

















parts (at edge, center, etc.) He should know
how many checks to make on each part. He
should know how to use the gage and record
the measurements accurately. In the case of
visual checks he must have a clear understand-
ing of the criteria or visual standards. If in
doubt about any of these things, he should
check with the supervisor immediately. A
chart is of little use unless it is based on ac-
curate data.

B-4.4 Appearance of control charts

Process checkers occasionally tend to worry
about the appearance of their control charts.
It is difficult in the shop to keep the charts
looking neat and clean. Neatness of course is
an asset, and the process checker, in plotting
the points and marking x’s, should be careful
to do a tidy and accurate job. Careless plot-
ting of points and drawing of lines, or smudged
erasures, only make the charts more difficult to
read.

If the control charts can be neat and clean as
well as useful, so much the better.

On the other hand, charts that are actually
being used are likely to become well-thumbed,
spattered with grease and oil, and scribbled up
with marks and notes. Charts that show this
evidence of being discussed and used are much
more likely to be doing their intended job.

B-4.5 Why should the Operating people
plot their own charts?

In a quality control program of the type de-
scribed in this Handbook, it is essential for the
Operating people to plot their own charts.
Quality control programs tend to be short-
lived and ineffective when people outside of the

Operating organization take over the job of
plotting and maintaining the charts. The
reasons for this are the following:

(1) Process control charts when properly
used are part of the “make” operations.
They are one of the essential tools for
doing the Operating job. They are similar
to screw drivers, fixtures, jigs and other
essential equipment.

(2) The Operating people should do every-
thing necessary to make the product and
make it right. This includes the process
control charts.

In the earliest stages of a quality control
program, the Operating people sometimes need
help in starting the first charts. The earliest
charts may be plotted by inspectors, statistical
clerks, quality control engineers, etc. How-
ever, all such charts should be turned over to
the Operating department to plot at the earliest
possible moment.

Operating people need their own charts in
the same way that the driver of a car needs his
own eyes when driving along a crowded high-
way. No driver would wish to drive blind-
folded while someone else watched the traffic
and road conditions and instructed the driver
when to turn, speed up, stop for trafic signals
or attempt to pass another vehicle.

When the Operating department obtains
data for its own benefit and plots and uses its
own charts, the process controls are function-
ing in the way they were intended to function.
The Operating people are (a) sure of what
action to take, (b) able to take it with the least
possible delay, and (c) completely responsible
for running their own job.
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PART C
Action on Control Charts

C-1 IMPORTANCE OF
PROMPTNESS IN ACTING
ON SHOP CHARTS

In all cases the planning of shop control
charts assumes that the checks will be made on
schedule, that the diagnosis will be made
promptly, and that the remedy will be imme-
diately effective. Any delay in action may have
the following adverse effects:

(1) Delay may mean that unnecessary
amounts of undesirable product are pro-
duced. This will reduce yields, increase
scrap and increase the amount of product
rejected by Inspection.

(2) Delay may mean that the cause of
trouble is harder to identify, and in
many cases can not be identified at all.
It is an axiom in quality control that the
time to identify assignable causes is while
those causes are active.

C-2 FIRST TYPE OF ACTION:
To bhe taken by the Process
Checker

As soon as the process checker observes that
a chart is out of control, he should immediately
initiate the action called for in the process con-
trol layout. The chart is ““out of control” when
any of the recent points are marked with x’s in
accordance with the standard tests (pages 23—
28), or when such other indications are ob-
tained as are described in the pertinent lay-
out. The actioh to be taken by the process
checker ordinarily consists of notifying some
responsible person that an out-of-control con-
dition exists. This person may be the machine
setter, layout operator, supervisor, or in some
cases the individual operator.

+

In addition to notifying this person that
action needs to be taken, the process checker
may be asked to take other steps to make sure
that the action is not delayed. Some super-
visors provide a special hook or board on which
the process checker can place the charts which
are not brought back into control immediately.
In other cases the process checker merely noti-
fies the supervisor or adds a note to the chart
when action has not been taken. The principal
requirement is that something must be done
about every chart that shows a need for action.
It must not be possible for charts to be neg-
lected.

C-3 SECOND TYPE OF ACTION:
To be taken by the Operator,
Machine Setter, Layout
Operator or other responsible
person

Depending on the nature of the process and
the condition of the chart which is out of con-
trol, the machine setter should check the proc-
ess, machine, equipment, parts, operator or
methods. If possible, he should correct the out-
of-control condition immediately. If immediate
action is not possible he should promptly initi-
ate the proper action and also inform the super-
visor. If action is to be delayed for any
reason, the responsible person should write a
note on what has been done. Notes that are
brief enough can be written on the face of the
chart. Longer notes or explanations should be
written on a separate sheet of paper attached
to the back of the chart. See Figure 220 on
page 213.

If the machine setter or other responsible
person is unable to tell what action should be
taken, he should promptly notify the super-
visor and get special help. The supervisor
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should in all cases hold his people responsible
for either (a) taking action themselves, or (b)
initiating action on the part of someone else.

C-4 THIRD TYPE OF ACTION:
To be taken by the Supervisor

The supervisor should investigate immedi-
ately any cases where his people need help in
using the charts. In addition to this, he should
watch the “trouble board” or other provision
made for singling out the charts which have
not been brought back into control. He should
also spot check all charts on the job occasionally
to make sure that the provisions for taking ac-
tion are being carried out. In general, the
cases which are brought to the supervisor’s at-
tention will be one of two types.

(1) Where the necessary action s known but
cannot be taken tmmediately. In this case
the supervisor should write an explanation
on the control chart and should discuss the
matter fully at the next meeting of the
Quality Control Team.

(2) Where the necessary action is not known
and the supervisor must determine it. This
requires ability on the part of the super-
visor to investigate and interpret. Since
every chart which calls for investigation is
a valuable medium for training, the super-
visor’s investigation should be carried out
with the help of the machine setter or other
responsible person.

Investigation to determine what action is
necessary should proceed as follows:

a. Make certain that x’s are properly marked
on all charts in accordance with the
standard tests. The charts are far easier
to interpret after the x’s are marked.

b. Relate the chart patterns, if possible, to
things you know about the operation or the
process. The longer you have had control
charts on the job, the easier this will be.

c. If the reasons for the behavior of the chart
cannot be discovered immediately, take
the following steps:

1. Identify any bad or unusual product as
specifically as you can. For example:
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e Which operator made these units?

o Which machine?

o Which lot of material did they come
from?

o At what bench were they processed?

e At what time of day?

¢ From which beaker did the etching
solution come that was used for etch-
ing these units?

e What had the beaker been used for
before these units were etched?

Remember also that inspection and test-
ing can be a variable as well as the prod-
uct. The likeliest cause might be a new
gage or test set, or a new process checker.
Careful identification of the product as-
sociated with unusual patterns will often
give clues to unsuspected changes in the
process or the method of testing.

2. Beware of assuming too readily that
“we are doing everything the same way”’
or that ‘“nothing has changed.” There
must be a change in the process if the
control chart is showing a different
pattern.

3. Charts that are difficult to interpret by
themselves often become clear when they
are seen in conjunction with other
charts. Form the habit of looking at all
the charts on your job in a regular order,
starting with the earliest operations and
going through to the end. Watch for
charts that react together, or a chart at
a later operation which lags behind
another chart by about the time interval
that is required for processing. Occa-
sionally you may need to start a new
chart to throw light on a chart you al-
ready have.

If there is difficulty in interpreting a p-
chart, try substituting an X and R
chart.

4. For special help in interpreting pat-

terns see pages 161-180. The examples
of causes given there will help to stimu-
late your own ideas. They should make
you think of similar causes which might
apply to your own job.

5. Most causes are associated with ele-



ments in the process which do not in-
volve ‘“‘singleness’’; that is, more than
one operator, more than one machine,
more than one chuck on the machine,
more than one surface condition, ete.
A single machine or operator may be-
have like more than one under certain
conditions: for example, looseness of a
bearing, excessive play in a fixture,
fatigue on the part of a human being.

As causes are discovered which are
capable of affecting the control charts on
your job, jot them down on the chart
so you will have a permanent record.
The things you discover about causes on
one product will often prove to be help-
ful in studying other products.

6. If necessary, discuss the pattern with
others who have expert knowledge of
the job. This should include design en-
gineers, product engineers, maintenance
personnel and inspectors as well as your
own people. Unusual patterns, or pat-
terns with unusual causes, should be
discussed promptly with the other mem-
bers of the Quality Control Team.

7. If the causes are deeply hidden, it may
be necessary to set up a ‘‘designed ex-
periment”’ to isolate the source of the
trouble. This is explained in the Engi-
neering Section, Part B.

In interpreting control charts remember that
only a small part of the information necessary
to solve the problem will come from the control
charts. Most of the information must come
from job knowledge. Nevertheless, in spite
of the fact that statistical analysis will not
solve the whole problem, the supervisor should
be careful not to underestimate its importance.
Without the statistical help furnished by the
control charts, the job knowledge of the super-
visor will not have maximum effectiveness.
The same can be said of the knowledge of the
engineer.

As soon as the reasons for any unusual be-
havior of the chart are known or suspected, do
what is indicated to bring the chart back into
control. Remember that shop charts must be
brought into control as quickly as possible in
order to restore or maintain an economical
situation.

C-5 FOURTH TYPE OF ACTION:
To be taken by the Quality
Control Team

While shop people are expected to take im-
mediate action as indicated above, the Quality
Control Team is fundamentally responsible for
making sure that the shop control charts work.
If the shop is not reaping benefits in the form
of fewer troubles, or if the shop people have
difficulty in determining what action to take,
the Team should immediately check the follow-
ing list of possible reasons and correct any of
these conditions which they find to be re-
sponsible:

(1) It may be that the shop is maintaining
charts which are not needed, or, on the
other hand, the Team may have failed to
set up all the charts that are needed.

(2) The shop may be using incorrect methods
of selecting samples, incorrect frequency of
samples, incorrect control limits, ete.

(3) The measurements, calculations or plot-
ting may be in error so that the chart is not
showing a valid picture of the process.

(4) The shop may be failing to take the in-
dicated action when charts go out of con-
trol.

(5) The Quality Control Team may not be
taking an active enough interest in the
causes for out-of-control conditions.

Among the things which the Team may need
to do directly in connection with shop charts
are the following:

a. Reinstruct the operator or
checker.

b. Provide a better method of checking the
machine setting.

c. Provide a way of getting better piece

parts.

Issue an order for overhauling a machine.

Get better maintenance on fixtures, test

sets, soldering tips, etc.

Have a gage checked.

Confer with a supplier.

Change a method.

Modify a tool.

Modify the layout.

Modify the specification.

Conduct a designed experiment.

process

o &

e B0 o
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C-6 USING SHOP CHARTS TO
EXPERIMENT WITH THE
PROCESS

When properly guided by the decisions of a
Quality Control Team, process control charts
can be used to experiment with a going process.
Changes in the process are introduced de-
liberately and preferably one at a time. The
effect of the change is observed by noting the
pattern on the control charts. It is important
to allow sufficient time for the change to affect
the pattern (that is, an adequate series of
points). The effect of the change will not
necessarily be evident from the first one or two
points.

The following are forms of experimentation
which may be carried on with control charts:

(1) Engineering studies. All engineering
studies in the shop should be tied in closely
with the process control charts. The engi-
neer needs the information on the charts in
planning his studies. The supervisor needs
the charts to enable him to cooperate effec-
tively with the engineer’s activities. Some
of the most valuable engineering experi-
ments are carried out during production,
and these need to be checked constantly
by reference to the shop charts.

Furthermore, it is important for large
shop-type variables to be under control, or
at least to be properly evaluated and al-
lowed for, if the engineering experiments
are to be successful. Once the Quality
Control Team is set up and functioning, it
tends to assume a more and more im-
portant role in the planning and conducting
of production experiments.

(2) Running near the high or low side of a
specification. Supervisors often find it
necessary to have parts on the high or low
side of nominal in order to compensate for
other conditions in the process. With con-
trol charts it is possible to say just where
the distribution of parts should run, and
maintain it there consistently without
danger of its shifting too far. Because of
the charts, the supervisor, the engineer and
the person responsible for making the
piece parts are all fully aware of what is
being done. Other elements in the process
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can be adjusted to fit the off-center dis-
tribution. This avoids the danger of
getting into trouble because of an unfore-
seen combination of distributions.

The distribution may be run off-center
on either a permanent or temporary basis.
A few words of caution are necessary.

(a) Whenever you find it advisable to run
toward one side of a specification, be
sure to discuss this thoroughly at your
quality control meetings. It may be
that the specification can be changed to
coincide with the most desirable operat-
ing level.

(b) It is not always wise to shift a dis-
tribution to compensate for a temporary
trouble. In most cases it is better to
attack the main trouble directly and
correct it at its source.

(¢) Running a distribution temporarily
on one side may affect other character-
istics in ways you have not foreseen.
This can be the source of many sup-
posedly “mysterious” troubles.

In general, try to decide on the best
place for the process to run and then keep
the process there as consistently as
possible. This does not apply to cases
involving tool wear where we deliberately
let the distribution drift from one side to
the other for economic reasons.

Experimenting with a process is quite per-
missible and even desirable under the guidance
of a Quality Control Team. However, it is
seldom advisable for the shop to attempt such
experimenting alone. The shop needs the ad-
vantage of the product engineer’s technical
krnowledge and the quality control engineer’s
statistical experience for this type of experi-
mentation to be successful. In many cases it
is necessary to run formal “designed experi-
ments’’ as discussed in the Engineering Sec-
tion.

C-7 MEANING OF AN
“ECONOMICAL STATE
OF CONTROL”

A perfect state of control is never attainable
in a production process. The goal of the proc-



ess control charts is not perfection, but a
reasonable and economical state of control.
The problems of defect prevention are similar
in many ways to those of accident prevention.
We know that it is impossible to eliminate
accidents entirely; but we also know that acei-
dents can be driven to greater and greater in-
frequency by vigorously tracking down assign-
able causes and then considering all practical
means of minimizing or eliminating those
causes. The same thing is true of the preven-
tion of defects and other shop troubles.

For practical purposes, therefore, a controlled
process is not one where the chart never goes
out of control. If a chart never went out of
control we would seriously question whether
that operation should be charted. For shop
purposes a controlled process is considered to
be one where only a small percentage of the
points go out of control and where out-of-con-
trol points are followed by proper action.

In cases where the assignable cause is beyond
the operator’s control and there is no practical
remedy which ecan be applied immediately, the
chart may continue out of control for a number
of points until new material or facilities become
available or suitable countermeasures are de-
veloped. It is necessary to distinguish between
such cases and cases where action is merely
being neglected. One way of doing this is to
put proper notes on the chart.

Charts on the work of new operators are not
expected to show control; the charts them-
selves are being used as a medium for training.
Also, on new products or products that are still
under development, many of the shop charts

are doubling as process capability studies.
Out-of-control patterns on such charts may be
contributing important information on the
cause and effect relationships between the
major variables,

While action should always be taken
promptly when a shop chart goes out of control,
the action itself is more important than the
actual degree of control. Operators should un-
derstand that they will not be subject to criti-
cism when a point goes out of control.

C-8 SUMMARY CONTROL
CHARTS

As an aid to maintaining an economical state
of control, the Quality Control Team may wish
to set up a “‘summary control chart” to picture
the degree of control of all charts being used on
the job. Summary control charts are particu-
larly useful where there is a large number of in-
dividual charts (for example, one or more
charts for each of a number of operators; or a
large number of separate charts on individual
operations). The summary control chart is
constructed as follows:

(1) Group together all the control charts
which are to be summarized. If a par-
ticular operation has many similar charts
because there are many individual opera-
tors or machines, group together all the
charts at that operation. Itis also possible
to combine charts at different operations:
for example, all the charts for a particular

PERCENTAGE OF POINTS OUT OF CONTROL

32 Operators
Operation No. 6

N \\/'
Apr May
Weeks T II III IV I II IIr IV 1 II 1III IV %V T I III IV 1 1I III IV
Fig, 221, Summary control chart.
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Operating section or pay group, or all the
charts for an entire product line or shop.
Group the charts in any way that will be
useful in studying the state of control.

(2) Choose a time interval for plotting
the summary points. The usual choice
is one week, but daily or monthly points
may be plotted if desired.

(3) Count the total number of points plotted
on all charts during the chosen interval,
and also the number of points marked with
x’s when applying the standard control

chart tests. Divide the number of “points
marked” by the number of “points plot-
ted” to obtain the percentage of points out
of control. Obtain control limits for this
chart by using the moving range.

This type of chart serves as an indicator of
progress in addition to making it easier to study
and manage a large number of charts.

Figure 221 shows a summary control chart
covering 32 individual control charts. The
steady improvement on this job is more easily
seen on the summary chart than by looking at
the 32 charts individually.
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PART D
Quality Control Teams

The importance of the Quality Control Team has been emphasized throughout the Shop Section.
It appears in the planning and installation of the charts (Part A), the training of the process checker

(Part B), and the use of the charts as a guide to action (Part C).

details on the activities of this Team.

The following are further

D-1 REGULAR MEETINGS
OF THE TEAM

As outlined in the Fundamental Section, the
Quality Control Team consists of the product
engineer, the Operating supervisor and the
quality control engineer assigned to a given
area. The primary purpose of the team is to
make sure that there will be direct and con-
stant co-operation between Operating and En-
gineering in all problems having to do with
quality control, and also that the statistical
methods will be used properly and consistently.
The first step in forming a Quality Control
Team is to arrange a meeting between the
supervisor and the engineers, to consider the
job from the point of view of process control
and to plan the first capability studies or
charts. Thereafter, the team should meet
regularly once a week, or every other week, or
once a month, depending upon conditions on
the job. Meetings should be more frequent in
the early stages of the program than after
the process has begun to come into control. It
is seldom necessary to meet more often than
once a week. Itisnot advisable, even on a well
controlled job, to have meetings less often than
once a month.

The principal business of a quality control
meeting should be to look at control charts.
One member of the team should gather up all
the charts that are currently in use and bring
them to the meeting.

The following action is normally taken at
each meeting:

(1) Check up on the action that was prom-
ised at the last meeting.

(2) Go over all charts in order (by opera-
tion) and note any progress. Note also
any characteristics that are giving trouble
and any charts that seem to be reacting
together. Discuss and tie down the
causes for unnatural patterns. If this is
not possible immediately, plan the next
step to take.

(3) Remove any charts that are no longer
needed. Agree on changes for any charts
that need to be changed. Plan new charts
or new capability studies if required. See
that someone is provided to collect the
data and do the plotting.

(4) Decide on new action as indicated by the
current state of the job. This may be
action which can be taken by the Team
members themselves or it may involve
other organizations or departments. Agree
on the person who will take this action and
set a time for it.

Among the other things done, but not neces-
sarily at every meeting, are the following:

(1) The group may plan or write those por-
tions of the layout which cover the taking
of samples, recording of data and plotting
or marking of charts.

(2) They may decide on the best way to train
a new process checker.

(3) They may plan special meetings with
the operators or machine setters either to
keep them informed of progress or to in-
troduce new sampling plans or charts.

(4) They may discuss the results reported by
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Final Inspection or study the effect of a
proposed new Final Inspection sampling
plan.

(5) They may plan and carry out formal
Designed Experiments or Cost Reduction
Cases.

(6) They may plan and write periodic
progress reports to keep other people in-
formed of what they are doing and how
the job stands.

In any case, the meetings should be con-
ducted on a systematic basis and should be
covered by a set of minutes or notes. Among
other things, the minutes should include a sum-
mary of current cost reduction cases, planned
or completed, involving the use of statistical
quality control.

Among the problems brought up by a dis-
cussion of the charts are likely to be the follow-
ing:

Tools, fixtures, gages, test sets.

Specifications, layouts, cases of tight toler-
ances.

Questions on the capability of machines, ma-
terials, methods.

New designs and engineering experiments.

Problems involving wage incentives, sched-
ules, efficiency, capacity, inspection, work
done by other departments and other
matters of joint interest to Operating and
Engineering.

The control charts provide a logical and im-
personal approach to these problems. Both
supervisors and engineers find that it is easier
to get together and easier to get things done.

D-2 QUALITY CONTROL
COVERAGE

The ideal amount of quality control coverage
on the job is arrived at by studying all opera-
tions systematically (starting with the most
troublesome as indicated on pages 187-189)
in order to determine

(a) their capabilities, and
(b) whether permanent controls are needed.

It is not possible to keep track of quality con-
trol coverage by merely watching the number
of control charts, since many of the operations
may not require any charts. It is necessary,
however, for all operations to be studied.

Product Line “A”
Rectifiers 26
General Purpose 93
Ballast Lamps
Small Runners 40
Miniatures 18
Carriers 22
Resistance Lamps 25
Repeaters 111
Glow Lamps 79
Chemicals 1
Grids
Glass 3
Total (2100 org.) 418
Note:

SUMMARY OF 2100 ORGANIZATION
STATISTICAL QUALITY CONTROL APPLICATIONS TO SHOP OPERATIONS

NO. OF OPERATIONS (See note below)

‘KB” “C’l “D” Total
8 149 183
6 60 159

91 102 193

157 371 568

71 78 98 265
35 149 173 379
39 8 11 83
12 65 188
39 42 €5 225
25 24 54 104
6 5 14 25
1 3 32 39
242 557 1194 2411

“A”—The operation has been thoroughly studied and charted. All that is required in the
future is routine maintenance of the present controls.

“B”—The operation has been studied or charted, but there is further work to be done.

“C”’—The operation has not been studied or charted from the point of view of quality control.

“D”—The operation has been studied, but no permanent controls are required.
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Progress can therefore be measured by the
number of operations that have been studied.

The term “operations’ is used here in the
same sense as in studies for Wage Incentive
purposes. That is, it is the total number of
distinet activities, or sets of closely related
activities, required to produce the product.
The Quality Control Team, in checking on
quality control coverage, should use the list of
operations which has already been made up for
Wage Incentives.

At intervals of approximately six months, the
Team should place each of the operations in
one of the categories shown in Figure 222. One
of the objectives of the Team should be to re-
duce the number of operations in category
“C,” and eventually to have all operations in
categories “A” or “D.”

At the time when the report in Figure 222
was issued, the quality control programs in this
shop were about three years old.

Report on number of charts

In addition to keeping a record of the number
of operations covered, it is helpful to keep
records of the number of charts installed, by
types. Figure 223 shows the record of control
charts which accompanied the report on opera-
tions in Figure 222. Note that a separate
record is kept of X and R charts, p-charts used
to protect quality, p-charts used to reduce

dropouts, and other miscellaneous charts.
Note also that the teams have given an esti-
mate of the total number of charts which they
think may be required when the job is com-
pletely covered.

It is not possible to give a good estimate of
the ultimate number of charts until a large
number of operations have been studied.

D-3 REPORTS ON PROGRESS

Since management has a vital interest in the
progress of the quality control program, one of
the important duties of the Quality Control
Team should be to keep management informed
at regular intervals. Not later than one year
after the start of quality control activities the
team should issue a formal Progress Report.
Thereafter, reports should be issued at intervals
of approximately six months. The reports
may cover quality improvement, cost reduc-
tion, reduction in the amount of inspection
or any other of the goals of a quality control
program. The following have been used suc-
cessfully as indicators of progress.

Yields.

Scrap.

Percent, defective.

Amount of re-work.

Repairs (or time spent on repair, in minutes).

Product Line X, R
Rectifiers 28
General Purpose 67
Ballast Lamps
Small Runners 8
Miniatures 37
Carriers 63
Resistance Lamps 120
Repeaters 59
Glow Lamps 92
Chemicals 170
Grids 30
Glass 53
Total (2100 Org.) 727
Total (Inspection)

GRAND TOTAL 727
ESTIMATE OF ULTIMATE
NUMBER OF CHARTS 900

NO. OF CHARTS

P 4
Qual Drop. Misc. Total
1 11 4 44
31 22 1 121
14 22
233 3 273
64 6 133
18 1 139
9 12 80
53 48 193
12 87 269
30
21 31 105
456 102 124 1409
19 124 143
475 102 248 1552
500 400 200 2000

Fig. 223. Report on number of charts in use in the shop.
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Shop efficiency.

Informal cost reduction.

Formal cost reduction cases.

Number of inspectors.

Size of inspection samples.

Number of operators.

Amount of product rejected by Inspection.

Amount of product requiring detailing.

Number of complaints.

Improvement in Quality Assurance quality
ratings (see page 270).

Number of control charts in use.

Number of operations studied and charted.

Number of operators working on jobs
covered by process control.

Percentage of points out of control on control
charts (see pages 221-222).

