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PREFACE TO THE SECOND EDITION

The most important changes from the first edition of this book are as
follows:

1. The chapters dealing with acceptance sampling by attributes
have been considerably expanded and largely rewritten. In part, this
rewriting has been aimed at including developments in this field since
the writing of the first edition, particularly those in multiple and sequen-
tial sampling. In part, the rewriting has been aimed at up-to-date
coverage of the attributes sampling procedures used by the military
services. In part, also, the objective has been to improve the presenta-
tion of fundamental principles.

2. The chapter dealing with acceptance sampling by variables has
been entirely rewritten. Many recent developments in this field are
described, including the Shainin Lot Plot and the variables tables and
procedures developed by the Applied Mathematics and Statisties Labora-
tory of Stanford University under the direction of Dr. A. H. Bowker.

3. The treatment of the cost aspeets of quality decisions has been
considerably expanded.

4. Less extensive changes have been made in the remainder of the
hook, chiefly to introduce new material.

5. The number of problems has been more than doubled. Answers
are now given to about 309, of the problems with the thought that this
may be helpful to those persons who use the book for home study.

6. The master tables from ‘Military Standard 105A-—Sampling Pro-
cedures and Tables for Inspection by Attributes” have been included in
an appendix.  Two tables for use in variables sampling have also been
included. One gives representative factors from the Bowker-Goode
volume “Sampling Inspection by Variables.” The other gives factors
recently developed under Dr. Bowker’s direction that make it possible
to determine the approximate operating characteristics of a wide range
of unknown-sigma plans for one-sided specifications.

Much expansion of the use of the techniques of statistical quality con-
trol has occurred since the first edition of this book was published in 1946.
In hundreds of industrial companies that had made little or no use of these
techniques, their use is now accepted as a routine and commonplace cost-
saving matter. In procurement by all of the armed services of the United
States, the use of statistical sampling tables is standard. It has become
evident that many of these statistical techniques originally developed for

use in manufacturing can be applied successfully to clerical work and
vii



viii PREFACE TO THE SECOND EDITION

other nonmanufacturing activities. From small beginnings in 1946, the
American Society for Quality Control has grown rapidly to become an
active and important organization with an excellent technical journal.
The literature of statistical quality control has expanded rapidly.

Nevertheless, from the viewpoint of the over-all contribution of these
techniques to industry, persons most competent to judge seem to agree
that the surface has only been scratched. Not only do these techniques
appear to be destined for a permanent spot in industry; it is evident that
throughout the years they can be expceted to make an increasing con-
tribution to the industrial objective of better quality at lower cost.

The thanks of the author are due to a number of users of the first edition
who have pointed out errors and made suggestions for improvement.
His thanks are also due to his Stanford University colleagues, L. F. Bell,
A. H. Bowker, H. P. Goode, C. D. Henderson, and W. G. Ireson, wha
have made suggestions regarding the manuscript of this second edition.
Special acknowledgment and thanks are due to Harold F. Dodge of Bell
Telephone Laboratories for many helpful comments and suggestions.
However, as in all technical books, the final responsibility for the selection
and treatment of material must fall on the shoulders of the author, and
he should receive the blame for any deficiencies.

EuceneE L. GrANT

StANFORD, CALIF.
April, 1952



PREFACE TO THE FIRST EDITION

This is a working manual. Its object is to explain simple but powerful
statistical techniques that can be widely used in industry to reduce costs
and improve product quality. The most effective use of these techniques
depends upon their being understood by production and inspection super-
visors, by engineers, and by management.

The object 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 pro-
fessional statistician or the mathematician. The aim has been to give
just enough theory to supply practical working rules that will enable one
to recognize the limitations of the methods as well as their many uses.

The spectacular savings in man power and materials that resulted from
certain wartime applications of statistical quality control have often
generated much enthusiasm. Nevertheless, the remark of one enthusiast
that statistical quality control is the most important event in manufactur-
ing since the development of interchangeable manufacture is undoubtedly
an exaggeration. Statistical quality control should be viewed as a useful
tool for the solution of many manufacturing problems that cannot be
solved so well by any other known method. The many applications
developed in war industry have demonstrated its possibilities in a great
diversity of situations. However, like any other tool, its limitations
should be recognized.

It seems inevitable that at some future date the techniques of statistical
quality control will become well-known basic tools for use in nearly all
types of manufacturing. It also seems inevitable that there will be many
headaches incident to the transition to this future situation from the
present condition of full application in a few manufacturing plants,
limited experimental application in many others, and no application at all
in the great majority. This book has been written with the hope that it
may help to ease some of these headaches and possibly prevent others.

From the viewpoint of the best possible service of these techniques to
industry, it is important that their possible misuse should not retard the
expansion of their application. Sometimes the sponsors of new methods
do not realize the length of time required to work out effective applica-
tions. Moreover, some people undoubtedly will use the publicity given
to successful applications of statistical quality control as a means of pro-
moting as statistical quality control ideas that are really quite different.

Because such hazards could conceivably result in temporarily discrediting
ix



X PREFACE TO THE FIRST EDITION

these methods in some organizations, this book emphasizes the limitations
as well as the uses of statistical quality control.

In part this book has developed from a course in engineering applica-
tions of statistical methods that the author has given at Stanford Uni-
versity during the past 17 years. More particularly, it developed from
short full-time courses given for key personnel of West Coast war indus-
tries in the summer of 1942 and thereafter. These courses were given by
Stanford University as part of the Engineering, Science, and Management
War Training program sponsored by the U. 8. Office of Education.
Practically all the West Coast developments in statistical quality control
have been made by persons who were first introduced to these techniques
in the Stanford courses or by others who were subsequently trained by
these persons. The Stanford full-time courses with their subsequent
follow-up seminars later became the pattern for a nationwide program of
similar courses sponsored by the Office of Production Research and Devel-
opment of the War Production Board in cooperation with ESMWT.

Before 1942, most statistical quality control applications were made in
certain plants in the electrical manufacturing industry, in the textile
industry, and in the production of munitions in certain government
arsenals. When in 1942 and thereafter the suggestion was made that the
methods be applied in other industries, the first reaction of inspection,
production, engineering, and management personnel nearly always was,
“But our business is different!”” This was the reaction in the aircraft
industry, in the chemical industry, in the milling industry, in the food
canning and preserving industry, and in the container industry, in plants
where many successful applications later were made. In fact, it was a
common reaction in plants in those very industries where successful appli-
cations had already been made elsewhere. Somectimes even successful
applications in adjoining departments of a plant did not prevent depart-
ment heads from raising this objection.

Observation of the introduction of these methods in a great diversity of
manufacturing plants convinces the author that no manufacturing busi-
acss is really so different as to be unable to make some effective use of
these techniques. Variation in product quality is inevitable; wherever
variation exists, statistical quality control may be expected to be helpful.
However, imagination and ingenuity as well as a knowledge of the basic
principles of statistical quality control are likely to be required for cach
successful application.

In the preparation of this book, the author has been primarily influ-
enced by the pioneers in the field of statistical quality control—both by
their writings and by personal conversations relative to the general
philosophy of the subject and to the treatment of specific problems. In
this connection, special acknowledgment is due to A. G. Asheroft, W. E.
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Deming, H. F. Dodge, G. D. Edwards, G. R. Gause, W. A. Shewhart,
L. K. Simon, and R. E. Wareham. The book has been particularly influ-
enced by the general point of view of Dr. Deming.

