SECOND EDITION

e (ol

Rob Thompson




Automotive Maintenance

& Light Repair

Second Edition

Rob Thompson

7 » CENGAGE

Australia « Brazil « Mexico « Singapore « United Kingdom « United States

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed
content does not materially affect the overall learning experience. The publisher reserves the right
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for
materials in your areas of interest.

Important Notice: Media content referenced within the product description or the product
text may not be available in the eBook version.



/. » CENGAGE

Automotive Maintenance & Light Repair,

© 2019, 2014 Cengage Learning, Inc.
Second Edition 8ag g

WCN: 02-300

Unless otherwise noted, all content is © Cengage.

Rob Thompson

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein
may be reproduced or distributed in any form or by any means, except as
permitted by U.S. copyright law, without the prior written permission of the
copyright owner.

SVP, GM Skills & Global Product Management:
Jonathan Lau

Product Director: Matthew Seeley

Senior Product Manager: Katie McGuire ) . .
& For product information and technology assistance, contact us at

Senior Director, Development: Marah Cengage Customer & Sales Support, 1-800-354-9706

Bellegarde For permission to use material from this text or product,
submit all requests online at www.cengage.com/permissions.

Senior Product Development Manager: Further permissions questions can be e-mailed to

Larry Main permissionrequest@cengage.com

Senior Content Developer: Meaghan Tomaso Library of Congress Control Number: 2017952177

Product Assistant: Mara Ciacelli ISBN-13: 978-1-337-56439-7

Vice President, Marketing Services: Jennifer Ann Cengage

Baker 20 Channel Center Street
Boston, MA 02210

Associate Marketing Manager: Andrew Ouimet USA

Senior Content Project Manager: Kenneth . . . . . . .
Cengage is a leading provider of customized learning solutions with employees

McGrath oreT X ) ) i
residing in nearly 40 different countries and sales in more than 125 countries

Design Director: Jack Pendleton around the world. Find your local representative at www.cengage.com.

Text Designer: Jay Purcell Cengage products are represented in Canada by Nelson Education, Ltd.

Cover Designer: Dave Gink To learn more about Cengage Learning, visit www.cengage.com

Cover Credit: Boophuket/Shutterstock.com Purchase any of our products at your local college store or at our preferred

online store www.cengagebrain.com

Notice to the Reader

Publisher does not warrant or guarantee any of the products described herein or perform any independent analysis in connection
with any of the product information contained herein. Publisher does not assume, and expressly disclaims, any obligation to obtain
and include information other than that provided to it by the manufacturer. The reader is expressly warned to consider and adopt

all safety precautions that might be indicated by the activities described herein and to avoid all potential hazards. By following the
instructions contained herein, the reader willingly assumes all risks in connection with such instructions. The publisher makes no rep-
resentations or warranties of any kind, including but not limited to, the warranties of fitness for particular purpose or merchantability,
nor are any such representations implied with respect to the material set forth herein, and the publisher takes no responsibility with
respect to such material. The publisher shall not be liable for any special, consequential, or exemplary damages resulting, in whole or
part, from the readers’ use of, or reliance upon, this material.

Printed in the United States of America
Print Number: 01 Print Year: 2017



Without the encouragement, support, and especially the patience of my wife, Vondra,
this would not have been possible. Thank you.

Thanks really need to go to my students. Over my years of teaching, through all the ups
and downs that are part of being an educator, I've been lucky enough to have many
great students who help inspire and motivate me to always try harder and do better
the next day.

| want to thank a long-time friend, colleague, and mentor, Jack Erjavec. It was Jack
who many years ago put the idea of teaching in my head. Jack also introduced me to
Cengage, where | have been lucky to have worked on many different projects and meet
a lot of great people. Without Jack’s interventions in my life, | would not be where
| am today.



Preface. . ..o vii
Acknowledgments............coccveeviiiiiiiiiiiice viii
About the Author.............cccoooiii ix
SuUpPPleMENtS ... X
CHAPTER1 Introduction to the
Automotive Industry.......... 1
The Automotive Industry............................... 3
SUMMAIY .o 13
Review QUeStions ... 14
CHAPTER2 Safety.. ... 15
Personal Safety and Behaviors................................ 16
Shop Safety ... 22
Chemical Safety ... 33
SUMMAIY e 41
Review QUEeStioNS ... 41
CHAPTER3 Shop Orientation............. 43
Shop Orientation......................o 44
Technician’s Tools and TheirUse............................. 48
Fastenersand Torque ..o, 62
Vehicle Lifting and Jacking ... 70
Locating Vehicle Information................................... 72
Service Orders.............ocoooiii 80
SUMMAIY .o 84
Review QUeStions ... 84
CHAPTER 4 Basic Technician Skills......... 85
Employability Skills..................................... 86
Communication Skills................................. 93
Math Skills ... 101
Science SKills ... 18
Computer Literacy ..o 127
SUMMANY ..o 129
Review QUeStions ... 130

