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Abstract

In this paper, we have proposed a hybrid group acceptance sampling plan (HGASP) for a truncated life
test when the lifetime of an item follows transmuted exponential distribution. The minimum number of
testers and acceptance number are determined when the consumer’s risk and the test termination time and
group size are specified. The operating characteristic values according to various quality levels are
obtained. The minimum ratios of the true median and specified median for the given producer’s risk are
also determined. The results are discussed through an example, comparative study of proposed sampling
plan with existing sampling plan are explained.
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1. Introduction

Today quality of products definitely plays one of the most important roles due to highly
competitive global market, for any industry. For this reason, statistical quality control plays a
significant role for the success or failure of an industry. It is very clear that in many situations
it may not be possible to perform hundred percent inspection. On the other hand, if nothing is
tested, desired quality cannot be assured. For this purpose, acceptance sampling plans plays an
essential tool in statistical quality control. Acceptance sampling plan is a “ middle path”
between hundred percent inspection and no inspection at all. The acceptance sampling is
concerned with accepting or rejecting a submitted lot of products on the basis of the quality of
the products inspected in a sample taken from the lot. An acceptance sampling plan is a
scheme that establishes the minimum sample size to be used for testing. This becomes
particularly important if the quality of product is defined by its lifetime.

Often, it is implicitly assumed when designing a sampling plan that only a single item is put in
a tester. However, in practice testers accommodating a multiplier number of items at a time are
used because testing time and cost can be saved by testing items simultaneously. The item in a
group is called the group size. An acceptance sampling plan based on such groups of items is
called a Group Acceptance Sampling Plan (GASP). The method of determining the minimum
number of testers for a predetermined number of groups is called as Hybrid Group Acceptance
Sampling Plan (HGASP).

If the HGASP is used in conjunction with truncated life test assuming that the life time of
product follows a certain probability distribution. For such a type of test, the determination of
the sample size is equivalent to determine the number of testers. This type of testers is
frequently used in sudden death testing. Some ordinary acceptance sampling plans are
discussed by Aslam, Kundu and Ahmad 'Y for generalized exponential distribution, Al-omari
and Zamande ™ studied double acceptance sampling plan for time truncated life tests based on
transmuted generalized inverse weibull distribution, Abdur Razzaque Mughal ™ presented a
hybrid economic group acceptance sampling plan for exponential lifetime distribution,
Srinivasa Rao ! developed a hybrid group acceptance sampling plans for lifetimes based on
generalized exponential distribution, Subba Rao, Naga Durgamamba, Kantam 2 derived
hybrid group acceptance sampling plan based on size biased lomax model, JafferHussain,
AbdurRazzaque Mughal, Muhammad Khalid Pervaiz and Usman Ali B! discussed a hybrid

group acceptance sampling plan for lifetimes having generalized pareto distribution.
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The purpose of this research is to propose a HGASP based on
truncated life tests when the lifetime of a product follows the
transmuted exponential distribution. Let T be a lifetime that is
distributed according to transmuted exponential distribution
with two parameters |2 < 1|, 6>0. The probability density
function (pdf) and cumulative density function (cdf) of the
transmuted exponential distribution respectively, are given

by:

0(62,0) =2 e @ [1 -2+ 220"6)] for 1> 0,650, 1 < 1] o)

Gr(t:2,0) = [1— @] [1+ 2 @] fort>0, 650,12 < 1 @

Where 6and A are scale and shape parameters respectively.
The mean of this distribution for A=1 is given by u = 0 (22;’1)
0.5 6. For more information about the transmuted
exponential distribution, we refer the interested reader to ],
The suggested hybrid group acceptance sampling plan is
given in section 2. The operating characteristic function are
presented in section 3. Producer’s risk is given in section 4.
Description of tables and examples are provided for an
illustration in section 5. The comparative study is presented in
section 6. The conclusion is given in section 7.

2. The hybrid group acceptance sampling plan

Let i denotes the true mean life of a product and uo represents
the specified mean life of an item, under the assumption that
the lifetime of an item follows transmuted exponential
distribution. A product is considered as good and accepted for
consumer’s use if the sample information supports the
hypothesis Ho: i = po. On the other hand, the lot of the
product is rejected. In acceptance sampling schemes, this
hypothesis is tested based on the number of failures from a
sample in a prefixed time. If the number of failures exceeds
the acceptance number ¢ we reject the lot. We will accept the
lot if there is enough evidence that u > po at certain level of
consumer’s risk. Otherwise, we reject the lot. Let us prepare
the following HGASP based on the truncated life test.

