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PREFACE

Enginecring design and manufacturing form the core of the engincering pro-
fession. The engineering curricula and the engineering educational process
attempt to provide today’s students, tomorrow’s engineers, with a sufflicient
number of sciences and tools to perform, among other things, design and manu-
facturing. Enginecring sciences are well established and most often include
physics, engineering mechanics, mechanical behavior and processes of materials,
and thermal fluids. Mathematics, computers and computational technigues, com-
munication methods, and drafting skills are among the essential tools 2 designer
needs. 1n contrast to engineering sciences some 9f these tools, in particular com-
puters and drafting skills, have been changing quite often to reflect changes and
advances in manufacturing and technology. Over the past thirty ye~rs, engineer-
ing has changed from using mathematical tables, to slide rules, to pocket calcu-
lators, to personal computers. In the past fifteen years the interactive comp ..ter
graphics and CAD/CAM technology have been impacting the drafting, design,
and manufacturing tools significantly. It is because of these iinportant impacts
that this book has been written.

In an attempt to write a meaningful book with enough subject depth and
breadtn in the area of CAD/CAM, a focus for the book must be defined. Among
the many available choices, this book focuses on prese..ting a balanced mix on
the theory and practice of the CAD/CAM concepts. Throughout the book, the
influence of the theoretical and practical aspects of CAD on CAM s also present-
ed. The late chapters of the book, such as Chapters 16 and 20, ciscuss the intc-
gration of CAD and CAM databases. It is believed that the true integration
between CAD and CAM forms the bottleneck for achieving automation. It is
hoped that the “A” in CAD/CAM will mean automated instead of aided. -

The purpose of this book is to present CAD/CAM principles and tools in
generic and basic forms with enough depth and breadth. These principles are
supplemented with engineering and design applications as well as problems. The
presentation of these principles and tools maintains a balance between both
theory and practice. The book is concerned witn developing the proper attitudes
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XXIV  PREFACE

and approaches to utilizing the existing CAD/CAM technology in engineering. It
attempts to expand the reader’s imagination beyond just creating interactive
graphics. Therefore, Parts 1V. V, and VI illustrate how geometric modeling and
graphics concepts covercd in previous parts can be applied to engineering and
design applications. Whenever new tools and applications become available in
the future, these three parts can be updated without affecting the book organiz-
ation. This is important for those who adopt a book in a rapidly developing field
such as CAD/CAM. Throughout the book, examples, applications, and computer
algorithms are covered independently of any specific hardware or programming
languages. However, it is assumed that the reader is familiar with computers and
has a basic background ir. enginecring and computer programming.

The book is targeted at students, engineers, and professionals who are inter-
ested in the CAD/CAM technology and its applications to design. Most often,
this group utilizes, in one form or another, a CAD/CAM system. It may be a
fully commercial system or a low-end PC-based system. In either case, the user is
faced with understanding the same basic concepts and principles underlying the
system. Failure of such understanding often results in user frustration and a sig-
nificant decline in productivity and utilization of the system relative to manual
procedurcs. Manuals and documentation which are typically provided with
CAD/CAM systems tend to concentrate on the user interface and the syntax
associated with it. They usually assume that the user has the proper theoretical
background which this book attempts to provide. Such a background helps the
user a great deal in understanding the various jargan and terminology encoun-
tered in the system documcntation as well as enabling the user to deal with
system errors mosc intelligently.

