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Some think any fi lter will do. 
This will clear the air.
Genuine Mercedes-Benz Air Filters allow up to 60% more clean air into your engine,* while 

still fi ltering out unwanted particles. That’s because our fi lters have more pleats to help block 

dirt, gravel, and other debris from reaching your engine. A cleaner engine — at a competitive price. 

This is why you should choose Genuine Mercedes-Benz Air Filters. Contact an authorized 

Mercedes-Benz dealer or learn more at www.mbwholesaleparts.com.

*  As compared to leading paper air fi lters and based on test #ISO 5011-2000, which measures fi ltration effi ciency 

using diesel soot. 

MSRP

$66
Part # 

A 273 094 04 04 

MSRP excludes state and local taxes, and freight if applicable. Prices may vary by dealer. See your authorized Mercedes-Benz dealer for additional details or a copy of the Mercedes-Benz Parts Limited Warranty. 
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This repair will help  correct a slow closing  and/or noisy sunroof

8)&/�"�):%3"6-*$�3"$,�80/�5�53"$,A needed alignment or something more serious?
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DISC BRAKE SYSTEMS
There is a bit more to servicing disc brake systems, as well 

as a number of advantages over drum systems. Together 

they provide a very effi cient and effective braking system. 

But that’s just the start. In this short trailer, Pete Meier 

gives you a look at his latest module for Motor Age Training 

CONNECT. 

MOTORAGE.COM/DISC

EVAP SYSTEMS — OPERATIONS AND 

TROUBLESHOOTING
Do EVAP leak codes frustrate you? In this webinar, Pete and 

G. review EVAP system designs and demonstrate the testing 

of the various components. We’ll cover system operation, 

valves, lines, the charcoal canister, gas tank and more. We’ll 

also show you a number of leak-detection techniques.

MOTORAGE.COM/LEAKS
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CHELSEA FREY // Senior Associate Editor
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TRENDING

BREAKING

NEWS

INDUSTRY NEWS

CHELSEA FREY // Senior Associate Editor

Artificial Intelligence (AI) has 

been innovating countless as-

pects of our day-to-day life for years —

from apps that can determine the best 

route based on the current speed of 

traffi  c to Facebook’s algorithm that per-

sonalizes your newsfeed to the spam 

fi lters of your email. Now, AI is inno-

vating the day-to-day of independent 

repair shops by helping them run their 

businesses more eff ectively.

Shop4D, a technology company 

founded in 2018 by the founders of Auto 

Profit Masters and the RPM ToolKit, has 

launched a new cloud-based shop man-

agement system that integrates every 

aspect of the repair into a single tool. 

The system’s AI then learns from every 

inspection, advisement and communi-

cation and proactively shows the owner 

how to run the shop more efficiently. 

>> AI CONTINUES ON PAGE 5 >> ASA CONTINUES ON PAGE 5

ASA OPENING

TIMING IS EVERYTHING 

WHEN HANDLING 

DAMAGE

Coach and train your 
team on how to handle 
problems and demonstrate 
how important timing is 
when advising your clients 
on what to repair and 
when. 
MOTORAGE.COM/TIMING

DENSO FOUNDATION 

AWARDS STEM GRANTS

DENSO will donate 
nearly $1 million in overall 
funding to 25 institutions 
of higher learning across 
North America to support 
science, technology, 
engineering and math 
education programs.
MOTORAGE.COM/STEM

AAPEX FORUM TO 

DISCUSS IMPORTANCE 

OF ADAS RETROFITS

The new ADAS Forum 
— Saving Lives Through 
Retrofitting ADAS on 
Existing Cars will be 
held on Nov. 1 from 
10-11:30 a.m. during 
AAPEX 2018.
MOTORAGE.COM/ADAS

ASSOCIATIONS URGE TO 

MODERNIZE NAFTA

Automotive industry 
associations representing 
parts and vehicle 
manufacturers are urging 
a renewed focus on trade 
negotiations with the U.S., 
Canada and Mexico to 
modernize NAFTA.
MOTORAGE.COM/MODERN

TARIFFS A THREAT TO 

INDUSTRY, SAYS MACS

After 25 percent tariffs 
went into effect on a list 
of Chinese goods, many 
MACS members have 
voiced concerns on the 
impacts these will have 
on all sectors of the 
auotmotive industry.
MOTORAGE.COM/TARIFF

ASA SEEKS NEW 

EXECUTIVE DIRECTOR 

The Automotive Service 

Association (ASA) is seeking a 

new executive director.

Between now and Oct. 1, 

2018, ASA is inviting interested 

and qualifi ed candidates to 

submit their applications to lead 

the 67-year-old association.

Roy Schnepper, ASA 

chairman of the board, will 

be heading the Nominating 

Committee efforts to fi nd a new 

leader.

“Associations are undergoing 

enormous challenges due 

to generational shifts, social 

changes and technology,” said 

Schnepper. “It’s crucial that we 

fi nd the right person who can be 

an industry leader and provide 

our association with a clear 

vision for our future.”

ASA has a vacancy in its 

executive director role due to 

the departure of Dan Risley, its 

former president/executive, who 

left to pursue an opportunity in 

his home state of Illinois. Beth 

Risch, the association’s current 

CPA, has been appointed 

NEW SHOP MANAGEMENT 

SYSTEM UTILIZES AI

ARTIFICIAL INTELLIGENCE

PHOTO: SHOP4D 
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Starting in the fall, Mitchell 1 will off er 

Manager SE shop management soft-

ware workshops via free online webi-

nars, covering the most popular topics 

from the workshop curriculum, includ-

ing customizing the software to your 

business; recommendations, revisions 

and technician worksheets; canned 

jobs, part kits, packages and discounts; 

inventory, purchase orders and parts 

catalogs; scheduler configuration and 

appointment tools; and recent features 

added to the software.

“Over the years, we’ve had many re-

quests to make our popular Manager 

SE training workshop material avail-

able to a broader audience than we can 

accommodate in a traditional class-

room setting,” said Tim McDonnell, 

senior market manager for Mitchell 1 

shop management. “So, we’re excited 

to deliver the high-value content online, 

giving more people the opportunity to 

attend and benefit from training.”

Look for updates on course titles, 

dates and other details using the inter-

active Manager Forum toolbar button or 

visit http://www.managerforum.net. 

The need for AI in auto repair pre-

sented itself when the creators of 

Shop4D, David Rogers and Terry Keller, 

realized that the most difficult aspect of 

turning a struggling repair shop around 

is getting the owner and staff to truly 

act on the metrics of the business. AI 

can also help with another daunting 

challenge for shops — the technician 

shortage. Rogers explains, “There are 

far fewer technicians coming into the in-

dustry, so we had to come up with a way 

to make the entire repair process much 

faster and more efficient — even the 

diagnostics — so that a shop can move 

those vehicles through faster while rely-

ing more on facts and data.” 

The process of Shop4D looks like 

this: When a vehicle arrives at the shop, 

the shop’s tablet or cell phone camera 

reads the VIN and starts the check-in 

process. By the time the vehicle is dis-

patched, the technician already has ac-

cess to recall and TSB information, and 

the AI is already working to diagnose 

the vehicle. As the tech is doing an in-

spection, Shop4D will source parts and 

begin to build the invoice. You may be 

wondering where the vehicle-specific 

information is sourced — Shop4D has 

partnered with Epicor and Motor to 

provide integrated parts and labor time 

lookup, service intervals and more. 

Aside from vehicle inspections and 

parts ordering, AI is also incorporated 

into the shop’s point of sale, customer 

communication and marketing, credit 

card processing, and management and 

measurement. 

The true innovativeness of AI lies in 

its ability to constantly learn and fine 

tune the data processing as more infor-

mation is added. Shop4D takes that abil-

ity of AI and expands it exponentially 

— once a shop has switched to Shop4D 

on the shop’s existing devices, they’re 

connected to an AI that is constantly 

learning from each shop on the system. 

Every repair and interaction thus makes 

the program smarter for all businesses 

connected to it.

Chris Morgan, manager of Keller 

Bros. Auto Repair in Littleton, Colo., 

has implemented the technology in 

his shop and has seen improvements 

for the business and his employees. He 

shares, “Every team member — myself, 

the techs, the service writers — has 

more time to focus on their primary 

job because they are spending less 

time diagnosing a problem, doing re-

search or dealing with busy work. With 

nearly every step automated from the 

moment a car comes into the shop, we 

have more time to focus on providing 

excellent customer service and fixing 

the vehicle, so we’re able to bill more 

hours and spend more time growing 

our customer base.”

As this system shows, AI could pro-

vide independent repair shops the edge 

they need to compete with larger repair 

centers and dealerships. One thing is cer-

tain: the shop of the future is no longer 

an idea in our imagination — it’s here.

To learn more about Shop4D, visit 

www.shop4d.com. 

>> AI CONTINUED FROM PAGE 4

as interim chief operating offi cer. Risley remains as a 

consultant to the association to provide continuity during 

the transition. 

The Automotive Service Association is the largest not-

for-profit trade association of its kind dedicated to and 

governed by independent automotive service and collision 

repair professionals. ASA serves an international mem-

bership base that includes numerous state affiliate and 

chapter groups.

ASA advances professionalism and excellence in the 

automotive repair industry through education, representa-

tion and member services. To take advantage of the many 

benefi ts of membership in ASA, please visit ASAshop.org or 

call (817) 514-2900, ext. 2. 

>> ASA CONTINUED FROM PAGE 4

MITCHELL 1 OFFERS TRAINING WEBINARS
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W
hat makes automotive 

repair shop marketing 

eff ective? 

That might seem 

like a strange way to open an article on 

artificial intelligence (AI) and market-

ing. After all, can’t we just ask a com-

puter to tell us what makes marketing 

effective? But the truth, as we’ll see in a 

moment, is that computers are only as 

smart as the data they’re given to learn. 

Which is why this is such a critical 

question to ask, and why I want to an-

swer it up front. Effective marketing 

— the kind that leads to sustainable 

growth for a repair shop — is market-

ing that attracts and retains quality cus-

tomers. It builds trusting relationships 

DAVID ROGERS // Contributing Editor

“Good data” in AI leads to successful marketing 

SHOP MARKETING FOR 
ARTIFICIAL INTELLINGENCE

// MARKETING

PHOTO: GETTYIMAGES / IMAGE SOURCE
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with loyal customers who maintain 

their vehicles, refer friends and family, 

and come back year after year.  

Effective marketing isn’t measured 

by ROI or car count (no matter what 

some marketing companies tell you) or 

by how busy you feel (no matter how 

much stress it takes away), but rather 

by looking at the long-term health of the 

business and loyalty of your customers.  

And when it comes to AI, that dif-

ference in the definition of effective 

marketing is like a chasm. Here’s why. 

First, let’s remove some of the mys-

tery. AI isn’t sorcery. You can’t just 

turn on a computer and wait for it to 

become self-aware. You must teach it, 

and it learns a little, and then you test 

it and teach it some more. 

Think about self-driving cars and 

a simple stop sign. When a human is 

behind the wheel, they can recognize 

a stop sign easily. It’s got eight sides, 

it’s red, it says stop. If there’s graffiti or 

a sticker on the sign, it’s still easy to 

identify it as a stop sign. But if you’re 

a computer, and you expect a sign to 

be red and octagonal, say ‘stop’ in white 

and now there’s other writing on the 

sign — does it still mean stop? 

What if it’s dark and it’s hard to tell 

if it’s red? What if it’s partially behind a 

bush? Is half a stop sign still a stop sign? 

AI is the long, drawn out process of 

showing a computer enough pictures 

of stop signs — big, small, clean, dirty, 

easy-to-see, partially hidden, and on 

and on — that the computer can rec-

ognize that simple stop sign and obey 

basic traffic laws. 

But what happens if you teach your 

self-driving car that stop signs aren’t 

red and octagonal, but yellow, up-

side-down triangles? Just because the 

computer thinks that yield signs are 

stop signs doesn’t make it real. It will 

now make decisions based on bad data. 

Which is why it’s so critical to be 

clear on the definitions of marketing 

and AI. If you teach a computer that 

effective marketing is based on car 

count, then you’re likely to get re-

sults that lead to more car count at 

the expense of the size of your aver-

age ticket and customer loyalty and 

long-term success. 

We hear about the dangers of AI 

and how we need to be fearful of it, 

and this is why. In the wrong hands 

— trained with the wrong data or 

trained to look for the wrong solution 

— AI can destroy. If a marketing com-

pany doesn’t know how to measure 

the long-term effect of marketing on a 

business, but wants to train AI to sup-

port their marketing strategies, it will 

end up being deadly for the shops that 

take that advice. 

In other words, AI isn’t a magic elixir. 

Indeed, there’s plenty to be wary of. 

Not least of all because “Artificial 

Intelligence” is a marketing buzzword 

right now, and can be twisted to mean 

something as simple and basic as “we 

use spreadsheets and graph the data.” 

Real machine learning — the kind that 

leads to better marketing — cannot 

happen overnight. You must spend 

the time measuring marketing so you 

can teach the computer what effective 

marketing is and how it works. 

Even more importantly, and to 

hammer this point home, it also takes 

an understanding of what makes mar-

keting effective. 

In other words, beware of anybody 

who promises AI-driven marketing that 

doesn’t have the history (and therefore 

the data) to make that claim possible. 

There’s a reason why people get de-

grees in statistics and mathematics to 

start a career in teaching a computer 

how to learn — it all starts with a lot of 

measurement. 

With all these warnings out of the 

way, AI does mean incredible new 

possibilities for marketing in automo-

tive repair shops.

Better marketing messages 

We are not yet to a point where com-

puters can start crafting marketing 

messages. There’s a reason why the 

internet is full of hilariously terrible at-

tempts by AI to write marketing mes-

sages, movie scripts and songs: the 

technology is not there yet. 

By measuring the effect of a mar-

keting piece on the health, trust and 

loyalty of your customer base, a com-

puter can recognize what marketing 

messages work best with particular 

types of customers. Imagine being able 

to target great customers with the mes-

sages that are most likely to work on 

them, every time. 

But that big warning light is flash-

ing again. You can train a computer to 

tell you which marketing is most ef-

fective, but if you don’t know yourself, 

the results the computer provides will 

be ineffective. If you train a computer 

that customer loyalty is less important 

than an immediate spike in car count, 

AI will give you the tools to destroy 

your customer base more effectively 

than ever.

Better marketing budget 

We all know auto repair is seasonal. 

You can mitigate it through your mar-

keting, but summer is always busier 

than the holiday season. 

What we’re finding is AI can help 

plan for that seasonality. 

Th ere aren’t shortcuts, of course. It 

takes looking at years of past perfor-

mance, and years of marketing budg-

ets, and again, understanding how to 

attract and retain quality customers, 

but AI can use all that measurement to 

help plan for the future. 

Combined with the computer’s 

findings on best marketing messages, 

shops are suddenly looking at a fu-

ture where their marketing budgets 

are fine-tuned for reaching great cus-

tomers and driving them all year long 

MARKETING
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so that those car count peaks and valleys are flattened out.  

Better marketing results

When you target the right customer with the right marketing 

at the right time, you can sustainably grow your shop. But, 

just as AI doesn’t happen in a vacuum — it must be taught 

the real results of effective marketing to predict how to in-

crease those results — your marketing doesn’t happen in a 

vacuum either. 

You can send the perfect message to the perfect potential 

customer, but if your customer service breaks down at the 

shop, you’ll lose that customer forever. Unless you’re also 

measuring your team and your shop, unless you are fixing 

production bottlenecks and perfecting your service advising 

processes, unless you’ve got your profit margins dialed in, 

your incentive pay plans in place, and your team trained and 

accountable, marketing can and will fail. 

There’s a common trap that shop owners fall into when it 

comes to marketing: “If only I had more cars, all of my prob-

lems would be solved.” It leads to owners switching marketing 

companies once a month to try something new and/or less 

expensive. That means havoc for marketing, of course. If no 

campaign can ever be maximized because it doesn’t run long 

enough to be measured and adjusted, then a significant por-

tion of those marketing dollars end up wasted. 

But more than that, it ignores the problems that led to 

low car count in the first place. Yes, sometimes, more cars 

are all that’s needed. But more often than not, car count 

dropped off for a reason. Poor customer service, incomplete 

inspections, broken production pipeline, uncommitted team 

— these things must be measured (even analyzed by AI) 

and improved if your marketing is going to be truly effective 

and sustainable. 

In other words, AI can lead to a marketing renaissance for 

auto repair shops, but it can’t replace doing the important 

things that lead to a shop being successful: measuring your 

team, training them and holding them accountable, every day. 

This is an exciting time to be a shop owner. AI is starting 

to give us control over every aspect of our shops — from ac-

countability to training to marketing. If you understand who 

is behind the AI — and how they’re training it — the coming 

months and years will change the industry for the better! 

DAVID ROGERS is chief operating officer 

of Keller Bros. Inc., president of Auto Profit 

Masters and president of Shop 4D, the industry’s 

first Artificial Intelligence (AI) -enabled, self-

learning system for proactively managing repairs, 

customers, marketing, profits and employees. 

Reach David via email at contact@shop4d.com, toll-free at 1-866-

826-7911, or online at https://shop4d.com/.
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H
ave you ever overcooked a 

steak or planted a garden 

that didn’t bloom? Chanc-

es are, you didn’t give up 

cooking or gardening afterward. Yet, 

when it comes to advertising, shop own-

ers are often ready to quit marketing al-

together after one failed campaign.  

If you don’t advertise, you’re limiting 

your shop’s growth. If your past efforts 

didn’t produce the results you expected, 

you owe it to your business to investigate 

what went wrong, so you can make im-

provements for the future. In other words, 

practice – just like in cooking or gardening – 

makes perfect. Now, marketing may not be 

as much of a science as those two pastimes, 

but there are strategies you can follow that 

will increase the likelihood of success. 

Here are some steps to consider 

when implementing a successful adver-

tising campaign. While I’m focusing on 

direct mail, these tactics should prove 

useful no matter what type of medium 

you choose to employ.

Determine your full 

market potential

Too many shop owners choose their 

target customers randomly, or worse, 

cast too wide a net with their market-

ing. Before launching any campaign, 

it’s important to fi gure out what the size 

of the market is for your services. One 

way to attack this problem is to review 

your current customer database. Look 

at where your customers are coming 

from and how much they are spending 

per visit. Th ose numbers can help guide 

your targeting eff orts. If you don’t have 

that data readily available, another op-

tion is to consider the income levels of 

the households located closest to your 

shop. We typically recommend that our 

customers target middle-to-high income 

households within one to three miles of 

the shop. Shops in rural areas can stretch 

much further out, since the density levels 

will be lower and they’ll need to extend 

the distance of their campaigns to reach 

their full market potential.  

Prioritize consistency over 

quantity

Hitting your full market potential every 

month is great, but some shops may not 

be able to aff ord sending postcards to that 

many homes. In that case, it might make 

sense to split your mailings, so you can 

reach them more frequently, rather than 

trying to send to your entire list just once 

or twice a year because that’s all your 

budget allows. Consider a shop that has 

a market potential of 13,000 homes, but 

doesn’t have the resources to mail to all 

of those homes each month. Th at shop 

can break that 13,000-piece mailing into 

two drops of 6,500 and mail those house-

holds twice a month to stay front of mind. 

Alternatively, the database could be bro-

ken down to three drops of 4,300 that are 

mailed three times a month. Even though 

the number of customers the shop is 

reaching is smaller, by staying active, they 

are reducing the risk of being out of sight 

and out of mind when a customer needs a 

repair or service. For some shops, a small-

er mailing might make sense, particular-

ly if they don’t have the staff  to support 

a large campaign. If a shop mails to all 

13,000 at once and is inundated with calls, 

but has to turn customers away, they’ve 

likely wasted their money.  

Be smart about your offers

You can mail the right people consistent-

ly and still not attract the response you 

TIM ROSS // Contributing Editor

Strategies to help make 
your next advertising 
program a success 

A PROCESS 

OF TRIAL 

AND ERROR 

// ADVERTISING

PHOTO: GETTYIMAGES / SAPFIRR
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want if you don’t give those folks a compelling reason to visit 

your shop. Because you can’t predict what one household might 

need versus another, the trick is to provide a range of off ers. We 

always suggest including an oil change on your postcard be-

cause it’s the most frequent service customers typically have 

done. Putting an oil change off er on your postcard also indicates 

to customers that you are open to doing small maintenance jobs 

and accepting new customers. It also makes sense to feature a 

coupon with a tiered dollar or percentage off  of a repair or main-

tenance job. For example, $50 off  any repair or maintenance 

service of $250 or more. Th is may push people in the door who 

had been holding off  on having a repair addressed. Finally, be 

sure to include a seasonal off er — such as a free A/C check – that 

will remind customers about service that may be coming due 

because of weather or time of year. A free check engine light scan 

is another great way to move the needle. Th is gives potential cus-

tomers a good reason to sample your shop without a lot of risk. 

Be realistic when measuring ROI

Keep in mind that a range of factors will impact your response 

rates, including your location, online reviews, the timing of your 

campaign, hours of operation and how well your front desk 

staff  handles leads. You can’t do much about your location, 

but extending your hours or ensuring your staff  is well trained 

on converting leads might improve the outcome of your cam-

paigns. You’ll also want to consider more than just sales when 

measuring success, as it might not tell the whole story. For ex-

ample, a sales spike that coincides with a late spring campaign 

might be due to drivers gearing up for road trips, not your ad-

vertising. We suggest that our clients look at the addresses of 

customers who came into their shop during the campaign and 

compare them to the addresses that were mailed to during that 

same period. Th at will give you a better gauge of how eff ec-

tive your advertising was in reaching your target market. We 

also recommend looking deeper at the customers who come 

in once your campaign has been activated to see if they are 

fi rst-time customers, regulars, or those who were in your da-

tabase, but haven’t visited in a year or more. Th at information 

will help you determine how well your campaign succeeded at 

achieving goals beyond just driving sales, such as winning back 

former customers and retaining existing ones.  