Select the number of testers, r and assign the r items to
each predefined groups, g, the required sample size for a
lotisn=rg.

Prefix the acceptance number, ¢ for each group and the
experiment time to.

Accept the lot if atmost ¢ failures occur in each of all
groups.

Terminate the experiment if more than c failures occur in
any group and reject the lot.

We are interested in determining the number of testers, r,
required for transmuted exponential distribution and various
values of acceptance number, c, whereas the number of
groups, g and the termination time to are assumed to be
specified. Since it is convenient to set the termination time as
a multiple of the specified value po of the mean, we will
consider to = a po for a given constant, ‘a’ (termination ratio).
The probability («) of rejecting a good lot when the sample is
bad one, which is called the producer’s risk whereas the
probability (8) of accepting a bad lot when the sample is good
one, which is known as the consumer’s risk. The parameter
value r of the proposed sampling plan is determined for
ensuring the consumer’s risk. Often, the consumer’s risk will
be p = 1-p". We will determine the number of testers r in the
proposed sampling plan so that the consumer’s risk does not
exceed a given value . If the lot size is large enough, we can
use the binomial distribution to develop the HGASP.
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According to the HGASP, the lot of products is accepted only
if there are atmost ‘c’ failures observed in each of the ‘g’
groups. The HGASP is characterized by the three parameters.
The lot acceptance probability is:
LP) = [Zio(Dp = p) ]’ ®)
Where, p is the probability that an item in a tester fails before
the termination time to = auo. The probability p for the
transmuted exponential distribution with A=1 is given by:

w42
p= GT(to) =1- I:efOAS‘l/(‘TO):I (4)
The minimum number of testers required can be determined
by considering the consumer’s risk when the true mean life
equals the specified mean life (u = po) through the following
inequality:

L(P) < B ®)

Where, Py is the failure probability at (1 = po) and it is given
by:

Po=1-[e705¢]? ®)

Table 1: Consumer’s risk (), truncated time (a), group size (g) and
acceptance number(c)

B a g c
0.25 0.7 2 0
0.10 0.8 3 1
0.05 1.0 4 2
0.01 1.2 5 3

1.5 6 4
2.0 7 5
8 6
9 7
10 8

Table 1 shows for the pre-fix consumer’s risk, number of
groups, acceptance number and truncation time to obtain the
minimum testers. The minimum number of testers required
for the proposed sampling plan in case of the transmuted
exponential distribution for the special case A=1 are
calculated and displayed in table 2. The used values of the
consumer’s risk, the group size, the acceptance number and
the time multiplier are given in table 1.

3. Operating Characteristics

The probability of acceptance can be regarded as a function of
the deviation of specified mean from the true mean. This
function is called operating characteristics (OC) function of
the sampling plan. Once the minimum number of testers is
obtained, one may be interested to find the probability of
acceptance of a lot when the quality (or reliability) of the
product is good enough. As mentioned earlier, the product is
considered to be good if p > po (or) u/po. For A=1 the
probabilities of acceptance are displayed in Table 3. Based on
equation (3) for various values of the mean ratios u/po,
producer’s risk f and the time multiplier ‘a’ that are given in
Table 1. From Table 3, we see that OC values increase more
quickly as the mean ratio increases. For example, when g =
0.25, g=4, ¢=2 and a=0.7, the number of testers required is
r=4. However, if the true mean lifetime is twice the specified
mean lifetime (u/uo =2) the producer’s risk is approximately
a = 1-0.7158 = 0.2842, while a = 0.0195 when the true value
of mean is 6 times the specified one.
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Table 2: Minimum number of testers (r) required for the proposed plan for the transmuted exponential distribution with A=1

