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F o r e w o r d

This book is a working Handbook prepared by Western Electric people for
Western Electric use. Its primary purpose is to provide a guide for applying
statistical quality control principles to the company's manufacturing and other
operations.

The book was prepared under the guidance of a Handbook Committee ap
pointed by the Manufacturing Division's En̂ neering Staff. The following
persons have served, during all or part of the time, as members of the formal
C o m m i t t e e :

D. W. Thomas, Chairman
C . S . B a r r e t t C . W . L e S a g e
E . E . B l a n k e n s t e i n A . S . O r d e c k i
A . T . C h a p m a n R . S c h i n
C . C . C o l e M i s s B o n n i e B . S m a l l
F . H . D r u m m o n d F . S t o n e h i l l

The chairman of the Writing Committee was Miss Bonnie B. Small.

Many engineers and supervisors have assisted in the writing, assembling and
checking of this material. The names are so numerous that it is not possible to
list them all. The Conunittee wishes to express its appreciation to all these
individuals for contributing so much of their time, effort and material, and also
for the excellent spirit of cooperation in which the work was done.

It is with deep regret that it must be recorded here that
two very active members of this group, Mr. Claude E.
Adair and Mr. Fred H. Drummond, of the Indian
apolis Works, lost their lives in an airplane accident on
April 1, 1956 while on their way to a Handbook meet
ing. Both had made important contributions to the
writing and planning. For this, as well as personal
reasons, their loss has been keenly felt.

A preliminary edition of this book was issued in September 1956. Many
members of the Western Electric Company, and also of the Bell Telephone Labora
tories, were kind enough to read it. The Committee wishes to express its appreci
ation for the many helpful comments, suggestions and criticisms. The contents
of this volume, however, are entirely the responsibility of the Committee.
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Preface by the Writing Committee

This book is not a textbook on Statistical Quality Control. It does iw)t
attempt to discuss quality control theory, nor is it a book of examples of quality
control applications. It is intended primarily to be a description of those pro
cedures which, if followed, will tend to preserve the essential features of the quality
control programs at Western Electric. To a certain extent it may be looked upon
as a compendium of the techniques and methods which have been found to con
tribute most to making these programs successful. Much of the material is based
on training courses which have been given during the past six or seven years to
Engineers, key people in the Shop and people at all levels of Management.

The book is written in non-technical language, and no attempt has been made
to write for the professional statistician or the mathematician. The techniques
described are essentially those which have been used in all types of industry since
their development during the 1920's by Dr. Shewhart. Perhaps the most dis
tinctive features of the Western Electric program are (a) the emphasis on Engi
neering and Operating applications rather than Inspection, and (b) emphasis on
the control chart, and particularly the process capability study, as the foundation
of the entire program.

The book also stresses the importance of the Quality Control Team as a means
of putting the quality control methods to direct practical use.

On certain subjects, such as designed experiments and correlation, it has not
been possible to give more than a brief discussion of principles and an explanation
of some of the terminology. It was thought best to include this, however briefly,
rather than to omit these subjects entirely. The material on acceptance sampling
has purposely been kept brief, partly because of the emphasis on Operating and
Engineering, and partly because the subject has been covered adequately elsewhere.

Much of this book has been written in the imperative form. This is to facilitate
its use as a practical working Handbook. The fact that the book states that
"samples should be taken this way" or that "patterns should be marked this way"
should not be taken to imply that this is the only way to do it.

It should also be kept in mind that this book does not attempt, in any sense,
to cover the entire field of Statistical Quality Control. It does describe certain
procedures and methods which the Western Electric Company has found it desirable
to emphasize in order to secure the wanted results from its quality control programs.

B o n n i e B . S m a l l
C h a i r m a n

Writing Committee

v i i



F o r e w o r d
P r e f a c e

Ta b l e o f C o n t e n t s

V

v u

Sect ion I

Fundamental Principles

Part A. Introduct ion to Stat ist ical Qual i ty Control
A-l Meaning of the Term "Statistical Quality Control" .... 3
A - 2 M e a n i n g o f " P r o c e s s " 3
A-3 Essential Techniques in Statistical Quality Control .... 4

Part B. introduct ion to Control Charts
B-l Statistical Phenomena in the World Around Us
B-2 Principal Kinds of Control Charts
B - 3 a n d R C h a r t s
B-4 p-Charts and Other Attributes Charts
B-5 Charts for Individual Measurements with Control Limits

