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Summary

Seversl possible procedures for use in testing the quality of large
" batches of hecse are described and their long term operating characteristics
have been shown graphically., The merits of the different procedures, and
the necessary assumptions for the procedures to be valid are discussed.
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ACCEPTANCE PROCELURES FOR LARGE BATCHES OF HOSE
. by
D. . iiillar

liose is a variable product.mahufgctured to a_speéificatiqn, It is
impracticable for the purchaser to test all the-hose in a batch provided by

‘the producer so sampling procedures -must be used. This note attempts to

provide irformation on some sempling and acceptance procedures which might be -
of practical use in biying hose, .

Hese is usuully supplieﬂ in lengths of 75 ft, or more while test specimens
are usuelly, but not always, 3 £t. long., It is useful to regard the batch !
under inspeciion as made up of a. larje number of -3 £t. lengths and describe »
3 ft. length as satisfactery or. dcfcctlve accoralng as to whether it pesszes ov
fails the test,

All acceptanﬂe procedures, the performance of which can be mezsured by
statistical theory,. require a random cheoice of the specimens tesied, ITo zroo-
tice this would mean that every one of the 3 ft, lengths in the batch under
examination stands an cqual chance of being included in the sample actually
tested. To carry ,H‘ﬁ ovt properiy requiren oeeh 7 ft. length fto be labelled
and the choice cr itans in the qanple to be made by picking the labels ouw of
a hat, or more expeditiously, by the use.of tables of random numbers. This
procedure is perhaps a counsecl of perfection, but it is extremely important
if rcliable conclusicns are to be drawn from a sample, that the specimens
tested be taken from different 75 ft.. léngths and that every 53 ft. length
stands an appr\xﬂmatcly equal chanca of belng included in the sample.

Onse a test onitérion has bcon sct a given. kest'length of 3 ft, ‘can
provide either information. on whether it passes: the -test or not, or in most
cases the actual measurcment achieved;. The datter case is more flexible and
so more informative but usually 1ess convenlent. Examples ‘of both types of
procedure are given. : )

The. 1ong term performance of the’ procedures is shown by. their operatlng
curves, Fig.1. The probability of accepting a batch is plotted on the verticol
scale against the proportlon ‘of items defective in the batch submitted. This
latter quantity is, of ‘course, unknovm but the surves show the long run pro-
portions of batches which would be accepted, using a given procedure, for
different prono"tlpns defective in the batch, The curves do not show the
probability thati.an accepted batch is P per cent defcctive; this depends on
the probability of a batch P per cent defective being submitted for inspection,
and also on thz probability of such a batch being accepted if submitted, ‘

Let P be ‘the properticn defective in the batch end T (F) be tie proba-
bility of acceptance. Five possible procedures arc listed below and illus- -
trated in Fig.1. . : -

1. Test 5 and require all to pass
XE) = (1 - 1)

24 Test 4 - if it passes accept
- if 1t falls test. two more and accept if both pass

PP) = 1-P+P(1-P)2=(1-p)f1+r_(1-1>}'

3« Test 3 - if all pass accept
= iff 2 or 3 fail rcjcct
- if 1 fails test 1 more and accept if this one passes

P(P) = (1-P)3+5P(1-P)5_(1-P)3{1+5p}
Y, Test 3 - if all pass accept

- if 2 or 3 fail rcject
- if 1 fails test 2 more and accept if both of these pass

P(P) = (1 =P)2 +3p (4 = B)¥ = (1 - p)3 E 1+ 32 (4 -P);
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5  Test 3 - if all pass accept
- if 2 or 3 fail reject
- if 1 fails test 3 morc and requirc all 3 to pass

FP) =(1 -3 +3p (1 -P)% = (4 = B)> f.1+3P(1-P)?3

Procedure 1 is the most rigorous. If the proportion defective is 10 per
cent, the producer's risk, that is the probability of rejection, is 0.275 or
Just over one-in-four; for proportions defective of less than 10 per cent the
producer's risk is lower; at 5 per cent defective it is O¢15 or about 1 in 7; at
20 per cent defective the chances of acceptance or.rejection are almost cqual,
80 that any batch with morc than 20 per cent defective is more likely to be
rejected than accepted. Procedure 21is the most lcenicnt to the producer; for
proportions defective of 20 per cent or less tho maximum producer's risk is
only 0.075 or approximatcly onc-in-thirtecn. In this procedurc the probability -
of acceptance is always greater than that given bty testing a single item, (the
operating curve of which procedure is shown by tho straight dotted line).
Curves 3, 4 and 5 show variations on curve 1 designed to decrease the producer's
risk for low proportions defective and to decreasc the consumers risk for high
proportions defective., .lthough more than three items may be tested in each of
the procedurcs 3, & and 5, the average number tested in the long run will
depend upon the proportion defective, but will not be much greater than 3. For
example. in procedure 5, thc average number tested is given by ave(n) = 6=3(i- t)j

Tor P equal to 10 per cent ave(n) = 3,81. The operating curves of

all thesc proccdurcs depend only on the assumption of random sampling,

If instead of classifying results as defective or non-defective, the
rmeasurenent of the quality being tested is taken, then it is possible to combine
the measurcments in a sample of size n = 5 to give the operating curve (6) shown
by th¢ dotted curve in Fig.1,  This performance curve is achieved by using the
fact that in a variable product the same proportion defective can arise cither
because the population average is high and the variability low or because the

population averuge is low and the variability high, It is assumed not only that
the sampling is random, but also that the distribution of the quality being
neasurcd is a Normal or Gaussian one, an assumption which can be checked,  vwhen -
the test criterion in terms of the proportion defective has been set, batches
are accepted or rejected by calculating the sample mcan, adding to it or sub-
tracting from it a constant multiple of a measure of variability, and seeing if
the resulting sum is less or pgreater than the test criterion. The usual ’
meéasure of variability is the sample standard deviation but in certain circum-
stances the sample range, that is the differcnce betwecn the greatest and least
values in the sample, can be used, It can be seen from curve {6) that the
maximwa producer's risk is Jjust over 0,05 for proportions defcctive of 5 per
cent or less, whilc the maximwa consumer's risk is 0,275 for proportions
defective of 30 per cent or more, This opcrating curve or onc similar is
likely to be more satisfactory than any of the others shown in Fig.1. The con-
putation involved can be reduced to a very simple rule of thumb procedure,

The effects on the acceptance procedurc if sampling is not carricd out at
random depend on the method used and on the properties of the hose, If adjacent
spceimens from one long length are taken, the measurements are likely to be
more highly correlated than if they are taken far apart, and results from the
sample arc therefore more likely to be biascd in one direction or the other,
than if the sample specimens were separatcd to a recasonable extent.

Conclusions

It has been shown than different acccptance procedurcs can provide almost
any desired long term opcrating characteristic curve once a test cviterion has
been agrecd. The performance of the acceptance procedures depends strongly on
the rendomness of the sampling carried out,
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