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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 III 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 IV 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.  SAMPLE
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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.

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 
Common Cartridge® format facilitates single 
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.

TOOLS FOR STUDENT AND INSTRUCTOR SUCCESS
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EMPLOYABILITY SKILLS   TECHNICAL SKILLS   ACADEMIC KNOWLEDGE   INDUSTRY RECOGNIZED STANDARDS

The G-W Integrated Learning Solution 
offers easy-to-use resources that  
help students and instructors  
achieve success.

 EXPERT AUTHORS
 TRUSTED REVIEWERS
 100 YEARS OF EXPERIENCE

G-W Integrated Learning Solution

ASSESSMENT
• Learning 

objective-
based

• Multiple levels 
of learning

• Analytics  
and reporting

• Formative  
and summative 
assessments

• Knowledge and skills
• Curriculum-based
• Standards-aligned 
• Pedagogically sound

INSTRUCTIONAL 
CONTENT

INSTRUCTOR
TOOLS

• Instructional strategies
• Lesson plans
• PowerPoints
• Test banks
• Standards correlations
• Answer keys

REINFORCEMENT  
AND PRACTICE
• Labs 
• Media-rich 

assets
• Projects
• Illustrations
• Self-assessment

STUDENT 
SUCCESS
Technically skilled
Knowledge-rich

Career ready

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.
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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.

Illustrations
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 
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.
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End-of-Chapter 
Content
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.

•	 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.

•	 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.

SAMPLE



xii

Brief Contents
Unit I	 Principles of Robotics

	1	 Introduction to Robotics..........................................2
	2	 Fundamentals of Robotics......................................18
	3	 Safety.....................................................................52
	4	 Robot Programming...............................................70
	5	 Industrial Applications...........................................92

Unit II	 Power Supplies and Movement  
Systems
	6	 Electromechanical Systems..................................128
	7	 Fluid Power Systems............................................ 176

Unit III	 Sensing and End-of-Arm Tooling
	8	 Sensors.................................................................248
	9	 End Effectors.......................................................284

Unit IV	 Control Systems and Maintenance
	10	 Computer Systems and Digital Electronics..........302
	11	 Interfacing and Vision Systems............................342
	12	 Maintaining Robotic Systems...............................354
	13	 Robots in Modern Manufacturing........................ 374
	14	 Robotic Applications and Innovations..................390
	15	 Designing and Constructing a Robot...................406SAMPLE



xiii

Contents
Unit 1	 Principles of Robotics
Chapter 1	 Introduction to Robotics...................................................2

1.1 Early Robots........................................................................................4
1.2 The Evolution of Robots......................................................................6
1.3 Classifications of Industrial Robots.....................................................9
1.4 Types of Automation.........................................................................12
1.5 The Role of Robots in the Workforce................................................12

Chapter 2	 Fundamentals of Robotics...............................................18
2.1 Parts of a Robot.................................................................................20
2.2 Degrees of Freedom.........................................................................26
2.3 Classifications of Robots...................................................................29
2.4 Configurations of Robots..................................................................37

Chapter 3	 Safety...............................................................................52
3.1 General Safety...................................................................................54
3.2 Safety with Tools and Equipment......................................................58
3.3 Robotic Safety Considerations..........................................................62

Chapter 4	 Robot Programming........................................................70
4.1 The Evolution of Programming.........................................................72
4.2 Motion Control..................................................................................73
4.3 Programming Methods.....................................................................78
4.4 Programming Languages..................................................................80
4.5 Types of Programming......................................................................82
4.6 Voice Recognition..............................................................................86

Chapter 5	 Industrial Applications.....................................................92
5.1 Integrating Robots into the Manufacturing Process.........................94
5.2 Selecting a Suitable Robot................................................................96
5.3 Using Robots in Industry...................................................................99

Unit II	 Power Supplies and Movement Systems
Chapter 6	 Electromechanical Systems...........................................128

6.1 Automated Systems and Subsystems.............................................130
6.2 Mechanical Systems.........................................................................132
6.3 Electrical Systems for Sensing, Timing, and Control......................133
6.4 Rotary Motion Systems...................................................................136

Chapter 7	 Fluid Power Systems.....................................................176
7.1 Fluid Power System Models............................................................178
7.2 Characteristics of Fluid Flow...........................................................181
7.3 Principles of Fluid Power.................................................................183
7.4 Fluid Power System Components...................................................186
7.5 Hybrid Systems................................................................................203

SAMPLE



xiv

Unit III	 Sensing and End-of-Arm Tooling
Chapter 8	 Sensors..........................................................................248

8.1 How Sensors Work..........................................................................250
8.2 Types of Sensors..............................................................................253
8.3 Sensor Applications.........................................................................264

Chapter 9	 End Effectors.................................................................284
9.1 End Effector Movement..................................................................286
9.2 Types of End Effectors....................................................................287
9.3 Changeable End Effectors...............................................................293
9.4 End Effector Design........................................................................294

