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Abstract: When a MIL-STD-IOSD sampling scheme is used for a long period, some lots will be subjected 
to normal, some to reduced, and some to tightened inspection. This paper provides for several single 
sampling plans and various quality levels,'the expected fraction of lots rejected,the expected sample size 
per lot, and the expected number of lots to be processed before sampling inspection must be discontinued. 
Eq.uations are given to calculate the long term cost of sampling inspection using these expected values 
and appropriate cost parameters. 

M a n y  private and government purchasers of manufactured 
products require that each lot submitted be subjected to 
sampling inspection by attributes. Lots which contain too 
many defectives may be returned to the manufacturer, 
purchased with a price concession, subjected to 1 WO screen- 
ing, or scrapped. Clearly, there are substantial costs involved 
for inspection, disposal of rejected lots, and for the occur- 
rence of defectives in accepted lots. 

Dodge and Romig (2) have devised a set of attributes 
sampling plans based upon minimum cost, assuming a de- 
sired incoming quality. Hald (5) has greatly enlarged this 
idea, and developed plans which minimize cost for any prior 
distribution. However, neither the Dodge-Rornig nor the 
HaId approach have achieved widespread popularity. Attri- 
butes sampling in the western world is dominated by the 
set of plans designated MIL-STD-IOSD (6) first published 
by the Department of Defense in 1963. 

The MILSTD-lO5D plans are not based upon cost 
concepts. Instead, the plans are indexed by lot size and by 
a,number designated "acceptable quality level." The AQL is 
specified by the consumer, and is defined as the percent 
defective which will lead to a high probability of accept- 
ance. This probability of acceptance is not a constant, but 
varies with lot size and AQL. The domain for probability 
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of acceptance in the MIL-STD-IOSD plans is about 0.89- 
0.99. 

Each plan in MILSTD-1 OSD provides a sample size, n, 
and an acceptance number, c, to be used for "normal" 
inspection of a lot. If c, or fewer defectives are found in the 
sample, the lot is accepted. The user is required to keep a 
historical record of lot-by-lot experience. Criteria are 'pre- 
sented for an alteration of the values of n and/or c when the 
experience over several lots shows either unusually good or 
unusually bad quality. Themles are as follows (6): 

1. A switch from the normal values of n and c to "reduced" 
inspection is permissible when 

a. Ten consecutive lots have been accepted. 
b. The total number of defectives in the ten lots does 

not exceed a critical value supplied in Table VITI of 
MILSTD-IOSD. 

c. Production is continuous. 
d. Reduced inspection is considered desirable by the 

responsible authority. 

Under reduced inspection, n is substantially decreased to 
a value, n ~ .  Two numbers, c and r(>c) are supplied. Lots 
are accepted if the number of defectives is less than r .  How- 
ever, if a lot has more than c defectives, normal inspection 
must be resumed on the next lot. 

- -- 
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2. A switch to "tightened" from normal inspection is re- 
quired when two of the most recent five lots have been 
rejected. Under tightened inspection, the sample size, n ~ ,  
is usually the same as for normal inspection, but c is 
reduced. A return to normal is permitted when five 
consecutive lots have been accepted. If tightened, inspec- 
tion is still in use for ten consecutive lots; however, 
sampling inspection must be discontinued entirely. 

It is clear that, if many lots from a process producing a 
fraction defective, p, are submitted under such a scheme, 
some lots will be subjected to normal inspection, some to 
reduced, and some to tightened inspection. If the probability 
of acceptance under reduced, normal, and tightened inspec- 
tion is designated PA,Rt PA,N, PA,T respectively, then this 
probability is progressively lower as we go from reduced to 
normal to tightened, so the fraction of lots rejected will 
depend upon the proportion inspected under each of the 
three plans. Furthermore, unless p is zero, it is inevitable 
that eventually, during one of the adoptions of tightened 
inspection, the criterion for return to normal inspection will 
not be met during the next 10 lots, so that sampling inspec- 
tion ultimately will be abandoned. 