CHAPTER5 Wheels, Tires, and

Wheel Bearings ... 131
Purpose and Operation of Wheels and Tires ......... 132
Wheel and Tire Diagnosis and Service................. 145

Wheel Bearing Principles and Operation.............. 163

Wheel Bearing Diagnosis and Service.................. 167

SUMMAAIY oo 171
Review Questions....................ccocc 17

CHAPTER 6 Suspension System

Principles ... 173
Functions and Basic Principles............................... 174
Front Suspension System Design
and Operation........................ccoi 186
Rear Suspension Systems.................cccocoiiii 194
Electronic Suspension Systems ....................... 196
SUMMAIY oo 197
Review Questions..................coccoooiiii 198

CHAPTER7 Suspension System

Service................ 199
Toolsand Safety......................ccocooi 200
Inspection and Service...................cocoooi 202
Wheel Alignment...........coooiiiiiii, 219
SUMMANY .o 225
Review QUeStions ..o 225

CHAPTER 8 Steering System

Principles ... 227
Functions and Basic Principles....................... 228
Steering Operation.................coocooioiiiiiie 234
SUMMAAIY e 248
Review QUestions ... 249
CHAPTER9 Steering Service.......... 251
Tools and Safety ... 252
Steering Columns ... 253
Steering System Inspection and Service............... 254
Power Assist Service ... 259
SUMMANY oo 271
Review Questions ... 27
CHAPTER 10 Brake System Principles..... 273
Factors Involved in Brake System Design
and Operation......................cocoii 274
Hydraulics and Pascal's Law................................... 280
Hydraulic System and Components .................... 284
SUMMAANY oo 296
Review Questions.................ccooooiiiiii 296



CHAPTER 11 Brake System Service ....... 297
Toolsand Safety................... 298
Determining Brake System Concerns .................. 299
Hydraulic System Inspection and Service ............ 308
SUMMAIY oo 318
Review QUestions ... 318

CHAPTER12 Drum Brake System

Principles.................. 319
Drum Brake Systems and Operation.................... 320
SUMMAIY ..o, 330
Review QUESTIONS ..........cccoooovoiiiiice 330

CHAPTER 13 Drum Brake System
Inspection and Service ... 331

Service Tools and Safety................cccoooei. 332
Drum Brake Inspection............................co 333
Drum Brake Service ... 343
SUMMANY ..o 356
Review QUeStions ... 356

CHAPTER 14 Disc Brake System

Principles.................... 357
Disc Brake Systems and Components................. 358
Disc Brake Components and Operation ............... 358
SUMMANY ..o 373
Review QUeStions ... 373

CHAPTER 15 Disc Brake System
Inspection and Service ...375

Service Tools and Safety.............................. 376
Disc Brake Diagnosis..................ccccooooioiio, 377
Brake Rotor Inspection.....................cocoooii. 391
Rotor Refinishing and Brake Lathes ..................... 398
Integral and Electronic Parking Brake Service...... 402
SUMMAAIY oo 404
Review QUESTIONS ...........ccoovviiiiiie 405

CHAPTER 16 Antilock Brakes, Stability
Control, and Power Assist

Systems................. 407
ABS/ESC Principles and Operation................... 408
Traction Control and ESC Systems.......................... 415
Power Assist Types and Components ................. 419
SUMMAAIY e 431

Review QUEStIONS ... 431

Contents

CHAPTER 17 Electrical/Electronic

System Principles........... 433
Principles of Electricity ... 434
Circuits, Components, and Operation................... 439
Electromagnetism and the Vehicle ... 464
Electronics. ... 468
SUMMAAIY e 473
Review QUestions ... 473

CHAPTER 18 Basic Electrical/Electronic

System Service ... 475
Electrical Safety, Tools, and Equipment................ 476
Electrical Measurements....................................... 479
Schematics ... 492
Circuit Faultsand Testing ..., 496
Wiring Repair............coocoooiiiii 510
SUMMANY ..o 516
Review QUeStions.................ccoooooioie 516

CHAPTER19 Battery, Starting, and Charging

System Principles................... 519
Battery Principles..................... 520
Starting System.............ocoiiiiii 528
Starting System Components and Operation...... 533
Hybrid Vehicle Starting Systems........................ 541
Charging Systems..............c.ococoiiiiiiii 543
Generator Construction and Operation................ 544
Hybrid Charging Systems................................ 553
SUMMANY ..o 556
Review QUeStions ..o 556