Much help on specific problems has come from friends on the Pacific
Coast, in many of whose plants the author has had opportunity to see the
evolution of applications of statistical quality control from the first
tentative beginnings to routine use of the techniques as a standard tool.
Special mention should be made of the help received from E. E. Bates,
J. R. Crawford, George Dundas, P. C. Hammer, J. M. Howell, George
Lebedeff, W. H. Lewis, Frederick MacKenzie, D. D. Pettit, and W. B.
Rice. The entire manuscript has been read by Prof. Paul 'I'. Norton, Jr.,
of Virginia Polytechnic Institute, former Chief of the Industrial Processes
Branch of the Office of Production Research and Development, and by
Profs. Henry Goode and Clarkson H. Oglesby of Stanford University.
All three have made many helpful suggestions. Prof. Holbrook Working
of Stanford University, former Chief of the O.P.R.D. quality control
program, has also supplied helpful ideas regarding parts of the manusecript.

Specific acknowledgments of quotations and of some of the examples
have been made at the appropriate places in the text. Data for many of
the problems and examples have come from sources that may not be dis-
closed. Insuch cases the data have sometimes been so altered as to make
sure that no confidential information has been given; such alterations
have not changed the statistical aspects of the illustrations.

EvueeNE L. GraANT
GarLLATIN GATEWAY, MONT.
August, 1946
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Part One

WHAT WILL STATISTICAL QUALITY
CONTROL DO?






CHAPTER 1

OBJECTIVES OF STATISTICAL
QUALITY CONTROL

The long-range contribution of statistics depends not so much upon getting
a lot of highly trained statisticians into industry as it does in creating a statis-
tically minded generation of physicists, chemists, engineers, and others who
will in any way have a hand in developing and directing the production
processes of tomorrow.—W. A. SuEwHART and W. E. DEMING!

1. The Control-chart Viewpoint. The essential tool in statistical
quality control is the Shewhart control chart. In spite of the apparent
simplicity of the control chart, most engincers, production men, and
inspectors find that its use calls for an entircly new point of view. One
purpose of this book is to explain this point of view in some detail.
Briefly stated, it is this: Measured quality of manufactured product is
always subject to a certain amount of variation as a result of chance. Some
stable “ system of chance causes’’ is inherent in any particular scheme of pro-
duction and inspection. Variation within this stable pattern is inevitable.
The reasons for varialion outside this stable pattern may be discovered and
corrected.

The power of the Shewhart technique lies in its ability to separate out
these assignable causes of quality variation. This makes possible the
diagnosis and correction of many production troubles and often brings
substantial improvements in product quality and reduction of spoilage
and rework. Morcover, by identifying certain of the quality variations
as incvitable chance variations, the control chart tells when to leave a
process alone and thus prevents unnecessarily frequent adjustments that
tend to increase the variability of the process rather than to decrease it.

Through its disclosure of the natural tolerances of a production process,
the control-chart technique permits better decisions on engineering toler-
ances and better comparisons between alternative designs and between
alternative production methods. Through improvement of conventional
acceptance procedures, it often provides better quality assurance at lower
inspection cost.

2. Specification, Production, and Inspection. Before production
starts, a decision is necessary as to what is to be made. Next comes

1 SuewHART, W. A. (edited by W. E. Deming), ‘“Statistical Method from the
Viewpoint of Quality Control,” p. 49, The Graduate School, Department of Agricul-
ture, Washington, D.C., 1939.

3



4 STATISTICAL QUALITY CONTROL

the actual manufacturing of the product. Finally it must be determined
whether the product manufactured is what was intended. It is con-
venient to think of all matters related to quality of manufactured prod-
uct in terms of these three functions of specification, production, and
inspection.

Much of the publicity regarding statistical quality control has dealt
with cost savings made in the inspection function. This emphasis gives
a somewhat distorted picture. Although under certain favorable con-
ditions inspection savings are spectacular, in other circumstances they
may be impossible.

Statistical quality control should be viewed as a tool which may influ-
ence decisions related to the functions of specification, production, or
inspection. Its most effective use generally requires cooperation among
those responsible for these three different functions or decisions at a
higher level than any one of them. For this reason, the techniques
should be understood at a management level that encompasses all three
functions.

3. An Aid to Cooperation. A common complaint among production
personnel is that engineers responsible for specifications do not under-
stand production problems. Inspection personnel often complain not
only about the poor quality of manufactured product but also about the
unreasonablencss of specified tolerances. In fact, very frequently inspec-
tion practices develop that substitute the inspector’s views regarding
proper tolerances for those actually specified by the engineers. In many
organizations, there is evident need for a basis on which designers,
production personnel, and inspectors can understand each other’s
problems.

In the past many arguments between these three groups have been
carried on with more heat than light because of the absence of facts in a
form which would provide a basis for agreement. In many cases these
facts can be provided by the use of statistical quality control techniques.
In fact, statistical quality control provides a common language that may
be used by all three groups in arriving at a rational solution of mutual
problems.

4. Four Tools. Many of the techniques developed by mathematical
statisticians for the analysis of data may be used in the control of prod-
uct quality. The expression statistical qualily conirol might conceivably
cover all uses of statistical techniques for this purpose. However, it
ordinarily refers to the use of four separate but related techniques that
constitute the, most common working statistical tools in quality control.
These tools are

1. The Shewhart control charts for measurable quality characteristics.
In the technical language of the subject, these are described as charts for
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variables, or as charts for X* and R (average and range) and charts for
X and ot (average and standard deviation). They are the subject
matter of Part Two of this book.

2. The Shewhart control chart for fraction defective. In the technical
language of the subject, this is described as the p chart. It is explained
in Part Three of this book.

3. The Shewhart control chart for number of defects per unit. In the
technical language of the subject, this is described as the ¢ chart. It also
is explained in Part Three of this book.

4. That portion of sampling theory which deals with the quality pro-
tection given by any specified sampling acceptance procedure. This is
the subject matter of Part Four of this book.

This book is primarily an exposition of these four simple techniques.
In the use of statistical methods to control product quality, these are the
tools for cost reduction and quality improvement that are most widely
applied. This is particularly true in the first stages of the use of sta-
tistical methods; as people dealing with quality matters acquire statisti-
cal sophistication, more advanced statistical methods are also used to
good advantage. Reference to more advanced methods is made in
Chap. XVIIIL.

b. Variables and Attributes. An important distinction in the techni-
cal language of statistics is that between variables and attributes. When
a record is made of an actual measured quality characteristic, such as a
dimension expressed in thousandths of an inch, the quality is said to be
expressed by variables. When a record shows only the number of articles
conforming and the number of articles failing to conform to any specified
requirements, it is said to be a record by attributes.