The subject of this paper is the cost of lot-by-lot sampling 
inspection under the MILSTD-1OSD plans. It is traditional 
in the literature of quality control to examine the perfor- 
mance of an attributes sampling plan under the assump- 
tion that, when the process is "in control," a stream of 
product is being produced with a fxed probability, p, that 
each item is defective [see Duncan (3), p. 147 or Grant and 
Leavenworth (4) p. 364 1 .  The value of p for a particular 
kind of manufacturing process is usually well established. 
We may think of p as a parameter of a production process 
in control, a characteristic of the process. The purpose of 
attributes sampling inspection is, of course, to guard against 
sudden, "out of control" increases in p. However, if p is 
constant, and lots are formed and inspected under an attri- 
butes plan, there is a nonzero probability that each lot will 
be rejected, even though rejected and accepted lots have the 
same underlying quality. This "producer's risk" is an in- 
herent consequence of acceptance sampling by attributes. 
We propose to answer the following question in the next 
section of this paper. If a manufacturer can consistently 
maintain a quality level, p, what will be the expected cost 
incurred per manufactured item as a result of exposure to 
MIL-STD-1OSD attributes sampling? In the third section, 
we explore the case where p is unknown, but where upper 
and lower bounds for p are available. 

Brown and Ruterniller (1) have formulated a mathematical 
model of the MIL-STD-1OSD sampling scheme treating 
normal, reduced and tightened inspection as three stochasti- 
cally coupled Markov chains. Using this analysis one may 
obtain the following information for any (lot size, AQL, p) 
combination: 

fN = Expected fraction of lots under normal inspection; 

fR = Expected fraction of lots under reduced inspection; 

fT = Expected fraction of lots under tightened inspection; 

L = Expected number of lots inspected before sampling 
inspection must be abandoned; 

f = Expected fraction of lots rejected during sampling 
inspection. 

The table results in the present paper were obtained 
using this model. 

Assumptions 
- .  - 

There are several costs which must be known or estimated 
to determine the total cost of sampling inspection under 
MILSTD- 1 OSD. 

Let 
kl  = cost of inspecting a single item under sampling 

inspection. 

kz = cost of inspecting a single item under 100% screen- 
ing inspection; 

kS = cost of replacement for a single defective item de- 
tected under either sampling inspection or 100% 
screening; 

k4 = cost of replacement for a singIe defective item de- 
tected later in the manufacturing process; 

kS = cost of discontinuing sampling inspection completely. 

The costs, kl  and k2, will frequently differ since k l  
includes the cost of gathering a random sample. In addition, 
economies of scale occur when an entire lot is inspected. 

The cost, kJ ,  will often be substantially lower than k4 
because additional labor may be expended on items in 
accepted lots; when one of these is subsequently found to 
be defective;tsuch additional labor costs are not recoverable. 
In addition, k4 may include the cost of damage to a finished 
product of which the item is a component, customer reaction 
to a defective product, etc. 

The cost, ks ,  which occurs when sampling inspection is 
discontinued because too many consecutive lots have been 
on tightened inspection, will be generated by whatever 
remedial action is required to again institute sampling in- 
spection. For example, this could involve a stopping of 
production for adjustments, frequently accompanied by a 
requirement that the next L lots be subjected to 10Wo 
screening before sampling inspection is resumed. 

We define a cycle as the expected number of lots which 
will be subjected to sampling inspection until the tightened 
inspection rules of MILSTD-IOSD require discontinuation 
of sampling inspection. For any (lot size, AQL, p) combina- 
tion we define 

N = lot size; 
- 
n = expected sample size during sampling inspection; 

T = expected number of lots under sampling inspection 
during one cycle; 

Cr = expected cost per manufactured item incurred from 
MILSTD-1 OSD sampling. 
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We have 

.The value of T and the parameters needed to calculate ii 
and f may be obtained from solution of the Markov matrices 
(1, p. 194). 

The total cost incurred during one cycle will be 

The number .of items manufactured will be N(T+ L). 
Hence, C 

c,= - 
N(T+L) 

Discussion 

The information in Table 1 will provide, for a particular lot 
size, AQL,andp, an estimate of the cost per unit attributable 
to defective items, when a "stream of product," each item 
having a probability, p, of being defective, is formed into 
lots. Several extensions of these calculations are possible. 

If we have an accurate estimate of p, say from previous 
experience on similar products, then CI may be computed 
for several of the AQL plans in MIGSTD-IOSD to find the 
sampling plan yielding minimum cost per unit. In many 
instances, lot size may also be set by the manufacturer. In 
this case, we could examine the various (AQL, lot size) 
combinations in MILSTD-IOSD to ascertain the minimum 
cost combination. 

