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Preface

Industrial Robotics Fundamentals: Theory and Applications is an introductory text
that explores many aspects of robotics in a basic and easy-to-understand manner. The
key concepts are discussed using a “big picture” or systems approach that greatly
enhances student learning. Many applications and operational aspects of equipment
and robotic systems are discussed.

We continually consider the needs of both students and instructors while pre-
paring this comprehensive text. For this edition, content has been updated to reflect
modern technology.

The development of the computer created what some experts have called the “Sec-
ond Industrial Revolution.” Many consider robots to be the prime movers of this revolu-
tion. It is more important than ever to have more than a basic knowledge of robots and
robotics technology.

This text is a comprehensive approach to learning the technical aspects of robotics.
It is divided into four units, covering broad areas of robotic principles, power supplies
and movement systems, sensing and end-of-arm tooling, and control systems.

Unit I is devoted to the basic principles of robotic technology. Chapter 1 discusses
the development and use of industrial robotics in the area of automation. A new sec-
tion discusses the Fourth Industrial Revolution (Industry 4.0) and its impact on modern
robotics. Chapter 2 prepares a solid foundation for understanding the characteristics
and fundamentals of robotics, including basics components and operation. Chapter 3
provides a general safety overview for use in any laboratory setting. Chapter 4 provides
an overview of programming languages and techniques used to program industrial
robots. Chapter 5 explores the many applications for industrial robots.

Unit II addresses robotic power supplies and movement systems. Chapter 6 provides
an overview of the electromechanical systems used with robots. Chapter 7 presents fluid
power systems.

Unit I1I presents robotic sensing systems and end-of-arm tooling. Chapter 8 discusses
the various sensors commonly used by robots to gain information about the external
environment. Chapter 9 provides information about various end effectors and tools used
to move workpieces from one location to another within a robot’s work envelope.

Unit 1V covers robotic control systems, basic maintenance, and implementation
planning. Chapter 10 presents the basics of digital electronics, which includes informa-
tion on microcomputers and microprocessors. Chapter 11 explains how the robot con-
troller communicates with peripheral equipment found in robotic workcells, including
vision systems. Chapter 12 provides an overview of maintenance procedures. Chap-
ter 13 discusses some of the major factors to consider when using robotic systems in an
industrial environment. Chapter 14 presents the use of robots outside the factory, arti-
ficial intelligence and expert systems, and suggested coursework and training related
to the field of robotics. Chapter 15 helps give examples of how to build smaller robots.

iii



iv

About the Authors

Tim Ross is a Professor and Chair of Applied Engineering and Technology at Eastern
Kentucky University, where he has taught for 18 years. He earned his doctorate in Voca-
tional and Industrial Education from the University of Kentucky, a Master of Science
in Industrial Professional Technology (Manufacturing Concentration) from Indiana
State University, and a Bachelor of Science in Industrial Technology (Computer Inte-
grated Manufacturing) from Western Kentucky University. In addition to his time at
Eastern Kentucky, Dr. Ross has also had seven years of teaching experience in second-
ary and postsecondary systems. Tim currently teaches courses with a focus on automa-
tion, industrial applications, and career and technical education. He is also involved in
conducting industry training in automation and fluid power. Dr. Ross has participated
in the Association for Technology, Management, and Applied Engineering (ATMAE);
International Technology and Engineering Educators Association (ITEEA); and Ken-
tucky Association for Career and Technical Education.

Stephen W. (Steve) Fardo is Foundation Professor Emeritus of Applied Engineering and
Technology at Eastern Kentucky University. He earned his doctorate in Technical Edu-
cation Leadership (EPDA Fellow) from the University of Kentucky, a Master of Science
in Industrial Technology, and a Bachelor of Science in Industrial Education (Electronics)
from Eastern Kentucky University. Dr. Fardo currently serves as a consultant/advisor
for technical teachers and school systems through the Department of Applied Engineer-
ing and Technology at Eastern Kentucky and the Office of Career and Technical Educa-
tion in the state of Kentucky. He previously taught and advised for 35 years at Eastern
Kentucky in the Electronics and Career and Technical Education programs, teaching
over 25 different courses. Dr. Fardo also served with the US Army Corps of Engineers
(Reserve) for 28 years in various Training and Evaluation Command positions and
retired as a Lieutenant Colonel. Dr. Fardo has participated in the International Tech-
nology and Engineering Educators Association (ITEEA); Association for Technology,
Management, and Applied Engineering (ATMAE); Mississippi Valley Technical Teacher
Education Conference; and Kentucky Association for Career and Technical Education.
He coauthored (with Dale R. Patrick) over 25 textbook and laboratory manual titles for
several publishers during the evolution of postsecondary electronics programs in the
1970s, 1980s, and 1990s. He has been honored to receive several recognitions, includ-
ing EKU Foundation Professorship, Kentucky Career and Technical Education Service
Award, and Pendleton County High School (Kentucky) Wall of Fame.