CHAPTER20 Starting and Charging

System Service.......... 557
Toolsand Safety......................cccocooi 558
Battery Inspection ... 562
Battery Service and Testing.......................c...... 570
Starting System Testing and Service................... 583
Charging System Testing and Service................ 595
SUMMANY oo 604
Review QUestions ..o 605
CHAPTER 21 Lighting and Electrical

Accessories........... 607
Lighting Systems ...........ccooiiiiiiiiiee, 608
Driver Information Systems ..., 630
SUMMAAIY oo 639
Review Questions ... 639




Contents

CHAPTER22 Engine Performance

Principles................. 641
Principles of Operation.................................... 642
SUMMAAIY o 670
Review QUestions ... 670

CHAPTER 23 Engine Mechanical Testing

and Service ... 671
Engine Testing Tools ... 672
Engine Testing Safety Precautions ........................ 673
Test Analysis. ... 689
SUMMAAIY oo 695
Review QUESTIONS ............ccoooiiiiiiee 695

CHAPTER 24 Engine Performance

Service ... 697
Engine Performance Service......................... 698
On-Board Diagnostic Systems ............................... 709
Trips and Drive Cycles....................ooo, 719
SUMMAIY oo 727
Review Questions ... 727

CHAPTER 25 Drivetrains and

Transmissions.................. 729
Drivetrain Types ... 730
TranSMISSIONS. ... 731
Automatic Transmissions ... 732

Manual Transmissions ............cccooevoveiieeiee 738

Transmission Inspection and Service................... 746
Axle Shafts................ 756
SUMMAIY .o, 761
Review QUeStions ..o 761

CHAPTER26 Heating and Air

Conditioning............. 763
The HVAC System...........c.ocooiiiiiiee 764
SUMMAAIY oo 793
Review QUEeStiIONS ........cooovoiiieeie 793
CHAPTER 27 Vehicle Maintenance....... 795
Maintenance ... 796
Maintenance Services .....................cccc 798
Fluid Checks and Services............c.cccccovveiieiiii. 804
SUMMAIY .o 819
Review Questions................ccccoiiii 819
AppendiX A 821
AppendixB......................... 822
AppendixC............................... 823
AppendixD ... 824
AppendixE ... ... 825
GloSSary ... 826
INde@X....oooo 837



PREFACE

utomotive Maintenance & Light Repair (AM&LR) is designed to guide and prepare
students enrolled in automotive maintenance and light repair automotive pro-
grams. The textbook and accompanying workbook cover the fundamental theo-
ries, real world examples, and practical applications for each of the 2016 NATEF (National
Automotive Technicians Education Foundation) Maintenance and Light Repair (MLR) tasks.

The second edition has been thoroughly revised and updated. What started out as a
book going in for some maintenance and light repair work turned into a complete over-
haul of many areas. This completely updated edition is designed to meet the needs of
MLR programs and to prepare students for the ASE Student Certification tests.

Written by a high school automotive technology instructor, this textbook provides in-depth
detail about each task, including the underlying concepts necessary to understand how and
why components and systems operate. In addition, real-world examples of inspecting and
servicing these components and systems are provided in both the text and the workbook.

Today's automotive students face a challenging career—the technological changes tak-
ing place with modern cars and trucks are vast. Systems unheard of only ten years ago
are now common on many vehicles. The rate of adoption of new technology can only be
expected to increase as consumer expectations change and technology becomes more
affordable. Keeping up with technology is one of the biggest challenges technicians face
today. A theme of AM&LR is helping the student become a lifelong learner; to learn how
to find information and how to use the information productively. As part of this theme is
the inclusion of developing the “soft” skills, such as communication, which in the modern
work place are as important as technical skills.

To help prepare students for MLR tasks, the text includes a chapter on reviewing and
reinforcing fundamental academic and professional skills. Chapter 4 includes a review of
basic math and science skills, computer use and information about job seeking, resumes,
interviewing, and work ethic. These topics are addressed because having technical skills
is not always enough to be able to get and keep a job.

The layout of AM&LR is designed to logically progress from basic industry and shop
operations and shop safety to automotive systems operation, service and repair. Safety is
emphasized throughout the text to reinforce safe work practices addressed in Chapters 2
and 3. The sequence of chapters is from basic systems and services to complex, although
it is not necessary to follow the sequence of chapters as presented.

The workbook contains a corresponding question and answer section for each text-
book chapter. These sections can be used to help guide the students’ reading of the
textbook by requiring the answering of questions directly from the text. The workbook
also contains additional activities to reinforce concepts found in the core text, as well as
selected lab activities and worksheets. The lab worksheets provided are meant to rein-
force important fundamental skills that each student should master.

