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: . - . Calculations for Control Limits '
‘Notation: UCL—Upper Control Limit - ¥ - —Average of Measurements - |
LCL —Lower Control Limit % —Average of Averageé_
CL —Center Line R —Range .
n  —Sample Size R —Average of Ranges : :
PCR —Process Capability Ratio USL—Upper Specification Limit .
5 —Process Standard Deviation ~ LSL—Lower Specification Limit
Vanables Data (% and R Control Charts)
¥ Control Chart ; . n - Az ) D3 D4 d2
- UCL =% +AsR ’ o amon
LCLe z B 2 1880 0000 3267 1128} |
LT AT 3 1023 - 0000 ~ 2574  1.693°
CL=x 4 0720 0000 2282 2059
. ) 5 0.577 10.000 2.114 2326 [
- R Control Chart 6 0483 0000 2004 2534 |
UCE =R D, 7 0419 0076 1924 2704 |
LCL =R Ds § 0373 0136 1864 2847 |
CL=K 9 0337 0184 1816 2970
10 0.308 0223 - 1777 3.078
Capability Study :
C, = (USL ~ LSL)/(66); where 6 = R/dz |
Attribute Data (p,np, ¢, and u Control Charts) _ y\or\coMYO' mheS g
| . ‘ l
defecfive Control Chart Formulas = - Qefect @s ’
P " np (number of ¢ (count of u (count of T
p ‘(ﬁ@ nonconforming) nonconformances) nonconformanées i
R {
CcL P . np g T :
UCL p+3\[_—ﬂ%}ﬂ' 1P + 36~ P) c+3E - | o z’i+3E
s I ) -3F R
Notes If nn varies, use 77 n nust be »n mwust be ¥f n varies, use 77 -
L " orindividual m; a constant a constant or individnal n;
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Prefac‘é

INTRODUCTION

AUDIENCE

This book is about the use of modemn statistical methods for quality control and improve-
ment. Tt provides comprehensive coverage of the subject from basic principles to state-of-
the-art concepts and applications. The objective is to give the reader a sound
understanding of the principles and the basis for applying them in a variety of situations.
Although statistical techniques are emphasized throughout, the book has a strong engi-
neering and management orientation. Extensive knowledge of statistics is not a prerequi-
site for using this book. Readers whose background includes a basic course in statistical
methods will find much of the material in this book easily accessible.

The book is an outgrowth of over 30 years of teaching, research, and consulting in the appli-
cation of statistical methods for industrial problems. It is designed as a textbook for students
enrolled in colleges and universities, who are studying engineering, statistics, management,
and related fields and are taking a first course in statistical quality control. The basic
quality-control course is often taught at the junior or senior level. All of the standard topics
for this course are covered in detail. Some more advanced material is also available in the
book, and this could be used with advanced undergraduates who have had some previous
exposure to the basics or in a course aimed at graduate students. I have also used the text
materials extensively in programs for professional practitioners, including quality and reli-
ability engineers, manufacturing and development engineers, product designers, managers,
procurement specialists, marketing personnel, technicians and laboratory analysts, inspec-
tors, and operators. Many professionals have also used the material for self-study.

CHAPTER ORGANIZATION AND TOPICAL COVERAGE

Chapter 1 is an introduction to the philosophy and basic concepts of quality improvement.
Tt notes that quality has become a major business strategy and that organizations that suc-
cessfully improve quality can increase their productivity, enhance their market penetra-
tion, and achieve greater profitability and a strong competitive advantage. Some of the
managerial and implementation aspects of quality improvement are included.




PREFACE

Following the introdugtory chapter, the book is divided into five parts. Part T is a-

description of statistical methods useful in quality improvement. Topics covered include
sampling and descriptive statistics, the basic notions of probability and probability distri-
butions, point and interval estimation of parameters, and statistical hypothesis testing.
These topics are usually covered in a basic course in statistical methods; however, their
presentation in this text is from the quality-engineering viewpoint. My experience has
been that even readers with a strong statistical background will find the approach to this
material useful and somewhat different from a standard statistics textbook.

