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PREFACE

The Today’s Technician™ series features textbooks and digital learning solutions that cover
all mechanical and electrical systems of automobiles and light trucks. The content cor-
responds to the 2017 ASE Education Foundation program accreditation requirements.
They are specifically correlated to the Task Lists contained in each level of program
accreditation; Maintenance and Light Repair (MLR), Automotive Service Technology
(AST), and Master Service Technology (MAST).

Additional titles include remedial skills and theories common to all of the certification
areas and advanced or specific subject areas that reflect the latest technological trends.
Today’s Technician: Automotive Electricity & Electronics, 7e is designed to give students a
chance to develop the same skills and gain the same knowledge that today’s successful
technician has. This edition also reflects the most recent changes in the guidelines estab-
lished by the ASE Education Foundation.

The purpose of the ASE Education Foundation program accreditation is to evaluate
technician training programs against standards developed by the automotive industry and
recommend qualifying programs for accreditation. Programs can earn accreditation upon
the recommendation of ASE Education Foundation. These national standards reflect the
skills that students must master. ASE Education Foundation accreditation ensures that
certified training programs meet or exceed industry-recognized, uniform standards of
excellence.

HIGHLIGHTS OF THIS NEW EDITION—CLASSROOM
MANUAL

The text and figures of this edition are updated to show modern brake technology and its
applications, including the integration of stability control and active braking systems. The
Classroom Manual covers the complete mechanical-hydraulic automotive braking theo-
ries. It introduces the reader to basic brake systems as well as advanced electronics utilized
in stability control systems. The following chapters cover basic brake physics theories:
discussion of newer components and materials, including a section on electric parking
brakes, and any braking functions required for passenger cars and light trucks. The reader
is introduced to fundamental information on trailer brakes, DOT requirements for trailer
brakes, and a brief introduction to air brakes. Chapter 10, Electrical Braking Systems
(EBS), simplifies the discussion on traditional antilock brake systems (ABS) while retaining
the information for a complete understanding of ABS. Included in this chapter is a detailed
discussion of electro-hydraulic brakes, including the Teves Mk60/70, Delphi DBC-7 and
the newer Bosch 9.0 are introduced in Chapter 10. Advanced Braking Systems, Chapter
11, goes more into stability control and its relationship with some of the ancillary systems
that work with stability control. This chapter also explains some of the ancillary systems
that make stability control work more effectively, such as electro-hydraulic and fully elec-
tric steering, and tire pressure monitoring systems. The very latest technologies, such as
active braking and intelligent cruise control systems, are introduced. Lastly, the chapter
examines regenerative braking systems in use on the latest hybrid vehicles in production
today. The Classroom Manual guides the reader from traditional hydraulic brake to the
brake system of the future.



HIGHLIGHTS OF THIS NEW EDITION—SHOP MANUAL

Safety information remains in the first chapter of the Shop Manual, placing this critical
subject next to the tasks to be accomplished. Chapter 2, Brake Service Tools and
Equipment, covers basic tools with more information on brake special tools and equip-
ment. Figures and technical information have been added to cover the use of common
shop tools such as on-car brake lathes. Some of the safety information that is pertinent to
a particular piece of equipment is still in the chapter, so safety issues are presented just
prior to the operation of the equipment. In keeping with typical shop diagnostic proce-
dures and curriculum sequence, Chapter 3 retains the information on related systems that
may have a direct impact on the braking system. Updated information on diagnosing
electric parking brakes and electric braking systems has been added to this edition. To
clarify the diagnosis and repair procedures for electric braking, three major ABS/TCS
brands, Delphi DBC-7 and Bosch ABS 9.0 and Teves Mk 60/70, are retained for discussion
instead of an individual discussion on all industry ABS offerings. This helps the reader
better understand the technical diagnosing and repairing for all ABS/ TCS. This edition
of the Shop Manual will guide the student/technician through all the basic tasks in brake
system repair and presents a look into the near-term future of electric brakes and vehicle
stability systems. The Shop Manual has several additions in the Advanced Braking Systems
chapter, Chapter 11. This chapter deals with the diagnosis and repair of stability control
systems and the surrounding technologies, such as electric steering, tire pressure monitor-
ing systems, active braking, and intelligent cruise control.

Xi
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Service Tips

Whenever a shortcut or special
procedure is appropriate, it is
described in the text. Generally,
these tips describe common

procedures used by experienced
technicians.

