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Acceptance Sampling

to know certain terminology, concepts, and probability calculations involved in
acceptance sampling. This chapter uses lot-by-lot acceptance sampling by attri-
butes to develop the terminology and concepts and to illustrate some types of
probability calculations. Discussion of acceptance sampling from a continuous
stream of product is deferred until Chap. 16. Discussion of acceptance sampling
by varigbles is deferred until Chap. 17.

Use of the Words Defective and Defect in Part Two of This Book

It was pointed out in Chap. | that when these words are used in their technical
senses dealing with lack of conformity to specifications, they do not necessarily
mean defective and defect in the popular sense. It is common for specifications
to contain a margin of safety; therefore, some product that does not meet spec-
ifications can be satisfactory for its intended use. The difference between the
technical and popular meanings has been a source of confusion and misunder-
standing in lawsuits involving product liability.

In the interest of clarity in writing and speaking about topics related to quality
of manufactured product, it would be desirable if everyone concerned with quality
matters would abandon the use of defective and defect in the restricted technical
sense. In Part One of this edition of “Statistical Quality Control,” with a few
exceptions that generally involve quotations, the authors have been able to sub-
stitute appropriate words or phrases where previous editions have used one of
these words. For example, we have referred to nonconforming product, per cent
rejected, and numbers of nonconformities.

Unfortunately, it does not seem reasonable to continue such substitutions
throughout Part Two. The acceptance sampling systems that we examine in the
following chapters all make considerable use of the words defective and defect.
Therefore the words should be used in explaining the systems. Nevertheless, the
reader should understand that in the coming pages these words are used in their
restricted technical senses. A defective item is one that does not conform to
specifications in some respect; a defect is a nonconformity to some specification.

Some Symbols and Terms Used in Relation to Acceptance Sampling Plans

The probability principles presented in Chap. 6, and the explanation of control
charts for fraction rejected and for numbers of nonconformities given in Chaps.
7 and 8, provide a background for a discussion of the evaluation of acceptance
plans involving sampling by attributes. In discussing such plans, the following
symbols are used:

N = number of pieces in a given lot or batch.

n = number of pieces in a sample.

D = number of defective pieces (i.e., pieces not conforming to speci-
fications) in a given lot of size N.

I

+ Where applicable, the notation used in this text follows that recommended by the American
Society for Quality Control in **ASQC Standard A2, Definitions and Symbols for Acceptance Sampling
by Attributes,” 1971 (ANSI Standard Z1.6-1971).
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r = number of defective pieces (i.e., pieces not conforming to speci-
fications) in a given sample of size n.
¢ = acceptance number, the maximum allowable number of defective
pieces in a sample of size n.t (Also denoted by A, in some cases.)
p = fraction defective. In a given submitted lot, this is DI/N; in a given
sample, it is r/n.
M, = true process average fraction defective of a product submitted for
inspection.
D = average fraction defective in observed samples.
P, = L(p) = probability of acceptance.
B = Consumer’s Risk, the probability of accepting product of some
stated undesirable quality. It is the value of P, at that stated quality.
a = Producer’s Risk, the probability of rejecting product of some stated
desirable quality. « = 1 — P, at that stated quality.
Po.9ss Po.sos
Po.10, etc. = fraction defective having a probability of acceptance of 0.95, 0.50,
0.10, etc., under any given acceptance criteria.

Lot-By-Lot Acceptance Using Single Sampling by Attributes

In acceptance inspection a defective article is defined as one that fails to conform
to specifications in one or more quality characteristics. A common procedure in
acceptance sampling is to consider each submitted lot of product separately and
to base the decision on acceptance or rejection of the lot on the evidence of one
or more samples chosen at random from the lot. When the decision is always
made on the evidence of only one sample, the acceptance plan is described as a
single sampling plan.

Any systematic plan for single sampling requires that three numbers be
specified. One is the number of articles N in the lot from which the sample is to
be drawn. The second is the number of articles » in the random sample drawn
from the lot. The third is the acceptance number c.

This acceptance number is the maximum allowable number of defective
articles in the sample. More than ¢ defectives will cause the rejection of the lot.
In sampling plans developed without benefit of statistical analysis, ¢ often is
specified as zero under the illusion that if the sample is perfect, the lot will be
perfect.

In the discussion that follows, sampling acceptance plans of this type are
described by these three numbers. For instance, the sampling plan of Example

N =50
1-3 is specified in this way as { n 5. These three numbers may be interpreted
c= 0 ‘
as saying, *‘Take a random sample of 5 from a lot of 50. If the sample contains
more than 0 defectives, reject the lot; otherwise, accept the lot.”
Example 1-3 examined this plan critically under a particular assumption,

I

* See footnote on p. 62 in Chap. 2 for the Justification for the use of the symbol ¢ in a different
meaning from those previously employed.
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namely, that the plan was used for acceptance of product that on the average was
4% defective. The distribution of defectives among the lots was assumed to follow
the laws of chance. (This amounted to an assumption either that the production
process was’ statistically controlled or that the product was well mixed before
being divided into lots.) Under this assumption, the lots accepted by the plan
proved to be 3.6% defective; this modest improvement in product quality was
accomplished at the cost of rejecting 18.5% of the submitted lots. After the de-
fective articles found in samples from the rejected lots were eliminated, the average
quality of the remainder of the rejected lots was not appreciably worse than the
average of the accepted lots. It was evident that this sampling acceptance plan
was not a satisfactory one under the assumed conditions.