a

B g c 0.7 0.8 1.0 1.2 15 2.0
0.25 2 0 1 1 1 1 1 1
0.25 3 1 3 3 2 2 2 2
0.25 4 2 4 4 4 3 3 3
0.25 5 3 6 5 5 5 4 4
0.25 6 4 7 7 6 6 5 5
0.25 7 5 9 8 7 7 6 6
0.25 8 6 10 10 9 8 7 7
0.25 9 7 12 11 10 9 9 8
0.25 10 8 13 12 11 10 10 9
0.10 2 0 2 2 2 1 1 1
0.10 3 1 4 3 3 3 2 2
0.10 4 2 5 5 4 4 3 3
0.10 5 3 7 6 5 5 5 4
0.10 6 4 8 7 7 6 6 5
0.10 7 5 10 9 8 7 7 6
0.10 8 6 11 10 9 8 8 7
0.10 9 7 13 12 10 10 9 8
0.10 10 8 14 13 12 11 10 9
0.05 2 0 3 2 2 2 1 1
0.05 3 1 4 4 3 3 3 2
0.05 4 2 6 5 4 4 4 3
0.05 5 3 7 7 6 5 5 4
0.05 6 4 9 8 7 6 6 5
0.05 7 5 10 9 8 8 7 6
0.05 8 6 12 11 10 9 8 7
0.05 9 7 13 12 11 10 9 8
0.05 10 8 15 14 12 11 10 9
0.01 2 0 4 3 3 2 2 2
0.01 3 1 5 5 4 3 3 3
0.01 4 2 7 6 5 5 4 4
0.01 5 3 8 7 7 6 5 5
0.01 6 4 10 9 8 7 6 6
0.01 7 5 11 10 9 8 7 7
0.01 8 6 13 12 10 9 8 8
0.01 9 7 14 13 12 11 10 9
0.01 10 8 16 15 13 12 11 10

B:Consumer’s risk, g:Group size, c: Acceptance No. and a: Truncated time

4. Producer’s Risk
The producer may be interested in enhancing the quality level
of the product so that the acceptance probability should be
greater than a specified level. At the producer’s risk the
minimum ratio u/uo can be obtained by satisfying the
following inequality:

[Zo(Dp'a-p 1 21-a @)
Where, p is given by equation (4) and r is chosen at the

consumer’s risk S when u/uo 1. Table 4 shows the
minimum ratio for transmuted exponential distribution with
A=1 at the producer’s risk of a = 0.05 under the plan
parameters given in Table 1. Table 4 shows that for fixed
values of g and c, the mean ratio increased as the termination
ratio increased. For example, when g = 0.25, r=4, g=4, c=2
and a=0.7, for obtaining a producer’s risk « = 0.05 an
increase the true value u of mean to 4.21 times the specified
value uois required.

Table 3: Operating characteristics values of the hybrid group sampling plan with g=4 and c¢=2 for transmuted exponential distribution with A1=1

u/uo
B r a 2 4 6 8 10 12
0.25 6| 07 0.7158 0.9430 0.9805 0.9912 0.9953 0.9972
0.25 5] 08 0.6334 0.9202 0.9721 0.9872 0.9932 0.9959
0.25 4] 1.0 0.4706 0.8632 0.9497 0.9765 0.9872 0.9923
0.25 4] 1.2 0.6802 0.9321 0.9764 0.9892 0.9942 0.9965
0.25 4] 15 0.5297 0.8832 0.9574 0.9801 0.9892 0.9935
0.25 3] 20 0.3121 0.7777 0.9119 0.9574 0.9764 0.9856
0.10 7] 07 0.5052 0.8778 0.9558 0.9795 0.9889 0.9938
0.10 6| 08 0.4005 0.8334 0.9375 0.9706 0.9839 0.9903
0.10 5] 1.0 0.4706 0.8632 0.9497 0.9765 0.9872 0.9923
0.10 5[ 1.2 0.3283 0.7938 0.9202 0.9618 0.9790 0.9872
0.10 4] 15 0.5297 0.8832 0.9574 0.9801 0.9892 0.9935
0.10 4] 20 0.3121 0.7777 0.9119 0.9574 0.9764 0.9856
0.05 7] 07 0.3214 0.7923 0.9199 0.9618 0.9790 0.9873
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0.05 7 0.8 0.4005 0.8334 0.9375 0.9706 0.9839 0.9903
0.05 6 1.0 0.4706 0.8632 0.9497 0.9765 0.9872 0.9923
0.05 5 1.2 0.3283 0.7938 0.9202 0.9618 0.9790 0.9872
0.05 4 15 0.1730 0.6749 0.8632 0.9321 0.9618 0.9765
0.05 4 2.0 0.3121 0.7777 0.9119 0.9574 0.9764 0.9856
0.01 9 0.7 0.1871 0.6938 0.8736 0.9379 0.9653 0.9787
0.01 8 0.8 0.2235 0.7250 0.8888 0.9459 0.9699 0.9816
0.01 7 1.0 0.2317 0.7305 0.8913 0.9471 0.9706 0.9820
0.01 6 1.2 0.1219 0.6178 0.8334 0.9160 0.9524 0.9706
0.01 5 1.5 0.1730 0.6749 0.8632 0.9321 0.9618 0.9765
0.01 4 2.0 0.0482 0.4706 0.7425 0.8632 0.9202 0.9497