References to the
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booster from the engine compartment.

Before installing the new booster, ensure that a new booster seal is present on the
bulkhead side of the booster (Figure 6-30). Slide the booster into place through the bulk-
head and tighten the four mounting nuts to specifications. Position the booster pushrod

hybrid or electric

Cautions and
Warnings

vehicle, make certain
that you are aware of
the procedure to dis-
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SERVICING AN ELECTROHYDRAULIC
POWER BOOSTER SYSTEM
Hybrid vehicles, as well as some conventional gasoline vehicles, use an electric brake

baoster purnp (often referred to as a hydraulic power unit Figure 6-31) used to pressurize
boake fluid for use in a hydraulic booster system, which has the master cylinder

References to the appropriate
page in the Classroom Manual
appear whenever necessary.
Although the chapters of the
two manuals are synchronized,
material covered in other
chapters of the Classroom
Manual may be fundamental to

the topic discussed in the Shop
Manual.

page 75

Classroom Manual

Figure 4-5 Apply the specified amount of pedal force.

4. Apply the brake pedal until the specified test force registers on the brake pedal
effort gauge (Figure 4-5).

A4 SERVICE TIP Before starting any diagnosis, efer to the vehicle's service his-
tory if available. Note any recent history pertaining to this repair order,for exam-
ple, brake pedal low. A recent brake repair may point the way to a quick, accurate
diagnosis.

5. Note the change in pedal position on the tape measure or yardstick. The increased
distance should not exceed the maximum specification listed in the vehicle service
manual, If it does, look for a leak in the hydraulic system and check pushrod adjust-
ment. Worn shoes, bad shoe adjusters, or a poorly adjusted parking brake also can
cause excessive pedal travel

PEDAL FREE PLAY INSPECTION AND ADJUSTMENT

Brake pedal free play is the clearance between the brake pedal or booster pushrod and the
primary piston in the master cylinder. A specific amount of free play must exist so that
the primary piston is not partially applied when the pedal is released and so that pedal

Cautions appear throughout
the text to alert the reader
to potentially hazardous
materials or unsafe
conditions. Warnings advise
the student of things that can
g0 wrong if instructions are
not followed or if an incorrect
part or tool is used.
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a Caution

Do not release the
brake pegal py py.
ing the depressor out
and letting the Pedal
slam up to its stop,
The stop lamp switch
will not adjys prop-
erly and may pe
damageq,

Stoplamp
switch

Stoplamp
switch mounting
bracket

Brake peda)
lever

Figute 4.12 py 4 SWiteh plunger ) the way out
before installation, g Pedal should be foyeq down
and ot eleaseq unt g Switch is instaljeq

and pyj] Tearward on the switch, [¢ should Separate from jig mount (Figyre 4-12). Using
hand force only, pull the switch Plunger oyt to its fully extended Position, Loy, clicks
should be heard g the plunger rtchers out.

Ensure the prgje bedalis down o fy 5 itwill go ang js fimly held in pjyce. Align the
Switch’s index key to the notch in the bracket and push the switch into Place. Rotate the
switch aboyt 3 degrees clockwise until it locks,

Apply foot force to the brake peda] and remoye the peda] depressor, Allow the Ppedal
to gently rige until jt gt i

CUSTOMER CARE A Customer’s only. contact, Iiteraﬂy, With the braje System in
i L. Cust 'Mers tend to Judge brake Pperfor-
Valuate the feel and action of the

pedal feel shoyjq g noticeably improyeq Tpe biggest cayse of spongy or Joy,
brake pedal actiop, 15 210N the system, s ca g bleeding of the gyen will do
lot to ensure Customer confidence,

Brake Peda| Position Switch
Many late- i e vehicles use o pp SENSOT (0 inform (e body control moge (BCM) of
Sehuake nedal poition (g ed. he B nsg Ralentiometer The ply

Upon Completion of this job sheet, yoy Wwill be abe ¢, diagnose poor Stopping, nNoise, pyl]-
ing, grabbing, dragging or pegy| pulsation prob]ers.

This job sheet addresses the following MLR task.

