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Abstract

This research reveals a group acceptance sampling plan (GASP) for lot resubmitting is designed for conditions
wherein an item life is taken from the size biased Lomax distribution (SBLD). The plan parameters of the GASP
are obtained by fulfilling the prefixed producer’s and consumer’s risks as per the test completion time and the
number of testers. The projected plan needs a minimal sample size in comparison with the standard GASP. This
proposed plan is justified with an example.
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1. Introduction

Acceptance or rejection of an item is dependent on its utility. The top-notch checking in quality control is of various
models, one of them is the acceptance sampling scheme. The simple acceptance sampling scheme is well known
among the rest of the sampling schemes because of its easy implementation in practical applications. The main
hassle in acceptance sampling schemes is to identify the sample size from the available lots. In a simple sampling
scheme, the result of acceptance or non-acceptance of a lot depends only on one inspection. These days, items are
manufactured to be top-notch quality. While gathering lifetime details of an item, items must pass through a
destructive life test. To study the whole lifetime of a higher reliability unit, the life test must be finished within a
stipulated span to shorten the experimental time is named as truncated life test. Several authors who developed
single sampling schemes under a truncated life test are Baklizi (2003), Balakrishnan et al. (2007), Ravikumar et al.
(2016), Rao et al. (2008), Rao and Kantam (2010), Subbarao et al. (2014).

The acceptance sampling scheme that incorporates several units at the same period installed a tester could be named
GASP, which decreases the testing time in addition to the cost can be saved with the aid of trying out those items
simultaneously. In GASP the sample size ‘n’ is designed as n = rg where r is the number of testers and g is the
number of groups. If more than c failures occurred in any group at some point in the test time then the test is
truncated. GASP enforced on these truncated life tests is termed as GASP under truncated life tests. In these models,
obtaining the sample size is equal to obtaining the number of groups. GASP under truncated life tests depending on
various models have been discussed in recent time by Aslam et al. (2009), (2011), Aslam and Jun (2009a), (2009b),
Rao (2009a),(2009b), Rao et al. (2014).

In several circumstances, the customer cannot accept the given lot depending on a simple acceptance sampling
scheme. The manufacturer can conflict with the initial sample data, choosing the next sample of identical size for
review and also conclude by eliminating the earlier solutions. Therefore, the discarded lot might be resubmitted, this
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technique is named as resubmitted acceptance sampling scheme. The effectiveness of the re-sampling process with a
simple sampling scheme for testing resubmitted lot is not like from the same old acceptance sampling schemes as
suggested by Govindaraju and Ganesalingam (1997). Numerous authors who have developed GASP for resubmitted
lots are Aslam et al. (2011), Mughal et al. (2015), Rao and Rao (2014), Rosaiah et al. (2017), Rao and Naidu (2016),
Rao et al. (2019), Chiang et al. (2018).

1. Design of GASP for resubmitted lots

Sampling review for the resubmitted lots is dependent on the following assumptions:

Enduring by the provisions of a written agreement or act, the knowledge of the initial scrutiny leading to rejection
is needed to cancel the lot.

The manufacturer is sincere and therefore the client has hopefulness with the producer who won’t purposely make
the most of re-sampling.

The working process of the projected plan is

Stepl:

Carry out the first group sampling assessment by taking n things arbitrarily and allocating them into g groups
equally with the condition that every group has to contain r things so that n = rg.

Determine the experimentation time, to, and the acceptance range c. The lot would be accepted if the failure from all
the groups is no more than the acceptance range c at time to; else, it is rejected.

Truncate the test once the failures from each group are more than c or before to , whichever happens, earliest.

Step 2:

Implement the proposed GASP no more than m times on a lot that was refused in the previous step, and turn down

the lot on the m™ review if it could not be approved before or at the (m—1)th re-submission. In this case, the

proposed GASP is the original GASP as re-submission is allowed.

The present work suggests a special design for certain conditions and is given below.