Whether used in a high school or post-secondary training program, AM&LR is designed
to guide students through the MLR tasks and onto becoming automotive professionals.

Thank you,
Rob Thompson
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INSTRUCTOR RESOURCES

Time-saving instructor resources are available on CD or at the Instructor Companion
Website found on cengagebrain.com. Either delivery option offers the following com-
ponents to help minimize instructor preparation and engage students:

¢ PowerPoint chapter presentations with selected images that present the highlights of
each chapter

¢ An Instructor’s Guide in electronic format

¢ Cengage Learning Testing Powered by Cognero® delivers hundreds of test questions
in a flexible, on-line system. You can choose to author, edit, and manage test bank
content from multiple Cengage Learning solutions and deliver tests from your LMS,
or you can simply download editable Word documents from the Instructor Resource
CD or Instructor Companion Website.

* An Image Gallery includes photos and illustrations from the text.

A NATEF Correlation Guide

WORKBOOK

The Workbook to accompany Automotive Maintenance & Light Repair, 2e is designed
to work hand-in-hand with the textbook to offer additional opportunities for review
and application of the chapter material. The Workbook includes theory-based Activi-
ties, procedure-based Lab Worksheets, and finally, Review Questions to help reinforce
what was learned from studying the core text.

MINDTAP FOR AUTOMOTIVE MAINTENANCE & LIGHT REPAIR

MindTap is a personalized teaching experience with relevant assignments that guide
students to analyze, apply, and improve thinking, allowing you to measure skills and
outcomes with ease.

e Personalized Teaching: Becomes yours with a Learning Path that is built with key stu-
dent objectives. Control what students see and when they see it. Use it as-is or match
to your syllabus exactly —hide, rearrange, add and create your own content.

¢ Guide Students: A unique learning path of relevant readings, multimedia and activities
that move students up the learning taxonomy from basic knowledge and comprehen-
sion to analysis and application.

e Promote Better Outcomes: Empower instructors and motivate students with analyt-
ics and reports that provide a snapshot of class progress, time in course, engagement
and completion rates.
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Introduction to the Automotive Industry

Chapter Objectives

At the conclusion of this chapter, you should be able to:

e Describe the types of jobs available in the automotive industry.
e Explain training and education options for technicians.

e Explain the areas of ASE certification.

e Describe the reasons for the changes in automotive design and construction.

KEY TERMS

collision technician National Automotive parts technician
Technician Education
Foundation (NATEF)

entry-level technician service advisor

lifelong learnin

) 9 o 9 National Institute for

line technician Automotive Service
Excellence (ASE)




2 Chapter 1 ¢ Introduction to the Automotive Industry

he history of the modern automobile, a vehicle using In the early days of motorized transportation, gasoline

a combustion engine to propel itself, can be traced was not the only fuel source. Even in the late 1800s and
back to the late 1800s. The first self-propelled vehicles early 1900s, many models of electric vehicles existed.
were hand built in very limited quantities by pioneers Other vehicles had steam engines, or used types of alco-
such as Gottlieb Daimler, Wilhelm Maybach, and Karl hol or kerosene as their energy source. Figure 1-2 shows
Benz. An example of what is considered the first auto- a map of electric vehicle charging stations in New York
mobile is shown in Figure 1-1. City from 1923.

The earliest automobiles, such as this, were motorized horse buggies.

Electric-car owners in New York City could plug in and charge at a number of stations -
scattered across Manhattan, as shown on this 1923 map. e

Electric cars were very popular and had many charging stations in the early 1900s.



In the early 1900s, Ransom E. Olds began mass pro-
duction of the Oldsmobile. This process was greatly
improved upon by Henry Ford in the 1910s with the
Model T. Ford’s use of standardized parts and the assem-
bly line brought the cost of manufacturing the Model T
down enough that it became affordable to many more
Americans.

Decreased manufacturing costs created fierce com-
petition among brands and helped to push design
advancements. However, despite the advances in
service life, safety, and efficiency, cars and trucks
remained largely unchanged for decades. Not until
electronics began to be integrated into new car tech-
nology in the 1970s did major changes come to the
automotive industry.

The Automotive Industry

The automotive industry is part of the domestic (and
international) transportation industry. In the United
States, the number of jobs associated with automobiles
is large; however, these jobs are just part of a bigger
picture encompassing all transportation-related jobs.
Approximately 1 in 7, or about 14%, of all jobs in the
United States are transportation related. This includes
indirect jobs that support the cars and light trucks on the
country’s roads, heavy-duty trucks and equipment, avia-
tion, shipping, and off-road and recreational vehicles. All
these industries have changed due to the growth or loss
of markets; changes in technology; and changes in laws,
regulations, and the economy. Regardless of the path you
choose, if you remain in a transportation-related career,
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you will need to be able to adapt and grow as things
change around you.

