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Abstract

Acceptance sampling procedures are practical tools for quality assurance applications involving product control.
In this article we have developed new method for designing sampling plans based on range of quality instead of
pointwise description of quality by invoking a quality regions approach. The Quality Decision Region proposes
wider potential applicability in industry ensuring a higher standard of quality attainment for a product. This paper
provides a selection of chain sampling plan of type (0,2,3) with Single Sampling plan indexed through quality
regions. Tables are constructed byconsidering the various combinations of acceptable and limiting quality levels,
and an example is given for illustration purpose.
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1. Introduction

Sampling is widely used in industry and government for controlling the quality of shipment of components,
supplies and final products. In general, the number marking the boundary between “a few” and “too many”
defectives, (the maximum acceptable number of defectives) varies depending on the situation. This number
depends on the lot size, cost of inspecting and testing a part and an assembly, cost of dismantling and repairing
an assembly, loss associated with the possible failure to meet customer requirements, etc. In order to control the
quality of purchased lot, two major alternatives are open to a buyer. One, complete inspection: every single item
in the lot is inspected and tested. Two, partial inspection: a sample of items is taken, the sampled items are
inspected and tested, and the lot as a whole is accepted or rejected depending on whether few or many defective
items which are found in the sample. This type of sampling, one of many used to control the quality of
manufacturing processes or lots, is known as acceptance sampling

2. Review of Literature

Dodge (1955) treats this problem using a procedure, called chain sampling plan (ChSP — 1). These plans make
use of the cumulative inspection results from several results, from one or more samples along with the results
from the current sample, in making a decision regarding acceptance or rejection of the current lot. The chain
sampling plans are applicable for both small and large samples. Dodge and Stephens (1966) extended the concept
of chain sampling plans and presented a set of two stage chain sampling plans based on the concept of ChSP — 1
developed by Dodge (1955). They presented expressions for OC curves of certain two — stage chain sampling
plans and made comparison with single and double sampling attributes inspection plans. Cameron (1952) has
developed an operating ratio based on Acceptable Quality Level (AQL) and Limiting Quality Level (LQL). A
table is constructed for the selection of sampling plan under Poisson model and the ratio is a measure of
discrimination. Soundararajan (1975) has indexed the single sampling plan through MAPD and K=pT/ p*, where
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MAPD is the proportion defective at the inflection point of OC curve defined and explained by Mayer (1967) and
Mandelson (1962). Vedaldi (1986) has studied the SSP through Incentive and filter effects. This paper designs
the parameters of the plan indexed with QDR and PQR. Suresh and Srivenkataramana (1996) have studied the
selection of SSP using Producer and Consumer Quality Levels. Suresh and Saminathan (2007) have given a
procedure to define multiple repetitive group sampling plans indexed with MAPD and MAAOQOQ. Suresh and
Kaviyarasu (2008) have explained the desirability for developing Quick Switching System with Conditional RGS
plan indexed through quality levels. Suresh and Divya (2009) have given the new procedure for Single Sampling
Plan through Decision Region. Suresh and Sangeetha (2010) have studied the selection of Repetitive Deferred
Sampling plan using Quality Regions.

3. Operating Procedure for Three Stage Chain Sampling Plan
Step 1: At the outset, select a random sample of n units from the lot and from each succeeding lot.

Step 2: Record the number of defectives d, in each sample and sum the number of defectives, D, in all samples
from thefirst up to and including in the current sample.

Step 3: Accept the lot associated with each new sample during the cumulation aslongas Dj <ci1; 1 <i < k.

Step 4: When k1 consecutive samples have all resulted in acceptance continue to sum the defectives in the ki
samples plus additional samples up to not more than k, samples.

Step 5: Accept the lot associated with each new sample during cumulation as long as D; < ¢z; k1 < i < k.

Step 6: When k2 consecutive samples have all resulted in acceptance continue to sum the defectives in the k»
samples plus additional samples up to not more than kssamples.

Step 7: Accept the lot associated with each new sample during cumulation as long as Di < c3; k2 < i < ka.

Step 8: When the third stage of the restart period has been successfully completed (i.e., k3 consecutive
samples havebeen resulted in acceptance), start cumulation of defectives as moving total over k3 samples by
adding the current sample result while dropping from the sum, the sample result of the ksth preceding sample.
Continue this procedure as long as

Dj < c3 and in each instance accept the lot.

Step 9: If for any sample at any stage of the above procedure, D; is greater than the corresponding c, reject the lot.
Step 10: When a lot is rejected return to step-1 and fresh restart of the cumulation procedure.