Based on the Moving Range
B-6 Tests fo r Unnatura l Pat terns
B-7 Tests to Be Used When the Control Limits Are Not Sym

met r i ca l
B -8 O the r Unna tu ra l Pa t te rns
B-9 Simple Interpretation of Control Charts

Part C. Essential Elements In a Quality Control Program
0-1 Process Capability Studies to Obtain Information and Solve

P r o b l e m s 3 4
C-2 Process Ckmtrol Charts to Secure Tangible Results in the

S h o p . 3 6
C-3 Statistical Sampling Plans to Reduce the Cost of Inspection. 38
C-4 Quality Control Meetings to Make Quality Control Work . 39

Section 11

Engineering Applications

Part A. Process Capability Studies
A-l The Scientific Foundation of a Process Capability Study . .
A-2 Obtaining the Data
A-3 Analyzing the Data
A-4 Making an Estimate of the Process Capability
A-5 Using the Information from a Process Capability Study . .
A-6 Translating a Process Capability Study into a Shop Control

C h a r t
A-7 Simple Examples of Process Capability Studies
A-8 Per formance Stud ies

i z

5
1 0

1 2

1 7

2 1
2 3

2 8
2 8
3 0

4 5
4 7
5 1
5 6
6 1

6 3
6 6
7 4



Part B. Designed Experiments
B-l Place of Designed Experiments in a Process Capability Study 75
B - 2 E x p e r i m e n t I ( C o m p a r i s o n o f Tw o M e t h o d s ) 7 7
B - 3 E x p e r i m e n t I I ( E r r o r o f M e a s u r e m e n t ) 8 4
B - 4 E x p e r i m e n t I I I ( F o u r F a c t o r E x p e r i m e n t ) . 9 1
B-5 Explanation of the Four Factor Analysis (With Special

R e f e r e n c e t o t h e C o n t r o l C h a r t M e t h o d ) 1 0 1
B - 6 D i r e c t i o n s f o r P l o t t i n g 1 0 7
B-7 Drawing Conclusions from Experimental Control Charts . . Ill
B-8 Some Suggestions on Planning the Experiment 112

Part C. Specificat ions

S p e c i fi c a t i o n s i n G e n e r a l 1 1 9
Relationship Between Process and Specification 119
Specification Conflicts and What Can Be Done to Avoid
T h e m 1 2 2
S t a t i s t i c a l A d d i t i o n o f T o l e r a n c e s 1 2 2
C l e a r a n c e a n d F i t s 1 2 6

P a r t D . D i s t r i b u t i o n s

D - l C h a r a c t e r i s t i c s o f F r e q u e n c y D i s t r i b u t i o n s 1 2 9
D - 2 D i s t r i b u t i o n s D e r i v e d f r o m S a m p l e s 1 3 7
D - 3 M e t h o d s o f P l o t t i n g a F r e q u e n c y D i s t r i b u t i o n 1 3 8
D - 4 P r a c t i c a l U s e s o f F r e q u e n c y D i s t r i b u t i o n s 1 4 0

P a r t E . C o r r e i a t i o n

E - 1 G r a p h i c a l M e t h o d s o f S t u d y i n g C o r r e l a t i o n 1 4 3
E - 2 R e g r e s s i o n L i n e s 1 4 4
E - 3 F o r m a l C o r r e l a t i o n A n a l y s i s 1 4 6
E - 4 O t h e r I n f o r m a t i o n o n C o r r e l a t i o n 1 4 8

P a r t F. C o n t r o l C h a r t P a t t e r n s

F - 1 C o n t r o l C h a r t T h ^ r y 1 4 9
F - 2 I n t e r p r e t a t i o n o f X C h a r t s 1 5 2
F - 3 I n t e r p r e t a t i o n o f R C h a r t s 1 5 4
F-4 Joint Interpretation of X Charts and R Charts 156
F-5 Interpretation of p-Charts and Other Attributes Charts . . 157
F-6 Interpretation of a Chart for Individual Measurements . . 160
F - 7 A n a l y s i s o f P a t t e r n s 1 6 1
F - 8 C y c l e s 1 6 1
F - 9 F r e a k s 1 6 2
F - 1 0 G r a d u a l C h a n g e i n L e v e l 1 6 4
F - 1 1 " G r o u p i n g " o r " B u n c h i n g " 1 6 5
F - 1 2 I n s t a b i l i t y 1 6 6
F - 1 3 I n t e r a c t i o n 1 0 7
F - 1 4 M i x t u r e s 1 6 9
F - 1 5 N a t u r a l P a t t e r n 1 7 0
F - 1 6 S t a b l e F o r m s o f M i x t u r e 1 7 1
F - 1 7 S t r a t i fi c a t i o n 1 7 2
F - 1 8 S u d d e n S h i f t i n L e v e l 1 7 4