When the number of testers r is known, determine the size of group g. Pick (r x g) goods from a lot and assign r
testers to each of the g groups.

In the life test, (r x g) the sample size is needed.

From every group find the acceptance range ¢ and indicate termination time to.

If the number of failures in any group is larger than ¢ or (c+1) the life test should be shortened and the lot should be
declined.

The producer has to honor the consumer’s trait and does not use the benefit of the re-sampling. On the refusal of the
Primary GASP, execute steps (1) to (4); repeat the projected scheme m times. If the submitted lot fails to pass the

(m—1)" re-submission, it will be refused.

The proposed scheme for the resubmitted lot is not an expansion of the present plan but depends on number of the
failures. Govindaraju and Ganesalingam (1997) presented a sampling analysis for resubmitted lots, which cannot be
compared to the proposed sampling scheme.Despite the method of resubmitted lots introduced at two-stage and the
multiple-stage GASP under truncated life tests, the GASP under a truncated life test can be adopted because of its
simplicity of execution. When the lifespan of an item is taken from SBLD in this work, a GASP for resubmitted lots
is added.

The use and applications of statistical science's size biased distributions in research related to reliability, bio-
medicine, ecology, and a variety of other areas are of enormous practical importance in global Science and

Technology
The SBLD's probability density function (pdf) and cumulative density function (cdf) are as follows:
Aa-1)t(, ty
()= 14— for t>0,1>16>0 M
e 6 6
F(t):l—(uﬂj(ulJl'wO A1>16>0 2
) g) 1204>1 @

where 1 is shape and 6 is scale parameters of the model. The mean and variance of SBLD is

20
Mean—ﬂ—n for A>2 (3)
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2
Variance = o = 2'92—/1 for 2>3 )
(A-2)"(2-3)
We're using the known experiment time to and number of testers’ r to derive the unknown GASP parameters for
resubmitted lots, where the producer's and consumer's risks are predefined.
Assume that the parameter A is pre-defined and that the mean value shown in Equation (3) is solely dependent on the
scale parameter 6.The probability of accepting a lot for the standard GASP is mentioned as

L(P) =Z[rf’]p‘ (t-p)"" ©)
i=0

where r denotes the number of testers, ¢ denotes the acceptance range, g denotes the group size and p denotes the
probability that an item will fail in either group during the test completion period to. The test termination time to is
given in Equation (6)
to=au
(6)
where 1 is specified average life and a is test termination ratio. Then the lot acceptance probability for SBLD is in
@)
-1
27a 2a (7

p= F(to):l— W+l 1+W

where g/, is aratio of true mean life and the specified mean life.

According to Govindaraju and Ganesalingam (1997), the chance of a lot of acceptance for resubmitted lots with m-1
resubmissions is

P (a)=1-(1-L(P))" ®)

In equation (9) the OC function is discussed

Pa(a)zl—[l—i(r?jp‘ (1-p)” jm ©)

i=0
We must calculate the unknown values ¢ and g for the projected GASP of resubmitted lots with a known number of
testers r and a predefined truncated life test time t, = a4, where a is the termination time and 4 is the mean of the
SBLD. The lot is considered to be fine if the true average lifetime u is > to the target one, else it is bad. There are

two risks in acceptance sampling schemes: one for the producer and one for the consumer. Producer’s risk, « , is
rejecting a lot when it is good and consumer’s risk, 2, is accepting a lot when it is bad. Both producers and

consumers require a sampling scheme to take a decision that will strike a balance between their concern risks.
At the acceptance probability level (ARL), the minimum lot acceptance probability 1-« is required for producers,
and the maximum lot acceptance probability A is required for consumers at the lot tolerance reliability level

(LTRL).
In equation (7) if we substitute, the values z/ 1, = 2(2)10 will get the probability of failure P, of the producer’s risk

at ARL and the value z/ 145 =1 will get the probability of failure P, of the consumer’s risk at LTRL respectively.
Solve the inequalities given in (10) and (11) at the same time so that we get the values ¢ and g for the proposed plan.

