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ABSTRACT

A group acceptance sampling plan is developed for odds exponential log
logistic distribution (OELLD) based on truncated lifetime with a known
shape parameter. At a specified level of consumer risk and at the predefined
test termination time, we derived the minimum number of groups required for
a given group size and the acceptance number using the two-point approach
by satisfying the producer’s and the consumer’s risks at the specified quality
levels, while the termination time and the number of testers are specified. The
values of operating characteristic (OC) function according to various quality
levels are derived and the minimum ratios of true average life to the specified
life for given producer’s risk are obtained. The results are illustrated with
real lifetime data set.

Key words: Odds exponential log logistic distribution, truncated life test,
group acceptance sampling, producer’s and consumer’s risks.

1. Introduction
1.1 Introduction to the Research Problem

The reputation of companies depends upon the high reliability of their
products. These companies compete with each other on the basis of
quality and reliability. Thus quality control techniques became one of
the most important tools to differentiate between the competitive
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enterprises in a global business market. In order to control the quality
of the purchased goods, two major alternatives are open to a buyer.
First type is the complete inspection, in which each and every item in
the lot is to be inspected/ tested. This is often impractical and
uneconomical and also involves cost and time for inspection. Secondly,
the partial inspection in which a sample of items are taken which are
inspected and the whole lot is accepted or rejected depending on
whether few or more defective items are found in the sample.

Acceptance sampling plan is an essential tool in the statistical quality
control. In most of the statistical quality control experiment, it is not
possible to have al00% inspection due to various reasons. In usual
sampling plan, the decision of accepting or rejecting a lot is on the
basis of a sample of items.

Acceptance sampling plans based on truncated life tests having single
item as group were discussed for various distributions by Epstein
(1954), Sobel and Tischendrof (1959), Goode and Kao (1961), Gupta
(1962), Gupta and Groll (1961), Fertig and Mann (1980), Kantam and
Rosaiah (1998), Kantamet al. (2001), Baklizi (2003), Baklizi and EL
Masri (2004), Tsai and Wu (2006), Balakrishnanet al.(2007),Al-Nassar
and Al-Omari (2013) and the reference therein.

The ordinary acceptance sampling scheme is used when the
experimenter has the facility to test only one item at a time. In single
sampling plans the experimenter needs more time to inspect the
products and also samples to be tested. On the other hand, group
acceptance sampling plans (GASPs) are used when the tester has the
facility to install more than one item at the same time in a single tester.
By doing so, substantial testing time and cost can be reduced if the
tester to accommodate a multi number of items are utilized for testing
purpose. The other importance of GASPs is that it provides strict
inspection before the product is sent for the consumer’s use. As such
GASPs perform better than ordinary plans in terms of reduction of the
time, strict inspection, cost, energy, minimize the risks and labor.
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To save time and cost in the life test, it is very often to put a number of
items in a tester. In this life test, a tester is called a group(g) and the
number of items (r) in each tester is called the group size. The
acceptance sampling via the group life test is called the group
acceptance sampling plan (GASP) which is also often implemented
under a truncated life test. For such a type of test, the determination of
the sample size n=rg is equivalent to determine the number of groups.
This type of testers is frequently used in the case of so-called sudden
death testing that is discussed by Pascual and Meeker (1998) and
Vlceket al. (2003). Recently, Jun et al. (2006) introduced this group
concept into acceptance sampling plan and developed variable
sampling plans for sudden death testing for the Weibull distribution.

Rao (2009a, 2009b) presented a group acceptance sampling plans for
lifetimes following a generalized exponential distribution and
Marshall-Olkin extended Lomax distribution. Aslam and Jun
(2009a,2009b) proposed a group acceptance sampling plan for
truncated life tests based on the Weibull inverse Rayleigh and log-
logistic distributions. Balamurali and Jun (2009) proposed a repetitive
group sampling procedure for variables inspection. Radhakrishnan and
Alagirisamy (2011) constructed a group acceptance sampling plan
using weighted binomial distribution and Rao and Rao (2016)
developed a two-stage group acceptance sampling plan based on life
tests for half logistic distribution.