Like anything, advertising requires a certain amount of trial 

and error to get right. But investing the time and money into 

better understanding the process can help you achieve the 

results you want.   

ADVERTIS ING

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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The fastest way to fail 

as a shop owner

W
hen I started coach-

ing and training shop 

owners decades ago, 

I learned a valuable 

lesson about something that was 

slowing down my effectiveness in 

driving profits and dreams home to 

these owners. I would teach them all 

the same techniques and strategies, 

but I never understood why some just 

wouldn’t drink the water. 

I was recently listening to one of 

our ATI Senior Coaches, Eric Twiggs, 

tell a story to one of his 20 groups; 

and I thought you might like to hear 

what he told them. 

Changing your perspective

The story is told of an eight-year-old 

boy named Mitch who was out of con-

trol. He would do the opposite of what-

ever his mother, Molly, told him to do.  

When she said “si t  down,”  he 

would stand up. When she said “be 

quiet,” he would talk louder. When 

she said “stop running,” he would run 

even faster.  

Molly knew that Mitch liked to 

work with puzzles, so as a last-ditch 

effort to settle him down, she gave 

him a puzzle of the world globe to 

put together.  

She gave him this advanced, adult-

level puzzle, figuring that it would 

occupy his time and give her some 

much needed peace and quiet. To 

her surprise, Mitch returned to her 

side five minutes later having solved 

the puzzle. 

“How did you put that together so 

fast?” Molly asked.  

Mitch responded, “It was easy. 

On the other side of the globe puz-

zle pieces was the picture of a man. 

I turned the pieces over and focused 

on fixing the man. Once I put the 

man together, I could put the world 

together!” 

Most shop owners are seeking an ex-

ternal solution to an internal problem. 

The fastest way to fail as a shop owner 

is to blame everything and everyone ex-

cept yourself for your problems. 

Are you like most shop owners? 

Stay with me to learn how to change 

your world, so you can avoid the fast-

est way to fail.

Start with yourself

The best way to change your world is 

to assume that everything that hap-

pens is your fault! 

If there is a puzzling problem like 

low car count, the natural impulse for 

the average shop owner is to point the 

finger at the customers, the economy, 

the weather and the employees.  

The top shops on the other hand 

start  by focusing on themselves. 

When you encounter a problem in 

your world, ask yourself the follow-

ing questions:  

1. What is my desired outcome? 

(Be specific!) 

2. What are my actual results?  

3. What role did I play in the actual 

results?  

4. What can I do differently to 

achieve the desired outcome? 

Applying it to life

Let’s use car count as the example as 

Do not focus solely on changing your employees — change yourself as well

// PROFIT MOTIVE

YOU WON’T BE MOTIVATED 

TO FIX SOMETHING THAT 

YOU DON’T BELIEVE IS 

YOUR FAULT. THE STARTING 

POINT OF YOUR SUCCESS 

IS TAKING OWNERSHIP OF 

YOUR FAILURES.
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we apply the previously mentioned 

questions. I will play the role of the 

shop owner. 

1. My desired car count outcome 

is 45 cars per week.  

2. My actual weekly car count re-

sult is 37 cars per week.  

3. I contributed to the actual result 

by not listening to and coaching in-

coming phone calls, failing to do my 

Google Plus and Google My Business 

posts, and by not holding my writers 

accountable for scheduling exit ap-

pointments.  

4. Starting this week, I will coach 

incoming phone calls, post on Google 

+ and Google My Business, and hold 

my writers accountable for schedul-

ing exit appointments.  

The bottom line is that you won’t 

be motivated to fix something that 

you don’t believe to be your fault! 

For example, why would you listen 

to incoming calls if you believe the 

weather is your real problem? Why 

would you bother posting on Google 

if you believe that your customers are 

all broke and not able to repair their 

cars because of the local economy?  

The starting point of your success 

is taking ownership of your failures. 

When you start with yourself, you will 

be motivated to take the actions that 

produce a successful outcome. 

Find the right “birds” 

When I was growing up, there was 

this kid in my fifth-grade class named 

Matt. He was cool and popular. My 

mother would always warn me to stay 

away from him. She would always 

say, “Birds of a feather flock together.”  

My teacher would pull me to the 

side and warn me to stay away from 

Matt. When I met with the school’s 

guidance counselor, her only advice 

was to “stay away from Matt.”  

My response to all of this guidance 

was to continue to hang out with him. 

Our friendship abruptly ended the 

following semester, as he transferred 

to another school. Recently, while 

watching the news, I learned that my 

old friend Matt is currently in prison 

serving a life sentence.  

My mother, teacher and guidance 

counselor knew the following truth: 

Birds that flock together end up flying 

to the same destination.  

In order to change your world, 

it’s critical that you “fly” with world 

changers. There’s a “bird” in an up-

coming ATI shop owner’s class at a 

location near you who is changing his 

car count world in spite of the ven-

dors saying “everybody in the area is 

slow!”  

There’s a bird among your ac-

quaintances who has changed her 

hiring world by hiring her replace-

ment even though “it’s hard to find 

good people in her town.”  

There’s a bird with a shop in your 

area who has high margins in a 

low-income market. 

Keep in mind the fact that you 

won’t be motivated to find the right 

bird until you take the first step of 

owning the problem. I challenge you 

to assume full ownership so you can 

fly into action!  

Now, fix your world!  

As I conclude, I’m reminded of the fol-

lowing poem, written by an unknown 

monk, that ties everything together: 

When I was a young man, I wanted 

to change the world.  

I found it was difficult to change 

the world, so I tried to change my 

nation.  

When I found I couldn’t change 

the nation, I began to focus on my 

town. I couldn’t change the town and 

as an older man, I tried to change my 

family.  

Now, as an old man, I realize the 

only thing I can change is myself, and 

suddenly I realize that if long ago I 

had changed myself,  I could have 

made an impact on my family. 

My family and I could have made 

an impact on our town. Their impact 

could have changed the nation and I 

could indeed have changed the world. 

If you start with yourself, and find 

the right birds, you can change your 

world and avoid the fastest way to fail!

Still need more car count?   

Looking to take ownership of your 

car count problem, but don’t know 

where to start? Simply go to www.

ationlinetraining.com/2018-08 for your 

own copy of “More Cars From Google 

Checklist.” If you can score a 10 on 

this quiz it’s worth four cars a week 

for most shop owners. If you’re already 

doing all 10 techniques then at least 

you know them all! 

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 Coach Eric Twiggs. 

chubby@autotraining.net

MOST ARE SEEKING AN 

EXTERNAL SOLUTION TO AN 

INTERNAL PROBLEM. THE 

FASTEST WAY TO FAIL AS A 

SHOP OWNER IS TO BLAME 

EVERYTHING AND EVERYONE 

ELSE FOR YOUR PROBLEMS. 



14  AUGUST 2018  MOTORAGE.COM

OPERATIONS

Assess your shop’s productivity

M
any shop owners have 

diffi  culty making their 

offi  ce time productive, 

so I developed an as-

signment for you to undertake. 

Remember that “office time” is un-

interrupted time, and the purpose is to 

work ON the business to see where you 

can improve it. 

What can I do to improve NET 

income of the business?

Here’s the assignment:

• Pick out three random, long-term 

(minimum three years) clients.

• Print out the work that should have 

been done over the past two years as 

suggested by the manufacturer for the 

same mileage driven during this period.

• Calculate how many labor hours 

per visit should have been produced. 

• Retrieve the past two years’ vehicle 

history for these same clients. 

• Make a list of the work that was 

missed for the same time period. Calculate 

how many labor hours this represented.  

• Based on the historical mileage 

driven per year, and the number of miles 

currently on the vehicle, what mainte-

nance is required for the next two-year 

period based on the manufacturer’s rec-

ommendations?  

• How many labor hours per visit does 

this represent, when the client must come 

in every 5,000 miles for an oil change? 

• Make a list of the changes required 

in the “processes” of your shop for han-

dling your client to ensure you can max-

imize productivity and serve your client 

professionally.

This type of exercise will force you to 

look at your internal processes and how 

you handle every client. The two conclu-

sions you will most likely discover are: 

1.) your internal vehicle inspection pro-

cess must be clearly defined; and 2.) the 

THIS EXERCISE WILL FORCE 

YOU TO LOOK AT YOUR INTER-

NAL PROCESSES AND HOW 

YOU HANDLE EVERY CLIENT. 

Complete this assignment to see if your internal processes can be improved

// FINANCIAL FIGURES

6 TIPS TO CREATE SUPERSTAR SERVICE ADVISORS 

BOB COOPER // Contributing Editor

1. Make sure you have the 

right people on your team. Look 

for attitude, aptitude, ethics and a 

natural talent to sell. With training 

and guidance, they can take your 

business to the top. 

2. Set clear expectations. 

Break down clearly defi ned monthly 

performance goals into weekly and 

daily sales and car count goals so 

your advisors know exactly what they 

need to accomplish every day. 

3. Have a clearly defi ned in-

spection process. These process-

es should include vehicle inspection 

procedures and the documentation 

of all discoveries.  our advisors 

should also be required to accu-

rately estimate all of the discovered 

services and fully disclose all dis-

coveries to your customers. 

4. Provide your advisors 

with the right tools. They need a 

robust shop management program, 

feature-rich warranties, point-of-

sale items to get customers visually 

involved (such as fl uid samples), and 

third-party fi nancing options. They 

also need techs who can produce, 

daily goal sheets to track their per-

formance and digital voice recorders 

so they can critique their own sales 

presentations. They need quick-ref-

erence guides that list the benefi ts of 

your most common services. 

5. They need to have their 

performances monitored and 

measured, and they need con-

sistent feedback. We recommend 

that owners or managers perform a 

repair order review with their advisors 

at least once a week to analyze sales 

and have a dialogue about what 

could have been done differently to 

close the sales. Also use this time to 

reinforce your commitment to ethics 

and customer satisfaction. 

6. Advisors need ongoing 

training. They should be sharpening 

their skills with a sales course at least 

once a year. 

As a shop owner (or manager), 

you need to make a point of feeding 

the hearts of your service advisors. 

By catching them doing things right 

and providing them with the appro-

priate praise and recognition, you 

will be creating happier advisors who 

are more determined to help you and 

your company reach your goals.
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front counter must have the time to have 

a proper discussion with the client as to 

what is recommended and why based 

on how the client uses the vehicle, their 

expectations with the vehicle and what 

is necessary to ensure safety, reliability 

and efficiency of the vehicle.

In North America, there is no de-

finitive definition of a “comprehensive 

inspection.” This is a discussion to have 

with your technicians to establish a defi-

nition and standard in your shop. The 

purpose of a comprehensive inspection 

is to create a complete file on the vehicle 

so you can then manage the vehicle for 

safety, reliability and efficiency by rec-

ommending when service should be 

performed. You manage each vehicle 

as you prioritize the repairs and main-

tenance on behalf of the client. This also 

allows you to give the client a budget for 

maintaining their vehicle. A comprehen-

sive inspection should be performed 

once a year for consumers and twice a 

year for commercial vehicles. It is a paid 

inspection and will most likely take 1.0 

to 1.5 hours on a basic consumer vehicle 

charged out at a diagnostic rate. 

Keep in mind your service advisor 

requires the proper amount of time to 

spend with each and every client on their 

visit. Seriously look at the front counter 

processes. They are not there to “sell” the 

job; they are there to connect with the 

client to build a trustworthy relationship 

and to properly counsel the client on 

what is required for their vehicle. Too 

many service advisors do not have the 

proper time to spend with the client. 

When the service advisor is rushed, billed 

hours are missed. I recommend one ser-

vice advisor for every two technicians. 

Remember the service advisor also has to 

spend time with the technician to ensure 

all details of the technician’s recommen-

dations are clearly understood before he 

or she talks with the client.    

Doing this basic office assignment 

quarterly will confirm if you are truly 

moving forward in the right direction. It 

is not about sales, which measure activ-

ity; it is about billed hours, which mea-

sure productivity. Productivity creates 

NET income and it is NET income that 

allows the business to grow and expand. 

How are you spending your time? Do 

you work “IN”  or “ON” the business?  

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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Drive European. You’ve got to admire a name that not 

only states a shop’s specialty, but proclaims a lifestyle. 

Th ere’s certainly no shortage of BMWs, Mercedes and Audis 

cruising around the Washington D.C. metro area — but that 

doesn’t make it any easier for Proprietor and General Manager 

Sam Dawood.

“You can draw a 15-mile radius from here and you will have 

three BMW dealerships, same with Mercedes, same with Audi, 

almost the same with Porsche, plus a ton of independents,” he 

says of his crowded market. “Frankly, I’m advertising heavily, 

spending a ton of money [on web presence]. It starts with my 

customer relations software, which I use to market to people 

day in and day out. I use Demand Force for this, as well as 

Google Adwords, Yelp advertising, and quite a bit on search 

engine optimization.” 

For this Dawood utilizes a local web firm, but remains heav-

ily involved with the feedback, which is crucial for customer 

relations. “It’s very much the old fashioned ‘treat people as you 

want to be treated,’” he states. “If something doesn’t need to be 

done to a car, it doesn’t need to be done. I call it technical ethics; 

sometimes it’s a gray area, but you try to make it as black and 

white as possible. Just be transparent and honest. 

“If need be, I spend a lot of time explaining,” he ironically 

explains. “By the same token, the world has changed and peo-

ple are moving really fast. Last year I went to digital inspections 

and have gotten heavily into texting for communication. I’m 

working really hard on getting emails; even if someone doesn’t 

want to give me their address, I tell them it’s for stuff that will 

make their experience so much easier.”

As a result of all this, Drive European has developed very 

close relationships with a lot of their clients. “As one of them has 

noted, ‘Sam, you’ve outlasted three of my marriages,’” Dawood 

laughs. “Maybe that’s not so much a testament to me, but we’re 

friendly, we take of them, and they’re also enthusiasts; some of 

them have unique cars that they’re madly in love with, and we 

honor that love for the automobile.”

Accordingly, an entire page on the shop’s website is dedi-

cated to ‘Our Customers,’ featuring testimonials and handsome 

pictures of clients’ cherished rides, some taken by Dawood 

himself. “Over the years we have developed special relation-

ships built on trust, respect and most importantly a shared 

passion for cars,” the page declares.  

You can sense Dawood’s own passion for cars — he’s culti-

vated a career since high school. “At that time I had a Datsun 

280Z that I was in love with, but no one could fix it,” he relates. 

“I’d pull in to shops with exotics and chat with the mechanics — 

I was probably a nuisance because I didn’t have a lot of money, 

but I wanted the knowledge.” 

He still does, which helps explain why Dawood signed 

up along with one of his technicians for Motor Age Training 

CONNECT, an online portal for hundreds of training modules. 

“Frankly, I should be signing up for business and marketing 

classes,” he laughs, “but I personally have a love for this. 

“I can argue that I need this knowledge because I also like 

to know what’s going on in the shop,” Dawood rationalizes. 

“With the size of our shop and the volume we do, there’s usu-

ally just one master technician, and two brains are better than 

one. I find it fantastic that you continue after passing a test (for 

Sam Dawood
Owner

1
No. of shops

19
Years in business

4
No. of employees

3
No. of techs

5
No. of bays

3,500
Total square footage of shops

ASE, BMW, 

Mercedes-Benz
Training and certifi cation

DRIVE EUROPEAN 
Falls Church, Va. // 

Training, enthusiasm help specialized shop stand out in D.C. metro area

European success

ROBERT BRAVENDER // Contributing Editor

PHOTOS: DRIVE EUROPEAN 
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each Master Tech class); I can monitor 

that for my guys, see what they’ve done, 

when they’ve finished it, and they get 

paid for it. I love it. 

“The pay plans are linked to ASE 

and education,” he continues, “and I’ve 

found that CONNECT content is very 

good; they’re delivered in a very nice 

way with short modules so they’re not 

going to overload you. You can watch 

them as many times as you want, and 

you can learn something really valuable 

in 20 minutes. It’s very beneficial.” 

Another appeal of the program is 

having the info come directly to his 

technicians, rather than chasing semi-

nars across the country. “I buy my parts 

from WORLDPAC, and they have one 

of the biggest training programs that 

I’m aware of and they’re very good,” 

says Dawood. “However, they don’t 

bring classes here. Frankly, it’s diffi-

cult to hop to New Jersey for a class on 

BMW body electronics or to Colorado 

for something else. It’s difficult enough 

for my guys to leave early to go to the 

local community college.”

Easy access to training might have 

other benefits in the future; Dawood is 

considering expanding into a market 

most independent European repair 

shops don’t venture: German econo-

boxes. “It’s a thought that I’ve had,” 

Dawood explains. “While there aren’t a 

lot of Smart Cars [Mercedes] in this area, 

there are a lot of Mini Coopers [BMW], 

and I’m advertising to try to gain these. 

But there might be this preconceived 

notion that they have to take them to 

the dealer. As many as there are, my 

hunch is that I’ll have to talk harder at 

the Mini customer to bring them in here, 

or maybe it’s sheer numbers.” 

At the other end of the scale, Dawood 

says the most exotic car they’ve ever 

worked on was a Pebble Beach-winning 

1937 Alvis. According to Wikipedia, this 

British luxury touring car is widely con-

sidered one of the finest automobiles 

produced in the 1930s. “But it’s not our 

business model, and we don’t advertise 

for (exotics),” he notes. 

“At one time we used to say yes, but 

they’re so specialized,” he continues, “plus 

we really have no place to store them…

Still, quite a few have rolled in over the 

years: Rolls-Royces, Ferraris, Bentleys.” 

Meanwhile Dawood keeps his own 

passion for classic cars and technology 

stoked with an old Jaguar V-12 E-Type. “I 

converted it from carburetion to fuel in-

jection,” he says. “It was a lot of work…but 

a nice learning experience.” 

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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V
ehicle repairers have watched a slow 

hemorrhage of state vehicle safety 

inspection programs for a number 

of years. Th ese programs go back to 

1926 and increased to 31 states plus the District 

of Columbia in 1975. In addition to voluntary 

programs and mandatory state programs, the 

federal government, through the Highway Safety 

Act of 1966, mandated that the U.S. Department 

of Transportation prescribe uniform standards 

for state highway safety programs.   

The 1990 Clean Air Amendments encour-

aged states to establish emissions inspection 

and maintenance programs to improve air qual-

ity. These programs were regularly attacked by 

the media, political pundits and even some in 

the auto industry. Unfortunately, a number of 

policymakers in safety inspection states took ad-

vantage of this movement and compared safety 

inspection to problems with emissions inspec-

tion and maintenance. Arguments against vehicle 

safety inspection programs included costs to the 

consumer, inconvenience of the inspection, little 

evidence that inspection prevented accidents, 

injuries and deaths, just another tax, etc. 

Although some state programs survived frequent attacks, 

the industry saw inspection programs in other states elimi-

nated. As of this writing, we have 15 state programs. 

The Automotive Service Association (ASA), along with the 

American Association of Motor Vehicle Administrators and 

other members of the automotive aftermarket held numerous 

conferences during CARS each year in Las Vegas. Of late, ASA 

held Vehicle Safety Inspection Forums in Pennsylvania and 

Missouri. Although well attended with excellent program con-

tent, these forums have not prevented the onslaught of attacks 

on state inspection programs in those states. 

This past legislative session in Texas, the inspection pro-

gram came close to ending after an aggressive legislative push.  

It is anticipated that we will see legislation to terminate the 

Texas program again in this next session. In Missouri, the au-

thorizing committee approved legislation to 

end the inspection program. Missouri’s pro-

gram has been the template offered to states 

to demonstrate how a successful program is 

structured. ASA testified against the bill and ini-

tiated a grassroots effort to stop it. Other after-

market associations joined the fight to protect 

Missouri’s program. The Legislature adjourned 

without passing the legislation and the bill is 

dead for the year. 

So how can we change the conversation 

about vehicle safety inspection? As repairers, 

we have to work closer with the aftermarket 

and other industry colleagues to educate mem-

bers of the industry, consumers and policymak-

ers about the value of these programs. The last 

sessions’ industry efforts in Texas and Missouri 

demonstrate that we can stop these very harm-

ful bills when we join together.   

In addition, we have to make a better case as 

to why these programs should be in all 50 states. 

The National Highway Traffic Safety Adminis-

tration (NHTSA) has not been an encourager 

of these programs despite the U.S. Government 

Accountability Office (GAO) report references to 

the need for more NHTSA involvement. At a minimum, NHTSA 

should pursue data relative to programs protecting the motoring 

public from accidents, injuries and deaths. 

Whether it’s providing consumers with important informa-

tion about recall efforts or becoming part of the vehicle safety 

firewall as new technologies are deployed (i.e. autonomous vehi-

cles), the arguments for these programs need updating. NHTSA 

has an opportunity to be part of this movement. It’s not too late.  

Unless we take a more aggressive stance as to the importance 

of these programs, they will continue to be at risk and will likely 

not be part of the revolution in automotive technology. 

Repairers, consumers have to engage with new messaging to stop current trends

Change the conversation for 

vehicle safety inspections

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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Introducing Mercedes-Benz StarParts
An authentic parts option — at exceptional prices.