Number of jobs on sampling inspection.

Down-time on machines.

Changes obtained in specifications.

Amount of production.

Reduction of back schedules.

Estimates of savings.

Estimates of savings may be based on both
tangible and intangible results.

Suitable material for Progress Reports can
be obtained from

e Minutes of quality control meetings.

e Records of quality control coverage.

e Quality Assurance rates (see page 270).
e Records of the Inspection department.
® Records of Accounting.

e Cost reduction cases.

The reports should be concise and factual,
should be expressed numerically and in the
form of charts wherever possible, and should in-
clude a brief statement of quality control
plans for the immediate future.

D-4 COST REDUCTION

It often develops during the meetings of the
Quality Control Team that large cost reduc-
tion savings can be realized by applying qual-
ity control methods to the job. These savings
may result from

A. A reduction in Final Inspection.

B. A reduction in the amount of sorting
performed by Operating.

C. The use of process control charts to keep
distributions centered and to keep proc-
esses in control.

D. The use of engineering studies to im-
prove existing processes or to develop new
processes.

Frequently the taking out of formal Cost Re-
duction Cases is one of the primary objectives
of the Quality Control Team.

Many advantages are gained when Cost Re-
duction Cases are taken out jointly in the name
of all members of the team. Progress on the
case is reviewed periodically at the quality
control meetings. The case and its aims are ex-
plained to the machine setters and operators
so as to get their fullest co-operation. When
the case is closed, a meeting is held to explain
the accomplishment to the operators and
others. Members of management often sit in as
interested listeners at this meeting.

The cost reduction which results from the
use of quality control methods, or which is
evaluated and made permanent by the use of
these methods, should be summarized periodi-
cally like any other report on progress. As the
quality control program develops, an increased
proportion of the effort should be applied to
direct cost reduction.

Estimated Expenditures Estimated Annual Savings
Case No. Develop. New Other Capacity Current
and Org. Expense Plant Expense Level Prod. Est.
T Reduce (..... ) shrinkage and salvage operations by changing the method of
assembly and by controlling the manufacturing process through the use of Statis-
tical Quality Control methods.
$300 $0 30 $15100.00 $31400.00
Conducted by: (....covveviiiinen. ) 1260 Product Engineer
(e e ) 2286 Shop Supervisor
A ) 5220 Q. C. Engineer
Fig. 224. Excerpt from a joint cost reduction case conducted by a Quality Control Team.
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D-5 CONTROL CHART AUDITS

Quality Control Teams maintain a constant
check on all process control layouts and process
control charts. In addition, it is usually de-
sirable to have a formal periodic review con-
ducted by someone who is not a regular mem-
ber of the Team. This is to make sure that
quality control practices are uniform or con-
sistent throughout the plant and are kept up-
to-date. It also ensures that personnel
changes, work load pressures, special investi-
gations or human frailties are not permitting
the process controls to be misunderstood or
neglected.

A formal control chart audit should include
a check on all of the following items:

Control charts

How many charts are of the X and R type?

How many charts are of the percent defective
type?
(Include in this both p-charts and other
attributes control charts.)

How many charts are of the percent dropout
type?
(That is, charts showing dropouts rather
than quality going to next operation.)

Is the chart setup correct?

Is the plotting correct?

Is the plotting being performed as specified?

Is the plotting up-to-date?

Are obsolete charts removed from the job?

Are out-of-control points marked with x’s?

Are all specified tests being used for marking
out-of-control patterns?
(The tests should include the checking of
points inside the control limits as well as
outside, as explained in the instructions to
process checkers.)

Are the causes for out-of-control conditions
noted on the control charts?

Are new performance studies needed?

Is the frequency of checks economic with re-
spect to current performance?

Is action being taken properly on the basis
of the charts?

Data

Are the data recorded as specified?
Is the specified form being used?
Are the records up-to-date?

Are the calculations correct?

Gages and test sets

Are the specified gages or test sets used?
Are the facilities properly maintained and
inspected?

Inspection plans

(Because of their influence on the Operating
process controls, these should be checked
whether or not the audit of process controls is
combined with a formal inspection audit.)

Is the specified sampling plan being used?

Are the correct methods of inspection used?

Is the specified lot size used?

Is the specified sample size used?

Is full inspection of the sample being per-
formed?

Is the disposition of lots handled correctly?

Are rejected lots reinspected as specified?

Layout information

Are the latest issues in files and in use?

Are inspection criteria specified in the In-
spection Layouts?

Are process control criteria specified in the
Process Control Layouts?

Are the Inspection Layouts and Process Con-
trol Layouts cross-referenced in the Manu-
facturing Layouts?

Samples for process control

Are they selected by the process checker?

Are they measured by the process checker?

Are they selected at specified intervals and
at the specified points in the process?

Since the intent of this audit is to bring the
job up to date rather than to find fault, the
members of the Team are notified well in ad-
vance of the audit.

When the audit is completed, recommenda-
tions for corrective action are sent to the Team
members and this is followed by a more or less
formal discussion. After the discussion a com-
plete formal report is written showing audit
items found, action to be taken, and the person
or persons responsible. Follow-up on open
items is made periodically to ensure closure of
all items. A quarterly summary of open items
is given to management.
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D-6 ROUTINE DUTIES IN
CONNECTION WITH
PROCESS CONTROL
CHARTS

Process control charts require a certain
amount of maintenance and upkeep. These
duties are divided among the Quality Control
Team, the quality control engineering depart-
ment and the process checker in the shop. If
possible, there should be a statistical clerk to
work with the quality control engineer and re-
lieve him of details associated with calculating,
plotting, filing and keeping records. The
activities connected with the proper upkeep of
charts are outlined as follows.

(1) Original master chart. This is prepared
from data furnished by the Quality Con-
trol Team. The quality control engineer
supervises the actual preparation of the
chart. Calculating, plotting and lettering
of headings and scales may be done by a
statistical clerk. The master chart should
be approved by the Quality Control Team
before it is used in the shop.

(2) Copies for the shop. These should be re-
produced from the master chart by the
statistical clerk and furnished to the shop
as needed. When changes are made in the
master, unused copies of the original
should be promptly destroyed. The sta-
tistical clerk ordinarily furnishes a holder
or backing for the chart along with the
shop copies.

(3) Changes in the master chart. These
may include revising the scale, shifting the
centerline (or centerlines) to a different
point, adding new information, etc.
Changes are authorized by the Quality
Control Team and carried out by the
quality control engineer with the help of
the statistical clerk.

(4) Permanent file of master charts. This
should be maintained by the statistical
clerk under the direction of the quality
control engineer. The master file should
contain copies of all charts which have been
used on the job.

(5) New capability studies (growing out of
228

charts already in use). These are initiated
by the Quality Control Team, which also
makes provision for obtaining the neces-
sary data. The data may be collected by
the product engineer, the quality control
engineer or, in many cases, the process
checker. The quality control engineer
supervises the collection of data and the
calculations and plotting required for the
study. The detailed work of calculating
and plotting is done by the statistical
clerk. The quality control engineer dis-
cusses the study with the other members of
the Team and the Team decides jointly
what action should be taken.

(6) New performance studies to keep the

charts up to date. These are authorized
by the Quality Control Team after a study
of current charts. New performance
studies are usually made when R charts or
p-charts show significantly lower patterns.
This indicates the advisability of calculat-
ing new control limits. Less frequently
performance studies may be required as a
result of a shift in X which is expected to
become a permanent part of the process.
The Team decides which period should be
used as a basis for new calculations. The
statistical clerk makes the calculations
and plots a new master chart. The chart
is approved by the quality control engi-
neer before being used in the shop.

(7) Storage. As successive sheets are ob-

tained and filled by the shop, the current
sheet is mounted on top of the previous
sheets in the same holder. When the
sheets become too numerous, some pro-
vision is made for storing. The file of old
charts should be kept in the shop area, if
possible, and supervised by the process
checker. Otherwise, the file is kept in the
quality control department and is super-
vised by the statistical clerk.

From time to time, it may be desirable
to reduce the bulk of these records. This
is usually done by the quality control en-
gineer after consultation with the product
engineer and the Shop. In reducing the
bulk of records, care should be taken to
avoid throwing away information that will
be valuable later. Records may be re-



duced by (a) making a suitable selection
of representative charts from various
periods, or (b) compiling a condensed his-
tory or summary by plotting representa-
tive periods side by side on a new chart.
Condensed summaries consisting of brief
selected periods, possibly several months
apart, are sometimes used to convey to
management a picture of the process im-
provement.

values. For example, square root of 2
square root of 5.

c¢. Tables showing upper control limits for p-

charts or np-charts, given the sample size
and number of defects.

d. Directions for calculating control limits

for the common kinds of control charts.
This should include examples of actual
caleulations.

. Sample charts properly plotted with the

correct designations and with correctly
proportioned scales.

f. Sample data sheets showing the form in
which data are ordinarily submitted by
the process checker and showing what the

D-7 MANUAL FOR STATISTICAL

CLERKS statistical clerk is expected to do with the
Statistical clerks should be furnished with a data. X
brief manual covering the following informa- g. Definitions of common terms used in

process control. For example, variable,
process, lot, sample, ete.

h. Instructions for marking out~of-control
patterns.

i. Any special instructions which may be
needed on the job, such as directions for
plotting charts in a designed experiment.

tion.

a. An explanation of technical terms and
abbreviations in connection with the
charts. For example, that the abbrevia-
tion I, stands for Plate Current.

b. Simple tables showing frequently used
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PART A
Principles of Inspection

This part of the Handbook covers the general philosophy of inspection as applied at Western
Electric locations, where the term “inspection’” relates strictly to the activities of personnel report-
ing to the formal Inspection organization and does not include either process checking or sorting
of the product when performed by the Operating organization. The purpose of this Section is to
explain the relationship between inspection and process control, and to emphasize the difference
between the acceptance-and-rejection procedures used by Inspection and the “operational sort-
ing” which may be done by the shop.

While inspection is not the primary purpose of a quality control program, there are important
benefits to be derived from the application of quality control principles to inspection planning.
One important by-product is a reduction in the necessary amount of inspection. Another is the
fact that, with properly planned inspection, the Operating organization becomes in fact responsible

for the quality of its products.

A-1 PLACE OF INSPECTION IN
THE QUALITY CONTROL
PROGRAM

A quality control program tries to prevent
defects by improvement and control of the
process. Checks are made by Operating at
regular intervals and are used as a basis for
action regarding the process; that is, to tell
whether the process should be left alone or
whether action should be taken to correct un-
desirable conditions. Thisaction on the process
almost invariably results in a steady improve-
ment in quality and at the same time a steady
reduction in cost.

However, an overall quality control program
requires more than a check on the process. To
achieve the objective of satisfactory quality at
minimum cost it is necessszy to include proper
inspection also. The term ‘inspection” as
used here means “acceptance inspection,”’ which
consists of examining a specific quantity of
product to provide a basis for action with re-
gard to that particular product; that is, to de-
cide whether the product should be accepted
and passed on to the user, or whether some other

action should be taken, such as scrap, repair,
ete.

Acceptance inspection provides, in effect, a
check on the adequacy of the process controls.
If the process has been controlled satisfactorily
by Operating and Engineering, the product
should slip past the acceptance inspection
without trouble or delay. On the other hand,
if the process controls have broken down, In-
spection must step in and provide emergency
protection by setting up a ‘‘screen” and at-
tempting, as effectively as possible, to keep the
bad product from getting out.

Emergency inspection is almost never eco-
nomical. Part of the science of inspection
planning consists in keeping inspection at a low
economical level during normal conditions and
minimizing the amount of time when inspection
must furnish emergency protection. The
better the control of the process, the less fre-
quent and shorter will be the periods when
emergency protection is needed. Thus there is
a definite connection between inspection econ-
omy and process control.

There is one other way in which Inspection
may contribute to the quality control program.
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In the early stages of the program, inspection
results are frequently used to pinpoint the
trouble areas and to determine where process
controls are needed. Inspection personnel
sometimes take an active part in making the
initial measurements or setting up the earliest
charts.

It is important, however, that the actual
operation of the program in the shop should be
left as soon as possible in the hands of Operating
and Engineering. Inspection should be a com-
pletely separate function which is concerned
with evaluating the end result.

A-2 WHY INSPECTION CAN BE
REDUCED BUT NEVER
COMPLETELY ELIMINATED

One of the aims of a quality control program
is to reduce or minimize the amount of inspec-
tion performed. However, it is never possible
to eliminate inspection entirely. The Inspec-
tion organization has certain responsibilities
which cannot be delegated to any other organ-
ization. One of these is the responsibility of
certifying the quantity and quality of the prod-
uct for Operating payment purposes. This
should be done by an organization separate
from the one responsible for making the prod-
uct.

In addition to this, Inspection represents the
user. The user may be another Operating
organization or it may be the ultimate cus-
tomer. Acceptance or rejection of the product
before it leaves the Operating group can elimi-
nate extensive handling and negotiation which
might result later if the user performed his own
inspection.

Inspection, therefore, must (1) assure that
the Operating organization has performed its
functions properly, and (2) provide adequate
safeguards against the shipment of defective
product. This may be accomplished by
examining each unit of product in detail. This
is called 1009, or ‘“‘detail” inspection. The
same purposes may also be accomplished by
reaching a decision to accept or reject the
product after examining only part of it. This
is called sampling inspection. Sampling in-
spection is, as a rule, the more economical
procedure.

234

A-3 USES OF SORTING AND
SAMPLING INSPECTION

Prior to the start of a quality control program
it is quite common for 1009, inspection to be
performed by the Inspection organization under
any of the following conditions:

(1) Where a job is just going into produc-
tion, or production is extremely limited.
In this case it may not be practical to set
up sampling.

(2) Where a requirement is so critical that
it is felt that every unit must be checked.
For example, a defective may be able to
cause personal injury.

(3) Where the product is such that continual
sorting of defects from the process is neces-
sary to bring the product to an acceptable
level of quality. That is, sorting is neces-
sary for quality improvement.

Most of the 1009, inspection performed in
industry has been done for the third reason.

In a quality control program it is considered
proper for the Inspection organization to do
1009, inspection for either of the first two
reasons. In the third case, however, where
sorting is done to improve quality, the Operat-
ing organization should do the sorting, while
Inspection takes only a sample. This makes
the Operating organization responsible for
quality, which is an essential element in a qual-
ity control program. It also opens the door
to much more rapid improvement of the
process, by providing an incentive to do away
with the operator sorting.

A-3.1 Operational sorting vs.
corrective sorting

When sorting is done by the Operating or-
ganization, a distinction is made between
necessary or unavoidable sorting, resulting
from the nature or capability of the operation,
and the unnecessary or avoidable sorting which
results from failure to do the job properly.
Process capability studies are used to deter-
mine how much sorting is to be considered un-
avoidable.

When a process capability study shows that
the process is not capable of turning out prod-



uct of an acceptable quality, even when the
processing is properly done, sorting must be
provided to weed out the defectives. This
type of sorting is known as “operational sort-
ing”’ because it has been shown to be an es-
sential part of the ‘“make operations.”

On the other hand, if the process is capable
of turning out product of acceptable quality,
but defectives are produced as a result of poor
workmanship or failure to run the process
properly, sorting to remove these defectives is
called ““avoidable sorting” or ‘‘corrective sort-
ing.” If the capability of the process is such
that only 29, would be defective normally, but
as a result of carelessness or inattention the
product has been running 129, defective, then
sorting to remove the unnecessary 109, is
“corrective sorting.”

The following steps may be taken to deter-
mine the need for operational sorting:

A. Make process capability studies to find
the normal behavior of the process.
Eliminate, as far as possible, the assignable
causes which are due to failure to run the
process properly. If the resultant capa-
bility is good enough to meet the required
quality standards, no operational sorting
is needed.

B. If the normal capability is not good
enough to meet the required quality
standards, determine what must be done
to bring about the necessary improve-

ment. Sometimes the required changes
can be introduced by very simple means:
For example, putting a chamfer on a fix-
ture, reducing the amount of play in a
jig, installing a magnet to hold the parts
in position during assembly, changing the
operation to a different machine, installing
an automatic timer, modifying a require-
ment, etc. Any of these can result in a
significant and rapid improvement. Also,
putting control charts in the shop will im-
prove the performance of almost any proc-
ess that depends largely on the operator’s
technique. In any case where sufficient
improvement can be obtained in a very
short space of time, it will not be necessary
to make provision for operational sorting.

C. If the capability of the present process is
not good enough to meet the quality stand-
ards and it is not possible to improve it
immediately, operational sorting should
be provided as a temporary measure until
the process can be improved. The “capa-
bility”’ percentage of defects is obtained
from the process capability study.

Except for the rare cases where Inspection
may be required to do 1009, inspection (new or
limited production, or an occasional extremely
critical requirement), the relationship between
Operating and Inspection in a quality control
program should be one of those shown below.

OPERATING INSPECTION
sample and
make ship
OPERATING OPERATING INSPECTION
777777777
mak %0 operational % sample and
axe sorting / ship
// LLL L

Fig. 225. Permissible relationships between Operating and Inspection.
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In any case where the second alternative is
used, one of the duties of the Quality Control
Team should be to eliminate the operational
sorting as soon as possible by process improve-
ment.

A-3.2 Total amount of effort expended in
checking the product

In cases where Inspection has been perform-
ing 1009, inspection and this activity is now
to be transferred to the Operating organization
as ‘‘operational sorting,” while Inspection takes
a subsequent sample, this will result in a tem-
porary increase in the total amount of checking.
There will now be 1009, checking by one or-
ganization plus an additional sample by
another.

However, experience shows that when sort-
ing is transferred to the Operating organiza-
tion, it is much more likely to be reduced
promptly. In a short time the sorting by
Operating should be reduced sufficiently to
make the total effort of Operating and Inspec-
tion considerably less than the original 1009,
inspection.

A-3.3 Summary of the advantages
of sampling inspection

For acceptance purposes, sampling has three
advantages over 1009, inspection:

(1) It puts the responsiblity for quality in
the hands of the Operating organization
where it belongs.

(2) Itismore economical as far as inspection
costs are concerned.

(3) It tends to encourage more rapid im-
provement of the process than is the case
under 1009, inspection.

In addition, sampling inspection is usually
more accurate than 1009, inspection, since it
allows less opportunity for “inspection fatigue.”
Product which has passed 1009, inspection is
sometimes found to contain a surprising num-
ber of defects.
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A-4 INSPECTION PLANNING

The cost of inspection is usually small in
comparison with the total cost of a product.
Nevertheless, inspection procedures can have
an important effect not only on the cost of in-
spection but on the cost of manufacture as well.
For this reason inspection procedures of any
kind require careful planning. Many in-
dividuals can contribute to the successful
planning of inspection.

(1) The manufacturing engineer is responsi-
ble for planning inspection and for writing
a layout describing the inspection proce-
dures.

(2) Quality control engineers generally assist
in the statistical aspects of inspection
planning, including the selection of suitable
quality levels and the provision of suitable
inspection methods. In addition to this,
they help to check the reasonableness and
economy of inspection plans and make sure
that consistent practices are followed
throughout the plant. They frequently
assist in the writing of inspection layouts.

(3) Inspection supervisors contribute many
helpful suggestions with respect to inspec-
tion planning. Their experience provides
a valuable source of information for the
manufacturing and quality control engi-
neers.

(4) Shop supervisors should also take part
in the planning of inspection, since it has a
direct effect on shop procedures and on
manufacturing costs. It is advisable for
the Quality Control Team to discuss in
advance any proposed changes in inspec-
tion procedures. This serves to promote
good understanding as well as to make sure
that the procedures adopted will be prac-
tical and economical.

For the purpose of planning or discussing
inspection, the inspection supervisor may serve
as a temporary member of the Quality Control
Team.



PART B
Acceptance Sampling

B-1 ELEMENTARY CONCEPTS

B-1.1 General

Suppose we have a large amount of product
which is 49, defective. If we were to take a
sample of 100 pieces from this product, and if
the sample were exactly representative of the
product, we would expect to find four defective
pieces in the sample.” However, we find from
experience that our sample of 100 may contain
more or less than four defective pieces. The
following is a record of what was actually ob-
served in a series of samples of 100 from prod-
uct that was known to be 49, defective.

Product Is Actually 49, Defective

Number of
Defective Pieces
in Sample

Sample
Number

OO WTD U N
Bty oW

[y

Fig. 226. Varying numbers of defective pieces in
samples of 100.

In process control we would plot such samples
on a p-chart, and the chart would plainly show
a fluctuating pattern. In sampling inspection
the results are not ordinarily plotted on p-
charts, but use is made of the fluctuating pat-
tern.

A sampling plan establishes a certain limit
called an “acceptance number” which defines
the maximum allowable number of defects or
defectives in a sample. When the sampling
fluctuation is such that the allowable number

<+

is exceeded, the inspector rejects the product.
When the sampling fluctuation is such that the
allowable number is not exceeded, the inspec-
tor accepts the product. Product of poor
quality will have a different fluctuating pat-
tern from product of good quality and because
of this the sampling plan will reject a greater
proportion of the poor quality product.

A simplified picture of the operation of a
sampling plan is shown on page 238.

In the case described, the inspector was told
to take samples of 100 and use an acceptance
number of 5. At first the incoming product was
49, defective, and two out of 10 samples ex-
ceeded the acceptance number. The inspector
rejected the product represented by those
samples. Later on, when the product became
8% defective, eight of the inspector’s samples
exceeded the acceptance number. He there-
fore rejected the product represented by those
eight samples.

If the inspector had been told to use an ac-
ceptance number of 4, he would have rejected
more product which was 49, defective, and al-
most all of the product which was 8%, defective.

Two important things about the operation
of a sampling plan are illustrated in this ex-
ample:

(a) When the product becomes worse, the
sampling plan does not necessarily reject
all the product which is submitted. It
only rejects a larger proportion of the prod-
uct as the quality becomes poorer.

(b) An individual quantity of product which
is rejected by the sampling plan is not
necessarily worse than a quantity of
product which is accepted. A sampling
plan is based on the proportion of product,
represented by a long series of samples,
which will, in the long run, be accepted or
rejected.
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Sample size = 100
15 ]
Samples from product 49 defective
o 10
<)
2
3
3
3
Z 5 Acceptance No.
| Samples from product 8%, defective
0
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Sample No. Sample No.

Fig. 227. Operation of a sampling plan as the quality of the product becomes poorer.

B-1.2 Sample size and acceptance number

The sample size is the number of pieces
selected to be inspected. It is represented by
the symbol “n.”” The acceptance number, as
indicated above, is the largest number of defec-
tives (or defects) in the sample that will permit
the product to be accepted. It is represented
by the symbol “c.”” Together, the sample size
and acceptance number determine what pro-
portion of product of a given quality will in the
long run be accepted or rejected.

In the case of “double’” or “multiple’”’ sam-
pling the inspector is given more than one sample
size and acceptance number.

B-1.3 Probability of acceptance

The “probability of acceptance’ of a sam-
pling plan is the percentage of samples out of a
long series of samples which will cause the
product to be accepted. If the product is 49,
defective and we tell the inspector to take
samples of 100 and allow an acceptance number
of 5 (as shown in Figure 227), the inspector will
in the long run accept about 809, of the
product. We say that the probability of ac-

238

ceptance for such product is about 80%,. If the
product is 89, defective and we tell the inspec-
tor to take samples of 100 and use an accept-
ance number of 5 (as shown in Figure 227), the
inspector will in the long run accept about 20%,
of the product. We say that the probability of
acceptance for such product is about 209%,.

It is possible to calculate the probability of
acceptance for product of any quality using any
desired combination of sample size and ac-
ceptance number. The probability of ac-
ceptance is usually expressed in decimal form
rather than as a percentage. It is represented
by the symbol “P,.”

B-1.4 OC curves

It is characteristic of sampling plans that the
probability of acceptance is large as long as the
product is very good and becomes less as the
product becomes worse. A complete plotting
of the probability of acceptance for product at
all possible levels of percent defective is known
as an “Operating Characteristic Curve.” This
term is frequently abbreviated to “OC curve.”

Some typical examples of OC curves are
shown on page 243. The OC curve for the



sampling plan in Figure 227 is shown below.
The OC curve is interpreted as follows:

To find what proportion of product will be
accepted if the product is 49, defective, find
.04 along the scale at the base of the curve
and draw a line vertically upward until it
intersects the curve. (See dotted line in
Figure 228.) The probability of acceptance
can then be read along the left-hand scale
opposite the point of intersection.

Probability of acceptance,

T T T 1
.01 .05 .10 .15 .20

Percent defective in submitted product.

