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Preface

This book has been written for a course of study that
will introduce the reader to a broad range of motor types
and control systems. It provides an overview of elec-
tric motor operation, selection, installation, control, and
maintenance. Every effort has been made to present the
most up-to-date information, reflecting the current needs
of the industry.

The broad-based approach taken makes this text via-
ble for a variety of motor and control system courses.
Content is suitable for colleges, technical institutions,
and vocational/technical schools as well as apprentice-
ship and journeymen training. Electrical apprentices
and journeymen will find this book to be invaluable
because of National Electrical Code references as well
as information on maintenance and troubleshooting
techniques. Personnel involved in motor maintenance
and repair will find the book to be a useful reference
text.

The text is comprehensive! It includes coverage of how
motors operate in conjunction with their associated con-
trol circuitry. Both older and newer motor technologies
are examined. Topics covered range from motor types and
controls to installing and maintaining conventional con-
trollers, electronic motor drives, and programmable logic
controllers.

Features you will find unique to this motors and con-
trols text include:

Self-Contained Chapters. Each chapter constitutes
a complete and independent unit of study. All chapters
are divided into parts designed to serve as individual
lessons. Instructors can easily pick and choose chap-
ters or parts of chapters that meet their particular
curriculum needs.

How Circuits Operate. When understanding the
operation of a circuit is called for, a bulleted list is
used to summarize its operation. The lists are used
in place of paragraphs and are especially helpful for
explaining the sequenced steps of a motor control
operation.

Integration of Diagrams and Photos. When the
operation of a piece of equipment is illustrated by

means of a diagram, a photo of the device is included.
This feature is designed to increase the level of rec-
ognition of devices associated with motor and control
systems.

Troubleshooting Scenarios. Troubleshooting is
an important element of any motors and controls
course. The chapter troubleshooting scenarios

are designed to help students with the aid of the
instructor to develop a systematic approach to
troubleshooting.

Discussion and Critical Thinking Questions. These
open-ended questions are designed to give students an
opportunity to reflect on the material covered in the
chapter. In most cases, they allow for a wide range of
responses and provide an opportunity for the student to
share more than just facts.

The second edition has been revised to include the
following:

* Key concepts and terms, which are now high-
lighted the first time they appear.
* New/updated photos and line art for every chapter.

* An expanded use of bulleted lists for lengthy
explanations.

* Additional review questions for new topics.

e Additional end of chapter Troubleshooting Sce-
narios with suggested solutions.

* Additional end of chapter Discussion topics with
suggested talking points.
* Updated PowerPoint slides for instructors.

The following content has been added to the chapters
listed below:
Chapter 1 - Arc flash hazards.
Chapter 2 - DC motor applications.
- Reverse phase relay operation.
Chapter 3 - Transformer power losses.
- Transformer performance.

- Current and potential transformer
connections.




Chapter 4 - Pushbutton assembly.

- Ultrasonic wind sensors.

- Thermowells.

- Double-break and dry contacts.

- Stepper motor operation.
Chapter 5 - AC and DC generators.

- Industrial motor applications.

- Asynchronous motor.

- Instruments used for troubleshooting
motors.

Chapter 6 - Auxiliary contact blocks.
- Inductive loads and voltage spikes.
- Solid-state contactors.

- Microprocessor -based modular over-
load relay.

- Comparison of NEMA and IEC symbols
and circuits.
Chapter 7 - DIN rail mounting
- Solid-state relay issues
- Relay timing diagrams
Chapter 8 - Multiple motor start-stop stations

- IEC reversing motor starter power and
control circuit.

- HOA motor control circuit.

- E-stop motor control circuit.

- Soft starter versus variable frequency drive.

- Limit switch motor control applications.
Chapter 9 - Diode Testing.

- Bipolar junction transistor testing.

- Field-effect transistor testing.

- SCR testing.

- Triac testing.
Chapter 10 - Open and closed loop control.

- Vector drives.

- Four-quadrant control.

- Fixed PLC controllers.

Ancillaries

* Activities Manual for Electric Motors and Control
Systems. This manual contains quizzes, practical
assignments, and computer-generated simulated
circuit analysis assignments.

