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INDUSTRY NEWS

Service repair industry faces skills gap

THERE’S MORE 
ONLINE:

SNAP-ON ADDS DIAGNOSTIC 

QUICK-TIP TRAINING VIDEOS 

TO SITE AND YOUTUBE 

CHANNEL

Snap-on has recently added four 
new Diagnostic Quick Tips 
training videos to its website and 
YouTube channel to help 
professional technicians speed 
up their diagnostic capabilities. 
The free videos provide training 
in an easy-to-watch format so 
technicians can use their 
Snap-on diagnostic tools to 
address specifi c problems on a 
vehicle.

»» MOTORAGE.COM/SNAPONVID

YANG TO HOST 2016 

LEADERSHIP CONFERENCE

The Young Auto Care Network 
Group (YANG) of the Auto Care 
Association is hosting a 
leadership conference May 6-7 in 
Bonita Springs, Fla. The 
conference provides seven hours 
of education to enhance 
leadership skills, sharpen global 
perspectives of the auto care 
industry and develop 
relationhships with peers.

»» MOTORAGE.COM/YANG2016

NEW REQUIREMENT COMING 

FOR ASE MASTER TRUCK 

TECHNICIANS

In response to changing Federal 
tracking and reporting standards, 
as well as industry requests, The 
National Institute for Automotive 
Service Excellence (ASE) will be 
adding the Preventative 
Maintenance and Inspection 
(PMI) test (Test T8) to the 
requirements for ASE Master 
Truck Technicians. The new 
requirement will take effect on 
Jan. 1, 2017.

»» MOTORAGE.COM/MASTERTRUCK

INDUSTRY NEWS

Photo: Lincoln Tech

Vehicles are becoming increasingly com-

plex, and America needs a new generation 

of skilled, trained technicians to service 

these vehicles. But the skills of auto repair 

technicians are failing to keep up. And data 

shows that the sector is facing demands 

from both growth and the retirement of 

current technicians. The Association of 

Private Sector Colleges and Universities 

took a look at the skills gap currently fac-

ing the automotive industry.

The country’s growing dependence 

on automotive technology means the 

demand for highly skilled auto and die-

sel truck technicians will continue to rise. 

The Bureau of Labor Statistics projects 

that employment in the automotive repair 

sector will increase 9 percent from 2012 

to 2022; and diesel mechanic demand will 

grow by 12 percent. One report projects 

that we could witness 120,000 new job 

opportunities in the transportation techni-

cian sector over this decade.

However, service managers have said 

that lagging investment in vocational and 

industrial arts programs has led to a short-

age of skilled technicians at dealerships 

and repair shops around the country.

Tom Cooper, owner of Phoenix-based 

Desert Fleet-Serv, told the Phoenix 

Business Journal that the “single biggest 

challenge to growth is to find, hire and 

train and get enough technicians going.”

Quality vocational programs will there-

fore be essential to ensure that America’s 

workforce is equipped with the skills they 

need for a successful future. 

“In our 70 years of training technicians, 

we cannot remember a time when the 

industry had a greater demand for our stu-

dents. We are seeing an increasing num-

ber of employers offering signing bonuses, 

tuition assistance and enhanced benefits 

packages to attract the top graduates,” 

said Scott Shaw, CEO and President, 

Lincoln Educational Services. “While many 

high schools and colleges have either 

eliminated or downsized their hands-on 

training options, Lincoln Tech has contin-

ued to expand and enhance our programs 

to provide employers with career-ready 

employees. Lincoln specializes in hands-

on automotive and diesel training, which 

allows us to provide our students with real-

world facilities and equipment that come 

directly from the companies we support.”

The retiring population, coupled with 

estimates of an increased need for auto-

motive and diesel technicians will create 

a huge shortage of qualified technicians,” 

said Brad Kuykendall, CEO, Western 

Technical College. It’s vital that schools 

and employers work hand in hand to 

provide top-notch training to a sufficient 

number of graduates to keep up with the  

market demand.” 
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THERE are an awful lot of 

things we do well 

in the automotive 

repair industry as we provide the 

critical service of keeping our custom-

ers’ cars safe and reliable. A signifi-

cant challenge to all of us, certainly 

those among us who are shop owners 

and service mangers, is creating and 

maintaining open lines of communica-

tion with our staff members. There 

is nobody who is in a better position 

to deliver on our goals and expecta-

tions toward success than our staff 

members, but far too often we leave 

them out of the discussion on where 

we are and where we want to be, 

with the very real impact of our day-

to-day performance being way out 

of sync with what we are trying to 

achieve. It is not entirely surprising 

that most shops and shop owners are 

falling short of their expectations and 

performing well below where their 

goals demand.

With the dozens of shop owners and 

service managers I have worked with 

over the years, the No. 1 complaint I 

hear is that employees are not doing 

the things they are supposed to be 

doing or not doing them as manage-

ment or ownership wants them done. 

This is often used as the immediate 

explanation or excuse as to why the 

shop is falling short on its sales goal 

or why tech productivity is low.

Most of these same owners and 

service managers are shocked when 

I tell them that the No. 1 complaint 

I get from both service advisors and 

technicians is that nobody has ever 

talked to them about what is expected 

of them or laid out their goals. In other 

words, a great many of us involved in 

the managing of our shops are run-

ning around angry and frustrated 

because our staff members are not 

doing the things we want, causing 

us to miss our goals. At the same 

time, our service advisors and techni-

cians are running around angry and 

frustrated because they have no idea 

what our expectations are, do no not 

know what our goals are and have 

no idea how to gauge success in our 

shops because we have never defined 

it. Not to understate the obvious and 

devastating impact of all this, but it 

would seem that “what we have here 

is a failure to communicate,” as spo-

WITHOUT DIAGLOGUE IT’S IMPOSSIBLE 
FOR YOUR TEAM TO KNOW AND MEET THEIR GOALS

COMMUNICATE 
EXPECTATIONS

Ô MANAGEMENT

BY BRIAN CANNING | CONTRIBUTING EDITOR
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ken by Strother Martin in 1967’s Cool 

Hand Luke.

Our role as leaders is to get our 

people to do the things we want them 

to do, in the way that we want them 

done. It is as simple (or as complicat-

ed) as that. When our staff members 

are consistently falling short of our 

expectations and consistently fall-

ing short of the goals we have set, in 

most cases it is a failure of leadership. 

Now I know that it is much easier and 

loads more convenient to blame that 

lazy technician out in the third bay 

or that incompetent service advisor, 

but before we make that assumption 

maybe it is time, or past time, to look 

at the message and the messenger 

and not assume that every staff mem-

ber we have suddenly got lazy or just 

as suddenly began purposely working 

to be unsuccessful.

Several years ago I was working 

with a great shop owner in Boulder, 

Colo., and the two of us were trying 

to understand why his production 

numbers were consistently below 

what we saw as reasonable and eas-

ily achievable, given the talented ser-

vice advisors and technicians he had 

on staff. This was a good crew from 

end to end, but a crew that seemed to 

be constantly under-achieving given 

the market, the reliable car count we 

were seeing and the amount of expe-

rience represented both on the coun-

ter and out in the bays. It just didn’t 

make sense!

I arrived at the shop early on a 

Monday morning and did nothing 

more than watch for four hours and 

saw nothing that gave me the slight-

est pause in the operation; if anything, 

the shop ran like a machine with ser-

vice advisors meeting and greeting 

customers and talking about pending 

services and the technicians being 

thorough and consistent in checking 

out the cars they were seeing, will-

ingly using a comprehensive checklist 

on virtually every car that came in the 

shop. This was a shop very obviously 

doing a lot of things right.

In the end, I simply had a sit-down 

with the individual service advisors 

and technicians and asked them 

point blank why they thought we, 

as a shop, were consistently miss-

ing our production goals. Suffice 

it to say that after each and every 

staff member (both service advisors 

and technicians) got over the confu-

sion of my use of the word “goal” it 

became painfully obvious that this 

extraordinary, highly motivated crew 

had never heard the word “goal.” 

They never had an idea of what was 

expected from them beyond being to 

work on time and were never in any 

way aware that there was anything 

wrong with what they were doing. 

They were reasonably successful 

because of the talent, knowledge 

and experience they carried into 

work each day, but they never hit the 

goals the shop owner had set up in 

his business plan for the very simple 

reason that they never knew they 

had goals and never knew what was 

expected. Sad and disappointing, to 

say the least! 

After a rather intense — and I would 

even say painful — series of meetings 

and discussions with the shop owner 

and his service manager, we did noth-

ing more or less than communicate 

existing sales, profitability and car 

count goals for the service advisors, 

and existing production goals (billed 

hours per week and efficiency) for 

the technicians. Things are never this 

black and white, and our intention had 

been to follow this up with additional 

measures to drive these numbers, but 

almost overnight we went from tech 

productivity (efficiency) numbers in 

the vicinity of 70 percent to numbers 

topping 110 percent and billed hours 

that had been averaging 124 hours per 

week between 3.5 technicians to 173 

billed hours between 4 technicians. We 

set up weekly meetings to review shop 

performance between staff members 

and the service manager and a similar 

monthly meeting with the shop owner.

Another important aspect in all of 

this was setting up time at each meet-

ing dedicated to feedback, encourag-

ing suggestions and comments on 

how we might do things better. It 

was amazing, especially with staff 

members who had been with us for 

years, to suddenly discover they had 

a voice and that somebody (the shop 

owner and the service manager) was 

listening. Ownership and accountabil-

ity come out of these types of inter-

actions and the change in this crew 

was amazing to see. Everyone and 

everything at this shop has benefit-

ted from the enhanced efforts toward 

communication. Great two-way com-

munication has proven to be a key. 

Very clearly defining our expec-

tations for our staff members has 

transformed this shop and for more 

than three years now, we have not 

only achieved our production goals, 

but have far exceeded them. Simple 

efforts to define our expectations and 

communicate them consistently with 

our staff has transformed our labor 

operation and therefore (with parts 

sales following labor sales) our total 

operation. This shop owner is finally 

living his dream.

There is nothing like clear and 

open lines of communication to deliv-

er on that success you have always 

dreamed of. The secret is letting 

them know what you want, learning 

to listen and leading them in the right 

direction. 

Brian Canning is a 30-year veteran of the automotive 
repair industry. He has been a leadership coach, Goodyear 
service manager, retail sales manager for a distributor, 
run a large fleet operation and headed a large multi-
state sales territory for an independent manufacturer 
of automotive parts.

  Email Brian at brimarc@hotmail.com

BRIAN 
CANNING
CONTRIBUTING 
EDITOR

“Simple efforts to define 
expectations for our 
staff can transform a 
shop. Simple efforts 
to define expectations 
and communicate them 
consistently with staff can 
transform a labor operation 
and therefore a total 
operation.” 
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HOW DO YOUR NUMBERS LINE UP?Ô PROFIT MATTERS

Photos: Thinkstock

AS I  reflect on the topic of find-

ing the right people, I am 

reminded of something that 

happened to a guy that I know. He was 

the district manager for a chain of video 

stores back in 2005. He had one store 

in particular that was staffed with the 

following four positions: store manager, 

assistant manager, shift leader and 

salesperson. Let’s listen to Coach Eric 

Twiggs tell the story:

One day, the district manager had 

to fire the shift leader for violating 

the dress code policy and for consis-

tent tardiness. This set off a negative 

series of events at this location. The 

assistant manager was close friends 

with the shift leader and gave his two 

weeks’ notice when he got the news. 

The store manager was so upset that 

his assistant was quitting that he 

decided to quit as well. The salesper-

son got word that the manager was 

leaving and didn’t bother showing 

up for work the following Monday. 

The district manager was stuck in the 

store with no employees. He was stuck 

working in the business instead of on 

it, spending most of the next three 

months opening and closing the store. 

This story has an interesting twist 

that I have yet to mention. The “guy” 

that I refer to was me. When this first 

happened, I placed all the blame on bad 

luck. How was I supposed to know that 

everyone would quit?

Then one day I looked in the mir-

ror and came to the realization that 

there are two types of bad luck. First, 

there is random bad luck that eventu-

ally happens to everyone who owns or 

manages a business. A good person 

leaving for reasons beyond your con-

trol would be an example. Then there is 

residual bad luck that occurs when you 

don’t take the necessary steps to pre-

pare for the random misfortune that’s 

coming. Since I didn’t take the steps to 

prepare for the worst-case scenario, I 

was to blame. I was stuck, and it was 

my fault. My primary goal for writing 

this article is to make sure you don’t 

become the victim of the bad breaks 

that come from the failure to prepare.

After taking ownership of my fail-

ure, I was able to move forward. I 

started reading a book by Jim Collins 

titled Good to Great. There is a chap-

ter in the book titled “First Who, Then 

What.” Collins points out that great 

leaders approach business situations 

by first ensuring they have the right 

people in place. He uses the analogy 

of a bus, stating that these leaders get 

the right people on the bus, the wrong 

ones off the bus, and the right people 

in the right seats. As you read on, you 

will learn my three-step plan that will 

help you to find the right people for 

your “bus,” better known as the shop. 

1. Anticipate the need

Anticipation is like playing chess as 

opposed to playing checkers. The 

chess player thinks two to three moves 

ahead compared to the checkers play-

er who is only focused on the move in 

front of him or her. Which game are 

you playing?

Most shop owners are playing check-

ers when it comes to finding help. 

Their recruitment efforts don’t begin 

until they have an immediate open-

ing. The problem with this approach 

is that you tend to be more desperate 

and less discerning when attempting 

ARE YOU PLAYING 
CHECKERS OR CHESS? 
ANTICIPATE YOUR SHOP’S NEED FOR FUTURE TECHNICIANS AND SERVICE ADVISORS
BY CHRIS “CHUBBY” FREDERICK | CONTRIBUTING EDITOR
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to fill a pressing need. Think about it: 

if you have a backlog of cars and angry 

customers, your natural instinct is to 

hire the first “warm body” that can get 

you caught up. Hiring the first warm 

body is easy, but the damage that “Mr. 

Warm Body” can do to your reputation 

is hard to recover from.

Having a written succession plan 

where you identify who on your pres-

ent team can fill a future opening is 

a great example of playing chess. 

Implementing an apprentice program 

where you mentor and groom an 

entry-level technician over a speci-

fied period of time is another way to 

do it. The best way to play chess is 

to always be recruiting regardless of 

your current staffing levels. French 

general Napoleon Bonaparte said it 

best: “A leader has the right to be 

beaten, but never the right to be sur-

prised.” The result of anticipating the 

need is that you will feel prepared 

instead of surprised when a good per-

son decides to leave.

2. Specify the job

Clarity is the starting point of success. 

In other words, the clearer you are on 

who you are looking for and how much 

you are willing to pay, the better your 

chances of finding the right person. 

Let’s start with who you’re looking for.

Do you have a written job descrip-

tion for every job at your shop? This 

will give you a picture of who you’re 

looking for and help to attract can-

didates that fit the description. For 

example, when looking for a service 

writer, I find it best to look for individ-

uals who have the right attitude and 

personality instead of just automotive 

experience. Some of the best service 

writers that I have ever worked with 

had no prior automotive background, 

but had friendly personalities that 

were complemented by successful 

sales and customer service experience. 

If I hadn’t taken the time to get clear 

on who I was looking for, I might have 

passed on the right candidate without 

realizing it. It’s hard to find the right 

person if you don’t have a clear picture 

of what “right” means to you.

Next we will address what to pay. 

There are several websites that allow 

you access to local wage surveys by 

typing in the name of the job that you 

are hiring for and your zip code. Two 

of my favorites are simplyhired.com 

and salary.com. These types of sites 

will give you information concerning 

what the average person in that job 

is making in your area. Having an 

awareness of the market wages and 

knowing what you can afford to pay 

will help you to create a compensation 

plan that is fair for both you and the 

candidate. If you have questions on 

what you can afford to pay, I recom-

mend partnering with your accountant 

or business coach.

3. Build a candidate pool

In 2008 I was a multiunit district 

manager for a national automotive 

service corporation. I had learned the 

lesson from my failures in the video 

store business, so in spite of being 

fully staffed, I let my managers know 

that we were always hiring. Since I 

had already anticipated my needs 

and specified the jobs, I was ready 

to build a candidate pool. I started by 

implementing a referral bonus pro-

gram that rewarded employees for 

referring people that they had worked 

with in previous jobs. I extended this 

bonus opportunity to my vendors 

as well. Signs were posted at the 

counters of each location advertis-

ing my career opportunities. I also 

used recruitment websites such as 

indeed.com and ziprecruiter.com to 

post openings. One of the candidates 

who was referred was a young man 

named William.

William was the best service man-

ager in the market, and I called and 

met with him several times over a 

six-month span. He always declined 

my offer saying that he was happy 

where he was working and uninter-

ested in changing jobs. Everything 

changed one day, when he called me 

out of the blue letting me know that 

he was now ready to join my team. 

This was perfect timing, because I 

had just lost a manager unexpectedly 

in a shop that was five minutes away 

from William’s house. I hired him and 

continued working on, instead of in, 

the business. 

When I began pursuing William, I 

didn’t have an immediate opening. As 

a result of anticipating the need, speci-

fying the job and building a candidate 

pool, I avoided becoming the victim of 

the residual bad luck that comes from 

not being prepared.

If you commit to implementing these 

three steps, you will position yourself 

to stop working in the business and to 

start working on your dream. Are you 

doing everything you can to find the 

right people? To find out, go to www.

ationlinetraining.com/2016-03 for a lim-

ited time and download the ATI Great 

People Finder Checklist.  

CHRIS  
“CHUBBY”  
FREDERICK
CONTRIBUTOR

Chris “Chubby” Frederick is the CEO and founder of 
the Automotive Training Institute. ATI’s 115 associ-
ates train and coach more than 1,400 shop owners 
every week across North America to drive profits and 
dreams home to their families. Our associates love 
helping shop owners who are having the same struggle 
as many of them have had, and who are looking for 
the same answers — and in some cases looking for a 
lifeline. This month’s article was written with the help 
of Coach Eric Twiggs.

  E-mail Chubby at cfrederick@autotraining.net
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I HAVE been listening to the 

“tone” of voices with-

in the industry, and I 

surmise many shop owners have given 

into the traditional beginning-of-the-

year winter blues. It is okay to pause, 

but not to sit down and stare at what 

you feel is wrong. It is time to show 

your inner management strength and 

rise above what the traditional after-

market seemingly embraces. 

Let’s create clarity to make 2016 

an exceptional year, which it will be 

when your self discipline to execute is 

in check each and every day.

