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PREFACE

In the world of manufacturing, significant changes and trends are having a profound
impact on our everyday lives. Whether we like it or not, we all live in a technological so-
ciety, a world of manufactured goods. Every day we come in contact with hundreds of
manufactured items, from the bedroom to the kitchen, to the workplace, we use appli-
ances, phones, cars, trains, and planes, TVs, VCRs, DVD'’s, furniture, clothing, and so on.
These goods are manufactured in factories all over the world using manufacturing
processes. What are the trends in the manufacturing world, and how do they impact
manufacturing processes?

B TRENDS IN MANUFACTURING

First, manufacturing has become a global activity with U.S. companies sending work to
other countries (China, Taiwan, Mexico) to take advantage of low-cost labor, while
many foreign companies are building plants in the United States, to be nearer their
marketplace, The automobile manufacturers and their suppliers use just about every
process described in this book and some that we do not describe, often because they
are closely held secrets.

Second, many manufacturing companies are redesigning their factories (their
manufacturing systems) becoming lean producers. and learning how to make goods
better (higher quality), cheaper, faster in a flexible way (i.e., they are more responsive
to the customers). Almost every plant that you can visit these days is doing something
to make itself leaner. Many of them have adopted some version of the Toyota Pro-
duction System. More importantly, these manufacturing factories are designed with the
internal customer (the workforce) in mind, so things like ergonomics and safety are
key design requirements. So while this book is all about materials and processes for
making the products, the design of the factory cannot be ignored when it comes to
making the external customer happy with the product and the internal customer satis-
fied with the employer.

Third, the number and variety of products and the materials from which they are
made continue to proliferate, while production quantities have become smaller. Existing
processes must be modified to be more flexible, and new processes must be developed.

Fourth, consumers want better quality and reliability, so the methods, processes, and
people responsible for the quality must be continually improved. The trend toward zero
defects and continuous improvement requires continuous improvements of the manu-
facturing system.

Finally the new product development effort to reduce the time-to-market for new
products is continuing. Many companies are taking wholistic or system wide perspectives,
including concurrent engineering efforts to bring product design and manufacturing
closer to the customer. There are two key aspects here. First, products are designed to
be easier to manufacture and assemble (called design for manufacture/assembly). Second,
the manufacturing system design is flexible (able to accept new products), so the com-
pany can be competitive in the global marketplace.

Basically, manufacturing is a value-adding activity, where the conversion of
materials into products adds value to the original material. Thus, the objective of a
company engaged in manufacturing is to add value and do so in the most efficient
manner, using the least amount of time, material, money, space, and labor. To minimize
waste and maximize efficiency, the processes and operations need to be properly
selected and arranged to permit smooth and controlled flow of material through the fac-
tory and provide for product variety. Meeting these goals requires a well-designed and
efficient manufacturing system.
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B PURPOSE OF THE BOOK

The purpose of this book is to give design and manufacturing engineers and technicians
basic information on materials, manufacturing processes and systems. The materials sec-
tion focuses on properties and behavior. Thus, aspects of smelting and refining (or other
material production processes) are presented only as they affect manufacturing and
manufactured products. In terms of the processes used to manufacture items (convert-
ing materials into products), this text seeks to provide a descriptive introduction to a wide
variety of options, emphasizing how each process works and its relative advantages and
limitations. Our goal is to present this material in a way that can be understood by in-
dividuals seeing it for the very first time. This is not a graduate text where the objective
is to thoroughly understand and optimize manufacturing processes. Mathematical mod-
els and analytical equations are used only when they enhance the basic understanding
of the material. So, while the text is an introductory text, we do attempt to incorporate
new and emerging technologies like a welding process that is being adapted to alter and
improve material properties and performance without creating a joint.