CHANGE IN THE AUTO INDUSTRY

There are many reasons for the changes and advance-
ments made over the last 100 years. Improvements in
manufacturing, materials, and electronics have played
significant roles in the industry’s evolution, and how
these improvements came into being deserves some
attention.

m Emissions and the Environment. At the end
of World War II, the American economy, booming due
to the needs of war production, needed to change to
consumer production. Factories that had been producing
tanks, airplanes, and war supplies shifted to producing
household goods and automobiles. General Motors,
Ford, and Chrysler restarted new car production in 1946.
Returning veterans and their families needed housing
and transportation as suburban development began. As
the number of vehicles on the road increased each year,
noticeable changes occurred in the air around certain
parts of the country.

As more vehicles were sold and more road miles
traveled, more pollution was released into the atmo-
sphere. In parts of California, the combination of pol-
lution and weather patterns created a thick, heavy haze
over cities, called smog, a combination of smoke and fog
(Figure 1-3). The California government knew that the
automobile was contributing to the pollution and began
to take steps to decrease the amount of pollution pro-
duced by cars and trucks. The very first emission control

© Venturelli Luca/Shutterstock.com.

FIGURE 1-3 Automotive exhaust contributes to air pollution. Emission control has been a major
contributor to automotive design since the 1970s.
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device, the positive crankcase ventilation (PCV) valve,
was introduced in 1957. Since then, passage of the Clean
Air Act, Clean Water Act, and many more emission con-
trol laws have forced vehicle manufacturers to meet
increasingly strict exhaust emission standards.

The Economy and Fuel Prices. Before the energy
crisis in 1973, American cars and trucks were, in general,
large, heavy, powerful, and not fuel efficient. The energy
crisis of the 1970s caused a shift in consumer attitudes
toward the cars the domestic auto makers produced.
In 1975, Congress passed the corporate average fuel
economy (CAFE) standards. These standards require
auto makers to reach increasingly higher fuel economy
ratings across all their vehicles sold in the United
States. Currently, the National Highway Traffic Safety
Administration (NHTSA) projects fleet average fuel
economy will be between 40.3 and 41 mpg by 2021
(Figure 1-4). Changes in engines, vehicle construction,
and other areas will be necessary as future vehicles will
be required to achieve better fuel economy.

Market Share. Imported cars had a small
percentage of the total automotive market share before
the mid-1970s. When oil and gas prices rose, many car
buyers started to look at the small, fuel-efficient models
offered by Honda, Toyota, Datsun (later Nissan), VW,
and others. In 1970, Americans bought about 313,000
Japanese-manufactured vehicles and approximately
750,000 vehicles from Germany. In comparison, sales
by General Motors, Ford, and Chrysler exceeded 7.1
million vehicles—more than 85% of the market. In 2015,
sales of imported cars in the United States accounted for

New Goals in Fuel Economy
60 miles per gallon average fleetwide
54.5 by 2025

50

40 36.6 by 2017
.-‘&:

30 I

Combined standards for
10 U.S. cars and light trucks

0
‘80 '85 '90 '95 '00 '05 '10 '15 '20 '25

Source: National Highway Traffic Safety
Administration

Reducing emissions and increasing fuel econ-
omy have been major factors in vehicle design.

about 55% of total sales. A chart of U.S. auto sales is
shown in Figure 1-5.

One factor in market share was product quality. Even
though domestic manufacturers began making smaller
and more efficient vehicles, they were still being sur-
passed in quality by the imports. The cars imported from
Japan and Germany were more efficient, were well built,
and often lasted longer than domestically built vehicles.
Consumers responded to this by buying more and more
imported cars and trucks. While General Motors, Ford,
and Chrysler made improvements, the availability of
so many other makes and models reduced their market
share steadily over the years.

The Electronic Revolution. As production of
smaller and less expensive electronic components and
magnets increased, more accessories, such as power
windows, could be supplied at lower cost. Features
such as power door locks, rear window defoggers, and
air conditioning, once expensive options, are standard
equipment on today’s vehicles.

Most modern options such as navigation systems,
Bluetooth phone integration, adaptive cruise control,
occupant safety systems, antilock brakes, and vehicle
stability control would not exist without low-cost elec-
tronics. In addition, electrical and electronic components
are replacing items that have traditionally been either
mechanical or hydraulic (powered by pressurized fluid).
For example, some vehicles use electrically controlled
torque-vectoring systems, designed to increase handling
and performance by controlling the power to each drive
wheel (Figure 1-6). Electric power steering is common
on many cars, and Nissan has a steer-by-wire system
available on the Infiniti Q50. Using electronic compo-
nents gives design engineers more flexibility and often
reduces manufacturing, maintenance, and repair costs.