1—(1—2(29}@ (1- pl)rg‘Jm >1-q (10)

i=0
and

1—[1— (i - pz)fg‘] <p ay
i—0

where
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-2
. 2/a 2a (12)
N AT AT
and
e <ff‘z>r (13)

To estimate the two parameters g and ¢ of the proposed GASP consider the producer’s risk « = 0.05 and
termination time t, = ax, where a = 0.3, 0.5, with the predefined time to, at resubmitted lot m = 2, 3 are determined

as per the consumer’s confidence levels 3 = 0.25, 0.10, 0.05 or 0.01. The SBLD parameter 2 =3 and 4 at m = 2, the

values of the parameters are presented in Tables 1 and 2. Also for m = 2 and the estimated parameter value A = 2.96
for the true mean lifetime, the parameter values are mentioned in Table 3. The SBLD parameter /=3 and 4 at m = 3,
the parameters are presented in Tables 4 and 5. Also for m = 3 and the estimated parameter value 1 = 2.96 for the
true mean lifetime, the parameter values are mentioned in Table 6. Tables 1, 2, 4, and 5 for the proposed GASP
show that as 'a’ rises from 0.3 to 0.5 at given g, the required number of groups (g) decreases and the acceptance

range (c) increases; u/u, and r remain constant.

Tables 3 and 6 show, however, that the number of groups (g) is reducing and the acceptance range, c, is improving
as a rises from 0.3 to 0.5. The FORTRAN coding is also provided in appendix.

<<< Tables 1-6 are around here>>>

2. Projected Scheme is Applied to Industry

Using real data from Khalil (2019), the active repair times (hours) for an airborne communication transceiver
(source: Chhikara and Folks (1989)) are presented. This data set has been resubmitted and is available as follows.
0.2,0.3,05, 05, 05, 0.5, 0.6, 0.6, 0.7,0.7, 0.7, 0.8, 0.8, 1.0, 1.0, 1.0, 1.0, 1.1, 1.3, 1.5, 1.5, 1.5, 1.5, 2.0, 2.0, 2.2,
2.5,27,3.0,3.0,33,33,40,4.0,45,4.7,5.0,5.4,5.4,7.0,7.5, 8.8, 9.0, 10.3, 22.0, 245

Figure 1 depicts the goodness of fit of the data using empirical density and the p-p plot for SBLD. Using the
Kolmogorov-Smirnov test, we found that the maximum distance between the data and the fitted SBLD for active
repair times (hours) for an airborne communication transceiver is 0.11129 with a p-value of 0.6191. As a result, the
SBLD is a good fit for the active repair times (hours) of an airborne communication transceiver.

Since the specified lifetime of an item is derived from SBLD using the estimated parameter, A = 2.306. Assume that
it is necessary to form the GASP to ensure that the true average lifetime is greater than the active repair times
(hours) for an airborne communication transceiver 0.2 through the experiment to be completed the active repair
times (hours) for an airborne communication transceiver by 0.80 to protect the producer's risk at 0.05. Since 4 =
2.306, the consumer's risk = 0.25, r =5, a = 0.3, and u/ x4, = 4, the minimum number of groups g =10 and

acceptance range ¢ = 9 are calculated from Table 3. As a result, the sampling scheme can be implemented as
follows: Choose 50 items in total, then assign five testers to each of the ten groups. If there are more than nine
failures below active repair times (hours) for an airborne communication transceiver 0.80, we reject the lot. Because
there are more than nine failures before the termination time, active repair times (hours) 0.80, the active repair times
(hours) for an airborne communication transceiver could have been rejected.