The book also serves to introduce the language of manufacturing. Just as there is
a big difference between a gun hand and a hand gun, there is a big difference between
an engine lathe and a lathe engine. Everyday English words (words like climb, bloom,
allowance, chuck, coin, head, and ironing) have entirely different meanings on the fac-
tory floor, a place where misunderstandings can be very costly. Pity the engineer who has
to go on the plant floor not knowing an engine lathe from a milling machine or what a
press brake can do. This engineer quickly loses all credibility with the people who make
the products (and pay the engineers’ salaries). However, the modern manufacturing
engineer must be able to deal with real workplace problem-solving techniques like
Taguchi methods and six sigma and developing manufacturing cells to make product
families. This requires redesign of all the elements of the manufacturing systems—the
machine tools and manufacturing processes, the workholding devices, the material
handling equipment, and the retraining of the people who work in the system.

B HisToRrY OF THE TEXT

In 1957, E. Paul DeGarmo was a mechanical engineering professor at the University of
California, Berkley when he wrote the first edition of Materials and Processes in Man-
ufacturing. The book quickly became the emulated standard for introductory texts in
manufacturing. Second, third, and fourth editions followed in 1962, 1969, and 1974.
DeGarmo had begun teaching at Berkeley in 1937, after earning his M.S. in mechanical
engineering from California Institute of Technology. He worked as a factory control en-
gineer at Firestone Tire and Rubber Company while attending Caltech. DeGarmo was
a founder of the Department of Industrial Engineering (now Industrial Engineering
and Operations Research) and served as its chair from 1956-1960. He was also assistant
dean of the College of Engineering for three years while continuing his teaching
responsibilities.

He retired from active teaching in 1971 and he continued his research, writing,
and consulting for many years. In 1977, after the publication of the fourth edition of
Materials and Processes in Manufacturing, he received a letter from Ron Kohser, then
an assistant professor at Missouri-Rolla who had many suggestions regarding the
materials chapters. DeGarmo asked Kohser to rewrite those chapters for the fifth
edition, which Ron did. After the fifth edition DeGarmo decided he was really going
to retire and after a national search, recruited J T. Black, then a Professor at Ohio
State, to co-author the book. For the sixth edition, seventh edition, eighth and ninth edi-
tions (published in 1984, 1988, and 1997, respectively, by Macmillan, Prentice Hall and
1999 and 2003 by John Wiley & Sons), Ron Kohser and J T. Black have shared the re-
sponsibility for the text. The chapters on engineering materials, casting, forming, powder
metallurgy, joining and non-destructive testing have been written or revised by Ron
Kohser. J T. Black has assumed the responsibility for the introduction and chapters on
material removal, metrology, surface finishing, quality control and manufacturing
systems design.
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DeGarmo died in 2000, three weeks short of his 93™ birthday. His wife Mary died
in 1995; he is survived by his sons, David and Richard, and many grandchildren. For this
10th edition, we honor our mentor E. Paul DeGarmo with a change in the title to include
his name. We are forever indebted to Paul for selecting us to carry on the tradition of
his book on its’ fiftieth anniversary!

B 50TH ANNIVERSARY EDITION!

B THE 10TH EDITION

Any long-term user of this book will note a significant change in its title—from Materials
and Processes in Manufacturing by DeGarmo, Black, and Kohser to DeGarmo’s Materi-
als and Processes in Manufacturing by Black and Kohser. Paul DeGarmo initiated this text
in 1957 and nurtured it through a number of editions. Even after his retirement, through
his death in 2000, Paul maintained an active interest and involvement. In recognition,
the 9th edition, published in 2003, carried his name as a posthumous coauthor. For 50
years, this text has been known by many as simply “DeGarmo,” and it is this identity that
we wish to continue by moving his name to become a preface to the former title.

In 1957 Dr. DeGarmo observed that engineering education had begun to place
more emphasis on the underlying sciences at the expense of hands on experience. Most
of his students were coming to college with little familiarity with materials, machine
tools, and manufacturing methods that their predecessors had acquired through the old
“shop” classes. If these engineers and technicians were to successfully convert their ideas
into reality, they needed a foundation in materials and processes, with emphasis on their
opportunities and their limitations. He sought to provide a text that could be used in
either a one- or two-semester course designed to meet these objectives. The materials
sections were written with an emphasis on use and application. Processes and machine
tools were described in terms of what they could do, how they do it, and their relative
advantages and limitations, including economic considerations. Recognizing that many
students would be encountering the material for the first time, clear description was
accompanied by numerous visual illustrations.

