
INDUSTRIAL 
MAINTENANCE and 
MECHATRONICS

Publisher
The Goodheart-Willcox Company, Inc.

Tinley Park, IL
www.g-w.com

Shawn A. Ballee
Associate Professor of Industrial Systems Technology

Waubonsee Community College

Gary R. Shearer
Instructor of Industrial Electrical Maintenance

Tennessee College of Applied Technology-Murfreesboro

S E C O N D  E D I T I O N

FM.indd   1FM.indd   1 9/26/2022   8:20:57 AM9/26/2022   8:20:57 AM

SAMPLE



Copyright © 2024
by

The Goodheart-Willcox Company, Inc.

Previous edition copyright 2020

All rights reserved. No part of this work may be reproduced, stored, or transmitted in 
any form or by any electronic or mechanical means, including information storage and 

retrieval systems, without the prior written permission of  
The Goodheart-Willcox Company, Inc.

Library of Congress Control Number: 2022943371

ISBN 978-1-63776-711-5

1 2 3 4 5 6 7 8 9 – 24 – 27 26 25 24 23 22

The Goodheart-Willcox Company, Inc. Brand Disclaimer: Brand names, company names, and illustrations for products and services in-
cluded in this text are provided for educational purposes only and do not represent or imply endorsement or recommendation by the author 
or the publisher.

The Goodheart-Willcox Company, Inc. Safety Notice: The reader is expressly advised to carefully read, understand, and apply all safety 
precautions and warnings described in this book or that might also be indicated in undertaking the activities and exercises described herein 
to minimize risk of personal injury or injury to others. Common sense and good judgment should also be exercised and applied to help avoid 
all potential hazards. The reader should always refer to the appropriate manufacturer’s technical information, directions, and recommenda-
tions; then proceed with care to follow specific equipment operating instructions. The reader should understand these notices and cautions 
are not exhaustive.

The publisher makes no warranty or representation whatsoever, either expressed or implied, including but not limited to equipment, proce-
dures, and applications described or referred to herein, their quality, performance, merchantability, or fitness for a particular purpose. The 
publisher assumes no responsibility for any changes, errors, or omissions in this book. The publisher specifically disclaims any liability what-
soever, including any direct, indirect, incidental, consequential, special, or exemplary damages resulting, in whole or in part, from the reader’s 
use or reliance upon the information, instructions, procedures, warnings, cautions, applications, or other matter contained in this book. The 
publisher assumes no responsibility for the activities of the reader.

The Goodheart-Willcox Company, Inc. Internet Disclaimer: The Internet resources and listings in this Goodheart-Willcox Publisher prod-
uct are provided solely as a convenience to you. These resources and listings were reviewed at the time of publication to provide you with 
accurate, safe, and appropriate information. Goodheart-Willcox Publisher has no control over the referenced websites and, due to the dynamic 
nature of the Internet, is not responsible or liable for the content, products, or performance of links to other websites or resources. Goodheart-
Willcox Publisher makes no representation, either expressed or implied, regarding the content of these websites, and such references do not 
constitute an endorsement or recommendation of the information or content presented. It is your responsibility to take all protective measures 
to guard against inappropriate content, viruses, or other destructive elements.

Image Credits. Front cover (clockwise from top left): Amorn Suriyan/Shutterstock; Rawpixels stock/Shutterstock; Master Lock; EvijaF/Shutterstock; 
Fluke Corporation (reproduced with permission); Cover background image: Dmitry Markov152/Shutterstock; Safety feature: davooda/Shutterstock 

FM.indd   2FM.indd   2 9/26/2022   8:20:57 AM9/26/2022   8:20:57 AM

SAMPLE



iii

Preface
Industrial Maintenance and Mechatronics covers the many aspects of industrial mainte-
nance and prepares students for careers in a wide variety of industries and occupations. 
From theory to application, design to diagnosis, and installation to adjustment, you 
will gain the perspective needed to be successful in a field that is constantly changing 
due to technological advancement. With straightforward explanations and procedures, 
this text will serve as a valuable reference for you in both the classroom and workplace.