In group acceptance sampling plan(GASP), the items in each group are
tested independently and under identical environmental conditions.
Moreover, all the testers run simultaneously. The experiment is
stopped at a pre-specified time t. If ¢ is the acceptance number for this
experiment, then a lot is accepted if the recorded number of failures in
each group is less than c during the experimental time t. It is further
assumed that the experimental time and the number of items in each
group are prefixed in advance. Since n=rg, determining n is equivalent
to determining g.
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1.2 Research Problem

The main purpose of this article is to develop the group acceptance
sampling plans for the odds exponential log-logistic distribution
(OELLD) introduced by Rosaiah et al. (2016). Gupta (1962) suggested
that for a skewed distribution, the median represents a better quality
parameter than the mean. On the other hand, for a symmetric
distribution, mean is preferable to use as a quality parameter. Since
OELLD is a skewed distribution, we prefer to use the percentile
lifetime as the quality parameter and it will be denoted by t,. The rest
of this article is organized as follows. In Section 2, we describe
concisely the OELLD distribution and group acceptance sampling for
lifetime percentiles under a truncated life test is discussed. The
description of the proposed methodology with real lifetime data is
presented in Section3. Comparison of distributions in Section 4 and
finally, conclusions are made in Section 5.

2. The Odds Exponential Log Logistic Distribution(OELLD)
The OELLD was introduced and studied its properties by Rosaiah et

al. (2016). The probability density function (pdf) and cumulative
distribution function (cdf) of OELLD are respectively given by

1(x

o (x\* —7(*)9
f(t;a,l,a):—(—j e *°/fort>0,0,4,0>0 (1)
Ao\ o

1/ xY’

and F(t;o,A,a) :1—e7(;j t>0,4,0 >0 and a>0. )

where o, A are the scale parameters and 0 is shape parameter.
This OELLD distribution has increasing failure rate (IFR) for the shape
parameter € >1, decreasing failure rate (DFR) for & <1. This shows
that this distribution can be used for industrial applications and
reliability studies.

The 100g-th percentile of the OELLD is given by

t,=on, where 7, =[—/1In(1—q)]w ©))
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Hence, for the fixed values of 1 =4, and #=6,, the quantile t, given

in Equation (3) is the function of scale parameter o =o,, that is

t, Ztg S o020, where o, =t3 [_ﬂo |n(1_q)]—1/90 @

Note that o, depends on 4, and 6,, to build up acceptance sampling
plans for the OELLD, ascertain t, ztfj, equivalently that o exceeds
o,.

2.1 The Group Acceptance Sampling Plan (GASP)
Here, we discussed group acceptance sampling plans (GASPs) when
lifetime of the product follows OELLD. We considered the GASP
under the truncated life test, which is based on the total number of

failures from all groups. The procedure for the proposed plan is as
follows [Aslam et al. (2011)]:

e Randomly draw a sample of size n from a production lot,

allocate r items to each of g groups (or testers) so that n = rg
and put them on test until the pre-determined test timet, .

e Accept the lot when the number of failures from each g groups
is smaller than or equal to c. Truncate the test and reject the lot
as soon as the number of failures from all g groups is larger

than c before t,.