It is this time of the year when you 

can become very effective at manag-

ing the company. The first quarter of 

the year is a great time to really focus 

and get down to reviewing the details 

of the business.  

Here is a short checklist you can aim 

to tackle by the end of March. Spend 

some time on each topic and ensure it 

is fully completed. Look at the extreme 

detail, not just an overview. Leave no 

stone unturned.

1). Do an individual employee review 

listing the strengths each employee 

brings to the company. Revisit the 

vision of where and how the company 

is moving forward. Update the text of 

the business three-year plan so it can 

be properly reviewed with each team 

member and so they understand how 

they fit into the vision. 

Write out a list of what training the 

company is going to be investing into 

each employee this year to assist the 

FOCUS ON DETAILS
THE BEGINNING OF THE YEAR IS A TIME TO PULL TEAM AND SHOP PROCESSES TOGETHER
BY BOB GREENWOOD | CONTRIBUTING EDITOR

Ô FINANCIAL FIGURES
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employee to better themselves, which 

in turn assists the employee to move 

forward in his or her career. Make sure 

this is a positive, upbeat, one-on-one 

meeting.

2) Review the internal processes 

specifically to ensure that ALL steps 

are tight and being followed by every-

one to complete the circle as to what 

is required for proper shop process 

execution. Every position is involved 

in the business processes from the 

front counter to the back shop to the 

business office. Complement indi-

vidual employees in the areas where 

they are executing the processes well. 

Share with them where and how they 

can improve, and show them your con-

fidence that they can improve where 

required. Remember, if your business 

is not steady and you still have peaks 

and valleys in your sales, somewhere 

the processes are not being followed. 

Fix that.

3) Sit down and make detailed 

notes regarding your supplier rela-

tionship. Schedule a morning meet-

ing with your supplier to review your 

joint strengths, what is working well 

and discuss together where improve-

ments can be made in the relationship 

so each of you can move forward this 

year. Bring solutions to the table that 

you believe will work for both of you. 

Don’t demand; discuss. Remember, 

in a good business relationship, it is 

a two-way street, so ensure you are 

looking at it from both sides of the 

table. It always must be a win/win 

relationship and strategy or it will not 

pass the test of time. 

 4) Review and update your monthly 

financial productivity objectives. Break 

them down into daily and weekly 

objectives and review them with the 

entire staff together, discussing them 

in the context of operating as a team. 

Make sure each staff member under-

stands the billed hour objective per 

repair order, the daily, weekly and 

monthly objective of total billed labor 

dollars the shop requires and the site 

efficiency percentage objective work-

ing as a team. Again, ensure this is a 

positive, upbeat meeting.

Opportunity is knocking hard this 

year, telling you that 2016 is the year 

for your business to really pull ahead. 

Don’t waste this time. It is a great 

opportunity to pull the team and the 

shop processes together, which then 

sets the tone for how the entire year 

is going to turn out. It’s the detail that 

counts. It will be your actions, not just 

words that will define this year for you 

and your company. Behavior never lies. 

Make it happen!! 

BOB
GREENWOOD
CONTRIBUTING
EDITOR
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HOW DO I motivate my 

employees to do 

what I expect?

That question takes many different 

forms, from the best training programs 

for your service advisors, to building 

company culture, to offering bonuses 

and salary raises.

There’s one trick that can accomplish 

all three: an incentive pay plan. 

The right pay plan can empower your 

employees to improve their own perfor-

mance, while at the same time take own-

ership over the success of the business. 

Easier said than done. Over the 

years, I’ve seen just about every pay 

plan known to business. Most of them 

don’t work, because most of them focus 

solely on the money. 

Don’t get me wrong, that is clearly a 

crucial part — you need to find the right 

pay plan to motivate your employees 

without cutting into your bottom line. But 

a raise, regular bonus, or slightly higher 

hourly rate doesn’t give them a reason to 

keep working harder year round.

So set aside everything you think you 

know about pay plans and think about 

what you really want. Learn how to 

stop micromanaging, improve morale, 

increase sales, and build a culture of 

success in your shop. 

Stop micromanaging

Done right, an incentive-based pay plan 

does three things: 1) it trains your team 

to act exactly the way you want them 

to act; 2) it holds them accountable; 

and 3) it motivates them to do better 

and keep improving.

With the right system in place, 

employees can track their own results 

to know if they are winning. It doesn’t 

require a manager watching over their 

shoulder to make sure they are doing 

what you need them to be doing. That 

incentive is hanging above them all 

the time. 

That being the case, the pay plan 

should be clear and easy to understand. 

OFFER THE RIGHT 
MOTIVATION
INCENTIVIZE YOUR STAFF TO MEET YOUR EXPECTATIONS AND CREATE A CULTURE OF SUCCESS
BY DAVID ROGERS | CONTRIBUTING EDITOR

Ô MANAGEMENT
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I’ve seen some incentive-based pay 

plans with so many tiers that the 

tech doesn’t know how much his 

paycheck will be until he takes it to 

the bank. Those kinds of plans cause 

discomfort, stress and unhappy 

employees.

If a tech understands how he is 

going to get paid and if he’s won or 

lost every day, he has a huge motiva-

tion to win. That means meeting and 

exceeding his goals. 

Incentives can be used to encour-

age the behavior you want — higher 

average repair order, parts gross profit, 

percentage of sales, and so on. With the 

right structure, your pay plan can posi-

tively affect key benchmarks that will 

help grow your entire shop.

Increase sales

What is it that you want your techni-

cians to do? You want them to fill your 

pipeline. 

The pipeline for your shop runs 

from the street to your front counter 

to the tech to the advisor to follow up 

and back again. Every car that comes 

into your bays is an opportunity to fill 

your pipeline with more sales. How? 

Thorough inspections.

You want your technicians to per-

form thorough, honest inspections with 

good write-ups. They need to find work 

they can do in the lube bay, find work 

they can refer to technicians and find 

work for the service advisors to educate 

the customer about. 

The customer might not say “yes” 

to every service you recommend, but 

that work flows right back into your 

pipeline. If your technicians are doing 

a good job finding work and your advi-

sors are properly educating about the 

value of the service, the customer will 

be back. 

The problem is that most techni-

cians see inspections as a waste of 

time. Why would they want to spend 

valuable time checking a car instead of 

performing the billable work that gets 

them paid? 

Done poorly, an incentive-based pay 

plan can encourage what we all know 

to be “pencil whipping.” Technicians 

will chose to rush through inspections 

to check off boxes instead of perform-

ing the thorough inspection you need 

to fill the pipeline.

Done well, an incentive-based pay 

plan reinforces the value of thorough 

inspections. It means training and 

educating your employees about the 

benefits to them, but then it gives 

them the measurable goals to track 

their own results and take home a big-

ger paycheck. 

It’s worth noting that this measure-

ment and tracking can be a pain to 

administer. 

Improve morale

Incentive-based pay plans can go 

wrong very quickly. If techs have so 

many hoops to jump through to meet 

the goal, your incentive-based pay plan 

can actually become a disincentive. 

I’ve seen it play out enough times 

to know that you don’t want disin-

centives built into the pay plan. If the 

technician or advisor doesn’t hit the 

target, their commission is already 

lower. When there is an added disin-

centive built into the plan, it becomes 

a double whammy and it only spirals 

down from there.

Goals need to be achievable in 

order to be effective. If the employee 

has no chance of meeting the goal, 

morale takes a hit. They have no rea-

son to even try because they know 

they can’t win. 

The best pay plans are never all or 

nothing. They have components in 

place so every employee has an oppor-

tunity to win even during a tough time.

In good times, they win even big-

ger! The goals give them a reason to 

strive harder, push the limits, improve 

their own efficiency and innovate to 

find new and better ways to beat their 

personal best.

Here’s a secret: they can do better. 

Even the super-star techs and stellar 

service advisors can improve. That’s 

the beauty of the incentive-based pay 

plan — there are more ways to win!

Culture of success

Incentive-based pay plans take the suc-

cess of the shop as a whole and put it 

inside every individual employee. The 

success of the business is no longer a 

big, looming uncontrollable factor, but 

a controllable and personal goal. Every 

employee has ownership of the success 

of the business.

In my time consulting repair shops, 

I’ve gotten to know a lot of technicians 

and service advisors. Every single one 

is competitive by nature. They are 

driven, organized and want to succeed.

The beauty of an incentive-based 

pay plan is that it turns that compe-

tition inward, compelling each indi-

vidual to find new ways to beat their 

personal best. 

Every employee has targets to hit. 

They have everything they need to 

know if they are winning, so they will 

work hard to make that bonus.

When your entire team is working 

towards personal improvement, the 

company thrives. One tech will find a 

slightly faster way to perform a ser-

vice and share with the other techs 

in the bays. They will learn the best 

ways to multi-task to squeeze more 

billable hours into every hour worked. 

Productivity will go up.

With the high value placed on 

inspections, the shop’s pipeline will 

start to fill. Service advisors will have 

the information they need to educate 

your customers. Technicians will stay 

busy in the bays. Customer trust and 

loyalty grows when they know their car 

is checked out right and they can trust 

your recommendations.

I can’t tell you exactly what your pay 

plan should look like because every 

shop is unique (and because labor laws 

are different in every state). I would 

have to sit down with you person-

ally, review your numbers, meet your 

employees and learn your business. But 

I can tell you what the right incentives 

look like in practice.

It looks like happier employees, hap-

pier customers and happier owners. 

It looks like a bigger pipeline, bigger 

paychecks and bigger bank accounts. 

Incentive-based pay plans are more 

than the rules on how to pay your 

employees; it’s your blueprint to build-

ing a culture of success. 

DAVID
ROGERS
CONTRIBUTING 
EDITOR

David Rogers is chief operating offi cer of Keller Bros. 
Inc., president of Auto Profi t Masters, and creator of the 
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  E-mail David at contact@autoprofi tmasters.com
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Photos: Lake Arbor Automotive & Truck

ToPoel also always abides by his man-

tra: “do the right thing for you [the 

customer], every time.” 

After working at various tire stores 

and dealerships, in 1992 ToPoel bought 

his own facility, a failing emissions 

testing business prosaically called The 

Emissions Clinic. Taking advantage of 

the clean air initiatives being encour-

aged throughout the state of Colorado 

and his home city of Denver, ToPoel 

expanded the shop’s capabilities from 

mere testing to repair, becoming an 

expert on making cars run clean. He 

was so successful that he eventually 

became an advisor to the state. 

“Back then we were out of attain-

ment on carbon monoxide,” ToPoel re-

calls. “And before the days of OBDII 

they were having trouble with people 

being able to accurately diagnose and 

repair cars. My success rate was very 

high, like twice the volume of the next 

best shop. So I worked with (Colorado) 

to develop their protocols for an accu-

rate diagnosis.”

Demand for his expertise proved a 

double-edged sword however; by 1995, 

dissemination of his protocols meant 

that The Emissions Clinic was out of 

the gasoline vehicle testing business. 

“You can either keep being against 

them or you can fi nd out how to help 

them,” he rationalized. “I joined forces 

and said ‘ok, let’s participate in the IRA 

book, let’s get some training, let’s do 

the best we can to make lemonade,’ 

and I managed to do just that.”

Seeing the writing on the wall, 

ToPoel began a year-long marketing 

campaign to shift customer focus from 

testing to repair. “The emissions pro-

gram is changing, but I’m your guy,” he 

would say. “If you have any trouble with 

this emission test, i.e. should you fail 

it, here’s my card, here’s where to fi nd 

me, here’s what the new system is likely 

going to look like. I actually printed out 

maps showing them how to get to the 

shop. The following year I was able to 

mitigate 100 percent of my emissions 

testing loss with emissions repair.” 

The switch to the more serenely 

named Lake Arbor Automotive & Truck 

Keeping 
core values
Shop aims to fi rst do the right thing, 

then worry about profi ts

BY ROBERT BRAVENDER  |  CONTRIBUTING EDITOR

A
change in name and business model doesn’t neces-
sitate an alteration in attitude. For one, Lake Arbor 
Automotive & Truck is still owned by founder Dana 
ToPoel — ever dedicated to enviornmental and com-

munity concerns.

A snapshot of one of the industry’s leading shops
LAKE ARBOR AUTOMOTIVE & TRUCK/ 
WESTMINSTER, COLO.
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www.facebook.com/
lakearborauto
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NAPA Auto Care Center, 
Bosch Diesel Service Center, 

RepairPal Top Shop, AAA, 
ASA, BBB, ASE, ADS, North 

Metro Chamber of 
Commerce 

Shop affi liations
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occurred when the business moved to 

its current address in 2006. “There 

were still a lot of people who couldn’t 

get past the notion of us being an emis-

sions clinic,” ToPoel acknowledges. 

“I had been looking for a building 

to buy for a long time,” he continues. 

“Everything at the old shop said ‘no’ 

— very uninviting. It was in an indus-

trial building with a metal door; we 

were about 300 feet off the road on a 

long dirt driveway that led through a 

big barbed-wire fence. So when I 

moved into this place, I wanted it to 

say ‘yes’ — a nice glass front, nice 

landscaping; when you walk into the 

front entry, it needed to not just be a 

wood counter with an old piston for 

an ashtray, but granite countertops, 

parquet floors. I found this place in 

2005; we started remodeling and 

moved in November 2006. And since 

I was moving 2.8 miles north, that was 

the time to change the name.”

Naturally there was some loss of 

clientele. “Some people didn’t find me 

till five years later,” says ToPoel. “But 

I had spent an enormous amount of 

money; I sent the entire customer base 

letters, so a lot of them got it and the 

20 percent of the customer base that 

provides 80 percent of our work 

followed.” 

Of course there was another rea-

son for this retention: ToPoel’s man-

tra. Admittedly, always keeping the 

best interest of the customer upper-

most in mind can sometimes cost mon-

ey “on the day,” but pays dividends 

forward.

“We don’t shout out that we’re hon-

est, fair, accountable and trustwor-

thy,” notes ToPoel. “All of these words 

are overused in marketing. My phi-

losophy is to quietly go about the busi-

ness of doing the right thing, so I set 

up an account called DTRT, Do The 

Right Thing, and I actually keep track 

of it. I’ve empowered both of my ser-

vice advisors on the front counter to 

make that judgement call — if this 

doesn’t feel right, it probably isn’t. 

Any time anything goes wrong, we 

make a misdiagnosis or the repair 

failed for some reason, like say a trans-

mission with a 12-month warranty 

fails after 13 months, we make things 

right for the customer.” 

They have continued this mantra 

quietly but noteworthy, as Lake Arbor 

has won numerous ethics awards from 

local and national organizations, in-

cluding the BBB’s prestigious Torch 

Award for Marketplace Trust in 2010. 

This in turn caught the eye of an eth-

ics professor at the Jesuit-run Regis 

University in Denver, who invited 

ToPoel  to be a reg u lar g uest 

speaker. 

“He gives me the whole 50 min-

utes, two classes each semester, four 

classes per year, and lets me do it any 

way that I want,” ToPoel reports. 

“Most of the students want to go out 

and be self-employed by starting or 

running a business. My agenda is to 

give them some real-world examples, 

what some of the temptations look like 

and how to pass them up, because in 

the end it really pays.

“One of the lines I use is, ‘Do you 

ever think that you’re doing the right 

thing, but then found you were do-

ing the wrong thing?’ The answer is 

yes; you can’t do the right thing all 

the time. But when was the last time 

anyone thought they were doing the 

wrong thing and later found out that 

it was the right thing? Never. You 

just need to create a culture within 

your organization to do the right 

thing. Instead of working to make a 

profit and then maybe doing the right 

thing, it needs to be the other way 

around. If you get caught doing the 

right thing, even when no one’s look-

ing, word gets out.” 

ROBERT 
BRAVENDER
CONTRIBUTING 
EDITOR

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.

  Email Robert at rbravender@comcast.net
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TRAINING

BY CHRIS CHESNEY | 
CONTRIBUTING EDITOR

T
raining your team must be a 

dedicated effort to provide the 

best customer service pos-

sible. How? Ensuring you are ready 

to successfully tackle any problem 

that comes in the door before it ar-

rives. This journey will focus on the 

critical elements of becoming service

ready with a deep dive into training 

and how your shop’s commitment to 

an ongoing training program for your 

team is the lynch pin to your success.

Focus on creating a detailed action 

plan and standards of performance 

that will allow you to incorporate 

an ongoing education plan your en-

tire organization can commit to with 

confi dence. A solid training plan will 

make your team more effi cient, ef-

fective and create an environment 

where staff enjoy coming to work be-

cause the stress level is reduced. But 

fi rst, we need to understand what 

the typical training plan looks like in 

today’s automotive shop. 

The vast majority of shops today 

have no training plan and no commit-

ment to training whatsoever. In fact, 

if their techs attend training, it is usu-

ally the result of a training organiza-

tion or parts supplier reaching out to 

sell a class in their market. Or a prod-

uct supplier offering free training and 

a slice of pizza to give your team in-

sight into the benefi ts of their specifi c 

product without discussion around 

theory, operation and diagnosis. The 

value in all these training platforms 

varies. However, there are some very 

good quality training courses offered 

by organizations with skilled instruc-

tors that have your teams’ education 

interests in mind. 

The issue our industry faces is the 

tremendous lack of commitment — 

by you as a shop owner and by your 

team as valued partners in your busi-

ness — to even the “good” programs.

Commitment: It works both ways
As a shop owner, you must commit to 

yourself and your team that creating a 

structured, ongoing training program 

has value to the organization and your 

customers. And if right now you don’t 

believe that enabling your team with 

new skills that position them to be 

ready to service your customers’ needs 

has value, stay tuned. Second, you 

must gain commitment from your team 

by setting standards of performance 

for training in your organization. 

Let’s take a look at a couple of com-

mon statements made by shop owners 

who either aren’t committed to or can’t 

gain the commitment from their team. 

“I don’t send my techs to training 

because if I do they’ll leave and go 

somewhere else to work.” 

The fear of training and losing 

your team is a warning sign that 

there are other issues with your busi-

ness model that warrant discussion. 

Understanding the goals of each of 

your teammates is core to engag-

ing them as team members, rather 

than employees who come and go. 

Most owners who would agree with 

the above comment have little to 

no idea what is important to their 

teammates. What they’ll fi nd — if 

they simply ask — is security, stabil-

ity, personal growth, time with fam-

ily and a sense of accomplishment 

and recognition are usually ranked 

above money. Sure, money becomes 

a topic in cases where a conversation 

hasn’t occurred and understanding 

isn’t sought. If you have the belief 

that training will cause your team 

members to leave, please heed the 

words of workplace guru Zig Ziglar: 

“The only thing worse than training 

employees and losing them is to not 

train them and keep them.”