Paul’s efforts were well received, and the book quickly became the standard text
in many schools and curricula. As materials and processes evolved, advances were in-
corporated into subsequent editions. Computer usage, quality control, and automation
were added to the text, along with other topics, so that it continued to provide state-of-
the-art instruction in both materials and processes. As competing books entered the
market, one was forced to note that their subject material and organization tended to
mimic the DeGarrno text.

Professors Black and Kohser are proud to continue Paul’s legacy. It is fitting that
this 10th edition will be published in 2007, 50 years following the initial efforts of
Professor DeGarmo. It is further fitting that his name continue to appear on this 50th
anniversary edition and any subsequent editions.

E. Paul DeGarmo wanted a book that explained to engineers how the things they
designed are made. DeGarmo’s Materials and Processes in Manufacturing is still written
providing a broad, basic introduction to the fundamentals of manufacturing. The book
begins with a survey of engineering materials, the “stuff” that manufacturing begins
with, and seeks to provide the basic information that can be used to match the proper-
ties of a material to the service requirements of a component. A variety of engineering
materials are presented, along with their properties and means of modifying them.
The materials section can be used in curricula that lack preparatory courses in metallurgy,
materials science, or strength of materials, or where the student has not yet been ex-
posed to those topics. In addition, various chapters in this section can be used as
supplements to a basic materials course, providing additional information on topics such
as heat treatment, plastics, composites, and material selection.

Following the materials chapters, measurement and nondestructive testing are intro-
duced with a manufacturing perspective. Then chapters on casting, forming, powder metal-
lurgy, material removal, and joining are all developed as families of manufacturing processes.
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Each section begins with a presentation of the fundamentals on which those processes are
based. This is followed by a discussion of the various process alternatives, which can be
selected to operate individually or be combined into an integrated system.

In the last two chapters there is some in depth material on surface engineering and
quality control. Engineers need to know how to determine process capability and if they
get involved in six sigma projects, to know what sigma really measures. There is also intro-
ductory material on surface integrity, since so many processes produce the finished surface
and residual stresses in the components.

B WHAT’S NEw IN 10e:

B SUPPLEMENTS

B ACKNOWLEDGMENTS

New chapter on measurement, inspection and testing

New chapter on electronic processes

New examples of basic calculations in machining chapters

NC chapter reorganized with more examples

Reclassification of metal deformation processes into bulk and sheet

Expanded coverage of new and emerging technology, such as friction-stir welding
Expanded coverage of polymers; ceramic materials and composites, and the
processes that are unique to those materials.

Throughout the book, case studies have been designed to make students aware of the great
importance of properly coordinating design, material selection, and manufacturing to pro-
duce a satisfactory and reliable product.

The text is intended for use by engineering (mechanical, manufacturing, and indus-
trial) and engineering technology students, in both two- and four-year undergraduate de-
gree programs. In addition, the book is also used by engineers and technologists in other
disciplines concerned with design and manufacturing (such as aerospace and electronics).
Factory personnel will find this book to be a valuable reference that concisely presents the
various production alternatives and the advantages and limitations of each. Additional or
more in-depth information on specific materials or processes can be found in the various
references posted on the internet along with chapters on rapid prototyping, automation
and enterprise systems.

For instructors adopting the text for use in their course, an instructor solutions manual
is available through the book website: www.wiley.com/college/degarmo. Also available
on the website is a set of powerpoint lecture slides created by Philip Appel at Gonzaga
University.

Three additional chapters, as identified in the table of contents, are available on the
book website. The registration card attached on the inside front cover provides infor-
mation on how to access and download this material. If the registration card is missing,
access can be purchased directly on the website www.wiley.com/college/degarmo, by
clicking on “student companion site” and then an the links to the chapter titles.