Fig. 228. OC curve for the sampling plan n = 100,
¢ =5

In the above example, the probability of ac-
ceptance for product 49, defective is a little
less than .8. This means that slightly less than
809, of such product will be accepted. An-
other way of saying this is that slightly more
than 209, will be rejected.

If the product submitted by Operating were
69, defective, about 459, would be accepted
and 559, rejected. If the product submitted
by Operating were 129, defective, practically
all of it would be rejected by an inspector using
this plan.

The probabilities of acceptance shown by an
OC curve are based on the assumption that
samples are drawn at random from the sub-
mitted product. If samples are not drawn at
random, the calculated probabilities do not
apply. A random sample is defined as one
selected in such a way that every unit in the

product has an equal chance of being chosen in
the sample.

By a suitable combination of sample size
and acceptance number, it is possible to devise
a sampling plan that will reject most of the
product that we would like to have rejected
and accept most of the product that we would
like to have accepted. In most cases the actual
choice of a sampling plan is dictated by eco-
nomic considerations as well as by the probabili-
ties of acceptance and rejection.

B-2 METHODS OF
CALCULATING THE
PROBABILITY OF
ACCEPTANCE

For attributes sampling plans, where each
unit of product is classified merely as defective
or non-defective, there are three equations
which can be used to calculate the probability
of acceptance. These are:

a. The Hypergeometric.
b. The Binomial.
¢. The Poisson.

Discussions of these equations and their uses
can be found in the standard texts. A simpli-
fied explanation is given in Reference No. 20.

The Poisson equation is the most widely
used of these three. It is used, with certain
restrictions, not only where the inspector
counts the defective units, but also where he
counts the actual number of defects. Since the
Poisson equation is used in many of the situa-
tions encountered in practical work, all ex-
amples of probabilities of acceptance in this
Handbook, unless otherwise noted, will be
Poisson probabilities.

The Poisson probabilities can be found in
convenient published tables and curves. Two
useful sources are the following:

(1) The numerical probabilities, carried out
to 6 decimal places, are given in the book
“Poisson’s Exponential Binomial Limit”
by E. C. Molina (D. Van Nostrand Com-
pany, New York, 1947). Two tables are
provided—individual terms in Table I and
cumulative terms in Table II.
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(2) The probabilities can also be read more
roughly from a set of curves based on the
Poisson equation. A set of Poisson curves
is shown in Figure 229.

To determine the probability of acceptance,
using the Poisson tables or curves, begin by
determining:

“n’ (the size of the sample).

“p” (the proportion of defectives or defects
in the product).

“¢” (the acceptance number which is to be
used by the inspector).

It is not necessary to know p and » individu-
ally if we know the product of these two — the
“expected number of defects,” pn.

In Molina’s tables the product of n x p is
called “a.” On the curves in Figure 229 the
product of n x p is called “pn.”

B-2.1 How to use Molina’s Tables

To calculate the probability of acceptance for
a single sampling plan (that is, a plan which
tells the inspector to accept or reject on the
basis of a single sample), proceed as follows:

(1) Start with the combination of sample
size and acceptance number which you
wish to study. Call the sample size ‘“n”
and the acceptance number “¢.”

(2) Take any percent defective value in
which you are interested. Express it asa
decimal. Call this “p.”

(3) Multiply n x p to obtain “a.”

(4) Consult Molina’s Table II (Cumulative
Terms). Look up the value of “a’” ob-
tained in Step 3. Follow down in the table
until you come to ¢ + 1 defects. For ex-
ample, if the acceptance number in your
sampling plan is 4, follow down in the
Table until you come to 5. The probabil-
ity opposite ¢ + 1 defects is the probabil-
ity of rejection.

(5) Finally calculate the probability of ac-
ceptance. This is always 1 minus the
probability of rejection.

Ezxzample:
For the sampling plan n = 100, ¢ = 5,
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find the probability of acceptance where
p = 89,
nxp =100x.08 =8

Look up “a = 8" in Molina’s Table II.
Follow down in the table until you come to
5 4 1 (or 6) defects. The probability of
rejection is .808764.

Subtracting this from 1, we get .191236.
This is the probability of acceptance. It
can also be expressed as 19.19.

B-2.2 How to use the curves in Figure 229

(1) Start with the combination of sample
size and acceptance number which you
wish to study. Call the sample size “n”
and the acceptance number “c.”’

(2) Take any percent defective value in
which you are interested. Express it as a
decimal. Call this “p.”

(3) Multiply n x p to obtain “pn.”

(4) Look up the value of “pn” on the scale
at the bottom of Figure 229. Follow up-
ward along that vertical line until it inter-
sects the curve which corresponds to the
acceptance number ‘¢c.”” Then move
horizontally to the left and find the
probability of acceptance along the left-
hand vertical scale.

Ezample:

For the sampling plan n = 100, ¢ = 5,
find the probability of acceptance where
p = 8%.

nxp =100x.08 = 8

Read up on the vertical line at 8 to the
heavy curve marked 5. Then read across
to the left-hand scale. The probability of
acceptance is approximately .19, or 199.

B-2.3 Calculating and plotting
an OC curve

To plot an OC curve for a single sampling
plan proceed as follows:

(1) Set up a table of various values of per-
cent defective as shown in Figure 230.
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Sampling Plan n = 100,¢ = 5

“on’’ or Probability of
P “a” Acceptance
.01 1 .999
.02 2 .983
.03 3 .916
.04 4 .785
.05 ) .616
.06 6 .446
.07 7 .301
.08 8 .191
.09 9 116
.10 10 .067
.11 11 .048
.12 12 .020
.13 13 .011

Fig. 230. Calculations required for plotting an OC
curve,

Express “p’’ (the percent defective) as
a decimal fraction. Make the values of
“p' cover a suitable range of hoth good
and bad product.

(2) Fill in the second column in the table by
multiplying each of the listed values of
“p” by ‘“n.”’ If “n” is 100, the values

in the second column will be 1, 2, 3, ete.

(3) Find the probability of acceptance by
using either Molina’s Tables or the curves
in Figure 229.

(4) Plot the probability of acceptance cor-
responding to each value of “p” as shown
in Figure 228. If a number of OC curves
are to be compared, be sure to use the same
horizontal and vertical scales.

B-2.4 Probability of acceptance for other
than single sampling plans and for
cases where it is not appropriate to
use Poisson probabilities

For double or multiple sampling plans, where
the inspector may take two or more samples
before reaching a decision to accept or reject,
the probability of acceptance is more difficult
to calculate. The calculations are explained
in Reference No. 20. It is also more difficult
to calculate the probability of acceptance for
a “variables” type sampling plan. A discus-
sion of this is given in Reference No. 4.
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In some situations it is necessary to use the
Hypergeometric or Binomial equations rather
than the Poisson. Binomial probabilities have
been published in tables rather similar to the
Poisson tables. One useful source is “Applied
Mathematics Series No. 6, Tables of the Bi-
nomial Probability Distribution,” published
by the Government Printing Office in Wash-
ington, D. C.

In certain cases, particularly in the case of
some of the most frequently used plans, OC
curves have already been plotted and published.
In these cases it is not necessary to make the
calculations at all. One example of this is the
Mil.-Std. 105A tables (see Reference No. 30)
which show approximate OC curves for single,
double and multiple sampling plans. OC curves
are also available for many of the sampling
plans in the Dodge-Romig tables (Reference
No. 11). In Bowker and Goode’s ‘“‘Sampling
Inspection by Variables” (Reference No. 4),
OC curves are given for single and double vari-
ables-type plans.

Caution should be used in comparing, or
drawing conclusions from, published OC curves,
since the curves may not be plotted on compa-
rable scales.

B-3 ECONOMIC IMPORTANCE
OF OC CURVES

An OC curve can be plotted for any com-
bination of sample size (n) and acceptance
number (¢). Each combination results in a
different curve. Some of the most important
things to remember about OC curves can be
seen by comparing the curves in Figure 231.

Note that, in general, a larger sample size
tends to result in a steeper curve. Such plans
are said to have greater “discriminating
power”’ than plans with smaller samples and
shallower curves. Plan A has greater dis-
criminating power than Plan B. This means
that it can distinguish more sharply between
products having different percents defective.

Note also that a larger acceptance number
tends to change the shape of the curve, creating
a flat “shoulder’” at the top while retaining a
thin “tail” at the bottom. Plans E and F have
more pronounced shoulders than Plans G and
H or plans C and O.
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OC curves for some frequently used sampling plans.
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In learning to use an OC curve, it is helpful to
think of the curve as ‘‘beginning’ (with respect
to the percent defective scale at the bottom)
at zero; and as “‘extending” to the point where
the tail approaches the bottom line. The
curve in Plan G extends to about 59, defective.
The curve in Plan D extends beyond the con-
fines of this particular diagram, which is
plotted only to 209, defective.

It is also helpful to think of the OC curve as
having three parts in which we are primarily in-
terested:

(1) The shoulder (or peak) at the top. This
may be a flat portion extending for a con-
siderable distance as in Plan F or Plan B;
or it may be only a sharp peak as in Plans
C and G.

This part of the curve is important be-
cause it shows the quality of product that
will be accepted by the sampling plan
without question. Plan F will accept
practically all product up to about 29, de-
fective. Plan A will accept practically all
product up to 0.59, defective. Plan C will
reject part of the product if it is anything
but 09}, defective.

(2) The thin part of the tail at the bottom. The
thin part may be short and sharp as in
Plans A and G, or it may extend for con-
siderable distances as in Plans H and C.

This part of the curve is important be-
cause it shows the quality of product that
is almost certain to be rejected by the plan.
Plan A will reject virtually all product if it
is worse than about 39, defective. Plan H
will not reject comparable quantities of
product unless it is more than 209, de-
fective.

(3) The middle portion of the curve, between
the shoulder and the tail. At the exact
center of the curve, where the probability
of acceptance is 509}, product of the cor-
responding quality has a 50-50 chance of
being either rejected or accepted.

Ezample:

If the plan in use is B, product which is
7.5%, defective will have about a 50-50
chance of being accepted.

If the plan in use is E, product which is

3.59, defective will have about a 50-50
chance of being accepted.

The above examples illustrate the importance
of knowing the OC curve in selecting a sampling
plan for use on a given product. In general, the
engineer should make sure that the “shoulder”
of the curve corresponds to the product he is
willing to have accepted, and that the ‘“tail’’ of
the curve corresponds to the product he is will-
ing to have rejected.

Maximum economy is likely to be obtained
when the process is running at or near its capa-
bility level and when this capability matches
the shoulder of the OC curve to be used.

B-3.1 Producer’s risk

Sampling plans are often spoken of as having
a certain “Producer’s Risk.” The Producer’s
Risk is defined as the probability or risk of re-
jecting the product when the lot quality or
process quality, as the case may be, is rela-
tively good. For engineers and supervisors,
this means the risk that the normal product
made by Operating will be rejected by Inspec-
tion. The engineer tries to see that the Pro-
ducer’s Risk is kept as small as possible.

To estimate the Producer’s Risk of a sampling
plan proceed as follows:

(1) First plot the OC curve for the sampling
plan you wish to study.

(2) Find the percent defective in the process
when it is running at its capability. For
exploratory purposes it is sufficient to
make a rough estimate. For a more
accurate check, it is necessary to have a
process capability study or shop control
chart.

(3) Find this process capability percentage
on the scale below the OC curve, and use
the curve to determine the probability of
acceptance.

(4) Take the difference between this proba-
bility of acceptance and 1. This is the
Producer’s Risk for the particular process
capability which you are using in your
estimate.

It would be possible to calculate the Pro-
ducer’s Risk directly, without first plotting the



OC curve. Merely take the process capability
percentage determined in Step 2 and calculate
the probability of rejection as explained on
page 240. However, most engineers and super-
visors are interested in the entire region around
the process capability level. For this it is de-
sirable to have the complete OC curve.

Ezample:

Refer to the OC curve in Figure 228.
Suppose the process runs normally at 39,
defective. Following up at 39, until we
reach the curve, we find that this cor-
responds to a probability of acceptance of
about 929,. The Producer’s Risk, for this
particular process, is the difference be-
tween 929, and 1009, or 89.

B-3.2 Consumer’s risk

Sampling plans are also said to have a certain
“Consumer’s Risk.” The Consumer’s Risk is
defined as the probability or risk of accepting
the product when the lot quality or process
quality, as the case may be, is relatively poor.
For engineers and supervisors, this means the
risk that product considered unsatisfactory to
the customer may be accepted by Inspection.
The engineer tries to see that the Consumer’s
Risk also is kept as small as possible, consider-
ing the needs of the user in each particular case.

The Consumer’s Risk of a sampling plan can
be estimated as follows:*

(1) First plot the OC curve for the sampling
plan you wish to study.

(2) Discover the percent defective which the
consumer wants to reject. This is in-
terpreted as meaning the quality which is
so poor that the consumer would be willing
to accept it only a small percent of the
time.

(3) Find this value on the scale below the
OC curve, and use the curve to determine
the probability of acceptance. This gives
the risk of accepting unsatisfactory qual-

*In “Sampling Inspection Tables,” by Dodge and
Romig, the term ‘“‘Consumer’s Risk’ is defined more
restrictively than it is defined here. For information
on this consult the index in Reference No. 11.

ity under the conditions assumed in Step
2, provided that product of such poor
quality is actually submitted.

As in the case of the Producer’s Risk, it
would be possible to calculate the Consumer’s
Risk directly without plotting the OC curve.
However, engineers and supervisors (as well au
customers) are generally interested in the entire
region around the percent defective which was
chosen in Step 2. For this reason, it is an ad-
vantage to have the complete OC curve.

Ezxzample:

Refer to the OC curve shown in Figure
228. Suppose the consumer wants to re-
ject product which is 997 defective. Read-
ing up at this point until we reach the
curve and then across to the probability
of acceptance, we find it is approximately
109%. This is the Consumer’s Risk for
product of the assumed percent defective.

In the same way, the Consumer’s Risk
could be calculated for any other percent de-
fective.

It is important to note that the Consumer’s
Risk of 109, which was calculated above, does
not mean that the consumer has a 109, chance
of receiving poor product. The meaning of the
Consumer’s Risk is that such product would
have a 109, chance of being accepted #f 4t were
actually submitted to Inspection. However, if
the process is running near its capability, and if
that capability is near the shoulder of the curve,
then product as bad as 99, defective would
probably not be made. In that case no 99 de-
fective product would be submitted to Inspec-
tion, and the real risk of receiving poor quality
product would be practically zero.

B-3.3 Costs associated with Producer’s
and Consumer’s Risks

The engineer will find that every part of the
OC Curve is associated in some way with the
costs of running the job. He should try to
select a curve that will minimize this cost.
Many of the most important costs are asso-
ciated with the Producer’s Risk: that is, with
the risk of having product rejected when it is
relatively good product.
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(1) When lots are rejected unnecessarily they
must not only be re-checked but must also
be loaded and unloaded and trucked about

from place to place.

(2) Storage space has to be provided for lots
that are being held up.

(3) The unnecessary checking and recheck-
ing may hold up testing facilities that are
badly needed for more productive work.

(4) The Operating routine is interrupted un-
necessarily.

(5) The repeated handling and checking may
make the quality of shipped product worse
instead of better.

(6) If the screening of rejected lots is done by
Operating, further inspection must be done
afterward before the product is finally
accepted.

(7) There may be costly delays in getting
hold of needed parts.

In addition to all the above, the economic
gains which result from a quality control pro-
gram are due primarily to the increased sta-
bility of the production process. Rejection of
“normal” product to Operating does not tend,
in general, to promote stability of the process.

There are also costs associated with the Con-
sumer’s Risk: that is, with the chance that un-
satisfactory product will be accepted and sent
out. These costs include the effect on cus-
tomer good will; the cost of handling and
answering complaints; the cost of investiga-
tions and conferences; a possible effect on the
overall quality rates; additional expenditures
of engineering effort and time.

Against these two costs the engineer must
balance the cost of the inspection itself. As a
rule, large sample sizes and large acceptance
numbers will provide a better balance between
the Producer’s and Consumer’s risks, but the
large samples may be expensive or impractical.
Among the things which can be done to avoid
these large samples are the following:

(1) Set up a sampling plan with two inspec-
tion levels instead of one—the first level
to be used when the process is running
normally, and the second level to be used
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when quality is seriously threatened. The
emphasis can then be put on the Pro-
ducer’s Risk during normal periods and on
protection of the consumer during periods
of trouble. One way of doing this is
shown on pages 273-274.

(2) Set up a control chart to be used during
normal periods instead of a formal sam-
pling plan. When quality is satisfactory as
it comes from Operating, this plan will
operate with a fairly large Consumer’s
Risk. However, if the incoming quality
shifts to an unsatisfactory level, this will
tend to show up in the pattern on the con-
trol chart. This can be used to set in mo-
tion some pre-determined action which will
furnish additional protection to the con-
sumer: for example, reversion to a
standard-type sampling plan until the
abnormal period is over.

B-4 CLASSIFICATION OF
SAMPLING PLANS
ACCORDING TO AQL,
LTPD AND AOQL

B-4.1 AQL sampling plans

Suppose we have plotted the OC curves for
a number of different sampling plans as on
page 243. It is possible to classify these curves
in various ways for convenience. For example,
we might group together all the curves which
have a high probability of acceptance for prod-
uct 29, defective. These would include Plans
B, D, E, F and H.

Fig. 232. 29, AQL sampling plans.



Note that these plans are fairly similar at
the shoulder (the product they will accept) but
are not at all similar at the tail (the product
they will reject). Plans classified on this basis
are called AQL (Acceptable Quality Level)
sampling plans because their point of similarity
is the product that will be accepted.

AQL is defined as “the maximum percent de-
fective (or the maximum number of defects
per 100 units) which can be considered satis-
factory as a process average.”” To engineers
and supervisors, this means the maximum per-
cent defective which will be accepted regularly
by Inspection, or in other words, the maximum
percent defective for which the probability of
acceptance is very high.

When an engineer chooses a ‘29, AQL
sampling plan,’” he is choosing a plan which will
regularly accept 29, defective product. The
fact that the plan is classified as “29%, AQL”
does not tell him anything about the remainder
of the OC curve—that is, about the product
that will regularly be rejected.

Government purchase contracts frequently
specify AQL’s for various groups of inspection
items. In such cases, the government inspec-
tion agency will select a sampling plan which
has a high probability of acceptance at the
specified AQL.

To make it easier for government inspectors
to select sampling plans on this basis, the U. 8.
Department of Defense has published a book of
sampling plans classified according to their
AQL’s. See Reference No. 30. This book is
popularly referred to as the “Mil. Std. 105A
Tables.” It covers a range of AQL’s from
.0159%, defective to 109, defective. Other
AQL’s for use with complicated equipments
and products are expressed in terms of ‘“‘defects
per 100 units.”

These plans are widely used in industry as
well as by the Army, Navy and Air Force.
They provide a useful classification of sampling
plans wherever we wish to make sure that the
product in which we are interested will have a
high probability of acceptance.

Two of the sampling plans shown on page
243 can be found in the Mil. Std. Tables:
Plans H and B. These could properly be
called 29, AQL sampling plans but the Mil.
Std. Tables do not happen to list plans for
29, defective. Consequently, these two plans

are listed under 2.59, AQL. The instructions
at the beginning of the tables tell us to use the
2.5%, plans for specified AQL’s ranging from
1.659%, to 2.799, defective.

A typical AQL sampling table is shown in
Figures 233 and 234. The captions give a gen-
eral idea of how the table is used. For further
information see Reference No. 30.

AQL SAMPLING TABLE

TABLE III. Sample Size Code Letters

Inspection Levels
Lot Size I II 111

2t0 8. A A C
9to15............. A B D
16to25............ B C E
26t040............ B D F
41t065............ C E G
66to110........... D F H
111 t0 180.......... E G I
181 t0300.......... F H J
301 t0 500.......... G I K
501 t0 800.......... H J L
801 to 1300......... 1 K L
1301 to 3200........ J L M
3201 to 8000. ....... L M N
8001 to0 22,000...... M N 0]
22,001 to 110,000. .. N 0 P
110,001 to 550,000. . 0 P Q
550,001 and over.... P Q Q

Fig. 233. Excerpt from Mil. Std. 105A Tables:
table for determining the size of the sample. To use
this table proceed as follows:

(a) Determine the usual lot size in which product
will be submitted.

(b) Find the corresponding letter in the column
headed “Inspection Level IL.”

(¢) Use this letter to find the appropriate sample
size and acceptance number in Figure 234.

A government inspector will normally use the letters
in Inspection Level II. Level 1 is looser than Level
11, and Level III is tighter.
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AQL SAMPLING TABLE
TABLE IV-A. Master Table for Normal and Tightened Inspection (single sampling)

Sample Acceptable Quality Levels (normal inspection)—in percent
g(‘)z(fe Sample | 0.015 | 0.035 | 0.065 | 0.10 | 0.15 | 0.25 | 0.40 0.65 1.0 15 2.5 4.0 6.5
Letter Size AcRe| AcRe| AcRe| AcRe| AcRe | Ac Re | Ac Re | Ac Re | Ac Re | Ac Re | Ac Re} Ac Re Ac  Re
A 2 1 ¥ ] 7 - ,
B 3 | | 001
C 5 0.1 X
D 7 01 15
E 10 01 172
F 15 01 T 172 2 3
G 25 v | 01 ~ | 172 2 3 | 3 4
H 35 "4 01 172 T 3 | 3 4 5 6
1 50 dLojo > 172 | 2 3|3 4] 4 5 6 7
J 75 7 |00 ~ | 1722 3 {3 +]4 5|6 7 9 10
K 110 v | 01 172 [ 2 313 4|4 516 7|8 9 12 13
L 150 01 | 172 1 2 3 {3 4| 4 5 |5 6 |8 9 |-tz |17 18
\ N2 - -
M 225 | < | 0.1 ~ |12 |2 3] 3 a4 5|5 6|8 9 |1 12|17 18 |24 2
N 300 | 071 172 |23 13 4|4 5] 5 6 | 7 8 |10 11 |14 15 |20 21 |32 33
0 450 | 4p 172 |23 {34114 5| 5 6| 7 8 10 11 |14 15 |20 21 {2030 | 43 #
13 50 | | 1223|3445 |6 7] 8 9 |11 12 |15 16 [20 20 |31 32 [45 46 | 68 69
Q 1500 | 172 | 23|13 4|56 |78 [9 10|13 14 |18 19 |25 26 |35 36 |56 57 |81 82 [124 125
0035 | 0.065 | 010 | 0.15 | 0.25 | 0.40 | 0.65 1.0 15 25 4.0 6.5 10 0

* This is Plan H.
t This is Plan B.

Acceptable Quality Levels (tightened inspection)—in percent

Fig. 234. Excerpt from Mil. Std. 105A Tables: table for selecting sample size and acceptance number.

To use this table, select the appropriate “sample

size code letter” from Fig. 233, get the sample size from column 2 and read the acceptance number under the proper value of AQL. 'This table shows a

“rejection number’’ ag well as an acceptance number.

The rejection number is one more than the acceptance number.




B-4.2 LTPD sampling plans

Referring again to the OC curves on page
243, we might decide to group together all the
curves which have a low probability of accept-
ance for product 29, defective. These would
include Plans A and G.

Fig. 235. 29, LTPD sampling plans.

These plans are fairly similar at the tail (the
product they will reject) but are not neces-
sarily similar at the shoulder (the product
they will accept). Plans classified on this basis
are called LTPD (Lot Tolerance Percent De-
fective) sampling plans because their point of
similarity is the quality level or percent defec-
tive which can just be tolerated in a small per-
centage of the product.

LTPD is defined in the Dodge-Romig
“Sampling Inspection Tables” as ‘“an allowable
percentage defective; a figure which may be
considered as the borderline of distinction be-
tween a satisfactory lot and an unsatisfactory
one.” To engineers and supervisors this
means the percent defective which will regu-
larly be rejected by Inspection—that is, the
percent defective for which the probability of
acceptance is very low.

When an engineer chooses a ‘29, LTPD
sampling plan,” he is choosing a plan which
will regularly reject 29, defective product.
The fact that the plan is classified as ‘2%,
LTPD” does not tell him the characteristics
of the remainder of the OC curve—that is,
what quality of product will regularly be
accepted.

Customers sometimes specify a certain value
of LTPD for a particular product. In such
cases, the manufacturer of the product will try

to select a sampling plan which has a low prob-
ability of acceptance at the specified LTPD.

To make it easier to select sampling plans
on this basis, Dodge and Romig have published
tables of sampling plans classified according to
their LTPD’s. See Reference No. 11. The
values of LTPD range from 0.5, to 109, de-
fective. These tables provide a useful classifi-
cation of sampling plans wherever we wish to
make sure that product of a particular
quality will have a low probability of accept-
ance.