“I can’t get my technicians to attend 

training” is the most common state-

ment I hear from shop owners who 

want to invest in growing their team’s 

TRAINING TAKES DEDICATION 
AND ACTION FROM ALL
Our industry is challenged with a lack of commitment to training, which must be changed

COMMITMENT TO TRAINING SUPPORTERS
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MARCH 16-18
● ATI Super Conference 2016; 

Omni Amelia Island Plantation 
Resort

Amelia Island, Florida

MARCH 18-20
● ASA Northwest Automotive 

Training Expo (ATE); 
Doubletree 

Seattle, Washington

MARCH 19
● TST Big Event; Ramada Inn
Fishkill, New York

MAY 12-14
● Mitchell 1 Shop Management 

Workshop; Hotel Solamar
San Diego, California

MAY 14
● Automechanika Chicago — LIVE 

Training Event;
Washtenaw Community College

Ann Arbor, Michigan

AUGUST 9-13
● 2016 NACE/CARS Expo;

Anaheim Convention Center
Anaheim, California

TRAINING EVENTS

“I SEE SOME COOL INTERACTION STUFF. I’M GETTING 
READY TO DO THE [AXALTA AND GFS] PAINT BOOTH 
RIGHT NOW, AND THAT’S PRETTY COOL.”  
—TERRY TREND, AMC 2015 ATTENDEE 1 6

MONTHS

0 3
WEEKS

COUNTDOWN TO AMC 2017

Encourage your 
techs to grow

How to use current as a 
troubleshooting aid

Choosing the right team 
for shop success

Simple steps to engage 
your waiting customers 

MotorAge.com/TechGrowth MotorAge.com/CurrentAid MotorAge.com/Team MotorAge.com/WaitingRoom

[ WATCH AND LEARN ]

skills but have no control of their busi-

ness. This statement is a warning 

fl ag. Maybe shop owners aren’t hiring 

the right attitude or aren’t onboarding 

their team correctly. In any case, the 

owner has lost control. 

Our industry deals with extremely 

technical issues on a daily basis, yet 

we are the most uneducated indus-

try of its type. We have no standards 

that determine what is a good or bad 

repair. We have no standard that en-

sures consistent performance. Con-

sider the scary thought that anyone 

with a technical vocabulary and a 

tool box can get a job as an automo-

tive technician. And consider that 

the same technician can someday 

decide to open their own business 

without meeting any standards be-

yond a business license or insurance. 

We as an industry have fought 

against establishing standards for 

ourselves in order to retain our inde-

pendence. But it is that very lack of 

standards that creates the percep-

tion of incompetence and untrust-

worthiness we fi ght every day. Be an 

active participant in creating stan-

dards of performance for your own 

business and team. 

If you can’t get your techs to attend 

training, you either have not set stan-

dards of performance for your com-

pany or have not communicated those 

standards to your team. If you want 

to ensure your technicians stay cur-

rent with new technologies, they will 

need to attend 40-48 hours of training 

a year. If you determine a standard 

and arrange to provide your team with 

access via a quality program that vis-

its your market on a regular basis, you 

still aren’t done. You must also com-

municate this standard to every team-

mate and any new teammate that you 

hire. Gain your team’s agreement and 

commitment that as part of their em-

ployment they will attend every event 

you prescribe for them. Now you’ve set 

a standard instead of a goal. 

Commitment from your team is 

achieved when your team agrees 

with, and agrees to meet, your stan-

dards. Commitment also comes 

when your team understands the 

consequences of not meeting a stan-

dard. A commitment to training is no 

different than expecting your team 

to come to work every day. 

CHRIS 
CHESNEY
CONTRIBUTING 
EDITOR

Chris Chesney has more than 40 years of technical 
training experience in the automotive aftermarket 
and currently serves as Senior Director of Customer 
Training for CARQUEST Technical Institute (CTI) and 
Advance Professional. Chesney received his ASE cer-
tifi cations in 1972 and has led thousands of technician 
trainings across North America.

  Email Chris at Chris.Chesney@carquest.com
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INSIDE COMMON

A
utomotive industry veterans 

have witnessed incredible 

technological change over the 

past three decades. It all start-

ed in the mid-80s with the 

electronic revolution, which only gained 

momentum over time and has changed 

everything we thought we knew about 

cars. If you’ve made your living in the 

automotive field that long, hats off to 

you because you are indeed a resilient 

and persevering individual!

Alvin Toffler wrote about this 

dynamic in his book Future Shock, 

which he published in 1970. Toffler 

said “the illiterate of the 21st century 

will not be those who cannot read and 

write, but those who cannot learn, 

unlearn and relearn.” Anyone who is 

still in the automotive game after 30 

years has indeed learned, unlearned 

and relearned many times during his 

or her career. Based on Toffler’s defini-

tion, an automotive illiterate will have 

a very short shelf life. 

Diesel technicians have been expe-

riencing their own private “Future 

Shock” in recent years, as major chang-

es in EPA regulations have led to a 

revolution in diesel engine technology. 

Diesels were once renowned for noise 

and black smoke, which endeared them 

to their fans, but turned the stomachs 

of the general public. Emissions regula-

tions played a primary role in putting 

an end to all that, but another signifi-

cant factor was making the technology 

more palatable to the non-believer in an 

effort to increase market share.

Of course, gasoline engines have 

been evolving as well, but the big pic-

ture is that gasoline and diesel engine 

MAJOR CHANGES IN EMISSIONS REQUIREMENTS MEANS 
MAJOR CHANGES IN DIESEL TECHNOLOGY

Ô UNDERCAR

RAIL INJECTION

BY TONY MARTIN | CONTRIBUTING EDITOR

The second generation 6.7 liter Power Stroke diesel uses HPCR injection, helping it meet strict EPA emission control regulations.
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technologies are merging. They are 

using similar electronic controls and 

onboard diagnostics monitoring, mak-

ing it easier for drivability technicians 

to make the transition to diesel service. 

Higher compression ratios and direct 

injection are now common among gaso-

line engines, while diesels are lowering 

their compression ratios and utilizing 

fuel systems that seem to have drawn 

inspiration from their gasoline cousins.

Meeting the latest diesel emission 

control regulations would not have 

been possible without a completely new 

approach in fuel system design. While 

the earlier hydromechanical systems 

were certainly reliable, a new level of 

precision was required that could only 

be achieved with computer control of 

individual injectors. Beyond that, injec-

tion pressures were going to have to be 

exponentially higher to achieve atomiza-

tion and combustion chamber penetra-

tion targets. This narrowed the field 

of possible candidates to a select few, 

with the eventual winner being high-

pressure common rail (HPCR) injection.

The way we were

While Rudolf Diesel did the lion’s share 

of the development work on the engine 

that bears his name, he was never able 

to make his design work properly dur-

ing his lifetime. It wasn’t until Robert 

Bosch built the first practical injec-

tion system that the diesel engine 

gained credibility. During the ensuing 

decades, Bosch’s original pump-line-

nozzle design lived on with incremen-

tal improvements, enabling the diesel 

engine to become the workhorse of the 

industrial world.

The basic idea with any diesel 

injection system is to meter a pre-

cise quantity of atomized fuel into the 

engine’s combustion chamber at the 

right time. Diesel engines are known 

as compression-ignition (CI) engines, 

meaning they utilize the heat of com-

pression to ignite the fuel as opposed 

to a spark plug. Fresh air fills the 

cylinder during the piston’s intake 

stroke, and then rises in temperature 

during the compression stroke. As the 

piston approaches top-dead-center 

(TDC), diesel fuel is injected into the 

superheated air. The fuel ignites after 

a short delay period, and the flame 

spreads through the air-fuel charge, 

releasing a tremendous amount of heat 

energy. This causes a rapid expansion 

of combustion gases, which forces the 

piston down on the power stroke. 

Early injection system designs could 

make all this happen, with some severe 

limitations:

1.  The fuel could only be injected 

in one pulse.

2.  Fuel pressures were low (around 

3,000 psi), resulting in larger fuel drop-

lets that were poorly distributed.

What actually burns during combus-

tion is vaporized fuel mixed with air. 

When diesel fuel enters the combustion 

chamber, it doesn’t ignite right away 

because the fuel droplets take time 

to absorb heat as they change from a 

liquid to a gas. This phenomenon is 

known as ignition delay, which is the 

period between when the fuel is first 

injected and when it actually ignites. 

A large volume of fuel will have a lon-

ger ignition delay time because it takes 

that much more heat for it to vaporize. 

For the same reasons, large fuel drop-

lets caused by low injection pressures 

will also cause increased ignition delay.

Longer ignition delay time is only a 

bad thing. This is because the injected 

fuel continues to mix with the swirl-

Bosch completed the development of HPCR injection for mass production. 

They went on to release the design for passenger cars in 1997.

High pressure common rail diesel injection has a great deal in common with 

gasoline direct injection systems.



T
h

e
 

b
e

s
t
 

u
s

e
 

t
h

e
 

b
e

s
t
. 

T
h

a
t
’s

 
w

h
y

 
f
o

r
 

5
0

 
s

t
r
a

ig
h

t
 

y
e

a
r
s

 
e

v
e

r
y

 
s

in
g

le
 

N
A

S
C

A
R

®
 

c
h

a
m

p
io

n
 

h
a

s
 

t
r
u

s
t
e

d
 
M

O
O

G
®

 
p

a
r
t
s

 
t
o

 
g

e
t
 

t
h

e
m

 
t
o

 
t
h

e
 

t
o

p
. 

A
s

 
t
h

e
 

O
f
f
ic

ia
l 

S
t
e

e
r
in

g
 

&
 

S
u

s
p

e
n

s
io

n
 

o
f
 

N
A

S
C

A
R

, 
w

e
 

c
o

n
t
in

u
o

u
s

ly
 

w
o

r
k

 
t
o

 
s

u
r
p

a
s

s
 

t
h

e
 

h
a

r
d

-
d

r
iv

e
n

 
p

e
r
f
o

r
m

a
n

c
e

 
s

t
a

n
d

a
r
d

s
 

w
e

’v
e

 
e

s
t
a

b
li

s
h

e
d

 
–

 
f
o

r
 

t
h

e
 

r
a

c
e

s
 

a
n

d
 

t
h

e
 

r
o

a
d

s
 

a
h

e
a

d
.

w
w

w
.
M

O
O

G
P

a
r
t
s

.
c

o
m

©
2

0
1
6
 F

e
d

e
ra

l-
M

o
g

u
l 
M

o
to

rp
a
rt

s
 C

o
rp

o
ra

ti
o

n
. 

N
A

S
C

A
R

 i
s
 a

 r
e
g

is
te

re
d

 t
ra

d
e
m

a
rk

 o
f 

N
A

S
C

A
R

, 
In

c
. 

M
O

O
G

 i
s
 a

 t
ra

d
e
m

a
rk

 o
w

n
e
d

 b
y
 F

e
d

e
ra

l-
M

o
g

u
l 

C
o

rp
o

ra
ti
o

n
, 

o
r 

o
n
e
 o

r 
m

o
re

 o
f 

it
s
 s

u
b

s
id

ia
ri
e
s
, 

in
 o

n
e
 o

r 
m

o
re

 c
o

u
n
tr

ie
s
. 

A
ll 

o
th

e
r 

tr
a
d

e
m

a
rk

s
 a

re
 o

w
n
e
d

 b
y
 t

h
e
ir
 r

e
s
p

e
c
ti
v
e
 o

w
n

e
rs

. 
A

ll 
ri
g

h
ts

 r
e
s
e
rv

e
d

.

1
9

6
6

 D
a

v
i

d
 

P
e

a
r

s
o

n
1

9
6

7
 R

i
c

h
a

r
d

 
P

e
t

t
y

1
9

6
8

 D
a

v
i

d
 

P
e

a
r

s
o

n
1

9
6

9
 D

a
v

i
d

 
P

e
a

r
s

o
n

1
9

7
0

 B
o

b
b

y
 

I
s

a
a

c
1

9
7

1
 R

i
c

h
a

r
d

 
P

e
t

t
y

1
9

7
3

 B
e

n
n

y
 

P
a

r
s

o
n

s
1

9
7

4
 R

i
c

h
a

r
d

 
P

e
t

t
y

1
9

7
5

 R
i

c
h

a
r

d
 

P
e

t
t

y
1

9
7

6
 C

a
l

e
 

Y
a

r
b

o
r

o
u

g
h

1
9

7
7

 C
a

l
e

 
Y

a
r

b
o

r
o

u
g

h
1

9
7

2
 R

i
c

h
a

r
d

 
P

e
t

t
y

1
9

8
0

 D
a

l
e

 
E

a
r

n
h

a
r

d
t

1
9

8
1

 D
a

r
r

e
l

l
 

W
a

l
t

r
i

p
1

9
8

2
 D

a
r

r
e

l
l

 
W

a
l

t
r

i
p

1
9

8
3

 B
o

b
b

y
 

A
l

l
i

s
o

n
1

9
8

4
 T

e
r

r
y

 
L

a
b

o
n

t
e

1
9

7
8

 C
a

l
e

 
Y

a
r

b
o

r
o

u
g

h
1

9
7

9
 R

i
c

h
a

r
d

 
P

e
t

t
y

1
9

8
7

 D
a

l
e

 
E

a
r

n
h

a
r

d
t

1
9

8
8

 B
i

l
l

 
E

l
l

i
o

t
t

1
9

8
9

 R
u

s
t

y
 

W
a

l
l

a
c

e
1

9
9

0
 D

a
l

e
 

E
a

r
n

h
a

r
d

t
1

9
8

5
 D

a
r

r
e

l
l

 
W

a
l

t
r

i
p

1
9

8
6

 D
a

l
e

 
E

a
r

n
h

a
r

d
t

1
9

9
4

 D
a

l
e

 
E

a
r

n
h

a
r

d
t

1
9

9
5

 J
e

f
f

 
G

o
r

d
o

n
1

9
9

6
 T

e
r

r
y

 
L

a
b

o
n

t
e

1
9

9
1

 D
a

l
e

 
E

a
r

n
h

a
r

d
t

1
9

9
2

 A
l

a
n

 
K

u
l

w
i

c
k

i
1

9
9

3
 D

a
l

e
 

E
a

r
n

h
a

r
d

t

1
9

9
7

 J
e

f
f

 
G

o
r

d
o

n
1

9
9

8
 J

e
f

f
 

G
o

r
d

o
n

1
9

9
9

 D
a

l
e

 
J

a
r

r
e

t
t

2
0

0
0

 B
o

b
b

y
 

L
a

b
o

n
t

e
2

0
0

2
 T

o
n

y
 

S
t

e
w

a
r

t
2

0
0

3
 M

a
t

t
 

K
e

n
s

e
t

h
2

0
0

1
 J

e
f

f
 

G
o

r
d

o
n

2
0

0
4

 K
u

r
t

 
B

u
s

c
h

2
0

0
5

 T
o

n
y

 
S

t
e

w
a

r
t

2
0

0
6

 J
i

m
m

i
e

 
J

o
h

n
s

o
n

2
0

0
7

 J
i

m
m

i
e

 
J

o
h

n
s

o
n

2
0

0
8

 J
i

m
m

i
e

 
J

o
h

n
s

o
n

2
0

0
9

 J
i

m
m

i
e

 
J

o
h

n
s

o
n

2
0

1
0

 J
i

m
m

i
e

 
J

o
h

n
s

o
n

2
0

1
1

 T
o

n
y

 
S

t
e

w
a

r
t

2
0

1
2

 B
r

a
d

 
K

e
s

e
l

o
w

s
k

i
2

0
1

5
 K

y
l

e
 

B
u

s
c

h
2

0
1

3
 J

i
m

m
i

e
 

J
o

h
n

s
o

n
2

0
1

4
 K

e
v

i
n

 
H

a
r

v
i

c
k



30  MARCH 2016  MotorAge.Com  

TECHNOLOGY Ô UNDERCAR

P
h

o
to

: 
In

n
o

v
a

ti
v
e
 P

ro
d

u
c

ts
 o

f 
A

m
e

ri
c

a

ing air as the piston rises, and when it 

finally does ignite, it burns very rapidly 

and builds uncontrolled pressure in the 

combustion chamber. This results in 

the familiar combustion “knock” that 

diesels were known for, along with 

increased NOx emissions due to higher 

combustion chamber temperatures.

Injection system design is critical 

to diesel emission control. Instead of 

injecting all the fuel at once, why not 

control the combustion process by 

breaking it up into several pulses? And 

what about creating smaller fuel drop-

lets and distributing them better by 

increasing injection pressures? This is 

where high-pressure common rail injec-

tion systems shine. 

How it works

High-pressure common rail (HPCR) 

injection systems are simple in 

design, bearing a striking resem-

blance to gasoline port fuel injec-

tion. A low-pressure pump transfers 

diesel fuel from the vehicle tank to 

the filter/water separator assembly. 

Clean, water-free fuel is then sent to 

the high-pressure pump, which sup-

plies pressurized fuel to the common 

rail. Current HPCR systems are capa-

ble of pressurizing fuel up to 29,000 

psi (2000 bar). Each HPCR injector 

is attached to the common rail by a 

high-pressure line and is electroni-

cally controlled by the engine con-

trol module (ECM). The injectors are 

located in the engine cylinder head 

and inject fuel directly into the com-

bustion chamber when commanded 

by the ECM. Return fuel is sent back 

to the tank from the injectors, the 

common rail, as well as the high-

pressure pump.

The HPCR injector is operated by 

an electric actuator, either a solenoid 

or piezo crystal stack. While piezo 

injectors have faster response times 

and take up less room, they are signif-

icantly more expensive and thus are 

less common. The solenoid controls 

the nozzle needle indirectly by bleed-

ing pressure above the control plung-

er and allowing fuel pressure to lift 

the nozzle off its seat. Fuel is forced 

through the holes in the nozzle and is 

atomized as it enters the combustion 

chamber. When the solenoid is turned 

off, it closes the bleed orifice and fuel 

pressure increases the force on top 

of the plunger, causing it to push the 

nozzle needle closed.  Current injector 

designs are capable of delivering up 

to eight separate injections during a 

single combustion cycle.

The ECM continually adjusts the 

pressure in the common rail based on 

engine operating conditions. With most 

HPCR systems, the fuel pressure is con-

trolled using the fuel quantity solenoid 

(FQS) on the high-pressure pump in 

tandem with the fuel pressure control 

solenoid located on the common rail. 