An estimated domain for p may be available from prior 
experience on similar products. Clearly, it will be useful to 
employ the upper bound of this domain in conjunction with 
Table 1 to obtain an upper bound for costs attributable to 
sampling inspection. Even ifp proves to be a random variable 
from lot to lot, costs from sampling will not exceed those 
calculated under "worst case" assumption that all lots are 
at the upper bound. 

If p is completely unknown, we may still obtain valuable 
information from Table 1. For example, we can determine 
what quality level, p, must be maintained in production to 
hold the cost per item attributable to sampling inspection to 
X dollars, where X is a break-even value, or a value necessary 
to maintain a minimum profit level. Often, a knowledge of 
this required p is sufficient to ascertain whether a particular 
production method is practicable. 

Examdes 

(1) MIL-STD-IOSD is to be instituted on lots of size 100, 
using general inspection level 11, AQL = 4%. It is expected 
that the AQL level will be maintained in production. The 

cost of inspecting a single item under sampling is estimated 
to be $1.80. Rejected lots are to be 100% inspected, and 
the inspection cost is estimated at $1.20 per item during 
100% screening. Each defective item costs $10.00 to replace 
if discovered during sampling or screening inspection. If 
discovered later in the production process, the cost is esti- 
mated at $30.00. When sampling is discontinued, the cost 
incurred is estimated at $600.00, including the cost of 
inspecting ten lots. 

We have - N- = 100; - 
AQL = 4.0; 
lo@ = 4.0; 

k l  = $ 1.80; 
k2 = $ 1.20; 
k3 = $10.00; 
k4 = $30.00; 
kg = $600.00; 
L = 10. 

From Table 1, - 
n = 16.3; 

100 f = 3.9; 
T = 661. 

Therefore, 

(2) Suppose that 100% inspection is used for this process 
at all times, in lieu of MIL-STD-1OSD inspection.. , 

Then 

= $1.60. 
So that sampling inspection saves about $0.23 per manu- 
factured item in this case. 

(3) Find the AQL plan which will minimize the cost of 
defective items for this process. 

Using information from Table 1, and linear interpolation, 
we get 
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Table 1: Expected sample size, expected percentage of lots rejected, and expected number o f  lots before Discontinuation 
o f  sampling inspection fo r  some representative M I  LSTD-105D single-sampling plans and quality levels. 

-- 

Incoming Expected Expected Expected Incoming Expected Expected Exmcted 
Sample size percent sample percent lots lots under 

AQL code letter defective size rejected sampling 

Q 

M 

L-M 

J-K 

H-J 

Sample size percent - sample percent lots lo& under 
AQL code letter defective size rejected sampling 

0.25 K-L 0.0625 

M 

G-H 

J-K 

L 
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Table 1 (continued) 

Incoming Expected Expected Expected Incoming Expected Expected Expected 
Sample size percent sample percent lots lots under Sam~le size peymt  sample percent lots lots under . . AQL code letter defective size- rejected sampling 

M 

F-G 

H J  

K 

E-F 

AQ L code letter aerect~ve size reiected sampling 
30.4 0.3 3.3OX 10' G-H 

J 

K 

0-E 

F-G 
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Sample size percent - sample percent lots lots under 
AQL code letter defective size rejected sampling 

1.5 H 

J 

K 

2.5 GD 

2.5 E-F 

Incoming Expected Expected Expected 
Sample size percent sample percent lots lots under 

AQL code letter defective size rejected sampling 
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Table 1 (continued) 
Incoming Expected Expected Expected Incoming txpected Expected txpected 

Sample size percent sample percent lots lots under Sample size percent sample percent lots lots under 
AQL code letter defective size rejected sampling AQL code letter defective size rejected sampling 

D-E 

F 

G 

H 

J 

' C-D 

E 
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Table 1 (continued) 

lncoming Expected Expected Expected 
Sample size percent sample percent lots lots under 

AQL code letter defective size rejected sampling 

lncoming Expected 
Sample size percent sample 

AQL code letter defective size 

10.0 F 2.5 8.1 
5.0 8.9 
7.5 13.8 
10.0 18.3 
12.5 19.7 
15.0 20.0 
17.5 20.0 
20.0 20.0 
22.5 20.0 
25.0 20.0 

Expected Expected 
percent lots lots under 
rejected sampling 

0.0 1.48 X loL0 
0.0 1.14X lo9 
0.2 410,188 
1.5 5,454 
5.0 41 5 
12.3 89 
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