm has stabilized. That’s what you’re 

looking at in Figure 4. Each “drop” in 

the pattern is the voltage drop at the 

battery caused by the individual cylin-

ders coming up on TDC. If one or more 

isn’t sealing, the drop will be less, and 

that justifies performing a more detailed 

test. With the complexity in some engine 

designs, wouldn’t you like to know that 

there is a definite indication of a weak 

cylinder prior to spending a few hours 

on a conventional compression test?

The last example is Figure 5. All I 

did here was “invert” the image to make 

it look more like the current-based rela-

tive compression tests you may be used 

to. Either way, this one pocket-sized 

scope has delivered a lot of information 

with just one connection at the battery!

Of course, adding additional horse-

power to your diagnostic arsenal by in-

vesting in a good multi-channel scope 

will open up even more diagnostic 

possibilities to you. Possibilities that 

will improve your efficiency — and 

your paycheck! 

PETE MEIER is an ASE 

certified Master Technician 

with over 35 years of 

practical experience as a 

technician and educator, 

covering a wide variety of makes and 

models. He began writing for Motor Age 

as a contributor in 2006 and joined the 

magazine fulltime as Technical Editor in 

2010. Pete believes in the mission of the 

magazine to “advance the automotive 

professional” and provides resources to 

working techs around the country through 

print, social media and YouTube. 

pete.meier@ubm.com
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GENUINE VOLKSWAGEN MECHANICAL PARTS

Unlike aftermarket 

alternatives, 

Genuine VW 

Mechanical Parts 

offer factory 

original fi t and fi nish. Not only will this OEM quality help save 

time and avoid the hassle of potential setbacks, it can also help 

you keep up with customer demands quickly and effi ciently. 

Order today via a nationwide network for easy ordering, speedy 

delivery and reliable support.

VWWHOLESALEDEALERS.COM

ALIGNMENT INSPECTION SYSTEM

Quick Check DriveTM is a touchless 

alignment inspection system that mea-

sures total toe and camber in seconds 

— no human involvement necessary. Each Quick Check DriveTM 

unit is equipped with eight cameras and 32 laser sensors that 

scan a vehicle’s wheels as they drive past, eliminating operator 

labor and stopping of the vehicle. The touchless inspection sys-

tem also has a license plate-to-VIN conversion that determines 

manufacturer specifi cations and optional body damage cameras 

that protect service providers from questionable damage claims.

WWW.HUNTER.COM

SMOKE LEAK DETECTOR

Turn leaks into big profi ts with the new 

Monster smoke leak detector (part no. 

MST12050). With its new Ceramic 

heat technology, the MST12050 is 

ready to operate in under 30 seconds. 

It runs on shop air and has visual air pressure monitoring and 

control. This Monster smoke machine has dual mode technol-

ogy, which allows the tech to use either smoke or air to diagnose 

vehicle systems. The MST12050 is the perfect tool for fi nding 

even the smallest leaks in cooling, exhaust or EVAP systems.

MONSTERAUTOTOOLS.BLOGSPOT.COM

TECHNICAL TRAINING

WORLDPAC Training 

Institute (WTI) offers 

carline-specifi c advanced 

technical training, business 

management solutions and exclusive Smart Groups designed 

explicitly for independent repair shop professionals. Always 

developed and taught by experienced instructors, WTI training 

keeps you ahead of the learning curve to ensure your business 

remains competitive and profi table. View the complete class 

listing at the below website.

WWW.WORLDPAC.COM/TRAINING

EMISSION CONTROL 

APPLICATION GUIDE

Mitchell 1 announces the release of 

its 2019 Emission Control Applica-

tion Guide (ECAT19) for domestic 

and import cars, light trucks, vans 

(diesel engines) and Class ‘A’ motor 

homes with gasoline engines, model 

years 1966 - 2019. Specifi c content 

features in the 2019 edition include emission application tables, 

engine displacement conversion charts and more.

WWW.MITCHELL1.COM

BRAKE DISCS

Textar engineers have utilized the know-how 

that comes from decades of producing pre-

mium OE brake pads to develop a perfectly 

matched brake disc that ensures the ultimate braking performance 

of your vehicle. The Textar range of brake discs is manufactured to 

precise German specifi cation and are application engineered for 

cars driven in North America. Textar brake discs, Textar brake fl uids 

(DOT 3, 4, 5.1), Textar anti-squeal pastes and Textar brake tools 

are available exclusively at WORLDPAC, as well as a full range of 

premier Textar brake pads, e-pads and brake shoes.