Both of the sampling plans shown in Figure
235 can be found in the Dodge-Romig LTPD
Tables. In Dodge-Romig notation, LTPD is
denoted by the symbol “p.9,.”

A typical LTPD sampling table is shown on
page 250. The caption gives a general idea of
how the table is used. For further information
see Reference No. 11.

B-4.3 AOQL sampling plans

It is possible to classify sampling plans on a
third basis also, according to their AOQL
(Average Outgoing Quality Limit). The
AOQL is a value which can be calculated for
any sampling plan that is used for product
which can, if necessary, be 1009, inspected.
The AOQL is a “limiting value of percent de-
fective’” which becomes associated with the
sampling plan as soon as we make provision for
doing 1009, inspection on all lots rejected by
the plan. In any case where 1009, inspection
cannot or will not be done on all rejected lots,
do not attempt to select a sampling plan on the
basis of its AOQL.

The meaning of the term AOQL can be il-
lustrated as follows. Consider the sampling
plan labeled “C”’ on page 243. When product is
29, defective, this plan will accept approxi-
mately 709, of it; when product is 49, defec-
tive, it will accept approximately 509%,; when
product is 89, defective, it will accept approxi-
mately 25%, ete.

Suppose we make a rule that all lots rejected
by this sampling plan must be 1009, inspected;
that all defective units found by this inspection
must be replaced with good units; and that the
rejected lots which have had all defects re-
moved must then be considered together with
the accepted lots in such a way as to make one
total quantity of product. It is possible to
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LTPD SAMPLING TABLE
TABLE SL-7. Lot Tolerance Percent Defective = 7.09%,

Process Average, % 0-.07 08-.70 .71-1.40 1.41-2.10 2.11-2.80 2 81-3.50
AOQL, AOQL, AOQL, AOQL, AOQL, AOQL,
Lot Size n c % n c % n c % n c % n c % n ¢ %
1-25 Al 0] O Al {O0] O Al | 01 O All 010 All 0] 0 All 0| 0
26-50 24 0 .80 24 | O .80 241 0 .80 24 0 .80 24 0 .80 24 0 .80
51-100 28 0 .95 281 0 .95 281 0 .95 28 0 .95 28 0 .95 28 0 .95
101-200 30 0] 1.0 30 [ 0] 1.0 49 | 1 1.3 49 1]1.3 49 11 1.3 65 2] 1.4
201-300 31 0] 1.1 311 0] 1.1 501 1 1.4 70 211.5 85 31 1.6 85 31 1.6
301-400 32 04 1.1 55 11 1.4 704 2 1.6 90 3117 105 4} 1.8 125 51 1.8
401-500 32 0 1.1 55 1 1.4 751 2 1.6 90 3]1.8 110 41 1.9 140 6] 2.0
501-600 32 0 1.1 55 1 1.4 751 2 1.7 95 31 1.8 125 51 2.0 145 6] 21
601-800 32 0 1.1 55 1 1.4 75 2 1.7 110 4120 130 51 2.1 160 71 22
801-1, 000 33 0 1.1 55 | 1 1.4 95 | 3 1.9 110 4 | 2.1 145 6 2.2 180 81 2.4
1,001-2,000 55 1 1.5 7% 1 21 1.8 951 31 2.0 130 5123 185 81 2.5 230 1 11} 2 8
2,001-3,000 55 1 1.5 75 | 2 1.8 115 | 4 | 21 150 6| 2.4 215 | 10| 2.8 300 | 156 ] 3.0
3,001-4,000 55 1 1.5 75 | 2 1.8 1151 4 | 2.2 165 712.6 235 |11} 2.9 330 117 | 3 2
4,001-5,000 55 1 1.5 75 | 2 1.8 130 ] 5| 2.4 185 81 2.7 250 112} 30 350 | 18 | 3.3
5,001-7,000 55 1 1.5 75 | 2 1.8 130 5| 2.4 185 8| 2.7 270 {13 | 3.1 385 [ 20} 3.4
7,001-10,000 55 1 1.5 95 | 31 2.0 150 | 6 | 2.5 200 9129 285 | 14| 3.2 415 [ 22| 3 6
10,001-20,000 55 1 1.5 95 | 3| 2.0 *150 1 6 | 2.5 2201 10| 2.9 320 | 16} 3.3 470 1 25| 3 7
20,001-50, 000 55 1 1.5 115 | 4| 2.2 170 | 71 2.6 235 | 11} 3.1 355 | 18} 3.5 530 | 29| 3.9
50,001-100,000 55 1 1.5 115 1 4| 2.2 185 | 8 | 2.7 270 1 13 { 3.1 370 [ 19{ 3.5 530 { 20| 3.9

n = Size of Sample;

AOQL = Average Outgoing Quality Limit.

entry of “All” indicates that each piece in lot is to be inspected.
¢ = Allowable Defect Number for Sample.

* This plan appears also in Figure 240.

This is given as supplementary information.

Fig. 236. Excerpt from “Sampling Inspection Tables” by Dodge and Romig: 7% LTPD. To use this table, determine (1) the usual lot size and (2) the
“process average’’ (percent defective at which the product normally runs). The sample size is given in column “”’ under the applicable process average,
and the acceptance number is given in column “c.” Ignore the AOQL column unless you plan to use this as an AOQL plan also.




calculate the percentage of defectives which will
be left in the mass of product if this procedure is
followed. For example, when product is 49,
defective, about 509, of the lots will be passed
without screening while 509, will be rejected and
then “1009, inspected.” Since half of the
product will now be free from defects (the-
oretically) and the other half of the product
will still be 49, defective, the average percent
defective in the total product will be half of 49},
or 29, defective.
This is expressed as follows:

N—n

N

AOQ = px P, x
where
AOQ = the Average Outgoing Quality.
p = the percent defective.

P, = the probability of acceptance.

n

N

size of the sample.

size of the lot from which the sample
is taken.

This equation can be used to calculate the
AOQ value for various sampling plans and var-
ious values of percent defective. For example,
assume that we are using the sampling plan
labeled “C” on page 243, and that the lot size
is 2000. We first calculate the prebability of
acceptance using Molina’s tables and, from
this, the average outgoing quality.

Incoming %, Probability of

Defective Acceptance AOQ
2% .698 1.38%
49, .487 1.93%
8% .237 1.889,

129, .115 1.379%,
16% .056 0.89%

These values of AOQ may be plotted on a
chart having an appropriate vertical scale for
AOQ (in percent defective) and having the
same horizontal scale for the incoming product
(in percent defective) that was used in Plan
“C.” The AOQ curve is shown in Figure 237.

This curve shows that when the incoming
product is 109, defective, the outgoing product
will be only 1.69, defective—provided the re-
quirements of the sampling plan, including
1009, inspection, have been faithfully carried
out.

N
o
1

AOQL = 29, approx.

=
o]
1

AOQ in Percent defective
[ b
o o
I ]

o

! [ 1 1

05 .10 .15 .20
p

=

Fig. 237. AOQ curve for the sampling plan n = 18,
¢c=0.

Note that the AOQ curve rises until it
reaches a certain maximum point, after which
it falls off again as a result of more and more
product being 1009, inspected.” The AOQL
is the maximum point which is reached by the
AOQ curve.

The AOQL of a sampling plan is therefore
defined as follows: The AOQL is the worst
average quality that can exist, in the long run,
in the outgoing product, after the rejected lots
have been 1009, inspected and all the defec-
tives have been replaced by good units.

B-4.4 Calculation of ACQL

There are two ways to calculate the AOQL
of a sampling plan. On:is to calculate a series
of AOQ values, as shown above, plot them on a
graph and determine the maximum point on
the curve. By this method we determine that
the AOQL of the sampling plan called “C”
(page 243) is approximately 29%,. See Figure
237.

The same result could be obtained more
rapidly by the following equation.

_y _ Y

AOQL o N

where y is a factor depending on the accept-

ance number of the sampling plan as shown

in Figure 238, n is the sample size and N

is the lot size. The values in Figure 238 are

taken from page 49 of the Dodge-Romig

“Sampling Inspection Tables.” See Reference
No. 11.
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¢ 0 1 2
y 0.368 0.841 1.372
c 3 4 5
y 1 946 2 544 3.172
¢ 6 7 8
y 3.810 4.465 5.150
c 9 10 11
y 5.836 6 535 7.234

Fig. 238. Table for values of ‘‘y,”’ to be used in
caleulating AOQL.

This table can be used wherever we would
normally use Poisson probabilities.
For the sampling plan called “C”’ (page 243),

y = 0.368 (because the acceptance number
is zero).

n = 18,
Assume that the lot size is N = 2000.

0.368 _ 0.368
18~ 2000

AOQL = = .0204 — .0002

= 0202, or 2.02%,

This agrees with the AOQ curve in Figure
237.

The following are the AOQL values for each
of the sampling plans on page 243:

Plan n c AOQL
A 165 1 0.479
B 35 2 3.86%
C 18 0 2 029,
D 5 0 7.34%*
E 220 7 1.81%
F 100 4 2.419%
G 100 0 0.35%
H 25 1 3.329,

* If we used Binomial probabilities for this plan, the
calculated AOQL would be 6.68%, instead of 7.34%,.
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B-4.5 Classification of sampling plans
according to their AOQL

Suppose we wish to group together plans
having similar AOQL’s. From the above list,
we would group together Plans C and E, since
both have AOQL’s of approximately 2%,.

These plans are not alike at the shoulder (the
product they will accept). Neither are they
alike at the tail (the product they will reject).
Their only similarity is that, when they are
used with 1009, inspection of all the rejected
lots, the outgoing product will not, on the
average, be worse than 2%,.

Fig. 239. 2% AOQL sampling plans.

When an engineer chooses a ‘29, AOQL
sampling plan,” he is choosing a plan which will
limit the outgoing product, in the long run, to a
29, average or less. . The outgoing quality
may be, and frequently is, limited to some
point much lower than the stated AOQL. For
example, the curve in Figure 237 shows that
if the submitted product were 209, defective,
this particular plan would force the shop to do
sufficient screening to cut it down (theo-
retically) to 0.59%. The plan imposes, under
these circumstances, a much tighter standard
of quality than the stated 2%,.

The fact that a sampling plan is classified as
“20, AOQL” does not tell the engineer any-
thing about any part of the OC curve. He is
not able to tell what quality of product will be
regularly accepted, or what quality will be
regularly rejected.

Just as it is possible to specify an AQL value
or LTPD value (paragraphs B-4.1 and B-4.2)



AOQL SAMPLING TABLE
TABLE SA-2.5. Average Outgoing Quality Limit = 2.5%,

Process Average, % 0- 05 06-—. 50 .51-1.00 1.01-1.50 1.51-2.00 2.01-2.50
. Py Pt D, D, Pt P,
Lot Size n c % n c % n c 9% n c 9% n c % n c %
1-10 All 0 -— All 0 — All 0 — All 0 — All 0 - All 0 —
11-50 11 0 17 6 11 0 17 6 11 0 17 6 11 0 17 6 11 04176 11 01176
51-100 13 0 153 13 0 15 3 13 0 15 3 13 0 15 3 13 0153 13 01153
101-200 14 0 14.7 14 0 14.7 14 0 14 7 29 1 12 9 29 1 (129 29 11129
201-300 14 0 14.9 14 0 14.9 30 1 127 30 1 12 7 30 1]127 30 11127
301-400 14 0 150 14 0 150 31 1 12 3 31 1 12.3 31 1123 48 21107
401-500 14 0 150 14 0 150 32 1 12 0 32 1 12 0 49 21106 49 2 (106
501-600 14 0 151 32 1 12 0 32 1 120 50 2 10 4 50 2 110 4 70 3 93
601-800 14 0 15 1 32 1 12.0 32 1 12 0 50 2 10.5 50 21105 70 3 9 4
801-1000 i5 0 14.2 33 1 11.7 33 1 117 50 2 10 6 70 3 94 90 4 85
1,001-2,000 15 0 14.2 33 1 11 7 55 2 93 75 3 88 95 4 80 120 5 76
2,001-3,000 15 0 14.2 33 1 11 8 55 2 9 4 75 3 8 8 120 5 76 145 6 72
3,001-4,000 15 0 14.3 33 1 11 8 55 2 935 100 4 7.9 125 5 74 195 8 66
4,001-5,000 15 0 14 3 33 1 11.8 75 3 89 100 4 79 *150 6 70 225 9 6 3
5,001-7,000 33 1 11 8 55 2 97 75 3 89 125 5 7.4 175 7 67 250 | 10 61
7,001-10, 000 34 1 11 4 55 2 97 75 3 89 125 5 7.4 200 8 6 4 310 | 12 58
10,001-20, 000 34 1 11 4 55 2 97 100 4 80 *150 6 7.0 260 | 10 60 425 | 16 53
20,001-50, 000 34 1 11 4 35 2 97 100 4 80 180 7 6.7 345 | 13 55 640 | 23 4.8
50,001-100,000 34 1 11 4 80 3 8 4 125 5 7.4 235 9 61 435 | 16 52 { 800 | 28 45

n = Size of Sample; entry of “All” indicates that each piece in lot is to be inspected.
¢ = Allowable Defect Number for Sample.
p = Lot Tolerance Per Cent Defective corresponding to a Consumer’s Risk (P.) = 0.10.

* This plan appears also in Figure 236.

Fig. 240. Excerpt from “Sampling Inspection Tables”’ by Dodge and Romig: 2.5% AOQL. To use this table, determine (1) the usual lot size and (2) the “process
average” (percent defective at which the product normally runs). The sample size is given in column “n’’ under the applicable process average, and the accept-
ance number is given in column “¢.”’

In addition to having a stated AOQL (in this case, 2.5%), each of the above plans will have a particular value of “lot tolerance percent defective’’ or LTPD.
This is given in the column marked “p; %.” While it is not a necessary part of the AOQL plan, this figure is often useful in showing how bad a lot might be
and still have a 109 chance of being accepted. Note that the same sampling plan may be listed under AOQL and also LTPD (shown by asterisk and note).



so it is possible to specify an AOQL. When an
AOQL is specified for a particular product, we
try to select a sampling plan whose AOQL is
equal to the specified value.

To make it easier to select plans on this
basis, Dodge and Romig have published tables
of sampling plans classified according to their
AOQL’s. See Reference No. 11. The values of
AOQL range from 0.19, to 109, defective.

The plans in these tables are arranged in
such a way that, if the engineer selects a plan
under the correct ‘“process average,” he will
minimize the total number of pieces which must
be looked at, including both sampling and
1009, inspection. Values of “p.9,” (lot toler-
ance percent defective) are included as supple-
mentary information.

These tables are useful wherever we are
chiefly interested in setting a fixed maximum
limit on outgoing quality and are willing to
achieve this by a combination of sampling and
1009, inspection. Both of the sampling plans
shown in Figure 238 can be found in the Dodge-
Romig AOQL Tables.

A typical AOQL sampling table is shown in
Figure 240. The caption gives a general idea of
how the table is used. For further information
see Reference No. 11,

B-4.6 Precautions to be taken in using
AOQL sampling plans

Every sampling plan can be classified in all
three of the ways described above. The same
sampling plan might be called a “19, AQL
sampling plan,” an “8%, LTPD sampling plan”
and (if all lots which fail to meet the ac-
ceptance number of the plan are inspected
100%,) a ““2.59%, AOQL” sampling plan. Many
of the sampling plans used at Western Electric
are selected on the basis of AOQL rather than
on the basis of AQL or LTPD.

Since AOQL plans involve a combination of
sampling and 1009, inspection, these plans are
often subject to misinterpretation and mis-
use. Engineers and inspection supervisors
should guard against the following errors.

(1) We sometimes hear of “AOQL sampling
plans” being used in connection with
destructive tests, or in Receiving Inspee-

254

tion where the rejected lots are junked,
returned to the supplier or accepted on an
outside limit basis, but where there is no
intention whatever of doing 1009, inspec-
tion on the lots which fail to meet the
acceptance number of the plans. It
should always be remembered that unless
the prescribed 1009, inspection is done,
we will not_get the protection promised by
an AOQL sampling plan.

(2) If the product contains defects to begin
with, an AOQL sampling plan will depend
on the presence of the rejected lots, which
have been made perfect by screening, to
dilute the percentage of defectives which
may still be present in the lots accepted.
People using AOQL sampling plans some-
times make the mistake of sending the
accepted lots to one customer (or user) and
the rejected lots to another. The first
customer may get highly defective prod-
uct. Also, if the accepted lots are sent to
the storeroom during the time when the
rejected lots are being sorted and repaired,
the product in the storeroom during that
time may be much worse than the AOQL.
The same thing may be true of accepted
lots which are sent to the next Operating
department to be assembled while the
rejected lots are being gone over. Until
the rejected lots catch up with the ac-
cepted lots and can be considered in com-~
bination with them, there is no guarantee
that the product will be meeting the
AOQL.

B-4.7 What the Operating organization
should know about AOQL sampling
plans

Operating people often assume that a ‘29,
AOQL sampling plan” will accept product
which is 29, defective. That is, if Inspection is
using & 29, AOQL plan, and if Operating sub-
mits product which is actually 29, defective,
they feel that all or most of the submitted
product should pass the inspection plan. En-
gineers also frequently make this assumption
in discussing suitable quality levels for sam-
pling or in agreeing to the use of some specific
proposed plan. However, unless the AOQL



sampling plan is deliberately chosen with this
in mind, a 29, plan may reject large portions
of 29, defective product. The following ex-
ample will show why it is necessary to restrict
the choice of plans.

Suppose a sampling plan were to be chosen
solely for its AOQL. The following plans will
have an AOQL of 29, when used for lots of
approximately 1000.

(a) n=18,¢ =0
(b) n =40,c =1
(¢) n=65c¢c=2
(dn=290c¢c=3

While all of these plans have a 29, AOQL, they
will reject very different amounts of 29, de-
fective product.

Approzimate Percentage of
Product Rejected

2% AOQL (if product is running
Sampling Plans at 29, defective)
(a) n =18,¢ = 0 309,
(b)n =40,c =1 19%
(¢) n =65,¢c =2 149,
(d)n =90,¢c =3 119

In all four cases the amount of product re-
jected is quite large. If the Operating de-
partment wishes to avoid these rejections, it
will have to maintain a quality level consider-
ably better than 29,.

To find how good the product must be in
order to avoid rejection, proceed as follows:

(1) Plot the OC curve of the sampling plan
in question.

(2) Find the point where the curve drops
away from the 1.00 probability of ac-
ceptance.

(3) The corresponding percent defective is
the point at which Operating must aim if
it wishes to have its product accepted
regularly by Inspection.

The following are the points at which Operat-

ing should aim in the case of the plans shown
above.

Necessary Level of Quality

to assure regular accept-

ance (where ‘“‘regular ac-

ceplance’’ means accept-

ance about 989, of the
time)

0.19, defective
0.59%, defective
0.99%, defective
1.19%, defective

2% AOQL
Sampling Plans

(a) n =18,¢ = 0
(b)n =40,c =1
() n =65,¢c =2
(d)n =90,¢=3

Both Operating and Engineering need to
know this “target value’’ whenever Inspection
is using AOQL sampling plans.

All four of the above plans are taken from
the Dodge-Romig 29, AOQL Single Sampling
Table. Plan (d) is the one recommended in the
Table for product which is running 29, de-
fective.

To guard against excessive rejections like
those shown above, avoid choosing AOQL
sampling plans from the incorrect column for
“process average.” Plot the OC curve for
each sampling plan chosen, and determine a
suitable target value for Operating as indicated
above. If the target value is not one which
can be met economiecally, it may be necessary
to revise the choice of AOQL.

B-5 SAMPLING PLANS FOR
CONTINUOUS PROCESSES

Sampling plans may be divided into three
principal types.

(1) Plans for continuous processes.
(2) Plans for lot-by-lot inspection.

(3) Special plans which involve, in a sense,
lot-by-lot inspection but which are applied
to a series of lots considered as a group.

The plans to be considered in this Sub-sec-
tion are of the continuous type.

Continuous process sampling plans are used
for production processes where no separate
“lots’” exist. They are generally used on con-
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veyors but are applicable to any continuously-
running operation where we do not wish to
accumulate the product into lots for purposes of
inspection. All of the continuous sampling
plans which are available at present are of the
AOQL type.

B-5.1 General idea of continuous
sampling

Suppose we have a continuous flow of product
which is 49 defective. We begin to inspect
this product, classifying each unit in order as
defective or non-defective. If O represents a
non-defective unit and X a defective one, the
record of inspection results would be similar to
the following:

0000X 00000000X 0X 0000000000
00000000000X 000000000000000
000000000X 00000000000000

In lot-by-lot inspection we would count the
total number of defectives in a sample from a
given lot. In continuous inspection we have no
clearly defined lot. Therefore, instead of
counting the total number of defectives, we
count the number of good units between two
successive bad ones. It is possible to set up an
acceptance standard for a sampling plan in
terms of some required number of successive
units which must be found ‘“‘clear of defects”
in order to permit the product to be accepted.

The number which must be found clear of
defects is called the ‘“‘clearing sample,” <.

1.004
5 .90 f= 10,1 =50
b a -804 AOQL = 29,
S 70
3, 2 .60
55 50 f= 020 =200
o m . ”
w o 40~ AOQL = 19,
a g 304
LS 20
22 .10
g 8‘ . -
ms 0 T T T T
0 .02 .04 .06.08 .10 .12 .14 .16 .18 .20
r
Fig. 241. OC curves for continuous sampling plans

C8P-1.
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B-5.2 Operation of the continuous
sampling plan CSP-1

The operation of a continuous sampling plan
is shown on page 257.

This sampling plan is known as “CSP-1.”
It calls for clearing when a single defect is found
Other continuous sampling plans (CSP-2 and
CSP-3) do not call for clearing on the occur-
rence of a single defect during sampling, pro-
vided no further defect is found in a specified
number of units thereafter. Details of these
plans can be found in Reference No. 8.

In continuous sampling there is no fixed
sample size, “n.” Instead, the inspector selects
a specified fraction of the product, “f.”” He
uses a clearing sample, ‘“Z,”’ to determine
whether it is satisfactory to ship the product
without clearing. The two values ‘“f’ and
‘4" determine the characteristics of the plan
and are used in calculating its OC curve. The
OC curve shows the percentage of total produc-
tion that will be accepted on a sampling basis.

Figure 241 shows OC curves for two con-
tinuous sampling plans which have AOQL’s of
19, and 29, respectively. The 29, plan may
be compared with other 29, AOQL plans—for
example, C and E on page 243.

The curves on page 258 are used (in place
of sampling tables) to select continuous sam-
pling plans CSP-1. Select the curve represent-
ing the desired AOQL (in percent). Then
read “f”’ in percent on the scale at the left,
and ‘4’’ in units of product on the scale at the
bottom.

B-5.3 Field of application for continuous
sampling

Continuous sampling plans are suitable for
much wider application than the obviously con-
tinuous or conveyorized processes. In modern
manufacture most of the operations are es-
sentially continuous in nature, and when prod-
uct is accumulated into “lots” it is mainly for
convenience in inspection, handling and ship-
ment. Wherever the product lots are formed
artificially and for convenience, continuous
sampling could be employed in place of lot-by-
lot sampling.

As in the case of any AOQL sampling plan,
protection depends primarily on the sorting or
“clearing.” Further information on continuous
sampling can be found in Reference No. 8.



At the outset, inspect all units consecutively as produced and
continue such inspection until ‘4" units in succession are found
clear of defects., Then discontinue 100% inspection and in-

spect only a fraction “f”’ as follows,

l

\ |

inspected during the shift.

Select individual units one at a time from the flow of
product in such a way as to assure an unbiased sample.
Inspect immediately and record the results.
Repeat this procedure at suitable intervals so that the
proper percentage of the average output will have been

A

]

sample,
pling.

As long as no defective
units are found in the
continue sam-

]

When one or more defective units are found
in the sample, the inspector should originate
a Clearing Sample Form and give it to the
Operating Supervisor.

Ship the] product.
E

I

vals.

The inspector continues to select
and inspect units at regular inter-
The samples are selected
after the product has passed the
clearing position.

Operating puts an addi-
tional ‘“‘detailer’”’ on the
line to check all units
for all requirements
specified in the layout.

i

!

‘ l

If the inspector
finds no defect
while clearing is
going on, ship

If the inspector finds a defect
while clearing is going on, he
issues another Clearing Sam-
ple Form requiring that at
least ¢ more consecutive units

Detailing continues until
the required number of
consecutive units (7) are
found free of the defects
specified in the layout.

l

the product.

be detailed

| -

|

If the inspector has no other
reason for being dissatisfied
with clearing inspection, and
ke finds no more defects
while detailing is going on,
ship the product. The in-
spector continues to inspect
samples as before.