B:Consumer’s risk, a: Truncated time, r: No. of testers, p/uo: Ratio of mean life of a product, specified mean life of an item

Table 4: Minimum ratio of true average life to specified life for the producer’s risk of @ = 0.05 in the case of transmuted exponential
distribution with =1

a

B g c 0.7 0.8 1.0 1.2 15 2.0
0.25 2 0 27.3 31.20 39.00 46.79 58.49 77.99
0.25 3 1 8.72 9.96 7.17 8.61 10.76 14.34
0.25 4 2 4.21 4.81 6.02 4.52 5.64 7.52
0.25 5 3 3.67 3.17 3.96 4.75 3.93 5.23
0.25 6 4 2.71 3.10 2.99 3.59 3.09 411
0.25 7 5 2.61 2.48 244 2.92 2.07 3.45
0.25 8 6 2.17 2.48 2.60 2.49 2.26 3.01
0.25 9 7 2.16 2.14 2.26 2.19 2.74 2.70
0.25 10 | 8 1.16 1.15 1.20 1.16 1.44 1.44
0.10 2 0 54.59 62.39 78.00 46.79 58.49 77.99
0.10 3 1 12.34 9.96 12.45 14.94 10.76 14.34
0.10 4 2 5.73 6.55 6.02 7.22 5.64 7.52
0.10 5 3 4.54 4.19 3.96 4.75 5.94 5.23
0.10 6 4 3.31 3.10 3.87 3.59 4.49 411
0.10 7 5 3.05 2.99 3.09 2.92 2.92 3.45
0.10 8 6 2.52 2.48 2.60 2.49 3.12 3.01
0.10 9 7 2.44 2.46 2.26 2.71 2.74 2.70
0.10 10 | 8 1.32 1.33 1.43 1.44 1.44 1.44
0.05 2 0 81.89 62.39 78.00 93.58 58.49 77.99
0.05 3 1 12.34 14.10 12.45 14.94 18.68 14.34
0.05 4 2 7.22 6.55 6.02 7.22 9.02 7.52
0.05 5 3 4.54 5.19 5.24 4.75 5.94 5.23
0.05 6 4 3.89 3.78 3.87 3.59 4.49 411
0.05 7 5 3.05 2.99 3.09 3.71 2.92 3.45
0.05 8 6 2.86 2.88 3.10 3.12 3.12 3.01
0.05 9 7 2.44 2.46 2.67 2.71 2.74 2.10
0.05 10 | 8 1.48 1.51 1.43 1.44 1.44 1.44
0.01 2 0 109.18 93.58 117.00 93.58 116.98 156.00
0.01 3 1 15.93 18.21 17.62 14.94 18.68 24.90
0.01 4 2 8.71 8.25 8.18 9.82 9.02 12.03
0.01 5 3 5.40 5.19 6.48 6.28 5.94 7.92
0.01 6 4 4.48 4.45 4.72 4.64 4.49 5.98
0.01 7 5 3.48 3.49 3.73 3.71 2.92 4.87
0.01 8 6 3.20 3.27 3.10 3.12 3.12 4.15
0.01 9 7 2.71 2.78 3.08 3.21 3.39 3.65
0.01 10 | 8 1.64 1.69 1.66 1.72 1.80 1.92

B:Consumer’s risk, g:Group size, ¢: Acceptance No. and a: Truncated time

5. Description of tables and examples

The design parameters of HGASP are found at the various
values of the consumer’s risk and the test termination time
multiplier in Table 2. It should be noted that if one needs the
minimum sample size, it can be obtained by n = rg. Table 2
indicates that, as the test termination time multiplier ‘a’
increases, the number of testers ‘r’ decrease, i.e,. a smaller
number of testers is needed, if the test termination time
multiplier increases at a fixed number of groups. For an
example, from Table 2, if § = 0.05, g=4, c=2 and a changes
from 0.7 to 0.8, the required values of design parameters of
HGASP have been changed from r = 6 to r = 5. However, this
trend is not monotonic since it depends on the acceptance
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number as well. The probability of acceptance for the lot at
the mean ratio corresponding to the producer’s risk is also
given in Table 3. Finally, Table 4 presents the minimum ratios
of true mean to the specified mean for the acceptance of a lot
with producer’s risk a = 0.05 for given parameter values.