F - 1 9 S y s t e m a t i c V a r i a b l e s 1 7 5
F - 2 0 Te n d e n c y o f O n e C h a r t t o F o l l o w A n o t h e r 1 7 6
F - 2 1 T r e n d s 1 7 7
F - 2 2 U n s t a b l e F o r m s o f M i x t u r e 1 7 9
F - 2 3 C a l c u l a t i o n o f T e s t s f o r U n n a t u r a l P a t t e r n s 1 8 0

S e c t i o n i l l

Shop Applications
P a r t A . P r o c e s s C o n t r o l C h a r t s

1 8 7
1 9 0
1 9 7
1 9 8

A-1 Planning the Control Charts
A-2 Detailed Procedures in Setting Up the Charts
A-3 Other Methods of Charting
A-4 Making Changes in Shop Control Charts. . ,

Part B. introduction off Charts in the Shop
B - l E x p l a i n i n g t h e C h a r t s t o t h e P e o p l e 2 0 1
B-2 Simple Examples of the Advantages of Control Charts. . . 202
B - 3 G e n e r a l I n s t r u c t i o n f o r P r o c e s s C o n t r o l 2 0 5
B - 4 I n s t r u c t i o n s f o r P r o c e s s C h e c k e r s 2 1 3

P a r t C . A c t i o n o n C o n t r o l C h a r t s

C-l Importance of Promptness in Acting on Shop Charts . . . 217
C-2 First Type of Action: To Be Taken by the Process Checker 217
C-3 Second Type of Action: To Be Taken by the Operator, Ma

chine Setter, Layout Operator or Other Responsible Person. 217
C-4 Third Type of Action: To Be Taken by the Supervisor . . 218
C-5 Fourth Type of Action: To Be Taken by the Quality Con

t r o l T e a m 2 1 9
C-6 Using Shop Charts to Experiment with the Process .... 220
C-7 Meaning of an "Economical State of Control" 220
C - 8 S u m m a r y C o n t r o l C h a r t s 2 2 1

Part D. Qual i ty Control Teams

R e g u l a r M e e t i n g s o f t h e T e a m 2 2 3
Q u a l i t y C o n t r o l C o v e r a g e 2 2 4
R e p o r t s o n P r o g r e s s 2 2 5
C o s t R e d u c t i o n 2 2 6
C o n t r o l C h a r t A u d i t s 2 2 7
Routine Duties in Connection with Process Control Charts. 228
M a n u a l f o r S t a t i s t i c a l C l e r k s 2 2 9

S e c t i o n i V

inspection Procedures
Part A. Principles off inspection

A-l Place of Inspection in the Quality Control Program .... 233
A-2 Why Inspection Can Be Reduced But Never Completely

E l i m i n a t e d 2 3 4

z i



A-3 Uses of Sorting and Sampling Inspection 2 3 4
A-4 Inspection Planning 2 3 6

P a r t B . Acceptance Sampling
B-1 Elementary Concepts 2 3 7
B-2 Methods of Calculating the Probability of Acceptance . . . 2 3 9
B-3 Economic Importance of OC Curves 2 4 2
B-4 Classification of Sampling Plans According to AQL, LTPD

2 4 6
B-S Sampling Plans for Continuous Processes 2 5 5
B-6 Sampling Plans for Lot-by-Lot Inspection 2 5 9
B-7 Special Types of Sampling Plans 2 6 2
B-8 Proper Grouping of Inspection Items 2 6 3
B-9 How to Select a Quality Level for Sampling 2 6 3
B-10 Factors Determining the Choice of a Particular Plan. . . . 2 6 5

P a r t C . General Instruction for Inspection 2 6 7

P a r t D . Inspection Levels 2 7 3

2 7 5
R e f e r e n c e s 2 7 7

I n d e x . 2 7 9

x i i