A

If the inspector has reason to believe
that clearing inspection is not being
done properly or if he finds one or
more additional defects while detail-
ing is going on, he may stop inspecting
until such a time as he has assurance
that corrective action has been taken
by Operating. Product presented
for inspection during that period is
usually subject to special disposition.

l

When the inspector is satisfied
that corrective action has
been taken, he issues another
Clearing Sample Form and
resumes selecting samples
after the product has passed
the clearing station.

‘ >

Stop clearing and
continue as above
until the inspector
finds another defect.

L

Fig. 242. Operation of a continuous sampling plan: CSP-1.
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B-6 SAMPLING PLANS FOR
LOT-BY-LOT INSPECTION

Lot-by-lot sampling plans may be used
wherever the product to be inspected can be
conveniently accumulated into lots. A “lot”
is defined as a collection of similar pieces sub-
mitted at one time for inspection. The number
of pieces in the lot is called the “lot size.”” The
lot size may be the number specified on the
delivery ticket, or it may be simply the num-
ber produced in one hour or one shift or some
other natural division of time. The “lot” to be
used for any specific sampling plan should be
clearly stated in the Inspection Layout.

Lot-by-lot plans are called “single sampling”’
if acceptance or rejection is based on a single
sample, and “double’ or “multiple sampling’” if
there is provision under certain circumstances
for taking a second or subsequent samples.

The ‘“‘sample size’ in a lot-by-lot inspection
plan is the number of parts selected at random
from the lot. In lot-by-lot sampling this is
always a definite number, never a percentage.
The sample size is designated as SS or ‘“n.”

The “‘acceptance number” in a lot-by-lot
sampling plan is the maximum number of
defective units (or defects) in the sample or
samples under consideration that will permit
the acceptance of the inspection lot. The
acceptance number is designated as AN or

“w,n
C.

B-6.1 Description of single, double
and muitiple sampling

Single sampling means that the decision to
accept or reject is based on the inspection of a
single sample.

Double sampling means that inspection of the
first sample leads to a decision to accept, reject
or take a second sample. Inspection of a second
sample, when required, leads to a decision to ac-
cept or reject.

Sequential sampling means that after each
unit is inspected, a decision is made to accept,
reject or inspect another unit. Inspection is
continued as long as may be necessary to reach
a decision to accept or reject. In some cases, a
sequential plan provides for taking a series of
groups of units, rather than a series of individual

units. This is called “group sequential sam-
pling.”

Multiple sampling is a form of group sequen-
tial sampling in which the plan is ‘“truncated’’;
that is, a maximum limit is set on the number of
groups which need to be inspected in order to
reach a decision to accept or reject.

In all of these plans the inspector is given
specific instructions on how to dispose of the
product on the basis of the findings in his
sample. Diagrams showing the operation of
single, double and unit sequential sampling
plans are given in Figures 244-246.

A single sampling plan gives the inspector one
sample size and one acceptance number. If a
“rejection number” is stated, it is simply one
more than the acceptance number.

Acceptance Rejection
Sample Number Number
110 4 5

A double sampling plan gives the inspector
two sample sizes (n; and n.) and two ac-
ceptance numbers (¢; and ¢;). The second ac-
ceptance number applies to both samples com-
bined. If a rejection number is stated, it is one
more than the acceptance number for the first
and second samples combined.

Acceptance  Rejection

Sample Number Number
n 75 2 8
V(%) 1 50 — -_—
Combined 225 7 8

A multiple sampling plan gives the inspector
a series of sample sizes, and for each of these an
acceptance number and a rejection number.
The inspector takes the first sample and com-
pares his findings with both the acceptance and
rejection numbers. If the number of defectives
(or defects) is equal to or less than the ac-
ceptance number, he accepts. Ifitisequal toor
greater than the rejection number, he rejects.
If it falls between the acceptance and rejection
numbers, he must inspect another sample. As
in the case of double sampling, the acceptance
and rejection numbers apply to the combined
samples.
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Acceptance  Rejection

Sample Number Number
First 30 — 3
Second 30 1 4
Third 30 2 5
Fourth 30 4 6
Fifth 30 5 7
Sixth 30 6 8
Seventh 30 7 8

The “‘unit sequential’ sampling plan shown
in Figure 246 is similar to multiple sampling
except that each sample consists of one unit.

The advantages of single sampling are:

(1) A constant inspection load (provided re-
jected lots are sent back to Operating).

(2) Simplicity of administration.

(3) Better control of inspection piece rates.

(4) Low cost of selecting samples.

(5) Smallest amount of record keeping.

The advantages of double sampling are:

(1) Smaller average amount of inspection,
particularly when the incoming product is
very good or very bad.

(2) A possible psychological advantage as-
sociated with the idea of giving the lot a
“‘second chance.”

The advantages of sequential sampling are
similar to those of double sampling.

Sequential sampling usually requires the
smallest average amount of inspection in the
long run.

In any comparison of single, double and
multiple sampling plans, care should be taken
to assure that the plans being compared have
similar OC curves. Some of the apparent ad-
vantages of a particular plan may be at the cost
of less protection for the producer or consumer
or both.

B-6.2 Factors to be considered in
determining the size of a lot

The choice of lot size is important in deter-
mining the economy of a lot-by-lot sampling
plan. For a given quality protection the
sample will generally be a smaller proportion of
the lot as the lot size increases. There is,
therefore, a definite advantage in making the
lots large. However, the following limitations
should be considered in determining the most
economical size of lots.

(1) Physical considerations wnvolved in ac-
cumulating, storing, handling and selecting
samples from very large lots. The size of in-
spection areas, the size and number of
storage areas, and the available facilities
for handling product between these areas
must be considered.

(2) Drzsruption of the orderly flow of product
caused by accumulation of a large lot. The
product being inspected is usually sched-
uled for immediate stocking or shipment.
Supplies of parts and assemblies may be
unduly delayed if we wait for the accumu-
lation of very large lots.

specified in the layout.

Select a random sample of the size specified
in the layout for the lot size to be inspected.

Inspect each unit of the sample for all items

l

l

If the number of defective units in the
sample does not exceed the acceptance
number, accept the lot and record results
on a specified form.

1

If the number of defective units in the
sample exceeds the acceptance number,
reject, the lot, record the results on a
specified form and follow the instructions
in the layout with respect to rejected lots.

Fig. 244. Lot-by-lot sampling plan (single sampling).
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(3) The effect of mixing product from different
cause systems. Large lots increase the dif-
ficulty of selecting a random sample. They
also make it difficult or impossible to
identify the source of work and tend to
prevent the efficient tracing of causes.

(4) Drifficulties encountered when large lots are
rejected. Losses and other difficulties in-
crease when large lots are shipped back to
suppliers or have to be held for detailing
or rerouted to other departments for re-

pairing or scrapping.

Select & random sample of the size speci-
fied in the layout under column ‘“n;

1

for the lot size to be inspected.

Inspect each unit of the sample (n,) for
all items specified in the layout.

I

If the number of defective
units found does not exceed
the acceptance number ¢,
accept the lot and record
results on a specified form.

If the number of defective units
found exceeds the acceptance num-
ber ¢, reject the lot, record results on
a specified form and follow the in-
structions in the layout with respect
to rejected lots.

If the number of defective units
found exceeds ¢; but not e,
select an additional number of
units as specified under column
ne in the layout. Inspeet the
additional units for all require-

ments.
|

1

If the number of defective units
in both samples combined does
not exceed ¢, accept the lot and
record results on a specified
form.

If the number of defective units in both
samples combined exceeds ¢z during inspec-
tion, reject the lot, record results on the
specified form and follow the instructions
in the layout with respect to rejected lots.
Inspection may be terminated as soon as

¢ 18 exceeded.

Fig. 245. Lot-by-lot sampling plan (double sampling).

Select one unit at random from
the lot and inspect for all items
specified in the layout.

l

1

If the unit contains no defects and
the acceptance criterion is met, ac-
cept the lot. Sometimes there is
no acceptance number for the first
few units. In that case it is neces-
sary to take another sample.

If the unit is defective
and the rejection cri-
terion is met, reject the
lot and take appropri-
ate action.

If the unit is defective and the
rejection criterion is not met,
take another unit and continue
as at the beginning.

Fig. 246. Lot-by-lot sampling plan (unit sequential sampling).
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(5) Delay in picking up a prompt warning of
trouble because of having fewer samples.
The engineer and the shop often rely on
the acceptance procedure to give them a
warning when something has gone wrong.
This can sometimes be as important as
the mathematical limitation of defectives
which is provided by the plan. The delay
we can expect to experience before a warn-
ing of trouble is given is directly related to
the number of samples taken. The use of
large lots and therefore fewer samples
tends to increase the delay, with the follow-
ing bad effects:

During the time of delay more bad product
may be made. This can result in new
costs, including the cost of disposal or re-
pair, possible shortage of critical materials,
and waste of valuable time. One such un-
necessary delay could result in such added
cost to the job that it would render quite
unimportant the calculated saving in the
number of pieces inspected.

In order to control the amount of inspection
performed in connection with lot-by-lot sam-
pling, the engineer should specify the desired
or normal lot size in the manufacturing layout.

The inspection layout need then provide only
for the usual range of lot sizes that will be sub-
mitted for inspection. Where process control
is used in the shop, inspection lot sizes should
be related to the process control activities. One
of the by-products of Operating control charts
is that they make it possible for Inspection to
obtain more homogeneous and more suitably-
sized lots.

B-7 SPECIAL TYPES OF
SAMPLING PLANS

While most inspection problems can be
handled by using either continuous sampling
plans or lot-by-lot sampling plans, as shown in
Sub-sections B-5 and B-6, occasionally the need
arises for a special type of plan. Among such
plans are the following:

Chain sampling plans—Reference No. 10
Skip-lot sampling plans—Reference No. 9

Variables acceptance plans—Reference
No. 4

Narrowed limit plans—References No. 34
and 43

Frequently it is found that Inspection can

Disregarding lots,

select a random
sample of the size specified in the lay-
out from the incoming product at the
specified frequency. Calculate the per-
cent defective in the sample and plot
on p-chart provided. Apply tests for
unnatural patterns to determine whether
the point is out of control.

|

]

If the point is out of control, revert to specified
sampling plan on a lot-by-lot basis. Follow stand-
ard sampling plan procedure for acceptance and
rejection. Record inspection data and plot on
special p-chart provided.

When 5 consecutive lots have passed the specified
sampling plan, and the points on the special p-
chart show no evidence of lack of control, revert

to the original inspection with control charts.

If the point is in control, accept the product
and continue to sample at the specified frequency.

Fig. 247, Control chart sampling plan using p-charts.
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benefit by using a control chart instead of the
more usual type of plan. When control charts
are used for acceptance or rejection, rather than
for process control, they are known as “control
chart sampling plans’’ rather than as ‘“process
control charts.” A plan of this type is shown in
Figure 247. See also the plans for ‘“Mini-
mum’’ or “Audit” inspection on page 274.

Any type of chart may be used: X and R
chart, p-chart, c-chart, chart for individual
measurements, ete.

When control charts are used for acceptance
purposes, it is necessary to specify

(1) What shall be taken to be evidence of un-
satisfactory quality.

(2) What action shall be taken with respect
to (a) the product from which the sample
was taken, (b) the previous product and
(c) the subsequent product.

(3) What shall be used as a criterion for de-
ciding that the chart is back in control.

One commonly used procedure is indicated in
Figure 247. In critical cases the engineer may
instruct the shop (or the inspector) to do 1009,
inspection of all product associated with an out-
of-control point on the chart.

Note that this is quite different from the use
of control charts for process control. In process
control it may only be necessary to correct the
process with reasonable promptness. It is not
usually necessary to sort the product associated
with out-of-control samples.

B-8 PROPER GROUPING OF
INSPECTION ITEMS

Theoretically, sampling plans should be ap-
plied to one characteristic at a time. However,
it is permissible to group inspection items for
convenience provided certain conditions are
met. The principal condition is that it must be
possible to treat the group of characteristics as
if they were one. Failure to keep this point in
mind is responsible for many of the errors made
in acceptance sampling.

Grouping a number of items on one sampling
plan may simplify the inspector’s job and make
it faster. Inspection records are also reduced
in number, since the inspector is required to

keep separate records for each sampling plan
used. In Final Inspection it is sometimes possi-
ble to use more generous AOQL’s for a group
of items than if the items were divided into
several plans.

Grouping of inspection items, however, re-
quires careful study. The result of each sug-
gested grouping should be carefully examined
in the light of its effect on both Inspection and
Operating. Inappropriate groupings may re-
sult in unnecessary interference with produc-
tion and may tend to increase Operating and
Inspection costs.

In general, avoid grouping together defects
with different degrees of seriousness; character-
istics that require widely different inspection
times; defects that occur frequently with de-
fects that occur very seldom. Remember that
sampling plans have to be designed to give pro-
tection under the most unfavorable conditions,
and this means that they may be forced to re-
ject a certain number of normally acceptable
lots. To minimize the cost of screening such
lots it is advisable not to include too many
items in one group. Do not include more items
in one group than the shop will be able to screen
for conveniently when a lot is rejected.

In handling defects having different degrees
of seriousness, first group the defects into two
or more classes as follows:

Critical o

The “demerit” lists issued by Quality
Assurance (see page 270 and Reference No.
36) can be used as a guide in judging the
seriousness of each defect. Arrange to keep
the minor defects separated from the major
and critical defects as much as possible.

Avoid grouping troublesome items (most
likely to cause rejection) with other items which
rarely cause trouble. Lump together items
that (a) occur very infrequently or (b) can be
readily checked at one time. Inspection piece
rates should also be consulted in arranging
suitable groups.

Major e Minor.

B-9 HOW TO SELECT A QUALITY
LEVEL FOR SAMPLING

The most difficult decision which an engineer
has to make in connection with sampling is the
choice of an appropriate quality level. The
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choice of a suitable level depends on finding the
proper balance between quality and cost. Any
information which the engineer has on (1) qual-
ity requirements, or (2) normal manufacturing
operations and costs, will help him to work out
this balance satisfactorily.

B-9.1 Quality requirements

Quality requirements are defined, in one way
or another, by the organizations or people who
are to use the product. Sometimes these re-
quirements are stated very explicitly. Some-
times they are only implied. Those respons-
ible for setting up inspection plans are often
forced to estimate the probable needs of the
user on the basis of judgment and past experi-
ence. The more specifically the needs of the
user are defined, the easier it’is, in general, to
make a decision on the quality level to be used
in sampling.

At Western Electric we usually distinguish
two different situations:

(a) Final inspection of finished product
which is ready to be shipped to an outside
customer.

(b) Inspection of sub-assemblies, piece parts
and raw materials which are to be used by
other departments within Western.

Final Inspection (product to be shipped
to customer)

In this case, overall quality requirements
have probably been established in the past by
Quality Assurance. These standards are ex-
pressed numerically, usually in the form of
“demerits-per-unit.” It is possible for the
engineer to obtain the numerical standards
from Quality Assurance and convert these
directly into appropriate levels to be used in
Final Inspection. The details of this are be-
yond the scope of the present Handbook but
full instructions are given in Reference No.
46 (Since this reference contains proprietory
information it is available for use only in
connection with Company work). These
instructions tell how to set up plans for Final
Inspection which will meet the ‘“‘demerit”
standards and still provide for maximum
economy in inspection. The plans provide
for the use of Tight, Normal, Reduced and
Minimum inspection levels.

Where demerit standards have not been
established for a product, proceed as in the
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case of piece parts or sub-assemblies.

Sub-assemblies, piece parts and
raw materials

For sub-assemblies, piece parts and raw ma-
terials the quality requirements are not so
clearly defined. The engineer’s principal in-
formation comes from:

o Complaints from the user (the As-
sembly Department or other depart-
ment which must process the ma-
terial).

» Records of dropouts at subsequent
operations.

e The process average (that is, the ac-
tual percent defective in the product)
during a time when subsequent opera-
tions were reasonably free from trou-
ble.

The last point is particularly important. If
the process has been delivering product 49, de-
fective for many months without causing
trouble, it is not advisable to institute a 19,
LTPD sampling plan.

Unless there is a reason for doing otherwise,
choose (a) a sampling plan with an OC curve
related to the quality regularly produced by
the shop in the past (that is, a plan that will ac-
cept the normal product practically all of the
time); or (b) a plan of the AOQL or LTPD
type which is related to the quality which has
been accepted in the past by the using organiza-
tion. For example, if the customer is willing
to accept product 39, defective on the average,
use 2 3%, AOQL plan. If the customer is willing
to accept product 39; defective only occa-
sionally, use a 3%, LTPD plan.

If the engineer knows that there have been
quality complaints associated with the product,
he may need to tighten the quality standard in
order to reduce the complaints. If it is difficult
to establish whether there is a real connection
between the complaints and the specific re-
quirements to be included in the sampling
plan, the engineer should get information on
this by making a process capability study.

In general, use tight plans for critical
characteristics or characteristics easy to
control, and looser plans for others. The
demerit lists prepared by Quality Assurance
can be used as a guide to the recognized
importance of many characteristics.



B-9.2 Cost considerations

The cost considerations which the engineer
should keep in mind are the following:

o What is the process average or current
level of percent defective?

e Does this process average represent
the real capability of the process?
That is, is the shop using control
charts and are the shop people work-
ing with the charts effectively to bring
the process into control?

o If the shop has not yet started to use
control charts, it may actually be
possible to save money by running
the process with fewer defectives.
In that case the engineer should
adopt tentative quality standards for
his sampling plans, using his best en-
gineering judgment, and at the same
time see that control charts are in-
stalled immediately to improve the
process average.

o If the shop is using control charts and
the process is running near its capa-
bility, the engineer should try to set
up sampling plans which will accept
the normal product. See Paragraph
B-4.7. If the OC curve is not care-
fully chosen, the shop may be harassed
with continual rejections even when
the process is being run properly.

B-9.3 Conflict between quality
requirements and cost
considerations

If the engineer finds that the quality re-
quirements are tighter than the normal process
capability, he should attempt to resolve this
conflict by some economical means. This may
include instructing the Operating people to
sort all or part of the product prior to sending
it to Inspection. However, operational sorting
is expensive, and the engineer should make cer-
tain that it is really necessary before specifying

it in a layout. In most cases the process
capability can be improved beyond any previ-
ous expectations through the joint efforts of a
Quality Control Team.

B-10 FACTORS DETERMINING
THE CHOICE OF A
PARTICULAR PLAN

The following is a summary of the factors to
be considered in choosing an inspection plan.

(1) First consider the number of charae-
teristics to be checked during inspection.

(2) Decide on the way in which these charac-
teristics should be grouped.

(8) For each group, decide on a suitable
quality level in terms of percent defective,
number of defects per unit or (in the case
of variables inspection) the required
center or spread of the distribution.

(4) Indicate whether this quality standard is
to represent an AQL value (acceptable
most of the time), an LTPD value (re-
jectable most of the time) or an AOQL.

(5) Determine the process capability (or
normal process average) for each group.

(6) In lot-by-lot sampling, decide on the
most suitable size for the lots.

(7) Consult an appropriate set of sampling
tables (or sampling curves) and select a
combination of sample size and accept-
ance number. Immediately obtain or
plot the OC curve for the chosen plan.

(8) As far as possible make any necessary
adjustments between the process capa-
bility and the OC curve of the plan.

(9) In any case where control charts are
being used in the shop, consider the pos-
sibility of substituting a control chart ac-
ceptance procedure as outlined on page
274.
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PART C
General Instruction for Inspection

The following is a general instruction for inspectors which will apply to most inspections per-
formed in Western Electric plants. All members of the Inspection Organization, including
inspectors and their supervisors, should be familiar with this instruction.

Departures from these procedures are sometimes made necessary by special circumstances. Such
departures are usually covered in the individual Inspection Layout.

+

Instructions for Inspection
1.0 GENERAL

1.1 Purpose 1.25 Acceptance Number
The acceptance number is the maxi-
mum number of defective units (or
defects) that may be found in a sample
without (a) rejecting the product or

(b) initiating 1009 inspection.

1.11 The purpose of this instruction is to
provide general information on in-
spection procedures and to supple-
ment the inspection information given
in the Manufacturing and Inspection
Layouts. 1.26 Clearing Sample

In continuous sampling the clearing

sample is the number of successive

parts that must be found free of de-
fects before 1009, inspection can be
discontinued and sampling can be re-

sumed.

1.27 Obvious Defect,
An obvious defect is a defect that is

1.12 All inspection should be carried out in
accordance with thisinstruction unless
otherwise stated in the Inspection

Layout.

1.2 Definitions
1.21 Defect

A “defect” is a deviation from a single
requirement.

immediately apparent and does not
require close scrutiny on the part of

1.22 Defective the inspector.
A ‘“‘defective” is a unit of product
having one or more defects. 2.0 WHEN TO INSPECT

1.23 Lot Size The points in the sequence of manufactur-
The lot size is the number of similar ing operations where inspection should be
parts submitted to Inspection in one performed are indicated in the Manufactur-
group. ing Layout.

1.24 Sample Size

3.0 SELECTION OF SAMPLES
3.1 Random Samples

The sample size is the number of parts
to be selected at random from the
product. In continuous sampling the
sample size is expressed as a Dper-
centage.

3.11 Samples should be selected at random
from the submitted product.
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3.12 In lot-by-lot inspection this means
that each unit in the lot should have
an equal chance of being selected as
the first item in the sample, and after
the selection of the first item each re-
maining unit should have an equal
chance of being selected, and so on.

3.13 In continuous sampling, where the
units come to the inspector in the or-
der of production, it is assumed that
they are already arranged in a random
order. The inspector should there-
fore select individual units (or small
groups of units) from the continuous
flow of product in such a manner as to
assure an unbiased sample.

3.2 Lot-by-lot Inspection

Where the product to be inspected consists
of a specific number of separate articles or
pieces, each sample should be a group of
articles taken at random from different
locations throughout the lot. The units
should be selected without regard to any
distinguishable physical differences be-
tween the units.

3.3 Continuous Sampling

Where the product to be inspected con-
sists of a portion of a continuous flow of
product, as on a conveyor, the inspector
should select enough units to make up the
specified sample by choosing the units one
at a time or in small groups from the con-
tinuous flow of product. The units should
be selected without regard to any dis-
tinguishable physical differences between
the units, and the intervals between the
selection of units should be determined in
such a manner as to assure that the sample
is unbiased.

3.4 Control Chart Acceptance Sampling

Where the product to be inspected consists
of the pieces made during the last half hour,
the last shift, or some other specified time
interval, each sample should be a group of
articles taken at random from different lo-
cations throughout the quantity of prod-
uct. The units should be selected without
regard to any distinguishable physical dif-
ferences between the units.

3.5 Vertfication Sampling

Where the product to be inspected is the
immediate portion of the output which is
being produced at the time when the in-
spector takes his sample (as in verifying an
operator’s control chart), each sample
should consist of a group of units produced
consecutively. The time of selecting the
sample should be determined in a random
manner in such a way as to assure an un-
biased sample.

4.0 INSPECTION OF SAMPLES

4.1

4.2

General Procedure

Each unit of the sample should be in-
spected for all items listed in the Inspection
Layout, using the drawings and the
methods or facilities specified. Each unit
should also be inspected for obvious defects
not specified. See definition of “obvious
defect” in Paragraph 1.27.

Workmanship Standards

The degree to which workmanship defects
may be present without violating standards
of acceptable workmanship should be de-
fined by the product engineer. If neces-
sary, the product engineer should author-
ize the use of “marginal quality units” to be
maintained and stored by the Inspection
organization. To obtain such standards
the Inspection organization may select
units of product considered marginal, ac-
ceptable or rejectable, and submit them to
the product engineer. The engineer, if he
agrees with the quality evaluation, should
identify, date and initial the submitted
samples. These units may be voided or re-
placed at any time by the product engi-
neer.

4.3 Formal Observational Standards

Formal observational standards are gen-
erally furnished where necessary by BTL.
The use of such standards should be speci-
fied by number on the Inspection Layout.
All units of the sample should be com-
pared with these standards.

4.4 Inspection Records

The results of inspection should be recorded



on suitable forms as specified in the lay-
out. The following information should be
recorded:

Lot size (in lot-by-lot inspection.)
Sample size.

Number and kind of defects.
Disposition of lot or product.
Identification of part or apparatus.
Identification of inspector.