The FQS meters fuel into the high-pres-

sure elements inside the high-pressure 

pump; more fuel yields higher pres-

sure. The fuel pressure control solenoid 

raises pressure by limiting the amount 

of fuel being bled to the return line from 

the common rail. The ECM sends pulse 

width modulated (PWM) signals to the 

FQS and the fuel pressure control sole-

noid, typically calling for higher pres-

sures when the engine is starting or is 

under load.

The fuel system’s water separator 

is not always easily accessible. 

Regardless, be sure to drain the 

water separator often. Don’t wait 

for the WIF light to illuminate!

This is an HPCR injector removed 

from a Ford 6.4 liter Power Stroke. 

Note the rubber cap over the open 

fuel fitting, limiting the possibility of 

contamination.

Specialty tools are available to 

clean the injector bore when 

changing out an HPCR injector.

WHY MULTIPLE INJECTIONS?

Injecting all of the fuel at once for a 

given combustion cycle has severe dis-

advantages. HPCR systems can break 

these events up into multiple pulses to 

enable a whole new level of control over 

the combustion process. This capability 

reduces engine noise and emissions, 

and increases fuel economy and torque 

output. Beyond that, diesel emission 

aftertreatment systems also rely on the 

flexibility of HPCR to function properly.

An HPCR fuel injection event starts with 

pilot injection. Think of this as being 

similar to starting a fire with kindling as 

opposed to trying to light an entire log. 

Pilot injection is a small amount of fuel 

that doesn’t take a lot of heat energy to 

vaporize. This ignites easily (very short 

delay period) and prepares the combus-

tion chamber for the main injection. The 

heat energy generated by pilot injection 

serves to reduce the ignition delay for 

the main injection, which produces the 

majority of the engine’s power. Both the 

pilot and main injection events can be 

further broken into multiple pulses, the 

idea being to exercise precise control 

over the pressure rise in the cylinder 

in order to reduce engine noise and 

improve overall engine performance.

Once the main injection has taken place, 

the final step is post injection. These are 

small amounts of fuel that are used as a 

“chaser” of sorts to help clean up remain-

ing unburned fuel. A late-post injection 

can be used during the piston’s exhaust 

stroke to send unburned fuel into the die-

sel oxidation catalyst. The purpose of this 

is to heat up the exhaust gases, which 

can initiate regeneration of a diesel par-

ticulate filter (DPF) or warm up a selective 

catalytic reduction (SCR) catalyst.







The feedback loop is achieved 

through the use of a fuel rail pres-

sure sensor located on the common 

rail. The ECM determines the fuel 

pressure set point based on sen-

sor inputs, then commands the FQS 

and fuel pressure control solenoids 

accordingly. The fuel rail pressure 

sensor reports the actual reading, 

which gives the ECM a point of ref-

erence for adjustment purposes. A 

significant difference between the 

set point and the actual fuel pres-

sure could lead to drivability prob-

lems and possible diagnostic trouble 

codes (DTCs).

Current HPCR systems are capa-

ble of fuel trim corrections similar to 

gasoline engine long-term fuel trim 

(LTFT). Each cylinder’s contribution 

is measured using speed signals from 

the crankshaft position sensor (CKP), 

and the ECM adds or subtracts fuel 

to individual cylinders to smooth out 

engine operation. These values (+ or 

-) are viewed using a scan tool, and 

can aid the technician in locating 

weak or misfiring engine cylinders.

Service concerns

Fuel cleanliness is the No. 1 service 

issue with HPCR injection systems. 

The moving parts in the injectors and 

the high-pressure pump have extreme-

ly tight fits, and thus have almost zero 

tolerance for contaminants in the fuel. 

Make sure to perform regular fuel fil-

ter changes, and use OEM filters for 

best results. When replacing a fuel 

filter element, be sure to install it dry 

and then prime the system using the 

manual primer or the vehicle’s electric 

fuel pump. In some cases, you can get 

the electric pump to run for an extended 

period by bumping the starter. If all else 

fails, use a scan tool to command the 

fuel pump on and run it for a couple min-

utes to purge the air from the system.

Even if you don’t change the fuel fil-

ters during a customer visit, do them a 

favor and drain any accumulated water 

from the water separator. Some folks 

wait for the water-in-fuel (WIF) light 

to turn on before they drain the water 

separator. This is a mistake because 

WIF circuits can be less than reliable 

and water is deadly to an HPCR sys-

tem! Be sure to advise your customers 

to buy their fuel at a station that sells 

lots of diesel. If the fuel system ingests 

water, you can probably count on thou-

sands of dollars in repairs.

Locating a misfiring cylinder on older 

diesels was as simple as loosening an 

The correction code is located on 

the body of the HPCR injector and 

must be programmed into the ECM 

for the specific cylinder in which 

the injector is being installed.

Presented by the Automotive Service Association in partnership with the Alliance of Automobile Manufacturers and its twelve member companies.

Find comprehensive OEM repair and service information, programming software, 

training resources, and complete factory scan tool access 24/7.

Paid for by the Alliance of Automobile Manufacturers
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oerepairinfo.com
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injection line and listening for a change 

in engine RPM. If no change was noted, 

you had found your bad cylinder. DO 

NOT use this technique on an HPCR 

diesel! There are two reasons for this. 

First, opening a high-pressure line with 

the engine running will only result in 

lowering the pressure for all the injec-

tors, completely defeating the purpose 

of the test. Second, HPCR system pres-

sures are dangerously high and could 

easily result in blood poisoning if your 

hands are anywhere near the loosened 

injection line. The best way to detect 

leaks in the high-pressure side of the 

system is to trace around the lines 

using a piece of thin cardboard.

The common rail setpoint and actual 

fuel pressure PIDs are extremely valu-

able for drivability diagnostics. For 

instance, a technician tasked with 

diagnosing a no-start condition can 

use a scan tool to watch the actual fuel 

pressure PID while the engine is crank-

ing. A typical HPCR engine requires at 

least 1,740 psi (120 bar) to start, so a 

fuel pressure reading lower than that 

would explain the no-start condition. 

There are two primary reasons for low 

fuel pressure in the common rail:

1.  weak fuel delivery on the low-

pressure side, or 

2.  fuel leakage on the high-pressure 

side of the system

A visual inspection will determine 

if the vehicle is out of fuel. Can you 

hear the in-tank fuel pump running? 

Do a fuel pressure check on the supply 

side of the system to narrow down the 

cause of the no start. On the high side, 

fuel return flow will tell you a bunch. 

It is possible for individual injectors to 

suffer internal leakage severe enough 

to keep an engine from starting. Some 

HPCR engines have kits available for 

measuring return fuel from individual 

injectors, which can help diagnose all 

sorts of drivability concerns. As men-

tioned earlier, fuel trim values for each 

cylinder can also be a huge help.

If you do have to change one or more 

injectors, be sure to clean the injector 

bore thoroughly with a brush made 

for that purpose. Check the service 

information to determine if the high-

pressure fuel lines are reusable (they 

may be one-use only). Also, be sure 

to program the new injector’s correc-

tion code into the ECM to ensure quick 

starts and smooth running.

The future

As emission control regulations con-

tinue to get tighter, coming gen-

erations of HPCR will up the ante in 

performance as pressures increase 

to 36,000 psi (2,500 bar) and beyond, 

and up to nine injections per combus-

tion cycle. Scan tools are continuing to 

gain importance, not just for diagnos-

tics, but also service functions. Good 

luck to you as you embark on future 

diesel service adventures! 
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OCT 10, 2002, Ford and GM 

announced that 

they would join 

together to develop a new six-speed 

front-wheel drive automatic transmis-

sion. Working on this project together 

would not only offer a cost-saving factor 

in its development, but it would allow 

them to bring a new transmission to 

market sooner. Production began in 

2006 for a few of their 2007 model year 

vehicles. Ford builds what they call the 

6F35, 6F50 and the 6F55 transmission. 

GM builds the 6T30/40/45 and 50, as 

well as the 6T70 and 75 transmissions. 

The first vehicles in which Ford placed 

their transmissions were the 2007 Edge 

and Lincoln MKX. GM began using 

their transmissions in the Saturn Aura, 

Outlook, Pontiac G6 and the GMC 

Acadia vehicles. 

Ford and GM must have enjoyed the 

experience, as they have joined togeth-

er again to develop an all-new genera-

tion of advanced 9- and 10-speed trans-

missions for cars, crossovers, SUVs and 

trucks. They expect to go to production 

in 2016 for some of their 2017 model 

year vehicles. 

A little about GM’s 6T40 transmis-

sion (Figure 1) — a second design 

(Generation 2) arrived in 2012, which 

consisted of both software and archi-

tectural changes. Pressure switches 

were eliminated from the TEHCM, 

solenoids went from being variable 

bleed to variable feed type and the 

valve body and many internal parts 

have changed with Generation 2 

design. By this time (2014-2015), all 

6T series transmissions should be 

converted to the Generation 2 design.

SAE International’s 2011-01-

1428 paper entitled “Gen 2 GF6 

Transmission Hardware and Controls 

Updates” states that the first genera-

tion of transmissions was analyzed for 

potential enhancements in an effort 

to increase fuel economy and improve 

shift quality.

 Changes were made with architec-

tural hardware controls in conjunc-

tion with system software to increase 

capacity, reduce system delays (opti-

mize system response times) and 

increase efficiency. 

One example of an architectural 

change is with the 4-5-6 clutch. The 

wave plate was removed and an addi-

tional friction was added for increased 

torque capacity (Figures 2, 3).

 With the exception of the Low and 

Reverse Clutch, each clutch inside this 

transmission is operated by a solenoid 

through its respective regulating valve. 

With Gen 1-based models, a relatively 

small feed orifice was located on the 

line pressure supply side of the 4-5-6 

Clutch Regulating Valve (Figure 4). 

With this orifice on one side of the 

valve and the wave plate on the oppo-

site side of the valve, it stabilized the 
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valve from having a pressure spike when it moved from a full 

feed position to regulation. When the cushion (wave) plate 

was removed to add an additional friction plate for increased 

torque capacity, this orifice was moved to the clutch pressure 

supply side of the valve (Figure 5). This was done to have a 

greater control of the apply of the clutch to prevent a harsh 

engagement with the absence of a cushion plate.

One software change that took place is related to fuel 

economy, which affects how the TEHCM controls line pres-

sure inside the transmission. Typically, once a shift tran-

sition is made, line pressure is increased and held so as 

to keep the driving or holding clutch from slipping, main-

taining the commanded gear. The engine then drives the 

pump through the torque converter. When line pressure 

becomes high, this places an additional mechanical load on 

the engine, negatively affecting fuel economy. For Gen 2, 

a “system pressure learn” program was written where the 

computer will periodically bring line pressure down until it 

sees it slip. It will then raise line pressure just slightly above 

the slip point, minimizing the margin of safety between slip 

and non-slip conditions (Figure 6). By doing this, the engine 

is driving a pump at lower pressures for longer periods of 

time. This places less load on the engine and thus increases 

fuel economy.

The line pressure tap is conveniently located on top of the 

transmission alongside the transmission’s fill cap, as seen in 

Figure 7. Gen 1 and 2 line pressure specification tables are 

provided in Figure 8. Specifications were taken from a 2013 

Chevy Cruze factory repair manual.

Another software change that took place is related to 

the elimination of the pressure switches inside the TEHCM 

assembly (Figure 9). These pressure switches were originally 

used (Gen 1) to monitor clutch operation via the solenoids 

and regulator valves for adaptation purposes.

With the elimination of the pressure switches in Gen 2 

versions, a new program is used to determine adapts called 

“Clutch Pulse Learn.” United States Patent Application 

20120067690 A1 entitled “Hydraulic clutch and method for 

determining an adaptive clutch fill volume of the hydraulic 

clutch” provides some insight to its method for learning a 

characteristic filling volume of a hydraulic clutch. Generally, 

the method is comprised of:

1. Applies a pressure pulse to a hydraulic clutch when it is 

in a disengaged state (Figure 10). 

2. It determines an inflection event at a torque path that 

comprises the hydraulic clutch (return spring force).

3. Derives a characteristic filling volume of the hydraulic 

clutch from the inflection event.

GM factory manuals describe the “Clutch Pulse Learn” 

strategy as a “Non-Shifting Clutch Function Verification” and 

describes it as follows:

The 6T30/40/45/50 transmission uses a pressure control 

system to apply and release clutches during shifts. The trans-

mission control module (TCM) controls pressure commands 

to the pressure control solenoids.

As normal wear of the transmission clutches occur, the 

TCM performs a clutch function verification. The TCM 

momentarily commands a clutch on at a low pressure. The 

clutch function verification is conducted on smooth roads 

when the transmission is not shifting and engine torque is 

consistent and positive.

When clutch function verification is occurring, a slight 

bump or drag may be detected momentarily. The clutch 

function verification will occur a few times over several 

minutes and will not repeat again for 1,000 or more miles. 

This is a normal condition and no repair attempts should 

be performed.

The clutch function verification will be performed sooner 

for a particular clutch if the TCM detects it is producing fre-

quent poor shift control.

Transmission Adaptive Values Learn, as most know by 

now, is a series of tests that are run to allow the transmis-

sion control module (TCM) to learn individual clutch char-

acteristics. Once the clutch data is learned, Transmission 

Adaptive Values Learn translates it into the adaptive 

data cells, which the TCM uses for clutch control during 

shifts. The scan tool provides initiation of the Transmission 

Adaptive Values Learn procedure. This procedure is to 

be used following transmission repair. The Transmission 

Adaptive Values Learn procedure must be performed when 

one of the following repairs have been made to the vehicle. 

Failure to perform the procedure after one of the following 

Figure 4

Figure 5

Figure 6
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repairs may result in poor transmission performance, as well 

as transmission DTCs being set: 

 - Transmission internal service/overhaul 

 - Valve body repair or replacement 

 - Control solenoid valve assembly replacement 

 - TCM software/calibration update 

 - Any service in response to a shift quality concern 

Note: Ensure the following conditions are met before per-

forming the Transmission Adaptive Values Learn procedure: 

t� %SJWF�XIFFMT�BSF�CMPDLFE�

t� 1BSLJOH�CSBLF�JT�BQQMJFE�

t� 4FSWJDF�CSBLF�JT�BQQMJFE�

t� ;FSP�QFSDFOU�UISPUUMF�BOE�OP�FYUFSOBM�FOHJOF�31.�DPOUSPM�

Transmission fluid temperature is between values listed 

below. If you attempt to run the test above or below these 

temperatures, the test will not start: 

MY 2011 and prior 70-95°C (158-203°F) 

MY 2012 Gen 1 70-95°C (158-203°F) 

MY 2012 Gen 2 64-95°C (147-203°F) 

MY 2013 Gen 1 70-95°C (158-203°F)

MY 2013 Gen 2 64-76°C (147-169°F)

MY 2014 and later 64-76°C (147-169°F) 

Transmission gear selector has been cycled from park to 

reverse three times in order to purge air from the reverse 

clutches. 

Transmission Adaptive Values Learn will abort if the 

transmission fluid temperature increases to the values listed 

below: 

MY 2011 and prior 110°C (230°F) 

MY 2012 Gen 1 110°C (230°F) 

MY 2012 Gen 2 100°C (212°F) 

MY 2013 Gen 1 110°C (230°F) 

MY 2013 Gen 2 86°C (187°F) 

MY 2014 and later 86°C (187°F)

 Note: If at any time during the procedure, required condi-

tions are not met, Transmission Adaptive Values Learn may 

abort and the process may need to be started again from 

the beginning. If this occurs, the transmission will be left 

in a neutral state until the controller is shut down, key OFF 

and the scan tool is removed. Wait for more than 30 seconds 

prior to re-try procedure. If the procedure repeatedly fails, 

a limit that engineering set is being exceeded and there is 

possibly a transmission hardware issue. 

1. Use the scan tool to navigate to Transmission Adaptive 

Values Learn by selecting the following: 

1.1. Module Diagnostics  

1.2 Transmission Control Module 

1.3 Configurations/Reset Functions 

1.4 Transmission Adaptive Values Learn 

Note: If at any 

time during the 

procedure, required 

conditions are not 

met, Transmission 

Adaptive Values 

Learn may abort 

and the process 

may need to be 

started again from 

the beginning. 

2. Use the scan tool to perform the Transmission Adaptive 

Values Learn procedure. As the procedure is being per-

formed, the scan tool data display will provide operator 

instructions. Follow the scan tool instructions, as required. 

3. Once the procedure is complete, shut off the engine and 

power down the TCM. You will lose communication to the 

scan tool. 

4. Restart the engine. This will complete the Transmission 

Adaptive Values Learn procedure. 

Note: When the Transmission Adaptive Values Learn pro-

cedure is completed, the transmission will remain in a neutral 

state until the controller shuts down. If after 1-2 minutes of 

sitting, with the key OFF and scan tool removed, the vehicle 

remains in a neutral state, disconnect the battery and wait 

5-10 minutes and then hook the battery back up. Reverse and 

drive should return. 

If the Transmission Adaptive Values Learn will not run 

and the above stated conditions have been met, ensure the 

following:  

Note: The generation of transmission can be determined 

by using a scan tool to check for Specific DTC P0842. If DTC 

does not show Invalid, the transmission is Gen 1. If DTC 

shows Invalid, transmission is Gen 2. 

t� %FUFSNJOF�JG�USBOTNJTTJPO�JT�(FO���PS�(FO����

t�7FSJGZ�WFIJDMF�NPEFM�ZFBS��

t� 7FSJGZ�USBOTNJTTJPO�GMVJE�UFNQFSBUVSF�JT�CFUXFFO�UIF�

temperatures listed above for the vehicle model year and 

generation of transmission. 

t� #SBLFT� BOE�CSBLF� TXJUDI� BSF� GVODUJPOJOH� QSPQFSMZ�

(Perform Brake Pedal Position Sensor Learn procedure if 

necessary). 

t�/P�BDUJWF�%5$T�

t� $MPTFE�UISPUUMF�BOE�FOHJOF�31.�JODSFBTFT�BCPWF������

RPM while at entrance of the test 

t� 1BSL�OFVUSBM�QPTJUJPO�TXJUDI�JT�QSPQFSMZ�BEKVTUFE�BOE�

functioning 

t� -JOF�QSFTTVSF�DPOUSPM�JT�BCMF�UP�QSPWJEF������L1B�BOE�JT�

within specifications 

Figure 7

Figure 8
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t� 7FIJDMF�JT�OPU�NPWJOH�PS�WJCSBUJOH�FYDFTTJWFMZ�

t� $MVUDIFT�BSF�QSPQFSMZ�BTTFNCMFE

Brake pedal position sensor learn

Note: Do not apply the brake pedal during the brake pedal 

position sensor calibration procedure. Any movement of the 

brake pedal during this procedure will cause the calibration 

procedure to fail. If this occurs, the brake pedal position 

sensor calibration must be repeated. Brake pedal position 

sensor calibration must be performed after the brake pedal 

position sensor, body control module (BCM), or engine 

control module (ECM) have been serviced. The calibration 

procedure will set the brake pedal position sensor home 

value. This value is used by the BCM and ECM to deter-

mine the action of the driver applying the brake system 

and to provide this information to the vehicle subsystems 

via serial data.  