StarParts is a parts line for Mercedes-Benz vehicles 5 years and older, which is:

• Built for high functionality and fit  
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E
arlier this spring, I attended 

the annual ASE Training 

Managers Council (ATMC) 

conference in Atlanta. This 

is where a group of automotive training 

leaders from both the OEM and after-

market meet to share best practices in 

automotive education. Th is year, one of 

the presentations solidified my views 

on what every technician needs to learn 

and know. Th e presenter, a principal at 

Electude named Koen Berends, shared 

his vision on how diagnostics and au-

tomotive education need to transition 

from a traditional outcome-based mod-

el to a competency-based model.  

The challenges facing the service 

bay are changing at an ever-increasing 

rate, yet our education model has not 

changed in years. Our current education 

model is a two-year vocational program, 

and the outcome was typically a young 

technician entering the workplace and 

becoming a productive employee that 

provides value to the shop owner. It 

worked…for a while.  

Fast forward to today and we see 

the most complex data networks on the 

planet come into our shops that carry 

over 100 million lines of code in order to 

operate. Yet, we still only invest the same 

two years in our young technicians. So, 

what’s the answer? Using our current 

outcome-based model of education, it 

could possibly take eight or more years 

to achieve the levels of post-vocational 

competency that we once had. I believe 

the answer is to modernize education 

by focusing on competency and the 

mastery of skills rather than basing our 

education on outcomes.  

Traditional or outcome-based learn-

ing puts all students through the same 

program for a fixed period of time, 

no matter if they learn or can apply 

the knowledge or skills. A competen-

cy-based program is where students 

work on a concept and are supported 

until they learn and can apply it in con-

text with their career. Once mastered, 

they move to the next step. Traditional 

education focuses on tasks or skills on 

systems students are studying, while 

competency programs focus on core 

skills, not the specifics of the system. 

For example, in current education pro-

grams a student might learn to test and 

diagnose a particular Ford system that 

contains certain core technologies, fol-

lowed by learning to test and diagnose 

a Toyota system that contains some of 

the same technologies. The student has 

now learned the Ford way and the Toy-

ota way, but when faced with an Audi, 

how do they react? In most cases they’ll 

say they need Audi training. In a compe-

tency-based model, the student learns 

how to test and diagnose the technology 

no matter the badge on the fender. As 

Koen so brilliantly put it, “Specific sys-

tem knowledge cannot be a learning 

objective. Being able to follow diagnos-

tic procedures is the learning objective.”  

In other words, become competent 

in testing and diagnosing the technol-

ogy, not the nameplate. Today, we have 

complex networks that contain simple 

wiring or data busses with many nodes 

on the network that require a different set 

of skills both in the way we test, and in the 

logic we use to solve problems. To apply 

the outcome model to these systems 

creates so many variables that if a tech-

nician hasn’t mastered the competencies, 

the amount of time needed to solve the 

problem negatively impacts the shop’s 

bottom line and is not fair to the motorist.  

As Koen said, today’s students and 

technicians need to focus on generic 

skills independent of the OEM specif-

ics. This does not mean you should not 

learn the OEM strategies and process; 

it means if you’ve mastered the compe-

tencies for each technology, when you 

approach OEM service information that 

asks you to pick up a tool or points you 

to a test, you’ll know exactly why and 

will have a clear expectation of the ex-

pected test results. 

Changing the automotive 

education model to fit today
WE NEED TO FOCUS ON COMPETENCY AND SKILL MASTERY, RATHER THAN OUTCOMES

CHRIS CHESNEY // 

Contributing Editor

SUPPORTERS

CHRIS CHESNEY is the 

Senior Director of Customer 

Training for Carquest 

Technical Institute (CTI) and 

Advance Professional.  

chris.chesney@carquest.com
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VEHICLE: 2010 Mercedes-Benz C 

300, 4MATIC, V6-3.0L

MILEAGE: 98,2201

PROBLEM: The customer complained 

that the right low-beam headlight 

was burnt out. He replaced it, but the 

headlamp is still inoperative.

DETAILS: The tech verified the fuses 

were OK and replaced the right 

headlamp bulb again, but the headlamp 

is still inoperative.

CONFIRMED REPAIR: After talking 

with the Tech-Assist consultant, the 

tech used a scan tool to reprogram 

the SAM module for the new bulb 

replacement. The headlamps worked 

normally again.

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 diagnostic 

hotline of ASE-certified Master 

Technicians.

Whatever technicians need — from 

creating alternative diagnostic 

strategies to provide step-by-step 

repair assistance — the Tech-Assist 

team can deliver.

Learn more at ALLDATA.com.

NEW HEADLAMP ON MERCEDES-BENZ 

NEEDS PROGRAMMING
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W
e live in the information 

age. We have smart 

phones, smart homes 

and smart cars. Some 

new cars have just as many and some-

times more lines of code than a modern 

jet fighter! Diagnostics have become 

more intuitive due to all the enhance-

ments in information systems and scan 

tools. We now can do all module scans 

for DTCs, view log fi les of all the module 

part numbers and calibrations, view time 

stamp code information, record movies 

or snapshots while doing test drives and 

perform tests of components electrical-

ly using a digital storage oscilloscope or 

DSO. But what do we do with all this data 

after we record it? Hopefully we are sav-

ing some, if not all, of it. In this article we 

are going to investigate the archival of our 

precious diagnostic data so we can easi-

ly access it later. We will also investigate 

some programs and apps that will aid us 

in that ability. 

Save your hard work

Most diagnostic techs who have been 

to any class I have taught know one of 

my pet peeves is doing a diagnostic test 

drive without a scan tool hooked up to 

the DLC. My second pet peeve is hav-

ing the scan tool hooked up and NOT 

recording a snapshot or movie of the 

test drive or capturing the failure. Th e 

information recorded gives the tech 

vital diagnostic information that can be 

reviewed safely when the tech returns to 

the shop. But what do we do with data 

when we are done with it? Do we store 

it solely on the tool? Do we share it with 

the front desk or customer? Do we share 

in forums or social media? I remember, 

years ago, Jorge Menchu of AESwave.

com had the forward vision to create a 

software program that was years ahead 

of its time. Th e program was called An-

nowave® and it was was my fi rst expo-

sure to a systematic way of archiving 

data for later use. 

The good news is all this informa-

tion is digital and can easily be ar-

chived on a scan tool, a thumb drive, 

a hard drive or in the “cloud.” Digital 

storage and cloud drive storage has 

never been more affordable. Often, 

there is a lot of information that goes 

into diagnosing a modern vehicle; vehi-

cle DTC scans, freeze frame info, scan 

data snapshots, service information 

(SI), technical service bulletins (TSBs), 

wiring diagrams, scope captures etc. 

But what do you do with all of it? More-

over, how do you manage it?   

I like to create a folder on my com-

puter’s desktop named specifically with 

year, make and model (YMM) and the 

nature of the problem — 2010 Silver-

ado 5.3 P0171 rough idle, for example. 

I drop all my digital data in there and 

sort it out after the vehicle is fixed and 

retain the folder for later viewing. This 

gives a centralized location for my data 

and simplifies accessing it whether on 

my laptop, another computer I “push” 

the folder to or if I upload the folder to 

a cloud for remote viewing elsewhere. 

“Pushing” a folder or file refers to 

the process where a digital file is trans-

EVERY CAR YOU CONNECT A SCAN TOOL OR SCOPE TO MAY BE THE KEY THAT HELPS YOU 

FIX ANOTHER. LEARN HOW TO MANAGE ALL THAT DATA!

PROTECTING YOUR 

DIGITAL DIAGNOSTICS 

ERIC ZIEGLER // Contributing Editor

// TRAINING

GOOGLE DRIVE OFFERS a free 15 GB cloud storage service to anyone with a Google 

account. This allows you to access your fi les wherever you have internet service.

PHOTOS: ERIC ZIEGLER
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ferred through the ether via an app.  

Think of this as emailing an attach-

ment to yourself without having to go 

through all the steps — open your email 

account, compose an email, attach the 

file and send — then open the email and 

download the attachment to the second 

device. Pushing the document is seam-

less — you simply click on the file and 

“push” it to another device using an 

app such as Pushbullet®, Google Keep® 

or something similar. Practically any 

digital file or image can be “pushed” or 

shared between devices. Devices can 

include laptops, computers, tablets 

and phones. Examples of data that one 

could push include a photo of a grooved 

rotor taken by a tech’s cell phone and 

pushed to the service writer’s computer, 

a TSB sent from the service writer’s 

computer to a tech’s tablet or a wiring 

diagram sent from a tech’s laptop to a 

second tablet.   

Saving Snap-on fi les

Most tool manufacturers use a specifi c 

fi le extension and have their own pro-

gramming for viewing and storing their 

data. Snap-on scan tools, for example, 

save their movies and scope captures 

on the drive inside the tool. Th ey have 

file extensions like “.scm” or “.vsm.” If 

you tried to open this fi le by itself, you 

would receive the “Windows cannot 

open this type of fi le” prompt. Snap-on 

has a solution for viewing fi les separate 

from your diagnostic tool. Th ey off er a 

little known free downloadable pro-

gram called Shopstream Connect.® It is 

available for download at their website:  

www.snapon.com/diagnostics/us/SSC. 

Shopstream Connect provides the 

user “a practical in-shop software tool 

to transfer, save, manage, review, anno-

tate, email and print files that were saved 

or recorded on your Snap-on diagnos-

tic platform,” per Snap-on. In a nutshell, 

you download this program for free and 

keep your diagnostic information in one 

place on a device other than your tool.   

The trick as I see it is the same in 

every platform — label or name your 

files in a way that will allow you to 

quickly find them later. The tool may 

ask you the year, make and model 

when you save the file on the tool. 

When Shopstream Connect transfers 

the file from the diagnostic tool, I want 

to name it something that I can easily 

search out and find quickly for later 

viewing. Often the default name may 

be “User” and the date. Hovering the 

mouse over the file and right-clicking 

will give you the ability to rename the 

file. Moreover, if multiple files are from 

the same vehicle, you may want to cre-

ate a folder and name it after the YMM 

of the vehicle and the issue, say, “2003 

F150 5.4 Misfire P0300.” Another con-

sideration is to label your file whether it 

is a “known good,” “known bad” or “un-

determined” capture.  This is extremely 

helpful in archiving files for later use.  

Perhaps, during some research or a 

play day with your scope you capture 

a CKP/CMP waveform from a vehicle 

with no codes or no driveability issues, 

you need to label the file something 

that lets you know it comes from a ve-

hicle with no faults. I like to use “KG” 

or “KB” in the file name such as, “2003 

Ford F150 5.4 CKP CMP KG.” This will 

allow me to quickly access this file 

later using a folder setup like CMP_

CKP>Ford>F150>5.4 etc. or by simply 

using the Windows search feature in 

the start menu. 

THE KEY IS TAKING THE TIME to organize the data in a way you can fi nd it later. For exam-

ple, I have a parent folder for CKP/CMP captures, then subfolders by OEM, and fi nally by engine.

YOU DON’T HAVE TO OWN A PICO to view Pico data fi les. The software is free to down-

load on their website.
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In Shopstream Connect, you can 

change the way you view data. You can 

pick how many scan tool PIDS are on 

the screen, pick the background and 

line colors and thickness, zoom in and 

out. This allows the user to customize 

their viewing experience. The other 

thing that makes this program very 

helpful is that it backs up the diagnos-

tic tool and has a centralized location 

for your files. This also allows the user 

to be able to share these files via inter-

net or a jump drive with other Snap-on 

Shop Stream Connect users. Network-

ing and “diagnostic share sites” like 

iATN or Diag.net are a great resource 

for techs to gain knowledge and share 

knowledge during this paradigm shift 

in technology of the modern automo-

bile market. Once the diagnostic tool’s 

information has been transferred to a 

computer (non-internet tool platforms 

IE Vantage Pro, Solus, Solus Pro, etc.) 

one can attach the file from SSC to an 

email or upload to a site such as iATN 

or Diag.net to share with others or net-

work with industry peers to gain a sec-

ond opinion.

Share and network

Skype is another internet venue where 

people can communicate and share 

fi les across great distances. Groups can 

be formed and “rooms” created for the 

ability to share knowledge to network 

with other industry professionals. Th ese 

rooms could be within your compa-

ny, say a company that has multiple 

shops, or a group could be created from 

like-minded folks you had the privilege 

of connecting with at national training 

conferences such as NACE Autome-

chanika or Vision. I am fortunate to be a 

member of such rooms and daily com-

municate across this great country with 

some of the most talented techs I have 

ever met. I fi nd it to be a great resource 

for peer-to-peer connectivity.   

Another helpful way of storing, shar-

ing and remotely accessing your files is 

to leverage the technology of a cloud 

drive for your benefit. A cloud drive is 

an online storage drive that you can up-

load files and folders of data to for access 

anywhere you can connect to the inter-

net. Cloud drive files can be shared with 

others and you can also control who has 

WANT AN EFFICIENT WAY TO TRANSFER FILES from one device to another? Need to 

share a photo or DTC record with your service writer? Try the app Pushbullet.

SNAP-ON DATA FILES USE DEDICATED FILE EXTENSIONS, meaning you can’t view 

them on your laptop without help. This is the help – Snap-on’s Shopstream Connect – and it’s 

free to download.

THE SHOPSTREAM CONNECT SOFTWARE allows you to manipulate the recorded scan 

tool data on your device.
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access to them. For example, you have 

a cloud drive and a folder for a CKP/

CMP correlation capture that you want 

to share among all the employees of a 

company. You can send an invitation to 

access these files to whomever you wish, 

and you can also select who has access 

to modify the folder or contribute to it. 

Google Drive is one of the more popular 

cloud storage apps. If you have a Gmail 

address you have availability to 15 GBs 

of G-drive cloud storage for free. You can 

purchase additional storage extremely 

reasonably, up to 1 Tb for under $10 a 

month. Be sure to label your folders and 

files with as much information in the 

file name as you can, so you can retrieve 

them quickly for sharing and download-

ing using the Google Drive search fea-

ture. Google Drive is a secure place to 

store other files and images other than 

diagnostic tool data like photos, PDFs 

of service information (SI) procedures, 

TSBs or software. The price and avail-

ability of cloud drive storage has never 

been more available and affordable with 

other options like Microsoft OneDrive 

and Dropbox apps.

Scope captures

One of the most powerful tools in many 

diagnostic techs’ arsenal is the laptop 

based PicoScope®. I have been a big fan 

of this extremely powerful lab scope 

since John Thornton introduced me 

to it and Matt Fanslow put one in my 

hand. PicoScope captures or files are 

saved with a unique fi le extension “.ps-

data”. Th is means PicoScope software is 

required to open them.   

The cool thing is you do not have 

to own a Pico or have a software sub-

scription to have this software on your 

computer. PicoScope software is down-

loadable for free at their website, www.

picotech.com. The files being digital 

in nature allows me to save, store and 

share these images across the internet 

via an email attachment, Skype, cloud 

drive, or to upload to websites like Diag.

net, iATN.net or social media sites like 

Facebook.   

Because the Pico software is free to 

download without any purchase, any-

one can download it, open and view the 

“.psdata” files. iATN has a waveform da-

tabase that has, in recent years, allowed 

the Pico “.psdata” and Snap-on “.vsm” 

scope waveform images. This is very 

useful because subscribers can down-

load, open, view and manipulate the 

captured waveforms, as well as create 

a database of their own making. That 

can be something super handy to have!  

Again, what is key is good record 

keeping skills! Use the notes function 

of the software to label your chan-

nels so a viewer can easily tell what 

they are looking at. I like to create a 

folder for the vehicle where the YMM 

and the nature of the problem is in 

the title. Inside the folder, I label and 

store all my subsequent waveforms. 

Name your capture files accurately 

with detailed information of what is 

in the capture. I also like to start the 

file name with the number of the order 

in which the files were captured; that 

is, the first captured file number might 

be “1 CKP CMP sync 1” and the next 

capture “2 IC primary current sync 

1” if this was my second capture, and 

so on. I do this because while the files 

are time stamped, the Pico software 

will alphabetize the files based on the 

file names, which could mix up the 

chronological order of the files.   

A lot of my folders have several cap-

tures. For example, if I have pre- and 

TRAIN ING

NAME YOUR FILES WITH A STANDARD FORMAT – like year, make, model, engine – 

along with a capture descriptor and whether it was Known Good (KG) or Known Bad (KB). Use 

the notes section to detail what channel was tracing what and any other info relevant to the test.

NOTE THE FILE EXTENSION “.VSM” — this is a dedicated extension.
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post-repair captures of the same type of waveform, let’s say, 

CKP CMP waveform post-CKP replacement, that I forgot 

to annotate in the file name, I can look at the number and 

quickly determine which is which via the order the wave-

forms were captured. This may sound silly, but over the years 

you will accumulate hundreds, if not thousands, of Pico wave-

forms! I also like to make a habit of ending my file name with 

the suffix of “KG” or “KB” when possible. This lets me search 

out and recognize “known good” and “known bad” captures 

at a quick glance. For example, “3 2005 Grand Caravan 3.8 

CKP CMP sync 1 KG” would be the third waveform I captured 

of this vehicle, and it is a “known good.” 

In addition to capturing and storing waveforms in a 

manner that we can quickly identify and access, having a 

known good that we can reference is crucial. Perhaps we do 

not have the correct waveform in our stored database; there 

are resources available to us that do. I have been a member of 

iATN.net for many years, and one of its most useful resources 

is the waveform database available to subscribing members. 

Pico has also allowed users to integrate their waveform da-

tabase provided we have registered with them and created 

a forum user ID and are online with the Picoscope software 

opened and a Picoscope connected. 

Build your database

Th e amount of diagnostic information we gather to success-

fully diagnose a modern vehicle can be surprisingly large. Th is 

is not going to change. Having a systematic way of gathering 

and storing to a centralized location is a huge time saver for 

me personally. Also remember to have a system of fi ling that 

works for you. Naming your fi les and folders appropriately so 

you can quickly identify and locate them is mission critical to 

this process. Remember it could be months or even years later 

that you may want to revisit the data. Look into free programs 

like Snap-on Shopstream Connect and Pico’s waveform refer-

ence library if you own that equipment. It is simply foolish not 

to take advantage of something that can help you, especially if 

it is free. If you have a Gmail address, I would sign up and use 

the free 15 GB Google Drive® storage and add more if you need 

it. Remember to back up your fi les in several locations in the 

event of an HDD or a tool RAM failure. You worked hard to 

collect this data — work equally as hard at saving and archiving 

in a way that you can quickly source and interpret it later. 

ERIC ZIEGLER is an ASE Certified Master Tech 

who specializes in module programming, drivability, 

electrical and network systems diagnostics. He 

owns and operates EZ Diagnostic Solutions Inc. 

and is a trainer for Automotive Seminars and The 

Driveability Guys.

eric@diagnosticsolutions.com

A Genuine

Part of You.

When your customers 

are behind the wheel, 

Kia is more than just 

the sum of its parts.

Your customers and Kia are built for each other, 
and Genuine Kia replacement parts bring the 
superior quality and fit that they’ve come to 
expect. Backed by the Kia warranty,* Genuine Kia 

Parts and Genuine Kia Remanufactured Parts give 
added confidence on the road. Customers work 
hard, Genuine Kia Parts work even harder.” 

* Kia Genuine replacement parts (except battery) sold by an Authorized Kia Dealer under 
warranty are covered for the greater of (1) the duration of the New Vehicle Limited 
Warranty or (2) the first 12 months from the date of installation or 12,000 miles, 
whichever comes first. Labor charges not included when not installed by an Authorized 
Kia Dealer. Warranty is limited. See retailer for details. See Kia’s Replacement Parts and 
Accessories Limited Warranty for further details.



38  AUGUST 2018  MOTORAGE.COM

TECHNICAL

I
t’s hard to believe that the internal combustion engine 

has been around for more than 200 years. Th e design 

of such an engine is a combination of work from many 

diff erent individuals, but basically we attribute the mod-

ern engine to Nikolaus Otto. Nikolaus was a German engineer 

who developed the compression charge internal combustion 

engine that ran on liquid petroleum gas. Th is basic design is 

what the modern engine is based from. Over the years, many 

individuals have put their twist on Nikolaus’s engine design in 

order to enhance the reliability and performance — and it’s 

getting ready to be twisted again! 

Introducing HCCI

As you already know, the modern internal combustion engine 

has seen a few twists. Th ese twists are based on technological 

advancements in order to produce better performance and 

emission production. But perhaps you are not aware of one 

advancement the modern engine has seen — the Homogenous 

Charge Compression Ignition (HCCI) engine. Homogenous 

Charge (HC) refers to the charge state prior to ignition. A sub-

stance is homogeneous if its composition is identical wherever 

you sample it. Th is means that the charge mixture (fuel and 

air) has a uniform composition throughout the cylinder. Com-

pression Ignition (CI) refers to the method that is used to drive 

the fuel past its autoignition point. When air is compressed 

rapidly, the molecules are accelerated off  of the moving pis-

ton where they hit one another. Th e kinetic energy from the 

piston is turned into vibrational energy of the atoms, causing 

a heating eff ect. Th is process is called Adiabatic Compression. 

Th e Adiabatic processes are characterized by zero heat trans-

fer with the surroundings. In the case of rapid compression, 

the process occurs too fast for any heat transfer to occur. Heat 

transfer is a slow process. Th is rapid compression of the air 

creates a rapid heat increase that is used to drive the fuel well 

past its autoignition point.   

There are multiple ways used to combust fuel in the in-

ternal combustion engine. The fuel stock that is selected will 

set the method that will be used. In the automotive industry, 

the fuels that we are most familiar with are gasoline and die-

sel. These fuel stocks have been around for many years and 

are used around the world. When using these fuel stocks, the 

ignition point is obtained with different methods. Gasoline 

will use the method of spark ignition, while diesel will use the 

method of compression ignition.  