All manufactured products must meet certain quality specifications,
express or implied. Many of these specifications may be stated as vari-
ables. Examples are dimensions, hardness in Rockwell units, operating
temperatures in degrees Fahrenheit, tensile strength in pounds per square
inch, per cent of a particular impurity in a chemical compound, weight in
pounds of the contents of any container, time in scconds of the blow of a
fuse, life in hours of an incandescent lamp. Most specifications of vari-
ables give both upper and lower limits for the measured value. Some,
such as the per cent of a particular impurity in a chemical compound,

* The symbol X is read as“X bar” or as “bar X.” The bar over any symbol
always indicates an average. Thus X means an average of the X’s.

to is the lower-case form of the Greek letter sigma. It is universally used by
statisticians to represent standard deviation. It is always read as “sigma.” It
should not be confused with the Greek capital letter sigma =, which mathematicians

use to represent summation. The meaning of standard deviation is explained in
Chap. III.
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may have an upper limit only, whereas others, such as strength, may
have a lower limit only. Variables are dealt with in the Shewhart con-
trol charts for X and R, and for X and .

Many specifications are necessarily written in terms of attributes rather
than variables. This applies, for example, to many things that may be
judged only by visual examination. The glass cover on a pressure gage
either is not cracked or it is. A lithographed label either has a certain
desired color or it has not. The surface finish of a piece of furniture
either presents a satisfactory appearance or it does not. A spot weld in
sheet metal either has not caused cracked edges of the sheets or it bas.
In general, the thing examined either conforms or does not conform to
the specifications.

In addition to numerous quality characteristies that are specified with-
out reference to measurement of any quantity, many characteristies that
are specified as measurable variables are inspected merely as conforming
or nonconforming to specifications. This applies, for example, to gaging
of dimensions of machine parts by go and not-go gages. Attributes are
dealt with in the Shewhart control chart for fraction defective p.

6. Some Benefits to Be Expected from Use of the Shewhart Control
Chart for Variables. Trouble is a common state of affairs in manufac-
turing. Whenever the trouble consists of difficulty in meeting quality
specifications that are expressed in terms of variables, the Shewhart con-
trol charts for X and R are indispensable tools in the hands of the trouble
shooter. They provide information on three matters, all of which need
to be known as a basis for action. These are

1. Basic variability of the quality characteristic

2. Consistency of performance

3. Average level of the quality characteristic

No production process is good enough to produce all items of product
exactly alike. Some variability is unavoidable; the amount of this basic
variability will depend on various characteristics of the production proc-
ess, such as the machines, the materials, the operators. Wherc both
upper and lower values are specified for a quality characteristic, as in
the case of dimensional tolerances, one important question is whether the
basic variability of the process is so great that it is impossible to make
all the product within the specification limits. When the control chart
shows that this is true and when the specifications cannot be changed,
the alternatives are either to make a fundamental change in the produc-
tion process that will reduce its basic variability or to face the fact that it
will always be necessary to sort the good product from the bad. Some-
times, however, when the control chart shows so much basic variability
that some product is sure to be made outside the tolerances, a review of
the situation will show that the tolerances are tighter than necessary for
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the functioning of the product. Here the appropriate action is to change
the specifications to widen the tolerances.

“Variability of the quality characteristic may follow a chance pattern,
or it may behave crratically because of the occasional presence of assign-
able causes that can be discovered and eliminated. The control limits
on the chart are so placed as to disclose the presence or absence of these
assignable causcs. Although their actual elimination is usually an engi-
neering job, the control chart tells when, and in some instances suggests
where, to look. As previously mentioned, the action of operators in try-
ing to correct a process may actually be an assignable cause of quality
variation. A merit of the control chart is that it tells when to leave a
process alone as well as when to take action to correct trouble. The elimi-
nation of assignable causes of erratic fluctuation is deseribed as bringing
a process under control and is responsible for many of the cost savings
resulting from statistical quality control.

Even though the basie variability of a process is such that the natural
tolerance range is narrower than the specified tolerance range, and even
though the process is under control, showing a consistent pattern of vari-
ability, the product may be unsatisfactory because the average level of
the quality characteristic is too low or too high. This also will be dis-
closed by the control chart. In some cases the correction of the average
level may be a simple matter, such as changing a machine setting; in other
situations, such as increasing an average level of strength, it may call for
a program of research and development work.

Onee the control chart shows that a process is brought under control
at a satisfactory level and with satisfactory limits of variability, one may
feel confident that the product meets specifieations.  This suggests the
possibility of basing acceptance procedures on the control chart, using it
to determine whether this happy state of affairs is continuing. Under
these favorable circumstances substantial savings are often possible in
costs related to inspection. Where inspection consists of destructive
tests, it may be possible to reduce the number of items tested, thus
saving both in testing cost and in the cost of the product destroyed. In
nondestructive testing, savings may sometimes be made through substi-
tution of sampling inspection by variables (such as measuring actual
values of a dimension with a micrometer or dial gage) for 1009, inspec-
tion by attributes (such as inspection of a dimension with a go and
not-go gage).

7. Some Benefits to Be Expected from the Use of the Shewhart Con-
trol Chart for Fraction Defective. Most routine inspection of manufac-
tured product is inspection by attributes, classifying each item inspected
as cither Accepted or Rejected (with possibly a further division of rejects
into Spoilage and Rework). This statement applics both to 1009 inspec-
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tion and sampling inspection. In such inspection it is a common practice
to make a record of the number of items rejected.

The practice of recording at the same time the number of items
inspected is not so universal. However, if quality performance at one
time is to be compared with that at another time, the record of total
number inspected is just as necessary as the record of number rejected.
The ratio of the items rejected to items inspected is the fraction defective.!

Thus the Shewhart control chart for fraction defective generally makes
use of data that either are already available for other purposes or that
can readily be made available. Simple statistical calculations provide
control limits that tell whether assignable causes of variation appear to
be present or whether the variations from day to day (or lot to lot, vendor
to vendor, or whatever the classification basis may be) are explainable on
chance grounds.

It will be shown in later chapters that this control chart for attributes
(the p chart) is somewhat less sensitive than the charts for variables X
and R charts) and does not have as great diagnostic value. Neverthe-
less, it is an extremely uscful aid to production supervision in giving
information as to when and where to exert pressure for quality improve-
ment. It is a common experience for the introduction of a p chart to be
responsible for substantial reductions in the average fraction defective.
In some instances the p chart will disclose erratic fluctuations in the
quality of inspection, and its use may result in improvement in inspec-
tion practices and inspection standards. Moreover, the p chart often
serves to point out those situations needing diagnosis of trouble by the
control chart for variables.

In addition to its use in process control, the p chart may be of great
value in dealing with outside vendors. Vendors may differ both in the
quality level submitted and in the variability of that quality level. It is
particularly desirable to know whether the quality of product submitted
by a vendor today is a reliable indication of what he may be expected to
submit next month. The p chart gives useful guidance on this point.

8. Some Benefits to Be Expected from the Use of the Shewhart Con-
trol Chart for Defects per Unit. This type of control chart applies to
two rather specialized situations. One is the case where a count is made
of the number of defects of such type as blemishes in a painted or plated
surface of a given area, weak spots in the insulation of rubber-covered
wire of a given length, or imperfections in a bolt of cloth. The other is
the case of inspection of fairly complex assembled units, such as radio
sets, aircraft engines, or machine guns, in which there are a great many
opportunities for occurrences of defects of various types, and the total

11t is commonly expressed as a decimal fraction such as 0.023. The decimal
fraction is often multiplied by 100 to convert it into per cent defective, such as 2.3%.
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number of defects of all types found by the inspectors is recorded for
each unit.