Ca, Inspect wheel ¢yliner for leaks and prope OPeration; remoye g replace as

needed. (p-2)
This job sheet addresses the foHowmg AST/MAST tasks:

C1. Diagnose ooy Stopping, nojge, Vibration, pujjing, grabbing, dragging or pegy)
Dbulsation concerng; determine necessary action, (P-1)

C.s. Inspect whee) linders for feakg 5ng Proper operation; remeye
and replace 5 needed, (p-) |Educa

Tools anq Materialg
* Basic hand (oo

Drotective Clothipg
Goggles or safety glheses With side shielqs
Describe the vehjcje being worked o,
Year Make Model VIN
Engine type and g6
Procedure

1. Begin the inspection of the drum brake System by checkmg the tires for excessive or
unusual wegr o IMProper inflation, o did you fingy

2. Wheels for bent or Warped rims, What diq you find?

4. Omponents. Whag 4iq You find?

5. Brake fluid Jeye| in the maste, Ylinder. What gigq you find?

6. Signs of leakage a¢ the master ylinder, i brake lines or hoses, at 5 connections, anq
at each whee|, What diq You find?

Drum Brake Service

XV

Customer Care
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customer relations.
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Job Sheets

JOB SHEET

30

Name ___——————

EMS
DIAGNOSING DISC BRAKE PROBL

; stopping, noise,
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sheet, you will be al Cblems.
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I/:SF Education Foundation Correlation N
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Diagnlosfigsii);é)epris; cietermine necessary action.
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We Support
| Education Foundation

D.1.

Tools and Materials
Basic hand tools

Protective Clothing de shields
ith side shi
ty glasses witl
Goggles or safe

Describe the vehicle being worked on:
Make

VIN

Model

Year "
Engine type and size

. excessive or
Procedure e tires for e

hecking thi
he inspection of the disc brake system by ¢
1. Begin the i

i id you find?
al wear or improper inflation. What did yo
unusu:
i find?
ls. What did you
t or warped wheel
2. Wheels for ben
at did you find?
Wheel bearings for looseness or wear. What did y
3. e
s

id you find?
for worn or broken components. What did y
m

4. Suspension syste

APPENDIX

1. Technician A says that if the master cylinder
pushrod is adjusted too long, the brakes might
not be able to fully apply, Technician B says that if
the master cylinder pushrod s adjusted too short,
the brakes might drag. Who is correct?

A. Aonly C. Both A and B
B. Bonly D. Neither A nor B

6. A vehicle drifts to the right while driving.
Technician A says that a crimped line to the left
wheel could be the cause. Technician B says that
the interior of the right brake hose could be dam-
aged. Who is correct?
A. Aonly

B. Bonly

C. Both A and B

D. Neither A nor B
2. While discussing master cylinders, Technician A 7. Technician A Says service information circuit dia-
says normal brake lining wear causes a slight drop
in fluid level. Technician B says a sure sign of
brake fluid contamination with minera] oil is the
swelling of the master cylinder cover diaphragm.
Who is correct?
A. Aonly

B. Bonly

power or ground connection, Who is correct?
A. Aonly C. Both A and B

C. Both Aand B B. Bonly D. Neither A nor B

D- Neither A nor B 8. Technician A says that there js a Vvacuum check
valve in line between manifold vacuum source
and the booster, Technician B says this check
valve is to allow ajr pressure into the booster dur-
ing wide-open throttle operation of the engine.

3. Technician A says that master cylinder leaks can
be internal or external. Technician B says that a
leaking master cylinder will remove paint from
the area below the Mmaster cylinder. Who is

correct? Who is correct?
A. Aonly C. Both A and B A. Aonly C. Both A and B
B. Bonly D. Neither A nor B B. Bonly D. Neither A nor B

4. While discussing brake lines, Technician A says
that copper tubing can be used for brake lines.
Technician B says that brake lines can use double-
flare or an ISO flare fittings. Who is correct?

9. Drum brakes are being discussed. Technician A
says that a grabbing brake could be traced to a
leaking axle seal, Technician B says that a leaking
wheel cylinder can also cause drum brake grab-

A. Aonly C. Both A and B bing. Who is correct?
B. Bonly D. Neither A nor B A. Aonly C. Both A and B
B. Bonly D. Neither A nor B

5. Technician A Says to replace a double-flare fitting
with an ISO-type fitting as new brake lines are
required. Technician B says that flexible brake
hoses allow movement of components, Who is

10. Before trying to remove a brake drum for service,
Technician A uses the self-adjuster to back off the
brake shoes. Technician B adjusts the parking

correct? brake cable to remove the slack. Who js correct?
A. Aonly C. Both A and B A. Aonly C. Both A and B
B. Bonly D. Neither A nor B B. Bonly D. Neither A nor B

Located at the end of each chapter, the

Job Sheets provide a format for students to
perform procedures covered |q the chapter.
A reference to the ASE Education .Fo.undatlon
task addressed by the procedure is included
on the Job Sheet.