Michael F. Walach is an Assistant Professor of Technology Education at Montana State
University and Flight Director for Montana Space grant’'s BOREALIS high-altitude
balloon program. He earned his doctorate in Education from the University of Rhode
Island, a Master of Arts in Teaching from Sacred Heart University, a Bachelor of Science
in Technology Education from Rhode Island College, a Bachelor of Science in Aviation
from Eastern Kentucky University, and an Associate of Science in Electronics from the
Community College of Rhode Island. Dr. Walach currently teaches courses in technol-
ogy and unmanned aviation at Montana State University. He taught for five years in the
Department of Applied Engineering and Technology at Eastern Kentucky University
and previously taught for 14 years in the public-school system as an Engineering and
Technology teacher. Dr. Walach also worked in the industrial x-ray industry for four
years as a field service technician and applications engineer. He is the former presi-
dent of the Kentucky Technology and Engineering Education Association and Ken-
tucky state representative for the International Technology and Engineering Educator
Association (ITEEA). Dr. Walach presents annually at national and state conferences
on engineering, technology, and aviation topics, and has published work in the Jour-
nal of Technology Education and the Technology and Engineering Teacher journal. Dr.
Walach was the 2013 ITEEA Rhode Island technology teacher of the year and the 2013
ITEEA distinguished program award recipient.



Reviewers

The authors and publisher wish to thank the following industry and teaching profes-
sionals for their valuable input into the development of Industrial Robotics Fundamentals:

vi

Theory and Applications.

William Chapman
Arcadia High School
Arcadia, CA

Frank Claude
Dunwoody College
Minneapolis, MN

E.J. Daigle

Dunwoody College of
Technology

Minneapolis, MN

Robert L. Franken

North Iowa Area
Community College

Mason City, IA

Henry Garrett

Jefferson Community
College

Louisville, KY

Joseph Long

University of Central
Missouri

Warrensburg, MO

James Mansfield
Parkland College
Champaign, IL

Stephen B. Marsh
Cabrillo High School
Long Beach, CA

Elizabeth Simpson
Greco Middle School
Temple Terrace, FL

Chad Tischer

Iowa Lakes Community
College

Estherville, TA

Mike Wilson

McLane MS Robotics
Engineering Academy

Brandon, FL

Michael Zhang
Fanshawe College
London, Ontario, Canada



Acknowledgments

The authors and publisher would like to thank the following companies, organizations,
and individuals for their contribution of resource material, images, or other support in
the development of Industrial Robotics Fundamentals: Theory and Applications.

ABB Graco; Motoman

ABB Robotics

Accuray Incorporated

Adept Technology, Inc.
American Honda Motor Co., Inc.
Anaheim Automation, Inc.
Carnegie Mellon University
Cisco-Eagle

Daifuku Co., Ltd.
De-STA-Co

Edison Robot

Educational Robot Company
FANUC Robotics

florin operea

Grabit, Inc.

Infrared Cameras, Inc.
International Federation of Robotics
iRobot Corporation
Knightscope, Inc.

Mack Corporation

ME Labs, Inc.

MobileRobots, Inc.
Motoman

NASA

NEC Corporation

Northrop Grumman Corporation
Omron Adept Technologies, Inc.
Pacific Robotics, Inc.

PHD, Inc.

Pololu Robotics

PRI-Precision Robots, Inc.

Reis Machines, Inc.

Schunk

SCHUNK GmbH & Co. KG
SCHUNK Intec Inc.
Schunk-USA

Segway, Inc.

Servo-Robot Inc.

Sparkfun Electronics, Inc.
Sterling Detroit Company
Superior Electric Co.

Techno, Inc.

Tektronix, Inc.

United States Air Force

University of Pennsylvania GRASP Lab,
Vijay Kumar, Daniel Mellinger, and
Alex Kushleyev

VEX Robotics, Inc.

Yamaha

vii



TOOLS FOR STUDENT AND INSTRUCTOR SUCGESS

Student Tools
Student Text

Industrial Robotics Fundamentals is an introduction to the
principles of industrial robotics, related systems, and applications.
The technical aspects of industrial robotics are covered in four
units: Principles of Robotics; Power Supplies and Movement
Systems; Sensing and End-of-Arm Tooling; and Control Systems
and Maintenance. Topics included are degrees of freedom,
programming, implementation planning, and system maintenance.
Student learning is enhanced by the use of a systems, or
“big-picture,” approach to the material. End-of-chapter activities,
including Apply and Analyze and Critical Thinking, build research
skills that extend beyond the textbook. Features throughout the
text address special interest topics, such as pioneers in the field,
applications of technology, and careers.