Spark ignition

In the spark ignition method, the charge prior to ignition is that 

of a homogenous charge. Th is means that the fuel/air charge is 

evenly mixed throughout the cylinder volume. In order to com-

pletely burn an evenly distributed mixture within the cylinder, 

the air/fuel ratio must be very close to that of stoichiometry. 

Stoichiometry refers to the weights of the chemicals that will 

react. In an internal combustion engine, the fuel is the reactant 

and the air is the oxidant. Air is comprised of 79 percent nitro-

MAKING SENSE OF 

HOMOGENOUS CHARGE 

COMPRESSION IGNITION 
THE IDEA IS SIMPLE ENOUGH: INSTANTANEOUS COMBUSTION, NO HEAT LOSSES AND ZERO 
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gen, which is used as the working fl uid, 

and 21 percent oxygen, which is used 

as the oxidant. Th e reaction will occur 

between the fuel, which is hydrocarbon 

based, and the oxygen. Th e stoichiomet-

ric ratio between the fuel and air is one 

where the hydrocarbons and oxygen 

are at a weight ratio that once they react 

with one another neither chemical will 

be present. Th is means that the hydro-

carbons break apart, becoming hydro-

gen and carbon. In the presence of ox-

ygen, the hydrogen combines with the 

oxygen forming a new chemical — di-

hydrogen monoxide (H
2
O — water). Th e 

carbon attaches to the oxygen forming a 

new chemical — carbon dioxide (CO
2
).  

If the hydrocarbons and oxygen are 

at a stoichiometric ratio and react with 

one another, then neither of these chem-

icals will remain present within the 

combustion gases (Figure 1). The chem-

ical weight will be the same, but the new 

chemicals formed during a complete 

reaction will be water and carbon di-

oxide. Although the mixture is at a stoi-

chiometric ratio, in the real world there 

will not be a complete reaction between 

all of the chemicals so there will always 

be some hydrocarbons and oxygen left 

after the combustion process. This is 

due to the flame front being unable to 

get into the crevices around the spark 

plug, valve pockets and piston rings.  

In a spark ignit ion system, the 

spark provides the heat that will push 

the temperature above the autoigni-

tion temperature of the fuel. The fuel/

air mixture is homogeneous and is 

kept very close to stoichiometry. As 

previously discussed, this is the exact 

amount of fuel and air necessary for 

complete combustion of the fuel. The 

spark provides the point of ignition 

within the cylinder. This is the point 

where the fuel stock is driven past the 

autoignition temperature in a localized 

area around the spark event. This point 

can be controlled as the start of com-

bustion; however, the combustion phe-

nomena itself is much harder to control.  

The combustion phase of the charge 

is where the chemical energy is changed 

to thermal energy. The heat released 

is then driven into the next layer of the 

charge, thus igniting it. This is referred 

to as deflagration. Deflagration is the 

combustion that propagates at subsonic 

speeds through the gas and is driven 

by the transfer of heat. When the flame 

front is propagating across the combus-

tion chamber, the fuel and air, being a 

homogenous charge, allows this flame 

front to move without being hindered. 

This allows for a stable combustion 

event of the fuel. Any attempt to improve 

fuel economy by running a lean mixture 

with a homogeneous charge will result 

in unstable combustion. This is due to 

the propagation of the flame front being 

impeded. This will impact the power 

production and emissions of the engine. 

Compression Ignition

In the compression ignition method, the 

charge prior to ignition is that of a strat-

ifi ed charge. A stratifi ed charge refers to 

the state of charge as having gradients or 

layers. Th is is where the fuel/air charge 

is not mixed, but is separated. Th e cyl-

inder is charged with air, and the fuel is 

injected directly into the cylinder as a 

fuel-rich aerosol concentration (as seen 

in Figure 2).  

This is usually a mixture with a lean 

stoichiometric ratio. The air volume 

within the cylinder, having been com-

pressed, is heated well above the autoi-

gnition point of the fuel stock. When the 

fuel is injected into the hot air within 

the cylinder the fuel changes states 

from a liquid to a vapor. The heat con-

tinues to be driven into the fuel within 

the cylinder, thus establishing the point 

of ignition. This is the point where the 

fuel stock is driven past the autoignition 

temperature in a localized area around 

the injection event. This injection point 

can be controlled as the start of com-

bustion; however, the combustion phe-

nomena itself is much harder to control. 

The injected fuel plume has gradients 

of fuel mixture, as well as gradients of 

temperature and pressure. The fuel 

plume, being a rich vapor mixture, will 

only burn at the surface. In order for the 

chemical reaction to occur, the air con-

centration surrounding the fuel plume 

must interact with the fuel at a surface 

level. The surface level of the fuel plume 

is at a stoichiometric ratio, which allows 

the chemical reaction to take place.   

During the combustion event, the 

air on the surface of the fuel plume 

and the fuel on the surface of the fuel 

plume are combusted or burned. This 

combustion process is accomplished in 

layers. As the outer layer is burned, the 

flame front is then driven into the next 

layer of the fuel plume. Burning in lay-

ers allows the fuel to burn more slowly, 

releasing its energy over more degrees 

of crankshaft rotation and thus produc-

ing more torque from the crankshaft. 

This combustion process continues 

until all of the fuel has been consumed 

within the reaction. If the fuel plume is 

UNDERHOOD
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too rich, then the fuel in the center of 

the plume will not have enough oxygen 

to burn. This will create black smoke 

with heavy particular matter expelled 

from the exhaust system.  

A stratified charge can allow higher 

compression ratios to be run without 

creating pre-ignition. There cannot be 

pre-ignition without fuel in the cylin-

der. Stratification allows the fuel to be 

injected only when the piston is close 

to the Top Dead Center (TDC) posi-

tion. This late injection timing will set 

up the fuel/air charge for ignition. Ad-

ditionally, with the way in which the 

fuel is burned on the boundary layer of 

the fuel plume, the engine can run at a 

much leaner air/fuel ratio than that of 

a homogenous charge engine. 

HCCI

HCCI is not a new development; it has 

been around for many years. What is 

new is the way that the HCCI system is 

implemented and the electronic control 

of the HCCI system. HCCI uses the Otto 

combustion cycle (4-stroke engine) and 

was popular before the introduction of 

spark ignition. Since the internal com-

bustion engine is a heat engine, the fun-

damental operation of the device is the 

production and use of heat. The Otto 

cycle describes the idealized thermody-

namic operation of the 4-stroke engine 

(shown in Figure 3).  

In these engines, everything that 

is done prior to the combustion of the 

fuel type is to set up the fuel/air in the 

cylinder so the charge can be ignited, 

burned and combusted. The conver-

sion of chemical potential to thermal 

energy is important. The way in which 

this conversion takes place can change 

the engine’s thermodynamic efficiency. 

The engine’s thermodynamic eff i-

ciency is a measure of how effectively 

the engine converts heat into mechan-

ical power. As we have seen, the way 

in which the fuel/air charge is set up 

and ignited is quite different and will 

change the thermodynamic efficiency 

of the engine. What is needed is a way 

to best extract the energy from the fuel 

stock. This is where HCCI comes into 

play. The HCCI engine provides a dif-

ferent way in which the fuel/air charge 

is set up and combusted.  

The basis for the HCCI operation 

is the Homogenous Charge (HC). This 

is where the fuel/air charge is that of a 

uniformed composition throughout the 

cylinder. In a gasoline-based engine, 

the most popular method is to deliver 

the fuel with a port-style fuel injector 

and mix the fuel and air prior to the 

entrance into the combustion chamber.  

Yet another way to fuel the engine 

is to use direct injection (DI). With DI, 

the fuel is injected with fine liquid fuel 

droplets directly into the combustion 

chamber. This method has less time 

to mix the fuel and air, so it is much 

harder to obtain a mixture that is com-

pletely homogenous. However, recent 

advancements have been made that 

allow the DI to obtain a better mixture 

within the cylinder.  

The port-style fuel injector delivers 

a gaseous suspension of fine liquid fuel 

droplets that can be suspended in the 

air f low moving through the engine’s 

induction system and into the cylinder. 

As this mixture moves into the cylin-

der, the mixing can be increased by a 

tumble and swirl effect, which creates 

a fuel/air mixture that is nearly homo-

geneous throughout the cylinder prior 

to ignition. This aerosol mixture is in 

a liquid format that, once injected and 

moved into the cylinder, is heated with 

adiabatic compression. This heat will 

change the liquid gasoline into a gaso-

line vapor that can be combusted. If the 

compression of the air is high enough, 

the heat will continue to be driven into 

UNDERHOOD

3



WHEEL SERVICE

DONE RIGHT
When you want the job done right, choose Ranger. Advanced engineering, breakthrough technology and 

the highest standards deliver shop-tested performance you can depend on. That’s why we have the 

confidence to offer a full 24-month parts warranty along with 12 months of on-site labor and free shipping. 

That’s better than any warranty offered by any of our rivals. Choose Ranger and enjoy industry-leading 

performance backed by an assurance warranty that is clear, easy to understand and comes with the best 

support possible for your business. Call 1-800-253-2363 or visit bendpak.com/wheel-service. 

1-800-253-2363 • bendpak.com/wheel-service
© 2018 BendPak Inc. Ranger Products is a registered trademark of BendPak.

TIRE CHANGERS
WHEEL ALIGNERS

BRAKE LATHES
WHEEL BALANCERSWHEELLWHEELL



Creating a Safer Workplace
 One Lift at a Time

Receive this awesome Automotive Lift Safety Tips Poster 
for FREE* when you visit bendpak.com/ALIposter. This 
informative, super-sized poster is chock-full of important
safety tips developed by the Automotive Lift Institute, the 
authority on car lift safety and testing in North America.

Always stay in compliance with federal and state labor law 
posting requirements, and keep your company and workers safe. 

LOOK FOR THE GOLD LABEL
Many BendPak lifts, including the XPR-10 series, are third-party 
WHVWHG�DQG�$/Ζ�FHUWL�HG��VR�\RX�NQRZ�\RX�FDQ�WUXVW�WKH�TXDOLW\��
When you think of lifting and car lift safety, think BendPak.

Visit bendpak.com/ALIposter for your FREE** Safety Poster.

bendpak.com/ALIposter   •  1-800-253-2363

Model Shown:

XPR-10AS

FREE Workplace
Safety Poster!

Actual size 30” x 45”

© 2018 BendPak Inc. BendPak is a registered trademark.

One poster per order, name and address. Poster is for promotional purposes only and may not be resold.
Free Shipping to the 48 contiguous states. Shipping & handling fee on shipments to Hawaii and Alaska. 

*
**

 A

N
D VALIDATE

D

���2QO\�WUDLQHG�DQG�DXWKRUL]HG�SHRSOH�VKRXOG�SRVLWLRQ�YHKLFOHV�DQG�RSHUDWH�WKH�OLIW��

7UDLQLQJ�VKRXOG�EH�GRFXPHQWHG�E\�WKH�RZQHU�HPSOR\HU��

���([DPLQH�\RXU�OLIW�GDLO\��1HYHU�RSHUDWH�WKH�OLIW�LI�LW�PDOIXQFWLRQV��PDNHV�XQXVXDO�QRLVHV��RU�

KDV�EURNHQ�RU�GDPDJHG�SDUWV��5HSDLUV�VKRXOG�EH�PDGH�ZLWK�RULJLQDO�HTXLSPHQW�SDUWV�

���'R�QRW�WDPSHU�ZLWK��E\SDVV��RU�RWKHUZLVH�RYHUULGH�RSHUDWLQJ�FRQWUROV��2SHUDWLQJ�

FRQWUROV�DUH�GHV
LJQHG�WR�UHWXUQ�W

R�WKH�QHXWUDO��RU
�R���SRVLWLRQ�ZK

HQ�UHOHDVHG�

���1HYHU�RYHUORDG�\RXU�OLIW��7KH�OLIW¶V�UDWHG�ORDG�FDSDFLW\�LV�UHTXLUHG�WR�EH�OLVWHG�RQ�LWV�QDPH�

SODWH�

���1HYHU�OLIW�RQH�HQG��VLGH��RU�FRUQHU�RI�D�YHKLFOH��$OZD\V�OLIW�WKH�HQWLUH�YHKLFOH�XQOHVV�

DXWKRUL]HG�LQ�ZULWLQJ�E\�WKH�OLIW�PDQXIDFWXUHU�

���1HYHU�UDLVH�RU�ORZHU�DQ�RFFXSLHG�YHKLFOH��8QHVFRUWHG�FXVWRPHUV�RU�E\�VWDQGHUV�VKRXOG�

QRW�EH�LQ�WKH�OLIW�DUHD�

���$OZD\V�NHHS�WKH�OLIW�DUHD�FOHDQ��3UHSDUH�WKH�VHUYLFH�ED\�E\�PDNLQJ�VXUH�WKH�OLIW�DUHD�LV�

IUHH�RI�JUHDVH�DQG�RLO��WRROV��KRVHV��WUDVK�DQG�RWKHU�GHEULV�

���3URYLGH�XQREVWUXFWHG�FOHDUDQFH�WR�DQG�IURP�WKH�OLIW��'R�QRW�KLW�RU�UXQ�RYHU�OLIW�DUPV��

DGDSWHUV��RU�D[OH�VXSSRUWV�ZKHQ�PRYLQJ�D�YHKLFOH�LQWR�RU�RXW�RI�WKH�VHUYLFH�ED\��7KLV�FRXOG�

GDPDJH�WKH�OLIW�RU�WKH�YHKLFOH��&KHFN�IRU�REVWUXFWLRQV�DQG�DGHTXDWH�RYHUKHDG�FOHDUDQFH�

���&DUHIXOO\�ORDG�WKH�YHKLFOH�RQWR�WKH�OLIW��3RVLWLRQ�OLIW�VXSSRUWV�RU�DGDSWHUV�WR�FRQWDFW�

WKH�YHKLFOH�PDQXIDFWXUHU¶V�UHFRPPHQGHG�OLIWLQJ�SRLQWV��5DLVH�WKH�OLIW�XQWLO�WKH�VXSSRUWV�

RU�DGDSWHUV�FRQWDFW�WKH�YHKLFOH�VHFXUHO\��9LVXDOO\�FKHFN�WKH�OLIWLQJ�SRLQWV�DJDLQ��5DLVH�

XQWLO�WLUHV�FOHDU�W
KH�ÀRRU��DQG�VK

DNH�WKH�YHKLFOH�
WR�FRQ¿UP�VWDELOLW\��$IWHU�D

�¿QDO�YLVXDO�

FRQ¿UPDWLRQ��UDLVH�WKH�
OLIW�WR�WKH�GHVLUH

G�ZRUNLQJ�KHLJK
W�

����$OZD\V�XVH�WKH�ORDG�KROGLQJ�GHYLFH��VRPHWLPHV�NQRZQ�DV�D�ORFN�RU�ODWFK���$IWHU�WKH�

YHKLFOH�LV�UDLVHG�WR�WKH�GHVLUHG�ZRUNLQJ�KHLJKW��ORZHU�WKH�OLIW�RQWR�LWV�ORDG�KROGLQJ�GHYLFH�V���

DQG�YLVXDOO\�FKHFN�DOO�YHKLFOH�FRQWDFW�SRLQWV�RQFH�PRUH�WR�PDNH�VXUH�HDFK�DGDSWHU�RU�

VXSSRUW�LV�VHFXUHO\�LQ�SRVLWLRQ�EHIRUH�JRLQJ�XQGHU�WKH�YHKLFOH�

����8VH�YHKLFOH�VXSSRUW�VWDQGV�IRU�VWDELOL]LQJ�WKH�ORDG��7KH�UHPRYDO�RU�LQVWDOODWLRQ�RI�

FRPSRQHQWV�PD\�FDXVH�WKH�UDLVHG�YHKLFOH�WR�EHFRPH�XQVWDEOH��8VH�VXSSRUW�VWDQGV�IRU�

ORQJ�YHKLFOHV�RU�DQ\�VHUYLFH�WKDW�FRXOG�FKDQJH�WKH�YHKLFOH¶V�FHQWHU�RI�JUDYLW\�

����5HPRYH�DQ\WKLQJ�WKDW�FRXOG�EORFN�WKH�ORZHULQJ�SURFHVV��%HIRUH�UHOHDVLQJ�WKH�ORDG�

KROGLQJ�GHYLFH�WR�ORZHU�WKH�OLIW��UHPRYH�WRRO�ER[HV��MDFNV��RLO�GUDLQ�V\VWHPV��DQG�DQ\WKLQJ�

HOVH�IURP�XQGHU�WKH�OLIW��

����+DYH�DOO�OLIWV�L
QVSHFWHG�DW�OHD

VW�DQQXDOO\�E\�
D�TXDOL¿HG�DXWR

PRWLYH�OLIW�LQVS
HFWRU��7R�

¿QG�D�TXDOL¿HG�O
LIW�LQVSHFWRU�LQ�\

RXU�DUHD��FRQWDF
W�WKH�OLIW�PDQXIDFWXUHU�RU�Y

LVLW��

ZZZ�DXWROLIW�RUJ�

3RVW�WKHVH�VDIHW\�WLSV�ZKHUH�WKH\�ZLOO�EH�D�FRQVWDQW�UHPLQGHU�WR�DOO�OLIW�RSHUDWRUV��

)RU�LQIRUPDWLRQ�DERXW�D�VS
HFL¿F�OLIW��DOZD\V

�UHIHU�WR�LWV�RSHU
DWLRQ�PDQXDO��

AUTOMOTIVE LIFT SAFETY TIPS

These safety tips, along with general lift safety materials, are presented as an industry service by the Automotive Lift Institute. Learn more at www.autolift.org. 

ALSTP-17 ©

ZZZ

f t tips
l

along with general 
t i

l t safety materia
lift safety materia

ds nted a
ls are presented a
ls are presented a
ls, are pre en

d s i
ind st y serv

an ndustry servi
s an indus y servi
s an industry er
s an indus y

a

A om tii
b he Automotiv

c by the Autom tiv
ce by the Automotiv
ce by he Automotiv
ce by the A t o v
ce y

e LLifLiftt Ineee L

Compliments of

HV�DQGG WHUDWUDWRSHUDSHUDWRSHRSR
OWKH OH WKH OH WKH�OH�W LIWLIWLIW�LIW�

O RLVHV RU

HUDWRWRURUVUVVV���

XDOO��

SSS

$20 Value



SEARCHAUTOPARTS.COM  VOL .137.08  47  

TECHNICAL

the fuel — this in turn will drive the gas-

oline past its autoignition temperature 

and will start the combustion process.  

The HCCI combustion process is 

different from a spark ignition gaso-

line engine. In a spark ignition gasoline 

engine the point source of the ignition 

event causes a non-uniformity within 

the combustion chamber as a func-

tion of the fuel burn process. During 

the combustion process in an HCCI 

engine, the fuel throughout the cylin-

der is heated and ignited near simul-

taneously. This is not an explosion, but 

instead a somewhat controlled energy 

release of the fuel. This near-simultane-

ous ignition event provides for a more 

rapid heat release from the combustion 

event that increases the peak pressure 

within the cylinder (as seen in Figure 

4). This in turn increases the engine’s 

thermodynamic efficiency.  

The HCCI Combustion event has 

benefits over Homogenous Charge 

Spark Ignition HCSI) and Diesel Direct 

Injection Ignition (DDII). With spark ig-

nition combustion, in order to achieve 

a complete burn the fuel/air mixture 

needs to be close to that of stoichio-

metric. With HCCI combustion, the 

mixture can be lean of stoichiometric 

and still achieve a complete burn with 

low nitrogen oxide (NOx) production.  

Diesel can also achieve a complete 

burn lean of stoichiometric; how-

ever, due to the way the fuel plume 

is burned, particular matter (soot) 

is formed with high NOx emissions. 

Only the HCCI combustion process 

prov ides mu lt iple ig nit ion points 

throughout the cylinder (as seen in 

Figure 5). Unlike conventional com-

bustion in the spark ignition or diesel 

ignition process, HCCI does not rely 

on a f lame front to propagate combus-

tion but instead combustion occurs as 

spontaneous ignition everywhere in 

the charge volume when the required 

conditions are met.  

Making it work with gasoline

Gasoline’s autoignition temperature 

is much higher than that of diesel fuel. 

Gasoline has a fl ash point of -45°F, and 

an autoignition point of 536°F,  whereas 

diesel fuel has a fl ash point of 126°F, and 

an autoignition point of 256°F. In order 

to autoignite gasoline, the compression 

will need to be higher than what is need-

ed for diesel fuel. To autoignite diesel 

fuel you need a compression ratio of 

11.0:1. In order to start a cold diesel en-

gine, the compression ratio will need to 

be much higher. To ensure a cold diesel 

engine can start, the compression ratio 

on the direct injection diesel engine is 

usually 18:1 to 24:1. In order to autoi-

gnite gasoline, the compression ratio 

will need to be 15:1 or higher. At part 

load, the compression ratio to autoignite 

the gasoline will need to be at least 17:1.   

With a need for a higher compres-

sion ratio to enable the HCCI combus-

tion event, the engine will need a way 

in which this can be obtained. One 

way is to use an engine with a Variable 

Compression Ratio (see “VCR: A future 

technology applied today,” April 2018). 

This is where the compression can be 

controlled through changing the static 

compression ratio of the engine. Another 

way to control the compression charge 

rate would be the use of forced air induc-

tion. One method would be the use of a 

supercharger with a constant variable 

control pulley drive system. With this 

system the supercharger can spin at 

speeds that are different from that of the 

crankshaft speed. This allows the cylin-

der charge volume to be controlled, an 

increase in volume raises the compres-

sion ratio, whereas a decrease in the vol-

ume lowers the compression ratio.    

Yet another way to heat the cylinder 

volume is through exhaust gas dilution. 