ASE Practice Examination

A 50-question ASE practice exam, located in
the Appendix, is included to test students on
the content of the complete Shop Manual.
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Summary

92 Chapter 4

In most instances, only one dual-piston cylinder is used with some type of split sys-
tem. However, some race crews opt for two identical single-piston master cylinders. The
two master cylinders act like a split hydraulic system in that one master cylinder serves
the front wheels, whereas the other serves the rear wheels. The master cylinders are
applied by one brake pedal acting through a balance bar between the pedal lever and the
two push-rods. Some race units are equipped with a brake power booster, and others are

not. In this case, it is more an issue of weight than of driver endurance.

Of primary importance to race vehicle braking is the type of brake fluid used. On short
tracks with a lot of braking, the boiling point of the fluid can be reached quickly and may
be sustained for long periods. Brake fluids developed for racing purposes generally have
the same chemical properties as conventional fluids, but they have much higher boiling

points. Castrol offers a blend of polyglycol ester of dimethyl silane, ethylene polyglycols,
and oxidation inhibitors. This blend has a dry boiling point of 450°F(232°C) and helps
prevent fluid contamination during operation. Another brand, GS610, offers a fluid with
adry boiling point of 610°F(321°C). There are several manufacturers and suppliers of rac-
ing brake components. Brembo is one of the larger manufacturers of racing components,
and some of its products are now being installed on some production performance
vehicles.

Each chapter concludes with summary
statements that contain the important
topics of the chapter. These are

MMARY
m Brake fluid specifications are defined by SAE
Standard J1703 and FMVSS 116.
designed to help the reader review the

contents.

Review Questions

hydraulic systems. Each of the two pistons in the
master cylinder has a cup, a return spring, and a
® Fluids are assigned DOT numbers: DOT 3, DOT 4, seal.
DOT 5, DOT 3/4, and DOT 5.1. m During application, the piston and cup force fluid
m Always use fluid with the DOT number recom- ahead of the piston to activate the brakes.
mended by the specific carmaker. m During release, the return spring returns the
® Never use DOT 5 fluid in an ABS or mix with any piston.
other brake fluid.
® HSMO fluids are very rare and should never be

used in brake systems designed for DOT fluids
® The brake pedal assembly is a lever that |
pedal force to the m;

u

m Fluid from the reservoir flows from the reservoir
through the replenishj

into
\uid
. a Brake F
linders aM
Master CY

Short-answer essay, fill in the blank, and
multiple-choice questions follow each
chapter. These questions are designed

to accurately assess the student’s

competence in the stated objectives at

the beginning of the chapter.
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SUPPLEMENTS

Instructor Resources

The Today’s Technician series offers a robust set of instructor resources, available online
at Cengage’s Instructor Resource Center and on DVD. The following tools have been
provided to meet any instructor’s classroom preparation needs:

m An Instructor’s Guide provides lecture outlines, teaching tips, and complete answers
to end-of-chapter questions.

m Power Point presentations include images, videos, and animations that coincide with
each chapter’s content coverage.

m Cengage Learning Testing Powered by Cognero® delivers hundreds of test questions
in a flexible, online 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 DVD or Instructor
Resource Center.

®m An Image Gallery includes photos and illustrations from the text.

The Job Sheets from the Shop Manual are provided in Word format.

m End-of-Chapter Review Questions are also provided in Word format, with a separate
set of text rejoinders available for instructors’ reference.

m To complete this powerful suite of planning tools, a pair of correlation guides map
this edition’s content to the NATEF tasks and to the previous edition.

MindTap for Today’s Technician: Automotive Brake Systems, 7e

MindTap is a personalized teaching experience with relevant assignments that guide stu-
dents to analyze, apply, and improve thinking, allowing you to measure skills and out-
comes with ease.

m 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.

m Guide Students: A unique learning path of relevant readings, multimedia, and activi-
ties that move students up the learning taxonomy from basic knowledge and compre-
hension to analysis and application.

m 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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BRAKE SAFETY

Upon completion and review of this chapter, you should be able to:

Explain the need and methods
for maintaining a safe working
area.