As in other types of control charts, the control limits are set in a way
to detect the presence or absence of assignable causes of variation, and
they therefore tell when to take action on the process and when not to
do so. Experience indicates that erratic variation in inspection stand-
ards and inspection practices scems particularly likely to exist in this
type of inspection and that the control chart for defects per unit generally
proves helpful in standardizing inspection methods.

Although this type of control chart applies only to a limited number of
manufacturing situations involving quality, it has broad application to
many other types of situations commonly met in everyday life. Two
examples are accident rates and epidemic rates.

9. Acceptance Sampling. Acceptance inspection is a necessary part of
manufacturing and may be applied to incoming materials, to partially
finished product at various intermediate stages of the manufacturing
process, and to final product. Acceptance inspection may also be carried
out by the purchaser of manufactured product.

Much of this acceptance inspection is by sampling. Often 1009,
inspection turns out to be impracticable or clearly uneconomical. More-
over, the quality of the product accepted may actually be better with
modern statistical acceptance sampling procedures than would be the
case If the same product were subjected to 1009, inspection. Sampling
inspection has a number of psychological advantages over 1009, inspec-
tion. Inspectors’ fatigue on repetitive operations may be a serious
obstacle to good 1009, inspection.

It is common knowledge that on many types of inspection, even several
100% inspections will not eliminate all of the defective product from a
stream of product a portion of which is defective. The best protection
against the acceptance of defective product is, of course, having the
product made right in the first place. Good sampling acceptance pro-
cedures may often contribute to this objective through more effective
pressure for quality improvement than can be exerted with 1009, inspee-
tion. Some sampling schemes also provide a better basis for diagnosis of
quality troubles than is common with 1009, inspection.

Despite the merits of good sampling acceptance procedures, poor sam-
pling procedures are in common use in industry. Sampling procedures
established without recognition of the laws of probability usually give
an unsatisfactory degree of protection against the acceptance of defective
product and may have other deficiencies as compared with modern sta-
tistical sampling procedures. In spite of their deficiencies, the traditional
poor sampling procedures often involve greater inspection costs than
would exist if sampling procedures were improved.
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It should be recognized that although modern sampling acceptance
procedures are generally superior to the traditional sampling methods,
anyone who uses acceptance sampling must face the fact that whenever
a portion of the stream of produet submitted for aceeptance is defective,
some defective items are likely to be passed by any sampling acceptance
scheme. The statistical approach to acceptance sampling frankly faces
this fact. It attempts to evaluate the risk assumed with alternative
sampling procedures and to make a decision as to the degree of protec-
tion necded in any instance. It is then possible to choose a sampling
acceptance scheme that gives a desired degree of protection with due
consideration for the various costs involved.

Part Four of this book deals with acceptance sampling. The appli-
cation of the mathematics of probability to aceeptance sampling is
explained. Several different types of widely used statistical acceptance
procedures are described. Reference is made to the published volumes
of sampling tables including the Dodge-Romig tables of the Bell Tele-
phone Laboratories and the tables developed during World War 11 by
the Statistical Research Group, Columbia University. Among other
matters, Chap. XV discusses attributes acceptance procedures used in
the procurement of military supplies by the armed forces of the United
States; the master tables from Military Standard 105A are reproduced in
Appendix ITI. Chapter XVI discusses many different types of accept-
ance sampling by variables.

10. Many Economy Studies Call for the Viewpoint of Statistical Quality
Control. Many decisions on matters related to quality are called for in
manufacturing. In making such decisions it is desirable to examine the
relative economy of the alternatives under consideration. The tech-
niques of statistical quality control may make a useful contribution to
such economy studies.

Consider, for example, the question of the filling of containers- a prob-
lem for the food industries and all other industries that package their
products. Suppose that government regulations require that all or some
specified large percentage of the packages contain at least a certain stipu-
lated weight.! Where a conscientious attempt is made to meet such a
specification, it is usually done by overfilling enough to be on the safe side.

But the question always remains, “How much overfill is necessary?”’
This question is often answered on a practical basis of, ¢ Make it enough
so that we avoid trouble with the government inspectors.” If these
inspectors really do a critical job, the resulting average overfill is likely
to be too much for maximum economy.

1 In the sense used in statistical quality control, a quality of a manufactured produet

may be any characteristic of that product. Thus the guantity of material in a con-
tainer is a quality of the filled container.
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This is not to say that the economic answer is to be gained by increas-
ing the amount of trouble with the inspectors. It is rather a matter of
finding the facts about the variability of weights and analyzing these
facts. This can be done by the Shewhart control chart for variables
better than by any other known technique.

Can the variability of the process be reduced without any change in
the physical methods being used to fill the containers? In other words,
does the process show lack of control (with the word control used in its
statistical sense)? If so, what are the reasons for the out-of-control
points? Perhaps they may be corrected in such a way that they will be
unlikely to recur. Or possibly their correction may call for the mainte-
nance of a control chart continuously (rather than briefly as an informa-
tion-getting and trouble-shooting device) with some attendant cost for
measurement, clerical labor, and supervision. It may even be necessary
to maintain several such charts (for instance, on weights of filled con-
tainers, weights of empty containers, density of filling substance).

If out-of-control points can be eliminated, it is obviously possible to
work closer to the minimum specification limit and thus reduce the cost
of the overfill. This is a matter of balancing the cost of maintaining
control against the cost of the extra overfill. The control-chart data
giving the basic variability of the process will provide the information
for decision as to the average level to be aimed at in order to meet speci-
fications and will thus provide an cstimate of the money saving possible
from better control.

If different methods of filling containers are proposed, (for example,
automatic vs. hand filling, or improved automatic controls vs. controls
that are only partially automatic) one element in the cost comparison is
the possible difference in the cost of overfill with each method. This
requires the use of the Shewhart control chart to estimate the basic vari-
ability of each method.

If the specification of minimum filling weights has not been made
cither by government regulation or by a customer contracting for the
product but must be made by the producer, the economic decision
becomes even more complicated.  Here the question may be the effect
on consumer acceptance in a competitive market of occasional shortages
below the amount stated on a package. Although it may be difficult or
impossible to place a definite money value on this effect, it is extremely
helpful to have an idea of the costs associated with various degrees of
consumer protection. This information is provided by the control-chart
technique.

Example 33, Chap. XVII, illustrates the use of statistical quality con-
trol in a problem dealing with the control of product weight. This brief
introduction to the problem is primarily intended to suggest how sta-
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tistical quality control may often contribute to a clear statement of the
cost differences between manufacturing alternatives and thus provide a
basis for decisions aimed at maximum economy. This point is discussed
at greater length in Chap. XVII.

11. Statistical Quality Control May Have Useful By-products. The
techniques of statistical quality control bring certain desirable results
that cannot be achieved as well in any other way. These might be
described as the direct benefits of statistical quality control. In addi-
tion, the introduction of these techniques into any plant often causes
certain desirable changes that might be described as by-products. These
by-products might have been obtained as well without any use of sta-
tistical quality control. Nevertheless, statistical quality control does
tend to bring them about.