The authors wish to acknowledge the multitude of assistance, information, and
illustrations that have been provided by a variety of industries, professional organizations,
and trade associations. The text has become known for the large number of clear and
helpful photos and illustrations that have been graciously provided by a variety of
sources. In some cases, equipment is photographed or depicted without safety guards, so
as to show important details, and personnel are not wearing certain items of safety
apparel that would be worn during normal operation.

Over the many editions, there have been hundreds of reviewers, faculty, and stu-
dents who have made suggestions and corrections to the text. We continue to be grate-
ful for the time and interest that they have put into this book. In this edition we benefited
from the comments of the following reviewers: J. Don Book, Pittsburg State University;
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Jan Brink, Midwestern State University; Rene A.Chapelle, University of Houston; Joe
Chow, Florida International University; Kurt Colvin, California Polytechnic State Uni-
versity, Pomona; Subi Dinda, Oakland University; Roman Dubrovsky, New Jersey In-
stitute of Technology; Richard B. Griffin, Texas A&M University-Main; Rodney G.
Handy, Purdue University; T. Kesavadas, State University of New York, Buffalo; John
Lee, San Jose State University; H. Joel Lenoir, Western Kentucky University; Steven
Y.Liang, Georgia Institute of Technology; Victor Okhuysen, California Polytechnic State
University, Pomona; Lewis N. Payton, Auburn University; Zhijian Pei, Kansas State Uni-
versity; William Schoech, Valparaiso University; Mala M.Sharma, Bucknell University;
Bharat S.Thakkar, Illinois Institute of Technology; and Alan Zoyhofski, Rochester In-
stitute of Technology.

The authors would also like to acknowledge the contributions of Dr. Elliot Stern
for the dynamics of machining section in Chapter 20. Dr. Brian Paul for his work on the
rapid prototyping and electronics chapters, and Dr. Barney Klamecki for his help with
the 9th edition.

As always, our wives have played a major role in preparing the manuscript. Carol
Black and Barb Kohser have endured being “textbook widows” during the time when
the last four editions were written. Not only did they provide loving support, but Carol
also provided hours of expert proofreading, typing, and editing as the manuscript was
prepared.

Finally special thanks to our acquisitions editor, Joseph P. Hayton, for putting up
with two procrastinating professors, who tried both his patience and his abilities as he
coordinated all the various activities required to produce this text as scheduled. We also
thank Suzanne Ingrao and Sandra Dumas for all their help in bringing the 10th edition
to reality.

B ABOUT THE AUTHORS

JT. Black received his Ph.D. from Mechanical and Industrial Engineering, University of
Hlinois, Urbana in 1969, an M.S. in Industrial Engineering from West Virginia Univer-
sity in 1963 and his B.S. in Industrial Engineering, Lehigh University in 1960. J T. is
Professor Emeritus from Industrial and Systems Engineering in the Samuel Ginn Col-
lege of Engineering at Auburn University. He was the Chairman and a Professor of
Industrial and Systems Engineering at The University of Alabama-Huntsville He also
taught at The Ohio State University, the University of Rhode Island, the University of
Vermont, the University of Illinois and West Virginia University. J T. is a Fellow in the
American Society of Mechanical Engineers, the Institute of Industrial Engineering and
the Society of Manufacturing Engineers. J loves to write music (mostly down home
country) and poetry. Co-authoring with Ron Kohser makes this book a success, just as
picking his doubles partner in tennis has given him the #1 doubles ranking for 65 year
olds in the State of Alabama.

Ron Kohser received his Ph.D. from the Lehigh University Institute for Metal
Forming in 1975. Ron is currently in his 32nd year on the faculty of the University of
Missouri-Rolla, where he is a Professor of Metallurgical Engineering and Dean’s
Teaching Scholar. While maintaining a full commitment to classroom instruction, he has
served as department chair and Associate Dean for Undergraduate Instruction. He cur-
rently teaches courses in Metallurgy for Engineers, Introduction to Manufacturing
Processes, and Material Selection, Fabrication and Failure Analysis. In addition to the
academic responsibilities, Ron and his wife Barb operate A Miner Indulgence, a bed-and-
breakfast in Rolla, Missouri.
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