This can be done by rebreathing or by 

recompression. In rebreathing, the cyl-

inder charge temperature is controlled 

by exhaust gases being cycled back into 

the combustion chamber after exiting 

the exhaust port. In recompression, 

the cylinder charge temperature is 

controlled by trapping hot residual gas 

from the previous engine cycle by clos-

ing the exhaust valve early during the 

exhaust stroke. In either method the 

charge temperature can be controlled.   

Now that the charge temperature can 

be controlled for the autoignition of the 

fuel, the fuel itself can be a problem for 

this process. Gasoline is a mixture of 

hydrocarbon (HC) components. These 

UNDERHOOD
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HC base chemicals have different hydro-

gen carbon bonds with different chain 

configurations and lengths. This allows 

some of the HC chemicals to vaporize at 

low temperature, while other HC chem-

icals vaporize at higher temperatures. 

Additionally, the flash points and auto-

ignition points of these HC chemicals 

will vary widely with temperature.  

One would think that there would 

be a standard recipe used when blend-

ing gasoline; however, this is not true.  

Basically any hydrocarbon that burns 

can be utilized in the gasoline blend. 

There are laws that the gasoline will be 

required to meet for the pump rating 

of the fuel and the volatility of the fuel. 

The pump number is how the fuel is 

rated to control engine knock and the 

Reid vapor pressure is a rating of how 

much of the liquid fuel vaporizes at a 

given temperature. Both of these rat-

ings are important for the performance 

and emissions of the engine.  

Since there is no prescribed way to 

blend the fuel base, each gas station will 

have different hydrocarbons in their 

fuel blend. This becomes a problem 

with the HCCI combustion event. Since 

there is not a given start of the combus-

tion event, the heat within the cylinder 

is what will dictate the point of ignition. 

Therefore, the heat within the cylinder 

will have to be managed very carefully. 

Different hydrocarbons will vaporize 

and ignite at different temperatures, 

thus each gas station will have fuel that 

will have different autoignition points. 

If the autoignition points of the fuel are 

too low, detonation can occur.  Detona-

tion within these engines will have to 

be avoided at all costs. Detonation is 

a supersonic shockwave that occurs 

throughout the combustion chamber, 

creating a near stepwise change in 

pressure. This is where the charge is 

ignited instantly. Detonation can cause 

catastrophic damage to the engine.  

These fuel differences will make 

the operation of the HCCI engine very 

difficult. In order to have better control 

over the entire operating range of the 

engine, a dual mode can be used. This 

will allow the spark ignition on gasoline 

based engines, or diesel direct injection 

ignition on diesel based engines, to re-

main operational under some condi-

tions. For example, a gasoline based 

engine will idle with spark ignition 

combustion. Then under light to mod-

erate load, the engine will operate with 

HCCI combustion and at heavy load the 

engine will operate with spark ignition. 

Howe ver,  t here a re problem s 

when using dual-mode ignition. For 

instance, when transitioning to and 

from homogenous charge spark igni-

tion (HCSI) and homogenous charge 

compression ignition (HCCI) modes 

of engine operation. HCCI under part 

load requires a compression ratio of 

17:1. When transitioning from HCCI to 

HCSI the compression ratio will need 

to change almost instantaneously to 

12:1. This will be difficult to accom-

plish with just a variable compression 

ratio engine. So the variable compres-

sion ratio will only be used for part of 

the heating of the air charge. Boost 

pressure form force air induction and 

exhaust dilution will be used in con-

junction with the variable compression 

ratio. The results are far better when 

using multiple systems to control the 

temperature of the air charge.    

The use of HCCI has many practical 

benefits. These engines operate close to 

the maximum thermal conditions for 

the engine. Higher compression ratios 

provide greater performance with bet-

ter emission and fuel economy. HCCI 

improves the conversion efficiency 

which improves the thermodynamic 

efficiency of the engine. HCCI provides 

for faster la minar flame front tempera-

tures, thus higher combustion chamber 

peak pressures without the production 

of NOx. Faster combustion rates in-

crease engine response. Additionally, 

running less ignition advance lowers 

parasitic losses. HCCI can also run lean 

of stoichiometric while still providing 

a complete burn of the fuel. As you can 

see these benefits of the HCCI combus-

tion process are significant. This means 

that these engine will soon be in pro-

duction and in your service bays. 

BERNIE THOMPSON 

is an automotive 

diagnostician and trainer, 

and co-founder of 

Automotive Test Solutions 

in Albuquerque, N.M. He 

is an expert at diagnostics 

and repair strategy and designs award-

winning diagnostic tools and software for 

the automotive industry. 

sales@automotivetestsolutions.com
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JOHN D. KELLY // Contributing Editor

H
as it really been 20 years 

since the fi rst Toyota Prius 

was released? Yes, it was 

launched in Japan in De-

cember 1997 as a 1998 model. Th e Prius 

was launched in the U.S. in the summer 

of 2000 as a 2001 model. The Prius is 

now in its fourth generation. Whether 

or not you like the Prius, almost every 

other hybrid vehicle on the market to-

day contains parts that were obviously 

patterned after the fi rst Toyota Hybrid 

System (THS) in the fi rst Prius. Th is was 

the world’s fi rst mass produced hybrid 

vehicle, and it shocked the entire auto-

motive industry upon its launch.  

The development of the first Prius 

is an incredible story that is detailed in 

a 387-page book called The Prius that 

Shook the World by Hideshi Itazaki, 

published in 1999. Unfortunately, that 

book is out of print. I found a used one 

on Amazon several months ago, and 

I was able to get permission from Mr. 

Itazaki to share some of the informa-

tion from his book with you. I will also 

share additional information I have 

collected over the years. 

Why did Toyota build the Prius? 

According to my research, a combina-

tion of four factors inspired the devel-

opment of the Prius.  

EPA Laws: In 1990, amendments 

were made to the U.S. Environmental 

Protection Agency’s (EPA) Clean Air 

Act of 1970. The automotive industry 

was directly impacted by new rules to 

reduce acid rain, reduce urban air pol-

lution, and reduce toxic air emissions. 

CARB Laws: Also, in 1990, the Cali-

fornia Air Resources Board (CARB) ad-

opted the Zero Emission Vehicle (ZEV) 

mandate. Both of these changes in laws 

affected the ability of an automobile 

manufacturer to sell cars in California 

without meeting the new regulations 

by 1998-2003. 

Inequality: Further inspiration to 

build the Prius came from inequality 

of enforcement of U.S. laws. Toyota had 

already experienced situations where 

U.S. fuel economy and emissions laws 

were enforced on Japanese auto mak-

ers, while granting extra time to the 

Big 3 from Detroit to find ways for their 

cars to meet the requirements. Toyota 

Motor Corporation took these new reg-

ulations seriously. 

20 YEARS OF THE 
TOYOTA PRIUS
THE PRIUS IS THE LEADER IN HYBRID SALES, AND ITS DESIGN WAS REVOLUTIONARY

// ELECTRICAL

THE 1995 TOYOTA PRIUS 

CONCEPT CAR. 

THE 1995 PRIUS CONCEPT CAR Toyota-EMS (Energy Management System) 
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Pride: Because of inequality and 

probably some personal pride, Toy-

ota engineers decided they wanted to 

show people in the U.S. that a car can 

be practical, attractive, clean and fuel 

efficient. They wanted to beat the Big 3 

from Detroit to market with such a car.  

G21 Project: In September of 1993, 

Toyota formed the Globe 21st Century 

(G21) project to research what the car 

of the future would look like, how it 

would operate, and how polluting it 

would be. The following ideas for a con-

cept car resulted from the project: (1) It 

would have a roomy cabin with a high 

seat position; (2) Use an aerodynamic 

body design; (3) Achieve 20 km/L (47 

mpg) fuel economy (50 percent better 

than the car of the day); (4) Use a hori-

zontally mounted efficient engine with 

direct fuel injection; (5) Use an efficient 

Continuously Variable Transmission 

(CVT); and (6) It would be a vehicle 

with no increased infrastructure re-

quirements (unlike electric and Com-

pressed Natural Gas (CNG) vehicles). 

To make a long story short, the G21 

project went through several phases 

as prog ress towards t he develop-

ment of a concept car from scratch 

proceeded. In late 1994, Toyota man-

agement decided that a 50 percent 

increase in fuel economy was not 

enough for a car of the 21st century; 

they directed the G21 group to double 

the fuel economy instead.   

A concept car (Figure 1) was built 

for the October 1995 Tokyo Motor 

Show. The car was built with an electric 

induction motor/generator sandwiched 

between a direct injected 1.5L gasoline 

engine and a push-belt CVT transmis-

sion. A capacitor was used to store, and 

release, energy as required. This system 

was described as the Toyota-EMS (En-

ergy Management System – Figure 2), 

rather than a hybrid. Toyota wanted it 

kept secret that they were developing a 

hybrid vehicle.

Toyota Hybrid System: As a result 

of the directive to double fuel economy, 

the G21 project group had to change ev-

erything; a new powertrain design had 

to be developed. In June of 1995, at the 

final meeting of the G21, development 

of a hybrid vehicle was officially ap-

proved at the meeting and a code name 

“890T” was assigned to the Prius. Toy-

ota was determined to keep the devel-

opment of their hybrid vehicle a secret. 

The hybrid system was named “Toyota 

Hybrid System (THS). Development of 

the new THS system presented many 

challenges. Most of the following chal-

lenges had never been accomplished 

in the automotive industry. Toyota had 

to pioneer the design of each of these 

from scratch. 

Atkinson Cycle Engine: Rather 

than using the direct injected gasoline 

engine (Otto Cycle), it was decided to 

develop an Atkinson Cycle gasoline en-

gine because of its high efficiency and 

low exhaust emissions. The Atkinson 

cycle engine was better suited to work 

with the new transaxle design. As you 

may know, the Atkinson cycle engine 

ELECTRICAL
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leaves the intake valve open for a short 

period of time during the compression 

stroke. This action effectively reduces 

the compression ratio in the cylinder. 

The Atkinson cycle engine had two 

unique problems when used with the 

hybrid system. Both problems were 

solved by adding Variable Valve Tim-

ing with Intelligence (VVT-i), but not 

for the traditional reasons of improved 

performance. The first problem was 

the jolt of starting and stopping the 

engine while the car was moving. The 

jolt was reduced by using the V VT-i 

to leave the intake valves open for a 

longer period of time than usual to 

decrease cylinder pressures under 

those conditions.  

The second problem involved start-

ing the engine when cold. Remember, a 

non-Atkinson cycle engine always has 

lower compression ratios, which makes 

cold starting difficult. The addition of 

the VVT-i system allowed the intake 

valve to be temporarily closed early, 

causing higher cylinder compression 

and easier cold starting. This engine 

would eventually become known as 

the Toyota 1NZ-FXE. 

Transaxle (Figure 3): The push 

belt CVT transaxle was dropped as an 

option because it was more difficult to 

start and stop the engine when the car 

is in motion. They decided to develop a 

Power Split Twin Electric Motor/Gener-

ator Electronic CVT (E-CVT) transaxle 

instead. If you recall, the power split 

design uses a single planetary gear set. 

The planet carrier is connected to the 

engine’s crankshaft, the sun gear is con-

nected to Motor Generator 1 (MG1), and 

ring gear is connected to the traction 

motor (MG2). The power split design 

allows the engine to contribute torque 

to the traction motor to help propel the 

vehicle. This transaxle would eventually 

become known as the Toyota P111. 

P111: The P111 (1CM model) and 

P111 (2CM Model) transaxles had a sin-

gle Power-Split Device (PSD) Planetary 

Gear Set and a chain-driven final drive.  

P112: The P112 (3CM model) tran-

saxle was almost identical to the P111 

(2CM); however, a change to the de-

sign of MG2 resulted in 9 percent more 

motor torque. 

P410: The P410 (3JM) transaxle has 

two planetary gear sets: A (PSD) set and 

a new Motor Speed Reduction (MSR) 

set. The MSR increased the MG2 motor 

torque 2.63 times through gear reduc-

tion. As a result, MG2 motor speed in-

creased to a maximum of 10,000 RPM. 

A gear drive replaced the chain driven 

final drive of the previous models. 

P610: The P610 (1NM) transaxle 

was a new efficient design, but it oper-

ates identically to the P410 with a (PSD) 

planetary gear set and a (MSR) gear set 

and a maximum of 17,000 RPM.  

Inverter/Converter (Figure 4): As 

you may know, the inverter uses power 

from the high voltage DC battery to 

drive each of the 3-phase AC electric 

motors in the transaxle through six 

ELECTRICAL
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Insulated Gate Bi-polar Transistors 

(IGBT). The IGBTs also contain a diode, 

which is used to help rectify 3-phase 

high voltage back to DC voltage during 

deceleration and while the engine is 

running. IGBTs had never been de-

veloped for this power level and high 

operating temperature. Toyota had to 

design their own IGBTs in-house. The 

high underhood temperatures caused 

by the engine running made the design 

more difficult. It was a very long and 

frustrating process, but Toyota set the 

benchmark for IGBTs and inverters that 

others use to this very day.  

If you have ever heard that the Prius 

does not have any power, it came from 

the 1998-2003 Prius. The 1998-2003 

THS inverters did not use a boost con-

verter to increase system voltage above 

battery voltage. These models were not 

well suited for mountainous driving. At 

times, customers would complain of a 

lack of power driving up a long uphill 

grade with a fully loaded vehicle. There 

was actually a “Turtle Light” that would 

come on to indicate the battery energy 

was depleted and to drive less aggres-

sively to let it recover. 

Beginning with the 2004 model 

year, to remedy the lack of power com-

plaints, a boost converter was added 

to the inverter. This would more than 

double the voltage applied to the tran-

saxle MG2 motor to drive the vehicle.  

The combination of the boost con-

verter, transaxle modifications and 

better aerodynam-

ics was called the 

Toyota Hybrid Syn-

erg y Drive (HSD). 

These vehicles do 

n o t  l a c k  p o w e r ; 

they are very fun to 

drive. 

F u r t h e r  e n -

hancements in 2010 

a nd a b ove were 

named the Toyota 

H y b r i d  S y n e r g y 

Drive-II (HSD-II). 

ELETRICAL

PANASONIC EV ENERGY PRODUCED 

THE PRIUS BATTERIES

THE 1998-2018 PRIUS BATTERIES

2001-2003 PRIUS AND THE 1998-2000 ARE SIMILAR
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High Voltage Battery (Figure 5): 

It is hard to imagine this today, but the 

Nickel-Metal Hydride (Ni-MH) battery 

was a relatively new technology in the 

early 1990s: Toyota had already co-de-

veloped an Ni-MH battery with Matsu-

shita Battery Co. for the 1994 RAV4 EV, 

but developing the Prius battery was 

going to be more challenging.   

There were two big problems with 

the Prius battery development: 1. Ex-

cessive heat: They tried placing the 

battery under the car (like the Rav4 

EV), but the battery got too hot from 

the additional heat produced by the 

engine and from the road. Finally, they 

decided to put the battery in the trunk 

behind the back seat to solve the over-

heating problems using air cooling. 2. 

Power output: The Prius battery was 

supposed to supply 288 Volts and 20 

kW of power. The early designs of the 

battery did not have the capacity output 

needed for the Prius to meet the direc-

tive to double fuel economy. The first 

battery was also about twice the size 

allowed for the space in the Prius.

In December of 1996, after failing 

to produce a satisfactory battery for 

the Prius, Toyota partnered with Mat-

sushita Electric and Matsushita Battery 

in a joint venture to form Panasonic 

EV Energy company (Figure 6). The 

battery for the first Prius was made of 

240 round D-Cell 1.2V Ni-MH cells all 

connected in series in a box behind the 

back seat. There were many production 

problems resulting from tiny specs of 

lint contaminating the battery cells 

internally. Poor connections between 

each of the 240 cells was also an early 

concern. These issues were solved just 

in time for the December 1997 launch 

of the 1998 Prius. 

The 2001 model and later Prius bat-

tery designs used flat prismatic battery 

modules in place of the older D-cell 

designs. Panasonic EV Energy is the 

supplier of Ni-MH batteries for all four 

generations of the Prius as well as some 

Honda and General Motors hybrids. 

The 2016 and later Prius 207.2V 

battery used two stacks of 28 3.7V Li-

ion cells in place of the older Ni-MH 

modules. The 2017 and later Prius 

Prime 351.5V battery used five stacks 

of 19 3.7V Li-ion cells for electric-only 

driving and then the vehicle switches 

to hybrid mode. 

Four Separate Cooling Systems: 

The 1998 Prius hybrid required four 

separate cooling systems: One for the 

engine, one for the combination of the 

inverter and the transaxle, one for the 

air conditioning, and one for the high 

voltage battery. That meant that three 

radiators were needed to fit where two 

would have normally been placed. It 

was decided to combine two radiators 

(the engine and the inverter) into one 

unit. This style of radiator system is still 

used in the latest Prius today. 

Regenerative Braking System: 

Stopping a hybrid vehicle under all 

possible conditions presented many 

new challenges. Toyota engineers had 

to figure out how, and when, to blend 

THE 1998-2018 TOYOTA PRIUS GENERATIONS
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hydraulic braking and regenerative braking from the motor/

generators. They had to make this brake system feel like any 

other vehicle’s braking system would. They had to simulate 

how the brake pedal felt while it was being depressed. They 

even engineered a creep forward feeling when the brake 

pedal was released to simulate what a car with an automatic 

transmission does. All of these systems had to be developed 

from scratch.  

Introduce it to the world: After only 2.5 years of devel-

opment time using 1,000 engineers, the 1998 Prius is shown 

to the world press in October and finally offered for sale at 

Japan Toyota dealerships on December 10, 1997. This real-life 

hybrid vehicle shocked the press and the automotive indus-

try, especially the Detroit Big 3. Toyota showcased the Prius 

at the January 1998 Detroit Auto Show. The Big 3 automakers 

displayed non-functional concept cars and announced that 

they would have superior hybrids and fuel cell vehicles on 

the road in 2-3 years (which has never happened in the last 

20 years).  

The 1998 Prius looked almost identical to the 2001-2003 

Prius (Figure 7). It had right-hand drive, no rear spoiler, 

and six spoke wheels. It looks nothing like the later models 

of the Prius. 

Initial sales orders of the 1998 hybrid Prius were three 

times what were predicted in Japan over the next three years. 

Toyota decided to release The Prius to the rest of the world in 

2000, but only after several modifications were made to give 

it more power and make it more reliable.  

Today the Toyota Hybrid System and its variations have 

found their way into 40 other Toyota and Lexus vehicles over 

the last 20 years. It has become the best-selling and most 

efficient hybrid system in the market with over 10.4 million 

hybrid vehicle sales worldwide. The Prius of today would 

shock the original G21 group. The Prius has exceeded all of 

the G21 goals established in 1993 except for the use of gas-

oline direct fuel injection (GDI), but Toyota just announced 

a new GDI hybrid engine earlier this year, so more changes 

are on their way. 

After 20 years of the Toyota Prius, are you familiar with 

how they work, how to diagnose and repair them, how to ser-

vice them? If not, it has been 20 years! It is time to get started 

before you fall behind in the ever-changing world of hybrid 

and electric vehicle technology. Best wishes! 