One such by-product may be the establishment or improvement of
inspection standards, with the preparation of definite instructions for
each inspection procedure. Another may be the periodic evaluation of
departmental performance in quality terms.

Still another may be the evaluation of different vendors’ quality per-
formance in terms of average fraction defective, with choice of future
vendors based on these findings. For instance, the Niagara Frontier
Division of Bell Aircraft Corporation analyzed acceptance and rejection
records covering nearly 35 million parts purchased from 458 companies.!
Only 1.959%, of these were found defective and rejected. But it was found
that

277 companies supplied parts 0 to 1.99% defective
39 companies supplied parts 2 to 4.99% defective
31 companies supplied parts 5 to 9.999%, defective
44 companies supplied parts 10 to 19.99% defective

36 companies supplied parts 20 to 49.99% defective
31 companies supplied parts 50 to 1009, defective

Still another by-product of statistical quality control may be the
establishment of effective process inspection where none has previously
existed. In some manufacturing concerns there is little or no process
inspection; inspection takes place some days-—or cven weeks or months—
after production with no chance to associate any defective product with
possible causes in the production departments. Statistical quality con-
trol, with its emphasis (explained in later chapters) on keeping track of
the order of production, tends to call for inspection close to the point of
production.

Although the introduction of process inspection is sometimes a by-prod-
uct, it should be noted that a direct object of statistical quality control is

1 CHasE, HERrBERT, Bell Puts Teeth into Quality Control, Wings, vol. 3, pp. 1181~
1185, September, 1944.
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to provide a new tool that makes process inspection more effective. The
information obtained by process inspection- either conducted by roving
inspectors or by machine operators themselves—is often misused to make
too-frequent machine adjustments. As already pointed out under the
discussion of the Shewhart control chart for variables, these too-frequent
adjustments have the opposite effect from that intended: they increase
rather than decrease the variability of the process. In the introduction
of statistical quality control, reports such as these are common: ‘“ After a
week of the control chart we accomplished substantial improvement in
product quality by persuading the operator to let the machine run itself
rather than changing the settings whenever a critical dimension gets
close to the specification limit.”” “We found the roving inspector was
shutting down the machine for resetting three times as often as necessary.”

12. Reasons for Use of the Adjective Statistical. In the rapid develop-
ment of statistical quality control since 1942, this technique has acquired
some shorter names. A common practice has been to abbreviate statisti-
cal quality control by calling it simply quality control. The British have
gone one step further and describe it as Q.C.

One reason for the use of quality control in the sense of statistical quality
control has been the desire to shorten the expression by the saving of one
word—a word, incidentally, which many people find hard to pronounce.
However a stronger reason seems to have been a desire to avoid a popular
prejudice against statistics, statisticians, and the word statistical.

Statistics is a word with two quite different meanings. In one sense,
it refers to any facts stated in terms of numbers; in this sense it is a
plural noun. Thus one may say ‘‘Statisties are kept in the sales depart-
ment regarding all branch-office sales.”” In the other sense, it refers to a
body of methods by which useful conclusions ean be drawn from numeri-
cal data. In this sense it is a singular noun. Thus one may say “Sta-
tistics #s based in large part on the law of large numbers and the
mathematical theory of probability.” It is in this second sense that the
adjective statistical is accurately used in the expression statistical quality
control.

The control of quality of manufactured product is a function that
existed long before statistical methods were applied to the analysis of
quality data and that exists today whether or not statistical techniques
are used. Properly used, the expression quality control applies to a func-
tion much broader than does the expression statistical quality control.
The use of quality control or Q.C. in the scnse of statistical quality control
inevitably lcads to confusion as to the meaning of the expression.

In the long run this confusion is likely to be more serious than any
troubles introduced by the use of an extra word or by prejudices against
the word statistical. For this reason, throughout this book the expression
quality control is always used in the broader sense of the control of quality
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of prode :t by whatever methods may be used, and the adjective statisti-
cal is always employed where the control of product quality by statistical
methods is referred to.

If prejudices® against the word statistical seem to be a serious obstacle
to that cooperation necessary for the most effective use of the techniques
presented in this book, it is always possible to avoid the prejudices in
another way, t.e., by calling ecach statistical tool by its own name, such
as control chart, standard sampling table, ctc.

13. The Mathematics Used in Most Applications of Statistical Quality
Control Is Only Simple Arithmetic. Although the techniques explained
in this book are all based on the work of mathematical statisticians, some
of which involves very advanced mathematies, actual applieations gener-
ally call for nothing more complicated than addition, subtraction, multi-
plication, and division. Experience shows that the techniques are effec-
tively used by any persons who are able to do these simple arithmetical
operations.

The control chart for variables, as originally developed by Shewhart in
1924, called for frequent calculation of squares and square roots in order
to obtain standard deviations. This proved to be a definite obstacle to
the introduction of the techniques in many places. Subsequent develop-
ments by mathematical statisticians made possible the use of the range
rather than the standard deviation and substituted a single subtraction
for the calculation of the square root of the sum of squares. This made
possible shop cooperation in the use of the control chart in many situ-
ations where it had previously seemed to be out of the question.

14. Four Different Levels of Understanding Statistical Quality Con-
trol. In any manufacturing company, government procurement agency,
or other organization in which substantial statistical quality control appli-
cations are to be made, experience indicates that there appropriately may
be four levels of understanding of the subject.

One is the level of understanding the mathem:ties on which the con-
trol charts and sampling tables are based and their relationship to the
many other tools for the analysis of data that have heen developed by
mathematical statisticians. A person on this level should be able to read
the literature of mathematical statistics without great difficulty and
should have reasonable familiarity with this literature. One or more
persons on this level should be available, at least in an advisory capacity,
in any comprehensive statistical quality control program.

The second level is that of general understanding of the principles
underlying the various types of control charts and sampling tables. It
calls for understanding why these methods work, how to interpret their

! In one industry the low pay scale associated with the occupational title statistical

clerk made everyone engaged in the statistical quality control program unwilling to
have the adjective statistical used as part of his title,
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results, and how to decide which method to use in any particular case.

A third level is that of a broad understanding of the objectives and
possible uses of statistical quality control, even though this understand-
ing is not sufficiently detailed and precise to permit close supervision of
statistical quality control work. This type of understanding is particu-
larly helpful at higher management levels.

The fourth level calls merely for use of one or more of the techniques
on a rule-of-thumb basis. In any plant in which many applications are
made, there will doubtless be a number of inspectors, some machine oper-
ators, and possibly one or more clerks on this level.

This book is aimed at the second level. The success of any statistical
quality control program is likely to depend on the number of people in
an organization who are competent on this level and on the distribution
of these people among various departments. The cooperation among
departments necessary for the fullest benefits from statistical quality
control has been mentioned and is emphasized throughout succeeding
chapters.  The more persons in inspection supervision, production super-
vision, methods enginecring, tool engincering, engineering design, and
top management who understand the basie principles of statistical quality
control, the better the opportunity for elfective use of these techniques.

The first two chapters of this book, although intended primarily as an
introduction for people interested in the second level, are also intended
to be helpful to those who are interested only in the third level. Chap-
ter X VIII is also suggested as reading for individuals primarily interested
in the third level.

