
Machining 
Fundamentals

Bob Dixon John R. Walker

11TH EDIT ION

Publisher
The Goodheart-Willcox Company, Inc.

Tinley Park, IL
www.g-w.com

Walters State Community College
Morristown, Tennessee

Bel Air, Maryland

SAMPLE



Copyright © 2023
by

The Goodheart-Willcox Company, Inc.

Previous editions copyright 2019, 2014, 2004, 2000, 1998, 1993, 1989, 1981, 1977, 1973

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: 2021935984

ISBN 978-1-64925-979-0

1 2 3 4 5 6 7 8 9 – 23 – 26 25 24 23 22 21

The Goodheart-Willcox Company, Inc. Brand Disclaimer: Brand names, company names, and illustrations for products and services 
included 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 recommendations; 
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, 
procedures, 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 
whatsoever, 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 
product 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 Credit. Front cover: Dmitry Kalinovsky/Shutterstock.comSAMPLE



iii

Introduction
Machinists are highly skilled men and women. They use drawings, hand tools, preci-
sion measuring tools, drilling machines, grinders, lathes, milling machines, and other 
specialized machine tools to shape and finish metal and nonmetal parts. Machinists 
must have a sound understanding of basic and advanced machining technology, which 
includes: 

 • Proficiency in safely operating machine tools of various types (manual, auto-
matic, and computer controlled).

 • Knowledge of the working properties of metals and nonmetals.
 • The academic skills (such as math, science, English, print reading, and metal-

lurgy) needed to make precision layouts and machine setups.
Machining Fundamentals provides an introduction to these important areas of 

manufacturing technology. The text explains the “how, why, and when” of numerous 
machining operations, setups, and procedures. Through it, you will learn how machine 
tools operate and when to use one particular machine instead of another. The advan-
tages and disadvantages of various machining techniques are discussed, along with 
their suitability for particular applications.

Machining Fundamentals details the many common methods of machining and 
shaping parts to meet given specifications. It also covers more advanced processes, such 
as laser machining, water-jet cutting, high-energy-rate forming (HERF), cryogenics, 
chipless machining, electrical discharge machining (EDM), electrochemical machin-
ing (ECM), robotics, and rapid prototyping. The importance of computer numeri-
cal control (CNC) in the operation of most machine tools and its role in automated 
manufacturing is explored thoroughly. An updated chapter covers the latest geometric 
dimensioning and tolerancing (GD&T) standards from ASME Y14.5-2018.

Machining Fundamentals has many features that make it easy to read and under-
stand. The heads in each chapter are numbered to quickly locate specific information 
within a chapter. A chapter outline lists all chapter heads and subheads at the beginning 
of each chapter. Learning objectives are also presented in the chapter opener, along with 
a list of selected technical terms important to understanding the material in that chapter.

Throughout the text, technical terms are highlighted in bold italic type as they are 
introduced and defined. These terms are also listed and defined in the Glossary at the 
end of the text.

The extensive illustrations, photographs, and other visuals throughout Machining 
Fundamentals clarify and reinforce machining operations, procedures, and applica-
tions. A color key is used to indicate different materials and types of equipment. Features 
visually highlight and expand textual content by giving it practical value. Workplace 
Skills and Career Connection features introduce students to machining-related careers 
and the qualities employers are seeking. Green Machining features expose students to 
recent trends in environmentally friendly manufacturing.

Each chapter closes with a chapter review containing a summary and review ques-
tions. The summary reiterates and expands on the learning objectives given in the 
chapter opener. Review questions reinforce key learning objectives and offer students 
the opportunity to check their understanding. New Apply and Analyze and Critical 
Thinking questions address NIMS Smart Standards and encourage students to think 
critically about the value and purpose of their new knowledge and apply what they have 
learned to practical work situations.