Quizzes made up of multiple choice, true/false,
and completion-type questions are provided
for each part of each chapter. These serve as an
excellent review of the material presented.

viii Preface

Practical assignments are designed to give the
student an opportunity to apply the informa-
tion covered in the text in a hands-on motor
installation.

The Constructor motor control simulation soft-
ware is included as part of the manual. This
special edition of the program contains some

45 preconstructed simulated motor control circuits
constructed using both NEMA and IEC symbols.
The Constructor analysis assignments provide stu-
dents with the opportunity to test and troubleshoot
the motor control circuits discussed in the text. The
Constructor simulation engine visually displays
power tlow to each component and using anima-
tion and sound effects, each component will react
accordingly once power is supplied.
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McGraw-Hill Connect is a
digital teaching and learning
environment that improves
performance over a variety of critical outcomes: it is easy
to use; and it is proven effective.

McGraw-Hill Connect strengthens the link between fac-
ulty, students, and coursework. Innovative, adaptive tech-
nology aligns the goals of students and faculty, allowing
them to work together to accomplish more, in less time.
It engages students in the course content so they are better
prepared, are more active in discussion, and achieve better
results. Faculty get it. Students get it. Now that’s Con-
nected. Ask your McGraw-Hill Representative for more
detail and check it out at http://connect.mheducation.com/.

McGraw-Hill LearnSmart®

LEARNSMART

LearnSmart is one of the most effective and successful
adaptive learning resources available on the market today.
More than 2 million students have answered more than
1.3 billion questions in LearnSmart since 2009, making it
the most widely used and intelligent adaptive study tool
that’s proven to strengthen memory recall, keep students
in class, and boost grades. Students using LearnSmart are
13% more likely to pass their classes, and 35% less likely
to dropout.

Distinguishing what students know from what they
don’t, and honing in on concepts they are most likely to
forget, LearnSmart continuously adapts to each student’s
needs by building an individual learning path so students
study smarter and retain more knowledge. Turnkey reports



provide valuable insight to instructors, so precious class
time can be spent on higher-level concepts and discussion.

This revolutionary learning resource is available only
from McGraw-Hill Education, and because LearnSmart
is available for most course areas, instructors can recom-
mend it to students in almost every class they teach. Ask
your McGraw-Hill Representative for more detail and
check it out at http://learnsmartadvantage.com/products/
learnsmart/.

McGraw-Hill SmartBook®

@A SMARTBOOK"

Fueled by LearnSmart—the most widely used and intel-
ligent adaptive learning resource—SmartBook is the first
and only adaptive reading experience available today.

Distinguishing what a student knows from what they
don’t, and honing in on concepts they are most likely to
forget, SmartBook personalizes content for each student
in a continuously adapting reading experience. Reading is
no longer a passive and linear experience, but an engaging
and dynamic one where students are more likely to mas-
ter and retain important concepts, coming to class better
prepared. Valuable reports provide instructors insight as
to how students are progressing through textbook content,
and are useful for shaping in-class time or assessment.

As a result of the adaptive reading experience found in
SmartBook, students are more likely to retain knowledge,
stay in class and get better grades.

This revolutionary technology is available only from
McGraw-Hill Education and for hundreds of course
areas as part of the LearnSmart Advantage series. Ask
your McGraw-Hill Representative for more detail and
check it out at http://learnsmartadvantage.com/products/
smartbook/.

Electronic Textbook

This text is available as an
eBook at www.CourseSmart
.com. At CourseSmart your
students can take advantage of significant savings off the
cost of a print textbook, reduce their impact on the envi-
ronment, and gain access to powerful web tools for learn-
ing. CourseSmart eBooks can be viewed online or
downloaded to a computer.

The eBooks allow students to do fully text searches,
add highlighting and notes, and share notes with class-
mates. CourseSmart has the largest selection of eBooks
available anywhere. Visit www.CourseSmart.com to learn
more and to try a sample chapter.

CourseSmart

McGraw-Hill Create™

- - McGraw-Hill Create™ is a
Graw Crea te self-service  website  that
— allows you to create custom-
ized course materials using McGraw-Hill’s comprehen-
sive, cross-disciplinary content and digital products. You
can even access third party content such as readings, arti-
cles, cases, videos, and more. Arrange the content you've
selected to match the scope and sequence of your course.
Personalize your book with a cover design and choose the
best format for your students—eBook, color print, or
black-and-white print. And, when you are done, you’ll
receive a PDF review copy in just minutes! Check out
Create at http://create.mheducation.com/.