Calibration Procedure 

1. Apply the parking brake. 

2. Ignition ON, engine OFF, place the transmission in the 

PARK position for automatic transmission or NEUTRAL posi-

tion for manual transmission. 

3. Install a scan tool. 

4. Clear all DTCs before proceeding. 

5. Navigate to the Configuration/Reset Functions menu of 

the BCM. 

6. Select the Brake Pedal Position Sensor Learn procedure 

and follow the directions displayed on the screen. 

7. Navigate to the Configuration/Reset Functions menu of 

the ECM. 

8. Select the Learn Functions menu. 

9. Select the Brake Pedal Position Sensor Learn procedure 

and follow the directions displayed on the screen. 

Figure 9

Figure 10
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W
hile reading an article in 

the August 2015 issue of 

Motor Age, “Breathing 

free,” I noticed it was 

penned by a friend of 

mine — David DeCourcey. I also 

noticed his article contained a wealth 

of information regarding potential 

engine breathing problems. He point-

ed out that restricted exhaust systems, 

incorrect camshaft timing and other 

issues could all affect engine breath-

ing. His article got me thinking about 

the process involved in diagnosing 

low power, engine breathing or any 

other drivability issues, for that mat-

ter. So this month, please allow me to 

expand on David’s article.

As a mobile diagnostic technician, 

I need to be quick and efficient with 

my diagnostics so I can move on to 

the next vehicle. This is no different 

than how a technician working in a 

shop needs to operate. One of the 

keys to efficient diagnosis, mobile or 

not, is a logical process that is repeat-

able on any vehicle. The goal of this 

article is to provide a technique that 

will accomplish this diagnostic task.

The “repeatable” technique that 

will be covered here applies to 

engine breathing issues, but also can 

be used for a variety of other com-

plaints — low power, lean codes and 

transmission shifting, to name a few. 

If we were to test drive a vehicle 

with our foot to the floor, a tech-

nique required to allow the engine 

to breathe, what would the data on 

our scan tools display? The data that 

can be gathered during this type of 

test drive can be valuable. Let us 

explore the possibilities.

There are six main PIDs that we 

need to record while performing this 

test drive. This wide-open throttle run 

should include: engine RPM, MAF 

sensor, engine load, oxygen sensors, 

MAP sensor (if equipped) and fuel 

trim numbers. All of these PIDs will 

be valuable when we take a step back 

and look at the big picture. To perform 

this technique accurately and safely, 

set up the scan tool to record all PIDs 

and do a short drive — hammer down! 

There is no need to speed, of course; 

the goal for this test drive is to get 

air flowing. Once we have gathered 

the data and returned to the shop, the 

information can be analyzed.

The first step in analyzing data is 

knowing what the parameters for 

good performance are. For a known 

good vehicle, the load PID should 

be in the 80 percent to 100 percent 

range. However, the load PID can be 

calculated differently by manufactur-

er, or even by model or production 

year. Because of this variable, volu-

metric efficiency is a viable option. 

Therefore, the first pair of PIDs we 

need are RPM and airflow measured 

by the MAF sensor. By incorporating 

engine displacement, engine RPM 

and airflow into a calculation, actual 

engine airflow can be compared to 

the theoretical maximum the engine 

should be flowing. This calculation 

yields a percentage of how well an 

engine can breathe compared to its 

physical limitations. This volumet-

ric efficiency, or VE, calculation can 

be performed by hand, by calcula-

tors that can be found online, built 

into scan tools or available for pur-

chase through companies such as 

AESWave.com. 

Our first scan tool image is from a 

known good 5.3 liter General Motors 

pickup truck (Fig. 1). It shows a 

wide-open throttle test drive and the 

PIDs displayed are engine RPM and 

mass air flow.

MULTIPLE CONDITIONS CAN LIMIT AN ENGINE’S ABILITY TO BREATHE. USE VOLUMETRIC 
EFFICIENCY IN YOUR DRIVABILITY DIAGNOSTIC PROCESS TO CATCH THESE CULPRITS QUICKLY.

BY SCOTT SHOTTON | CONTRIBUTING EDITOR

ASTHMATIC 
ENGINES

Figure 1

2001 5.3 liter GM truck: Known good engine RPM and MAF sensor at wide open throttle
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The red trace is engine RPM and is used as a reference 

for our test drive. The green trace is mass air flow in 

grams per second. These PIDs, along with engine size, 

are input into a VE calculator. 

The next image shows these numbers input into a VE 

calculator, DECS, and the VE result is displayed on the 

right (Fig. 2). The result is 77 percent, which is accept-

able for this V8 overhead valve engine.

Known good volumetric efficiency numbers vary 

depending on engine design. Because of this design 

aspect, there are no known good specifications for any 

particular vehicle, nor are there any specifications pub-

lished by the manufacturers. I find that usually a natu-

rally aspirated engine varies between 75 percent and 95 

percent volumetric efficiency. Forced induction engines, 

with turbo or superchargers, will be higher.

If we were to repeat this same test on a forced induc-

tion engine, such as a 2.0 liter turbocharged Volkswagen 

Beetle, for example, we would see different results. The 

VE calculation is higher because during a wide-open 

throttle test drive the engine has boost, or positive pres-

sure inside the intake manifold, as opposed to the usual 

barometric pressure of a naturally aspirated engine. The 

percentage varies by application and can range from 

approximately 110 percent to show numbers in excess of 

150 percent. The particular engine used in this example 

was breathing at 124 percent of what its naturally aspi-

rated brother would be.

In order to bring those numbers down to a number we 

can better identify with, we can do some math. If the 

vehicle is equipped with an MAP sensor, the pressure 

in the intake manifold can be observed during our test 

drive. If not, a vacuum/pressure gauge can be connected 

for the test drive. 

As an example, we will use a 2015 Nissan Juke with a 

1.6-liter 4-cylinder turbocharged gasoline direct injected 

engine. In this case, boost in the intake manifold was 

measured to be 13.5 pounds per square inch using the 

MAP sensor PID. If we know the barometric pressure 

for the altitude the vehicle is being driven at, and know 

that one psi is equal to two inches of mercury, then we 

can do some calculations. 

The barometric pressure, at the altitude the test drive 

was performed, was 29 inches of mercury. If we take 

13.5 psi and multiply by 2, we get 27 inHg. 

Next, we add the 27 inHg to the barometric pressure 

of 29 inHg to get a total of 56 inHg. Now 56 inHg can be 

entered into the VE calculator (if your calculator sup-

ports this input) as the new barometric pressure. 

Now the calculation will yield a number that should be 

near 100 percent. In this case, the engine is breathing at 

96 percent of its efficiency with the given boost pressure. 

For the sake of comparison, the scan tool reported a 

calculated load PID of 97 percent compared to our figure 

of 96 percent. The scan tool also reported an Absolute 

Load PID of 166 percent compared to our calculation of 

179 percent. In this case, our load PIDs generally mirror 

our calculations. In some cases, they will not. 

A major point of using a VE calculator is to gain a 

strengthened understanding of engine breathing and 

from where the load PIDs are derived.

For our second set of PIDs — the oxygen sensors — an 

assumption of known good would be full rich during wide-

open throttle. This can be seen in the next scan tool cap-

ture (Fig. 3). The red trace shows engine RPM as a refer-

ence and the green trace is the upstream oxygen sensor.

In most cases, the previous statement and image hold 

true. The PCM is ignoring the oxygen sensors during 

wide-open throttle because PCM is most likely operating 

in open loop and subsequently adding fuel to achieve 

the power desired. 

However, there are vehicles on the road today that stay 

in closed loop during wide open throttle. Full rich is the 

most common way to describe a known good oxygen sen-

sor response during a wide-open throttle run, but a better 

Figure 2

2001 5.3 liter GM truck: Known good VE calculation

Figure 3

Known good oxygen sensor operation during wide-open throttle

Figure 4

Known good MAP sensor operation during wide-open throttle
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description that applies to most modern vehicles of today 

is that the oxygen sensor does NOT go lean. A particular 

vehicle may have upstream air fuel ratio sensors that do 

not behave or operate in the same manner as traditional 

oxygen sensors. On these applications, the downstream 

oxygen sensors can be used for the same purpose.

The third PID in question that we can look at would be 

the MAP sensor, if the vehicle is in fact equipped with 

one. During wide-open throttle, barometric pressure is 

allowed to rush into the intake manifold. As long as we 

are at wide-open throttle, the MAP sensor should read 

barometric pressure. 

The next image, using RPM in red as a reference again, 

shows the MAP sensor in green (Fig. 4). It reaches and 

maintains approximately 99 kilopascals, which is appropri-

ate for my altitude at the time the test was administered.

The last PIDs to concern ourselves with are the fuel 

trims. These are the only PIDs that we care about when 

we are NOT at wide-open throttle. That being said, our 

test drive recording should include some normal, tradi-

tional driving sequences, as well as having the wide-

open throttle portion. 

Plus or minus 5 percent fuel trim totals can be consid-

ered ideal for a vehicle, and plus or minus 10 percent 

could be considered acceptable. There may be some dis-

pute about these specifications in some industry circles, 

but they can be viewed as a generally acceptable range.

Given the known good data just covered, a scan tool 

capture of a test drive for a known good vehicle would 

be as follows: good engine breathing (VE), rich oxygen 

sensors, an MAP sensor near BARO and normal fuel trim 

numbers during closed loop. 

Next, we will take a closer look at some broken vehicles. 

The first vehicle in question has a failing fuel pump. Fuel 

volume is low, and the vehicle is exhibiting low power. 

During our VE test drive with the car, we calculate a VE of 

85 percent. Fuel delivery issues should not have an effect 

on engine breathing because the amount of fuel being 

introduced has no effect on what the engine inhales or 

exhales. Therefore, this number is acceptable. 

The next scan tool capture (Fig. 5) shows the oxygen 

sensor (green) and the MAP sensor (blue) during our 

wide-open throttle run in the test drive. The oxygen sen-

sor is observed at a very low voltage, indicating that the 

engine is running lean. The MAP sensor is also observed, 

and it maintains a near barometric pressure reading dur-

ing the entire wide-open throttle portion of the test drive. 

The last PIDs we are going to observe are the fuel trim 

numbers, and they are noted to be higher than normal 

(positive) under all conditions, but worse at higher RPMs. 

The summary of a fuel delivery issue would be good 

engine breathing, lean oxygen sensors, an MAP sensor 

near BARO and positive fuel trim numbers that worsen 

as fuel demand increases.

The second broken vehicle in question that we will 

take a look at has a bad MAF sensor. The same type of 

test drive yields a poor VE number because the airflow 

figure we are entering into the calculator is incorrect. 

Also, the oxygen sensors read lean because the engine 

is not being fueled adequately. An incorrect air measure-

ment would obviously cause an incorrect amount of injec-

tion, whether in open or closed loop. The MAP sensor 

confirms barometric pressure is inside the intake mani-

fold. Fuel trims during closed loop are positive. In this 

case we have an air metering problem. This vehicle’s 

scan data capture would be very similar to the previous 

vehicle we discussed with a fuel delivery problem other 

than the fact that the VE calculation would be poor.

The third vehicle with an issue that we are going to 

Figure 6

Figure 7

Figure 5

A good VE number coupled with a lean oxygen sensor 

suggests a fuel delivery issue.

MAP sensors that move away from barometric pressure 

during wide-open throttle suggest a restricted intake.
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evaluate has a restricted exhaust. A restricted exhaust 

can be one of the hardest and most difficult issues to 

pick out on a scan tool reading, especially if the restric-

tion is minimal. 

A restricted exhaust usually yields a low VE number 

because the engine cannot exhale. However, air enter-

ing the engine is measured correctly and fuel delivery 

usually appears normal in these scenarios. This normal 

fuel delivery can be observed in the fuel trim numbers 

during the closed-loop portion of the test drive recording. 

Oxygen sensors will also perform close to normal, given 

the amount of fuel being injected into the engine. While 

observing this data, a technician can easily make the mis-

take of confusing a restricted exhaust with a restricted 

intake. However, when presented with the possibility of 

a restricted exhaust or a restricted intake, which issue 

should the servicing technician look to check first? 

The final problem vehicle we analzyed has a restricted 

intake. Airflow is again reduced because the engine can-

not inhale, so our VE calculation is low. Airflow through 

the engine, although reduced, is being measured cor-

rectly so the engine is being fueled correctly. Therefore, 

the oxygen sensors respond appropriately. 

The difference in this vehicle is the MAP sensor. 

A restricted intake acts just like a throttle blade — it 

restricts airflow and forces manifold vacuum to occur. 

The next scan tool capture (Fig. 6) illustrates the MAP 

sensor — the blue trace — moving away from barometric 

pressure as manifold vacuum builds. The engine RPM in 

red can still be used as a reference point. The third trace, 

in green, is the oxygen sensor. In this case, the most valu-

able PID to consider is the MAP sensor, which is in blue.

In order to make sense of all of these numbers and better 

understand what they mean when diagnosing a vehicle 

issue, I have included a chart (Fig. 7) that illustrates these 

issues as they relate to each other. The left column of the 

chart indicates the vehicle condition and the subsequent 

columns describe each of the PID’s expected behavior.

Each one of these conditions has traits that are not 

shared with the others. A relatively simple test drive 

and accompanied scan tool recording can quickly be 

analyzed and compared to the chart in order to narrow 

down the number of diagnostic tests needed to isolate 

the cause of the low power or drivability complaint.

There are, however, other issues that can cause low 

power complaints that do not show up on the chart. 

Transmission issues, ignition timing problems, torque 

converter malfunctions or dragging brakes could be 

examples of these issues. In all of these cases, the test 

drive results would match the “known good” vehicle. 

Valve timing issues will also show up as breathing 

issues while using this test. It is important to note how the 

engine is configured on the particular application being 

worked on. For example, a “V”-type engine with overhead 

camshafts could have one camshaft that is out of time. 

Performing this test drive on a vehicle with this type of 

problem would result in a poor VE number, but there will 

be some differences in the data. Usually, the oxygen sen-

sor and fuel trim PIDs will move in the opposite direction of 

one another. For example, bank 1 oxygen sensor might go 

rich during wide-open throttle, while bank 2 oxygen sensor 

displays lean. The fuel trim numbers during closed-loop 

operation would also reflect a bank-to-bank skew. When 

this skew, be it oxygen sensor or fuel trim, is noted dur-

ing the test drive, our diagnostic direction should shift 

toward an issue that affects half of the engine as opposed 

to the whole. This observation is also useful in adding 

the diagnosis of camshaft phaser problems on “V”-type 

engines with variable valve timing. Of course we need to 

be aware of special situations, such as vehicles with two 

ETC throttle bodies and two MAF sensors, but that is a 

topic for another day.

In summary, a good understanding of engine breathing, 

how to measure it, how the PCM measures it and how the 

PCM  responds to 

various conditions 

is invaluable when 

it comes down to 

diagnosis. I am sorry 

to say that there is 

no magic solution to 

solve these issues. 

It is up to us to be 

the doctors who 

properly diagnose 

and repair breathing 

issues without the 

use of snake oil.  
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V
ehicles that roll into your service bay today have different engine con-

figurations and operating characteristics and are significantly different 

than the vehicles that we took care of even 10 years ago. I’m sure you are 

aware that, in this industry, technology changes in the blink of an eye. 

The challenges faced by the OEMs in meeting ever-demanding CAFE 

standards means increasingly efficient (and sometimes complex) new engine 

designs. In this article, we will cover some of the mechanical characteristics of 

UNLOCKING THE MYSTERIES OF VARIABLE VALVE TIMING

Ô DRIVABILITY

Here is the camshaft gear on bank 2. The timing marks are correctly aligned.

how the Variable Valve Timing (VVT) 

engine works, what to inspect and 

look for and how to make your diag-

nosis of these engines a little easier. 

Timing?

In an engine, timing is everything. All 

the elements (compression, ignition, 

fuel) have to occur in the right amount 

and at the right time in order for the 

engine to run even close to right. The 

problem is that the timing of these 

events is affected by the speed of the 

engine. What is right at idle won’t work 

at all at cruise speeds. For years, the 

moment of ignition was the only factor 

that engineers could alter — first, by 

mechanical means and then later by 

computer. That’s the idea of “timing” 

that many of us grew up on.

The computer was a neat addition 

to engine management. Not only did it 

allow engineers to more precisely con-

trol ignition, it also opened the door to 

controlling the fuel event’s timing. Still, 

there were gains to be made.

To truly gain ground in engine effi-

ciency, the timing of the valve events 

needed to be altered as well. Variable 

valve timing is the process of altering 

the timing of a valve lift event and 

is used to improve performance, fuel 

economy and emissions. Common 

designs use a variable cam timing 

system that adjusts the camshaft to 

crankshaft timing, which is advanced 

at lower RPMs and retarded at higher 

RPMs, and effectively alters when the 

valves open and close. The timing is 

controlled by oil entering a passage 

and into a component called a cam-

shaft actuator. A valve located on 

the block controls the actuator. When 

engine RPM increases so does oil pres-

sure. As oil pressure increases, the oil 

enters the camshaft actuator and forc-

es the actuator to move off its position 

just a little bit. When that happens, the 

camshaft timing is altered.

Oil is a key component for proper 

operation and longevity of the VVT 

system. Many of these designs are con-

trolled by oil pressure. The use of the 

incorrect oil can cause these systems to 

BY EDWIN HAZZARD | CONTRIBUTING EDITOR

MATTER OF 

TIMING
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malfunction. Lack of maintenance can allow sludge build up 

in the VVT components (solenoids and actuators) and that 

will prevent them from doing their job. Failures related to 

proper lubrication and viscosity are the most common ones 

you will face. 