The probability of accepting a lot for the group acceptance
sampling plan P(p) based on the number of failures from all groups

under a truncated life test at the test time schedule t, is

P(p) = Z(:gj p'(1-p)°” (5)

Where g is the number of testers, c is the acceptance number, r is
the group size and p is the probability of getting a failure within the life

test time schedule, t,. If the product lifetime follows OELLD, then

p=F(,; 0, 4. a). Usually, it would be convenient to determine the
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experiment termination time,t,, as t, =&yt for a constant 5(? and the

targeted 100g-th lifetime percentile, t;’. Let t, be the true 100q-th
lifetime percentile. Then, p can be rewritten as

0 0 6
p=1—exp{_l(toj }Zl_f’xp B ©

Ao l(tq]
[o]
tq

The design parameters of the proposed GASP are obtain using two points
approach on the OC curve by considering the producer’s and consumer’s
risks. In this method the quality level is studied with the ratio of its quantile

to the lifetime, t, / tg . The producer’s point of view is the probability of lot

acceptance should be at least 1—« at the acceptable reliability level (ARL),
p,- SO the producer demands that a lot should be accepted at various levels,

say tq / tg =2, 4, 6, 8 in Equation (6). Whereas, the consumer’s viewpoint is

the lot rejection probability should be at most /S at the lot tolerance reliability
level (LTRL), P, In this way, the consumer considers that a lot should be

rejected when tq /tg =1, in Equation (6). Now, let us consider
N rg i rg—i (7)
Pa(pl)zz i pl(l_ pl) z2l-«a
i=0

P.(P.) :Z(fgj LA p,)*" < (8)

where p, and p,are

For a specified producer’s risk o =0.05 and termination time schedule
t, =4, tg with 5;) =0.50r1.0, the two parameters of the proposed group

acceptance sampling plan under the truncated life test at the pre-
specified time, t;, with A=2and 8=1, 1.5, 2are obtained according
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to the consumer’s confidence levels S =0.25,0.10,0.05,0.01 for 50t
percentile and presented in Tables 1, 2and 3.

The maximum likelihood estimates (MLEsS) of the parameters

Aand @ are obtained (i.e., A =20.4032 and 6 =2.7932 ) from the
lifetime data set given in the following Section 3.The plan parameters

are determined using the MLEs A=20.4032 and §=2.7932 at 50"
percentile and are presented in Table 4. The operating characteristic
values are also calculated for these values. From Tables 1 to 4, we
observe that the percentile ratio increases when the number of groups g
reduces. Similarly, as r increases from 5 to 10, the number of groups
reduces.

3. Description of the Proposed Methodology with Real
Lifetime Data

The proposed methodology is illustrated with following real lifetime
data on breaking stress of carbon fibers (in Gba) and it is taken from
Nichols and Padgett (2006).
0.39,0.81,0.85,0.98,1.08,1.12,1.17,1.18,1.22,1.25,1.36,1.41,1.47,1.57,1
57,1.59,1.59,1.61,1.61,1.69,1.69,1.71,1.73,1.80,1.84,1.84,1.87,1.89,1.
92,2.00,2.03,2.03,2.05,2.12,2.17,2.17,2.17,2.35,2.38,2.41,2.43,2.48,2.4
8,2.50,2.53,2.55,2.55,2.56,2.59,2.67,2.73,2.74,2.76,2.77,2.79,2.81,2.81
,2.82,2.83,2.85,2.87,2.88,2.93,2.95,2.96,2.97,2.97,3.09,3.11,3.11,3.15,
3.15,3.19,3.19,3.22,3.22,3.27,3.28,3.31,3.31,3.33,3.39,3.39,3.51,3.56,3
.60,3.65,3.68,3.68,3.68,3.70,3.75,4.20,4.38,4.42,4.70,4.90,4.91,5.08,5.
56.

We fitted the OELLD curve for the above data which is shown in the
Figure 1:
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Figure 1. Estimated density and Q-Q plot for OELLD.

The parameters of OELLD for breaking stress of carbon fibers are
obtained using maximum likelihood estimation and are given by

A =20.4032and § =2.7932. The goodness of fit is tested using the
Kolmogorov-Smirnov test, we found that the distance between the data
and the fitted OELLD is 0.0604 with p-value is 0.8582. Hence, the
two-parameter OELLD provides reasonable fit for the breaking stress
of carbon fibers and Figure 1 also emphasized the same.