The three-stage chain sampling plan has 7 parameters which are defined below:

n = sample size

k1= The maximum number of samples over which the cumulation of the defectives take place in the first stage of
procedure.

k> = The maximum number of samples over which the cumulation of the defectives take place in the second stage
of procedure.

ks= The maximum number of samples over which the cumulation of the defectives take place in the first of
procedure.

c1 = The allowable number of defectives in the cumulative results from k;or fewer sample of n. Thus, c¢; is an
acceptance number for cumulative results. It is the cumulative results criterion (CRC) that must be met by
cumulative sampling results during the first stage of of the restart period in order to permit acceptance of a lot.

¢2 = The allowable number of defectives in the cumulative results from ki+ 1 to k. sample of n. Thus, c; is also
an acceptance number for cumulative results and the CRC that must be met by cumulative sampling results during
the second stage of the restart period in order to permit acceptance of a lot.
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c3 = The allowable number of defectives in the cumulative results from k, + 1 to ks sample of n. Thus, c3 is also
an acceptance number for cumulative results and the CRC that must be met by cumulative sampling results during
the third stage of the restart period in order to permit acceptance of a lot.

4, Designing of Quality Interval ChSP (0,2,3) with Single sampling plan as followsSelection of a
Sampling Plan

Table 2 gives unique values of R for different values k1, k2 , k3

- - -_— d
Operating ratio R="22"P1 — 22
npo—np1  do

d,=np, —np; and d, = np, — np, is used to characterize the sampling plan.

For any given values of PQR (d2) and IQR (do), one can find the ratio R=d./do.find the value in the table 1.1 under
the column R, which is equal to or just less than the specified ratio. Corresponding ki, ko, ks values are noted.
From this ratio, one can determine the parameters for the three-stage chain sampling plan of type (0,2,3).

5. Example

Given p1=0.03, ki=2, k=5, ks=10. Compute the values of the IQR and PQR. Then compute R. Select the associated
values from table 1.1 the nearest values are IQR=1.9468, PQR=4.1702 and R=2.1421 with respective ki=2, k»=5, k3=10.
One can obtain the values of np; from P4(p) table np;=1.8019, which leads to n=np1/p;=1.8019/0.03=60 using table 1.2.
Thus, the selected parameters for Chain Sampling plan are n=60, ki=2, ko=4, k3s=5 through quality interval.

6. For specified PQR and IQR

Table 2 used to construct the plans when the PQR and IQR are specified. For any given values of the PQR and
IQR, one can find the ratio R=d,/do which is a monotonic increasing function. Find the value in table 2 under the
column of R, which is equal to or just less than the specified ratio. Then the corresponding values of ki, kz, K3
and c are noted. Fromthis one can determine the parameters of chain SSP plan.

7. Example

Given p;1=0.08, ki=11, k;=12, k3=13. Compute the values of the IQR and PQR. Compute the values of IQR and
PQR. Corresponding ki=10, k;=12, ks=13. Values of 1QR=2.3952, PQR=4.5367 using 1.2. np;=1.3525,
np2=5.8892 and po=3.7477 for specified QDR and PDR.

Table 2 is used to construct the plans when 1QR and PQR are specified. For any given values of IQR(d1) and PQR
(d2), one can fine the ratio R=d1/d,, which is a monotonic increasing function in k. The corresponding values in
table 2, under the column R which is equal or just less than the specified ratio. Then the corresponding value of k
is noted, from this, one can determine the parameters for ki=11, k;=12, ks=13, ¢;=1 and c,=2 for the chain
sampling plan.

8. Conversion of parameters

The given set of parameters can be converted into another familiar set, which will provide related information on
the desired sampling plan. These parameters can be found using table 1.1.

9. Construction of tables

Indifference Quality Range (IQR) denotes as do=(hpo-np1) Probabilistic Quality Range (PQR) denoted as d=np,-np: is
derived pa(p)is derived from probability of acceptance.

P,(p)=
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Table 1.1 shows the value di=nQDR, d>=nPQR, for difference values of ki, ko, ks provides various parametric
values for ChSP (0,2,3) designed through quality interval and also represents Operating Characteristic ratio for
specified values.