16. Is Quantity Production Necessary for Effective Use of Statistical
Quality Control? Manufacturing executives, confronted by the sugges-
tion that statistical quality control techniques may be helpful in solving
some of their problems, often respond somewhat as follows: ‘“I can sce
how statistical methods may be used effectively in the production of
ammunition or telephones where hundreds of thousands of items are to
be produced just alike. But in my business the quantities produced of
any particular design of part or product are much smaller.”

This objection cannot be answered by specifying a definite minimum
production below which statistical quality control methods should not be
applied and above which they may be used economically. Not only does
the answer differ for different statistical techniques, but it also depends
on the various costs involved in any particular situation. Nevertheless,
some guidance may be given on this matter.

For instance, the Shewhart control chart for variables often may be
used to advantage with very few measurements. Under certain favor-
able conditions, this technique might be used to reduce cost or improve
quality where total production of a part or product was as low as 50,
or sometimes even lower. This total production might conceivably be
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spread over several years; it is the total amount to be produced rather
than the rate of production that is most significant. Actually, most
applications involve production at least in the thousands. The decision
involves balancing the costs of statistical quality control against the
prospective benefits. This question is discussed at greater length in
Chap. XVII.

On the other hand, the control chart for attributes (fraction defective)
cannot be used advantageously with so few observations. Possibly 1,000
is the minimum total production for which this technique should be con-
sidered for process control; generally its use is limited to situations with
total production at least in the tens of thousands.

Control charts based on total defects or defects per unit, and sampling
acceptance tables on the same basis, might be used with total production
of 100 or more.

Although statistical types of acceptance procedures may be applied to
a single lot of product, these procedures should be interpreted as aiming
at some stated quality protection in the long run. This point should be
kept in mind in the use of such acceptance procedures even though it is
not possible to state any minimum value of total production to which
they are applicable.

Intermittent production of a part or product is no obstacle to statisti-
cal quality control. In fact, many of the most effective uses of the tech-
niques have been made on this type of production.

It is worth pointing out that in the case of assembled products built up
from parts, a single product may contain many identical parts. Thus
these techniques may often be applied advantageously to the parts even
though the production of the final assembled product is not sufficicnt to
justify their application to the product itself.

The preceding statements about quantities are intended only as rough
guides. The basis for judgment as to when to apply statistical quality
control techniques and when not to apply them is developed as the tech-
niques are explained in later chapters.

16a. Nonmanufacturing Applications of Statistical Quality Control
Techniques. Although control charts and statistical types of accept-
ance sampling procedures were originally developed for use in mass pro-
duction manufacturing, these techniques are applicable to many other
types of activities in business and government. For instance, certain
statistical types of acceptance sampling schemes are well adapted to the
problem of checking errors in clerical work. Control charts may be
applied to many business variables to discover their average values, their
range of variation that can be expected as a matter of chance, and the
presence or absence of assignable causes of variation. Example 25, Chap.
XIV, illustrates a nonmanufacturing application of statistical quality
control techniques.



CHAPTER II
SOME REPRESENTATIVE APPLICATIONS

The manufacturer’s inspection of his own product serves two purposes:
Purpose A. To provide a basis for action with regard to the product already
at hand; as for instance, to decide whether the particular article or lot of
product at hand should be allowed to go out, or some alternative disposition
made (inspected further, sorted, repaired, reworked, scrapped, ete.).
Purpose B. To provide a basis for action with regard to the production proc-
ess, with a view to future product; as for instance, to decide whether the proc-
ess should be left alone, or action taken to find and eliminate disturbing
causes.—AMERICAN WAR STANDARD Z1.3-1942!

16. Use of Examples. Throughout this book there are many descrip-
tions of cases involving use of statistical quality control methods. For
convenience in reference, these are numbered consecutively, Example 1,
Example 2, ete.

Before proceeding in Parts T'wo, Three, and Four with a detailed deserip-
tion of the four tools of statistical quality control explained in this book,
it scems advisable to give a general perspective on the subject by illus-
trating the use of each tool. Examples 1 and 2 in this chapter illustrate
the control chart for variables; Example 3 illustrates the control chart
for fraction defective; Example 4 illustrates the control chart for defects
per unit; Example 5 illustrates the use of elementary probability theory
to evaluate the quality protection given by a common sampling plan.

EXAMPLE 1. X AND R CHARTS
Experimental Control Charts for Process Control

17. Facts of the Case. In the kit of tools provided by statistical quality control,
the most potent tool for the diagnosis of production problems is the Shewhart control
chart for variables. A course in Statistical Quality Control often starts with a brief
introduction of this control chart. This chart was the topic for discussion in the
third 2-hr. lecture in an evening course given in the subject.

One of the members of the class was a production foreman in a small department
in a plant which had never before used any statistical quality control methods. After
hearing the 2-hr. lecture, this foreman, in order to familiarize himself with the contro}
chart, made an experimental application to one of the operations in his department.

This operation consisted in thread grinding a fitting for an aircraft hydraulic system.
The pitch diameter of the threads was specified as 0.4037 + 0.0013 in. All these

1 “Control Chart Method of Controlling Quality during Production. American
War Standard Z1.3-1942,” p. 5, American Standards Association, 70 E. 45th St.,
New York, 1942,

17



18 STATISTICAL QUALITY CONTROL

fittings were later subject to inspection of this dimension by go and not-go thread
ring gages. This inspection usually took place several days after production. In
order to minimize gage wear in this inspection operation, it was the practice of the
production department to aim at an average value a little below the nominal dimen-
sion of 0.4037 in.

TaBLE 1. MEASUREMENTS OF Prrcu DIAMETER OF THREADS ON ATRCRAPT FITTINGS
(Values are expressed in units of 0.0001 in. in excess of 0.4000 in. Dimension is
specified as 0.4037 + 0.0013 in.)

Sample Measurement on each item of five items Average | Range
number per hour X R

1 36 35 34 33 32 34.0 4

2 31 31 34 32 30 31.6 4

3 30 30 32 30 32 30.8 2

4 32 33 33 32 35 33.0 3

5 32 34 37 37 35 35.0 5

6 32 32 31 33 33 32.2 2

7 33 33 36 32 31 33.0 5

8 23 33 36 35 36 32.6 13

9 43 36 35 24 31 33.8 19
10 36 35 36 41 41 37.8 6
11 34 38 35 34 38 35.8 4
12 36 38 39 39 40 38.4 4
13 36 40 35 26 33 34.0 14
14 36 35 37 34 33 35.0 4
15 30 37 33 34 35 33.8 7
16 28 31 33 33 33 31.6 5
17 33 30 34 33 35 33.0 5
18 27 28 29 27 30 28.2 3
19 35 36 29 27 32 31.8 9
20 33 35 35 39 36 35.6 6
Totals. ... 671.0 124

To make actual measurements of pitch diameter to the nearest ten-thousandth of
an inch, the foreman horrowed a visual comparator that had been used for other
purposes. Approximately once every hour he measured the pitch diameter of five
fittings that had just been produced. For each sample of five he computed the
average and the range (largest value in sample minus smallest value). The figures
he obtained are shown in Table 1.