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



BOB MOORE KIA NORTHWEST Victoria Knight

HENDRICK KIA OF CONCORD Steve Anderson

ORLANDO KIA WEST Armando Padin

JOHN L. SULLIVAN'S ROSEVILLE KIA Anthony Santos

VANDEVERE KIA Matthew Pace

CITY KIA OF GREATER ORLANDO Sam Ruiz

VALLEY-HI KIA Stuart Meyer

COURTESY KIA OF BRANDON Rodney Zeller

MENTOR KIA Scott Williams

CLASSIC KIA OF CARROLLTON Carlos Escalante

EARNHARDT KIA George German

KINGS KIA Mike Burkart

PATTERSON KIA OF ARLINGTON Stephen Gunsolus

KIA OF DES MOINES Brett Obraza

REGAL KIA Steve Chilton

MORITZ KIA OF HURST Adam Lammey

SANDS KIA Kevin Sanders

PARKWAY FAMILY KIA Richard Olinger

ALOHA KIA LEEWARD Anthony Obrien

BEV SMITH KIA Branden Brewer

FAIRFAX KIA Michael Munn

RAY BRANDT KIA Nelson Ochoa

PHIL LONG KIA OF COLORADO SPRINGS Ken Klaassen

MURRAY KIA Alan Bannick

SMAIL KIA Shawn Sikora

CAR PROS KIA HUNTINGTON BEACH Jason Rodriquez

JIM SHORKEY KIA Kenneth Swauger

FIRST KIA Wayne Dawson

FREEDOM KIA Kirk Turner

TYNAN'S KIA Ryan Koenig

KING KIA Dennis Whitaker

BAYSIDE KIA OF WALDORF Steve Barron

GEORGE GEE KIA Connie Burger

CARRIAGE KIA OF WOODSTOCK Zach Autry

DENNIS DILLON KIA Kelly Brown

SHOTTENKIRK KIA Randy Wright

MIKE KELLY KIA Ryan Rhodes

BRIGGS KIA John Malone

COLUMBIA KIA Joseph Brochu

KIA OF ABILENE Scott Blubaugh

MOMENTUM KIA Sarah Vesper

CHANTZ SCOTT KIA James Mcelyea

SAN LUIS BAY MOTORS KIA Tina Kohler

VAN GRIFFITH KIA Derek Cowley

MIKE MILLER KIA Joy Thannert

KIA OF PUYALLUP Donald Breen

KIA OF CERRITOS Gene Schilder

UNIVERSAL KIA Brandon Ottow

LUPIENT KIA Marty Van Reese

ARCHER KIA Steve Benoit

SOUTHWEST KIA AU Cody Webster

CAR PROS KIA GLENDALE Duncan Pereira

ED VOYLES KIA Glenn Hammonds

GALEANA KIA Mary Delgado

JTS KIA Jason Carletti

HUFFINES KIA DENTON Errol Youngblood

GALEANA KIA Sonya Jennings

RICART KIA Larry Mills

FUCCILLO KIA OF WESLEY CHAPEL Neil Hosford

FUCCILLO KIA OF CAPE CORAL Dave Garabedian

HUFFINES KIA MCKINNEY Roy Allen

KIA OF GREENVILLE Anita Burgos

RALLY KIA Charles Sweet

GARDEN GROVE KIA Paul Elledge

FINDLAY KIA Scott Crockett

ROSEN KIA Ray Christiansen

FOLSOM LAKE KIA Joshua Boody

LEE JOHNSON KIA Tyson Thompson

HEALEY KIA Daniel Langdon

FERGUSON KIA James Easton

DORSCHEL KIA Jeffrey Stanley

MCGRATH KIA OF PALATINE Branden Scharringhausen

DOUG SMITH KIA Dan Lowder

RUSS DARROW KIA WAUKESHA Jeffery Krueger

BYERS KIA Jason Hollingsworth

MEDVED KIA Robb Robinson

FUTURE KIA Kevin Messa

KIA COUNTRY OF SAVANNAH Brian Sheppard

HENDRICK KIA CHARLOTTE Patrick Dougherty

EVANS KIA Jason Bowles

CRAIN KIA OF FORT SMITH Karl Wickboldt

KIA COUNTRY Neil Holcomb

PRICE KIA Danny Meadows

KIA OF MARIN Todd Schneider

CONCORD KIA Fernando Belanger

MATTHEWS KIA Gary Brundage

CASEY KIA Julie Macaulay

CRAIN KIA OF CONWAY Garry Shelby

MICHAEL STEAD'S HILLTOP KIA Jarrod Hallam

HOMETOWN KIA Tim Farley

SILVER

PLATINUM

CROWN KIA Rhonda Orsborn
CAR PROS KIA Elder Acevedo

ORLANDO KIA EAST Casey Armstrong
HAWKINSON KIA Jeremy Mihas

SCOTT KIA OF SPRINGFIELD James Johnson
THE KIA STORE William Thurman

PERFORMANCE KIA Garrett Svendsen
PEORIA KIA Erica Fine
FREDY KIA Mike Solis

ANCIRA KIA Terrance Stewart
SOUTHWEST KIA Lamar Johnson

RIVERSIDE KIA Adam Carruthers
SUSSMAN KIA Matt Jackson

PEAK KIA Alex Gross
SOUTHWEST KIA-NW Mark Budenhagen

JACK MILLER KIA Dennis Faltermeier
KEARNY PEARSON KIA Douglas Herold

MORITZ KIA Leo Salgado
TEMPE KIA Daniel Lanious

DELAND KIA David Booth
RON TONKIN KIA Gene Nevett

CARRIAGE KIA Dennis Jackson
QUIRK KIA Eliezer Vazquez

YOUNG KIA Daniel Evans
RUSTY WALLACE KIA Gregory Wampler

HAGERSTOWN KIA Richard Fraley
BALD HILL KIA Matthew Jarvis

JERRY SEINER KIA SALT LAKE Larry Greenhalgh
GOSSETT KIA Michael Richards

JTS KIA OF ROCK HILL Thomas Hakim

KIA OF GREER Joseph Whiteside
KIA OF LANSING Mathew Rue

LOU FUSZ KIA Joshua Rosenthal
ELK GROVE KIA Christopher Winslow

CRAIN KIA Timothy Hill
LAFONTAINE KIA Patrick Avery

WINN KIA Aaron Ewing
LEV KIA OF FRAMINGHAM Joseph Pereira

LAUREL KIA Peter Gray
MIKE SMITH KIA William Proctor

RUSS DARROW MADISON KIA Michael Miling
VAN SYCKLE KIA Ryan York
EAGLE AUTO KIA Robert Portelli

YONKERS KIA Alex Zapata
KOONS KIA James Woodland, Sr.

GOLD



62  AUGUST 2018  MOTORAGE.COM

TECHNICAL

D
on’t fear Asian vehicles! 

Since many companies al-

ready share parts and tech-

nology, you will notice that 

Asian vehicle are not that much diff erent 

than domestic vehicles. Just like any other 

vehicle that comes into your shop with a 

problem, you need a game plan on how 

you’re going to address the issue. 

2014 Toyota 4Runner

Our fi rst vehicle is a 2010 Toyota 4Run-

ner 1GR-FE with 128,000 miles on the 

odometer that came in with the ABS light 

illuminated and the owner complaint of 

a braking issue. We started our diagnosis 

with a Q&A of the owner, followed by a 

short test drive and a visual inspection 

before connecting our scan tool. 

After we connected the Toyota Tech-

Stream scan tool (Figure 1) we found 

the following DTCs: C1404 (Open or 

Short in Rear Speed Sensor LH Cir-

cuit), C1408 (Open or Short in Rear 

Speed Sensor LH Circuit) and C1416 

(Open in the Sensor Signal Circuit of 

a Malfunction area occur 255 times or 

more). Our next step was to take a look 

at the DTC supporting information —

Freeze Frame. As you can see from the 

Freeze Frame data (Figure 2), the Left 

Rear wheel speed was recorded moving 

at 0 mph, while the other wheels were 

displaying 26 to 27 mph.  

The source of the DTC could be 

caused by the rear speed sensor, skid 

control sensor wire, speed sensor cir-

cuit, speed sensor rotor and/or the mas-

ter cylinder solenoid skid control ECU. 

Common problems with theses sensors 

include debris, a sensor that has moved 

from its normal position and defective 

sensors. We took the vehicle for a test 

drive with the scan tool connected, 

making sure we drove it in a straight 

line at 28 mph to see if the DTC would 

reappear. The DTC returned right 

away, so there was no need to drive the 

vehicle in reverse at 2 mph as recom-

mended by Toyota.  

With the test drive confirming that 

the circuit had a problem, my lead 

technician (Bill) checked the wiring to 

make sure there were no connection 

problems. After the wiring checked out, 

the next step was to call the 4Runner 

owner and recommend that both rear 

wheel speed sensors be replaced. Take 

notice that we did not use a labscope 

on this problem since Toyota service 

information had specific testing of the 

circuit that would confirm the problem 

without using any other tool besides 

the Toyota Techstream. Why take out 

the backhoe when a shovel will do the 

job? We need to remember that we sell 

our time to the customer, so we need to 

diagnose the problem in the easiest and 

most efficient way.  

2005 Toyota Tacoma

A 2005 Toyota Tacoma with a 1GR-FE V6 

4.0L came in with an overheating issue 

and the MIL on. Th is vehicle had 123,938 

miles on the clock and has served our 

customer very well over the years. After 

we connected our scan tool, we discov-

ered that the MIL was illuminated due to 

a misfi re in number 6 cylinder.  

As Bill began his diagnostic game 

plan, he came upon a low coolant level 

as part of his preliminary checks. He 

also found that the scan data displayed 

a P0306 DTC that could be caused by 

a mechanical, ignition or fuel issue. 

He proceeded to check all the easy 

stuff first, performing a relative com-

pression test, ignition and fuel system 

test. After performing a basic cooling 

system pressure test that failed to hold 

pressure, his next step was to check for 

a head gasket problem since this is a 

common issue on this Toyota V6 en-
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gine. Bill’s decision to proceed in this 

direction was based on the test results 

from the relative compression test that 

indicated normal results, while the 

cooling system pressure test failed.  

His next logical step was to check 

for CO
2
 in the cooling system using the 

ATS Bullseye CO
2 
tester. In our shop, we 

have had excellent results while using 

the BullsEye tester to uncover head 

gasket or cylinder head issues. On this 

vehicle, the test results indicated CO
2 

levels that could be the result of a cyl-

inder head gasket, head or engine block 

problem. You may be thinking that we 

should have used the engine block tes-

ter that uses the liquid blue dye and 

changes color when there is a compres-

sion leak issue. Our experience with the 

block test has not always been good or 

accurate enough at detecting problems.  

While using the ATS Bullseye CO
2 

leak detector (Figure 3), we uncovered 

a CO
2
 leak that was displayed by the 

tool’s led bar illuminating along with 

an audible alert. The confirmation pro-

vided by the Bullseye tester was what 

we needed to inform the vehicle owner 

that we would need extra diagnostic 

time. Our next step in the confirma-

tion process was to perform a cylinder 

leak down test in order to complete the 

diagnosis of this engine. Notice, we did 

not perform a compression test since 

we already confirmed that the engine’s 

relative compression was within range, 

the cooling system had already failed 

the pressure test, and now the leak de-

tector was indicating high CO
2
 levels in 

the coolant.  

Since this engine had an issue with 

overheating, we explained to the owner 

that we had to remove the cylinder 

heads and send them to the machine 

shop to be pressure tested. When we 

removed the cylinder heads, we no-

ticed a difference in the head gasket 

near cylinder number 6. We checked 

the engine block with a straight edge 

and feeler gauge to make sure that it 

did not warp. Since it checked out, we 

just needed to wait to hear back from 

the machine shop. We received a call 

from the machine shop informing us 
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that the heads were in good shape ex-

cept for cylinder number 6. The valves 

in cylinder number 6 were not sealing 

properly, most likely due to the head 

gasket failure that was causing coolant 

to leak into the cylinder. 

This Toyota 4.0L V6 engine utilizes 

three timing chains and tensioners 

(Figure 4) along with VVT (Variable 

Valve Timing) only for the intake cams. 

There are two small chains that go from 

the exhaust gears that are just run-of-

the mill plain gears that are connected 

to the intake VVT gear on each bank 

of the engine. The long, big chain goes 

from the crank pulley to the VVT intake 

gears to the center idler gear. One of the 

most important components is the Cam-

shaft Timing Oil Control Valve, aka the 

solenoid that controls the oil flow to the 

camshaft phaser. We made sure that the 

solenoid screens were clear of debris and 

that the resistance and current readings 

were good before we reinstalled them. 

After we installed the reconditioned 

cylinder heads, new timing chains, ten-

sioners, chain guides, thermostat, Toyota 

engine coolant/antifreeze, full synthetic 

Pennzoil oil and a NAPA oil filter, the 

engine was now ready to be started up. 

Once the engine started up, it ran fine 

with no misfires or any signs of a cool-

ant issues. The Tacoma was test driven 

to make sure there were no issues before 

we returned it to the owner. 

2002 Lexus GS 430

A 2002 Lexus Model GS 430 V8-4.3L 

with 184,733 miles on it came in with 

a complaint of a Check Engine light on 

and a loss of power. Our fi rst step was to 

perform a visual inspection followed by 

connecting our scan tool. We checked 

Identifix to see if there were any com-

mon problems and found that there 

were a few issues with the Knock sensor. 

With our scan tool connected, the data 

revealed a P0325 Knock sensor (left bank 

circuit problem) DTC. Th e next step was 

to check the circuit, so we disconnected 

the EC1 connector and followed the in-

formation described in ALLDATA.  

With a labscope connected to KNK1 

and chassis ground we raised the rpms 

to the described amount and viewed 

the data. With the other channel con-

nected, we were able to compare the 
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left bank (the side throwing the code) 

to the right bank. What we noticed was 

the waveform voltage amplitude was dif-

ferent between the two. The left bank did 

not display the same voltage height or 

frequency as the right bank. We called 

the vehicle owner and provided him 

with the information about the job that 

we would need to perform to solve his 

problem. We suggested, since the en-

gine had high mileage on it and the in-

take manifold was going to be removed, 

it would be a good idea to replace both 

Knock sensors along with the starter 

motor. The vehicle owner only gave us 

the approval on both knock sensors, so 

the old starter remained in the engine. 

With the two new sensors installed and 

the cooling system refilled and bled, the 

DTC was cleared and the car was test 

driven. The vehicle was now back to 

the proper operating condition and the 

Lexus owner was happy. 

2005 Toyota Camry

Our next vehicle was a 2005 Toyota 

Camry 3.0L V6 that came in with the 

Check Engine light on (Figure 5) and 

three DTCs. Since it’s a drivability issue, 

we fi gured we’d get the most informa-

tion in the shortest amount of time using 

a good Global OBD II scan tool rather 

than connecting an enhanced scan 

tool. Th e EScan Pro allows us to check 

relative compression, MAF, fuel trim and 

catalyst effi  ciency as well as DTCs in a 

matter of minutes.

The EScan provided us with a direct 

path in diagnosing our problem vehicle. 

The scan tool data (Figure 6) uncovered 

these DTCs: P0174 (Bank 2 System Lean) 

and P0430 (Catalyst System Efficiency 

Below Threshold Bank 2). There was a 

pending DTC P0420 (Catalyst System 

Efficiency Below Threshold Bank 1). 

Looking at the Freeze Frame data, we 

noticed that the LTFT (Long Term Fuel 
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Trim) on Bank 2 was at 26 percent while 

Bank 1 was 22 percent. Take notice that 

the Freeze Frame was captured a 618 

rpms and at 0 mph. The engine tem-

perature was not fully warmed up since 

the temperature was only at 177 degrees 

F. The Freeze Frame for the P0430 was 

captured at 210 degrees F and the ve-

hicle speed was 55 mph. The LTFT on 

Bank 2 was much lower at 3 percent 

while Bank 1 was only at 0.7 percent. 

What most likely was occurring was that 

the engine was being command to go 

rich at idle, dumping too much fuel and 

taking out the Bank 2 catalytic converter.  

As we graphed the Bank 1 and 2 rear 

O
2
 sensors (Figure 7), we noticed heavy 

frequency indicating that the efficiency 

of the converters was not normal. This 

led us to our next step to check the Fuel 

Trim chart (Figure 8) that you can see 

has a high fuel trim command at the 

lower end of the chart. This usually 

indicates that there is a lean condition 

only at idle since the number greatly 

reduces as the chart is filled up. Notice 

once we get past the 30 percent range of 

throttle the numbers go into the normal 

range, indicating that it’s not a fuel deliv-

ery problem due to a clogged fuel filter, 

voltage drop at the fuel pump or for that 

matter a bad fuel pump. The results also 

indicated that the fuel trim issue is not 

a load sensor issue since the fuel trim 

numbers do not rise throughout the 

full range of the chart. It’s a good idea to 

see if Fuel Trim goes down as we raise 

the rpms up. If the Fuel Trims do head 

south, it indicated that the problem is a 

vacuum leak issue. This Camry needed 

some work from an intake gasket, fuel 

system cleaning, spark plugs, air filter 

and most likely catalytic converters. 

The owner decided not to repair the 

vehicle but rather lease a new vehicle.

2007 Toyota Tundra

Our fi nal case study is on a 2007 Toyota 

Tundra that was towed in from another 

shop with the complaint of a no start con-

dition. Th e shop stated that the vehicle 

just stopped running, so their customer 

had the vehicle towed to their shop. Th ey 

confirmed the no start condition then 

connected their scan tool only to find 

that there was no scan tool communica-

tion with the Tundra. Th eir next step was 

to install a remanufactured PCM only to 

come up with the same results.  

They call us and asked if we could 

program the truck, thinking that would 

get the Toyota running. Once the Tun-

dra arrived, Bill checked it out only to 

find that the PCM was not communi-

cating with any of our scan tools. Bill 

called the shop and explained that he 

could not program the vehicle since 

there was no communication. He sug-

gested we diagnose the problem and 

asked for two hours of diagnostic time 

to check the vehicle out further.  

Bill started by installing a breakout 

box (also known as a “BOB”) at the DLC 

(Figure 9) then measuring the CAN line 

resistance using the ohm meter. As you 

can see from the picture (Figure 10) of 

the meter, the ohm resistance reading 

was 63.3 ohm — within specifications. 

Now it was time for Bill to leave the 

shovel behind and get the backhoe 

out. He now connected the EScope 

Elite to pins 6 and 14, CAN high and 

low. Remember “KISS” (Keep It Simple 

Stupid!), always start with the easiest 

test first, as Bill did by checking the 

resistance with the ohm meter before 

moving up to using a labscope. 

9 10

11
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Take a look at the scope communication screen (Figure 11) 

and see if you can diagnosis the problem. It looks like both 

CAN high Pin 6 and low Pin 14 are producing a 1v voltage 

signal. The voltage of CAN high signal is going from 2.5 volts 

to 3.5 volts while CAN low was producing a signal that was 1.5 

volts to 2.5 volts. Your first thought may be that there is some-

thing on the vehicle pulling down the voltage signal. Well if 

that is what you think is causing our no communication/no 

start problem, you would be dead wrong. There is nothing 

wrong with the voltage levels, but rather with the frequency 

of the signal. The one volt level is normal, so don’t expect a 5 

or 12 volt CAN signal on this CAN system.  

The proper diagnosis and repair of this vehicle was at-

tributed to the training that my lead tech recently attended. 

This past March Bill attended our 15th annual TST Big Event 

where we had three good instructors, with two of them cov-

ering CAN. At the end of the first seminar that was taught by 

Snap-on’s Jim Mortiz, CAN was covered from the ground up. 

This was followed after lunch by the other CAN presenta-

tion by Automotive Test Solution’s (ATS) Bernie Thompson. 

If you ever had the experience of being in Bernie’s seminars 

you know you must buckle up. He started off like a rocket on 

a launching pad taking off into space. Bernie proceeded to 

explain the CAN system and following it up with real world 

problem vehicles he had diagnosed and repaired. Bill listened 

carefully to Bernie’s presentation and that provided him with 

the information he would need to repair this Tundra.  

Bill asked me to take a look at the scope screen capture 

that he had taken to confirm if there was a problem. I sug-

gested that he locate the CAN disconnect if this vehicle had 

one and start removing components from the BUS. Unfortu-

nately, this vehicle did not have a CAN disconnect comb that 

allows systems to be removed from the BUS. Bill proceeded 

to disconnect the component that we have seen to be biggest 

problem on other Toyota Tacoma’s. The problem component 

that was preventing the CAN system from properly deliv-

ering packets was caused by the AIR (air injection reaction 

system) that had a shorted solenoid. Once Bill disconnected 

(Figure 12) the air pump connector, the CAN packets re-

turned to normal, now having a proper frequency that al-

lowed the engine to start. The scope capture (Figure 13) of 

the CAN pins 6 and 14 as you can see now looked different 

that resulted in the engine starting.  

Knowing how to use a labscope is a very important step 

in diagnosing a CAN system issue. The labscope provides an 

inside picture into the electrical system that it is connected to. 

It’s a good idea to get yourself a good labscope and know how to 

use it. As in this case study, we had the Escope Elite 4 along with 

the proper training on how to use a scope. In fact, the training 

that Bill had recently gone through was one of the biggest fac-

tors in resolving the CAN issue on this vehicle. Bill attributes 

his success in diagnosing and repairing this CAN problem ve-

hicle to the seminar he attended taught by Bernie Thompson. 

Remember we need to attend seminars and hands-on training 

classes to be updated so we don’t evaporate. 

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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I
t’s no secret that most consumers have a guarded view 

of us. In a recent survey, 86 percent of the respondents 

thought that the cost they paid for their repair was outra-

geously high, and 40 percent of the consumers asked were 

certain they were being overcharged for the repair. Additionally, 

it is estimated that consumers are being charged tens of billions 

of dollars every year for unnecessary or ineff ective repairs.

Are these studies accurate? Do they truly represent our 

industry?

I try very hard to remain optimistic about our profession. I 

have been fortunate to meet hundreds of talented, honest and 

hard-working people from every corner of the country. These 

men and women work hard every day to do the right thing by 

their customers and, for the most part, their businesses are 

booming as a result. 

But I have also met just as many who are, in my opinion, 

the reason behind these consumer opinions. Let me share a 

story of my own experience — one that, I’m afraid, is not an 

isolated one.

Time for some new shoes

I am fortunate enough to have a fairly well-equipped shop at 

home. Th is is the “garage” I use to fi lm our training video series, 

“Th e Trainer,” and other projects. It is also my “man cave” of 

sorts, where I tinker with my own little projects, help out friends 

with their repair needs and maintain my own vehicles.

Sometimes, though, I don’t have the equipment to perform 

the repairs. Then, like most consumers, I have to find a shop 

to perform the work for me. In this case, it was as simple as it 

gets. I needed new tires for my RAM pickup.

Just like any other consumer, I did my homework and 

got a few quotes. My wife found a coupon for Goodyear tires 

through the official corporate website that promised as much 

as 35 percent off on my purchase. The truck originally came 

fitted with Wrangler SR-As, and I was happy with them. At 

nearly $150 a pop, saving 35 percent was rather attractive. 

Making the purchase was very easy. Select the tires, apply 

the promo code for the discount and complete the entire 

transaction (including mount, balance, disposal fees and 

tax) online. Then select your closest Goodyear store and 

make the appointment to get the tires installed. I entered 

my credit card info, completed the transaction, and selected 

a shop about 30 minutes from the house. Within minutes, I 

got a confirmation that my appointment was scheduled and 

I was all set! So far, so good.

First one in

I was at the shop at 6:45 a.m. for a 7 a.m. appointment. I made 

the appointment for the fi rst available time they had so I could 

minimize my time away from work as much as possible. I was 

preparing for some vacation time and was pressed to get all my 

normal duties taken care of before I left. 

The bay doors were closed but the lights were on. Even so, 

YOU NEVER KNOW 
WHO’S WATCHING
WHILE I TEND TO DO MOST OF MY OWN MAINTENANCE AND REPAIRS, THERE ARE STILL 

JOBS WHERE I HAVE TO TAKE IT TO ONE OF THE LOCAL SHOPS. TODAY, IT WAS TIRES AND 

ALIGNMENT. HAVE I GOT A STORY FOR YOU!