AR el L

A separate inspection record should be
maintained for each sampling plan used,
and for each group of items inspected under
a common sampling plan. The separate
records may appear on the same sheet,
provided it is possible to identify them
separately.

Records of re-inspection (that is, the in-
spection of lots re-submitted after they
have once been rejected) should be kept
separate from the records of initial inspec-
tion.

5.0 ACTION TO BE TAKEN WHEN DE-

FECTS ARE FOUND

5.1 General

When the acceptance criterion of the
sampling plan is exceeded, the inspector
should take action as specified in the lay-
out.

5.2 Obvious Defects

Obvious defects not listed in the layout
should be set aside for repair. They should
not, however, be counted against the ac-
ceptance number of the sampling plan.
For acceptance purposes, only the listed
defects should be counted.

If obvious defects not listed in the layout
are numerous or appear consistently in the
samples, this condition should be called to
the attention of the Operating organization
and the product engineer.

5.3 Defective Parts in the Sample

All defective parts found in the inspector’s
sample should be plainly marked and
should be returned to the Operating or-
ganization. The Operating organization
should either repair or junk the parts.

54 “Qutstde Limit” or Non-Conforming
Material
When investigation reveals that rejected
material can be used advantageously, the
lots should be treated in accordance with
standard Manufacturing Instructions.
Notification of any special treatment of re-
jected lots should be forwarded promptly
to the Operating organization.

5.5 Rejected Lots (in lot-by-lot inspection)

5.51 Rejected lots should be assigned a
serial number and recorded on a
specified form. The serial number
should also appear on the ticket which
accompanies the lot when it is re-
turned to the Operating Department.

5.52 The Operating organization receiving
the rejected material should sort out all
defective units and repair or junk all
those parts which fail to meet require-
ments.

5.6 Clearing (1n continuous sampling)
When clearing becomes necessary under a
continuous sampling plan, the Operating
organization is required to sort the prod-
uct 1009, until the specified number of
units has been found free of defects. When-
ever a defect is found, the sorter should
start over in counting the satisfactory units.

5.7 Reinspection

Sorted product, when resubmitted for in-
spection, should be sampled in accordance
with the Inspection Layout involved. The
sample should be inspected for all require-
ments specified in the layout. The ac-
ceptance number for previously rejected
product is usually specified to be zero.

Layouts

In addition to the general instructions given
above, all inspection activities should be cov-
ered in formal Inspection Layouts. The layout
should include:

(1) Identification data describing the prod-
uct, operation, etc.
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(2) Points in the sequence of operations
where inspection is to be performed.

(3) Sample size, lot size and acceptance num-
ber (or clearing interval).

(4) Method of selecting the sample.

(5) Characteristics to be checked (properly
grouped).

(6) Method of measurement or classification.

(7) Information to be recorded or plotted.

(8) Action to be taken.

If certain of these items are covered ade-
quately in the General Instruction, the layout
may refer to the General Instruction instead of
covering the points in detail.

Quality Assurance

The instructions above do not cover the
Quality Assurance continuing indeperident
audit sampling of products and services sold
by the Company at the point where they are

ready for release to the customer. Quality
Assurance appraisals are in terms of demerits.
These are compared with certain established
standards, also in terms of demerits, in
accordance with the demerit system of
“quality rating.”

Since Quality Assurance is not part of the
quality control program, no attempt is made
in this Handbook to describe the system of
quality audit rating. For information on
these procedures see References No. 36 and
46 (Since these two references contain pro-
prietory information their distribution is
limited to AT&T personnel, however, a copy
of the copyrighted booklet ‘“Quality
Assurance in Western Electrie” is available
from the Company upon request). The
former is a complete description from the
point of view of Quality Assurance. The
latter is a simple explanation from the point
of view of Quality Control.

The standards and definitions established
by Quality Assurance are often used in
planning quality control programs.

Inspection Dept. 1782 (3) Inspection Layout No. P-457954-A
Results Dept. 1721 Issue Date 9/1
Operating Dept. 1732 Replacing Issue 6/27
Insp. Control Dept. 5326 (2) Inspect in accordance with General Instruction No, —,
Defect
Code Requirement Equipment
SAMPLING SCHEME BSA2
Applies to Groups I and II individually
Lot Size 85 AN
1,000~ 7,000 42 1
7,001-50, 000 70 2
Group T
1 Secure clinching Visual & by feel
3 Springs to be flat on front insulator (at Visual & .006”
leading edge) feeler
Group IT

101 Incomplete Visual

102 Burrs Visual

103 Cracked insulators and lugs Visual

105 Slivers Visual

112 Oil excessive Visual

113 Foreign material Visual

114 Bent springs Visual

Fig. 248. Example of inspection layout:

AOQL sampling. The designation “SA2” stands for single sampling

The numbers beside the defects 1efer to a list

AOQL, 29,. 8Sis the sample size; AN is the acceptance number.
describing possible defects which is furnished to the inspector.
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LOT BY 10T RECORD OF STATISTICAL SAMPLING INSPECTION

INSPECTION
SECTION LIST OF DEFECTS Ist SAMPLE AOQL____ %
MATERIAL
INSPECTED
INSPECTION NO.
OPERATIONS _ g|
[ oHe. HETE W
OPERATING DEPT. OPER. 3 ; § =
OPERATIONS DEPT. NO. CLASS HEISTH
8lo/Ed:
SAMPLE INSPECTION DETAILED 5 g g“ 5
YEAR TOTAL 1st SAMPLE TOTAL SAMPLE INSPECTION 2 g «_g.g -]
CODE | AMOUNT DEFEC- DEFEC g1=
DATE | ORP.NO. | INEOTS | TOTAL |Tyes! TOTAL |Tves| TOTAL | DEFECTIVES ]
!
2
3
4
5
6
7
8
9
i0
i1
12
13

Fig. 249. Form for recording inspection data: Lot-by-lot sampling. In continuous sampling, a form is provided
which shows the results on each unit (or group of units) inspected. Colored squares may be used to show
the occurrence of defects, the period of “clearing’’ by Operating, etc.
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control, at which point inspection should
be shifted onto the Tight Inspection basis.
It implies a definite degree of confidence
in the shop’s process control.

Reduced Inspection plans call for very
small samples and consequently offer little
protection by means of direct rejection of
lots. Protection comes primarily from
knowledge of shop control. If necessary,
inspection can be reduced still further as
shown in step (4).

(4) Minimum (or Audit) Inspection
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This type of plan may be used wherever
process control charts are being used in
the shop and where these charts can be ex-
pected, under normal circumstances, to
show reasonably good control. The in-
spection is merely an audit, by the inspec-
tor, of the shop’s own process controls.
Under this system, the AOQL is con-
sidered unimportant as long as proper
control is maintained. Inspection takes
only a ‘verification sample” at specified
intervals and plots the result on the chart
used by the shop.

This is called Minimum (or Audit) In-
spection and is sometimes referred to as
Level 4.

As long as the Inspection samples could
reasonably be expected to be part of the
same statistical pattern shown by the shop,
and as long as the shop chart remains in
reasonably good control, this indicates
that the process is running as it should and
that there is no essential conflict between
Operating and Inspection findings. The
shop chart is therefore used as the basis for
accepting product. In event of conflict
between Operating and Inspection results,
or if the pattern changes and is found to
be out of control, Inspection reverts to the
Normal or Tight Inspection plans de-
seribed in step (2) or step (1). Normal or
Tight Inspection is continued until the
conflict is resolved.

This inspection can be used for single
characteristics, groups of characteristics or
entire products where it is possible to place
reliance on process control. It tends to
call for extremely small Inspection sam-
ples and at the same time furnishes a high
degree of assurance because of the pattern
on the control chart. The details of ac-
ceptance or rejection for this type of plan
are provided specifically in the Inspection
Layout.

By selecting an appropriate inspection level
to begin with, and providing suitable means for
changing the inspection level in accordance with
the state of process control, the engineer will be
able to reduce or minimize his inspection
costs.

The following is a summary of the steps to
be taken in keeping inspection costs low.

(1) Set up process controls in the Operating
organization (including sorting by Operat-
ing if necessary) such that the product that
leaves Operating will, under normal con-
ditions, meet the shipped quality stand-
ards.

(2) For normal use give Inspection a
sampling plan which calls for relatively
small samples. The samples may be too
small to protect the quality standards by
themselves, but they must be large enough
to detect a breakdown in the Operating
controls.

(3) For use when the Operating controls
break down, give Inspection a tighter plan
which will, under emergency conditions,
place the necessary protective power in the
hands of Inspection.

(4) Concentrate on restoring the Operating
controls as soon as possible, in order to get
rid of the uneconomical inspection.
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Among the topics not covered in this book are the following:

Chi-Square Test. See References Nos. 5 and 13.

Confidence Intervals (or Confidence Limits). See References Nos. 3, 13 and 26.
Contingency Tables. See References Nos. 13 and 26.

Estimating from a Sample. See References Nos. 3 and 26.

Various Tests of Significance. See Reference No. 26.
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A

A, factor, 12, 13, 14, 195, 196
Abbreviations used by clerks, 229
Abnormal
causes, 6, 9, 150
data, 52-53, 116-117
measurements, 141, 160
sources of variation, 6, 10, 35, 37,
52, 149-151
Abnormalities, 154, 156, 163
Abrupt changes
in a curve, 164
in a process, 11, 164, 178
Abruzzi, A., 50, 277
Absences, 11, 21
Absolute value of residual, 98, 107
Acceptance
and rejection, 4, 38-39, 188, 233,
237~239, 254, 260-261, 268~
269
by control charts, 188, 246, 262-
263, 265, 274
on outside Limit basis, 254, 269
probability of (See Probability of
acceptance)
sampling (See Statistical sampling
inspection)
sampling by variables (See Vari-
ables sampling plans)
Acceptance number, 39, 237, 238,
240, 259, 265, 267
in Dodge-Romig tables, 249-253,
255, 270
in double or multiple sampling,
238, 259-260, 261
in Mil. Std. tables, 247-248
in single sampling, 259-260
Accidental
damage, 163, 180
loss of unit, 116
shipment, 165
Accidents, 21
(See Damage)
Accounting
problems, 3
records, 6, 21, 50, 189, 191, 197,
226
standards, 35, 46, 54
Accumulation of product, 167, 246,
260-262
Accuracy
of control limits, 52, 153
of measurements, 49, 89, 90-91
Action
criteria for, 208-209, 237
in inspection, 263, 269, 270

INDEX

in process capability studies, 61—
63, 63-65, 67-70
not taken as required, 217, 219,
227
on an Jz’ and R chart, 66-72
on an X chart, 66-67, 69-70, 228
on control chart audits, 227
on designed experiments, 77, 83,
87, 101, 112
on shop charts, 25 (footnote), 63,
65, 194-195, 208-209, 217-
221, 227
Activation, 91, 92, 93, 100, 101
Active causes, 217
Addition
of distributions, 122-123
of requirements, 61-63, 165, 175,
178
of variables in an experiment,
101-103
Adjusting operation, 46, 49, 61, 188
Adjustment
between process and OC curve,
244, 246, 255, 264-265
of a machine, 16, 30, 37, 67, 153,
166, 188, 202, 203204, 212
of a meter, 67
of a process, 16, 30, 37, 67, 153,
188, 202, 203-204, 265
(See Overadjustment)
Administration
of inspection, 234, 236, 260, 267-
271
of process control, 201-216, 217~
222, 227
of the quality control program,
vii, 4, 33-41, 187-199, 201-
216, 221-222, 223-229, 234
(See Process control; Quality con-
trol program; Quality con-
trol engineering)

Administrative uses of control
charts, 3, 4, 10, 21, 22, 23, 46,
225-226

Advantages

of control chart analysis, 83-84,
91, 97

of control charts in general, 9, 10

of designed experiments, 75-76,
77, 91-93, 101, 187

of joint cost reduction cases, 226

of process capability studies, 10,
34-36, 45-47, 61-63, 71, 112,
187

of quality control, 10, 33-38,
225-226, 233, 236, 246, 273
274

of sampling inspection, 4, 38-39.
187, 233-236
of shop charts, 4, 10, 15-16, 19—
20, 36, 37-38, 62, 187, 201~
204, 216, 219-220, 221, 224,
225-226, 235, 246, 265, 274
of unnatural variation, 35, 54, 151,
221
Adverse effect on quality, 72, 121,
246
Advice given by quality control
engineer, 40, 113, 192, 228,
236
Age
as a variable, 153, 178
of & fixture or machine, 168
of a person, 7
Aging of product, 153, 178
Aims
of a cost reduction case, 226
of a quality control program
(See Objectives)
Aircraft, 21
Algebraie
differences, 21, 22, 102-106
value of residual, 98
Alignment, 5, 8, 19, 69, 155, 167,
175, 180
Allowances
engineering, 35, 46, 54, 122, 125
establishment of, 46, 54, 235, 265
to be based on a natural pattern,
54, 59-60
work sampling data for, 50
Alloying, 102, 104
Alternate pairs of samples, 108, 109
American Society for Testing &
Materials (See ASTM)
American National Standards
Institute (ANSI), 277
Amount
of inspection, 39, 46, 225, 226,
233, 236, 262, 273-274
of production, 71, 226 (See Effi-
ciency; Schedules)
of product rejected by Inspection,
226, 246, 255
of product requiring detailing,
226, 235, 263, 265
of record keeping, by inspection,
260, 268269
of sorting, 46, 226, 235, 265
Amount of data
for statistical conclusions, 28, 62,
112, 146
required for a control chart, 9
required for chart of individual
measurements, 50-51, 160
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Amount of data, continued

required for designed experiments,
28, 77, 78-79, 90, 92-93,
110,111, 112,113

required for engineering studies,
50-51, 62

required for experiments not
formally designed, 77, 92

required for process capability
studies, 28, 47, 50-51, 61, 62,

63-64, 6672
required for studying correlation,
146
required for studying skewness,
56
(See Data)
Ampere turns, 66-71
Analysis

of a c-chart, 72-73
of a designed experiment, 77-84,
84-91, 91-101, 107-111, 111~
112
of an X and R chart, 15-16, 66-72
of a p-chart, 19-20, 31, 59, 73,
157-159
of a process capability study, 47,
51-63, 66~73
of complex unnatural patterns,
54-56, 60, 6671, 72-73
of control charts, 152-180
of control charts in an experiment,
100-101, 111-112
of data in general, 3, 9
of engineering data, 46
of patterns, 53-56, 66-71, 72-73,
161-180
of shop charts, 190, 199, 203-204,
217-219
(See Formal analysis; Informal
analysis)
Analysis of factorial design
control chart method, 93, 97-
101, 101-106, 107-111, 111-
112
sum of squares method, 93-97,
101
Analysis of variance
by control charts, 93, 97-101,
101-107, 107-111
by sums of aquares, 78, 80, 81, 82,
91, 93-97, 101
explanation of, 78, 80, 93
for comparing averages, 80-81
for determining components of
variance, 91, 95, 96, 98
Anchoring of fixture, 55
Annual
reports, 225-226
savings, 226
Answers
to questions asked by engineers,
4,34, 36, 46-47, 75
to questions asked by operators,
201-202

280

to questions asked of machine set-
ters, 202, 217
A0Q, 251
AOQL
calculation of, 251-252
choice of, 254-255, 264, 265, 273
compared with target value for
shop, 254-255
derived from quality rates, 264,
273
equation for, 251
ignored in case of Minimum
Inspection, 273, 274
may hold product to tighter level
than planned, 251, 252
meaning of, 249
misuse of, 254
selection of values of, 263-265,
273
used in conjunction with LTPD
sampling plans, 250, 253
AOQL sampling plans, 249-251,
252-255, 256, 263-265, 273
Apparatus, 3, 189
Apparent,
complexity, 37-38, 70, 166-167
correlation, 56, 146, 156, 176-177
effects in data, 9, 10, 46, 75-76,
99, 103, 161
freaks, 52-53, 58, 117, 162, 164
savings, 246, 262
skewness, 58, 163
spread, 61, 123, 141
stratification, 173-174
trends, 160, 178, 179
trouble with specification, 122,
204, 206
worsening of pattern, 67, 68
Appearance
as a variable, 12
of chart mountings used in shop,
192
of control charts, 192, 216, 221
Applications
in the shop, vii, 4, 5-6, 10, 15-16
19-20, 22-23, 33-41, 45-47,
50, 62-65, 72, 74, 75, 125,
183, 187-229
leading to cost reduction, 226
of control charts, in general, 33
of designed experiments, 34, 75—
117
of process capability studies, 34,
45-47
of quality control, 34, 33, 34
Approach to capability, 36, 47,
63, 64, 71,73, 74, 83
Approval of shop charts, 189, 192,
199, 228
AQL, 119, 247, 265
AQL sampling plans, 246-248, 265
Areas
for applying statistical quality
control, 3-4, 33, 34, 4647,
66, 187-189

for inspection, 260
of squares, 57
storage, 246, 260
Arithmetic mean, 129 (See Aver-
ages)
Armature, 213
Arrangement,
of points on a control chart, 149,
160
of points in a natural pattern, 24,
162, 170, 175, 176
Arrangement of data
for calculating standard deviation,
130
for control charts, 14, 18, 22,
72-73, 82, 86, 98, 109, 149,
151
for correlation,
147
for designed experiments, 76, 78,
82, 84, 86, 92, 94, 99, 102,
109, 117
for frequency distribution, 139
for obtaining median, 129
for process capability studies, 51—
52, 55-56, 72-73, 75
Arrows, in margin, 13-14, 16, 30-
31, 65, 190, 205, 206, 212
“a’s,” writing of, 7
Assemblies
complex, 3, 55, 122, 189
methods for, 3, 46, 71, 175, 226
parts needed for, 246, 254
positioning of, 69, 167, 176
problems in, 48, 61, 188, 189
selective, 123, 127, 188
Assembly tolerances, 124-127
Assignable causes
effect of, in setting standards, 59-
60, 122, 145
good or bad? 35-36, 54, 62, 149~
151
in a complex pattern, 66
in a designed experiment, 79,
82-83, 87, 88, 99-101, 101~
106, 106-107, 109, 111, 112,
113-114, 116-117
in an error of measurement study,
87, 88, 89, 90, 91
in data for an experiment, 111
information from, 35-36, 54-56,
151, 221
in general, 6, 145, 149-151, 217
in process capability studies, 25
(footnote), 34, 35-36, 45,
46, 47, 51, 53, 55-56, 59-61,
66-73, 122, 150-151, 161-
180
meaning of, 9, 10, 37-38, 47, 149~
151
on a p-chart, 19-20, 48, 59, 157-
159, 189
on shop charts, 25 (footnote), 189,
212-213, 217, 218-219

143-144, 145,



patterns associated with, 11, 54—
56, 60, 66-71, 72~73, 99-
100, 161-180
tests for, 25 (footnote), 25-30,
180-183
tests for, within boxes in a de-
signed experiment, 111
treatment of, 35-36, 54, 62, 122,
150-151
Assistance
in writing layouts, 192, 236
to Quality Control Team, 40,
228-229, 236
Assortment of product, 166
Assumptions
about average, 153, 154
of constancy, 78, 79, 80, 82, 114,
218
of equivalent variances, 78-80, 82
of normality, 78-79, 80, 82, 132,
134, 154
Assurance, in inspection, 274
(See Quality assurance)
Asterisk
used for marking control charts,
99, 100, 107, 109
used for marking effects in sum
of squares analysis, 97
ASTM Manual on Quality Control
of Materials, 139, 275, 277
Atmospheric conditions, 6
Attendance, 6
(See Absences)
Attitudes, 4, 158
(See Motivation)
Attributes control charts, 7-8, 11,
17-21, 48-49, 113, 144, 157-
160, 188-189, 191, 196-197,
198, 204, 218, 227
examples of, 19, 72-73, 194
other than p-charts, 11, 20-21,
72-73, 160, 189, 191, 198
where to use, 48-49, 54, 59, 72-73,
113, 188-189, 191, 196-197,
218
(See p-Charts; np-Charts; c-
Charts; u-Charts)
Attributes data
for control charts in general, 11,
17,18, 31, 38, 47, 48-49, 50,
157-160
used in designed experiments, 113
used in process capability studies,
48-49, 50, 53, 54, 56, 59, 66,
72-73,74, 144
used on shop charts, 188-189, 191,
194, 196-197, 198, 206, 210,
225, 227228
Attributes inspection, 237-265, 267~
271
Attributes measurements, 5, 6, 17,
18, 20-21, 47, 144
(See Attributes data)
Audit inspection

(See Minimum inspection; Qual-
ity rating)
Audits
of finished product, 270
of inspection, 227
of process controls, 38, 41, 198
199, 219, 223, 227, 233, 274
of various areas of management
interest, 34
performed by Inspection, 233-
234, 268, 274
Authorization
of questionable practices, 45, 61
of data collection, by the Quality
Control Team, 41, 192, 223,
228
Automatic controls, 10, 70, 156,
171, 180, 235
Automatic timer, 70, 235
Automatic welder, 5, 19
Automation, 47
Average amount of inspection, 46,
260
Average range, 12, 56, 58, 131
Averages, 11, 137, 138
addition of, 123-124
affected by change in proportion,
153, 154
caleculation of, 12, 129, 210, 213
change in, 153, 179
conclusions based on, 111
distribution of, 137-138
limits for, 16, 138
meaning of, 154
of a distribution, 63, 129, 171
of a series of samples, 137
of two related points, 109
process (See Process average)
should not be used for estimates,
60, 61
substitutes for, 129, 197
unreliable, 60, 61, 83
use of, in a designed experiment,
78, 80-81, 111
use of, in analysis, 78
various forms of, 129
(See X and R Charts)
Average value of electrical char-
acteristic, 71, 83, 91, 101
Axiom, 217

Backing for shop charts, 192, 228
Back schedules, reduction of, 37, 46,
226
Bake-out, 102, 104
Balance
around a centerline, 24, 187, 208
between costs and savings, 10,
34, 36, 38, 45, 47, 61-63, 64,
71, 75, 121, 171, 217, 223-
226, 246, 262, 263, 265

between cost and quality, 33,
38, 41, 45, 62, 64, 120-122,
193, 264-265
between two types of error, 25
(footnote)
in a factorial experiment, 92-93,
101
statistical, 59, 76, 93, 150, 157,
159, 170-171 (See Stability;
Statistical control)
Ballast lamps, 224, 225
“Band’” of acceptable levels, on a
control chart, 63, 64, 65, 120,
193-194, 195-196
Barrel plating, 156
Bartlett’s test, 78, 79-80, 83
Batches of material, 61, 62, 151,
196, 218
Batch-type operations
(See Intermittent operations)
Beaker, 218
Bearing, 15, 126, 219
Bell System, 270
Benches, 192, 218
Benefits
of control charts (See Advantages)
to shop, 36, 63, 64, 71, 219
Bent springs, 270
‘“Between sample” causes, 150
Bias
in a sample, 113, 116, 207, 214,
267-268
in a technique, 30, 114, 116, 204
Bias between measurements in a
designed experiment, 111
Bifurcated springs, 53
Bimodal distributions
causes of, 136
examples of, 153, 154, 162, 163,
165, 169, 172, 174, 176, 179
(See Non-normal distributions)
Binding, 70, 71
Binomial distribution, 239, 242, 252
(footnote), 278
Bins, 167,171
Blank charts and data sheets, 207,
210-211, 228, 271
Blindfolded driver, 216
Block design, 92
Blueprint limits, 16, 30-31, 119,
189, 205
(See Specifications)
Board for control charts, 209, 217,
218
“Boats” in an oven, 114
Bolts, 156
Bonding (of contact to wire), 209
Bottlenecks, 33, 77, 187, 202, 246
(See Delays)
Bowker, A, H., 242, 262, 277
Boxes
assignment of variables to, in an
experiment, 92, 98, 102-103
identification of, in an experiment,
98
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Boxes, continued
number of measurements in, 93,
111, 113
of produet, 157, 173
shaded, 97, 106, 107, 110, 111
Breakdown
by operations, 166
dielectrie, 20, 162
of data, 36, 54-55, 166, 199, 218
(See Production paths)
of facilities, 163, 180
of pattern, 55, 66-68, 72, 166
of p-chart, 48, 59, 159
of process controls, 233, 273-274
of quality safeguards, 273, 274
voltage, 20
“Bright dip’’ finish, 102
Broken bolts, 146
Brownlee, K. A., 79, 80, 81, 96, 97,
101, 116, 148, 278
Budge, 54
Bulk of shop records, 228-229
“Bunching” of measurements, 11,
31, 54, 68, 160, 161, 165166,
179
Burr, I. W, 101, 132, 135, 277
Burrs
as a variable, 156, 162, 270
example of data on, 49-50, 113
Business
at quality control meetings, 40,
41, 223-224, 226, 236
unfinished, 47, 63, 122, 235-236
By-products
of process capability studies, 34,
36
of shop charts, 36, 38, 233, 262