¢ Instructor’s Resources are available to instructors
who adopt Electric Motors and Control Systems.
They can be found on the Instructor Library on
Connect and include:

Answers to the textbook review questions and the
Activities Manual quizzes and assignments.
PowerPoint presentations that feature enhanced
graphics along with explanatory text and objective-
type questions.

EZ Test testing software with text-coordinated
question banks.

ExamView text coordinated question banks.

Directions for accessing the Instructor Resources
through Connect

To access the Instructor Resources through Connect, you
must first contact your McGraw-Hill Learning Technol-
ogy Representative to obtain a password. If you do not
know your McGraw-Hill representative, please go to
www.mhhe.com/rep, to find your representative.

Once you have your password, please go to connect.
mheducation.com, and log in. Click on the course for
which you are using Electric Motors and Control Sys-
tems. If you have not added a course, click “Add Course,”
and select “Engineering Technology™ from the drop-
down menu. Select Electric Motors and Control Systems,
2e and click “Next.”

Once you have added the course, Click on the “Library™
link, and then click “Instructor Resources.”
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lectric Motors and Control Systems, 2e contains
the most up-to-date information on electric
motor operation, selection, installation, control
and maintenance. The text provides a halance he-
tween concepts and applications to offer students

an accessible framework to introduce a broad range Electric Motnl‘s

of motor types and control systems.

CHAPTER OBJECTIVES provide an outline of and contI‘OI

the concepts that will be presented in the chapter. These ob- svstems

jectives provide a roadmap to students and instructors on what
new material will be presented. - d
. proviaes...

10,000 W 10,000 W
100 A —=
) Transmission at 100 V level Customer
generating
plant
10,000 W

CIRCUIT LISTS When a new operation of a circuit is

presented. a bulleted list is used to summarize the operation.
The lists are used in place of paragraphs to provide a more
accessible summary of the necessary steps of a motor control

L

Step-up TA Step-down

operation. transformer transformer
Transmission at 10,000 V level
4 Figure 3-2  High voltage reduces the required amount of
transmission current required.
Capaecitor
L—e @‘ —~
: buoo
T | R T PRI RS RN S . N
32 Permanent-split capacitor motor
DIAGRAMS AND PHOTOS When the opera-
s o o g &t = S tion of a piece of equipment is illustrated, a photo of the device
e horsepower AC motors are usually three-phase 2 Fhals & 2 s b - g o \ -2
X i ko e st il WS Py is included. The integration of diagrams and photos increases
e T it Y the students’ recognition of devices associated with motor and
dlways be wired together (series or parallel) o produce L =
e dodsmiisiicomipimpioll et inil i e e control systems.
phase B and phase C. ALl three-phase motors are wired Befla ) Coriguemign
so that the phases are connected in either wye (Y) or delta yye and delta motor connectiong
(A) configuration, as illustrted in Figure 2-33 m




REVIEW QUESTIONS ctuch chapter is divid-

ed into parts designed to represent individual lessons. These
parts provide professors and students the flexibility to pick and
choose topics that best represent their needs. Review questions
follow each part to reinforce the new concepts that have been
introduced.

an engaging
framework in
every chapter

. Define the term maotor control circuit 7. A relay cotl labeled TR contains three contaets,

to help students
master concepts

Why are symbols used 10 represent components on
electrical diagrams?

acceptable symbol could be used to designate each
light”

An electrical cireuit contains three pilot lights. What

What acceptible coding could be used 1o identify
cach of the contacts?

8. A rung on a fadder diagram requires that two loads

cach rated for the full Tine voliage. be energized

when a switch is closed. What connection of loads

must be used”? Why?

One requirement for a particulur motor application

S

Describe the basic structure of an electrical ladder

and realize
success beyon
the classroom.

diagram schematic
is that six pressure switches be closed before the

o

Lines

¢ used to represent electrical wires on
agrarns. motor is allowed 1o operate. What connections of
a. How are wires that carry high current differenti-

ated from those that carry low current? 1
How are wires that cross but do not electrically
connect differentiated from those that connect
electrically? |

switches should be used?

.
.
.
. PART 1 Review Guestion T T T
.