// TECH CORNER

PETE MEIER // Technical Editor

PHOTOS:  U.S. AIR FORCE

THE MAJORITY OF TECHNICIANS I MEET are hard-working 

men and women who want to be the best they can be.
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I stayed in the truck until a few minutes 

before 7. I remember all too well all the 

little things I needed to do to open a 

shop in the morning and how much it ir-

ritated me to have those early birds that 

arrived before dawn and then stared 

at me through the door, waiting for me 

to unlock it. I figured I’d leave the guys 

alone until it was officially time for them 

to open their doors to the public.

I walked into the reception area to an 

empty room. It only took a few minutes, 

though, for the service writer to walk up 

to the counter. I would like to report that 

I was met with a smile, but quite the op-

posite was true. The greeting I got was 

cold and distant, as if I were a problem 

to be disposed of quickly so he could get 

back to his coffee.

After confirming my appointment 

and printing out the paperwork, he 

asked for my keys. Now remember, I’m 

buying brand new tires from a business 

that specializes in tires. If you were in his 

shoes, what would you have done next?

I have been in his shoes, on numerous 

occasions, and I always walked out to the 

vehicle with the customer in tow. I would 

take a TPMS tool with me and check 

the operation of all the sensors prior to 

bringing it into the shop, explaining to 

the customer what the system did as I did 

so. I would also check the tire wear pat-

terns and would recommend an align-

ment check, at the least, to make sure 

that the new tires would have a chance at 

lasting as long as possible. Last, I would 

get the vehicle mileage and check for the 

oil sticker left behind by the last service 

facility to see if there were any routine 

maintenance items I could discuss with 

them before any work began.

Didn’t happen here — not one little bit.

I had to bring up the request for the 

alignment. In fact, I know I needed an 

alignment and I was more than pre-

pared to pay for one. Unfortunately, the 

service writer person said his alignment 

tech wasn’t in yet. Fortunately, I said, I 

had brought my work with me and was 

prepared to wait. Not a problem!

All done

Less than two hours later, the service writ-

er came out from the shop with my keys 

in hand. Note here that I didn’t spend 

the entire two hours peering through the 

glass into the shop, watching the work be-

ing done. Nor did I stand at the bay door 

behind the plastic yellow safety chain. 

I’ve had customers who’ve done just that, 

watching my every move to make sure 

I did the work I was being paid for and 

didn’t steal anything from their car in the 

process. (At least, I guess that’s why they 

stood there!) No, I was perfectly content to 

drink my coff ee and get some work done.

I wasn’t quite prepared for the ava-

lanche of BS I was about to hear.

“Mr. Meier, your truck is ready”, he 

began. “The alignment was only off a 

little bit so we made a few minor adjust-

ments. I’m not going to charge you for it.”

Awesome, I thought! Since the truck 

had recently been in an accident, I was 

curious as to what adjustments had to 

be made, so I asked to see the printout.

The service writer passed over a form 

that looked like most alignment machine 

printouts with the “before” column on 

one side, the specifications in the center, 

and the “after” on the other side. Both the 

“before” and “after” columns were filled 

with dashed lines — no numbers.

“The left front and right rear were a 

little off but not much,” he said, pointing 

at the sheet.

“But there are no numbers here,” 

I said. “What angles, exactly, were 

off?” I don’t think he was prepared to 

respond to someone who knew that 

there were different angles involved 

with an alignment.

After a moment’s hesitation, he an-

swered, “The caster on the front and the 

toe on the rear,” actually referring to an-

other printout he wasn’t showing me.

“Interesting. How did you adjust the 

TECH CORNER
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toe on a rear-wheel drive truck with no 

toe adjustment?”

You could see the color drain out of 

his face when he began to realize he was 

dealing with an informed consumer. 

“Well, that came into the green after we 

made the front adjustment. But we’re out 

of green ink. That’s why you don’t see the 

numbers on the printout I gave you.”

Now I’m thinking I should hop 

across the street to the local Walmart 

and buy some waders. It was really 

starting to get deep in here.

I wanted to ask him why he would 

spend the time to make a caster adjust-

ment on the truck and not charge me 

for it. After all, I’m more used to service 

writers coming back and looking for 

more money to start moving the control 

arm around. I, as a tech, sure as heck 

wasn’t going to do it for free! But it was 

obvious that I was being fed a load of 

you-know-what and didn’t feel like pur-

suing it any further.

Besides, I was thankful that he had 

supplied me with the topic for this 

month’s column!

Another alignment story for you

Speaking of alignments, I had a similar 

experience with another tire specialty 

store when looking for tires with my 

youngest son. Th e service manager of-

fered to perform an alignment check for 

free to help us make sure we wouldn’t 

wear out the new tires prematurely. 

Great! Go for it!

A half hour or so later, he comes up 

front with the printout. Both front wheels 

are in the “red,” he tells us, indicating 

the need to perform an alignment. He 

recommends a 4-wheel alignment on 

my son’s Toyota Corolla, and I don’t dis-

agree, even though the rear wheels are 

showing “green” on his form.

Taking the printout from his hand, 

I look at the numbers and quickly see 

that there is nothing wrong with the 

alignment, regardless of the “red” num-

bers. Total toe is right where it 

should be, as are caster and 

camber. The reason for the 

red? The steering wheel was 

turned to the left when the 

readings were printed out. 

This one I called him on. Ei-

ther he, or his tech, was trying to 

pull a fast one and collect over 

$100 for doing nothing more 

than returning the wheel to 

center and printing out the ac-

tual measurements. I asked the 

manager to join us and judging 

by the look on the service manager’s 

face, he was none too happy about my 

request to speak to him.

I asked the manager point-blank 

if he was in the business of f leecing 

his customers and went on to explain 

what had just happened. Of course, he 

assured me they ran an honest shop but 

he would investigate my complaint. He 

even offered my son a free oil change, 

but I asked him if he really thought 

I would trust anyone in that shop to 

perform any kind of work on any of our 

vehicles ever again? To his credit, a few 

days later he informed me that both the 

technician and service manager had 

been terminated. He had found evi-

dence of similar disparities. And that 

news didn’t bother me a bit.

How many others?

I really wish I could tell you that my ex-

periences here were the exceptions, but 

they aren’t. I’d honestly have to say the 

odds of my running into a great shop 

are about even with my running into 

one that needs help. I will say that I be-

lieve that most negative experiences are 

caused by lack of training or experience, 

rather than by any willful aim to cheat 

someone out of their money — and that 

leaves me with some hope for our ability 

to improve our overall reputation.

What kind of shop do you work for? 

If you’re fortunate to be in a great shop, 

stay there! If not, then consider what 

you can do to help make it a great shop 

— or move on. The talent pool is get-

ting shallow and there is no shortage 

of great shops looking for great people.

If you’re the shop owner or manager, 

and not sure of what kind of shop you 

have, try having someone you know 

(and your employees don’t) come in and 

put them to the test. Are they delivering 

a quality customer experience or are 

they treating customers as an annoying 

interruption of their day? Invest in your 

business by investing in your employ-

ees’ training — both at the counter and 

in the shop. Let them know that deliv-

ering anything less than an exceptional 

job is not acceptable and reward those 

who rise to the expectations.

The time is right for us to reinvent our-

selves as an industry and as a profession. 

How high will you raise your bar? 
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THE GUY WHO HUNG THE TIRES on my RAM 

wasn’t this young man – wasn’t even a Firestone store. 

But he did an equally effi cient job. I don’t think he had 

any role in the BS his coworker was about to feed me.
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RICHARD MCCUISTIAN // 

Contributing Editor

I
’ve been in this business since 

the early ’70s, and the guys who 

are my age and older know that 

there was a time when the most 

complicated electrical issue we might 

encounter on a vehicle would be turn 

signals or power windows. Even back 

then things happened that didn’t seem 

to make sense. I once encountered a ’78 

Dodge pickup with an inoperative left-

hand turn signal. After checking bulbs, 

wiring, grounds, etc. I discovered that 

simply replacing the flasher brought 

both sides back online. Never quite un-

derstood that one.

Then there was the ’66 Cadillac 

convertible with a driver side power 

INCURRING 
COMPLICATIONS
A HEADLIGHT REPAIR THAT SEEMS SIMPLE INSTEAD OFFERS SOME WIRE-RELATED SURPRISES

// GARAGE

DASH-DIGGING AND GROUND-CHECKING, we fi nally managed to fi nd a bad multifunction 

switch by checking the ground feed that was supposed to pass through the switch but didn’t.

THIS SCHEMATIC IS CONFUSING ON SEVERAL LEVELS — note that there are two daytime running lamp relays shown — and one of 

them parenthetically mentions an RPO code, but the other one simply says “domestic.” The headlight grounds exit the fi rst page going down and 

enter the next page going up. The ground that passes through the headlight grounding relay begins on the bottom and goes north through the 

relay and then enters the page in the middle headed south through the Multifunction switch. Complicate that by shoving the grounding relay into 

a panel way up under the dash and you’ve got a recipe for frustration. Rather than trying to contain all this on one schematic, they should have 

provided a different one for non-domestic vehicles. This is ridiculous.

PHOTOS: RICHARD MCCUISTIAN
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window issue that would come and 

go, and as I dug into that one I found 

a pushed back pin in a connector at 

the left kick panel — and from the 

condit ion of t he harness and t he 

connector it appeared that it had been 

that way since the car was brand new.

Once my brother’s ’78 Cadillac de-

veloped road-speed radio static that 

he only noticed after the tires were 

rotated. Back in those days you weren’t 

supposed to cross-rotate radial tires, 

and while I was digging in the dash for 

issues with the antenna and whatnot, 

he noticed from looking at his spoke 

rims that the tires had indeed been 

cross-rotated. When we put t hem 

back like they were supposed to be, the 

while-driving radio static evaporated.

Then there was the ’80 model Lin-

coln that would buck and skip exactly 

five minutes after a morning cold start 

but would never do it again while the 

car was warm — and that turned out 

to be a pushed-back wire in the crank 

sensor connector pigtail. I can’t ex-

plain the five-minute deal, but when 

I seated that connector the problem 

was gone.

I knew of one six-volt vehicle from 

the ‘50s that wouldn’t spin and wouldn’t 

start with the key but would instantly 

fire up if you put it in gear, pushed it, 

and popped the clutch. That one turned 

out to be a bad engine-to-frame ground. 

Headlight issue

Th is little old 2003 Chevy S10, 2.24 L, 

4-cylinder with 214,894 miles on the 

odometer had a lot of other issues that 

had been ignored until it developed 

a headlight issue, and if somebody’s 

planning to drive at night or in the rain, 

TECHNICAL GARAGE

THIS TRANSFER CASE had lost all 

its oil and had destroyed itself internally, 

but the one we got from the salvage yard 

(which came empty and dry on the outside) 

started leaking as soon as we drove it after 

fi lling it with Dexron II. We don’t charge 

labor, but in a shop situation, who do you 

charge for the labor to re-seal it or replace 

it a second time? This is a dirty deal no 

matter how you color it.
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the headlights are a must-have. Initial-

ly, I was thinking this would be a slam 

dunk. How hard could it be to figure 

out a headlight problem on a 15-year-

old domestic? Well, we hadn’t tackled 

one of these S10 headlight issues be-

fore, and this one was a wakeup call.

The initial concern was that the 

headlights tended to only illuminate 

on f lash-to-pass. Occasionally they 

would work normally, but usually they 

wouldn’t. Heck, the Daytime Running 

Lights wouldn’t even work. The owner 

of the truck couldn’t care less about 

the DRL, which isn’t required in these 

parts — he just wanted to turn on the 

light switch and see where he was 

going at night.

To begin with, I like to see if power 

and ground are available at the bulbs 

with the circuit energized, and as we 

traveled that path, we got side-tracked 

when we found t hat we only had 

ground at the right front headlamp. 

With the bulbs unplugged, there was 

no ground at the left front lamp, but 

with the right front bulb connected, we 

had a ground. This tended to confuse 

the student I had doing the work, and 

so we waded into the wiring schematic 

— which became even more confusing. 

Folks who are familiar with this plat-

form are already smiling, I expect.

One of the maddening things about 

so many of today’s schematics is how 

they move from page to page with 

those funky arrows. Granted, the shop 

manual folks sometimes give us link 

boxes on those arrows so we can jump 

right to the page where the circuit con-

tinues, and that’s a good thing. Gone 

are the days when the entire vehicle 

schematic could be found on just one 

page (of course, that was in the 1960s). 

This schematic was light years away 

from that one-page utopia, and besides 

all that, it broke some key rules.

I teach my people that, in most 

cases, on a schematic, power comes 

in from the top and ground comes up 

from the bottom of the diagram. And 

that’s usually the case, although I’ve 

seen it violated a few times on isolated 

schematics for one reason or another. 

Well, this S10 schematic shatters that 

rule and inserts some other curve balls 

in the process.

The orig in for t he g round was 

G200, which is under t he dash in 

front of the driver and attached to the 

bulkhead. That ground feed makes its 

way through a splice pack to feed a lot 

of other stuff, but for our purposes, it 

feeds the headlamp grounding relay 

through the common and normally 

closed terminals in that relay. The 

ground then departs that relay, makes 

its way to the multifunction switch 

(from the top of the diagram, no less), 

and the MF switch feeds it to the head-

light bulbs, which are powered by the 

headlight relay. As the ground feed 

departs the MF switch, the ground 

passes through the underhood fuse 

block (no fuses in this ground circuit, 

GARAGE

THE PINION GEARS IN THIS DIFFERENTIAL had died and it had been driven enough 

to mark the carrier pretty heavily. Rather than buying the parts to rebuild this one we just got a 

replacement. That repair went smoothly.

USING THIS METHOD, we found the Suzuki engine skip (right) within 30 seconds, never 

having even connected a scan tool. This provides a much higher resolution peek at the ignition 

system than simply yanking the P030x code and was a LOT faster.
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though) and then exits and splits into 

four different feeds, all of which exit the 

page headed south — i.e., toward the 

bottom of the page — which no ground 

circuit should be allowed to do (my 

opinion). When these grounds reappear 

feeding the headlamp bulbs, they enter 

the page from the bottom (as grounds 

are wont to do). Since they exit the pre-

vious page headed south and enter this 

page headed north, the student wound 

up in a tailspin, effectively auguring 

her troubleshooting plane down into 

the slough of no understanding. It was 

a nasty thing to watch and even nastier to experience, since 

I was in the copilot’s seat trying to teach her to f ly.

Honing in on the target

Understanding the circuit and being able to locate and ac-

cess the various connector and components is of obvious 

importance. In this case, the components consisted of the 

headlight switch, the BCM, the headlight relay, the headlight 

grounding relay, and the Daytime Running Lamp relay. Th e 

BCM is a major player here, receiving a Headlights OFF signal 

from the headlamp switch, which, through another part of its 

ganged array, sends Headlamp Relay Coil power to the BCM 

so that the BCM can operate the Headlamp Power Relay at its 

discretion with the switch in the ON position. So, the Head-

lamp switch, through two diff erent circuits, sends power AND 

ground to the BCM.  

The BCM is monitoring ambient light by way of an elec-

tric eye on the right side of the dash for DRL activation 

when the other conditions are met. Both the DRL and the 

Headlamp grounding relays are feeding the lamps through 

their normally closed terminals so that when the headlamp 

power relay is energized, the left headlight is forced to get 

its ground through the right-hand headlight bulb’s filament. 

In a word, the headlights are illuminated in series during 

DRL operation and are only half as bright, rather like the 

cooling fans that are fed in series when they’re spinning on 

low. The schematic shows an alternate wiring of the DRL 

relay if the vehicle isn’t “domestic,” and that doesn’t help a 

new schematic reader either.

Flash-to-Pass is a separate switch within the MF switch 

that triggers the BCM to energize both the DRL relay and the 

Headlamp Grounding Relay. The Headlamp Grounding Relay 

then breaks the circuit to ground and the DRL relay grounds 

the left headlamp directly, bringing both headlights into a 

parallel circuit situation for a bright Flash-to-Pass. This is also 

supposed to happen when the regular headlights are on at 

night. This wasn’t happening except on Flash-to-Pass, and 

that was the concern we were pursuing.

So we decided to back up and take another run at it. I al-

ways teach that circuit checks are best made at the easiest 

accessible point, no matter where it may be in the circuit, and 

to work from there. The annoying thing about this truck is 

that the Headlamp Grounding Relay is in a relay center that 

GARAGE

THIS WAS ANOTHER ONE where a higher-than-scan tool resolution diagnosis was needed – 

a scan tool is useful, but nothing says “clogged cat” like a few pounds of exhaust backpressure.
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is mounted in a very tight spot under the dash on the left hand 

side, which makes the relay no fun to access. So we began at 

an easier spot.

Noting that the normally closed Headlamp Grounding 

Relay contacts feed the ground circuit to the MF switch 

pin E13 by a yellow wire, we determined that there was 

indeed a ground at the MF switch but that it wasn’t passing 

through the switch to the lights. Ground in — no ground 

out, not on pins E12 OR E11. That was something of a 

breakthrough, and when we bypassed the switch, we had 

lights. And so I had Kayla replace the Multifunction Switch. 

The lights then worked, and everybody was happy. It was 

a wild ride, though.

Transfer case complications

Th is was a 1997 Tahoe that came in with a rumbling drive-

line noise, which turned out to be a leaky transfer case that 

had gone dry and had destroyed itself internally. Th ey had 

driven the vehicle like this for a while, opting not to do any-

thing about it until the noise became more troubling. Th e 

initial complication came from the salvage yard; the first 

transfer case to arrive was the wrong one. We had already 

removed the old transfer case, which was quite a job, since 

the torsion bars and their crossmember had to be removed 

and not much of anything had been disassembled on this 

one for years. But we made it happen. And when the correct 

transfer case came in, it looked clean and dry and was the 

right part. So we popped it in, put everything back together, 

and pumped the requisite amount of Dexron II in there. We 

also replaced the output shaft seal on general principle. And 

then came the complication. We drove the vehicle and heard 

no noise, but when we looked underneath, the replacement 

transfer case seemed to be leaking the same way the original 

one had — between the case halves. So that one will have to 

come back out for a re-sealing. I guess we need to devise a 

method of pressure-testing it before we put it back in there.

This one kind of reminds me of a transmission swap we 

did on a four-wheel-drive Expedition a couple of years back 

that did famously for about a month and then came back 

with a cracked f lywheel. It was like having to do the whole 

job all over again.

On another note, a 1999 F150 came in with a ruined rear 

end due to failed pinion bearings (it had been driven that 

way for quite a while) and we snagged a replacement rear 

axle from the same salvage yard for five Ben Franklins. The 

brake backing plates were banged up on the salvage yard 

rear axle, and we had to swap and replace a lot of the brake 

parts to get the rear disk stoppers done right, but that job 

went like a song.

Ignition quickies — and a complication

There are two of these I’d like to share. One was a 2003 Su-

zuki XL-7 that came in for an exhaust leak. We found that 

somebody had started trying to cut the exhaust (to steal the 

cat, maybe?) but had decided to stop only partway through. 

After I fired up the torch and coat-hanger welded the ex-

haust leak shut (we don’t have a wire welder, although we 

should have, I guess), it became evident that the engine was 

skipping to beat the band. The driver hadn’t even noticed 

the skip! Rather than busting out the scan tool, I grabbed 

the GTC505 and rested its wand on the top of the coils until 

I found a high-firing voltage on one coil. The plug was new 

but greasy, and we popped a new plug in its place. It took 

about 30 seconds to locate a bad spark plug and another five 

minutes to replace it — and that skip was history. We also 

checked the compression on that cylinder and rechecked 

the spark pattern after replacing the plug. We cleared the 

codes with the Autel.

The second ignition quickie was on a 2009 Camry that 

had developed an engine skip on #1 and had tossed a primary 

ignition fault code for coil A. The problem was that, while 
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the skip had been dead and present 

for many a mile, it stopped happening 

about the time the Camry made it to 

the shop, which is, as we say, par for 

the course. 

Since the GTC 505 was just lying 

there in its open box after the other 

job, I grabbed it to see what the pattern 

looked like and found that the erstwhile 

misfiring coil’s pattern didn’t look out 

of line — of course, the engine was 

running smooth, too. Nevertheless, I 

ordered an aftermarket replacement 

coil from the parts store and installed it, 

along with a new set of plugs, because 

this one hadn’t had any and it was only 

a few miles early according to the main-

tenance schedule. It still ran smooth, 

but when I checked the new coil with 

the 505 I saw an astonishingly high 

voltage —about 90,000 volts.

I reinstalled the original coil and 

saw less than 20k, which was what the 

other three coils were reading. I called 

the parts store and had them send a 

different brand of coil, and when we in-

stalled that one the pattern was normal. 

Then the parts store manager told me 

that the manufacturer of the first coil 

had said that Japanese cars require a 

higher voltage coil and that we had pos-

sibly wound up with one of those — not 

sure what to make of that information, 

but oh well.

The lesson I gleaned from that 

Camry experience was that it’s wise to 

double-check after installing the new 

part — you know, trust but verify? It 

was a satisfying element of “verifying 

the repair” that went beyond a simple 

test drive. After replacing the coil the 

first time, the Camry was running so 

well that I would have had no reason 

to suspect foul play had I not done an 

after-check with the 505 just for grins. 

Both ignition jobs went a lot smoother 

and a lot quicker than they would have 

if we had used only a scan tool.