Advancements in technology and automation have made mechatronics a critical 
component of industrial maintenance. Mechatronics combines the study of electron-
ics, mechanics, control systems, robotics, and computer software. This mechatronics 
knowledge is used to design, operate, maintain, and repair “smart” devices and systems 
that incorporate sensors, actuators, instrumentation, process control, and automation. 
An understanding of mechatronics will prepare you for career opportunities in a wide 
range of industries that utilize industrial robots, automated systems, programmable 
logic controllers, and other mechanical systems.

Industrial Maintenance and Mechatronics is the first textbook specifically aligned 
with the NIMS Industrial Technology Maintenance (ITM) Smart Standards and certi-
fications. These standards—developed with input from a nationwide team of industry 
and education leaders—provide a clear picture of the knowledge and skills needed by 
industrial maintenance technicians in today’s workplace. Modeled specifically after 
these standards, Industrial Maintenance and Mechatronics applies not only to manu-
facturing but to all fields that fall under the umbrella of mechanical, electrical, and 
electronic systems control and maintenance. Due to its broad coverage, Industrial 
Maintenance and Mechatronics can be used as a primary text for multiple courses in an 
Industrial Maintenance program.

Numerous in-text examples, procedures, review questions, diagrams, and artwork 
reinforce key concepts. Safety Notes and Tech Tips highlight key bits of knowledge 
particularly applicable and critical in the workplace. Troubleshooting methodology is 
emphasized throughout Industrial Maintenance and Mechatronics (including several 
dedicated troubleshooting chapters) to ensure you become a problem solver who can 
determine the true cause of a problem, rather than merely a “parts changer.”

NIMS offers a set of seven national, industry-created, industry-recognized Smart 
credentials for Industrial Technology Maintenance (ITM), as well as their classic 
ITM credentials. In order to attain a NIMS credential, candidates must pass a written 
assessment on theory and also complete a hands-on skill assessment under a qualified 
instructor or supervisor. Industrial Maintenance and Mechatronics works hand-in-glove 
with the NIMS standards to help students successfully achieve NIMS credentials.

This area of study is both wide-ranging and challenging. While this text could have 
been literally thousands of pages, it has been condensed to highlight core knowledge 
in the key maintenance disciplines: maintenance operations, basic mechanical systems, 
basic hydraulic and pneumatic systems, electrical systems, electronic control systems, 
process control systems, and maintenance piping. Technology is constantly advancing 
in many of these subjects, and it is expected that this book will undergo revisions and 
updates to keep pace with those advancements.
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New to This Edition
This new edition of Industrial Maintenance and Mechatronics continues its exclu-
sive partnership with NIMS, with text aligned to the NIMS Industrial Technology 
Maintenance (ITM) Smart Standards. New and expanded end-of-chapter reviews 
enhance students’ preparation for NIMS certifications, with Know and Understand 
questions to reinforce key facts and open-ended Apply and Analyze and Critical 
Thinking questions, where troubleshooting is a focus.

Electrical content has been added and expanded, including two new chapters: 
Electrical Production and Distribution and Electrical Installation and Practices. Con-
tent has been updated throughout, with the addition of new charts, illustrations, and 
photographs.

Credentialing Partners 
and Support
Goodheart-Willcox appreciates the value of industry credentials, certifications, and 
accreditation. We are pleased to partner with leading organizations to support students 
and programs in achieving credentials. Integrating industry-recognized credentialing 
into a career and technical education (CTE) program provides many benefits for the 
student and for the institution. By achieving third-party certificates, students gain con-
fidence, have proof of a measurable level of knowledge and skills, and earn a valuable 
achievement to include in their résumés. For educators and administrators, industry-
recognized credentials and accreditation validate learning, enhance the credibility of 
programs, and provide valuable data to measure student performance and help guide 
continuous program improvement.