Machining Fundamentals is a valuable guide to anyone interested in machining 
since the procedures and techniques presented have been drawn from all areas of 
machining technology. Students will gain a strong foundation in machining to support 
practical skills.
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New to This Edition
This new edition of Machining Fundamentals brings the content up to date with the 
latest standards and industry practices. End-of-chapter reviews have been improved 
and expanded with new Apply and Analyze and Critical Thinking questions to allow 
students to apply the knowledge from the chapter in practical scenarios and contem-
plate and expand on the importance and usefulness of the knowledge and standard 
practices. Details of the new elements in this edition include:

	• Alignment with new NIMS Smart Standards (Machining Level 1), rolled out by 
NIMS in Fall 2021, help prepare students for certification. (See OIR and G-W 
product page for more information.)

	• New photos and updated content reflect industry changes in technology, 
including basic CNC coding, standard and new machines currently in use, and 
practical workplace skills and troubleshooting tips, as well as increased diversity 
and representation in our classrooms and workplaces.

	• New end-of-chapter Review Questions offer Know and Understand questions, as 
well as new Apply and Analyze and Critical Thinking questions to get students 
to use and reflect on their new knowledge rather than simply regurgitate text 
from the chapter.

	• Updated Geometric Dimensioning and Tolerancing (GD&T) content reflects 
ASME Y14.5M-2018, so students will be able to properly read and interpret the 
latest industry drawings and prints.
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Student Tools
Student Text
Machining Fundamentals is a comprehensive text that provides an introduction to the 
various machining operations, setups, and procedures, preparing students for a NIMS 
Level I Machining certification. This colorful and detailed textbook covers all traditional 
machining methods, as well as newer and nontraditional methods, including CNC 
technology, automated manufacturing, additive manufacturing, metal characteristics, and 
quality control. This edition includes updated coverage of geometric dimensioning and 
tolerancing; features on careers, workplace skills, and green machining practices; updated 
illustrations; and new and improved end-of-chapter Review Questions that promote the 
application of learned knowledge and critical-thinking skills.

Workbook
The workbook that accompanies Machining Fundamentals follows the textbook on a chapter-by-chapter basis and includes 
instructor-created questions and activities to help students recall, review, and apply concepts introduced in the book. 

Certification
Machining Fundamentals reflects NIMS’s latest Smart Standards and is correlated to the duties and standards for NIMS 
Machining Level I to help students achieve certification.

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.

• Workbook. Students can have access to a digital version of the Workbook.

• Videos. Students can access dozens of professional videos that demonstrate important procedures in the text. 
These videos clarify steps and aid students in visualizing important skills.

• Activities. The digital resources include self-graded interactive labeling activities that students can use to improve 
comprehension and understanding.

• 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

x
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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 (OIR)
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.

Assessment Software with Question Banks Administer and manage assessments to meet your classroom 
needs. The question banks that accompany this textbook include hundreds of matching, completion, multiple choice, 
and short answer questions to assess student knowledge of the content in each chapter. Using the assessment software 
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 Outline summarizes the topics that will be 
covered in the chapter. Learning Objectives clearly iden-
tify the knowledge and skills to be gained when the chap-
ter is completed. Technical Terms lists 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 
practices and emphasize important tips. Workplace 
Skills features highlight the professional behaviors and 
traits that employers want. Career Connection features 
and profiles provide a variety of paths for career success. 
Green Machining features highlight key items related to 
sustainability, energy efficiency, and environmental issues.

Illustrations
Illustrations have been designed to clearly and simply 
communicate the specific topic. Illustrations and photo-
graphic images have been updated or replaced for this 
edition to show the latest equipment and practices.SAMPLE
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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, identi-
fication, and comprehension of chapter material. 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.

Color Code
A consistent color code is used in the line illustrations 
throughout Machining Fundamentals to help you bet-
ter visualize the machining operations and procedures. 
Specific colors are used to indicate different materials and 
equipment features. The following key shows what each 
color represents:

 Metals

 Alternate metal

 Machines/machine parts

 Tools

 Cutting edges

 Work-holding and tool-holding devices

 Fasteners

 Abrasives

 Fluids

 Miscellaneous

 Direction or force arrows, dimensional information
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