Then there was the Pontiac Power 

Loss issue — after we had exhausted 

scan tool diagnostics on that one, we 

screwed my homemade pressure test 

fitting into an upstream O
2
 sensor hole 

and found enough backpressure to 

condemn the cat. We replaced it with 

a Walker bolt-on replacement. It was a 

fitting end to a satisfying week. 
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Richard is now an auto 

mechanics instructor at 

LBW Community College/

MacArthur Campus in Opp, Ala.

rwm19@mail.com

Expert Management & Technical Training

The best thing you can do for your shop, and your career, is to keep 

building on what you already know. Keeping up-to-date is the best 

way to stay competitive!

Trade Show

Demos, specials on show floor products, and negotiating directly 

with Suppliers - this is your chance to see, test and compare the 

latest parts and equipment!

Networking & Socializing

The industry’s best are all under one roof: Suppliers, 

Speakers, Researchers, Instructors and fellow shop 

technicians!

TO REGISTER CALL: 1-800-428-8489
OR GO TO WWW.POWERTRAINEXPO.COM hosted by

ATRA’S 

POWERTRAIN EXPO 2018

OCT. 31ST - NOV. 3RD
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APG // AUTOMOTIVE PRODUCT GUIDE

SCAN TOOLS

Bosch ADS 325 and ADS 625 auto-

motive diagnostic scan tools offer ev-

erything technicians need to diagnose, 

research and repair vehicles in one 

solution. Bosch’s new diagnostic tools 

perform system scans, display data 

stream, special tests, bi-directional controls and display repair 

information, data stream and more. The tools are designed and 

tested by technicians, with technicians in mind, to diagnose the 

most complex vehicle issues for passenger cars and trucks.

WWW.BOSCHDIAGNOSTICS.COM/PRO/ADS

GRINDING WHEELS

Through the use of a unique 

core bonding technology, these 

grinding wheels last 2,000 

percent (20X) longer and 

outperform with far less sparks 

and odor than traditional grinding 

wheels. With three different cut-

ting areas on each wheel, they 

grind, cut and undercut, providing 

unmatched access and versatility for countless applications.

WWW.IPATOOLS.COM

BATTERIES

NAPA’s premium batteries help make sure 

trucks and cars get maximum starting pow-

er every time your customers turn the key. If 

customers are unsure whether their battery has what it takes to 

take the summer heat, test their battery to make sure it can be 

put to the test. And if it’s time for a replacement, let them know 

NAPA premium batteries come through with a heat-defeat-

ing design and NAPA Know How. Because when it comes to 

coasting through the dog days, our cstomers can depend on the 

starting power of NAPA The Legend Premium batteries.

WWW.NAPAONLINE.COM

WHEEL BALANCER

The Road Force® Elite from Hunter is the 

fastest diagnostic wheel balancer on the 

market and performs both a traditional bal-

ance and Road Force Measurement® in less 

time than it takes to complete a conventional 

balance. Hunter’s patented vision system de-

termines wheel dimensions and wheel runout 

measurements on the Road Force® Elite to save time, eliminate 

data entry errors, ensure accuracy and enhance ease-of-use. 

The vision system also completes a 3D scan of the wheel.

WWW.HUNTER.COM

SERPENTINE KIT

When it comes to the serpen-

tine system, the right repair is 

the complete one. The Gates 

Complete Serpentine Kit con-

tains all the parts you need in 

one box: belt, tensioner, even 

the pulley. They’re the parts 

that wear together, so we’ve 

packaged them together, easily sourced and ready for you to 

replace them together. Learn more at the below website.

WWW.GATES.COM/COMPLETEKITS

COOLING FANS

VDO Cooling Fan Assemblies 

come ready to install right out of 

the box. No assembly required. 

Every assembly is built to OE 

specs for vehicle-specifi c fi t, 

function, and cooling require-

ments. VDO Cooling Fans are built with all new components in 

ISO/TS certifi ed facilities and are manufactured to OE quality 

standards. The motors are designed to deliver quiet and cooler 

operation and longer life.

USA.VDO.COM

2018 AAPEX SHOW

The Automotive After-

market Products Expo 

(AAPEX) represents the 

$740 billion global auto-

motive aftermarket industry. 

In 2017, AAPEX featured 

more than 2,500 exhibitors, 

47,700 targeted buyers, and 40 AAPEXedu sessions. AAPEX 

2018 will be held October 30 - November 1, 2018 at the Sands 

Expo in Las Vegas. Register today:

WWW.AAPEXSHOW.COM/REGISTER

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 tech-

nology to improve durability, enhance performance and reduce 

vibration noise. For more information on quality Carquest parts, 

call your local Advance Auto Parts or Carquest delivery location.

WWW.CARQUEST.COM
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MARKETPLACE

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

60 Lesson-Vehicle Electronics Course

Now On-Line at this location

VEEJER ENTERPRISES, INC.

http://training.veejer.com

Print Out Lessons

Study at your own Pace

Lifetime Access 

for $249.00

www.veejer.com   972-276-9642

TRAINING

Electrical How-to-Book  

by Vince Fischelli (250 pages 

- 198 diagrams) $89.00

“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.

972-276-9642 | www.veejer.com
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WATCH MORE TODAY AT MOTORAGE.COM/AUG18TRAINER

I remember buying my fi rst IR (Infrared) 

temperature gun. I’ve used it to identify 

misfi ring cylinders, clogged condensers 

and a whole lot more. And when I fi rst 

saw a thermal imager applied to some 

common automotive troubleshooting 

challenges, all I could think of was, “Th is 

is an IR gun on steroids!”

At that time, though, the sources for 

thermal imaging cameras was limited 

to a few manufacturers and the cost 

of even a bargain-priced unit was 

way out of my reach. But now, there 

are a number of thermal imagers on 

the market and the price point has 

dropped significantly. Is it time to add 

one to your toolbox?

Whenever I considered adding a 

new tool to mine, I always asked my-

self if I really needed one. The rule of 

thumb I used was simple – if I had to 

borrow a tool from another tech more 

than three times over a month or so, I 

needed to add it to my own collection. 

Well, that didn’t happen here since no 

one else in the shop owned an imager! 

The second test was based on whether 

or not the tool would make me money. 

Would it make a job easier, and there-

fore faster, to perform? Would it make 

diagnosing common problems faster? 

Would it be a tool that I used on a more 

or less regular basis?

I think a thermal imager meets the 

second set of criteria.

Thermal imagers can be used to 

identify a variety of problems like mis-

firing cylinders, restricted cooling sys-

tem or air conditioning components, 

failed or failing bearings, and all of the 

other problems we used to use the 

IR gun for. But it can do more. It can 

also be used to identify the cause of 

parasitic drains, help locate electrical 

shorts or sources of voltage drop in a 

circuit. It makes testing heated compo-

nents quick and easy, from checking a 

heated seat grid to a defroster grid in 

the rear glass.

And it can do a lot more, limited only 

by your own imagination. 

In this edition of The Trainer, I’ll 

share some tips on the tool’s use and 

limitations and show you a variety of 

applications for which the tool can be 

utilized. After you’ve seen it, you may 

feel like I did — adding a thermal im-

ager to your toolbox can be a solid in-

vestment. 

SPEED UP YOUR DIAGNOSTICS WITH THERMAL IMAGING
THERMAL IMAGING CAMERAS HAVE BECOME MORE AFFORDABLE OVER THE LAST FEW YEARS. IF 

YOU’RE CONSIDERING ADDING ONE TO YOUR TOOLBOX, WATCH THIS MONTH’S TRAINER FIRST!

PETE MEIER // Technical Editor

MOTORAGE.COM/aug18trainer

SPONSORED BY



FIRSTCALLONLINE.COM

Visit our website for a complete, internet-based catalog designed exclusively for the Professional.

Let us be your Parts & Equipment Supplier

IGNITION WIRES
FROM ULTIMA SELECT & IMPORT DIRECT

A COMPLETE LINE OF

www.oreillyauto.com/professional-catalogs

AVAIL ABLE E XCLUSIVELY AT

REWARDS FOR PURCHASING & INSTALLING  

THE BRANDS YOU KNOW & TRUST 

FOR DETAILS VISIT FIRSTCALLONLINE.COM

ULTIMA SELECT  

PREMIUM IGNITION WIRES 
• Ignition wire sets are designed and produced by a 

leading supplier of OE ignition wire sets to the big three 
American automobile manufacturers

Ř� 2(�ƓW��IXQFWLRQ��SHUIRUPDQFH��DQG�FRORU
Ř� :LUH�VHWV�PHHW�RU�H[FHHG�2(�VSHFLƓFDWLRQV
Ř� 3UHPLXP�SUH�JUHDVHG�2(�VW\OH�ERRWV�HQVXUH�VHFXUH�ƓW�DQG�

moisture-tight seal
• OE type connector systems reduce installation time

IMPORT DIRECT  

IGNITION OE WIRES 
• Genuine Import Direct ignition OE wire sets provide the ultimate in 

import performance
Ř� 2(�2(6�FOLSV��ORRPV��VHSDUDWRUV��DQG�WUD\V�LQFOXGHG�ZKHUH�DSSOLFDEOH
• High temperature silicone jackets for maximum thermal protection
• OE approved conductive cores for maximum voltage



The Cooling Experts

Celebrating 20 years of supplying quality brands our customers know and trust.

20th ANNIVERSARY

worldpac.com/sd20  |  worldpac.ca/sd20

The First to Market 

OE eCatalog from 

20th ANNIVERSARY
                       Use speedDIAL® anytime, anywhere,  

                       for wholesale access to OE and 

                       quality aftermarket import 

                       and domestic automotive 

                       replacement parts.

 •  Over 40 Import and Domestic Car Lines

 •  Multiple Same-Day Delivery and 

    Overnight Shipping Options

 •  OE-Style Exploded Diagrams

 •  Fully Optimized for Tablets

 •  Vast Selection of More 

   than 900,000 Parts

 •  24/24 Standard 
   Parts Warranty

 •  VIN Scanner

speed ®

AN
NIVERSARY
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W
ith driver safety as the goal, Kia 

Motors America (KMA) recently 

announced a multi-year renewal 

of its partnership with B.R.A.K.E.S. (Be 

Responsible and Keep Everyone Safe). 

Th rough classroom instruction and hands-

on defensive driver training, Kia aims to 

reduce injuries and save lives by providing 

teens and their parents with the tools they 

need to be responsible behind the wheel. 

In 2018, B.R.A.K.E.S. is hosting 

training in cities around the country. A 

sampling includes Atlanta, Ga.; Cleve-

land, Ohio; Chicago, Ill.; Charlotte, N.C; 

Memphis, Tenn.; Orlando, Fla.; San Diego, 

Calif.; St. Louis, Mo.; Scottsdale, Ariz.; and 

many more. 

“Car crashes are the number-one cause 

of death among teens, but with Kia’s help, 

we know we’re making a diff erence,” said 

multi-time-Top-Fuel-drag-racing-cham-

pion-turned-road-safety-advocate Doug 

Herbert.  “It’s impossible to know exactly 

how many lives our schools have saved 

over the last 10 years – we have trained 

nearly 30,000 teens plus their parents – but 

even if it was only one life, it would all be 

worth it.  We’re grateful for the ongoing 

commitment and support from Kia, which 

enables us to continue making America’s 

roads safer for everyone.”

Kia serves as the Offi  cial Vehicle and a 

presenting sponsor of B.R.A.K.E.S.  Kia’s 

support helps B.R.A.K.E.S. off er free 

training for all attendees by off setting 

costs through a fi nancial donation and a 

44-vehicle fl eet, including Soul, Rio and 

Forte models.

“Kia Motors is committed to vehicle 

and road safety, and our partnership with 

B.R.A.K.E.S. is an important way for us to 

convert that commitment into action,” said 

Saad Chehab, Vice President, Marketing 

Communications, KMA.  “We congratulate 

the B.R.A.K.E.S. organization on a decade 

of saving lives and look forward to continu-

ing our collaboration for years to come.”

Advanced driver training

B.R.A.K.E.S. provides participating teens 

and their parents with free hands-on, 

advanced driver training program taught by 

professional instructors, including current 

and former members of law enforcement, 

professional racers and stunt drivers. Each 

school includes four hours of training, 

starting with a short, 45-minute classroom 

presentation followed by nearly three hours 

behind the wheel of new Kia vehicles. Th e 

program includes distracted driving aware-

ness, panic braking, drop-wheel/off -road 

recovery, crash avoidance and car control/

skid recovery – all among the biggest causes 

of crashes for new drivers.  

For safety’s sake, please encourage your 

customers and their family members, as 

well as your family members, to attend one 

of the classes. Anyone wanting to register 

for a class or see the upcoming schedule 

can visit www.putonthebrakes.org/2018-

notifi cation-list.

Kia Motors America, Inc.

All trademarks and tradenames are the property of their 

respective owners. 2019 Optima shown with optional 

features. Not all optional features available on all trims. 

Some features may vary. Expected availability fall 2018.

VOL. 13 | NO. 2  SUMMER 2018 | Quality Connection is published by Kia Motors America

When a hydraulic
rack won’t track
A needed alignment or something 
more serious?

Here comes the sun
This repair will help correct a slow 

closing and/or noisy sunroof

Calming chain chatter
Timing chain tensioner replacement 
may be needed for CVVT assembly

124 8

A partnership for safety
We team up again with B.R.A.K.E.S. to provide driver training 
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Our View

A fl eet of Kia vehicles are used 

for hands-on driver training 

events across the U.S.



If it’s not in  

the right box,  

it’s not genuine.

*Genuine Kia replacement parts (except battery) sold by Authorized Kia Dealer under warranty are covered for the greater of (1) the 
duration of the New Vehicle Limited Warranty or (2) the first 12 months from the date of installation or 12,000 miles, whichever comes 
first. Labor charges not included when not installed by an Authorized Kia Dealer. Warranty is limited. See Kia’s Replacement Parts and 
Accessories Limited Warranty for further details.

From headlights to tail lights, bumpers to fenders and hoods, 

there is no substitute for genuine. The only way to assure 

that you are getting Genuine Kia parts, backed by the Kia 

Warranty, is to order them from your local Authorized Kia 

Dealer. Contact your local Kia dealer for assistance and 

delivery of the parts you need.

Kia.com
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Here comes the sun

Model Production Range

Sorento (UMa) October 27, 2014 to January 23, 2016

AFFECTED VEHICLE PRODUCTION RANGE

This repair will correct 
a slow closing and/or 
noisy sunroof

You may encounter some 

2016MY Sorento (UMa) vehicles 

produced from October 27, 2014 

through January 23, 2016 that exhibit a 

slow-to-close panoramic sunroof and/

or an abnormal noise when closing 

it. To help remedy either occurrence, 

follow the procedure in this article 

to clean, lubricate and replace the 

rear tilt levers.  

Body/Collision
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Service Procedure 

1. Inspect the operation of the panoramic sunroof and confi rm 

the customer’s concern before conducting this repair. 

Notice: If the sunroof is inoperative, proceed to normal 

diagnosis, and once corrected, inspect for the “slow-to-close” 

and/or “abnormal noise when closing” concern, and apply the 

information in this article as necessary. 
 

2. With the panoramic sunroof roller blind retracted, carefully 

remove the accordion covers (A) on the right and left  side. 

3. Using a T25 Torx® socket, remove the four screws (B) on the 

right and left  side. 

Caution: Use caution not to scratch or damage the glass during 

removal of the screws.

2

3

Part Name Part Number Quantity Figure Comments

Lubricant 81685 C5000FFF 1
This specifi c lubricant must be used. 

One container covers 30 vehicles.

Acid Brush N/A 1 Sourced locally

Tilt Lever

81651 C5000 (LH) 1

N/A

81652 C5000 (RH) 1

REQUIRED PARTS

1
A

BB
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4. With the assistance of another person, remove the panoramic 

sunroof glass by sliding the glass towards the front of the vehicle 

until the sliders are out of the tracks (C). 

Caution: Use caution not to scratch, dent or damage the glass 

during removal. 

5. Lay the glass on a soft , fl at, protected surface with the tilt 

levers (D) facing up. 

6. Using an 8mm socket, remove the nuts securing the tilt levers 

on both sides (E). Replace the tilt levers with new parts and 

tighten the nuts to the specifi ed torque. 

Tightening torque:

35.4 ~ 53.1 in.ft  (4 ~ 6 N.m) 

7. Lightly coat the tilt lever shoes (F) using the lubricant speci-

fi ed in the “Required Parts Chart” on page 9.

Caution: Failure to use the lubricant specifi ed in the 

“Required Part” chart may result in an ineff ective 

or repeat repair. 

Do not use Kia Dampening Grease (P/N UM011-CHA052), 

as it is not compatible with the grease used by the factory. 

8. Using a non-marring trim panel tool and a clean shop 

towel, clean the rear guide rails (G) on both sides until there 

are no foreign materials present on the rag. 

Caution: Use a non-marring trim removal tool (Such as 

Snap-on® Part Number PBN5 or equivalent) to avoid 

damaging roof seals. 

Failure to thoroughly remove any old grease or foreign 

material from the guides may result in an ineff ective 

or repeat repair. 

7

8

4

5

6

C

D

E

F

G

Body/Collision
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10

9

9. Using a clean brush, apply a suffi  cient amount of the speci-

fi ed lubricant to the entire length of both rear tracks (H). 

(Approx.15 grams of lubricant per track) 

10. With the assistance of another person, carefully reinstall 

the panoramic sunroof glass by inserting the tilt levers into the 

guide rail (I). Th oroughly clean the excess lubricant from the 

panoramic sunroof. 

Notice: Ensure the glass and all other components contacted 

while performing this procedure are clean. 

11 Function-test the operation of the panoramic sunroof, 

confi rming the customer’s concern is corrected, and that the 

one-touch open/close is functioning. 

Notice: If the one-touch open/close is not functioning, follow 

the reset procedure found in the next column under the 

“Panoramic Sunroof Reset Procedure.”  

Panoramic Sunroof Reset Procedure

1. Turn the ignition key to the ON position, and then 

close the panoramic sunroof completely and release 

the switch. 

2. Press and hold the CLOSE button (J) for 10-15 

seconds until the sunroof fully closes then retracts 

slightly. The sunroof operates as follows: 

BLIND OPEN A GLASS TILT 

Release the switch.

Perform step 3 within 5 seconds. 

3. Press and hold the CLOSE button until the sun-

roof glass operates as follows: 

GLASS CLOSE A OPEN A CLOSE 

Release the switch. 

4. Verify operation of the sunroof to confi rm reset 

procedure is successful. 

»TSBs may be updated from time to time. Please refer to 

TSB BOD125 at www.kiatechinfo.com for the latest procedures.

»All images are for illustration purposes only.

H

I

J
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Calming chain chatter
Timing chain tensioner replacement may be needed for CVVT assembly

Mechanical

A brief chattering or rattling noise from 

the engine on start-up — after a cold 

soak — may be evident for some 2014~16MY 

Cadenza (VG), produced from February 1, 

2013 through January 7, 2016, and some 

2014~2015MY Sorento (XMa) vehicles, 

produced from December 17, 2012 through 

December 11, 2014. If so, the timing chain 

tensioner may need to be replaced. This article 

addresses the replacement process.  

Model Production Date Range

Cadenza (VG) From February 1, 2013 through January 7, 2016

Sorento (XMa) From December 17, 2012 through December 11, 2014
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Model Part Name Part Number Figure

Cadenza 
(VG)

Timing Chain Tensioner 24410 3CGA2

Sorento
(XMa)

Timing Chain Tensioner 24410 3CGA2

Intake CVVT

Previous Part Number

24350 3CGA0

New Part Number

Check the part number (A) 
engraved in the metal to 

identify the previous type and 
new one.24350 3CGA1

REQUIRED PARTS

»TSBs may be updated from time to time. Please refer to 

TSB ENG148 at www.kiatechinfo.com for the latest procedures.

»All images are for illustration purposes only.

Related Parts Part Name Comments

Gasket - Rocker Cover

Refer to your local 

Kia dealer

Gasket - Rocker Cover

Gasket - Outlet, LH

Gasket - Outlet, RH

Gasket -ETC Actuator

Gasket - Water Pump, RH Metal

Gasket - Water Pump, LH Rubber

Gasket - Surge Tank

A



2
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Service Procedure

Notice: Th is Service procedure should only be performed 

on engine bank 2 (LH), as shown. 

1. Refer to the “Engine Mechanical System → Timing 

System → Timing Chain” section in the applicable Workshop 

Manual at KiaTechInfo.com, to install the improved timing 

chain tensioner. 

2. For XMa vehicles, confi rm that the latest intake CVVT 

is installed by referencing the part number. 

Refer to the “Engine Mechanical System → Cylinder Head 

Assembly → CVVT & Camshaft ” section in the applicable 

Workshop Manual at KiaTechInfo.com, to replace the 

intake CVVT. 

Notice: Torque the intake CVVT retaining bolt with hand 

tools and a torque wrench. Do not use power/air tools. 

Tightening torque:

47.4 - 56.4 lb∙ft  (64.7 - 76.5 Nm) 

3. Once proper tensioner installation has been completed, 

reinstall all removed components by reversing the order of 

removal. 

4. Aft er confi rming proper engine oil and coolant levels, 

start the engine and verify the rattle concern has been 

resolved.  

Mechanical

1

Bank 1 (RH) Bank 2 (LH)

Be prepared with all the information 
you need to service it

Just sign up at www.KiaTechInfo.com, log in and pull 
up thousands of pages of documents, including:

▶ Service manual data

▶   Technical Service Bulletin data and 
other related materials

▶  Scan tool, reprogramming tools

▶  Technical training materials

And don’t forget to use Genuine Kia Parts to 

keep Genuine Kia customers coming back.

GOT A KIA ON THE LIFT?
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