The wire identification Labels on several wires ol an
electrical pane

same number. What does this mean”

e examined and found 1o have the

7

A broken line representing i mechanical function
on un electrical diggram is mistaken for 4 conduc
such. What two types of problems

>

The contacts of a pushbution switch open when the
button is pressed. What type of push bution would
this be classified as? Why? could this result in?

torand wire

PO R rm

DISCUSSION TOPICS AND
CRITICAL THINKING QUESTIONS These

open-ended questions are designed to give students an opportu-
nity to review the material covered in the chapter. These ques-
tions cover all the parts presented in each chapter and provide
an opportunity for the student to show comprehension of the
concepts covered.

TROUBLESHOOTING SCENARIOS These

scenarios are designed to help students develop a systematic
approach to troubleshooting which is vital in this course.

1. Heat is the greatest enemy of u motor: Discuss in 6. Assume you have to purchase a motor to replace N
what wity nonadherence to each of the following the one with the specifications shown below. Visit .
motor nameplite parameters could eause a motor the website of & motor manufacturer and report E
to overheat: (a) voll rating: (b) current rating. on the specifications and price of a replacement .
() ambient tlemperaty (dy duty cycle TOLOT, e
2. Two identical control relay coils are incorrectly
230V source. Discuss how this might affiect the Horsepower 10
operation of the circuit Voita, 200
T g i = o8 1. Why are contacts from control devices ot placed 4. The AC squirrel-cage nduction motor is the domi
" et Lt in parallel with loads? nant motor technology in use todsy, Why?
ling a furmace fan uses a thermastat (o automatically ¥
Phase 3 5 _
Giperie mGlGr on SALOR, A gl swiieh i s 2. Record all the nameplate data for a given motor and 5. In general. how do NEMA motor standards corm
s 1o B THECAled FEk (o HE MERIGIE iafmontit id e OreEe ty write i shart description of what each item specifies pare to 1EC standards”
RPM 1725 .
wired 5o that, when closed. it will override the auto- s o 3. Search the Internet for clectric motor connection
i 1
’ matic control and allow the fan 1o operate t all times fama oz agrams. Record all information given for the con-
regardiess of the thermostat setting. Draw & lndder Service factor 118 nection of the following types of motors.
control diagram of a circuit that will sccomplish this Rating 40C AMB-CONT a. DC compound motor
4. A three-wire magnetic motor comrol Cireuit uses keckndiloncade ’ b. AC single-phase dual-voltage induction
a remole start/stop pushbutton station 1o operate NEMA design code 8 motor
the motor on and off. Assume the start button is Insulation class B €. AC three-phase two-speed induction molor
pressed but o arter coil does not enengize. List Full-load efficiency 855
the possible causes of the problem Power factor 76
5. How is the control voltage obtaned in most motor Enclosure OPEN

control cireuity
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Safety in the Workplace

Photo Courtesy Honeywell, www.honeywell.com.

Chapter Objectives

This chapter will help you:

1.

Identify the electrical factors that deter-

mine the severity of an electric shock.

Be aware of general principles of electri-
cal safety including wearing approved
protective clothing and using protective
equipment.

Familiarity with arc flash hazard recogni-
tion and prevennon

Explam the safety aspects of groundmg an

electrical motor installation.

Outline the basic steps in a lockout
procedure. »

Be aware of the functions of the different
organizations responsible for electrical
codes and standards.

Safety is the number one priority in any job.
Every year, electrical accidents cause serious
injury or death. Many of these casualties are
young people just entering the workplace. They
are involved in accidents that result from care-
lessness, from the pressures and distractions
of a new job, or from a lack of understanding
about electricity. This chapter is designed to
develop an awareness of the dangers associated
with electrical power and the potential dangers
that can exist on the job or at a training facility.

PART 1 Protecting against
Electrical Shock

Electrical Shock

The human body conducts electricity. Even
low currents may cause severe health effects.
Spasms, burns, muscle paralysis, or death can
result, depending on the amount of the current



flowing through the body, the route it takes, and the dura-
tion of exposure.

The main factor for determining the severity of an electric
shock is the amount of electric current that passes through
the body. This current is dependent upon the voltage and the
resistance of the path it follows through the body.

