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Abstract 

In chain sampling plan, the sampling inspection has the criteria for 
acceptance and non-acceptance of the lot depends in part on the results of 
the inspection of immediately preceding lot.  Chain sampling plans allow 
significant reduction in sample size under conditions of a continuing 
succession of lots from a stable supplier. In this paper, a procedure for 
constructing a Chain Sampling Plan-2 (ChSP-2) indexed through a 
parameter ccAOQ  which is a convex combination of AOQL (Average 

Outgoing Quality Limit) and MAAOQ (Maximum Allowable Average 
Outgoing Quality) with gain parameter λ is given. This plan may 
safeguard the interests of both producer as well as consumer by properly 
choosing a right combination using the gain parameter λ. Tables are also 
constructed for the easy selection of the plan. 



R. RADHAKRISHNAN and M. MALLIKA 60 

1. Introduction 

The proportion defective corresponding to the inflection point of the OC curve 
is interpreted as the Maximum Allowable Percent Defective (MAPD). The desirability 

of developing a set of sampling plans indexed through ∗p  (MAPD) has been 

explained by Mandelson [1] and Soundararajan [11]. AOQL is defined as the worst 
average quality that the consumer will receive in the long run, when the defective 
items are replaced by non-defective items. Suresh and Ramkumar [12] suggested a 
procedure for constructing the sampling plans indexed through MAAOQ. 
Radhakrishnan [2] constructed continuous, chain, double and link sampling plans 
and established that the sample size is less in the inspection when MAAOQ is used 
as an indexed parameter than AOQL. Sekkizhar [9] constructed sampling plans 
using MAAOQ with intervened random effect Poisson distribution. Sampathkumar 
[8] constructed mixed sampling plan with chain sampling plans as attribute plan 
indexed through AOQL, MAPD, MAAOQ and emphasized the superiority of 
MAAOQ. Radhakrishnan and Mallika [3-6] constructed single, double, chain 
sampling plan-1 and link sampling plans indexed through ccAOQ  which is the 

convex combination of AOQL and MAAOQ. 

Shankar et al. [10] developed a new chain sampling plan of the type ChSP-2 in 
which a lot even with two defects in its sample can still be accepted if last defect was 
found far enough back in the history of products. 

2. Terminologies 

2.1. Definition of MAPD 

The MAPD is the value of fraction defective ( )∗= pp  at which 

( ) 0Pa 22 =dppd    and   ( ) .0Pa 33 ≠dppd  

It is also the inflection point of the Operating Characteristic (OC) curve and ( )pPa  

is the probability of acceptance at the quality level p fraction defective. 

2.2. Definition of AOQL 

The AOQL is defined as the worst average quality that the consumer will 
receive in the end, when the defective items are replaced by non-defective items. It is 
obtained by maximizing Average Outgoing Quality (AOQ), ( ).PaAOQ pp ⋅=  
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2.3. Definition of MAAOQ 

The MAAOQ of conditional double sampling plan is defined by the Average 
Outgoing Quality (AOQ) at MAPD, i.e., ( ).PaAOQ pp ⋅=  

Thus AOQMAAOQ =  at .∗= pp  This can be written as =MAAOQ  

( ).Pa ∗∗ ⋅ pp  

2.4. Definition of ccAOQ  

It is the convex combination of AOQL and MAAOQ with gain parameter λ, 

( )MAAOQ.1AOQLAOQcc λ−+λ=  

3. Operating Procedure of ChSP-2 

1. Select a random sample of size ‘n’ from a lot size ‘N’ and count the number 
of non-conformities in the sample. 

2. Accept the lot, if 

(a) No non-conformities are found in the sample. 

(b) One or two non-conformities are found in the sample but no non-
conformities were found in the previous ‘i’ samples. 

3. Reject the lot, otherwise. 

4. Glossary of Symbols 

N -lot size 

n -sample size 

d -number of non-conformities 

λ -gain parameter, 10 <λ<  

p -submitted lot quality of lot or process 
∗p  -Maximum Allowable Percent Defective (MAPD) 

( )pPa  -probability of acceptance for given quality p 

ccAOQ  -convex combination of AOQL and MAAOQ 

i -number of previous samples from which the decision of lot is made. 
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5. Operating Characteristic Function of ChSP-2 

Under Poisson model, the OC function of ChSP-2 plan is given by 

( ) ,1Pa
1

01
020 P

PPPPPp
i

i
−

++=  

where ,0
npeP −=  npnpeP −=1  and ( ) .2

2
2

npenpP
−

=  

6. Construction of ChSP-2 Indexed through ccAOQ  

The general procedure for designing a ChSP-2 indexed through a parameter 
which is a convex combination of AOQL and MAAOQ using Poisson distribution as 
base line distribution is given below. 

Step 1. Determine nMAPD, nMAAOQ and nAOQL for ChSP-2 for various 
values of i, find MAPDAOQL1 nnR =  and MAPD.MAAOQ2 nnR =  

Step 2. Find ( ) MAAOQ1AOQLAOQcc nnn λ−+λ=  for various values of λ 

and find MAPD.AOQcc3 nnR =  

Step 3. Present the results of Steps 1 and 2 for various values of λ (from 0.1 to 
0.9) in Table 1. 

7. Selection of the Plan 

Table 1 is used to construct the plan when the MAPD and ccAOQ  are specified. 