Since the life times of a product given in the above data follows
OELLD with MLEs A4 =20.4032 and §=2.7932. Suppose that it is

desired to develop the group acceptance sampling plan to satisfy that
the 50" percentile lifetime is greater than breaking stress of carbon
fibers0.40 through the experiment to be completed breaking stress of
carbon fibers by 0.80 to protect the producer’s risk at 5%.For

A=20.4032and §=2.7932 , the consumers risk is 25%, r=5,
5;’ =1.0and t, /t§:2, the minimum number of groups and acceptance

number given by g=2 and c=3 from Table 4. Thus the design can be
implemented as follows: select a total of 10 products, and allocate five
items to each of the two groups. We can accept the lot when no more
than three failures occur before breaking stress of carbon fibers0.80
from each of two groups. According to this plan, the breaking stress of
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carbon fibers could have been accepted because there is only one
failure before the termination time 0.80.

4. Comparison of Distributions

In the Table 5 we compare the plan parameters for the generalized log
logistic distribution (GLLD) studied by Aslam et al. (2011), Type-II
generalized log logistic distribution (TGLLD) developed by Rosaiah et

al. (2016) and OELLD when A=2, #=2,4=0.10 andr =5,5; =0.5.

The acceptance number for the OELLD is smaller as compared to
generalized log-logistic distribution by using to 50™ percentile.

5. Conclusions

In this article, we studied a group acceptance sampling plans when
lifetime of the product follows OELLD. The plan parametric quantities
like the number of groups, g, and acceptance number, care determined
by considering the consumer's risk and producer's risk simultaneously.
Our proposed plan noticed that if the percentile ratio increases, the
number of groups g reduces and as r increases the number of groups
reduces for all the parametric combinations considered in this article.
The plan also illustrated with real lifetime data for industrial purpose.
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Table 1:GASPfor OELLD with 4 =2and 6 =1for 50" percentile

r=5 r=10
B/t ;=05 5:=1.0 5, =0.5 5,=1.0
P.(p) P.(p) P,(p) C  P(p)

0.252 0.9540 -- -- - --

4 55 09854 |5 3 097795 3 0.9657|6 2 0.9705

6 2 3 09516 |3 2 0.9827]3 2 0.9767|3 1 0.9827

8 2 3 09764 2 2 0956013 2 0.99092 1 0.9560
0.102 - - - - - - - - - -- - -

4 56 09657 |6 4 097055 3 0.9657|6 2 0.9705

6 35 091214 3 098194 3 0.97555 2 0.9831

8 35 0980012 2 095603 3 0.96334 2 0.9788
0.052 - - - - - - - - - -- - -

4 6 8 09554 |7 5 096506 4 0.9554|8 3 0.9610

6 35 09125 4 098314 3 0.97555 2 0.9831

8 35 09800 |3 3 096923 3 0.96334 2 0.9788
0.012 - - - - - - - - - -- - -

4 8 11 0.9637 |8 6 0.96109 6 0.97498 3 0.9610

6 59 09115 5 095186 5 0.97906 3 0.9608

8 |48 097384 4 0.97884 4 0.97384 2 0.9788
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Table 2: GASP for OELLD with A=2and 6=1.5for 50"

percentile.
r=5 r=10
Bt/ % 05 % -1 % 05 % -1
C g PRM®|C g PRPMmE | C g PRPm |C g PR®m
0252 6 8 095549 5 09699 6 4 0.9554|10 3 0.9552
4 2 4 097872 2 09560 2 2 0978712 1 0.9560
6 |1 3 097511 1 0980711 2 0957312 1 0.9908
8 |1 3 098891 1 099141 2 09806|1 1 0.9651
0.102 |9 13 0.9589|10 6 0.9552 |10 7 0.9711|10 3 0.9552
4 2 5 096152 2 09560 3 3 0987912 1 0.9560
6 |1 4 095732 2 09908 11 2 0957312 1 0.9908
8 |1 4 098061 2 0965111 2 09806|1L 1 0.9651
0.05)2 10 15 0.9550{10 6 0.9552 |11 8 0.9679 |10 3 0.9552
4 3 7 097943 3 09692 3 4 096804 2 0.9788
6 |1 14 095732 3 09707 1 2 095733 2 0.9879
8 |1 4 098061 2 0965111 2 09806(1L 1 0.9651
0.012 |}-- - - 14 9 09511 |-- -- -- - - -
4 3 9 095364 4 09788 14 5 098284 2 0.9788
6 2 8 097162 3 09707 2 4 09716[3 2 0.9879
8 |1 6 095862 3 0990511 3 095862 2 0.9787
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Table 3: GASP forOELLD with 2=2and ¢ =2 for 50"