The Operating Characteristic (OC) Curve of an Acceptance Sampling Plan
Shows the Ability of the Plan to Distinguish between Good and Bad Lots

In judging various acceptance sampling plans it is desirable to compare their
performance over a range of possible quality levels of submitted product. An
excellent picture of this performance is given by the operating characteristic
curve, first mentioned in Chap. 1.1 Such curves are commonly referred to as OC
curves.

For any given fraction defective p in a submitted lot, the OC curve shows
the probability P, that such a lot will be accepted by the given sampling plan. Or,
stated a little differently, the OC curve shows the long-run percentage of submitted
lots that would be accepted if a great many lots of any stated quality were submitted
for inspection. Figures 12-1 to 12-3 give the OC curves of a number of single
sampling plans.

As explained later in this chapter, in most cases OC curves may also be
thought of as showing the probability of accepting lots from a stream of product
having a fraction defective p.

Sampling Acceptance Plans with Same Per Cent Samples
Give Very Different Quality Protection

Before the widespread use of modern acceptance sampling systems, a common
practice in industry was to specify that the sample inspected should be some fixed
percentage of the lot, such as 5, 10, or 20%. This specification was generally
based on the mistaken idea that the protection given by sampling schemes is
constant if the ratio of sample size to lot size is constant. Such specifications were
often associated with an acceptance number of zero.

T Most of the terminology of acceptance sampling originated in the Bell Telephone Laboratories
in the 1920s, where such curves were called *‘probability of acceptance curves." The phrase **operating
characteristic curve,” however, originated in the Ballistic Research Laboratories at Aberdeen Proving
Ground, Maryland, just before World War II. It was first suggested by a nonstatistician, Col. H. H.
Zornig, when he was director of that laboratory and was used by Gen. (then Major) Leslie E. Simon
in his writings on quality control at that time. A number of years later, the phrase was incorporated
into the general language of statistical inference and is now used in connection with many kinds of
statistical tests of hypotheses.
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ccepted 81% of the time using a 10% sample from a lot of 50, 65% of the time
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producer making product 4% defective would have a strong motive for trying to
have its praduct inspected in lots of 50 rather than in lots of 1,000.
Or, considered in a slightly different way, the curves show the quality of lot

N =50
that will be passed 50% of the time by each plan. { n = 5 will pass a 12%
. c= 0
N = 100 N = 200
defective lot half the time,{ n = 102 6% defectivelot,d n = 20a 3% defective
c= 0 c= 0
N = 1,000
lot,and { n = 100 a 0.65% defective lot.
c = 0
These curves are based on computations such as those illustrated in

Chap. 6.

Fixed Sample Size Tends toward Constant Quality Protection

From the standpoint of quality protection, the absolute size of a random sample
is much more important than its relative size compared to the size of the lot. This
fact is illustrated by Fig. 12-2. This figure shows the OC curves of four different
sampling plans all having the same sample size 20 but having lot sizes of 50, 100,
200, and 1,000, respectively.

The three upper curves, in which the sample size varies from 20 to 2% of
the lot, show close agreement. This agreement is in sharp contrast to the great
difference among the curves in Fig. 12-1. These two figures together emphasize
the point that it is the absolute size of the sample rather than its relative size that
determines the quality protection given by an acceptance sampling plan. The story
told by these two figures is particularly striking because it contradicts many
preconceived notions on the subject of sampling.

The upper curve corresponding to a lot size of 1,000 is practically identical
with the OC curve that would be obtained for an infinite lot size. For example,
the probability of acceptance of a 5% defective lot when N = 1,000 is 0.355.
When N = o, the corresponding probability is 0.358. For a 10% defective lot,
the respective probabilities of acceptance are 0.119 and 0.122. (These figures are
obtained using hypergeometric probabilities for the lot of"1,000 and using the
binomial for the infinite lot.) For a given lot fraction defective and a zero ac-
ceptance number, the probability of acceptance computed for a finite lot is always
less than that computed for an infinite lot because of the recognition of the partial
exhaustion of the lot by the sample.

It is evident that unless a sample is a large proportion of the lot, such as the
10, 20, and 40% samples in the three lower OC curves of Fig. 12-2, it will usually
be good enough for practical purposes to compute OC curves as if lot sizes were
infinite. Moreover, if the OC curve is viewed as giving probabilities of acceptance
of lots from a statistically controlled product having a fraction defective p, the
OC curve computed in this way is correct in principle.
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No Sampling Plan Can Give Complete Protection
against the Acceptance of Defective Product

A practical difficulty in devising an ideal sampling plan is that it is not possible
to change the laws of chance.

All lot-by-lot sampling plans are certain to pass some of the lots containing
defective product if such product exists in many of* the lots submitted for ac-
ceptance. This fact needs to be faced bv all who snecifv and nce arcentanca
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