L

Instructor Tools
LMS Integration

Integrate Goodheart-Willcox content within
your Learning Management System for

a seamless user experience for both you
and your students. LMS-ready content in LMS-Ready
Common Cartridge® format facilitates single Content
sign-on integration and gives you control of
student enrollment and data. With a Common
Cartridge integration, you can access the LMS
features and tools you are accustomed to using
and G-W course resources in one convenient
location—your LMS.

G-W Common Cartridge provides a complete
learning package for you and your students.
The included digital resources help your
students remain engaged and learn effectively:
* eBook content. G-W Common Cartridge

includes the textbook content in an online,

reflowable format. The eBook is interactive, with highlighting, magnification, note-taking, and text-to-speech features.

* Drill and Practice. Learning new vocabulary is critical to student success. These vocabulary activities, which are
provided for all key terms in each chapter, provide an active, engaging, and effective way for students to learn the
required terminology.

When you incorporate G-W content into your courses via Common Cartridge, you have the flexibility to customize
and structure the content to meet the educational needs of your students. You may also choose to add your own
content to the course.

For instructors, the Common Cartridge includes the Online Instructor Resources. QTI® question banks are available
within the Online Instructor Resources for import into your LMS. These prebuilt assessments help you measure
student knowledge and track results in your LMS gradebook. Questions and tests can be customized to meet your
assessment needs.
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Online Instructor Resources

Online Instructor Resources provide all the support needed
to make preparation and classroom instruction easier

than ever. Available in one accessible location, the OIR
includes Instructor Resources, Instructor’s Presentations
for PowerPoint®, and Assessment Software with Question
Banks. The OIR is available as a subscription and can be
accessed at school, at home, or on the go.

Instructor Resources One resource provides
instructors with time-saving preparation tools such
as answer keys, editable lesson plans, and other
teaching aids.

Instructor’s Presentations for PowerPoint® These fully customizable, richly illustrated slides help
you teach and visually reinforce the key concepts from each chapter.

ExamView® Assessment Suite Administer and manage assessments to meet your classroom needs.
The ExamView® Assessment Suite allows you to quickly and easily create, administer, and score paper and

online tests. Included in the assessment suite are the ExamView® Test Generator, ExamView® Test Manager, and
ExamView® Test Player. G-W test banks are installed simultaneously with the software. Using ExamView simplifies
the process of creating, managing, administering, and grading tests. You can have the software generate a test for
you with randomly selected questions. You may also choose specific questions from the question banks and, if you
wish, add your own questions to create customized tests to meet your classroom needs.

G-IV Integrated Learning Solution
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Features of the Textbook

The instructional design of this textbook includes student-focused learning tools to
help you succeed. This visual guide highlights these features.

Chapter Opening
Materials

Each chapter opener contains a chapter
outline, a list of learning objectives, and a
list of technical terms. The Chapter Out-
line summarizes the topics that will be
covered in the chapter. Objectives clearly
identify the knowledge and skills to be
gained when the chapter is completed.
Technical Terms list the key words to be
learned in the chapter. The Overview pro-
vides an introduction and preview of the
chapter content.

lllustrations

Illustrations have been designed to clearly
and simply communicate the specific
topic. Illustrations have been completely
replaced and updated for this edition.
Photographic images have been updated
to show the latest equipment.

Expanding Your o
Learning

Inventor Spotlight introduces you to key
figures in the development of robotics.
Careers in Robotics explain different types
of careers in robotics, including the educa-
tion needed and the tasks related to that
career. Robotics Innovations inform you of
current and upcoming robotics technology.
Robotics in Society show the different ways
robotics technology has impacted our world.




- End-of-Chapter
ey | Content

Miators

Shmmr=rem

End-of-chapter material provides an opportunity
for review and application of concepts. A concise
Summary provides an additional review tool and
reinforces key learning objectives. This helps you
focus on important concepts presented in the text.
Know and Understand questions enable you to
demonstrate knowledge, identification, and com-
prehension of chapter material. Apply and Analyze
questions allow you to research and to apply what
you have learned in each chapter to real-world ques-
tions. Critical Thinking questions develop higher-
order thinking and problem solving, personal, and
workplace skills. Activities extend your learning
and help you apply knowledge.

New to This Edition

The following changes have been made to the fourth edition of Industrial Robotics Fun-
damentals: Theory and Applications to strengthen the integrated learning solution and
provide up-to-date information on the latest industry developments.

o The content of the text has been updated with new topics to reflect changes in the
field of robotics technology, like the Fourth Industrial Revolution (Industry 4.0).
Industry 4.0 materials have been added to help students understand changes to
the industry as they happen.

o Feature images and content have been added to reflect real-world robotic applications in
the industry. Updates include the latest trends and applications of robotics technology to
help students connect theory from the text to what they will encounter in the industry.

¢ End-of-chapter materials updated using new Integrated Learning Systems (ILS)
standards, which include Know and Understand, Apply and Analyze, and Critical
Thinking type questions to assess learning at three cognitive levels of learning.
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