List and discuss some safety issues
dealing with vehicle operation in the
shop.

Explain some of the commonsense
rules for working with power
equipment.

Wear proper clothing and equipment in
a shop.

Explain the first aid step to remove
chemicals from the eyes.

Explain the purpose for government
regulations of brake performance and
standards.

Terms To Know

Asbestos

Environmental Canada

List the safety requirements for working
with brake fluid.

Describe the hazards of asbestos
materials.

Explain the safety concerns with sol-
vents and other chemicals.
Explain the general functions of the

safety and environmental agencies of
the United States and Canada.

Discuss the principles of hazardous
communications.

Discuss some of the safety concerns
associated with antilock brake and air
bag systems.

Discuss technician training and
certification.

Administration (OSHA)

\ Basic Tools

Safety glasses or
goggles

Respirator

Vacuum with HEPA
filter

Wet-clean system

Carbon monoxide
vent system

Fire extinguisher(s)

Environmental Protection Phosgene

Agency (EPA)
Extraction Procedures (EP)
Federal Motor Vehicle
Safety Standards (FMVSS)
Material safety data sheet

Asbestosis

Supplemental inflatable
restraint system (SIRS)

Canadian Center for
Occupational Health
and Safety (CCOHS)

Carbon monoxide

Tetrachloroethylene
1,1,1-Trichloroethane

Chlorinated hydrocarbon Trichloroethylene

solvents (MSDS) Workplace Hazardous
Department of Occupational Safety and Materials Information
Transportation (DOT) Health Sheet

INTRODUCTION

Personal protection from injury involves not only what the technician is wearing, but also
making and keeping the work area safe. The twofold advantage here is if one technician
is protecting himself by wearing personal protection equipment and keeping the shop
clean and safe, then all the other employees or visitors stand a good chance of avoiding
accidents or injury. This chapter discusses those practices and equipment that will provide
overall and personal safety.



2

Chapter 1

Some oil dry or
absorbent
compounds have to
be treated as hazard-
ous waste after being
used. They should not
be thrown in the trash
bin.

Housekeeping

Good housekeeping is a safety issue. A cluttered shop is a dangerous shop. Each employee
is responsible for keeping the work area and the rest of the shop clean and safe.

All surfaces must be kept clean, dry, and orderly. Any oil, coolant, or grease on the
floor can cause slips that could result in injury. Use commercial oil absorbent to clean up
oil or brake fluid spills (Figure 1-1). Oily rags must be stored in a sealed metal container
until disposed of properly. Keep all water off the floor; remember that water is a conductor
of electricity. A serious shock hazard will result if a live wire falls into a puddle in which a
person is standing.

When a vehicle is raised with a hand-operated jack, always set the car down on safety
stands and remove the jack (Figure 1-2). Do not leave the jack handle sticking out from
under the car where someone can trip over it.

i GRAREREE .
I N AT T L 2

Figure 1-2 Support a vehicle on safety stands such as these and move the jack out of the way.



Creepers also must be used and stored safely. When not in use, stand the creeper on
end against a wall. Pushing it completely under the vehicle gets it out of the way, but it is
easy to forget that it is there and drive over it after the job is completed.

Air hoses and power extension cords should be neatly coiled and hung. Do not leave
a tangled mess in walkways or on the shop floor.

Check air hoses and power cords for signs of damage. A leaking or bulging air hose
should be immediately disconnected and replaced. Power cords should be inspected
before each use and replaced if frayed or damaged.

Keep all exits open. A blocked exit violates fire codes and leaves the shop liable to legal
action if people become trapped in a fire or dangerous situation. Memorize the route to
the nearest exit in case of a fire or hazardous material spill.

Vehicle Operation

WARNING: Use extra caution when moving a vehicle that requires brake repairs.
The brakes may be poor or completely inoperative. Damage to the vehicle or shop or

injury to yourself or others could result.

Test the brakes on the car to make sure they work before you start the engine. Push the
car into the shop if it has a complete brake failure. After completing a brake repair and
before moving the vehicle, always check the service brakes. There have been several small
but embarrassing and expensive incidents where brakes were replaced but not seated. The
first time the brakes were applied, there were no brakes. When new brake pads are
installed in a disc brake system, always apply the brakes several times to move the brake
pads out against the rotor before putting the vehicle into gear. It will take a few seconds
to get pedal back to normal after replacing the pads.