Suppose that the lifetime of a product follows the transmuted
exponential distribution with A=1. It is desired to design a
HGASP to test if the mean is greater than 1,000h based on a
testing time of 700h and using 4 groups. It is assumed that ¢
=2 and B = 0.01. This leads to the termination multiplier a =
0.700. From Table 2, the minimum number of testers required
isr=7. Thus, we will draw a random sample of size 28 items
and allocate 7 items to each of 4 groups to put on test for
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700h. This indicates that a total of 28 products are needed and
that 7 items are allocated to each of 4 groups. We will accept
the lot if no more than 2 failure occurs before 700h in each of
4 groups. We truncate the experiment as soon as the 3" failure
occurs before the 700" h,

Table 5: Atr=4and a=0.7, $=0.25, OC values of the HGASP
with g =4 and ¢ = 2 with A=1.

4 6 8
0.9430 | 0.9805 | 0.9912

2
0.7158

10
0.9953

12
0.9972

/o
Pa

Table 5 shows (comes from Table 3) that, if the true mean life
is 6 times of 1000 hrs, the producer’s risk is 0.0195. So, a lot
of submitted items shall be accepted with probability 0.7158
if the true mean life is 2 times the specified mean life. The
acceptance probability of submitted lot is increased upto
0.9972 if the true mean life of an item in a lot is 12 times the
specified mean life. If we need the ratio corresponding to the
producer’s risk of 0.05, we can obtain it from Table 4. For
example, when 8 = 0.25,r =4,g = 4,c = 2,a = 0.700, the
ratios of is 4.21.

6. Comparative Study

In this research, a HGASP is developed for the transmuted
exponential distribution based on truncated life test. Table 6.
Shows that the comparison of the proposed HGASP with the
existing HGASP given by M Abdur Razzaque Mughal (2011)
for the exponential distribution.

Table 6: Comparison of No. of testers (r) wheng=4,c=2

a 4] Existing HGASP (r) | Proposed HGASP (r)
0.7 16 7
0.8 14 6
1.0 12 5
1.2 0.01 10 5
1.5 8 4
2.0 7 4

In this table 6., we can see that for specific value of § and
various values of termination time, the proposed HGASP
provides the less number of testers (r) as compared to the
existing HGASP. The HGASP for exponential distribution are
(9,r,c,a) = (4,16,2,0.7) and the HGASP for the proposed
sampling plan are (g,r.ca) = (4,7,2,0.7). In table 7.our
proposed HGASP requires 28 (n = r.g) items whereas the
existing HGASP requires 64 items respectively.

Table 7: comparison of sample size (n=r.g) wheng=4,c=2

a f | Existing HGASP (n) | Proposed HGASP (n)
0.7 64 28
0.8 56 24
1.0 48 20
12|00 20 20
1.5 32 16
2.0 28 16

Also from table 7, we can see that the proposed HGASP
provides the minimum sample size (n) as compared to the
existing HGASP. So the proposed HGASP is better than
existing HGASP to reach at the same decision as in existing
HGASP with less number of items to be inspected.

7. Conclusion
In this research, the hybrid group acceptance sampling plan is
developed for the transmuted exponential distribution based
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on the truncated life test. The minimum number of testers, OC
values and the minimum ratio of the true mean life to the
specified mean life are derived for the transmuted exponential
distribution when the consumer’s risk () and the other
designed parameters are specified. It can be observed that the
minimum number of testers required is decreases as test
termination time multiplier increases more rapidly as the
quality improves. This HGASP can be used when a multiple
number of items at a time are adopted for a life test and it
would be beneficial, because a group of items will be tested
simultaneously. At the end, it is concluded that the proposed
HGASP is more economical and beneficial than the existing
HGASP in terms of minimum sample size, cost, test
truncation time and labour.
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