18. Two Charts That Are Not Control Charts. If these measurements had been
made withoutl benefit of the foreman’s introduction to the control-chart technique,
ke might well have ealculated the averages for each sample but probably would not
have calculated the ranges. Figure 1 shows two types of charts that are not control
charts but that somctimes are made from information of this type. These charts
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may be of interest to production supervision, but they do not give the definite basis
for action that the control chart supplies.

Figure la shows individual measurements plotted for each sample. It also shows
the nominal dimension and upper and lower tolerance limits. With the exception of
one fitting in sample 8, all the fittings examined met the specified tolerances.
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Fiac 1. Pitch diameter of threads of fitting for aireraft hydraulic system: (a) individual
measurements, (b) averages of samples of five.

Figure 1b shows the averages of these samples. A chart of this type may be useful
to show trends more clearly than one of the type of Fig. 1la. However, without the
limits provided by the Shewhart technique, it does not indicate whether the process
shows lack of control in the statistical sense of the meaning of control.!

1 The word control has a special technical meaning in the language of statistical
quality control. A process is described as in conirol when a stable system of chance
causes scems to be operating. This meaning is developed more fully in Part Two of
this book. However, the word is often misused and misinterpreted, particularly by
those who have been briefly exposed to the jargon of statistical quality control without
having had a chance to learn its principles.

For example, a government inspection officer in a certain war plant was shown a
chart that gave average values of an important quality characteristic of successive
lots of a certain munitions item manufactured in this plant. This chart, prepared by
one of his inspectors, was similar to Fig. 1b in showing averages but no control limits.
““ Any fool could see this process is in control,” the officer exclaimed. Later one of his
assistants calculated control limits and plotted them on the chart, showing many
points out of control. A few minutes later the inspection officer was overheard giving
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It should be noted that because Fig. 1b shows averages rather than individual
values, it would have been misleading to indicate the tolerance limits on this chart.
It was the individual article that had to meet the tolerances, not the average of a
sample. Averages of samples often fall within tolerance limits even though some of
the individual articles in the sample are outside the limits. This was true in sample 8,
in which the average was close to the nominal dimension even though one item was
below the minimum limit. Therefore, a chart for averages that shows tolerance
limits tends to give a false sense of security on the question of whether tolerances have
been met. Even though some observers of such a chart appreciate this danger and
thus avoid incorrect inferences, experience shows that someone is certain to be misled
whenever tolerance limits are shown on a chart for averages.
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F1a. 2. Pitch diameter of threads of fitting for aircraft hydraulic system: (a) control chart
for averages (X), (b) control chart for ranges (R).

19. Two Control Charts. Figure 2a shows the control chart for averages X I
will be noted that this is Fig. 1b with the addition of control limits and with the
elimination of the irregular line connecting the points. Figure 2b shows the control
chart for range R.

Each of these control charts has a solid line to indicate the average value of the
statistic that is plotted. The grand average X (i.c., the average of the averages) is
33.6 (measured—as in Table 1—in units of 0.0001 in. in excess of 0.4000 in.) This
is the sum of the averages, 671.0, divided by the number of samples, 20. The average
of the ranges is 6.2. This is the sum of the ranges, 124, divided by the number of
samples, 20.

Kach chart also shows two dotted lines marked upper control limit and lower control

advice to the plant manager. ‘‘Any fool can see that this process is out of control,”
he said.

As a matter of fact no onc—fool or otherwise—can tcll by inspection of a chart
such as Fig. 1b whether or not the process is in statistical control.
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timit. ‘'The distance of the control limits from the line showing the average value on
each chart depends on the average range (£ = 6.2) and makes use of two factors, 4,
and D, from Table C, Appendix 1II. These factors are explained in Chap. IV.

On the X chart this distance is A,R = 0.58(6.2) = 3.6. Thus the upper control
limit is 37.2 (3.6 above the grand average of 33.6) and the lower control limit is 30.0
(3.6 below the grand average of 33.6).

On the R chart the lower control limit for samples of five is always 0. The upper
control limit is DR = 2.11(6.2) = 13.1.

These limits thus calculated and shown on Fig. 2 are what are described in Chap. VI
as trial limits. Before projecting them into the future (z.e., past sample 20) to control
future production, they need to be slightly modified by methods that are there
explained.

20. The Charts Show Lack of Control. Three points (samples 10, 12, and 18) are
outside the control limits on the chart for averages. Two points (samples 9 and 13)
are outside the control limits on the chart for ranges. This indicates the presence of
assignable causes of variation in the manufacturing process, .e., factors contributing
to the variation in quality which it should be possible to identify and correct. Of
course not much could be done about these past assignable causes, as the control
limits were not established until the end of the 20-hr. record. The control charts in
Fig. 2 merely give evidence that there should be a good opportunity to reduce the
variability of the process.

The dividends from the control chart come in the application of the control limits
to future production. The prompt hunting for assignable causes as soon as a point
goes out of control gives opportunity for their immediate discovery. Action may be
taken not only to correet them at onece but in many cases to prevent their recurrence.

This lack of control was evident to the production foreman who prepared this chart.
A continuation of the chart permitted the identification of the assignable causes of
variation in the average -mostly related to machine setting—and the assignable
causes of variation in the range—mostly related to carelessness of a particular operator.
An effort to prevent their frequent recurrence resulted in a substantial improvement in
produet uniformity.

21. Other Conclusions from This Control Chart. The simplicity of the control
chart is evidenced by the fact that this alert foreman was able to use it to advantage
after receiving only 6 hr. instruction in statistical quality control with only two of
those hours devoted to construction of the control charts for X and R.  His successful
application was to process control, i.e., to the detection and elimination of assignable
causes of quality variation. However, several conclusions that might have been
suggested by the control-chart analysis were not evident to him, although they doubt-
less would have been evident to someone with additional training and experience in
this subject. These conclusions, the basis for which will be developed in later chap-
ters, are as follows:

1. If control (in the statistical sense) can be maintained, the natural tolerances of
this process appear to be about +0.0006 in. Thus, by maintaining statistical control
there should be no difficulty in making all the product well within the specified
tolerances of +0.0013 in.

2. As the practice has been to center the process at a dimension somewhat below the
nominal dimension of 0.4037 in. in order to minimize gage wear on 1009, inspection
with go and not-go thread ring gages, the question arises at what level the process
ought to be centered. If statistical control can be maintained, this level must be not
less than 0.4030 in. to ensure that practically all product be within the specifications.
Actually the level shown by the 20-hr. record was about 0.4034 in. This would be
definitely on the safe side if the process could be kept within statistical control. But
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with the process out of control, there is always danger of defective product regardless
of the level.

3. Whenever natural tolerances are within the specification tolerances, considera-
tion should always be given to the advisability of eliminating 1009, inspection and
substituting sampling inspection with the use of the control chart. 1In this case, five
measurements of the actual dimension at specified intervals might replace 1009,
inspection with the go and not-go gages, except where the control chart showed lack
of control. Such a change should not be made until the control chart had been main-
tained on this operation for some time with all points falling inside the control limits.
Once this change was made, the motive of reducing wear on the ring gages would be
eliminated and the nominal dimension of 0.4037 should be aimed at.

The methods by which one may obtain these conelusions, and similar conclusions
of economic importance in other cases, are developed in the following chapters.