Be very careful when driving a car in the shop. Be watchful of other workers or cus-
tomers. Drive slowly and carefully, and get someone to act as a guide if visibility is
blocked. Leave a window cranked down so instructions from someone outside the car
can be heard.

Once the car is in the service area, place the automatic transmission shift lever in
PARK. If the car has a manual transmission, put it in reverse gear with the engine off.
Engage the parking brake by pulling the lever or setting the parking brake pedal.

The engine must often be operated in the shop to check for problems and to check
your repairs. Several safety precautions should be followed when working on a running
engine:

m Use wheel blocks to block the front and back of one of the wheels (Figure 1-3).

m Never get under a car when someone else is working on it or when the engine is
running.

® Do not stand in front of or behind an automobile when the engine is running.

Be careful of hot manifolds and moving engine parts if working under the hood.

m Many cars use electric cooling fans. Keep hands, tools, and test equipment clear of
electric fans because they can start up at any time, even when the engine is not
running.

Carbon Monoxide

Running an engine inside a shop can be very hazardous. Engine exhaust contains large
amounts of carbon monoxide, a deadly gas that is odorless and colorless. Carbon mon-
oxide poisoning begins with headaches and drowsiness. High exposure can lead to coma
and death. Never run an engine in the shop without properly venting the exhaust fumes
to the outside or to a dedicated ventilation system for exhaust gas (Figure 1-4), and make
sure the ventilation system is working properly.

Brake Safety

It is a good idea to
never reach inside the
vehicle to start a vehi-
cle in the shop. There
have been several
instances in which
technicians have
started a car that
immediately “took off”
and crashed through
a garage door, walls,
and even people! Do
not be that techni-
cian! Always get
inside the vehicle to
start the engine.

3



4 Chapter 1

The most easily pre-
vented injury is an
eye injury—always
wear safety glasses in
the shop.

Wheel blocks

Figure 1-3 Block at least one wheel both in front and behind
before raising the other end of the vehicle.

Figure 1-4 When running an engine in a shop, always connect the exhaust
to the ventilation system.

Housekeeping and Brake Dust

There are special tools and equipment designed to be used to collect and contain brake
dust. This special equipment is discussed in detail in Chapter 2 of this manual, but some
common sense should always be used when working on and around vehicles undergoing
brake service.

The first and probably most critical is to never use compressed air to blow dust from
the braking components. This, obviously, moves and suspends the dust in the air. Use only
the equipment or their equivalents listed in Chapter 3 to clean the brake components and
surrounding area.

A second commonsense rule is the wearing of safety glasses and gloves. As discussed
earlier in this chapter, brake fluid and cleaning solvents are hazardous materials and can
cause injuries. If a vacuum cleaner is not available to clean the floor around the work area,
mop the floor with water. When the mop is rinsed, the rinse water and the material it
collects must be stored and treated as hazardous waste. This may seem to present some
work problems, but like many things in the automotive repair business it must be done to
protect the employees, the environment, and the community in general. Smokers or per-
sons with some type of respiratory problems must be considered when dealing with brake



dust. Even with so-called clean air, those individuals may suffer an extreme reaction to
what we technicians consider everyday conditions. A technician should make every
attempt to prevent the spread of brake dust while working on a vehicle.

Eye and Face Protection

The most frequent causes of eye injuries are flying objects, corrosive chemical splash,
dangerous light rays, and poisonous gas or fumes.

A WARNING: Grinding and cutting tools can be dangerous, even to a person not
in the immediate area of the work. Ensure that the area is cleared of personnel as
much as possible before metal-shaping work.

The best way to prevent eye injuries is to wear the correct type of eye protection.
When you are performing jobs such as grinding metal, cutting metal, or driving a punch
or chisel, the eyes are at risk from flying objects.

Occupational safety glasses (Figure 1-5) are the best protection against flying objects.
These safety glasses are especially designed to provide the most protection. The glass or
plastic lens provides maximum protection against an impact to the eye. The frames are
constructed to prevent the lens from being pushed out of the frame during impact. They
must have side shields to prevent objects from entering the eye from the side. They are
available in prescriptions for people who need corrective lenses.

AWARN ING: Wear occupational safety glasses when working in the shop,
especially when performing any grinding or cutting operations. Ordinary prescription
dress glasses are made to standards that provide impact protection, but the impact
protection and the frame strength of dress glasses are much lower than occupational
safety glasses.