Troubleshooting VVT — An example

When starting your diagnosis on one of these engines, it’s 

important to determine if this VVT issue is related to a fault 

internally or externally. What I mean by that is with an internal 

fault you must determine if the actuator is sticking, lifters are 

failing or some other mechanical or even an electrical fault is 

causing the problem. On an external fault you could have a 

timing belt that is off a tooth due to improper belt installation 

or the belt is just plain worn out. It could be that the key-

way on either the camshaft or crankshaft is loose, worn out or 

broken. Most modern engines today will set a code or codes 

in the Engine Control Module (ECM) that will lead you in a 

good direction. Hook your scan tool up and look at your engine 

data, especially the camshaft data or timing data Parameter 

Identifiers (PIDs). You can gain a lot of knowledge about what 

the engine is doing or not doing. Let’s look at a very simple 

engine that has a VVT problem — a 2007 Saturn Vue with a 

3.5L engine. The only stored code in this engine was a P0300 

(Random Misfire Detected). This engine has four valves per 

cylinder but incorporates the use of five rocker arms. It uses 

three intake rocker arms and two exhaust rocker arms. The 

extra intake rocker arm is part of the intake rocker arm con-

trol system. The intake rocker arm control system is designed 

to change valve timing and lift depending on engine speed, 

vehicle speed, engine load and other sensor inputs. It operates 

by controlling intake valve rocker arm actuation. The intake 

rocker arm control system achieves low-end torque and low 

fuel consumption when operating in the low-engine speed 

range, while maintaining high power output when operat-

ing in the high-engine speed range. The engine has a normal 

four-valve-per-cylinder arrangement. At low-engine speed, 

the primary and secondary intake valve rocker arms operate 

at normal lift. At high-engine speed, the primary and second-

ary intake rocker arms are mechanically connected to the 

mid intake rocker arm to allow high valve lift. Synchronizing 

pistons connect and disconnect the three intake rocker arms. 

Hydraulic pressure, or oil pressure, against a timing piston 

moves the synchronizing piston outward. A stopper piston and 

return spring move the synchronizing piston back or inward 

when hydraulic pressure is reduced. Learning how the system 

operates goes a long way in your diagnosis. Remember, this 

particular system is not like your normal VVT system. There 

isn’t any camshaft actuators or solenoids to contend with. So 

how does a misfire code become a valve timing problem?

With the scan tool hooked up and looking at some of the 

data PIDs, we can see that there is a history of a misfiring 

engine. Looking at our scan tool screen shot, we can see that 

all cylinders are showing numerous misfires. On this engine, 

the cylinders run one, three and five for bank one and two, 

four and six for bank two. It appears that cylinder No. 2 seems 

to be the biggest culprit. Let’s not focus on a specific cylin-

der or cylinders for a misfire problem yet. Let’s look at some 

of the other data we’ve gathered. I want to mention here 

that this vehicle runs relatively well without any real engine 

Here is a scan tool shot of the fuel trims. Notice the 

difference in the bank 1 to bank 2 LTFT. Bank 1 LTFT is 

showing a rich condition.

On this scope capture you can clearly see that the 

timing is off. Channel 1 is the camshaft sensor, and 

channel 2 is the crankshaft sensor.

Here is a scan tool screen capture of the multiple 

cylinder misfire history. This is why the PCM flagged the 

code P0300.
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roughness. What caught my eye was 

the long-term fuel trim numbers. Look 

at the scan tool screen shot that was 

taken here. Do you notice a difference 

between cylinder banks? Bank No. 1 

is running a fuel correction of -14 per-

cent compared to cylinder bank No. 2. 

Remember the only code was a P0300. 

There isn’t any air/fuel-related codes 

stored as the fuel trim isn’t excessive 

enough to set those codes. 

Let’s analyze what we’ve got so far. 

We have multiple cylinder misfires and 

a fuel trim reading from bank to bank 

that’s not correct. Sure, we could go 

after some more data like oxygen sen-

sors or some of the other input sensors, 

but let’s look at what we have here 

first. The crankshaft sensor (CKP) tells 

the ECM what position the crankshaft is 

in. The camshaft position (CMP) sensor 

input is used to detect an engine mis-

fire. The ECM also uses the CMP sensor 

signal as an input for modifying the fuel 

injection timing and for modifying the 

ignition timing. Based on the fact that 

the camshaft sensor is what monitors 

the misfires and we have multiple cyl-

inder misfires, let’s actually look at what 

the camshaft sensor is seeing. 

To do this I hooked up my scope and 

set channel one to my camshaft sensor 

signal circuit located on the left cylinder 

bank. I set my scope’s channel two to the 

crankshaft position sensor signal circuit. 

After starting the vehicle and getting my 

scope settings correct I could see right 

away that cam timing on this engine 

was a problem. What’s nice about 

using a lab scope is that I didn’t even 

have to pull anything apart to see this! 

Removing the belt covers revealed what 

the scope captures led me to expect — 

the timing belt was out of time.

Another example

Let’s look at the VVT system on a 

much newer vehicle with more parts 

in play. This particular vehicle is a 

2013 Chevrolet Cruze with a 1.4L 

engine. This vehicle has four cam-

shafts that are controlled by the VVT 

system. It came in with a P0010 (Intake 

Camshaft Position Actuator Solenoid 

Valve Control Circuit). This particular 

engine has a CKP sensor, CMP sen-

sor, an intake camshaft actuator sole-

noid and an exhaust camshaft actuator 

solenoid. These camshafts are driven 

by a timing chain as opposed to a tim-

ing belt. On VVT engines, valve timing 

or valve overlap occurs. Valve overlap 

is the period during the valve timing 

where both the intake and exhaust 

valves are open. Occurring towards the 

end of the exhaust stroke, the intake 

valves are opened just before all the 

exhaust gases are released, providing 

more time for the intake air to enter 

the engine. On this engine when it’s 

at idle there isn’t any valve overlap or 

change in valve timing. As the RPMs 

increase, valve timing changes and 

valve overlap will change as well. The 

valve overlap will change based on 

what the ECM sees and what the cur-

rent driving conditions call for, which 

is based on throttle input by the driver. 

The movement of the intake camshafts 

will advance the valve timing, and the 

movement of the exhaust camshafts 

will retard the valve timing. As with our 

last vehicle, oil quality and quantity are 

important factors in VVT performance. 

On this engine, the camshaft actuator 

is driven by oil pressure. The oil pres-

sure is routed through the camshaft 

actuator solenoid valve. It is controlled 

by the ECM, which activates the cam-

shaft actuators’ solenoids plunger and 

spool valve and oil flows to the cam-

shaft actuator assembly. The actuator 

assembly varies the camshaft position 

based on oil pressure and flow. Since 

this vehicle came in with a P0010 code, 

the ECM has determined that the com-

manded state of the driver compared 

to the actual state of the control cir-

cuit does not match for five seconds or 

more. In other words, the intake cam-

shaft actuator solenoid is malfunction-

ing. It either has a stuck spool valve, a 

plugged-up screen (which is located at 

the base of the solenoid and acts like a 

filter to keep debris out) or there is an 

electrical failure of the solenoid actua-

tor. The intake actuator solenoid on this 

vehicle was removed and inspected. 

There was a small amount of debris on 

the filter screen and there was debris 

inside the valve itself. That debris can 

also inhibit the solenoid’s valve opera-

tion by getting lodged inside the plung-

er and slowing or stopping the valve 

movement. When debris is found it 

usually means a lack of maintenance 

or the engine has had some internal 

work done and the sediment or sludge 

particles were disturbed. Cleaning out 

the passages with a shop towel, along 

with replacing the solenoid actuator 

and a fresh oil change fixed this vehi-

cle’s problem. I can’t stress this enough 

on VVT engines: Maintenance, mainte-

nance, maintenance!

With our first vehicle, I explained 

the importance of valve timing and 

the effects it can have on your diagno-

sis. The second vehicle explained the 

effects that a lack of good oil quality, 

quantity and maintenance can have on 

a modern engine of today.

When working on an engine with 

a VVT system, it’s very critical to 

take the time and gather all the facts. 

Understand how the system works, 

who the players involved are and try, 

if you can, to see how the engine was 

maintained. Spending a little time and 

doing some detective work upfront will 

go a long way to help you reach a suc-

cessful conclusion as to what could be 

a tough diagnosis. 

Here is the camshaft gear on bank 

1. The timing marks are misaligned. 

This is the negative fuel trim reading 

on bank 1.

EDWIN 
HAZZARD
CONTRIBUTING 
EDITOR

Edwin Hazzard has more than 30 years experience in the 
automotive industry as a tech, service consultant and 
mobile diagnostic tech. He is the owner of a successful 
mobile auto and truck repair service in Newburgh, N.Y.

  Email Edwin at 
ehazzard@automotivetechsystems.com
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D
iagnosing and repairing diesel 

no-starts can be very profitable 

if you know what to look for. 

The rules have changed in the 

last few years, so it pays to 

know what to expect on a newer die-

sel vehicle with a no-start condition.

In fact, the process is much like diag-

nosing a no-start condition on any other 

type of vehicle — begin by performing 

a good preliminary inspection to catch 

anything obvious, check for service bul-

letins, tips and programming updates, 

and then (using service information) 

develop a theory about what’s hap-

pening and observe and take mea-

surements to prove your suspicions 

are indeed correct (and then fix the 

problem). Easy enough.

But as with any other system, it 

helps to know what you’re checking 

and what to watch for so you don’t 

waste diagnostic time or miss some-

thing obvious. 

Diesel fuel control systems have 

changed drastically in the last few 

years (even among similar vehicles 

from the same manufacturer) so it’s 

really important to understand how 

the system works for the exact model, 

engine and year of vehicle you’re 

working on and not just have a gen-

eral overview of a generic system. And 

there are actually two reasons to be so 

specific and precise.

First, high-pressure diesel systems 

do indeed run at extremely high pres-

sures so it’s important to know the oil 

and fuel pressures expected at each 

part of the system and to be ready to 

test them safely, without ending up in 

the hospital or maybe even worse.

Second, understanding why each 

diagnostic step in the procedure is 

performed and exactly what to look for 

while doing it can often be the differ-

ence between a quick, accurate diag-

nosis and a long, expensive drawn-out 

headache.

If you’re ready to take on the chal-

lenges, here are a few tips for quickly 

diagnosing no-start conditions on newer 

diesel vehicles. We’ve learned them the 

hard way so you won’t have to. 

DIAGNOSING AND REPAIRING DIESEL NO-START CONDITIONS CAN BE PAINLESS AND 
PROFITABLE IF YOU HAVE A FEW SOLID DIAGNOSTIC STRATEGIES AT YOUR DISPOSAL.

BY VANESSA ATTWELL | CONTRIBUTING EDITOR

Ô ELECTRICAL

THE NEW RULES

Photos: Vanessa Attwell

Accessories wired into systems that feed power to critical systems can cause no-start conditions.
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Preliminary checks on 

diesel no starts

Preliminary inspections are really 

important on diesel vehicles because 

they can save so much time and 

because so many no-start conditions 

can be accurately diagnosed and 

repaired in the early stages.

After verifying the problem, start 

by opening the hood and climbing up 

if necessary, and then checking that 

the battery cables and connections 

are clean, tight and secure. Check that 

the starting system connections and 

relays are securely in place and check 

that the glow plug and glow plug con-

trol module connectors are OK as well. 

It’s not uncommon to find one of these 

connectors has wiggled out of place or 

is compromised in some way. 

It’s also very common on diesel 

trucks to find that accessories have 

been poorly wired into the circuits 

that supply power to the starting and 

fuel injection systems — and when the 

fuse protecting the circuit blows and 

the vehicle subsequently won’t start,  

it’s important to identify where those 

fuses are and then check them care-

fully early on in the diagnostic inspec-

tion, especially if the no-start problem 

just suddenly happened one morning. 

Here’s a tip: if you do suspect a fuse 

or wiring problem, quickly checking to 

see if anything else isn’t working and 

then finding out if those systems share 

a common fuse, splice or relay can save 

quite a bit of diagnostic time.

Since high-pressure diesel fuel 

injection systems rely on a consistent 

stream of high-pressure engine oil to 

operate the fuel injection systems, 

engine oil condition and level are crit-

ical and anything that would affect 

10 PRELIMINARY CHECKS 

FOR DIESEL NO STARTS

1. Battery condition (both batteries)

2. Fuses (especially if connected to 

accessories)

3. Connections and wiring OK (oil 

soaked or chafed is not OK)

4. Engine oil level and condition (and 

the correct type of oil used)

5. Transmission range switch solidly 

in P or N (common on work trucks)

6. Programming updates

7. Plugged exhaust/restricted intake

8. Glow plugs and control circuit OK

9. Starter and fuel injection control 

circuit OK

10. Check Engine Light comes on 

for bulb check

Removing and actually inspecting the air filter to check for restrictions is 

more accurate than just looking at the gauge on the air filter housing.

Driving should be
an adventure.
Stopping shouldn’t.
WagnerBrake.com
©2016 Federal-Mogul Motorparts Corporation. All trademarks shown are owned by  

Federal-Mogul Corporation, or one or more of its subsidiaries, in one or more countries. All rights reserved.
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this is worth noting. While under the 

hood, pull out the dipstick and inspect 

not only that the oil level is OK (way 

over full may indicate fuel or coolant 

leaking into the engine) but also actu-

ally sniff the oil for contaminants to 

help identify any problems. Be careful 

though, the dipsticks do tend to fray 

and the wires can stab your fingers.

Be suspicious if the oil looks like it 

was just changed — cheap oil changes 

are sometimes really expensive in the 

long run since using the wrong viscos-

ity oil can cause a no-start condition. 

Also note any oil-soaked harnesses or 

connectors, which may be a symptom 

of the larger problem in the high-pres-

sure oil supply system that should be 

investigated.

When the underhood checks are 

complete, turn the key on (engine off) 

and listen for the noise as the fuel 

pump turns on for a few seconds and 

pressurizes the system; also watch 

the instrument cluster to ensure the 

Check Engine light comes on dur-

ing bulb check and check that the 

“WATER IN FUEL” light isn’t staying 

on (though, to be fair, faulty sensors 

are not uncommon). Any of these situ-

ations indicate larger problems ahead 

that you’ll want to be aware of. And be 

sure to check the transmission range 

switch, and even wiggle the shifter 

and see if the vehicle starts up. One of 

our customers has a fleet of Ford pick-

up trucks that often get mud build-up 

around the transmission range switch, 

which stops the switch from going to 

park (and thus won’t start after it’s 

shut off). Cleaning away the mud fixes 

the problem quickly.

Another part of the preliminary 

checks is to verify power and ground 

at the fuel pump, fuel pressure at the 

fuel pump and the rail (using the cor-

rect tools, gauge and service infor-

mation) and make sure there are no 

obvious restrictions in the intake or 

exhaust systems, which can happen 

if the vehicle spends most of its life 

idling or is often driven at low speeds. 

Don’t just rely on the gauge on the 

side of the air cleaner box; remove the 

element and actually check for restric-

tions to be sure. 

And of course, make sure none of the 

“override” switches have been tripped 

and make sure there’s fuel in the tank 

(it happens) — resetting the switch 

or priming the fuel system may be all 

that’s needed to fix the problem.

The most commoon 

problems and fixes

If the vehicle won’t crank, from expe-

rience the most common cause of the 

problem on diesel vehicles is a weak 

battery, especially if the vehicle was 

parked in the cold overnight — but 

that doesn’t mean just dropping in a 

new battery and sending the vehicle 

on its way. That’s asking for trouble. 

From experience, in these cases it’s 

good practice to charge and check all 

of the vehicle’s batteries as well as the 

charging system, and also make sure 

the block heater and cord are OK, and 

finally ensure that nothing was left on 

to drain the battery before releasing the 

vehicle back to the customer. Fixing the 

same problem twice is embarrassing 

and costly.

One interesting note is that a bat-

tery doesn’t need to be all that weak 

to cause starting problems. Many no-

start diagnostic trouble charts state 

that both batteries must be charged to 

at least 12 volts, and they’re not kid-

ding around. Anything even slightly 

less than that may cause problems.

In fact, batteries that are slightly 

discharged but still as high as 12 

volts can and do result in no-start 

conditions. 

One excellent dealer tech says he’s 

seen some newer Ford diesel engines 

make a disturbing clanging sound as 

the vehicle tries to start with a bat-

tery that’s not quite fully charged but 

still at nearly 12 volts exactly and that 

charging the battery a bit — or even 

just plugging in the heater — for a 

few minutes stops this problem (along 

with a proper charging system check, 

of course).

This isn’t meant to be a substitute 

for proper diagnosis; always check 

service information and follow the 

recommended diagnostic procedures. 

But keeping in mind that tolerances on 

high-pressure diesel fuel systems are 

Even with regular maintenance, 

sludge builds up quickly and 

restricts critical air passages.

The filter element, removed

No doubt poor-quality (or 

incorrect) fuel can cause no-start 

conditions – but is it the most 

likely cause?

Pulling out the dipstick to inspect 

the condition, level and scent of 

the oil can save time later on. Be 

careful though — the cable part is 

known to fray and can stab you.
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pretty strict can save diagnostic time. 

“Just about” 12 volts isn’t the same as 

“at least” 12 volts when diagnosing 

these vehicles. 

If the batteries and charging sys-

tems are indeed OK, it’s good practice 

to “check the basics,” meaning mak-

ing sure the starter is OK, including 

testing for voltage drop on the cables 

and checking for power at the starter 

relay, checking that the glow plugs are 

OK and the glow plug control module 

operates (including verifying power 

and ground) and checking for power 

to the fuel pump circuit. If the vehicle 

cranks fine, but starts and quits (“no 

start” means different things to differ-

ent customers) watching the exhaust 

pressure during cranking can help 

locate a plugged exhaust. If it gets 

high fast, the exhaust may indeed be 

plugged.

Most of the time these preliminary 

checks will give you a good idea of 

what’s causing the problem by now,  

but there are vehicles that need a bit 

more testing. No problem —here are a 

few more tips to help out.

Electrical problems

Even though the diagnostic charts 

usually direct you to check fuel quali-

ty right away, from experience check-

ing for Diagnostic Trouble Codes 

(DTCs) and programming updates 

early on in the diagnosis is a smart 

move that can really save diagnostic 

time. In my own experience I’ve seen 

far more problems solved by hooking 

up the scan tool early on and investi-

gating the parameters, programming 

versions and DTCs than by immedi-

ately sampling the fuel quality (not 

that that doesn’t happen and isn’t a 

valuable check).

Finding out if any codes relating to 

the fuel injectors, control sensors or 

modules are stored really doesn’t take 

long at all and leaves you smelling much 

better than sampling the fuel will.