percentile
r=5 r=10

AoW/G] Fizps % =1.0 % =05 % =1.0
C g RPM|[C g PRM® | C g PRM® g P
0252 |4 8 097385 3 09779 4 4 0973816 2 0.9705
4 1 4 098061 1 0983% 11 2 0980672 1 0.9927
6 0 2 09301 1 09%5|0 1 0953011 1 0.9852
8 |0 2 097331 1 09989 |0 1 0973311 1 0.9951
0102 b 12 095876 4 097055 6 0958716 2 0.9705
4 |1 5 097052 2 09927 |1 3 0958612 1 0.9927
6 |L 5 099361 2 09852|L 3 09908|1L 1 0.9852
8 |0 3 096021 2 09911 3 099701 1 0.9950
0052 |6 15 096027 5 09650 (7 8 0979818 3 0.9610
4 |1 6 095862 3 09764 |1 3 0.958613 2 0.9909
6 |L 6 099081 2 09852 |1 3 0.9908|1L 1 0.9852
8 L 6 099701 2 099511 3 09970|1L 1 0.9951
0012 |8 21 0096538 6 09610 |8 11 0955418 3 0.9610
4 2 10 098322 3 097642 5 0.983213 2 0.9909
6 |L 8 098411 3 09676 |1 4 098412 2 0.9938
8 |1 8 099471 3 09889 |1 4 0.9947|1L 2 0.9806
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Table 4:GASP forOELLD with A =20.4032 and 4 =2.7932 for 50"

percentile.
r=5 r=10
Bt/ %—05 % =10 %—05 % =10
C g PRMm|[C g PRM®m |C P(p) | C O P(p)
0252 2 9 097333 2 098922 5 096503 1 0.9892
4 10 3 096931 1 099800 2 0959211 1 0.9914
6 [0 3 099000 1 097700 2 098670 1 0.9546
8 |0 3 09950 1 0989% [0 2 099400 1 0.979%
0102 |2 11 095563 3 09524 3 7 0981714 2 0.9641
4 |1 8 09981 2 099141 4 099811 1 0.9914
6 |0 5 098340 1 097700 3 098010 1 0.9546
8 |0 5 099250 1 0989% [0 3 099100 1 0.979%4
0052 |3 16 097183 3 09524 3 8 097184 2 0.9641
4 |1 100995011 2 0991411 5 099011 1 0.9914
6 |0 6 098010 1 097700 3 098010 1 0.9546
8 |0 6 099100 1 0.989% [0 3 099100 1 0.979%4
0012 |- - - 4 4 09641 4 12 0970214 2 0.9641
4 |1 14 0990511 3 098101 7 099051 2 0.9671
6 |0 10 096700 2 095460 5 096700 1 0.9546
8 |0 10 098510 2 097940 5 09810 1 0.979%4
Table 5.Comparison between generalized log-logistic distribution
and OELLD
GLLD OELLD TGLLD
t/ilc g re|c g Pe|Cc g PR®m
2 |1 69 099595 12 09587 8 4 0.9637
4 10 41 099901 5 097051 (1 0.9559
6 |0 41 099991 5 09936 1 [1 0.9900
8 |0 099990 3 09602 1 [ 0.9967
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