The face shield (Figure 1-6) provides protection for the entire face and is a good
choice when the danger is from flying objects or splashing liquids. Goggles can be used
for nearly every type of eye hazard, and they can be used over ordinary dress glasses.
Goggles have another advantage over occupational safety glasses because they fit against
the head, which allows them to distribute an impact better. Clear-cover goggles provide
protection against flying objects or liquid splash. Some goggles have vents and baffles on
top to prevent harmful vapors or fumes from getting into the eyes. When you wear gog-
gles, do not over tighten the straps. They need only be taut enough to hold the goggles in

Figure 1-5 Occupational safety glasses provide protection from
flying objects that ordinary eyeglasses do not.

Brake Safety

ZA CAUTION

Do not use com-
pressed air to clean
brake components.
Brake dust will be
present and can be
blown into the eyes,
embedded into the
skin, and, at least,
will contaminate the
surrounding air. Use
only authorized low-
pressure washers or
vacuum-cleaner-type
equipment.

5
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Most shops and all
schools require an
accident report to be
completed and filed.

Figure 1-6 A face shield protects your entire face.

place. As with all other clothing, they have to be worn for a while for you to adapt to their
weight and viewing area. When taking off goggles or a face shield, close the eyes. Small
particles of sharp metal may have attached themselves to the outside of the goggles or face
shield and may drop into the eyes.

Initial First Aid

Make sure the location and contents of the shop’s first aid kit are known. There should be
eyewash solution or eyewash stations in the shop so the eyes can be rinsed thoroughly
should hydraulic fluid, battery acid, asbestos dust, or other irritants enter them
(Figure 1-7). See Photo Sequence 1 for details. After eye washing, seek medical atten-
tion. Find out if there is a resident nurse in the shop or at the school, and locate the nurse’s
office. If there are specific first aid rules in the school or shop, find out what they are and
abide by them. In a school, a report is required to be filed for any injuries to a student.

Figure 1-7 An eyewash solution will flush contaminants from your eyes.
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If someone is overcome by carbon monoxide, move the person to fresh air immedi-
ately. Rinse burns immediately in cold water or apply an ice pack. To stop bleeding from
a deep cut or puncture wound, apply pressure on or around the wound and get medical
help. Never move someone you suspect has broken bones or a back injury unless the
person is in danger from another hazard such as fire or carbon monoxide gas. Call for
medical assistance.

Hand Protection

Hands are one of the most frequently injured parts of the body. This fact is not surprising
when you think of how often the hands are used doing automotive repair. There are two
parts to protecting the hands. One is to keep hands out of dangerous areas. Rotating parts,
such as the belts on the front of an engine, are hand danger areas. Make an effort to keep
the hands out of those areas as much as possible.

PHOTO SEQUENCE 1
Using Eye Wash

P1-1 Remove the eyewash bottle from the
wall holder. The injured person may require
assistance.

P1-3 Tilt the head back and over so the
injured eye is lower than the other eye.

P1-2 Open the bottle. Attempt
not to touch the mouth of the
bottle once it is opened. The
injured person may require

assistance.

P1-4 Pour the water so the flow goes

from the nose bridge, over the eye, P1-5 The injured eye should be examined by
and down the cheek. Keep both eyes an ophthalmologist for injuries that may not be
open and looking upward during the immediately apparent.

flushing. The injured person may require
assistance.



8

Chapter 1

If you lose control of
a lifted object, do not
attempt to catch it.
Step back and let the
object drop.

The second part of hand safety is to wear hand protection when necessary. Special
protective gloves are available for many jobs that require hand protection. There are heavy
work gloves for metal working, rubber gloves for electrical shock protection, and nitrile
gloves for handling used oil, brake fluid, and chemicals such as those used to clean parts.
Always use the correct type of gloves for the hand hazards in the work area.

Do not wear a wristwatch or jewelry while working. Watches can get caught in rotat-
ing machinery. Necklaces or rings can get caught in machinery or provide a path for an
electrical shock. Long hair can get caught in rotating machinery. Many serious injuries
have been caused by the hair pulling the face into a rotating part. Always tie up long hair
or wear a hat over it.

Always wear safety shoes in the shop. Safety shoes have metal or fiberglass protection
over the toe to prevent an injury if a heavy object falls on your foot. Safety shoes should
at least have oil-resistant soles that grip slippery floors better than casual dress shoes.