Part II contains four chapters covering the basic methods of statistical process control
(SPC) and methods for process capability analysis. Even though several SPC problem-
solving tools are discussed (inoluding Pareto charts, cause-and-effect diagrams, for
example), the primary focus in this section is on the Shewhart control chart. The Shewhart
control chart is certainly ndt new, but its use in modern-day business and industry is of
tremendous value. -

There are four chapters in Part III that present some more advanced SPC methods.
Included are the cumnlative sum and exponentially weighted moving average control
charts (Chapter 8), several important univariate control charts such as procedures for short
production runs, antocorrelated data, and multiple stream processes (Chapter 9), multi-
variate process monitoring and control (Chapter 10), and feedback adjustment techniques
(Chapter 11). Some of this material is at a higher level than Part II, but much of it is acces-
sible by advanced undergraduates or first-year graduate students. This material forms the
basis of a second course in statistical quality control and improvement for this audience.

Part TV contains two chapters that show how statistically designed experiments can be
used for process design, development, and improvement. Chapter 12 presents the funda-
mental concepts of designed experiments and introduces the reader to factorial and frac-
tional factorial designs, with particular emphasis on the two-level system of designs.
These designs are used extensively in industry for factor screening and process character-
ization. Although the treatment of the subject is not extensive and is no substitute for a
formal course in experimental design, it will enable the reader to appreciate more sophis-
ticated examples of experimental design. Chapter 13 introduces response surface methods
and designs, illustrates evolutionary operation (EVOP) for process monitoring, and shows
how statistically designed experiments can be used for process robustness studies.
Chapters 12 and 13 emphasize the important interrelationship between statistical process
control and experimental design for process improvement.

. Two chapters deal with acceptance sampling in Part V. The focus is on lot-by-lot
acceptance sampling, although. there is Some discussion of continuous sampling and MIL
STD 1235C in Chapter 14. Other sampling topics presented include various aspects of the
design of acceptance-sampling plans, a discussion of MIL STD 105E, MIL STD 414 (and
their civilian counterparts, AN SI/ASQC Z1.4 and ANSVASQC 71.9), and other techniques
such as chain sampling and skip-lot sampling.

Throughout the book, guidelines are given for selecting the proper type of statistical
technique to use in a wide variety of situations. Additionally extensive references to jour-
nal articles and other technical literature should assist the reader in applying the methods
described.

L
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SUPPORTING TEXT MATERIALS

Computer Software

The computer plays an important role in a modern quality-control course. This edition of
the book uses Minitab as the primary illustrative software package. Instructors may order
this book with a student version of Minitab included. I strongly recommend that the course
have a meaningful computing component. To request this book with Minitab included,
contact your local Wiley representative. You can find your local Wiley representative by
going to www.wiley.com and clicking on the tab for “Who's My Rep?”.

Supplemental Text Material

1 have written a set of supplemental material to angment many of the chapters in the book.
The supplemental material contains topics that I could not easily fitinto that chapter with-
out seriously disrupting the flow. The topics are shown in the Table of Contents for the
book and in the individual chapter outlines. Some of this material consists of proofs or der-
%vations, new topics of a (sometimes) more advanced nature, supporting details concern-
ing remarks or concepts presented in the text, and answers to frequently asked questions.
The snpplemental material provides an interesting set of accompanying readings for any-
one curious about the field. It is available on the World Wide Web page that supports the
book, located at www.wiley.com/college/montgomery.

Student Resource Manual

[

The text contains answers to most of- the odd-numbered exercises. A Student Resource
Manual is available from John Wiley & Sons that presents comprehensive annotated solu-
tions to these same odd-numbered problems. This is an excellent study aid that many text
users will find extremely helpful. The Student Resource Manual may be ordered in a set with
the text or purchased separately. Contact your local Wiley representative to request the set
for your bookstore or purchase the Student Resource Manual from the Wiley website.

Instructor’s Materials

The instructor’s section of the textbook website contains the following:
1. Solutions to the text problems
2. The supplemental text material described above
3. A set of Microsoft® PowerPoint slides for the basic SPC course
4. Data sets from the book, in electronic form
The instructor’s section is for instructor use only and is password-protected. Visit the

Instructor Companion Site portion of the website, located at www.wiley.com/college/
montgomery, to register for a password,
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2 World Wide Web Page

The Web page for the book is accessible through the Wiley home page. It contains the
supplemental text material and the data sets in electromc form. It will also be used to post
items of interest to text users. The website address is www.wiley.com/college/montgomery.
Click on the cover of the text you are using.
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