22. Some Comments on Example 1. Because management’s precon-
ceived ideas on statistical quality control often include a number of mis-
conceptions, it is worth while to make several comments on Example 1
directed at these common misconceptions.

1. One misconception is that because the methods are statistical they
can only be applied where there is a long period of record. Often this is
the basis for the feeling that it is not worth applying them to new opera-
tions that are to be continued for only a few months.

It should be noted that the necessary data for a successful application
in this case were obtained in 20 hr. As a matter of fact, as past records
are seldom in a form for the most effective use of the control chart for
variables, it is usually nccessary to start securing the required data after
the decision is made to use this technique. The time needed to get
enough information to supply a basis for action depends on how long it
will take to manufacture enough units for a suitable chart.

2. Another misconception is that the methods are highly mathemati-
cal. This application involved only simple arithmetic.

3. A common misconception is that the methods are so complicated
that they cannot be operated by the ordinary production and inspection
employees.

As already pointed out, this particular foreman made a useful appli-
cation after only 2 hr. instruction in the&pgx_‘_’picular technique. This is
not to suggest that 2 hr. is sufficient time to devote to explanation of the
control chart for variables; it merely is evidence that the essential fea-
tures of this method can be explained simply in a short time. As also
pointed out, this foreman missed some of the possible useful conclusions
that might have been drawn from his data. The more persons holding
positions of responsibility in an organization who understand statistical
quality control and the better they understand it, the better the chance
for all the possible cost-saving applications to be made.

4. Another misconception is that the techniques are good to use only
when you are conscious that you are in trouble.
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It is true that the places where one is conscious of trouble are likely to
provide the best opportunities for saving costs. Nevertheless, the tech-
niques often turn up cost-saving opportunities in places where there is
no particular awareness of trouble. The possibility in Example 1 of
substituting sampling inspection by variables for 1009, inspection by
attributes is an example. The foreman chose this particular operation
somewhat at random in order to provide himself an opportunity to experi-
ment with the techniques.

5. Still another serious misconception is that effective use of the tech-
niques of statistical quality control may be obtained by applying them
only in one department.

In Example 1 we have noted that the data secured by the production
foreman point to a possibility of a saving in inspection costs. Budgetary
control systems used in industry gencrally are operated in a way that
gives a supervisor credit for a cost saving in his own department but
not for cost savings in other departments. In this particular case, if the
decision had been made to adopt acceptance sampling by variables at
the point of production, with a control chart kept in the production
department to be used for process control as well as for acceptance, this
decision would have involved the question of whether the measurements
were to be made by production or inspection personnel. This question
could have been answered only at a management level above both pro-
duction and inspection. If- as might well have been the case—the
decision had been that it was advisable to have the measurements made
by production personnel, it would have superficially appeared to increase
costs in the production department. That is, it would have seemed to
increase costs for which the production foreman was held responsible and
to decrcase costs in a place where—as a matter of budgetary routine—
he was given no credit.

Without a full understanding by top management, production super-
vision, and inspection supervision as to the basis of some of the cost
savings that may be effected by statistical quality control, it is evident
that the routine operations of a budgetary control system may actually
prove an obstacle to securing the savings.

EXAMPLE 2. X AND R CHARTS
Revision of Tolerances

28. Facts of the Case. A rheostat knob, produced by plastic molding, contained
a metal insert purchased from a vendor. A particular dimension determined the
fit of this knob in its assembly. This dimension, which was influenced by the size
of the metal insert as well as by the molding operation, was specificd by the enginecring
department as 0.140 + 0.003 in. Many molded knobs were rejected on 1009, inspec-
tion with a go and not-go gage for failure to meet the specified tolerances.
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A special gage was designed and built to permit quick measurement of the actual
value of this dimension. Five knobs from each hour’s production were measured with
this gage. Table 2 shows the measurements obtained on the first 2 days after they
were started.

TABLE 2. MEASUREMENTS OF DISTANCE FROM Back oF RHEosTAT KNOB TO FAR
SipE oF PINHOLE
(Values are expressed in units of 0.001 in. Dimension is specified as 0.140 + 0.003 in.)

Sample Measurement on each item of 5 items Average | Range
number per hour X R

1 140 143 137 134 135 137.8 9

2 138 143 143 145 146 143.0 8

3 139 133 147 148 139 141.2 15

4 143 141 137 138 140 139.8 6

5 142 142 145 135 136 140.0 10

6 136 144 143 136 137 139.2 8

7 142 147 137 142 138 141.2 10

8 143 137 145 137 138 140.0 8

9 141 142 147 140 140 142.0 7
10 142 137 145 140 132 139.2 13
11 137 147 142 137 135 139.6 12
12 137 146 142 142 140 141.4 9
13 142 142 139 141 142 141.2 3
14 137 145 144 137 140 140.6 8
15 144 142 143 135 144 141.6 9
16 140 132 144 145 141 140.4 13
17 137 137 142 143 141 140.0 6
18 137 142 142 145 143 141.8 8
19 142 142 143 140 135 140.4 8
20 136 142 140 139 137 138.8 6
21 142 144 140 138 143 141.4 6
22 139 146 143 140 139 141 .4 7
23 140 145 142 139 137 140.6 8
24 134 147 143 141 142 141 .4 13
25 138 145 141 137 141 140.4 8
26 140 145 143 144 138 142.0 7
27 145 145 137 138 140 141.0 8
Totals. ... o 3,797.4 | 233

24. Analysis of the Facts by the Control-chart Technique. Figures 3b and 3¢ are
control charts for X and R, respectively, for the 27 samples taken in these 2 days.
Figure 3a is not a control chart, but—like Fig. 1a in Example 1—it shows individual
measurements.

If we count all the points outside the tolerance limits that are shown on Fig. 3a, we
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find that 42 of the 135 knobs measured failed to meet the specifications for this dimen-
sion. This is approximately 319 defective, a very high figure.
At the same time it is evident that all the points on the X chart (chart for averages)
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Fia. 3. Measurements of dimension on rheostat knob: (a) individual measurements, (b)

control chart for averages (.‘?), (¢) control chart for ranges (R).

and the R chart (chart for ranges) are inside the contrel limits. As the sample size is

five, the same as in Exaumple 1, the caleulation of the control limits makes use of the

same factors as in that example, as follows:

3,797.4
27

R (average range) = 22373 = 8.6

X (grand average) = = 140.6 (expressed in units of 0.001 in. as in Table 2)
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UCLx (upper control limit for averages)= X + AR = 140.6 + 0.58(8.6) = 145.6
LCLx (lower control limit for averages) = X — AR =140.6 — 0.58(8.6) = 135.6
UCLr (upper control limit for ranges) = DR = 2.11(8.6) = 18.2
LCLg (lower control limit for ranges) = 0

This process was evidently in statistical control, even though it was in control with
a spread that was unsatisfactory from the standpoint of the specified tolerances of
+0.003 in. No assignable causes of variability were indicated. The variations from
hour to hour were chance variations; they could not be reduced by hunting for
changes which took place from one hour to the next. In a situation of this type,
improvement is not likely to be obtained by the plant superintendent’s bringing
pressure on the foreman, or by the foreman’s bringing pressure on the machine
operator.

26. Action Based on the Control-chart Analysis. When the quality control engi-
neer in this plant studied the situation, he discovered that althoug