United States Automotive Market Share 2015

Domestic
45%

European
9%

The share of new car sales among the U.S. pro-
duction and foreign manufacturers.



Changes in technology continue to drive auto-
motive design. Systems that were once only found on very
high-end cars, such as ABS, are now standard on all new cars
sold in the United States.

Safety. Founded in 1969, the Insurance Institute for
Highway Safety (IIHS) has worked to improve vehicle
safety by concentrating on three areas involved in motor
vehicle crashes: human, vehicle, and environment
factors. Prior to the work of the ITHS, there was little
safety regulation regarding the design and construction
of passenger vehicles. Seat belts did not become a
standard feature until 1968, due in part to the way in
which vehicle manufacturers evaluated vehicle safety
and conducted tests. In fact, the federal government did
not incorporate vehicle crash testing until the NHTSA
began testing in 1979.

Since then, the United States government, the ITHS,
and the auto makers themselves have conducted exten-
sive testing to improve vehicle crashworthiness. This
has led to improved vehicle designs that not only
reduce injuries but also help prevent accidents from
occurring. Because of the work of organizations such
as the ITHS and NHTSA, vehicles now are designed
from the start with safety as a primary concern. This
has led to the standardization of many safety systems,
such as:

* Antilock brake systems (ABS) and stability control
e Supplemental restraint systems
e Tire pressure monitoring systems
e Rear-view backup cameras
Also, due to crash test studies, vehicles are built with
features—impact zones or crumple zones, collapsible
steering columns, door reinforcements, dash bracing,

and so on—that allow the vehicle to absorb and deflect
impact forces away from the occupants and to reduce
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injuries (Figure 1-7). These factors have made modern
cars and trucks much safer and have helped reduce traf-
fic accident deaths over the years.

Passenger Comfort and Expectations. As the
consumer electronics industry introduces new and more
exciting products, customers demand more of these
types of devices and conveniences for their vehicles.
GPS-linked navigation, adaptive lighting and cruise
control, wireless media integration, voice recognition,
and intelligent computer systems are all standard or
available on many of today’s vehicles. Most new cars
and trucks are equipped with display screens that are
used for the driver and passengers to interface with the
various onboard systems (Figure 1-8).

As these features become less expensive to integrate,
they eventually trickle down to even the lowest-cost

Safety is another key aspect of the evolution of
the modern automobile. As vehicles become smaller and lighter,
manufacturers must develop new technologies to keep the pas-
sengers and pedestrians safe.

Car
Car = Driver assist

Customers expect voice-activated systems such
as navigation, phone, entertainment, and customizable vehicle
settings.
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vehicles as options or standard equipment. However, as
vehicles become more complex, the necessity of quali-
fied technicians to service and repair these systems when
they fail increases.

CAREERS

Without the transportation industry, the U.S. and world
economies would stop. There are more than 11 mil-
lion jobs in the United States directly related to trans-
portation, including sales, marketing, engineering, and
production. The career choices available are stagger-
ing. Beyond the servicing and repairing of automo-
biles, there is collision repair; diesel, heavy-duty, and
agriculture equipment repair fields; small engine; marine
and air transportation; and countless other jobs related to
cars and trucks.

m Auto Technicians. According to the Bureau of
Labor Statistics, there are currently more than 630,000
automotive technicians in the United States servicing
more than 241 million cars, SUVs, and light trucks. This
does not include collision, heavy-duty, off-road, or power
sports technicians. Most automotive technicians begin
their careers in an entry-level position, then progress to
jobs with more responsibility and higher pay.

An entry-level technician is expected to be able
to perform basic inspections and maintenance ser-
vices. Most will need to have a basic tool set consist-
ing of socket sets, wrenches, pliers, screwdrivers, and
an assortment of other basic tools (Figure 1-9). As a
beginning technician, you should have at least a basic
understanding of the various systems found on mod-
ern vehicles and the ability to make simple repairs. For
example, it is expected that an entry-level technician
should be able to:

e Perform an engine oil and filter change and reset the
maintenance reminder system.

FIGURE 1-9 An example of a starter tool kit, suitable for an
entry-level technician.

» Service tires and tire pressure monitoring systems.

* Inspect the brake system and perform basic brake
repairs.

e Replace batteries and either maintain or restore
memory functions.

e Replace transmission and differential fluids.
» Service the cooling system.

e Replace various lights, wipers, and other mainte-
nance items.

e Perform some computer programming functions.

