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Foreword

This textbook series is published at a very opportunity time when the discipline of industrial
engineering is experiencing a phenomenal growth in China academia and with its increased interests
in the utilization of the concepts, methods and tools of industrial engineering in the workplace.
Effective utilization of these industrial engineering approaches in the workplace should result in
increased productivity, quality of work, satisfaction and profitability to the cooperation.

The books in this series should be most suitable to junior and senior undergraduate students and
first year graduate students, and to those in industry who need to solve problems on the design,

operation and management of industrial systems.

(sl Salighy

Gavriel Salvendy

Department of Industrial Engineering, Tsinghua University
School of Industrial Engineering, Purdue University
April, 2002
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Preface

This book has a history. It was originally published in 1980 as Automation, Production
Systems, and Computer-Aided Manufacturing. Topics included automated flow lines, as-
sembly line balancing, numerical control, CAD/CAM, control theory, process control,
production planning, group technology, and flexible manufacturing systems. A revised
edition was published in 1986 with a change in title to Automation, Production Systems,
and Computer-Integrated Manufacturing. Additional topics included industrial robot-
ics, programmable logic controllers, automated assembly systems, material handling and
storage, automatic identification techniques, shop floor control, and the future automated
factory. The second edition of the new title was released in 2000 with a 2001 copyright.
Many of the topics remained the same as in the 1986 edition, but much of the material on
control theory was eliminated. The book was reorganized substantially, and most of the
chapters were rewritten to bring the technical subject matter up to date. The third edition
was released in 2007 with a 2008 copyright. It contained expanded coverage of new and
emerging technologies (e.g., radio frequency identification, Six Sigma, lean production,
enterprise resource planning).

The basic objective of this new edition remains the same as in the previous edi-
tions: to provide up-to-date coverage of production systems, how they are sometimes
automated and computerized, and how they can be mathematically analyzed to obtain
performance metrics. The textbook is designed primarily for engineering students at
the advanced undergraduate or beginning graduate levels in industrial, mechanical, and
manufacturing engineering. It has all the features of an engineering textbook: equations,
example problems, diagrams, quantitative end-of-chapter exercises, and technical de-
scriptions that seem designed to baffle college students. The book should also be useful
for practicing engineers and managers who wish to learn about automation and produc-
tion systems technologies in modern manufacturing.

NEW TO THIS EDITION

In this fourth edition of the current title (fifth edition of the original 1980 book), I have
consolidated and reorganized many of the topics and eliminated material that I felt is no
longer relevant. Among the new topics and other changes in the book are those listed
below. Items marked with an asterisk (*) relate to recommendations made by the review-
ers (see Acknowledgments).

¢ In Chapter 3 (Manufacturing Metrics and Economics), many of the equations have

been revised to make them more robust. A new section on cost of a manufactured
part has been added.

xi
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In Chapter 6 (Hardware Components for Automation and Process Control), new
content has been added on electric motors, including linear motors and the conver-
sion of rotary motion to linear motion.* Several new figures have been added in
support of the new content.*

In Chapter 7 (Computer Numerical Control), the appendix on APT has been re-
moved because this method of programming has been largely replaced in industry
by CAD/CAM part programming, coverage of which has been expanded in this
new edition. In addition, the mathematical models of positioning control have been
improved.

In Chapter 8 (Industrial Robotics), two new robot configurations have been added
and two configurations have been eliminated because they are no longer relevant.

In Chapter 9 (Discrete Control and Programmable Logic Controllers), corrections
and improvements have been made in the ladder logic examples.* A section on pro-
grammable automation controllers has been added.

In Chapter 10 (Material Transport Systems), the section on AGVS technologies has
been updated.

In Chapter 11 (Storage Systems), the section on automated storage/retrieval sys-
tems has been updated and shortened.*

In Chapter 12 (Automatic Identification and Data Capture), the section on radio
frequency identification (RFID) has been expanded and updated.*

In Chapter 14 (Single-Station Manufacturing Cells), coverage of CNC machining
centers and related machine tools has been expanded.