3. Conclusions

According to the study, a GASP for a resubmitted lot with a specific average life has been discussed for the SBLD.
The projected sampling scheme estimates ¢ and g are obtained in such a way that the lot acceptance probability is
higher than 1- a at the producer indicated standard but less than j at the customer defined standard. Based on a
variety of estimates and mean values, the tables are designed for industrialized applications. It was discovered that
the required number of groups rises as customer confidence grows or the number of re-submissions reduces. More
specifically, by allocating a few re-submissions in the projected sampling scheme, the sample range can be
significantly reduced.
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Figure 1: Empirical and theoretical CDFs for active repair times (hours) for an airborne communication transceiver,
as well as a P-P plot.
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Appendix A

Table 1: GASP for resubmitted lots having m = 2 for SBLD for A = 3.

r=5 r=10

B u/ a=0.3 a=0.5 a=0.3 a=0.5
c 9 PR) ¢ 9 RPMA) c 9 PMRA)c 9 PP

2 5 6 0.9550 - - - - - - - - -

4 1 2 09942 2 3 09601 2 3 09736 - - -
025 6 0 2 0.9559 1 2 09894 0 1 09559 3 4 0.9679
8 0 2 0.9829 0 1 09744 0 1 09829 1 2 0.9778
10 0 2 09921 O 1 09876 0 1 09921 O 1 0.9559

2 6 7 0.9653 - - - - - - - - -

4 1 3 09766 2 3 09601 2 3 09736 - - -
0.10 6 0 2 0.9559 1 2 09894 0 1 09559 3 4 0.9679
8 0 2 0.9829 0 1 09744 0O 1 09829 1 2 0.9778
10 0 2 09921 0 1 09876 0 1 09921 O 1 0.9559

2 9 10 0.983 - - - - - - - - -

4 2 4 0.9959 2 3 09601 2 3 09736 _ _ _
005 6 0 2 0.9559 1 2 09894 0 1 09559 3 4 0.9679
8 0 2 0.9829 1 2 09981 O 1 09829 1 2 0.9778
10 0 2 09921 0 2 09559 0 1 09921 O 1 0.9559

2 12 14 0.9791 - - - - - - - - -

4 2 6 09736 2 3 09601 2 3 09736 - - -
001 6 1 5 0.9869 1 3 09598 1 3 09763 3 4 0.9679
8 0 3 0.9640 1 3 09916 1 3 09957 1 2 0.9778
10 0 3 09831 O 2 09559 O 2 09712 0 1 0.9559
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Table 2: GASP for resubmitted lots having m = 3 for SBLD for A = 3.

r=5 r=10
B u/ a=0.3 a=05 a=0.3 a=0.5

c g Pa (Pl) c g Pa (Pl) c g Pa(Pl) c g Pa(Pl)

2 3 4 09777 - - - - - - - - -

4 1 3 0.9964 1 2 09782 1 2 09864 - - -
025 6 0 2 0.9907 0 1 09848 0 1 09907 1 2 0.9717
8 0 2 09978 0 1 09959 0 1 09978 0 1 0.9744
10 0 2 09993 O 1 09986 0 1 09993 O 1 0.9907

2 5 7 0.9630 - - - - - - - - -

4 1 3 0.9964 1 2 09782 1 2 09864 - - -
010 6 0 2 0.9907 0 1 09848 0 1 09907 1 2 0.9717
8 0 2 0.9978 0 1 09959 0 1 09978 0O 1 0.9744
10 0 2 0.9993 0 1 09986 0 1 09993 0 1 0.9907

2 5 7 0.963 - - - - - - - - -

4 1 4 0.9864 1 2 09782 1 2 09864 - - -
005 6 0 3 0.9736 1 2 09989 1 2 099% 1 2 0.9717
8 0 3 0.9932 0 2 09744 0 2 09854 O 1 0.9744
10 0 3 0.9978 0 2 09907 O 2 0991 O 1 0.9907

2 8 11 0.9663 - - - - - - - - -

4 1 5 0.9653 2 4 09586 2 3 0.9957 - - -
001 6 0 3 0.9736 1 3 09919 1 3 0993 1 2 0.9717
8 0 3 0.9932 0 2 09744 0 2 09854 0 1 0.9744
10 0 3 09978 O 2 09907 0 2 0991 0 1 0.9907