As important as these skills and equally important
are the abilities to locate and interpret technical infor-
mation, to work well with colleagues and custom-
ers, and to have a good work ethic. As cars and trucks
become more complex, the ability to locate and cor-
rectly interpret technical information is of significant
importance. Very little can be done to modern vehicles
that do not require looking up information on a com-
puter or connecting to the vehicle’s onboard network
with a scan tool.

Interpersonal skills for working in teams are impor-
tant for the overall operation of the business. Customer
service industries also require the ability to communicate
well, to present a professional image, and to relate well
to others. These qualities, plus having initiative, good
attendance, and a positive attitude, are necessary to be
successful in the modern workplace.

After an entry-level technician acquires additional
skills and experience, he or she may become a line tech-
nician. A line technician is one who is certified and has
experience with most of the systems on the vehicle. As a
line technician, you will be expected to perform increas-
ingly more difficult repairs quickly and profitably, and
you may even assist in training new employees.

Many shops designate their technicians by catego-
ries, such as A, B, and C technicians. An A technician,
also called a lead technician, has the most experience
and certifications. He or she can perform repairs on all
the vehicle systems and can generate a lot of income.
A C-level technician is often young and has the least
experience in the shop. He or she may have a couple of
certifications and only a couple of years of experience.
C-level technicians often work on specific areas such
as brakes or suspension systems. B-level technicians
generally fall in between C- and A-level technicians.
An example of technician skill-level work is shown in
Figure 1-10.

OTHER TYPES OF TECHNICIANS

As stated previously, there are many more career oppor-
tunities in the transportation industry than being an
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Skill Level Warranty Time Standard
(1) HUB & BEARING, R&R
All Models (2WD)
ONE SIAE crvrrrrrrriiiiiiiiii (0_8) 1.0
BOth SideS «eeieeeeremiimiiiiiiiiii i (1 _5) 1.9
Parts
Mfg. Part No. Price (MSRP)*
HUB & BEARING
All Models
1/2 Ton
W/CTEW CAD -+ rveeeeeertemeaueettreeteetesteseeseete e ese et sees e ese bt es ettt ee et n b et eae et et e be bt na st eae b e eaeas 15946732 $509.50
W/O CFEW CAD +vvverremeemeatertestettsteseseate et e e bt ss e e st bt e et e se e e e bt sb et et eb e s ettt na et b eneneas 15233111 $453.46

FIGURE 1-10 Skill levels shown in a parts and time guide. A shop may have one A-level or master technician, several

B-level technicians, and many C-level technicians.

N
FIGURE 1-11 Engine machinists specialize in engine rebuilding.

automotive technician. Many people who love cars and
trucks specialize in one of the many other fields related
to the auto industry.

m Engine Machinist. Automotive machinists are
generally employed in specialty shops, called machine
shops. Machinists are those men and women who repair and
rebuild engines, service cylinder heads and blocks, and, in
some cases, build high-performance racing engines. They
perform work such as reboring cylinder blocks, replacing
cylinder liners or sleeves, machining the block deck and
cylinder head surfaces, fitting pistons and connecting rods,
and performing varied types of crack repairs (Figure 1-11).

m Collision Technician. A collision technician
repairs a vehicle after it has been involved in a collision
or has suffered some type of body or structural
damage. Depending on the type of repair facility, one
technician may perform nonstructural body repairs
while another technician is responsible for painting
and refinishing (Figure 1-12). In some shops, one

FIGURE 1-12 Collision technicians repair body damage,
straighten the frame, and restore the paint and finish.

technician may perform the entire repair and paint
the vehicle also. In the aftermarket, many collision
technicians specialize in painting and refinishing or
custom painting. Custom painting has seen an increase
in demand as more people want to customize their
cars, trucks, motorcycles, boats, and other vehicles.

Word Wall

Aftermarket—Aftermarket means the parts and
service suppliers to the automotive industry not
supplied by the vehicle manufacturers and their
dealers.

m Parts Technician. A parts technician may work
for a dealer, an independent store, or a chain store. A
parts person is knowledgeable about the parts industry
and works with the public, helping to find the right parts
for the customer (Figure 1-13). Some parts persons
work only with commercial accounts, such as local auto
and truck repair facilities.
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Being a parts person requires good people skills and
some basic automotive knowledge because many parts
stores provide free services such as wiper blade and bat-
tery installation.

Service Advisor. An automobile service advisor
specializes in communications between the customer
and others in the shop (Figure 1-14). In addition to
communication skills, a service advisor is knowledgeable
about vehicle systems, has sales skills, and often can
perform some basic shop operations.

The service advisor typically greets the customer
upon entering the service department, completes the ser-
vice order, then routes the service order to the appropriate

Parts technicians specialize in parts distribution
and working with customers.