We can find the ratio MAPDAOQcc3 =R  and locate the value in Table 1 under 

the column 3R  (for a fixed value of λ) and the corresponding values of i and ∗np  

are noted. The value of n is determined using MAPD∗= npn  and hence the 

parameters, n and i are determined. 

Example 1. For a specified 0078.0AOQL =  and 010.0MAPD =  compute the 

ratio 7800.0MAPDAOQL1 ==R  which is nearer to the value 0.7729 and the 

associated values of  i and n from Table 1 are 1=i  and .84MAPD == ∗npn  Thus 

the sampling plan for specified 0078.0AOQL =  is 84=n  and .1=i  
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For a specified 0080.0MAAOQ =  and 010.0MAPD =  compute the ratio 

8000.0MAPDMAAOQ2 ==R  which is nearer to the value 0.8046 and the 

associated values of  i and n from Table 1 are ,5=i  31.MAPD == ∗npn  Thus the 

sampling plans for specified 0080.0MAAOQ =  are 31=n  and .5=i  

For a specified value of ,0078.0AOQL =  ,0080.0MAAOQ =  0.010MAPD =  

and 0.3,=λ  the value of .00794.0AOQcc =  Find the ratio MAPDAOQcc3 =R  

794.0=  and locate the value in 3R  corresponding to 2.0=λ  which is nearer to the 

ratio 0.7704 and the values of i and n from  Table 1 are 2=i  and MAPD∗= npn  

59.=  Thus the sampling plans for specified 00794.0AOQcc =  are 59=n  and 

.2=i  

Explanation. In a transistor manufacturing company, if the producer fixes the 
quality level 010.0MAPD =  (10 non-conformities out of 1000) and the consumer 
fixes the quality level 00794.0AOQcc =  (794 non-conformities out of 1,00,000) 

select a sample of 59 transistors from a lot and count the number of non-conformities 
(d).  If ,0=d  accept the lot and if ,2>d  reject the lot and inform the management 

for improving the quality of the product. If ,2≤d  accept the lot if no non-

conformities are found in the immediately preceding 2 samples. 

Example 2. For a specified 0040.0AOQL =  and 005.0MAPD =  compute the 

ratio 8000.0MAPDAOQL1 ==R  which is nearer to the value 0.8056 and the 

associated values of  i and n from Table 1 are 2=i  and .181MAPD == ∗npn  

Thus the sampling plans for specified 0078.0AOQL =  is 118=n  and .2=i  

For a specified 0044.0MAAOQ =  and 005.0MAPD =  compute the ratio 

8800.0MAPDMAAOQ2 ==R  which is nearer to the value 0.8832 and the 

associated values of  i and n from Table 1 are ,11=i  .32MAPD == ∗npn  Thus 

the sampling plans for specified 0044.0MAAOQ =  are 32=n  and .11=i  

For a specified value of ,0040.0AOQL =  ,0044.0MAAOQ =  005.0MAPD =  

and ,1.0=λ  the value of .00436.0AOQcc =  Find the ratio MAPDAOQcc3 =R  

872.0=  and locate the value in 3R  corresponding to 1.0=λ  which is nearer to the 
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ratio 0.8802 and the values of i and n from Table 1 are 5=i  and MAPD∗= npn  

.62=  Thus the sampling plans for specified 00436.0AOQcc =  are 62=n  and 

.5=i  

Explanation. In a courier service providing company, if the management fixes 
the quality level 005.0MAPD =  (5 non-conformities out of 1000) and the customer 
fixes the quality level 00436.0AOQcc =  (436 non-conformities out of 1,00,000) 

select a sample of 62 services processed in a day and count the number of non-
conformity services (d).  If ,0=d  accept the quality of the service provided in that 

day and if ,2>d  reject the quality of the service provided in that day and inform 

the management for improving the quality of the service. If ,2≤d  accept the 

quality of the service provided in that day and no non-conformity services were 
found in the immediately preceding 2 days services. 

The operating characteristic curves for the plans given in Example 1 are 
presented in Figure 1 and their AOQ curves are presented in Figure 2. 
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Figure 1. OC curves for 84=n  and ( );AOQL1=i  31=n  and ( );MAAOQ5=i  
59=n  and ( ).AOQ2 cc=i  
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Figure 2. AOQ curves for 84=n  and ( );AOQL1=i  31=n  and ( );MAAOQ5=i  

59=n  and ( ).AOQ2 cc=i  

Conclusion 

In this paper, a procedure for the construction and selection of ChSP-2 indexed 
through gain parameter λ which is a convex combination of AOQL and MAAOQ is 
stated. Tables are also constructed for the easy selection of the plans when the 
indexing parameters and gain parameter are known. The engineers after knowing the 
minds of both producer and consumer can search for the quality level ccAOQ  and 

select the appropriate plan. It is also concluded that the sample size required for the 
ChSP-2 indexed through (MAPD, )AOQcc  is lesser than the sample size indexed 

through (MAPD, AOQL) and also satisfies the interests of both the producer as well 
as the consumer, which can be understood from the OC and AOQ curves. 
Readymade tables are also provided in this paper for the engineers to take quick 
decisions on the nature of the sampling plan when the quality level of the producer 
and consumer are known. This study can be extended for constructing other 
sampling plans and efficiency of these plans can also be compared with the plans 
indexed through other parameters. 
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