If DTCs related to those systems 

are present, taking a few minutes to 

record and investigate them is smart 

since they’re probably related to the 

no-start condition. And since a surpris-

ingly large number of no-start condi-

tions are fixed by reprogramming a 

module, it’s also wise to check for cali-

bration in the modules’ updates early 

on. This can and does save time and 

headaches. 

Additionally, it’s a good idea to watch 

what’s actually happening to the criti-

cal inputs on the scan tool before and 

during cranking, checking for not only 

the presence and value of the critical 

parameters (to make sure the engine 

has the correct parameters to start and 

run) but also to note any that disappear 

or change drastically or disappear dur-

ing cranking. Service information will 

list the critical ones along with expect-

ed values, which can save hours of time 

later on. From experience, a problem in 

the electrical system tends to fail sud-

denly rather than develop slowly and 

get worse so if the problem developed 

suddenly, pay extra attention when 

observing the reading (especially if you 

noticed oil-soaked harnesses or leaks 

earlier on).

Again, following service information 

is important, but it’s also important to 

understand what you’re looking for and 

why so you don’t waste time or miss 

the obvious symptoms.

Glow plugs

As much as diesel systems have 

changed and evolved, faulty glow plugs 

are still a common problem that cause 

no-start conditions. But fortunately, on 

newer vehicles the systems can set 

trouble codes to indicate problems and 

save diagnostic time. 

If the no-start problem occurs when 

the vehicle is cold or if the vehicle has 

been getting harder to start when it’s 

cold, checking the glow plugs early 

on in the diagnosis is a good idea. 

The Ford dealer tech mentioned ear-

lier quickly checks glow plug values 

(resistance and amperage draw) dur-

ing regular services to catch them and 

replace them before they cause a no-

start condition.

Use service information before test-

ing anything, checking that the con-

nectors are good and they all draw 

about the same amount and that the 

relay’s connections are secure — and of 

course that power and ground are OK. 

This doesn’t take long and can pay off. 

Water has been known to get into the 

connectors and damage the connector 

and module. 

Times may change, but faulty glow 

Oil belongs in your  
car. Not all over  
winter wonderland.
Felpro-Only.com
©2016 Federal-Mogul Motorparts Corporation. All trademarks shown are owned by  

Federal-Mogul Corporation, or one or more of its subsidiaries, in one or more countries. All rights reserved.
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plugs and their control circuits still can 

and do cause no-start conditions.

Fuel quality

From experience, fuel-related prob-

lems tend to develop slowly and get 

worse over time, but problems that 

develop immediately after a fill up may 

very well be related to bad fuel — and 

hopefully not a full tank of it. If the gas 

looks or smells “off” or the customer 

admits they filled up at a less reliable 

source, be suspicious.

If you do suspect poor quality fuel (or 

the incorrect fuel, which still happens) 

consult service information to find out 

the correct procedures to drain and 

repair the system. Sadly, there’s isn’t 

an easy way around this; newer diesel 

vehicles need good quality fuel to start 

and run properly and the cheap stuff 

can cause problems. 

Conclusion

Diagnosing and repairing diesel no-

starts seems complicated, but in real-

ity it’s often straightforward and rela-

tively simple if you know what you’re 

looking for and you do the research 

ahead of time. 

Diagnosing the systems involves 

reviewing service information (includ-

ing TSBs and programming updates) 

to understand the exact system 

involved, develop theories about 

what’s causing the problem and then 

proving or disproving those theories 

by taking measurements and making 

observations. On newer diesel sys-

tems, it’s really important to under-

stand the purpose behind the diag-

nostic steps being performed and 

know what you’re looking for so that 

you don’t waste valuable time. Blindly 

following a generic chart without 

understanding what’s being tested 

and why causes needless headaches. 

When diagnosing problems, it pays 

to be prepared and to keep in mind 

what you’re doing and what you expect 

to see to keep diagnosis quick and prof-

itable. And that won’t likely change 

any time soon. 

This is how many no-start conditions are fixed — by charging and testing 

both of the batteries.

VANESSA ATTWELL
CONTRIBUTING EDITOR

Vanessa Attwell is a Master Technician for two major 
manufacturers and has also worked on the bench 
of an independent shop. She has developed and 
delivered training for both vehicle manufacturers 
and independents, and helped develop government 
training and regulations standards.
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Ô  TECH CORNER TIPS, TECHNIQUES, AND TRICKS OF THE TRADE

BY PETE MEIER | DIRECTOR OF TRAINING

S
hortly after the birth of the 

Internet, a few enterprising 

technicians saw an opportu-

nity to network and learn from 

one another, going beyond the 

limitations of their geographical loca-

tions. Today, there are numerous 

forums where techs can share their 

knowledge and grow their skills. One 

such forum that has been around a 

long time is the International 

Automotive Technicians Network 

(www.iatn.org). Every three months, 

the staff at iATN picks exceptional 

postings and shares them in a news-

letter, and that is where I found the 

following gems. Thanks to iATN and, 

of course, to the technicians who made 

these posts for allowing me to share 

them with all of you. 

Finding a parasitic draw 

without a meter

(Shared with permission of the author 

Roger Suranyi. Roger works for Namao 

Automotive Repair located in Namao, 

Alberta, Canada.)

I read a while back about thermal 

cameras and ended up buying a FLIR 

e5 thermal camera a year or so ago. 

We have used it mostly for bearings 

on drive lines and engines. I remem-

bered reading that someone was 

using it for battery draws, and I actu-

ally used it twice in the last couple 

weeks for draws. 

I usually make sure the vehicle has 

sat overnight so it’s cold and then 

give it a quick look with the camera. 

The alternator stuck right out. I had 

a 2008 Dodge 5500 that has a dump 

deck and is highly modified for the oil 

field. I measured a 90 ma (milliamp) 

to 100 ma draw. I decided to get the 

camera out and within about five min-

utes, I had my draw [auto shut down 

for engine over rev limiter]. Figure 

1 shows an area of heat located just 

under the dash on the driver’s side of 

the truck. The heat is caused by the 

current flow through the rev limiter. 

I’m not suggesting you go out and 

buy one or that it’s going to be the 

“go to” tool; I must admit we have 

only used it a handful of times. But 

this is the one time I could say it defi-

nitely helped.

Solving GM communication 

concerns

(The next two tips are shared with the 

permission of author James Avery. 

James is a technician with Stingray 

Chevrolet in Plant City, Fla.)

NETWORKING TIPS
CONNECT WITH TECHS AND LEARN FROM THEM TO HELP SOLVE DIAGNOSTIC ISSUES

Photos: Pete Meier

Figure 1



   
SEARCHAUTOPARTS.COM  69

Case study:  Corvette Class 2 com-

munications failure

A 2011 Corvette came in yesterday 

with the complaint that the key fob 

was damaged by closing it in the door, 

and it wouldn’t work at times. The 

customer had only one fob and wanted 

it replaced with a new one. I pulled a 

new fob from parts and tried to pro-

gram it to replace the No. 1 fob that 

was damaged. If you don’t program a 

new fob on a Corvette to replace either 

the existing No. 1 or No. 2 fob, it will 

program into position No. 3. It will still 

function normally, but personalization 

functions will not be enabled. 

The new fob would not program, as 

the module would not respond. Doing 

a quick scan check, I saw all the Class 

2 modules were unable to communi-

cate, although all the GMLAN mod-

ules communicated normally. The 

high-speed modules all had multiple 

U codes set as current and history. 

My first diagnostic step was to 

check the Class 2 bus resistance. I 

didn’t see a problem inhibiting com-

munication there. How about the bus 

voltage (Figure 2)? 

OK. Here’s our problem: excessive 

voltage on the bus, but from where? 

Usually a module leaking voltage onto 

the bus causes this, but which one? 

Pondering that question while sitting 

in the driver’s seat, scan tool in hand, 

I looked slightly to the right and got 

my clue.

An aftermarket Pioneer Nav radio 

has been installed. We have many 

problems with aftermarket compo-

nents either causing communication 

problems or key-off draws. Since the 

JX208 bus connector is easily acces-

sible under the right front access 

panel, I pulled the comb, opening half 

the bus that the radio was on. That 

restored communications with all the 

Class 2 modules on the JX205 bus 

connector. Assuming a radio fault, I 

backed out of terminal C, leading to 

the radio, from the JX208 connector 

and reinstalled the comb. Bus voltage 

instantly returned to normal. All com-

munications were restored except for 

the radio, and I was able to program 

the new key fob without a problem.

Case study:  An unusual problem on 

a 2014 Silverado

Today, a 2014 Silverado was towed 

in. The customer had several concerns 

including SES light on, power steering 

inoperative at times, ABS light on, all 

problems come and go. When I got in 

the truck, the Service Power Steering 

message was on, the steering had 

no assist, and the SES and ABS and 

Brake lights were on. As soon as I 

moved the truck, the steering worked 

normally and I drove it inside. From 

the multiple complaints, it seemed 

to be a major communication failure. 

Figure 3Figure 2

©2016 Federal-Mogul Motorparts Corporation. All trademarks shown are owned by  

Federal-Mogul Corporation, or one or more of its subsidiaries, in one or more countries. All rights reserved.

At least you’ll be able 
to see the deer in  
the headlights.

WagnerBrake.com
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I checked for codes first and saw a 

laundry list (Figure 3). 

Quite a few codes, huh? After check-

ing the module status on the bus, I 

wanted to take a look at the bus activ-

ity (Figure 4).

Well, we’ve got some obvious prob-

lems. The HMI is only on the high-

speed bus, but the EBCM is also a 

gateway module for the HS Expansion 

Bus. Is this bus active? Rather than a 

pattern I would normally expect, all I 

saw was a flat line and you know what 

flat lines mean, right?

UGH....nobody home.

Checking the module list on this 

bus, I found no EBCM here either. I 

was looking for EBCM communication 

on GDS2 and could not communicate 

with the module. I turned the key off 

and communication was established 

with both the missing EBCM and the 

HMI module for about one minute, 

then they went silent again. I turned 

the key back on and still no commu-

nication. Let’s try something. I turned 

off the key and communications were 

established again for about one minute. 

Interesting! I wonder what happens to 

the HSGMLAN when the key is rotated 

off (Figure 5).

Clue 1 — On the high-speed mod-

ule list, 2 modules are missing but the 

heading says “Control Module Not 

Awake.” 

Clue 2 — There is no communication 

on the expansion bus as the EBCM is 

down. Since it acts as the gateway 

module, the bus cannot communicate 

without the EBCM. 

Clue 3 — The PSCM has set U0299-

00 High Speed Communication Enable 

Circuit as current. 

Clue 4 — When the key is cycled 

off, communication is restored and 

the H igh Speed Bus waveform 

returns to normal as all modules are 

now communicating. 

OK, time to use our most important 

tool — the one between our ears —

and analyze the failure. Two modules 

are not communicating and the data 

tool tells us that they are not awake. 

The ECM says that a problem exists 

in the data communication enable 

circuit. GM low-speed modules need 

only a 12-volt spike on the data line 

to awaken them, but high speed 

modules are different. They need a 

dedicated 12-volt enable line from 

the BCM to awaken. This should be 

a constant 12-volt feed with the key 

on, but our modules only awaken 

with the key cycled off. Why? 

How do we find out why this is hap-

pening? I went to the data enable cir-

cuit for the EBCM and the HMI mod-

ule at the BCM X4 connector, pin 23. 

Back-probing the pin, with the key 

turned on, there is a very short 12-volt 

spike, then no voltage. When the key is 

turned off, there is a steady 12-volt feed 

until the BCM powers down as seen 

on the HSLAN waveform. Pin 22 is the 

communication-enable circuit for the 

TCCM, ECM and ATC. Checking this 

pin, when the key is cycled on, a steady 

12-volt output is seen, as expected. 

Maybe the signal is being pulled 

down — unlikely but I can prove it 

easily. I swapped pin 23 and 22 in 

the X4 connector. Now, with key on, I 

have normal communication with the 

EBCM, but no communication with the 

ECM until the key is turned off. This 

must therefore be an internal BCM fail-

ure. A new BCM solved the problem 

and everything is fine now. 

This shows why, with network com-

munication issues, it’s very important 

not to jump in too quickly. Look for 

the clues first and analyze the failure 

before replacing components.

Do you have a story like these 

you want to share? That’s one of 

the goals of this column! Email your 

ideas to me at pmeier@advanstar.

com. See you next month! 

Figure 4

Figure 5

PETE MEIER
DIRECTOR OF 
TRAINING

Pete Meier is an ASE certifi ed Master Technician and 
sponsoring member of iATN. He has over 35 years prac-
tical experience as a technician and educator, covering 
a wide variety of makes and models. His primary goal is 
to bring working techs the information they need.

  Email Pete at pmeier@advanstar.com



   
SEARCHAUTOPARTS.COM  71

Ô DRIVABILITY
TECHNOLOGY

Ô  MOTOR AGE 

GARAGE TRUE STORIES FROM THE SERVICE BAY

Photos: Albin Moore

A PICTURE IS WORTH 
1,000 WORDS
AS TECHNOLOGY MARCHES ON, SOMETIMES WE NEED QUICKER AND MORE ACCURATE WAYS 
OF FINDING PROBLEMS. AT TIMES, A SIMPLE PICTURE COULD BE THE ANSWER. 

The one thing that is common 

between an engine cooling and an 

air conditioning system is they both 

move heat from a heat source to a 

place away from the heat source. 

When working with heat transfer, 

heat always flows from a hot place to 

a cooler place, where the heat can be 

removed from the system. Any time a 

cooling system doesn’t work properly, 

there are only two basic things that 

went wrong: either the heat source is 

producing more heat than the system 

was designed to handle, or there is a 

malfunction in the system. Please keep 

in mind that the art of the diagnostic 

process is to get the problem to come 

to you.

Over the years I have analyzed a lot 

of cooling system problems and used 

a lot of different methods to find the 

problem, but guessing — which leads 

to tossing parts at a problem — is not 

a good method to find these kinds 

of problems. Some of the tools used 

have been mechanical thermometers, 

flow meters, scan tools, non-contact 

thermometers and latex gloves. The 

main point of using diagnostic tools 

is to have the ability to gather a lot of 

accurate information in a short time. 

This allows the diagnostic technician 

the ability to come to an accurate 

resolution of the problem with little 

time spent. 

Now let’s move our discussion of 

diagnostic tooling technology up a step 

to using thermal imaging. In years past, 

the equipment used to capture ther-

mal images has been quite expensive, 

which prohibited its use in an automo-

tive repair shop. Today this technology 

is available at a low cost and uses your 

smart phone camera to provide the 

thermal photographs (Figure 1). Since 

the technology is here and quite afford-

able, how do we apply the tooling to 

the problem at hand? 

A cooling system is designed to 

move heat from one location to anoth-

er, so obviously one of the parts must 

be hotter than the other. In the case 

of an engine, the engine must be hot-

ter than the lower part of the radia-

tor. To make this concept easier to 

understand, I think we need to use an 

illustration. Figure 2 shows a sche-

matic of a basic A/C system. By fol-

lowing the colors (red = hot and blue 

= cold), it is easy to follow the path 

the heat takes as it is moved from the 

passenger compartment to the con-

denser that is mounted in the front 

of the vehicle. 

Some of us are old enough to have 

learned how an A/C system works 

back in the R12 refrigerant days. Well, 

the R134a and even the R1234yf refrig-

erants work with the same principle. In 

any A/C system, the compressor must 

be capable of moving the refrigerant 

through the condenser. The condenser 

must be capable of flowing the refrig-

erant through its tubes and capable 

of flowing air across the condenser. 

The system must have a restriction 

in the high-pressure liquid line to cre-

ate a low-pressure area to cause the 

refrigerant to become cold. This cold 

refrigerant must flow through an evap-

BY ALBIN MOORE | CONTRIBUTING EDITOR

Hot weather is just around the corner and along with the hot weather will come overheating 
problems with vehicle engines and in the passenger compartments. Stop and think about 
the two different cooling systems and how much alike each system is to each other in what 

they do. Now stop and think about how different each system is in the way they perform their task.

HOT, NOT COLD

1999 NISSAN QUEST

Vehicle Year/Make/Model

POOR A/C PERFORMANCE

Complaint
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orator core, where it boils and absorbs 

heat from the passenger compartment, 

and then returns to the compressor to 

repeat its cycle over and over again. 

This all seems like a simple process, 

but if something like a small kink in a 

refrigerant line, a restriction to air flow 

across the condenser, an orifice valve 

that does not work properly, or even 

the system itself not being properly 

charged happens, then the A/C sys-

tem will not perform correctly. Here 

is where a thermal imaging camera 

can make the diagnostic process very 

fast and accurate. By using the ther-

mal images to visually watch the tem-

perature as it changes in the system 

(condenser and A/C lines), it is quick, 

easy and accurate to find and isolate 

a problem.

An A/C example

The vehicle I will use for the demon-

strations is a 1999 Nissan Quest. This 

vehicle has a complaint of poor A/C 

performance. Looking under the hood 

at the system, I find there is not much 

of the system that is easily accessible, 

other than the receiver dryer (Figure 

3). Everything else is either covered 

up with a piece of plastic or buried 

under wiring harnesses or coolant 

hoses. 

Since the vehicle has a complaint 

of poor A/C performance, a few 

thoughts start running through my 

head. Is the problem caused by a low 

charge of refrigerant, is the compres-

sor clutch slipping, does the system 

have an excessive amount of oil, or 

is the drive belt slipping? If you stop 

and think about any of these possibili-

ties, all will have a telltale heat prob-

lem. A slipping belt or slipping clutch 

will produce lots of heat; low refrig-

erant will cause too much heat at the 

supply and discharge to the evapo-

rator; and if there is too much oil in 

the system, there will be cool spots 

along the bottom of the condenser. All 

of these problems can be found with 

a few thermal images. 

With any testing procedure, it is 

always a good thing to have a back-

up system and in this case, the pres-

sure gauges need to be hooked to the 

vehicle and a thermometer needs to 

monitor the vent temperature. With 

the pressure gauges, thermometer 

and thermal images, we have three 

different ways to find and verify any 

problem that might exist.  

When it comes to charging an 

automotive A/C system, most times 

the technician will find the amount 

of lubricant and refrigerant required 

by the vehicle manufacturer and just 

load the system and move on. Most 

times this works but does it bring the 

system output to its minimum vent 

temperature? R134a refrigerant will 

operate efficiently with a window of 

+/– 10 percent of the required charge. 