C

¢, 21
Cable, 3
Calculation of control limits
as a variable, 153-154, 156, 173,
219
for a moving range chart, 8, 22,
173-174, 191, 196, 197, 222
for an X and R chart, 12-14, 82~
83, 153-154, 191, 194-195
for an X chart, 138
for attributes charts, 7-8, 17-18
20, 21, 191, 196-197
for designed experiments, 97, 98,
107-108, 111
for miscellaneous control charts,
74, 197-198, 221222
for process capability studies, 51—
52, 53
Caleulations
authorized by Quality Control
Team, 228
correctness of, 4,145, 162, 173, 215,
227
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in an experiment, 82, 86, 94-97,
98, 107-109, 110

made by process checker, 192,
208, 213, 214-215, 227

made by statistical clerk, 228-229

mistakes in, 4, 162, 163, 173, 180,
215, 227

of average, 12, 71, 129, 137, 197,
213

of effects in data, 94-95, 98, 103

of measurement error, 88, 89

of percentage, 18, 19, 20, 213, 215

of percentage outside of limits,
30-31, 54, 58-59, 71, 127,
132-136

of probabilities, 180-183, 239-242

of process capability, 53-54, 56,
58-59, 71

of p values, 17, 18, 20, 162, 215

of range, 12, 131, 213, 214-215

of R, in a designed experiment, 98,
107-108

of residual, 96-97, 97-98, 106,
107,110, 111

of E points, 12, 14, 82, 86, 109,
162

of sigma, 56, 58, 71, 88, 89, 123,
124, 127, 130, 131, 147-148

of sigma for a line of regression,
145

of skewness, 56, 59, 122, 131, 134~
136, 196

of spread, 30-31, 56, 58-59, 71,
122, 123-124, 127, 130-131,
195

of tests for unnatural patterns, 25,

_109, 180-183

of X points, 12, 14, 82, 86, 109,
162

optional, in an experiment, 98

shortcut methods for, 97-98, 110,
130-131

Calibration, 53, 113, 153, 159, 165,
175
Capability

approach to, 36, 47, 63, 71, 73, 74

ag a percentage, 45, 56, 59

as a percentage of defects, 235,
244, 245, 250, 253, 265, 273,
274

compared with performance, 45,
61, 74, 187-188, 265

determination of, 53, 54, 56

of a machine, 33, 35, 46, 170, 172,
175, 202, 204, 207, 224, 235

of an operator, 35, 46, 57, 73, 170,
202, 204

of a process (See Process capabil-
ity)

of a tool, 35, 46

of designs, 35, 46, 47, 224

of materia), 35, 46, 224

of methods, 35, 46, 224

overall, 46, 48

Capacitance, 102
Capacitors, 4
Capacity, 38, 46, 224, 226
Car, 216
Care shown by operators, 33, 164,
178, 203
Carelessness, 55, 155, 156, 167, 175,
180, 235
Carrier tubes, 224, 225
Cases, cost reduction, 38, 47, 54, 62,
71, 224, 225, 226
Casual checks, 190, 224
Categories
for data, 55, 92, 101~102, 210,
271 (See Production paths)
for operations, 224-225
Cause and effect relationships as
shown by a control chart, 10,
11, 27, 35-38, 53, 66-73, 149~
180, 187, 190, 218-220
as shown by correlation, 29, 56,
143-144, 146, 176-177
as shown by process capability
studies, 34-36, 46-47, 49,
54-56
as studied in designed experiments
4, 75-76, 99-101, 111112
revealed through unnatural pat-
terns, 6, 9, 11, 34, 35, 36,
54-56
verification of 56, 177
(See Correlation; Causes)
Causes
abnormal, 6
affecting a p-chart, 17, 48, 158~
159, 192
as related to correlation, 146, 176~
177
agsignable (Sec Assignable causes)
associated with patterns, 6, 9, 11,
35-36, 54-56, 66-71, 99-101,
149-161, 161-180, 212, 215,

217-219

associated with unstable patterns,
55, 66-70, 166-167, 179-
180

“between sample,” 150
combinations of, 37-38, 67, 68,
70, 166 (See Interactions)
detectable through unnatural pat-

terns, 6, 9, 11, 35-36, 37-
38, 54-56, 161-180, 197, 221
elimination of, 153
erratic, 68, 166
extraneous, 91, 149, 166
found by Shop, 71, 190, 208, 212-
213, 215, 217-219, 227
hidden (See Hidden variables)
identification of, 56, 166
known to Operating, 48, 188, 218
large, 6, 55, 66-67, 70
not applicable, 69
of a natural pattern, 170-171



of bunching, 165~166

of complex patterns, 55, 66-73,
166, 167-169, 179-180 (See
also Mixtures; Stratifica-
tion)

of cycles, 69-70, 161-162

of defects, 46, 66-71, 72-73, 233,
235, 246, 265

of disturbances on chart of in-
dividual measurements, 31,
160-161

of disturbances on various attri-
butes charts, 157-160

of disturbances on p-chart, 31,
157-159

of disturbances on R chart, 30,
66-68, 154-156, 168

of disturbances on X chart, 30,
152-154

of freaks, 163-164

of gradual change in level, 164-
165

of grouping, 165-166

of instability, 55, 166-167

of interaction, 167-169

of mixtures, 169-170, 171, 179-
180

of natural variation, 6, 150, 171

of patterns, 149-180

of repairs, 46, 64, 188, 189

of rework, 37, 46, 188, 202

of scrap, 37, 46, 188, 202, 217

of skewness, 56-58, 70

of stratification, 53, 173-174

of sudden shift in level, 174-175

of gystematic variation, 175-176

of tendency of one chart to follow
another, 176-177

of trends, 10, 53, 164, 177-179

of trouble, 10, 11, 35, 36-37, 46,
187, 188, 189190, 202, 217

of unnatural variation, 6, 35-36,
149-151 (See Causes detect-
able through unnatural pat-
terns)

on shop charts, 71, 208, 212-213,
215, 217-219, 227

operating in combination, 37,
66-68, 70, 166, 167-168

outstanding, 70

simple, 38, 54, 72, 166, 217

single, 4, 37, 45, 68, 70, 166

susceptible to analysis, 54, 55, 67,
70

tracing of, in inspection, 261

ultimate, 166, 171

unknown, 4, 10, 34, 38, 46, 54,
66, 7576, 188, 190, 218-219,
223

“within sample,” 150

Cause system, data representative

of, 50-51, 66, 76
(See Systems of causes)

Caution

in interpreting control charts, 66,
72, 154, 159, 160, 161, 197

in using designed experiments, 76,
112

Cavity, 152
c-Charts, 20-21, 48-49, 66, 72-73,

137, 189, 191, 196-197, 204

Cells

midpoint of, 130, 131, 140

used in calculating standard
deviation, 130-131

used in making a frequency dis-
tribution, 138-140

Center

allowable shift in (of a process),
64, 65, 122, 193-194, 195-
196

estimated from a process cap-
ability study, 56, 61, 62,
119

methods of adjusting, 30, 120~
121, 202, 203-204

of a distribution, 30, 53, 56, 71,
121, 129, 138, 139-140, 152,
160, 188

of a distribution (as an inspec-
tion requirement), 119, 122,
265

of a process, 53, 56, 193-194, 195—
196, 212

of the sampling distribution of
averages, 138

shown by an X chart, 16, 30, 48,
53, 56, 62, 67, 152

(See Central tendency; Center-
lines)

Centering

between specifications, 64, 65,
120-121, 160, 193, 220

of a distribution, 120, 121, 188,
226

of a machine, 30, 188

of a process, 30, 62, 64-65, 120~
121, 167, 170, 188, 202, 220

of parts ete, (See Alignment.)

Centerlines

definition of, 152, 193-194

double, 64, 65, 193, 195-197

economic, 62, 64-65, 192, 193~
194, 195-197

for shop control charts, 63, 64—
65, 190, 192, 193-196, 228

on an R chart, 12, 14, 71, 87-89,
98, 100, 107-108, 131, 154-
155

on an X chart, 12, 90-91, 228

on experimental control charts,
98, 100, 107-109

Central tendency

estimated from a process capa-
bility study, 56, 59-60, 61—
62,119

measures of, 30, 56, 129

on an X chart, 152, 154

Certainty
degree of, in conclusions from a
cantrol chart, 9, 10, 25 (foot-
note), 52, 180-183
degree of, in conclusions from an
experiment, 97, 99, 100, 107,
109, 112
(See Risk)
Chain sampling, 262
Chamfer, 156, 235
Chance
effects due to, 24, 103, 150, 171
of accepting poor product, 245
of rejecting good product, 244-
245, 255, 273
of wrong decisions, 25 (footnote),
83-84, 100, 107, 112, 237-
238, 278
laws of, 6, 24, 116
second, for an inspection lot, 260
(See Chance causes; Certainty;
Risk)
Chance causes, 24, 25 (footnote),
152
effect of, on a control chart, 9,
24, 150, 170-171
Changes
abrupt, 11, 164, 178
based on control charts, 10, 16,
37, 67, 72, 166-167, 188,
199, 202~204, 217
detected by control charts, 8-9,
25, 35-36, 37, 51-52, 83,
218, 220
effact of, on product, 46, 72, 202
engineering, 46, 62, 63-64, 69, 70,
72, 224
gradual, 11, 161, 164-165, 177-
179
in a cause system, 6, 810, 19-
20, 25, 27, 37-38, 53-54,
61 62, 66-71, 83, 141
in a fixture, 53, 69, 83, 164, 175,
213, 215, 219, 235
in a process, 6, 8-10, 19, 37, 46—
47, 49, 53, 54, 61-63, 64,
66-72, 120-122, 141, 187-
190, 192, 198-199, 202, 203,
206, 208, 212-213, 215, 218-
220, 224, 226
in assortment of product, 166
in average, 153, 170
in calibration, 53, 113, 153, 159,
175
in design, 46, 51, 198, 224
in design of tool, 46, 212, 219
in distribution, 37, 57-58, 122,
141, 152-158, 164, 166, 174,
178, 179-180
in efficiency, 71, 158
in equipment, 47, 53, 70, 113,
174,215
information on, in a process, 35,
37, 54, 72, 208, 215, 217, 218
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Changes, continued

in gaging, 72

in inspection levels, 246, 273-
274

in layouts, 40, 192, 198-199, 219,
223-224

in master control chart, 65, 228

in material, 30, 62, 63, 174, 176

in method of test, 165, 180, 218,
219

in methods, 30, 4647, 62, 63,
68-70, 121, 174, 219, 226

in methods of assembly, 46, 70,
175, 226

in motion patterns, 158, 219

in operations, 187, 202

in pattern (on a chart), 55, 67,
73, 153, 155, 164-165, 166,
168, 174-175, 177-179, 203,
206, 218

in personnel, 227 (See New
operators)

in product characteristics, 164

in proportions, 153, 157, 178, 179

in requirements, 198

in schedules, 155, 166, 178, 198,
224

in setup, 16, 30, 71, 174, 188, 202,
203-204

in shape of distribution, 57-58,
160

in shop charts, 38, 41, 65, 189-190,
198-199, 219, 223, 227-229

in specifications, 10, 34, 35, 36,
38, 46, 47, 48, 57, 61-65,
120-122, 187, 188, 198, 203-
206, 219, 220, 224, 226

in spread, 71, 120, 121, 154156,
179

in standards, 31, 158, 159, 165,
175,178

in suppliers, 207

in test sets, 47, 165, 167, 175,
180, 218

in the design of process control
charts, 189190, 198-199,
219, 223, 224

in work habits, 158, 167, 219

of water in tank, 50

visual impressions of, 160, 178
(See Intuitive impressions)

Characteristics

associated with trouble, 64, 66,
121, 188

combined on a p-chart, 17, 48, 59,
157-159, 189, 190

effect of, on other characteristics,
46, 64, 187, 202, 218, 223
(See Interactions)

for inspection, 263, 265, 268, 270
(See Inspection items)

of a distribution, 6, 129

of a product, 48, 66, 91, 101, 180,
202, 270
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of the letter “‘a,”* 7
plotted on a control chart, 66,
188-189
quality, 3, 132, 188, 265
to be checked, 201, 202, 209, 265,
270
to be plotted, 66, 99, 106, 108,
113, 188, 189
Charge on an electron, 6
Chart holders, 192, 228
Charts
maintained by Inspection, 39,
225, 246, 262-263, 265, 274
plotted by engineers, 53, 82, 86~
88, 107-109
plotted by the Shop, 213-216
(See Control charts; Process con-
trol charts; Shop charts)
Charts for individual measurements
amount of data required for (in
engineering studies), 50-51
apparent stratification on, 173-
174
calculations for, 21-22
causes affecting, 162, 163, 165,
166, 167, 171, 175, 176, 179,
180
centerlines for, in the shop, 193—
194, 196
construction of, 21-22
control limits for, 8, 11-12, 21-22
control limits for, in the shop, 194,
196
examples of, 5, 8, 22, 23
general use of, 11, 12
importance of, 12
interpretation of (See Interpre-
tation)
samples for, in the shop, 191
sensitivity of, 11, 12, 160, 161
substitutes for, 198
symbols for, 21
used for correlation, 144
uses in the shop, 188, 189
where to use, in general, 11-12,
21, 22, 23, 50, 144, 160-161,
189, 196, 221-222
Checking
as a variable, 4, 31, 159, 167, 171,
180, 215-216
devices, 192, 209, 270
frequency of, 41, 192, 199, 209,
219, 227
intervals, 41, 190-192, 199-207,
214, 219, 227, 233, 262, 274
of freaks, 52, 70, 117, 163, 218
of gages, 219
of machine setter’s notes, 67
of machine setting, 30, 202, 203-
204, 217, 219
of possible causes, 55, 69, 161,
166, 217-218

of process controls, 41, 187, 189~
190, 198, 219, 227, 233-234,
273-274
of samples, 192, 207-209, 213~
216, 227, 268-269
Chemical operations, 4, 11, 21, 23,
35, 48, 114, 189, 224, 225
Chi-square test, 78, 79, 80, 82, 133,
140, 278
Chronic troubles, 188
Chronological history, 192, 228-229
Chucks, 55, 69, 176, 180, 213, 219
Circled effects, in an experiment, 95,
98
Circled z’s, on a control chart, 28-30
Circuit, 68
Clarity
of patterns, 54-55, 6768, 166
of specifications, 61-63
shown by z’s, 67
Clagsical methods (other than con-
trol charts), 78-81, 83-84, 91,
03-97, 144-148, 278
Classification
basis of, for p-chart, 158, 159
in inspection, 268, 270
of data, 55, 56, 166
of defects, 198, 263, 270
Cleaning operations, 35, 50, 91, 93,
100, 101, 114
Clearances, 126-127, 188
(See Assembly tolerances)
Clearing
in continuous sampling, 256, 257,
269
interval, 256, 270, 271
sample, 256, 257, 267
Clerical work, 3, 34, 50, 228-229
Clerks, statistical, 216, 228-229
Clinching operation, 270
Clogging of fixtures, 178
Closing
of a cost reduction case, 226
of items in control chart audit,
227
Cloth, 20, 191
Clues obtained from pattern, 55, 66,
67, 68, 166
Clustering of measurements, 160,
165-166
Code numbers
referring to notes on a control
chart, 208, 212
referring to product, 167, 171, 196
referring to semi-variables data,
49-50 (See Semi-variables)
Codes of product, 160, 167, 171,
196
Cold weld, 212
Collection of data
for shop charts, 38, 41, 63-64,
65, 77, 190-192, 201, 205-
210, 213-216, 219, 223, 227,
228, 229



in a process capability study, 36,
41, 47, 49-51, 55, 62, 63-64,
66, 67, 74, 223, 228
Comb (on arelay), 19
“Combination” residual, 96-97, 110
Combinations
of causes, 68, 70, 166, 167
of characteristics on & p-chart, 17,
48, 59, 157, 159, 189, 190
of distributions, 68, 121, 122-124,
126-127, 160, 166 (See Mix-
tures)
of variables in an experiment, 91,
92, 93, 97, 100-101, 105-106,
108, 116, 117 (See Inter-
actions)
Comments on control charts, 53,
66-67, 188, 208-209, 212-213,
215, 221
Comparator, 209, 213
Comparisons
basis for, on a p-chart, 51, 159
between process and specification,
30-31, 58-59, 61-63, 6465,
71, 119-122, 170, 204-206,
224 (See Process)
between shop chart and process
capability study, 63
of assembly techniques, 46
of control charts with other
methods, 75, 79, 82~84, 91, 93
97, 98, 106, 110, 112, 141,
167, 203-204
of designs, 46
of distributions, 71, 139-141
of engineering responsibility vs.
shop responsibility, 46, 204,
224
of instruments, 84, 89
of machines, 36, 46, 49, 54, 90,
159, 170, 171, 172-173, 175,
202, 215, 224
of methods, 35, 46, 53, 55, 63,
72, 90, 92, 175, 202, 218,
220, 224
of operators, 36, 49, 55, 159, 170,
171, 175, 204, 215, 218
of suppliers, 36, 39, 55, 162, 207
of tools, 46, 55, 224
of two R charts, 67-68
of variability, 78-80, 83, 87-89,
154-156
of variables in an experiment,
4, 91-101, 101-106, 112, 114
to be based on natural patterns,
53-54, 58, 59, 61, 122, 170,
204-206
Compatibility
of process with specification, 119—
122
of specifications with each other,
64,121
Compensation for process variables,
37, 64, 220

Competence
of inspector, 155, 218, 236
of operator, 155, 164, 167, 175,
178, 180
of process checker, 171, 213, 215~
216, 218
Complaints, 38, 62, 226, 246, 264
Complete
inspection of samples, 227, 260,
261, 268
job studies, 224-225
Completion of studies made by
engineer, 38, 45, 47, 61, 62,
63-65, 71, 74, 75, 221
Complexity
causes of, 35, 36, 37-38, 54-56,
66, 67, 68, 69, 75 (See In-
stability; Mixtures; Freaks)
in experimental designs, 76, 77,
114
of apparatus, equipment etc.,
3-4, 20, 21, 38, 55, 122-124,
166, 189
of cause systems, 3, 4, 38, 45, 75,
171
Complex patterns
assignable causes in, 66
examples of, 66-67, 72
importance of, 35, 54
importance of R chart in analyz-
ing, 55, 66-69, 153, 155, 168
(See R chart)
in a process capability study, 54—
56, 66, 67-73
interpretation of, 54-56, 66-71,
72-73, 166
on a c-chart, 72-73
on an X and R chart, 66-71
on a p-chart, 17, 48, 59, 157,
159, 162, 163, 167, 171, 173,
180, 196-197
list of, 11, 54, 161
simple causes for, 37-38, 54, 70,
166
(See Unnatural patterns;
plification)
Complicated variables (in a process
capability study), 55, 66
Complications due to interactions,
76, 77, 91, 105-106, 167-169
Component distributions, 68, 122,
124-125, 127, 153, 155, 160
(See Mixtures)
Components
of assemblies, 4, 55, 122, 124-127
of distributions, 153
of mixture, 166, 169-170, 171
of variance, 75, 89, 93, 95-97, 98
on a p-chart, 48, 59, 157, 159
Composition of chemical baths, 23,
114
Concise reports, 224, 225, 226
Conclusions
based on averages, 61, 78, 111,
153, 154

Sim-

from a control chart, 8-10, 15—
16, 19-20, 30-32, 48, 53-56,
203-206

from analysis of variance by con-
trol chart method, 100-101,
111-112

from analysis of variance by sum
of squares method, 81, 97

from an experiment, 76, 77, 81,
82-83, 87-89, 92, 97, 100-
101, 111-112, 220

from a process capability study,
35, 36, 53-56, 58-60, 61-
63,71,73,75,76,112

Condensed history, 229
Conductive material, 165
Conductivity, 21
Conferences, 219, 246

(See Meetings)

Confidence

in control charts, 10

in process controls, 273, 274

intervals, 278

Conflict

between Operating and Inspec-
tion results, 274

between process and specification,
122 (See Comparisons; Speci-
fications)

between quality and cost, 264265

Confusion
between control limits and speci-

fication limits, 16, 30-31,
151, 190
in speaking of natural tolerance,
61
Connections in an assembly, 17,
191
Consistency
agsociated with a natural pattern,
150
associated with an R chart, 30,
154

in judgment, 50
in shop practices, 223, 227
of results, 48, 71, 77, 88, 89, 101
(See Reproducibility)
Consolidation of charts, 41, 199
Constancy
artificial, 29, 172-174
associated with a natural pat-
tern, 150, 170-171
agsumption of, 78, 79, 82, 114,
218
hypothesis of, 82, 83
of inspeetion load, 260
tests for, 25-28, 78, 82
Constant
quantity, for a c-chart, 20, 191
sample size, 18, 20, 191
system of causes, 6-7, 9, 10, 45,
53, 83, 150, 170-171
Consumer’s risk, 245, 246
Contacts (on s relay), 19, 154, 209
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Containers, for produect, 157, 173
Contingency tables, 278
Continuity in shop operations, 36,
46, 187, 202, 217, 219
Continuous
checks on control charts, 38, 41,
64, 190, 192, 201, 217-219,
221-292, 223-225, 227
disturbance in a process, 150
movement of a pattern, 9, 29-30,
160, 177

Continuous sampling plans, 255-258

Contraction (as a variable), 153
Control
automatic, 10, 70, 156, 171, 180,
235
by machine setters, 48, 188, 202,
203~-204
by operators, 48, 188
economical, 36, 63, 220-221
importance of, 10, 35-38, 53-54,
59-61, 62, 75, 122, 124-127,
141, 150-151, 171, 187-190,
217, 220-221, 225-226, 233,
273-274
meaning of, 3, 5-7, 35-36, 37-38,
53-54, 150, 171, 220-221
of a process (See Process control)
of inspection piece rates, 260
of lots, 163, 164, 167, 171, 180,
260-262
of manufacture, 226
of shop processes, 35, 37, 63, 187,
190, 202, 217, 219, 220-222,
223-226
reasons for lack of, 190, 219, 221
results in savings, 10, 35, 36, 38,
46-47, 62, 187, 217, 225-226,
246, 265, 274
state of, 6~7, 9, 10, 36, 37-38,
41, 45, 53-54, 56, 59, 71,
119, 122, 126, 127, 149, 150,
170-171, 189, 204, 205, 206,
219, 220-221, 222, 244, 246,
- 265, 273-274
statistical (See Statistical con-
trol)
(See also “In control” and “Out
of control”’)
Control chart audits, 227
Control chart forms, 192, 207, 210~
211, 228-229
Control chart formulas
(See individual names of control
charts)
Control chart patterns, 4, 5-7, 11,
23-25, 66-71, 161-180, 219
(See Patterns; Natural patterns;
Unnatural patterns; Tests
for unnatural patterns; In-
terpretation of patterns)
(See also the names of individual
patterns)
Control charts
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(See individual names of control
charts; p-Charts, np-Charts,
¢-Charts, u-Charts, X-charts,
R charts, Charts for individ-
ual measurements, Demerit
charts, “Dot’” charts, Mul-
ti-vari charts, Summary con-
trol charts, “Sum and range”
charts, ‘‘Total and range”
charts, “X”’ charts -Charts)