Table 3: GASP for resubmitted lots having m = 3 for SBLD for A = 3.

r=5 r=10
g o a=0.3 a=0.3

Cc 9 Pa (Pl) c Y Pa (Pl)

2 - - - - - -

4 9 10 0.9541 - - -

0.25 6 1 2 0.9551 - - -
8 1 2 0.9891 3 4 0.9665
10 0 1 0.9674 1 2 0.9666

2 - - - - - -

4 9 10 0.9541 - - -

0.10 6 1 2 0.9551 - - -
8 1 2 0.9891 3 4 0.9665
10 0 1 0.9674 1 2 0.9666

2 - - - - - -

4 9 10 0.9541 - - -

0.05 6 1 2 0.9551 - - -
8 1 2 0.9891 3 4 0.9665
10 0 1 0.9674 1 2 0.9666

2 - - - - - -

0.01 4 9 10 0.9541 - -

6 1 2 0.9551 - - -
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8 1 2 0.9891 3 4 0.9665
10 1 2 0.9969 1 2 0.9666
Table 4: GASP for resubmitted lots having m = 2 for SBLD for 1= 4.
r=5 r=10
B u/ a=0.3 a=05 a=0.3 a=0.5

c 9 Pa (Pl) c g Pa (Pl) c g Pa (Pl) c 9 Pa (Pl)

2 4 7 09698 - - - - - - - - -
4 1 3 099%5 1 2 09832 1 2 09904 4 5 0.9557
025 6 0 2 0985 0 1 09775 0 1 0985 1 2 09823
8 0 2 09948 0 1 09915 0 1 09948 0 1 0.969
10 0 2 09977 0 1 0991 0 1 09977 0 1 0.9855

2 5 9 09671 - - - - - - - - -
4 1 4 09904 1 2 09832 1 2 09904 4 5 0.9557
010 6 O 3 0993 1 2 09985 1 2 09993 1 2 0.9823
8 0 3 0987 0 2 099 0 2 09806 0 1 0.9690
10 0 3 099 0 2 0985 0 2 09913 0 1 0.9855

2 6 11 09657 - - - - - - - - -
4 1 5 09799 2 3 0997 1 3 09643 4 5 0.9557
005 6 0 3 099 1 3 09934 1 3 099%9 1 2 09823
8 0 3 0987 0 2 099 0 2 09806 0 1 0.9690
10 0 3 099 0 2 0985 0 2 09913 0 1 0.9855

2 9 17 09653 - - - - - - - - -
4 1 6 09643 2 4 09829 1 3 09643 4 5 0.9557
001 6 1 6 0999 1 3 09934 1 3 099%9 1 2 0.9823
g8 0 5 09708 1 3 09989 0 3 09595 1 2 0.9969
10 0 5 09867 0 3 0993 0 3 09813 1 2 0.9993

Table 5: GASP for resubmitted lots having m = 3 for SBLD for 1 =4
r=5 r=10
B u/ a=0.3 a=05 a=0.3 a=0.5

c 9 Pa (Pl) c g Pa (Pl) c g Pa(Pl) c 9 Pa(Pl)

2 2 5 0934 16 17 09515 8 9 09537 - - -
4 0 2 09869 0 1 09781 0O 1 0989 1 2 009510
025 6 0 2 09983 0 1 09%6 0 1 09983 0 1 0.9787
8 0 2 0999% 0 1 09992 0 1 0999 0 1 0.9946
10 0 2 09999 0 1 09998 0 1 09999 0 1 0.9983

2 3 7 0977 16 17 09515 8 9 09537 - - -
4 0 3 0933 1 3 0950 1 3 09932 1 2 009510
010 6 0 3 09946 0 2 09787 0 2 09834 0 1 0.9787
8 0 3 09988 0 2 09946 0 2 09973 0 1 0.9946
100 0 3 09996 0 2 09983 0 2 09992 0 1 0.9983