The material in the book can be used in various ways. As a textbook, it
could be used at either the advanced undergraduate or first graduate level. A two
quarter-long or a onc semester-long undergraduate course is adequate to cover
most of the materizl and allows time for a project which is a valuable experience
for students. The book provides a complete menu of topics. The depth and choice
of topic coverage and projects may vary based on a particular curriculum. A
graduate course should be designed to cover all the book material and allow for
a comprehensive project. A course with an interactive computer graphics focus
may cover Chapters 2, 3, 5, 6, 9, 10, 13, and 15. A course with a geometric
modeling focus may cover Chaptets 2, 3, 5, 6, 7, 9, and 15. A course with a
CAD/CAE focus may cover Chapters 1 to 9, 11 to 15, and 17 to 19. A course
with a CAM focus may cover Chapters 1109, 11 to 15, 16, and 20 (supp'emental
material to these chapters may be provided by the instructor). Courses with other
foci can easily be designed in a similar fashion. Many instructors may prefer to
supplement Parts IV, V, and VI of the book with their own experience and/or
their applications. If an engincering curriculum does not offer separate
CAD/CAM courses, this book is then ideal as a reference for outside reading by
the students. The book can also serve as a reference for the CAD/CAM industry.
Training courses typically offercd by CAD/CAM vendors to engineers and pro-
fessionals concentrate on system syntax and documentation.
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To write a book in the very rapidly changing CAD/CAM ficld 1» perhaps
the most challenging endeavor an individual can undertake. The book design and
organization has taken this observation into consideration. The book has heen
divided into six integrated parts which can be updated in the future to reflect new
trends, tools, and applications whew they evolve without changing the book
organization. For example, if a new application subject becomes available in the
future, it can be added as a new chapter in Part V or VI. Future updates will
always be made taking into consideration the book size. The author hus tried to
collect as much material from the: Jiterature as possible into this book with .
unified notation. This fepresents a major task. The author woula be gratefui to
receive any suggestions, opinions, ideas. and advice regarding the book. The
author would also appreciate recciving any errors which went undetected in this
edition, and will acknowledge them by namc and institution in subsequent edi-
tions.

A final word rcgarding the book organization and style. The bock.js
organized and written in such a way to be suitabi- for sclf-<tudy. There arc
enough details about each subject. Instructors using the book do not have to
cover all these details in class. Instead, they can assign some of these details as
out-of-class reading exercises. In this way the class time can be utilized effec-
tively by both students and instructors to discuss design projects and applica-
tions or issues related to using a particular CAD/CAM system. With this style,
engineers and professionals should also find the book material handy to use and
easy 1o understand.

The author is indebted to all the people who helped directly or indirectly to
make this book idea a reality. Without their assistance this project would never
have been completed. The author would like to thank the following reviewers for
their valuable comments, suggestions. encouragement, and sound advice through-
out the project: Abdi’ :mad Ata, University of Detroit: Samir B. Billatos. Uni-
versity of Connecticu.. Richard G. Budynas, Rochester Institute of Technology;
Jan Evans, University of Tennessec at Chattanooga; Herbert Freeman, Rutgers
University; Gary A. Gabriele, Rennselear Polytechnic Institute; Gary L. Kinzel,
Ohio State University; Michael B. McGrath, Colorado Schog of Mines: Charles
Mischke, lowa State University; John J. Moskwa, University of Wisconsin-
Madison; Albert P. Pisano, University of California, Berkeley; Donald R. Riley,
University of Minnesota; Eric Teicholz, Graphics Systems, Inc.; and Robert O.
Warrington, Jr., Louisiana Tech University. The author has made every possible
effort to take advantage of their suggestions. The author is also indebted to the
many CAD/CAM vendors and their personnel who provided photographs and
slides for the book.

A book cannot be published without the help of many people. I would like .

to thank all my students and colleagues who contributed directly and indirectly
through their constructive criticism in the evolution and preparation of the book

manuscript. Special thanks are due to Ms. Sohela Shafai, Ms. Leslie Schreiter,

and others who typed the manuscript. Thanks are also due to McGraw-1ill staft
for their patience and professional help. The diligences and encouragement of
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Scott Stratford and Anne C. Duffy in the early stages of the projcct were very
valuable. The valuable experience and vision of John Corrigan, the book editor,
has permitted the successful completion of the manuscript. His phone calls and
visits maintained the steady progress of the manuscript. In addition, his efforts
during the production phase of the book were invaluable to its completion. 1
would aiso like to thank Karen Jackson. John Morriss, Fred Schulte, and others
for their efforts.

Last, but not least, very special thanks are due to my family and friends for
their constant love and support. The patience, understanding, and encour-
asement of my wife and my children are greatly appreciated.

Ibrahim Zeid
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