Unit IV	 Control Systems and Maintenance
Chapter 10	 Computer Systems and Digital Electronics...................302

10.1 Computer Systems........................................................................304
10.2 Digital Number Systems................................................................310
10.3 Binary Logic Circuits......................................................................316
10.4 Computer Programming...............................................................324

Chapter 11	 Interfacing and Vision Systems.....................................342
11.1 Interfacing......................................................................................344
11.2 Machine Vision...............................................................................349

Chapter 12	 Maintaining Robotic Systems........................................354
12.1 Troubleshooting Robotic Systems.................................................356
12.2 General Servicing Techniques.......................................................358
12.3 Preventive Maintenance................................................................362

Chapter 13	 Robots in Modern Manufacturing.................................374
13.1 Using Robots in Manufacturing.....................................................376
13.2 Evaluating Potential Uses for Robots............................................378
13.3 Preparing an Implementation Plan................................................382

Chapter 14	 Robotic Applications and Innovations..........................390
14.1 Fully Automated Factories............................................................392
14.2 Robots Outside the Factory..........................................................393
14.3 Artificial Intelligence (AI) and Expert Systems..............................395
14.4 Impacts on Society........................................................................396
14.5 Evolution of Robotic Applications and Innovations......................399
14.6 Your Future in Robotics.................................................................399

Chapter 15	 Designing and Constructing a Robot............................406
15.1 Robot Design.................................................................................408
15.2 Materials Selection........................................................................408
15.3 Motion and Motion Control..........................................................411
15.4 Intelligence....................................................................................417
15.5 Sensors..........................................................................................423
15.6 Troubleshooting.............................................................................430

Math Skills Handbook..........................................................................438
Glossary................................................................................................464
Index....................................................................................................482

SAMPLE



xv

Feature Contents
Inventor Spotlight

George C. Devol.................................................................................7
Nick Holonyak Jr.............................................................................266

Robotics Innovations
Robot Lawnmower............................................................................10
The Grabit Gripper...........................................................................46
Drones...............................................................................................63
Edison Robot..................................................................................144
Security Robot................................................................................186
Robonaut........................................................................................308
Snake-Legged Robot......................................................................349
Segway Robot.................................................................................381

Careers in Robotics
Software Engineer............................................................................72
Robotics Engineer........................................................................... 112
Field Service Technician..................................................................357
Electronics Technician.....................................................................408

Robotics in Society
CyberKnife® System........................................................................296
RQ-4 Global Hawk..........................................................................326
Humanoid Robots...........................................................................398

Activities
5-1	 Control with DC Stepping Motors . . . . . . . . . . . . . . . . . . . .                    118
5-2	 Automatic Stepping Motor Control . . . . . . . . . . . . . . . . . . .                   122
6-1	 Electrical Meters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  153
6-2	 Basic Electrical Problem Solving . . . . . . . . . . . . . . . . . . . . . .                     156
6-3	 Control Systems Overview . . . . . . . . . . . . . . . . . . . . . . . . . .                          158
6-4	 AC Synchronous Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            160
6-5	 DC Stepping Motors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              162
6-6	 Solenoids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                       165

SAMPLE



xvi

6-7	 Electromagnetic Relays . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            168
6-8	 Motor-Driven Timers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              171
6-9	 Digital Timers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                    173
7-1	 Force through Liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             208
7-2	 Static Hydraulic System  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            210
7-3	 Hydraulic Ram System  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             212
7-4	 Hydraulic Power Source . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            214
7-5	 Hydraulic Pumps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                  217
7-6	 Pressure Control Valves  . . . . . . . . . . . . . . . . . . . . . . . . . . . .                            219
7-7	 Directional Control Valves  . . . . . . . . . . . . . . . . . . . . . . . . . .                          221
7-8	 Hydraulic Linear Actuators . . . . . . . . . . . . . . . . . . . . . . . . . .                          223
7-9	 Hydraulic Rotary Actuators . . . . . . . . . . . . . . . . . . . . . . . . . .                         227
7-10	Compressibility of Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              230
7-11	Pneumatic Pressure and Flow . . . . . . . . . . . . . . . . . . . . . . . .                       233
7-12	Pneumatic Linear Actuators . . . . . . . . . . . . . . . . . . . . . . . . .                         235
7-13	Pneumatic Rotary Actuators . . . . . . . . . . . . . . . . . . . . . . . . .                         239
7-14	Reed Switches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   243
8-1	 Proximity Detectors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                               271
8-2	 LVDT Detector  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                                   275
8-3	 Temperature Sensors  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                              278
8-4	 Thermocouple Applications . . . . . . . . . . . . . . . . . . . . . . . . .                         281
10-1	Digital Logic Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . .                             332
10-2	Combination Logic Gates . . . . . . . . . . . . . . . . . . . . . . . . . . .                           337
12-1	Soldering and Terminal Connections . . . . . . . . . . . . . . . . . .                  369
12-2	Troubleshooting and Testing  . . . . . . . . . . . . . . . . . . . . . . . .                        371

SAMPLE