2 4 9 09617 16 17 09515 8 9 09537 - - -
4 1 5 09971 1 3 09850 1 3 09932 1 2 09510
005 6 0 4 09884 0 2 09787 0 2 0984 0 1 0.9787
8 0 4 09973 0 2 09946 0 2 09973 0 1 0.9946
100 0 4 09992 0 2 09983 0 2 09992 0 1 0.9983

001 2 7 15 09711 16 17 09515 8 9 09537 - - -
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4 1 7 09865 1 4 09510 1 4 09762 1 2 0.9510
6 0 5 09793 1 4 09976 0 3 09673 1 2 0.9976
8 0 5 099%0 0 3 09840 0 3 09918 0 2 0.9669
10 0 S5 09985 0 3 09946 0 3 09974 0 2 0.9884

Table 6: GASP for resubmitted lots having m = 3 under SBLD for 1 = 2.306.

r=5 r=10
B u/u a=0.3 a=03

c g Pa (Pl) c g Pa(Pl)

2 - - - - - -

4 3 4 0.9546 - - -
0.25 6 0 1 0.9519 9 10 0.9520
8 0 1 0.9844 1 2 0.9706
10 0 1 0.9941 0 1 0.9645

2 - - - - - -

4 3 4 0.9546 - - -
0.10 6 0 1 0.9519 9 10 0.9520
8 0 1 0.9844 1 2 0.9706
10 0 1 0.9941 0 1 0.9645

2 - - - - - -

4 3 4 09546
0.05 6 1 2 0.9900 9 10 0.9520
8 1 2 0.9989 1 2 0.9706
10 0 2 0.9645 0 1 0.9645

2 - - - - - -

4 3 4 0.9546 - - -
001 6 2 3 0.9976 9 10 0.9520
8 1 3 0.9916 1 2 0.9706
10 0 2 0.9645 0 1 0.9645

Appendix B

IMPLICIT DOUBLE PRECISION (A-H)
IMPLICIT DOUBLE PRECISION (0-2)
DOUBLE PRECISION EXP, dlogT(10),P(10),pa2(10),pal
DOUBLE PRECISION g1,p1
DIMENSION NV(10)
OPEN(5,FILE='"GSRSSBLD',STATUS='NEW")
¢ WRITE(**) 'shape parameter lemda VALUE'

READ(**) al

write(*,*) 'give deltq as 0.5 or 1.0'

READ(**) d

L=3

n=5

g1=2/(al-2)

pl=1-(d*al*ql+1)*(1+d*ql)**(-al)

do 6i=1,5

WRITE(*,*) 'here give the ratio tq/tq0 as 2,4,6,8,10 VALUE'
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20
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READ(*,*) r2
P(i)= 1-(d*al*ql/r2+1)*(1+d*ql/r2)**(-al)
write(*,*) p(i)
continue
WRITE(*,*) 'VALUES OF pstar'
READ(*,*) PSTAR
PSTAR=1-PSTAR
IF((1-PSTAR) .GT. .99) GOTO 100
DO 10 K=1,20
M=K-1
N1=M+1
DO 20 1=1,5
DO 30 ir=N1,200
pal=1-(1-(SBIN(n*ir,P1,M)))**L
pa2(i)=1-(1-(SBIN(n*ir,P(i),M)))**L
IF ((pal.LE.PSTAR). AND. (pa2(i).GE.0.95)) GOTO 25
CONTINUE
WRITE(*,*) 'ir IS NOT SUFFICIENT"
NV(l)=ir
CONTINUE
WRITE(5,11) L,al,d,n,PSTAR,M,(NV(1),1=1,5),(pa2(l),1=1,5)
FORMAT(5X,15,2x,2F6.2,15,2x,F6.2,2X,12,3x,517,3x,5F8.4)
CONTINUE
GOTO 40

100 CLOSE(5)

STOP
END
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