(See also Control chartsin general,

Control chart sampling plans, 39,

246, 262-263, 265, 268, 274

Control charts in general

administrative uses for, 3, 4, 10,
21, 22, 23, 46, 225-226

advantages of, 9, 10, 36, 38, 83~
84, 91, 97, 187, 202-203, 265

appearance of, 192, 216, 221, 228-
229

as basis for correct interpreta-
tion of data, 9

as related to assignable causes,
149-151

as related to order of production,
151

as foundation of a quality control
program, vii, 4, 33, 187

as source of agsurance, 274

a8 the central concept in statis-
tical quality control, 4

attributes, 5, 7-8, 11

audits, of, 227

based on sampling distributions,
23,137,151

basis for confidence in, 10

compared with other statistical
methods, 78, 79, 82-84, 91,
93, 97, 98, 100-101, 106, 110,
131, 141, 143144, 145

confidence in, 10, 274

consolidation of, 41, 199

construction of, 12-23, 107-111,
193-197

correlated, 121, 156, 176-177,
218, 223

correlation on, 11, 143-144, 145,
153, 156, 161, 176-177

durability of, 192

effect of, in the shop, 37-38, 155,
164, 177, 187, 202-203, 235,
265

experience in reading, 67

formation of patterns on, 4, 149

forms and routines for, 192, 207,
210-211, 213-215, 217-219,
227-229

formulas for (See Control chart
formulas)

for solving problems, 31, 33, 34-
36, 45-47, 63, 187, 202

holders for, 192, 228

improvement due to, 1920, 164,
177, 202, 235, 265

in experimental work, 75-112,
220

interpretation of, 9, 10, 30-31,
53-56, 66-73, 152-180, 218-
219

maintenance of, 192, 224, 227,
228-229

meaning of, 3, 5-10

mounting of, 192, 228

need for, vii, 9, 10, 15, 33-38,
45-47, 141, 158, 187-189,
190, 198-199, 202, 219, 265

non-random arrangement of sam-
ples on, 149, 160 (See Se-
quence)

plans for, in the shop (See Proc-
ess control charts)

plotting of, 5-6, 12-15, 17-19,
20-21, 22, 51, 53, 65, 72-73,
143-144, 192, 213-216

plotting of, in an experiment, 82—
83, 85, 98-99, 107-109, 111

properties of, 4, 10-12

random samples for, 51, 113, 114~
116, 192, 207, 214

rational subgroups for, 151

reacting together, 156, 176-177,
218, 223

reading of, 67, 69 (See Interpreta-
tion)

reliability of, 10 (See Certainty;
Risk)

removal of, 41, 189, 199, 219, 223,
227

results from, 10, 35-36, 38, 187,
225-226

reversion to, after sampling plan,
262, 263

right and wrong use of, in shop,
202

sequence of points on, 4, 6, 23,
29, 55-56, 72-73, 99, 109,
149, 151

simple introduction to, 5-10

simplicity of, 91, 97

statistical background of, 5-7, 23—
25, 35-36, 37-38, 149

theory of, 5-7, 137-138, 149-161

types of, 10-12, 188

unnecessary, 219 (See Removal)

used as a basis for accepting prod-
uct, 246, 262, 263, 274

used as sampling plan (See Con-
trol chart sampling plans)

used by inspectors, 39, 246, 262~
263, 274

used by operators, 158, 164, 203,
235, 265

used in reports, 226

used to evaluate cost reduction
savings, 224, 226

verification of, 10, 274

Who should plot? 216, 234



(See Process control charts; Proc-
ess capability studies; De-
signed experiments)

(See also the individual names of
control charts)

Control chart tests
(See Tests for unnatural patterns)
Control limits

based on R chart, 13, 14, 97, 111,
153, 156

based on residual, 97-98, 107-108

calculation of, 7-8, 12-23, 51-52,
64, 65, 74, 97, 98, 99, 107-
108, 111, 191, 192, 194, 195-
197, 198, 228, 229

calculation of, as a variable, 173,
219

calculation of, by statistical clerks,
229

compared with drawing limits, 16,
30-31, 62, 151

compared with spread of individ-
uals, 13, 16, 30-31, 72-73,
137-138

confused with specification limits,
16, 30-31, 151, 190

economic, 64-65, 194, 195-197

explanation of, 7-9, 51-52, 87-88,
99, 107, 194-195

for a ¢-chart, 20, 72

for a chart of individual measure-
ments, 22, 161, 173-174, 191,
196

for an np-chart, 20, 191, 229

for an R chart, 12-13, 97-98, 99,
108, 154

for an X chart, 13, 87-89, 99,
108, 138, 153-154

for a p-chart, 17-19, 191, 194,
196-197, 229

for a u~chart, 21, 191

for shop charts in general, 64,
192, 194-195, 196-197, 219,
229

in a designed experiment, 82,
87-89, 97, 98, 99, 107-108,
109

incorrect, 52, 153, 173-174, 219

inner, 99, 100, 107-108, 109

modified, 121, 195-197

outer, 99, 100, 107-109 (See
Three sigma control limits)

precision of, 9, 52, 161

sensitivity of, 8, 9, 150, 161

special types of, 197-198

theory of, on the X chart, 138

too narrow for pattern, 11, 24,
72-73, 150, 153-154, 166

unsymmetrical, 18, 28, 182-183,

191
width of, 13, 17, 22, 87, 153-154,
173

width of, in a designed experi-

ment, 109
Conveyors, 176, 256

Cooling, 69 (See Temperature)
Cooperation
between Operating and Engi-
neering, 33, 38, 39-41, 45, 65,
74, 188, 190, 202, 219, 220,
223-226
in a cost reduction case, 226
through Quality Control Teams,
39-41, 45, 64, 66, 187-199,
201-202, 219, 220, 221, 223~
229, 236
Copies of shop charts, 192, 207, 228
Core (for arelay), 64
Core plate, 58
Corrected main effects, 105, 106
Correction factor
in a sum of squares analysis, 81,
94, 96
in P-test, 79
Corrective
action, based on control charts,
41, 189-190, 198-199, 217-
219, 223, 227, 263 (See
Action)
sorting (See Sorting)
Correctness
of calculations,
215, 227
of conclusions in an experiment,
77, 83-84, 92, 101, 112, 117
of conclusions in a process capa-
bility study, 54, 56, 61-63, 67,
72
of control charts, 10, 189-190,
199
of measurements (See Error)
of plotting, 163, 214-215, 227
of shop data, 49, 117, 214-216
Correlation, vii, 143-148
absence of 56, 143, 146
as related to cause and effect,
146, 176-177
as represented by a line of best
fit, 144-145
as represented by a line of re-
gression, 144-146
between characteristics, 35, 46,
113, 121, 176-177, 187, 218,
223
between control charts, 53, 69,
176-177, 218, 223
between specifications, 64, 120-121
between X and R points, 69, 156,
176-177
coefficient of, 145, 146-147
curvilinear, 148
degree of, 146, 147, 148, 177
discovery of, 46, 218, 223
level tolevel, 176-177
multiple, 148
negative, 143, 146, 156
on control charts, 143-144, 145,
156, 176, 177, 202, 218, 223
partial, 148

162, 163, 173,

point to point, 69, 156, 176177

positive, 143, 146, 156

possible effect of, on specifica-
tions, 64, 121

regression lines for, 144-145, 148

scatter diagrams for, 143

significance of, 56, 146, 147, 177

slope of, 144-145

trend arrangements for, 143-144

used as a method of simplifying
patterns, 56

Cost reduction

as one of the aims in a process
capability study, 34, 35, 36,
46, 47, 54, 62, 63, 71, 223-226,
228, 235

as one of the aims in a shop chart,
34, 36, 38, 187, 224, 226

as one of the objectives in sam-
pling inspection, 39, 187, 233—
236, 274

as one of the objects of a designed
experiment, 34, 91, 101, 112,
226

carried out by Quality Control
Team, 33, 41, 71, 223-226

closing of, 226

cooperation of Shop in, 224, 225-
226

examples of, 38, 71, 226

formal cases of (See Cases)

from unnatural patterns, 35, 54,
171

importance of, in a quality control
program, 33-34, 226

opportunities for, 34, 36, 54, 62,
71, 120, 171, 188, 225-226

reports on, 224, 225-226

through decreased inspection, 34,
38, 39, 71, 188, 225, 226,
233-236, 246, 273-274

through process capability studies,
10, 34, 36, 54, 62, 66-71,
224, 226

through process control charts,
10, 36, 38, 41, 62, 64, 72,
224-226, 265

through process improvement,
34, 36, 38, 71, 224, 225-226,
233

Costs

affected by grouping of inapec-
tion items, 263

affected by inspection, 233, 236,
244, 245-246, 254-255, 260,
273-274

affected by quality rating, 273

associated with producer’s and
consumer’s risks, 245-246

associated with unnatural varia-
tion, 35

conflict of, with quality require-
ments, 265

effect of, on inspection levels,
255, 265
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Costs, continued
information on, 40, 46
of obtaining data, 17, 4748, 77,
92,116, 188, 189
of inspection, 33, 34, 35, 36, 39,
46, 71, 187, 233-236, 246,
260, 263, 273-274
of maintenance, 4
of manufacture, 10, 33-34, 35,
36, 38, 46-47, 54, 62, 64,
187, 193, 217, 226, 236, 244~
246, 255, 262-263, 265
of process control charts, 38,
189, 190-192, 199, 223, 225~
226
of selecting samples, 260
reduction of (See Cost reduction)
standard, 40, 46
Counts, 11, 20-21, 137, 191
Courses, vii, 23, 33, 97
Coverage (with control charts),
34, 38, 41, 72, 189, 224-225,
226
Cracked insulators, lugs ete., 270
Cracks, 12, 113
Criteria
change in, 31, 159, 268
for action, 208-209, 237
for classifying units of product,
157, 159
for inspection, 227, 237, 268, 269
for process control, 208, 227
Criterion I (Shewhart’s), 256 (foot-
note)
Critical
defects, 198, 263
material, 262
Crossbar frames, 20
Cross-classification, 36, 55, 72, 85,
92-93, 101-103, 167-169
Cross-referencing of layouts, 205,
227, 267, 270
Cubing, as a cause of skewness, 57
Curing, 102, 104
Current
difficulties in the shop, 33, 187,
202, 224
electrical, 66, 68, 71, 152
level of business, 226
production, 225, 226
shop charts, 189, 199, 224-225,
227, 228-229
Curtailed inspection, in double or
multiple sampling, 261
Curve
A0Q, 251
drawn by eye, 31, 59, 137, 144
fitted to a set of data (See Curve
fitting)
operating characteristic (See OC
curves)
representing a sampling plan, 238-
239
slope of, 144145, 164, 242
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Curve fitting, 139-141
Customer’s interests, 246, 254, 264,
270, 273
Cutting tool, 207
Cycles
causes of, 69, 70, 161-162
examples of, 69, 162
in production, 66
in the sense of electrical frequen-
cies, 48
of steps in a process capability
study, 34-35, 36, 47, 63
on control charts, 11, 31, 53, 54,
69, 70, 160, 175
short, 160
tracing of, 69, 70

d, factor, 56, 58, 71, 89, 98, 108, 131,
196
Damage, 113, 156, 163, 180, 246
Data
action on, in & process capability
study, 61, 62
amount of, for checking distribu-
tion shape, 56
amount of, for designed experi-
ments, 77, 78-79, 90, 92, 110,
111, 112,113
amount of, for detecting un-
naturalness, 9, 28, 112, 146,
170
amount of, for engineering studies,
50-51, 55, 62, 63-64, 66-72
amount of, for shop charts, 63, 64,
191, 192, 207, 209, 223, 228~
229
amount of, for testing normality,
78-79, 82, 133-134
amount of, in study of correla-
tion, 146
amount of, in study of skewness,
56
analysis of (See Analysis; Analy-
sis of factorial design; Analy-
sis of variance)
attributes, 11, 17, 18, 31, 38, 47,
48-49, 50, 54, 56, 59, 72-73,
74, 113, 144, 157-160, 188~
189, 191, 194, 196-197, 198,
206, 210, 225, 227-228, 237,
262, 269
classification of, 36, 55, 56, 72-73,
85, 92-93, 117, 218
collection of, in a process capa-
bility study (See Collection of
data)
division of, 36, 55, 72, 166, 175,
176
engineering, 34, 46, 49, 63-64, 76,
117
for a designed experiment, 76-77,
78, 84, 86, 90, 92, 113, 115~
117

for a process capability study, 36,
41, 47-51, 66-67, 72-73, 223,
228

for a shop chart, 65, 190-192,
207-210, 214216, 227, 228~
229

for performance studies, 74, 228

freaks in, 52-53, 68, 70, 116-117,
162164, 166, 179, 209, 214

identification of (See Identifica-
tion)

identification of, in an experiment,
85, 92, 98, 117

inspection, 268-269, 271

modification of, in making esti-
mates, 61

non-random patternsin, 116

obtaining of (See Obtaining)

percentage, 5, 7-8, 11, 17, 18, 19—
20, 48-49, 74, 113, 144, 157-
159, 189, 191, 194, 196-198,
206, 210, 213, 215, 221222,
225226, 227

plotted in an experiment, 82, 85~
88, 99

rearrangements of, 36, 53, 55, 56,
72-73, 75-76, 85, 109, 117,
143-144

recording of, 207, 210, 227, 268~
269, 271

reduced, in an experiment, 103,
106

realiability of, 41, 49, 62, 84-91,
111, 113, 117, 213-216

restrictions imposed on, 96, 106

semi-variables, 12, 49-50, 113

separation of, 36, 54-56, 75-76,
149, 166-167, 168, 179-180,
218-219

significant categories in, 55, 166

simple breakdown in, 36, 55, 75,
166

gources of, for simplification of
patterns, 36, 54-55, 75, 160,
166, 168, 218-219

submitted by process checker,
229

suitability of, 10-12, 15, 41, 47,
49, 61, 72, 77, 84, 89-90,
113-114, 190

variables, in general, 6, 8, 9-10,
11, 12, 14, 21-23, 137-139,
152-156, 160-161

variables, in engineering studies,
15-16, 47-48, 49-50, 53-59,
66-72, 78, 82, 84, 86, 92, 107-
111, 113, 119-127, 141, 144,
147

variables, in ship charts, 188, 189,
191, 194, 195-198, 203-206,
209, 210, 212, 215, 218, 225,
227-229

work sampling, 50, 277

(See Records )



Data sheets, 208, 210, 271
Date of samples, 207, 210, 271
Days
between samples, 192, 207
of the week, 49, 114, 162
Day shift, 72, 73, 161, 162
(See Shifts)
Decibels, 12, 14, 138, 139, 140, 141
Decimal point, as a variable, 173
Decisions
about control charts, 187-199,
219, 223, 228-229
about the job, 40, 62, 64, 202, 216,
218-219, 220, 223-224
engineering, 33, 34-36, 46-47,
53-54, 56, 58, 61-64, 77, 83,
87, 89, 92, 99-101, 119-127,
141, 146, 192, 194, 196, 199,
212, 219-220, 224, 233-236,
263-265, 274
Defective units
meaning of, 31, 159
distinguished from ‘‘defects,” 20,
206, 239, 267
reduction of 38, 46, 71, 233, 265
Defects
causes of, 46, 72-73

classification of, in inspection,

263, 270

classification of, in quality rating,
263, 264

classification of, on demerit
charts, 198

combination of, on a p-chart, 17,
48, 50, 157, 159, 189, 196
definition of, 20, 31, 159, 206,
267

failure to look for, 159

level of, on a p-chart, 159

number of, 20-21, 46, 191, 206,
220, 233, 236, 239, 240, 265

plotted on a c-chart, 20, 72-73,
189

prevention of, 35, 36, 187-189,
201, 202, 217-219, 221, 225-
226, 233, 235, 265

reduction of, 10, 46, 71, 187, 189,
225, 233, 235-236, 265

va. defectives, 20, 206, 239, 267

Definitions

of technical terms associated with
control charts, 12, 17, 20, 21,
150, 151, 152, 197-198

of technical terms associated with
patterns, 24-25, 29, 160, 161-
180

of terms used in designed experi~
ments, 76, 77, 78-80, 85, 86,
89, 92-93, 96, 97, 98, 101, 103,
104, 105, 106-107, 109

of terms used in engineering
studies, 124, 143, 144, 145,
225

of terms used in inspection, 39,
233, 234-236, 237, 238, 244~
245, 247, 249, 251, 256, 259,
260, 262-263, 267-269, 270,
273,274

of terms used in process capability
studies, 35, 36, 4546, 47, 49,
56,61,74,75

of terms used in quality control,
3, 4,9, 11, 33, 40, 50, 74, 89,
90, 129-131, 134, 135, 137,
139, 154

of terms used in shop control, 36,
191, 194, 195, 205-207, 214,
220, 221

used by statistical clerks, 229

Degreaser, 50, 178
Degrees

associated with freaks, 162

of agsurance, 274

of certainty (See Certainty)

of completion, in engineering
studies, 36, 47, 63, 64, 74

of confidence, 273-274, 278

of defectiveness, 159, 190

of freedom, 79-81, 95, 96, 106

of mixture, 179

of protection, 273-274

of significance, in an experiment,
96-97, 99, 107, 109

of skewness, 131, 156

of training for operators, 46, 164,
168, 204

measurement by, 49-50, 113

Delays

cost of, 217, 246

in obtaining supplies, 246, 260

in production, 33, 77, 187, 202,
246

in taking action, 190, 217, 219

reduction of, in the shop, 33, 202,
246, 260-262

unnecessary, 246, 262

Demarcation, line of, 159
Demerits, 198, 263, 264, 270, 273,

278

Design

and development, 4, 10, 34, 35,36,
38, 46-47, 52, 54, 60-63, 75,
76, 77, 83, 89, 91, 101, 141,
119-122, 122-127, 140, 141,
143-144, 198, 205, 219, 220,
221, 224, 226

“balanced block,” 92-93

capability of, 35, 46, 220, 224

changes in, 46, 51, 69, 91, 198,
212, 219

comparison of, 35, 46, 224

improvement in, 38

new, 46, 47, 52, 224

of a fixture, 62, 69, 164, 213, 219

of a machine, 34, 35, 46, 47, 69,
70, 83, 155, 171, 175, 213

of a tool, 34, 35, 46, 47, 62, 63,
121, 155, 169, 212, 219

of process control charts, 63-65,
189-192, 193-199, 211, 219,
223, 227-229

of product, 10, 34, 38, 40, 46, 47,
52, 60-61, 76, 91, 101, 119-
127, 140, 143-144, 193, 198,
205, 219, 220, 224, 226

of sampling plans, 263-265, 273

quality control in (See Design
problems)

statistical, 7677, 85, 92-93, 101~
107

Designations on control charts, 65,

207, 209, 228-229

Designed experiments, vii, 4, 28, 34,

36, 41, 51, 55-56, 62, 75-117,
120, 121, 122, 183, 187, 219,
220, 224, 229

advantages of, 75-77, 84-85, 91~
93, 112, 187

analysis of, 78-83, 87-89, 93-97,
97-111

assignable causes in, 83, 87, 89,
111

boxes in, 92, 97, 98, 101-103

calculations for, 79-82, 86, 89,
94-97, 97-98, 107-111

combination of variables in, 89—
90, 91-93, 94-98, 99-101,
102-106, 114

conclusions from, 75, 76, 80, 81,

Demonstrations for operators, 202
Dented units, 214

Department of Defense
(See U. 8. Dept. of Defense)

Department of Navy
(See U. S. Dept. of Navy)

Dependent, variables
(See Variables)

Depth of nicks and scratches, 113
Derivation

of AOQL’s for Final Inspection,

264, 273, 278

of plans for various inspection

levels, 273-274

83, 87-89, 97, 100-101, 109,
111-112

control limits for, 83, 87, 89, 9§,
99, 100, 108-109

diagrams for, 98, 109, 110-111

effects in, 9495, 98, 101-106

error in, 103, 168

examples of, 77-78, 84-85, 92-93

factors in, 76, 77, 84, 90, 92-93,
98, 99, 101-103, 106, 108,
113-114

five factor, 90, 110

five percent level in, 100

four factor, 90, 91-109
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Designed experiments, continued

guides for, 98, 99, 109

higher order interactions in, 105~
106

identification of data in, 85, 98,
99, 100, 109

inner control limits for, 99, 100,
107, 109

interactions in, 36, 76, 77, 93, 96—
97, 98, 104-106, 107, 168

interpretation of charts in, 83, 84,
87-89, 100-101, 109, 111-112,
116-117

levels in, 93, 94, 97, 102-103, 107

limitations of, 76, 112

main effects in, 93, 96, 98, 101-
103, 104, 105, 107

marking z’s in, 100, 107, 109

number of observations per box,
93, 107, 111, 113

numerical effects in, 98, 99

one factor, 76, 77-84

one percent level in, 99, 107, 109

plotting of, 82, 85, 8788, 98-100,
107-109, 229

potential effects in, 95, 98

practical advice on, 112-117

range chart in, 97-98, 100, 109

related points in, 109

residual in, 81, 93, 94, 96, 97-98,
100, 101, 103, 105, 106, 107,
110-111, 113, 168

R points in, 100, 109

shorteuts in, 97-98, 106, 110

significance in, 80, 81, 83, 87, 89,
97, 100, 107-109

significant points in, 87, 89, 97,
99, 100, 109

simplification of data in, 102-103,
105, 106

square root values in, 98

symbols used in, 98, 99, 109

tests for unnatural patterns in,
83, 100, 109

three factor, 89, 90, 110

three sigma control limits for,
82, 87, 88, 99, 100, 107-108,
109

two factor, 84-91

use of asterisks in, 97, 99-100,
107, 109

use of question marks in, 99-100,
107, 109

using attributes data, 113

using variables data, 77-112

variables in, 4, 76, 77, 83, 84, 88,
89-90, 92-93, 100, 101-103,
112, 113-114

X pointsin, 100, 109

(See Design of experiment)

Design engineer, 4, 10, 40, 46-47,

52, 60-61, 76, 91-92, 101,
119-127, 198, 219, 220, 224

(See Design problems)
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Design of experiment
as related to process capability
studies, 4, 34, 36, 41, 55-56,
63, 75, 76, 77, 83, 90, 91, 112,
114, 120, 121, 168, 218, 220~
221, 224
in general, 4, 34, 36, 55, 56, 75-77
meaning of ‘‘design,” 76, 84-85,
86, 89-90, 92-93, 101-103
references on, 101, 277-278
(See Designed experiments)
Design problems, 4, 10, 46, 52~53,
119-122, 122-127, 167, 205,
224, 225-226
(See Design; Design engineer)
Desired average, as basis for shop
control chart, 64, 193
Destructive testing, 113, 188, 197,
254
Detail inspection (also called 1009,
inspection), 46, 188, 190, 226,
233-236, 249-251, 254, 256,
263, 265
Details (for a tool), 213
Deterioration of quality, 233, 273
Development
expense, 226
of a product (See Design and
development)
of a quality control program, vii,
10, 33-34, 41, 224-226
of manufacturing methods, 34, 47,
226
of new processes, 4, 36, 46, 47, 167,
180, 224, 226
quality control during (See De-
sign problems)
Deviations from authorized pro-
cedures, 45, 61, 158, 220
Diagnosis of production troubles, 11,
36, 188, 202, 217
Diagrams
for calculating residual, 97, 110,
111
for identifying data in an experi-
ment, 92, 98, 101-102
for plotting control charts in an
experiment, 99, 108, 109
Diameter, as a variable, 6, 8, 10, 12,
47
Die, 162
Dielectric breakdown, 162
Differences
as potential assignable causes, 6,
66, 151, 156, 162, 163, 167,
171, 180, 190, 215, 218-219
between shop charts and process
capability studies, 63
due to natural variation, 6, 7, 62,
150
in ecalibration, 53, 113, 153, 159,
165, 175
in inspection levels, 246, 247, 264,
273
in training of operators, 204

in treatment of product, 155
related to systematic variation,
175,176
significant, 6, 16, 25-28, 35, 36,
46, 61, 75, 78, 79-81, 82, 87~
88, 96-97, 99, 103, 107, 109,
112, 145, 146, 150, 218-219
(See Changes)
Difficulties in the shop, 15-16, 19,
36, 37-38, 159, 165, 188, 189~
190, 202, 246, 254-255, 260~
263
Digits, 116
Dimensions, 6, 8, 10, 12, 15, 46, 152,
177,190
Directions
for making control charts (See
names of individual charts)
for plotting, in an experiment, 82~
83, 84-85, 98-99, 107-109
Dirt, 178, 212
Discriminating power
of a measuring instrument, 87,
88-89
of a sampling plan, 242
Dises (used in manufacture), 162,
165
Dispersion, 129-131
(See Spread; Standard deviation)
Disposal of product, 262
Distortion, 90
Distributions, 6, 46, 129-141
addition of, 122-124, 124-127
advantages of working with, 119,
202
as an inspection requirement, 46,
119, 122, 265
asrelated to fluctuations, 6, 23, 24
associated with freaks, 163
as statistical laws, 6~7
center of, 30, 53, 56, 71, 120, 121,
129, 138, 139-140, 152, 160,
188
center of, as an inspection re-
quirement, 119, 122, 265
changesin, 174, 180 (See Changes)
characteristics of, 56, 63, 129
combinations of (See Mixtures)
compared with specifications, 30~
31, 58-59, 71, 119-122
component, 68, 122, 124-125, 127,
153, 155, 160
double (See Bimodal)
estimates of percentages in, 30-31,
5659, 71, 127, 132-133, 135~
136
examples of, 15, 37, 57-59, 78,
137-138, 139-141, 152-179
fitted to observed data, 139-141
from a constant system of causes,
6, 45, 170-171
in nature, 6
interpretation of, 16 .61, 78 140-
141