Electrical resistance (R) is the opposition to the flow
of current in a circuit and is measured in ohms ({). The
lower the body resistance, the greater the current flow and
potential electric shock hazard. Body resistance can be
divided into external (skin resistance) and internal (body
tissues and blood stream resistance). Dry skin is a good
insulator; moisture lowers the resistance of skin, which
explains why shock intensity is greater when the hands
are wet. Internal resistance is low owing to the salt and
moisture content of the blood. There is a wide degree of
variation in body resistance. A shock that may be fatal to
one person may cause only brief discomfort to another.
Typical body resistance values are:

* Dry skin—100,000 to 600,000 (2

* Wet skin—1,000 ()

* Internal body (hand to foot)—400 to 600 ()
* Earto ear—100 ()

Thin or wet skin is much less resistant than thick or dry
skin. When skin resistance is low, the current may cause lit-
tle or no skin damage but severely burn internal organs and
tissues. Conversely, high skin resistance can produce severe
skin burns but prevent the current from entering the body.

Voltage (E) is the pressure that causes the flow of elec-
tric current in a circuit and is measured in units called
volts (V). The amount of voltage that is dangerous to life
varies with each individual because of differences in body
resistance and heart conditions. Generally, any voltage
above 30V is considered dangerous.

Electric current (/) is the rate of flow of electrons
in a circuit and is measured in amperes (A) or milli-
amperes (mA). One milliampere is one-thousandth of an
ampere. The amount of current flowing through a per-
son’s body depends on the voltage and resistance. Body
current can be calculated using the following Ohm’s
law formula:

Voltage

Current = ——————
Resistance

If you came into direct contact with 120 volts and your

body resistance was 100,000 ohms, then the current that

would flow would be:

[ = 120 V This is just about at the thresh
100,000 €2 O/l ot perveptian, %0 Would

produce only a tingle

0.0012 A
1.2 mA (0.0012 X 1,000)

Il
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If you were sweaty and barefoot, then your resistance to
ground might be as low as 1,000 ohms. Then the current
would be:

This is a lethal shock,
capable of producing ven-

tricular fibrillation
contractions of

_ 120V _ A —
I 1000 0 0.12A = 120 mA

(rapid
irregular
the heart) and death!

Voltage is not as reliable an indication of shock inten-
sity because the body’s resistance varies so widely that it
is impossible to predict how much current will result from
a given voltage. The amount of current that passes through
the body and the length of time of exposure are perhaps the
two most reliable criteria of shock intensity. Once current
enters the body, it follows through the circulatory system
in preference to the external skin. Figure 1-1 illustrates the
relative magnitude and effect of electric current. It doesn’t
take much current to cause a painful or even fatal shock. A
current of 1 mA (1/1000 of an ampere) can be felt. A cur-
rent of 10 mA will produce a shock of sufficient intensity
to prevent voluntary control of muscles, which explains
why, in some cases, the victim of electric shock is unable to
release grip on the conductor while the current is flowing.
A current of 100 mA passing through the body for a second
or longer can be fatal. Generally, any current flow above
0.005 A, or 5 mA, is considered dangerous.

A 1.5V flashlight cell can deliver more than enough
current to kill a human being, yet it is safe to handle. This
is because the resistance of human skin is high enough to
limit greatly the flow of electric current. In lower voltage
circuits, resistance restricts current flow to very low val-
ues. Therefore, there is little danger of an electric shock.
Higher voltages, on the other hand, can force enough cur-
rent though the skin to produce a shock. The danger of
harmful shock increases as the voltage increases.

The pathway through the body is another factor influ-
encing the effect of an electric shock. For example, a
current from hand to foot, which passes through the heart
and part of the central nervous system, is far more dan-
gerous than a shock between two points on the same arm
(Figure 1-2).

AC (alternating current) of the common 60 Hz fre-
quency is three to five times more dangerous than DC
(direct current) of the same voltage and current value. DC
tends to cause a convulsive contraction of the muscles,
often forcing the victim away from further current expo-
sure. The effects of AC on the body depend to a great extent
on the frequency: low-frequency currents (50-60 Hz) are
usually more dangerous than high-frequency currents. AC
causes muscle spasm, often “freezing” the hand (the most
common part of the body to make contact) to the circuit.
The fist clenches around the current source, resulting in
prolonged exposure with severe burns.



