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Forward

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

Gavriel Salvendy

industrial systems.

Department of Industrial Engineering. Tsinghua University
School of Industrial Engineering, Purdue University

April, 2002
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PREFACE

This book is a practical working manual. It deals primarily with various types of
control charts and acceptance sampling systems and procedures. These are simple
but powerful techniques that have been widely used in many industries and in
many countries throughout the world to improve product and service quality and
to reduce costs. The most effective use of these techniques depends upon their
being understood by production and inspection operators and their supervisors, by
engineers, and by middle and upper level management.

The objective has been to write a book that might be immediately useful to all
of these groups. No attempt has been made to write for the professional statistician
or the mathematician. The aim has been to give just enough theory to supply prac-
tical working rules that wiil enable one to recognize the limitations of the methods
as well as their many uses.

A special feature of this book is the liberal use of descriptions of actual cases
from a number of economic sectors. Each example has been selected to bring out
one or more important points. These examples reflect the general viewpoint of the
book that the statistical techniques described should be studied primarily as a
means to various ends desired by a cost-conscious management. A number of
examples deal not only with the behavior of random variables but also with the
behavior of people in various industrial and business situations.

The book retains its intuitive approach to probability and statistics. The
authors believe that this approach is very important to engineering and business
students who may have very little industrial experience but may have some
responsibility for teaching SQC courses in-house to operators and inspectors. Just
as in previous editions, the changes from the preceding edition have been made
in part to improve the presentation of fundamental principles and in part to try to
keep the treatment of various topics up-to-date. Some of the changes are as fol-
lows:

1. The book is now divided into four parts. Part One is a short introduction tc the
topics covered in the other three parts. Part Two treats topics concerning sta-
tistical process control (SPC), Part Three discusses scientific sampling, and
Part Four deals with the economics of quality as well as some management
and teaching aspects of quality control.
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10.

The treatment of simple X and R charts (Chap. 2) begins Part Two. This
change is intended to emphasize the idea that control needs to be achieved
before histograms and estimates of process centering and dispersion (intro-
duced in Chaps. 3 and 4) can be relied on to predict future results.

The material on rational subgrouping (Chap. 8) has been separated from that
on process capability (Chap. 9) to emphasize the importance of establishing
purpose when setting up sampling procedures and methods of recording data.
The addition of error of measurement material and gage repeatability and
reproducibility (R&R) studies at this point emphasizes the importance of pur-
pose in determining rational subgrouping.

Process capability analysis and aspects of design and inspection specifications
and design tolerances have been combined into Chap. 9 to emphasize their
importance in process improvement.

Chapter 10 on special process control procedures now contains comments on
the so-called precontrol technique (10.2.8), the use of box plots (10.3.4),
exponentially weighted moving average (EWMA) charts (10.6.3), and the
special problems introduced by extremely small production runs (10.9) and
extremely high-quality production (10.10). The chapter concludes with
CuSum charts for averages.

The scope of Part Three has been somewhat reduced without deleting mater-
ial important to U.S. students. All standard measures of effectiveness of sam-
pling procedures are now covered in Chap. 11. The emphasis has shifted to
that of analyzing any sampling process, rather than simply sampling for prod-
uct acceptance purposes, because nearly all quality inspection involves sam-
pling, either from an unknown and possibly shifting universe, or from a lot.
Standard plans therefore are used more as a vehicle for understanding the
implications of various kinds of sampling.

Chapter 17 on economic aspects of quality control has been expanded to
include the ASQC categories of quality costs (17.3.1) and Taguchi’s loss func-
tion and its related index, C,, (17.4).

. A new chapter (Chap. 18) describes some of the history and evolution of sta-

tistical quality control and the dramatic impact that Walter Shewhart, Harold
Dodge, and W. Edwards Deming have had on quality control in the twentieth
century.

Another new chapter (Chap. 19) introduces and compares the two most influ-
ential quality management models that are evolving in this last quarter of the
twentieth century: (a) the total quality model best exemplified by the criteria
and guidelines for the U.S. Malcolm Baldrige National Quality Award and (&),
the registration requirements of the ISO 9000 set of quality standards. The dif-
ficulty of integrating and implementing these management models in an oper-
ational setting, such as a factory floor or a service facility, is presented
through the use of problem solving models, the “seven basic tools,” and sto-
ryboard models.

A computer disk accompanies the book. It contains simple SPC software,
some easily identifiable data tables for examples and problems in the book,
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and some probability calculation programs written in BASIC. TXT files on
that disk contain instructions for running the programs. Instructions are also
included in the Instructor’s Solutions Manual that accompanies this book and
is available to instructors from the publisher.

This edition follows the general pattern of the six earlier editions, which were
greatly influenced by the viewpoint and philosophy of Dr. W. Edwards Deming.
The authors also wish to acknowledge their debt to Harold F. Dodge, whose exten-
sive comments had a great influence on the writing of the second and third edi-
tions. Particular mention should be made of Ms. Bonnie Small for her review and
suggestions for the fourth edition and of the staff of the University of Tennessee
Center for Productivity through Quality for their review of the fifth edition. Qur
thanks are also extended to a number of users of the sixth edition for their sug-
gestions for changes and improvements.

Reviewers of the manuscript of this edition provided much valuable input in its
modification. These reviewers included Suraj Alexander, Roger Berger, Richard
Buhman, Kenneth Case, who also is a Consulting Editor in the field for McGraw-
Hill, Owen Miller, Joel Nachlas, Ahmad Seifoddini, Jill Swift, and Gary Wasser-
man. Their approaches to the subject, which ranged from strong management to
strong statistics orientations, contributed many insights. Needless to say, not all of
their suggestions could be incorporated while still maintaining the essential char-
acter of the book as previously described. Further acknowledgment should be
made of the reviews by Professors Swift and Wasserman of the accompanying
software developed by Mr. Mark Shewhart.

In addition, our thanks are offered to Mr. Seymour Selig for his assistance with
material on military standards and to Dr. John F. Mahoney for his comments and
help in the development of new tables of factors for control charts. Nevertheless,
as in all technical books, the final responsibility for the selection and treatment of
material must fall on the shoulders of the authors, and they should receive the
blame for any deficiencies.

Eugene L. Grant
Richard S. Leavenworth
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