In Chapter 15 (Manual Assembly Lines), coverage of mixed-model assembly lines
has been moved to an appendix, on the assumption that some instructors may not
want to include this topic in their courses. A new section on batch-model assembly
lines has been included in the appendix.

In Chapter 16 (Automated Production Lines), coverage of transfer lines with in-
ternal parts storage has been moved to an appendix, on the assumption that some
instructors may not want to include this topic in their courses.

In Chapter 18 (Group Technology and Cellular Manufacturing), the organization
of the text has been substantially revised. A new section on performance metrics in
cell operations has been added. Coverage of parts classification and coding has been
reduced, and the Opitz system has been relocated to an appendix.

In Chapter 19 (Flexible Manufacturing Cells and Systems), sections on mass cus-

tomization, reconfigurable manufacturing systems, and agile manufacturing have
been added.

In Chapter 20 (Quality Programs for Manufacturing), the DMAIC procedure in Six
Sigma has been relocated to an appendix, on the assumption that some instructors
may not want to cover the detailed methodology of Six Sigma. If they do, those de-
tails are in the appendix.

In Chapter 22 (Inspection Technologies), the mathematical details of coordinate
metrology have been relocated to an appendix. The section on machine vision has
been updated to include recent advances in camera technology.
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e In Chapter 23 (Product Design and CAD/CAM in the Production System), the sec-
tion on CAD has been updated to be consistent with modern industrial practice.*

e In Chapter 25 (Production Planning and Control Systems), the section on work-in-
process inventory costs has been eliminated, and the sections on MRP II and ERP
have been upgraded.

* More than 50% of the end-of-chapter problems are new or revised. The total num-
ber of problems is increased from 393 in the third edition to 416 in this edition.

* An appendix has been added listing answers to selected end-of-chapter problems
(answers to a total of 88 problems, or 21% of the end-of-chapter problems).*

e A total of 36 new or revised figures are included in this new edition, for a total of
278 figures. By comparison, the third edition has 293 figures, so the net change
is a reduction of 15 figures. This is due to the removal of outdated and extrane-
ous figures throughout the book and the elimination of the appendix on APT in
Chapter 7.

e A list of abbreviations used in the book, located in the inside front cover, has been
added for readers’ reference.

SUPPORT MATERIALS FOR INSTRUCTORS

For instructors who adopt the book for their courses, the following support materials are
available at the Pearson website, www.pearsonhighered.com. Evidence that the book has
been adopted as the main textbook for the course must be verified.

e A Solutions Manual covering all review questions and problems
* A complete set of PowerPoint slides for all chapters

Individual questions or comments may be directed to the author at Mikell. Groover@
Lehigh.edu or mpg0@Lehigh.edu.
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Manager; and Sandra Rodriguez, Editorial Assistant. In addition, I am grateful for the
fine job done by George Jacob at Integra Software Services who served as Program
Manager for the project. He and the copy editors working with him were thorough
and meticulous in their review of the manuscript (I take back all of the bad things I
have ever said about copy editors throughout the nearly 40 years I have been writing
textbooks).

Also, I am in gratitude to all of the faculty who have adopted the previous edi-
tions of the book for their courses, thus making those projects commercially successful
for Pearson Education Inc., so that I would be allowed to prepare this new edition.

Finally, I wish to thank Marcia Hamm Groover, my wife, my PowerPoint slide ex-
pert, my computer specialist (I write books about computer-related technologies, but she
is the one who fixes my computer when it has problems), and my supporter on this and
other textbook projects.
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About This Book

The word manufacturing derives from two Latin words, manus (hand) and factus (make),
so that the combination means made by hand. This was the way manufacturing was accom-
plished when the word first appeared in the English language around 1567. Commercial
goods of those times were made by hand. The methods were handicraft, accomplished in
small shops, and the goods were relatively simple, at least by today’s standards. As many
years passed, factories came into being, with many workers at a single site, and the work
had to be organized using machines rather than handicraft techniques. The products
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