Service advisors work with customers when
dropping the vehicle off, contacting them with the estimate,
explaining what repairs and services are required, and handle
the bill when the car is picked up.

technician. Once the technician has completed the diag-
nosis and estimate, the service advisor then contacts the
customer to discuss the needed repairs and services and
their costs. It is important for a service advisor to have
a good understanding of the various automotive systems
so that he or she can accurately communicate with the
technicians and customers.

Sales. Salespeople are often the most visible people
in the automotive industry. A salesperson provides the
expertise about the various makes and models of vehicles
that helps the customer make a decision when buying
a vehicle. Salespeople often work with the service
department to ensure that new vehicles are properly
prepped and ready for delivery.

Training and Education. Some technicians
become trainers and educators. Vehicle manufacturers,
equipment suppliers, tool companies, and even parts
stores employ technical trainers to provide training on
tools and repair procedures.

Some technicians become high school and college
instructors. To teach, an instructor needs to be an expe-
rienced technician. In addition, he or she should have
excellent communication and people skills and the desire
to help others succeed in the automotive industry.

Diesel, Heavy-Duty, and Agriculture

Technicians. One of the greatest needs of the
transportation industry is for qualified diesel technicians.
Every heavy-duty truck, piece of construction equipment,
and large ship have a diesel engine (Figure 1-15).
Even though the diesel industry was slower to adopt

Heavy-duty equipment technicians keep trucks
and other equipment in operation.



the use of electronics for vehicle management than the
auto industry, modern diesels often have as much or
more electronic monitoring and controlling of engine
operation than a gasoline-powered engine. This is due in
part to the cost of a heavy-duty diesel engine and in part
to increasingly strict diesel emission standards. More
than 180,000 jobs existed in 2015 in the diesel, heavy-
duty, and agriculture equipment repair fields.

Motorcycle and Other Outdoor Power

Equipment. There are more motorcycles, ATVs,
snowmobiles, and personal watercraft in use today than
ever before, with the numbers expected to increase each
year.

In 2015, there were more than 65,000 motorcycle,
marine, and small engine technicians in the United States.
With the expected increases in ownership of these types
of vehicles, there is continued growth in the need for
service technicians. Just as cars and trucks have become
more complex in the last couple of decades, motorcycles
and off-road machines also are becoming more complex
(Figure 1-16). Many manufacturers now use electronic
spark control and fuel injection systems.

Snowmobiles, ATVs, and lawn maintenance equip-
ment may also be serviced by a motorcycle technician
during the off-season.

Aircraft Technicians. There were about 124,000
aircraft and avionics technicians in 2015. Most of those

Many aspects of automotive repair are simi-
lar to working on motorcycles, ATVs, boats, and other forms of
transportation.
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jobs are located around major airports in large cities,
though employment can be found at smaller commercial
and private airports as well. Service and repair of general
aviation aircraft, such as small propeller-driven planes,
is very similar to automotive repair. Many of the same
skills used in fixing cars and trucks are used for repairing
aircraft. Propeller-driven aircraft use small gasoline
engines, hydraulic brakes, and an electrical system for
lighting and instrumentation.

The most important consideration for future auto techni-
cians is education. Before 1975, the only electronic com-
ponents likely to be found on a vehicle were in the radio.
In 1975, the need to increase fuel economy and reduce
exhaust emissions saw the implementation of electronics
in automobiles and light trucks. Small, mysterious boxes
began to replace mechanical ignition parts that had been
in use for decades. What had been for years a repair-
based industry started to move to a diagnose-and-replace
industry. These changes required mechanics to learn new
skills and adapt to the increasing amount of electronics
and changing technology. Today’s vehicles have doz-
ens of electronic modules monitoring and controlling
nearly every aspect of the automobile. Technology use
will continue to increase as consumers expect more of
their vehicles.

Secondary Schools. The best preparation for a
future technician is participation in a formal training
program. Many high schools and career centers throughout
the United States provide training in automotive repair,
collision repair, diesel repair, and even aviation repair.
These programs offer training and experience in the
automotive repair industry and are often linked with
local dealerships and community colleges. Some
schools participate in the Automotive Youth Education
System (AYES), a partnership between several vehicle
manufacturers and secondary schools, that provides work
experience in addition to automotive training.

High school programs take many different forms,
though one- and two-year courses are common. In this
type of program, students can learn about the basic
aspects of auto technology, collision repair, or diesel
technology. Due to time constraints, it is difficult for
high school programs to prepare graduates for more than
entry-level positions. For those students who plan on
attending post-secondary education, a high school pro-
gram often can provide the student with advanced place-
ment credit with cooperating colleges and universities.

Post-Secondary Schools. Automotive programs at
community colleges, technical schools, and universities