10. Conclusion: The present development would be a valuable addition to the literature and a useful device
to the quality practitioners. Acceptance sampling is the technique which deals with the procedures in which
decision either to accept or reject lots or process which are based on the examination of samples. This procedure
reduces the cost of inspection for the producer and the consumer, gets good items. In practice it is desirable to
design any sampling plan with the associated quality levels which concern to producer and consumer. Tables
provided in this paper are tailor — made which are handy and readymade, which are also well considered for
comparison purposes. Tables are also useful for developing and under developing countries, which have limited
resources to the Industrial shop floor- situations.
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Table 1.1 np values for given probability of acceptance by Three Stage Chain Sampling Plan ChSP (0,2,3)

i=1
k1 kz ks 0.99 0.95 0.9 0.5 0.1 0.05 0.01
1 4 5 0.9955 | 1.9857 | 24123 | 3.7556 | 5.9923 | 6.2311 7.2546
2 3 4 0.9704 | 1.9559 | 23705 | 3.7491 |5.9922 | 6.2317 7.2354
2 5 10 0.9417 | 1.8019 | 23704 | 3.7487 |5.9721 | 6.2309 7.2135
2 9 10 0.9048 | 1.7688 | 2.3703 | 3.7487 |5.9721 | 6.1308 7.1934
3 4 5 0.8607 | 1.6933 | 2.3702 | 3.7486 | 5.9619 | 6.1307 7.17285
4 5 6 0.8105 | 1.6888 | 2.3701 | 3.7485 | 5.9538 | 6.10053 | 7.1523
5 6 7 0.7557 | 1.6378 | 2.3769 | 3.7484 | 5.9457 | 6.07036 | 7.13175
6 7 8 0.6976 | 1.5935 | 2.3699 | 3.7483 |5.9376 | 6.04019 | 7.1112
7 8 9 0.6376 | 1.5567 | 2.3698 | 3.7482 | 5.9295 | 6.01002 | 7.09065
8 9 10 0.5895 | 1.5201 | 2.3697 | 3.7481 | 4.9214 | 5.97985 | 7.0701
9 10 11 0.5151 | 1.4995 | 2.3696 | 3.748 5.9133 | 5.94968 | 7.04955
9 10 20 0.4584 | 1.4604 | 2.3695 | 3.7479 |5.9052 | 5.91951 | 7.029
10 11 12 0.4025 | 1.4028 | 2.3694 | 3.7478 | 5.8971 | 5.88934 | 7.00845
11 12 13 0.3499 | 1.3525 | 2.3693 | 3.7477 |5.8892 | 5.85917 | 6.9879
11 12 19 0.3011 | 1.3012 | 2.3692 | 3.7476 | 5.8809 | 5.829 6.96735
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11 17 20 0.2566 1.2561 2.3691 3.7475 | 5.8728 5.79883 | 6.9468
12 13 14 0.2165 1.2165 2.269 3.7474 | 5.8647 5.76866 | 6.92625
13 14 15 0.1808 1.1808 2.2689 3.7473 | 5.8566 5.73849 | 6.9057
13 14 19 0.1495 | 1.1495 | 2.269 3.7474 | 5.8566 | 5.70832 | 6.88515
13 14 22 0.1225 | 1.1358 | 2.1689 | 3.7473 | 5.8566 | 5.67815 | 6.8646
Table 1.2 Three Stage Chain Sampling Plan of type (0,2,3) through Quality Regions
k4 k; k3 np, npo np; d, do R
1 4 5 1.9857 3.7556 5.9923 4.0066 1.7699 2.263744
2 3 4 1.9559 3.7491 5.9922 4.0363 1.7932 2.250892
2 5 10 1.8019 3.7487 5.9721 4.1702 1.9468 2.142079
2 9 10 1.7688 3.7487 5.9721 4.2033 1.9799 2.122986
3 4 5 1.6933 3.7486 5.9619 4.2686 2.0553 2.076874
4 5 6 1.6888 3.7485 5.9538 4.265 2.0597 2.07069
5 6 7 1.6378 3.7484 5.9457 4.3079 2.1106 2.041078
6 7 8 1.5935 3.7483 5.9376 4.3441 2.1548 2.016011
7 8 9 1.5567 3.7482 5.9295 4.3728 2.1915 1.995346
8 9 10 1.5201 3.7481 4.9214 3.4013 2.228 1.526616
9 10 11 1.4995 3.748 5.9133 4.4138 2.2485 1.962998
9 10 20 1.4604 3.7479 5.9052 4.4448 2.2875 1.943082
10 11 12 1.4028 3.7478 5.8971 4.4943 2.345 1.916546
11 12 13 1.3525 3.7477 5.8892 45367 2.3952 1.89408
11 12 19 1.3012 3.7476 5.8809 4.5797 2.4464 1.872016
11 17 20 1.2561 3.7475 5.8728 4.6167 2.4914 1.853055
12 13 14 1.2165 3.7474 5.8647 4.6482 2.5309 1.83658
13 14 15 1.1808 3.7473 5.8566 4.6758 2.5665 1.821859
13 14 19 1.1495 3.7474 5.8566 47071 2.5979 1.811887
13 14 22 1.1358 3.7473 5.8566 4.7208 2.6115 1.807697
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