WWW.TEXTAR-WORLDPAC.COM

FUEL PUMPS

Carquest Fuel Pumps, available exclusively 

from Advance Professional and Carquest, are 

performance-tested premium fuel pumps that 

ensure long life through quiet and precise 

operation. Designed with upgrades to meet 

or exceed OE specifi cations, Carquest Fuel 

Pumps use a superior carbon commutator and turbine technol-

ogy to improve durability, enhance performance and reduce 

vibration noise. For more information on quality Carquest parts, 

call your local Advance Auto Parts or Carquest delivery location.

WWW.CARQUEST.COM

OIL FILTERS

For over 50 years, NAPAGold™ oil fi lters 

have offered premium engine protection, 

from lawn mower engines to earthmovers 

and any type of vehicle in between. With 

50 percent more dirt-holding capacity than 

economy oil fi lters, NAPAGold oil fi lters 

offer the best combination of capacity and 

effi ciency of any oil fi lter on the market today. For more details 

about NAPAGold fi lters, go to the below website or visit your 

local NAPA AUTO PARTS store.

WWW.NAPAFILTERS.COM
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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 Michael Parra at 

Ph: 704-618-6145 or

  E-mail: michael.parra@ubm.com

MARKETPLACE OFFER YOU AN EXCELLENT  

RETURN ON INVESTMENT!

FOR MARKETPLACE OR 

CAREER OPPORTUNITY 

AD RATES/PLACEMENT: 

Work For You!

Let Marketplace Advertising

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

TRAINING

60 Lesson-Vehicle  
Electronics Course  

Now On-Line at this location

http://training.veejer.com

Print Out 

Lessons

Study at your 

own Pace

LIFETIME 

ACCESS 

FOR 

$249.00

Veejer Enterprises Inc.

972-276-9642 | www.veejer.com

HIT THE 

FAST LANE 

OF THE 

AUTOMOTIVE 

INDUSTRY

for Web Exclusives 
and Advertising 

Opportunities Go 
to our Websites

www.searchautoparts.com
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Misfi re Diagnostic Trouble Codes are 

among the top 10 DTCs we deal with 

on a regular basis. And they’ve always 

intrigued me because there are an al-

most unlimited number of reasons that 

a cylinder doesn’t quite perform up to 

standards. A misfi re can be continuous 

or intermittent, occur only under spe-

cifi c load and rpm conditions, and even 

come and go as a result of the weather! 

Over the last 35+ years in the bays, I’ve 

seen some rather interesting causes for 

this common code.

It is also interesting to see how often 

techs ask for help diagnosing this com-

mon problem. Often, the help request is 

preceded by a list of parts the shop has 

replaced in an attempt to solve the issue. 

At the top of the list, probably because 

it’s a “miss-fire,” are ignition components 

like spark plugs and coils. Those are 

quickly followed by fuel injectors. For 

some reason, engine mechanical condi-

tions aren’t even considered until all the 

other subsystems have been ruled out. 

In this month’s edition of The Trainer, 

I’m going to share some diagnostic tips 

that will help you gather a lot of informa-

tion related to the misfire in the short-

est amount of time possible. After all, 

time is the ultimate product we sell to 

our customers, and the more effectively 

we use it, the more we can make for our 

families!

PETE MEIER // Technical Editor

MISFIRES ARE THE INABILITY OF ANY CYLINDER TO CONTRIBUTE ITS FAIR SHARE TO THE 

ENGINE, AND THE CAUSES OF MISFIRE ARE NUMEROUS. WITH SO MANY POSSIBILITIES, 

HOW DO YOU QUICKLY NAIL DOWN THE CAUSE?

TACKLING MISFIRE DTCS

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

MOTORAGE.COM/jan19trainer



Keeping Engines Tight
from OE to Aftermarket.          

Engineered for durability and performance, Dayco tensioners 
maintain tight constant tension keeping engine accessories 
working together. When replacing a tensioner, choose 
the brand trusted by OEMs for 100 years to keep 
people and vehicles moving.

www.dayco.com
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