Lifting and Carrying

The back is one of the most often injured parts of the body. The most common kind of
back injury at work is caused by improper lifting. Not all back injuries are caused by lifting
too much weight but by lifting relatively small, light objects. The problem occurs while
lifting the object and twisting the body or lifting when the load is unbalanced. Most back
injuries can be prevented by following these 10 simple rules:

1. Do not lift any heavy object by yourself. Get someone to share the load or get some
equipment such as a chain hoist to do the lifting.

2. Study the load before you attempt to lift it. Use your head before you use your back.

. Place your body close to the object as shown in Figure 1-8. Keep your legs close to

the load and positioned for good balance.

. Bend your legs, not your back.

. Get a strong grip on the object with your hands.

. Lift with your legs, keeping your back as straight as possible.

. Keep the load close to your body as you lift it up.

. Keep a tight grip on the object and do not try to change your grip while lifting.

w

0 N O Ul

Straight
back

Position body
over load

Keep
back as
erect as

possible Weight

close to

Use leg
muscles

Figure 1-8 Keep your back straight and bend your legs to lift heavy objects safely.



9. Do not twist your body to change direction. Move your feet in the new direction.
10. When you are ready to set the load down, do not bend forward. Keep the load close
to your body and lower it by bending your legs. When placing the object on a shelf,
place the edge of the load on the surface of the shelf and slide it forward. When set-
ting an object on the floor, lower it by bending your knees and keeping your back
straight. Bending forward strains your back muscles.

Having the body out of position can lead to painful injury even if nothing is being
lifted. The most common muscle sprain or injury happens when the person is lifting a
small weight but the body is twisted off center.

BRAKE SYSTEM SAFETY REGULATIONS

In the United States, brake systems are regulated by Part 571 of the Federal Motor
Vehicle Safety Standards (FMVSS). These regulations are established and enforced by
the U.S. Department of Transportation (DOT). The standards that relate to brake
systems are:

FMVSS 105 Hydraulic Brake Systems

FMVSS 106 Brake Hoses

FMVSS 108 Lamps, Reflective Devices, and Associated Equipment
FMVSS 116 Motor Vehicle Brake Fluids

EMVSS 121 Air Brake Systems

FMVSS 122 Motorcycle Brake Systems
FMVSS 211 Wheel Nuts, Wheel Discs, and Hub Caps

Many U.S. states and Canadian provinces also have regulations that govern the brakes’
safety, condition, and operation. Several of the federal standards apply to specific compo-
nents included in this text. General performance requirements for service brakes and
parking brake systems are governed by FMVSS 105. This standard became effective in
1967, was revised significantly in 1976, and has undergone several smaller changes since
then. FMVSS 105 spells out the “requirements for hydraulic service brake and associated
parking brake systems to ensure safe braking performance under normal and emergency
conditions for passenger cars, multipurpose passenger vehicles, trucks, and buses with
hydraulic service brakes”

EMVSS 105 does not prescribe the design of brake systems; it establishes brake per-
formance requirements. By so doing, however, it also establishes the baseline for system
safety. The standard regulates four major features of brake systems: instrument panel
warning lamps, the fluid reservoir and its labeling, automatic adjustment, and mechani-
cally operated friction parking brakes.

Although FMVSS does not dictate brake system hardware and design, one of its first
major effects that car owners saw was the introduction of dual-chamber master cylinders
and split hydraulic systems on 1967 model-year cars. Also, the increased performance
requirements in the 1976 revision made it impractical to use drum brakes on the front
wheels of cars. The standard did not specify front disc brakes, but discs were the most
practical way to meet the performance requirements.

Brake systems are not designed just to meet minimum legal standards, however. They
are designed in relation to the performance and intended use of a vehicle. Trucks have
larger brakes than passenger cars, for example, to stop a vehicle with a heavier payload. A
high-performance car will have high-performance brakes, but an economy compact car
will not. Every vehicle has a brake system that meets motor vehicle safety requirements
and matches the performance capabilities and intended use of that vehicle. Thus, brake
systems reflect both safety regulations and sound engineering practices.

Brake Safety

Department of
Transportation (DOT)
is the U.S. govern-
ment executive
department that
establishes and
enforces safety regu-
lations for motor vehi-
cles and for federal
highway safety and
oversees, inspects,
and regulates all
interstate transporta-
tion including road,
rail, and water facili-
ties; commercial
operators training/
certification; and
commercial vehicles.
They are assisted by
state-funded trans-
portation
departments.