This target is pretty easy to hit if the 

system is a 48-ounce system, but the 

center of the target is smaller if the 

system is a 16-ounce system. Either 

too much or too little refrigerant will 

cause a poor performance problem, 

and it doesn’t take missing the target 

by very much to have a poor cooling 

performance problem. 

To start the diagnostic process on 

the Nissan, the A/C control was set 

at maximum cooling in the recircu-

lation mode with the front and rear 

blowers on low speed with all doors 

and windows closed. I want to see 

how cold the evaporator will get. 

The evaporator temperature can be 

tested by either monitoring the low-

side pressure or by checking the tem-

perature of the evaporator discharge 

line. Figure 4 is showing the suction 

and liquid line, both of which, based 

on thermal imaging, were too warm. 

In this case, the suction line is much 

warmer than the liquid line. Without 

hooking up the gauges, it is easy to 

tell the system is low on refrigerant; 

how low is only a guess, but with one 

thermal image, many other things can 

be ruled out. 

The thermal imaging tool is 

plugged to a smartphone. The 

device used is made by Flir 

and is attached to an android 

smartphone.

Figure 1

©2016 Federal-Mogul Motorparts Corporation. All trademarks shown are owned by  
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There is nothing in this engine bay that is easily accessible except the 

engine dipstick and the A/C accumulator.

Both the suction and liquid line at the evaporator are back in a hole 

beside the right strut tower and are not accessible without removing or 

moving some hoses. They are accessible though for a thermal image.

Schematic diagram 

of an A/C system. 

Red = heat  

Blue = cold

Figure 3

Figure 2

Figure 4

© 2016 Tenneco Automotive
Operating Company Inc.
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In a case like this, the system must 

have a proper charge of R134a to 

proceed with the rest of the problem 

analysis procedure. The only accept-

able way to do this on cars made the 

last several years is to recover what 

is already in the system and recharge 

the system with the specified charge. 

System charges today are measured 

in ounces and not pounds, so there 

is little leeway for error. Too much 

refrigerant will lead to higher com-

pressor head temperatures (leading 

to premature failure) and too little 

will impact overall cooling efficiency. 

To insure you are performing the best 

recover/recharge you can, make sure 

your RRR equipment is certified to the 

SAE J2788 standard and is properly 

maintained.

Once the system is properly 

charged, the total A/C system can be 

stress-tested to see how well it will 

remove heat from the passenger com-

partment. With the engine at 2500 

RPM, all doors open and the blower 

on high speed, the thermometers 

(Figure 5) showed the vent temp to 

be 40.5°F. Ideally, this stress test-

ing would be performed on a hot day 

with the vehicle out in the sun. At this 

point, thermal images can be used to 

test the total system. Over the years, 

I have lost several vent thermometers, 

so I have gone to using an electronic 

tool that will monitor both the inside 

and outside temperature. This tool is 

large enough to keep me from forget-

ting it and leaving it in the car. In this 

case, the gauges in Figure 6 show 

the evaporator is operating at its 

minimum allowed temperature and 

the condenser is capable of transfer-

ring the heat to the atmosphere. One 

more quick test is to use the thermal 

imaging camera to take a shot of the 

liquid and suction lines where they 

go through the firewall. After doing 

this, the suction line temp was 75.5° 

F and the liquid line was very close to 

the same temperature. I am not com-

fortable using the thermal imaging all 

by itself to verify a proper charge of 

refrigerant, but it is a great way to 

quickly pick out problems can often 

take a lot of time to find. 

One more component needs to be 

tested with thermal imaging — the 

condenser (Figure 7). With the engine 

running at 2,500 RPM and the A/C 

system set at the max position, we’re 

allowing the A/C system to remove 

the maximum amount of heat from the 

passenger compartment. This will put 

the most heat load on the condenser. 

The thermal image will allow the 

technician the ability to see if there 

are any cold spots in the condenser. 

Any cold spot would indicate a place 

in the condenser core where refrig-

erant was not flowing. It would also 

show if the A/C system were oil laden, 

which would cause the excessive oil 

to lie in the bottom of the condenser. 

Excessive oil can lead to compressor 

damage and restricted refrigerant 

flow. It also coats the inside surfaces 

of the both the condenser and evapo-

rator and impedes the heat transfer of 

these components. 

Engine cooling system 

analysis

When analyzing an engine cooling 

system problem, many of the things 

we have talked about with an A/C 

system can also be used. Although it 

is difficult to watch the temperature 

of the cylinder block, we still have 

access to the heater hoses and radia-

tor hoses. Many times, we will also 

have access to the radiator tanks, 

which are great places to monitor 

coolant temperature. 

Figure 8 is part of a cooling system 

diagnostic chart found in MotoLOGIC 

service information. In looking over 

the chart, I see two things that are 

the main cause of an overheat prob-

lem: poor heat transfer and reduced 

airflow. This goes right along with 

what I mentioned at the start of the 

article: “Any time a cooling system 

doesn’t work properly, there are only 

two basic things that went wrong: 

either the system is producing more 

heat than the system was designed 

to handle, or there is a malfunction in 

the system.”

When analyzing a cooling system 

problem, keep these two simple 

things in mind. These two problems 

are radiator related. On any cooling 

system analysis, verifying the radia-

tor is working properly should be the 

first step in the analysis process. If 

you verify the radiator is working 

properly and still have an overheat-

ing problem, then move your search 

for the problem to the engine.

When test ing a radiator for 

proper operation, the quickest and 

Vent temperature of 40.5°F with 

ambient of 86.3°F. Since there is 

no sun load on this vehicle, other 

testing needs to be done to verify 

proper system operation.

Pressure gauge readings taken 

with an engine speed of 2,500 

RPM with both front and rear 

blower speed at maximum. 

The gauge pressures verify the 

evaporator is running as cold as 

possible and the condenser is 

capable of transferring the heat to 

the atmosphere.

Figure 5

Figure 6

Thermal image of the condenser. 

This image was taken looking 

through the grill. I wanted to 

know if there were any blockages 

in the condenser or any over oil 

condition that would cause a 

cold spot at the bottom of the 

condenser. 

Figure 7
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most accurate way is to test the 

temperature of the hot water entering 

the radiator and the temperature of 

the water that is leaving the radiator. 

The thermostat housing should be the 

hottest point of the engine. Figure 

9 is another thermal image of the 

coolant pipe where the coolant enters 

the engine. This should be the coolest 

place in the cooling system. Since 

most radiators are covered with a fan 

on one side and an A/C condenser on 

the other, it is hard to get any kind 

of thermal image of the complete 

radiator. 

The radiator inlet and outlet are the 

easiest place to test, so if you do not 

have a minimum of 20 degrees differ-

ence between the two, then do some 

hunting for the problem in the radia-

tor. If the temperature drop across the 

radiator is correct, then look for your 

overheating problem in the engine. 

Wrapping it up
In any diagnostic process, break the 

problem down into small, bite-size 

pieces. Start with the simple and 

work towards the complex. Always 

start with a logical diagnostic process 

and stick to it; jumping around and 

grasping at straws will cause a lot of 

wasted time and frustration. Never do 

a test if you do not know why you are 

doing it and what results you expect 

to see. If you follow these few sugges-

tions, you will be successful in mak-

ing the problem come to you. 

 Diagnostic work and problem 

analysis can be very rewarding and 

very profitable. Have fun with your 

new toys.  

ALBIN MOORE  
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EDITOR

Albin Moore spent 21 years in logging before opening 
in 1992 a shop that specializes in drivability problem 
analysis. He is an ASE CMAT L1 technician with 
40 years of analyzing and fixing mechanical and 
electrical issues.

  Email Albin at bwrench@yahoo.com

Thermal image of the lower 

radiator hose. This should be 

the coolest point in the cooling 

system. By comparing this 

reading with the reading of 

the thermostat housing, the 

difference will be the amount of 

heat that was removed from the 

radiator as the coolant was being 

pumped through the radiator. 

Figure 9

MotoLOGIC diagnostic chart for an overheating problem. I have 

highlighted the two most important things — poor heat transfer and 

reduced airflow. These are the two most basic things to keep in mind when 

analyzing an overheating problem. 

Figure 8

© 2016 Tenneco
Automotive Operating Company Inc.

SHOCKS & STRUTS

LETS
CELEBRATE!

GET UP TO a

$100
Visa® Prepaid Card*

WITH PURCHASE OF QUALIFYING 

MONROE® OR RANCHO ®

RIDE CONTROL PRODUCTS.

Offer valid:

February 22 – May 31, 2016

www.monroe.com

* See promotion REBATE for details
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O
rder a new MOOG® Problem 

Solver® ball joint for one of several 

popular vehicle models featuring 

compression-loaded suspension 

systems and you might wonder, “Where’s 

the dust boot?” Take another look — 

MOOG product engineers have developed 

a new pre-installed dust boot with encapsu-

lated Belleville washer design.

While this exclusive new design has a 

strikingly different appearance, its per-

formance advantages — including sig-

nificantly improved durability and easier 

installation — are even more impres-

sive. In short, the MOOG brand’s unique 

“problem solving” engineering philoso-

phy continues to drive the development 

of innovative parts that make a real differ-

ence in the repair bay and out on the road.

The new MOOG Problem Solver inte-

gral dust boot design provides increased 

coverage area around the part’s ball stud, 

ensuring a more robust and effective seal 

under a full range of operating conditions. 

Additionally, the boot is manufactured 

from a stronger material to ensure supe-

rior durability and service life. 

“While the pre-installed, integral dust 

boot design will be the first thing most 

techs notice, nearly every aspect of this 

new Problem Solver part represents a sig-

nificant enhancement over conventional 

ball joints, and that means greater value 

for both the service provider and con-

sumer,” explains Bryon Osterland, general 

manager, global steering and suspension, 

Federal-Mogul Motorparts. “For example, 

our premium forged housing is more 

robust and technicians will notice ultra-

smooth stud motion right out of the box, 

giving them added confidence that the 

part will help restore the precise, respon-

sive steering and handling preferred by 

many of today’s consumers.”

Other key features of the new MOOG 

Problem Solver ball joint include:

t� �)BSEFOFE� CBMM�

stud engi-

neered to 

w i t h s t a n d 

i n c r e a s e d 

loads

t� �1SFNJVN� GPSHFE�

housing with an 

increased cross section for 

more strength (up to 52 per-

cent more material  in key areas)

t� �1BUFOU�QFOEJOH� IBSEFOFE�

steel bearing sleeve with 

powered-metal gusher bearing for con-

trolled axial and radial movement

t� �1SF�UBQQFE� HSFBTF� GJUUJOH�IPMF� GPS� FBTZ�

installation of threaded grease fitting

The new Problem Solver ball joint 

is just the latest in a series of MOOG 

innovations featuring important product 

enhancements that outperform original 

equipment designs. This problem solving 

approach has made MOOG the preferred 

choice of multiple generations of profes-

sional technicians, but also NASCAR® 

Sprint Cup crew chiefs. In fact, every 

NASCAR Cup Series champion for the 

past 50 years has driven to victory with 

MOOG Steering and Suspension parts. 

In recognition of the vital importance of 

using only high-quality steering and sus-

pension components, NASCAR in 2015 

amended its rules to mandate the use of 

MOOG ball joints and tie rods in all Cup 

Series cars.

To learn more about this new Problem 

Solver part and other MOOG innova-

tions, please contact your MOOG supplier 

and visit www.MOOGproblemsolver.com

NOTICEABLY DIFFERENT.

CORPORATE 

PROFILE

ADVERTISEMENT

CORPORATE 

PROFILE

ADVERTISEMENT

EXCLUSIVE NEW MOOG® PROBLEM SOLVER® BALL JOINT DELIVERS 

EXCEPTIONAL DURABILITY, FASTER INSTALLATION
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FOR IMMEDIATE INFORMATION ON ANY OF THE PRODUCTS 

ON THESE PAGES, GO TO www.MotorAge.com/readerservice

TOUGHONE A/C COMPRESSORS

ToughOne A/C 
compressors, 
available exclu-
sively from Advance 
Professional and 
Carquest, are 
performance-tested premium products.  
Stringent testing ensures a superior qual-
ity, leak free and quiet compressor that 
meets or exceeds OE specifications and 
are backed with a limited lifetime warranty. 
For more information on hot A/C deals this 
summer, go to advancecommercial.com or 
contact your local delivery location. 

Advance Professional and Carquest

UNIVERSAL TPMS TOOL

The Launch TSAP-1 is a universal TPMS 
activation and sensor programming tool. It 
reads and activates all OE TPMS sensors 
as well as programs leading universal after-
market sensors. The TSAP-1 checks tire 
pressure in seconds, displays all available 
sensor data, provides vehicle selection look 
up, and a replacement sensor part number 
look-up section. Operations that require 
an OBDII tool can also be performed when 
used in conjunction with a Launch Pro Line 
Scan Tool, which comes with two years of 
software updates and a warranty.  

Launch Tech

NEW BENDPAK 

LOW-RISE LIFT 

PICKS UP WHERE 

OTHERS LEAVE OFF

BendPak recently unveiled 
its new LR-5T — a 10,000-
lb. capacity low-rise lift that accommodates passenger cars and 
trucks thanks to a newly designed lift platform, specialty adapters, 
wider driver capacity and increased lifting capacity. Convenient 
built-in storage trays mean lug nuts and other small parts are 
always within reach. 

BendPak

ENGINE, 

TRANSMISSION 

MOUNTS

NAPA DriveTech offers 
OE-equivalent engine and 
transmission mounts for the 
aftermarket. Only the high-
est quality materials and 
components are used during 
the manufacturing process 
to ensure exact form, fit and 
function. NAPA DriveTech is manufactured exclusively for NAPA 
AUTO PARTS stores. Contact your local NAPA AUTO PARTS store 
for ordering information. 

NAPA AUTO PARTS

TEXTAR HIGH CARBON 

BRAKE DISCS

Textar, the world’s leading 
manufacturer of OE brake 
pads, offers a range of German 
engineered, high carbon brake 
discs for European applica-
tions. Engineers have devel-
oped a brake disc to ensure 
ultimate braking performance and the brake discs are available at 
WORLDPAC. Visit www.worldpac.com. 

WORLDPAC

LOCKLIGHT CAR LIFT PROVIDES 

PEACE OF MIND

When a vehicle 
is on a lift, the 
technician 
should always 
lower the lift to 
its locks before 
starting repairs. 
Rotary Lift’s patent-pending LockLight™ 
shows at a glance if a lift is on its locks. 
When LockLight detects that a lift is on its 
locks, a large light in the center turns green. 
LockLight is compatible with most surface 
and inground lifts equipped with an electric/
hydraulic power unit. 

Rotary Lift

Keep your car  
from becoming a  
cold-weather casualty.
MOOGProblemSolver.com
©2016 Federal-Mogul Motorparts Corporation. NASCAR is a registered trademark of NASCAR, Inc.  
All other trademarks shown are owned by Federal-Mogul Corporation, or one or more of its  
subsidiaries, in one or more countries. All rights reserved.
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Collision Repair & 
5H�QLVKLQJ�'HJUHHV

Fox Valley Technical College in Appleton, WI is a recognized leader in hands-on 
training for automotive collision repair and refinishing. You’ll get the skills you need 
for a degree in this high-demand field. 

FVTC also offers technician & estimator training. Visit www.fvtc.edu/CDAT.

For more information: www.fvtc.edu/Automotive
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BY PETE MEIER
Director of Training

All technicians know that an engine 
has to have good compression in 
order to run well. But an engine 
also has to “breathe” well, or be 
able to move the air in and out with 
minimal restriction. Restricted cata-
lytic converters, improper cam timing, 
even clogged air filters, can impact 
the ability of the engine to do this 
with various drivability concerns as 
a result. In addition, many cars use 
Mass Airflow (MAF) sensors to tell 
the ECM how much air is being drawn 
in. If this information is incorrect, 
the ECM will not supply the correct 
fuel charge for optimum performance. 
There is an easy way to tell if the 
engine’s ability to “breathe” or an 
inaccurate MAF sensor is the cause 
of the drivability complaint you are 
diagnosing.

It’s called Volumetric Efficiency 
(VE) and is a measurement in per-
centage of the actual ability of the 
engine to move air versus what it 
could move in a perfect world. The 
scan tool PID “Calculated Load” is a 
rough representation of VE. To check 
VE for yourself, you’ll need a scan tool 
capable of recording data and a VE 
calculator. You can find one online — 

heck, there’s even a Google app! 
Most calculators will require the 

engine size in cubic inch displace-
ment, airflow in grams/second, engine 
rpm and intake air temperature when 
tested. Set your scan tool to record 
these Parameter Identifications 
(PIDs) and take the car out for a test 
drive. If you want to test the accuracy 
of the MAF sensor, record the fuel 
trim PIDs (STFT and LTFT) at the 
same time. Wait until you’re back in 

the shop before you review the data 
and be sure to perform the road test 
in a safe area and in accordance with 
all local laws and regulations.

Want to see how it’s done? In this 
edition of The Trainer I will show you 
just how easy it is to perform this test 
step by step and then share what to 
look for in the data you’ve captured. 
Be sure to “like” the video and sub-
scribe to the YouTube channel when 
you’ve finished watching! 

HOW TO CHECK 
VOLUMETRIC EFFICIENCY
DON’T OVERLOOK THE ENGINE’S ABILITY TO PUMP THE AIR IN AND OUT!

[ V I D E O S ]

[ T H E  T R A I N E R ]

Understand why 
circuits fail

Make your job easier; 
let the tools take over

Remember this one 
important acronym

Measuring voltage on 
the ground side

MotorAge.com/mar16trainer

MotorAge.com/feb16trainer MotorAge.com/jan16trainer MotorAge.com/dec15trainer MotorAge.com/nov15trainer

80  MARCH 2016  MotorAge.Com  



For more information:

Call us: 800-896-3126 | Visit us: www.mitchell1.com

Or find your local Mitchell 1 sales representative: 

www.mitchellrep.com

repair information  |  shop management  |  shop marketing

Today’s high-tech vehicles require high-tech repairs — and that means you need more detailed 

repair information than ever before. But the real challenge is sorting through it all to quickly to 

find exactly what you need. And that’s where ProDemand® can help.

ProDemand cuts through the clutter with user-friendly features and a logical layout that makes it 

quick and easy to drill down to the information you need right now. Like SureTrack® Real Fixes, 

legendary wiring diagrams, common replaced parts trends, and so much more.

Packed with complete OEM repair information and real-world solutions from professional techs, 

ProDemand is the only resource you need to beat information overload.

© 2016 Mitchell Repair Information Company, LLC. All Rights Reserved. Mitchell 1® is a registered trademark used herein under license.
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