NIMS Industrial Technology 
Maintenance (ITM) Credentials
NIMS offers seven Industrial Technology Maintenance (ITM) Smart credentials, 
as well as Classic ITM credentials. These credentials provide students and working 
technicians a recognized method to validate their knowledge and skills. Industrial 
Maintenance and Mechatronics is designed to work hand-in-glove with the NIMS 
standards to help students pass the testing and performance requirements for NIMS 
credentialing. For more information about NIMS and their Industrial Technology 
Maintenance (ITM) credentials, visit www.nims-skills.org.
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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 out-
line, a list of learning objectives, and a list 
of technical terms. The Chapter Outline 
summarizes the topics that will be cov-
ered in the chapter. Learning 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.

Additional Features
Additional features are used throughout the 
body of each chapter to further learning 
and knowledge. Safety Notes alert you to 
potentially dangerous materials and prac-
tices. Cautions alert you to practices that 
could potentially damage equipment or 
instruments. Procedures are highlighted 
throughout the textbook to provide clear 
instructions for hands-on service activi-
ties. Tech Tips provide advice and guid-
ance especially applicable for on-the-job 
situations. Green Maintenance features 
highlight key items related to sustainability, 
energy efficiency, and environmental issues.
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Illustrations
Illustrations have been designed to clearly 
and simply communicate the specific topic. 
Illustrations have been replaced and updated 
for this edition. Photographic images have 
been updated to show the latest equipment.

End-of-Chapter Content
End-of-chapter material provides an oppor-
tunity for review and application of con-
cepts. 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, identifica-
tion, and comprehension of chapter mate-
rial. Apply and Analyze questions extend 
learning and develop your abilities to use 
learned material in new situations and to 
break down material into its component 
parts. Critical Thinking questions develop 
higher-order thinking and problem-solving, 
personal, and workplace skills. Questions 
for Class Discussion extend your learning 
by allowing further exploration, research, 
and discussion of topics covered in the chap-
ter. NIMS Credentialing Prep Questions 
help prepare you to successfully achieve 
NIMS Industrial Technology Maintenance 
(ITM) credentials.
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Support

Powerful Content
Applied Practice

Standards Alignment
Authentic Learning

Digital
Experience

Student Success

Student Tools
Student Text
Industrial Maintenance and 
Mechatronics is a comprehensive 
text that focuses on the 
information, techniques, 
processes, and procedures 
used by professional industrial 
maintenance technicians.

Lab Workbook
•	 Hands-on practice includes questions and 

activities.
•	 Projects offer students opportunities to work on 

various industrial maintenance challenges.

G-W Digital Companion
For digital users, e-flash cards and vocabulary 
exercises allow interaction with content to create 
opportunities to increase achievement.

Online Learning Suite
•	 Online student text and lab workbook, along 

with rich supplemental content, brings digital 
learning to the classroom.

•	 All instructional materials are accessible at 
home, at school, or on the go.

Instructor Tools
LMS Integration
Integrate Goodheart-Willcox content within your Learning 
Management System for a seamless user experience for 
both you and your students. EduHub 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:

•	 Digital Textbook
•	 Drill and Practice vocabulary activities

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.

Online Instructor Resources
•	 The Instructor Resources provide instructors with time-

saving preparation tools such as answer keys, editable 
lesson plans, and other teaching aids.

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

•	 Administer and manage assessments to meet your 
classroom needs using Assessment Software with 
Question Banks, which include hundreds of matching, 
completion, multiple choice, and short answer questions 
to assess student knowledge of the content in each 
chapter.

See www.g-w.com/industrial-maintenance-mechatronics-2024 
for a list of all available resources.

Professional Development
•	 Expert content specialists
•	 Research-based pedagogy and instructional practices
•	 Options for virtual and in-person Professional 

Development
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