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Abstract

Acceptance sampling plans (ASP) are needed in avkase 100% inspection is impractical or expensiveey
help ensure product quality meets requirementsjaeéhspection costs, and prevent nonconforminglgdmm
reaching customers. Well-planned ASRer an efficient and dependable way to maintairaliy control in
manufacturing procedures and supply chains. The @arhindley Distribution (GalLD) is used to design
acceptance sampling plans in this study when thedst is truncated at a pre-specified time. Tlamis used as
the quality parameter. The smallest sample sizegsired to guarantee that the desired life meagashed at the
consumer's specified risk. In addition to the pimlls risk, the operating characteristic valuethefsample plans
are presented. To evaluate the suggested samjding, @ real data from the first failure of 20 #lieccarts utilized
for internal transportation and delivery in a bigmafacturing facility is provide
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1. Introduction

(Zeghdoudi & Nedjar, 2016) introduced a new disttibn, named Gamma Lindley Distribution which iséd on
mixing of two commonly used distributions, the Gaaf@p) with probability density function (pdf)

2 —
g 1+ x)e%, x>0, with probabilityLL and -~
1+6 B B

, respectively. The pdf of the Gamma Lindley dizited random variabl¥ is given by

f(x;0)=6°xe?, x>0 and Lindley#) with pdf f(x;6)=

& _ e
feun(X%6,8) = +pB6-60)x+1 e, x6>0,2—, 1
cuo (50 ) =5 [(6+ -0+l e, x0> 082 (1)
with meanE(X) =w. (Shafq et al., 2022) provided the conditifre i For the lifetime distribution
a(pe+p) 6+1
under examination, the mean serves as a qualig}. [@herth moment oiX is given by
r(r+1)
E(X") =7 |8 +1)@+1)-r6], r=12,3,.. )
7 (66+5) ]

Figure 1 presents some pdf plots of the GaLD fonesparameter values. It is obvious that the pahefGalLD
has many shapes as decreasing and increasing-siagreanhancing its adaptability to fit real dagtssIn general,
the distribution is skewed to the right and the pkak depends on the parameter values, whichris peak for larger
values of the parameters.
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Figure 1. The pdf plots of the GaLD for some parameters

(Zeghdoudi & Nedjar, 2016) derived some propertiéghe distribution as the mean, variance, stoahast
ordering, and maximum likelihood estimators of thistribution parameters. As a modification of GalLThe
corresponding cumulative distribution function (cdf the pdf in (1) is

(@B+B-6)(6x+D)+0)
F x;0,3)=1- e,
GaLD( B) ( [3’(9+1)
The mode of the GaLD is given by
B+ B-26 ,,BD[ 26 ,m}
Meap =1 8(B+B0-0) 6+1 .
0, otherwise.
(Beghriche & Zeghdoudi, 2019) suggested size-bi&muma Lindley Distribution as a generalizatiornhaf GalLD.

Moreover, (Nedjar & Zeghdoudi, 2016) introduced eproperties of the GaLD and showed that its gleafuthction
has the form

O (=_Bar8) 1, [BU+6)y-1) Gaore | o<yt
caLD 6(81+6)-6) 6 | pa+e)-e ' '

whereW_; denotes negative branch of Lambert W function. fioenents estimate of the GaLD parameters are

1l ) 08

S 1+ é) ( 2- ém) '
respectively, wheren is the first-momentn and s” is the variance.

®)

Following are the reliability and hazard rate fuons for the GalLD, respectively as

—1- _(BE+1)-0)Ox+1)+6 o
RGaLD(xe!ﬁ)_l FGaL(XH!ﬁ) B(9+1) e

and
He (0.5 = ta(60.8) _ El(B+(B-D0)x+]
ST s (x8.8)  (6(B-D)+B)Ex 1)+
Figures 2 and 3 show the reliability and hazarctfiom plots of the GaLD for some parameters. It barseen

that the reliability function is decreasing for pérameter values. The hazard function of theidigion is increasing,
approaching 5 whe®# =6,8 =7, while it goes to 0.4 fod=0.6,5= 0.7.
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Figure 2. The reliability plots of the GaLD for some parasrst
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Figure 3. The hazard plots of the GaLD for some parameters

Manufacturers and producers evaluate the qualitylzdtch or lot of items using acceptance samliags
as part of their quality control operations. Wheis impractical or too expensive to inspect eaxtiviidual item in
the batch, these plans are used. The fundamemakpbbehind acceptance sampling plans is to che@hdom
sample of the lot's products and base your chaidh® sample's quality as to whether or not to ptcite full batch.
The choice is typically made using pre-establistré#éria and statistical techniques, with an emjghas the amount
of defective goods discovered in the sample. Tresmtegies have been widely employed to assureuptod
consistency and superior quality while loweringpiestion costs in a variety of industries, includifagtories,
medicines, electronic devices, and food producfidrere are different types of ASP, such as thelsiA§P, double
ASP, Group ASP, repetitive ASP, etc. In the curngotk, we are interested in a single ASP when troalyct's
lifetime follows the GaLD and the mean is the gygharameter.

For examples about ASP, (Epstein, 1954) was tise tfh suggest single sampling plans for truncéifed
tests for mean utilizing exponential distributigBaklizi & EI Masri, 2004) suggested ASP in ternigrancated life
tests for the Birnbaum Saunders model. (M. A. KBarslam, 2013) suggested ASP for reliability test flpha
distributed lifetime. (A. 1. Al-Omari, 2015) intrated new ASP for generalized inverted exponentigtidution.
(Aslam et al., 2015) considered ASP for multi-stpgecess based on time-truncated test for Weilstitidution. (A.
I. Al-Omari et al., 2018) offered ASP for the Maa#ihOlkin Esscher transformed Laplace model. (AAIKOmari,
2018a) suggested ASP in terms of truncated lifés thw the Sushila distribution. (Gogah & Al-Nass2018)
considered median ranked ASP for exponential Bigtion. (A. Al-Omari et al., 2019) proposed ASP fdama
distribution. (Shongwe & Malela-Majika, 2020) intiggted a new variable sampling size to monitor ghecess
mean of auto correlated observations. (Adil Hussdial., 2021) suggested mean ranked ASP undemenrgial
distribution. (Alomani & Al-Omari, 2022) introducegingle ASP based on truncated lifetime testsviorparameter
Xgamma distribution with real data application. §saet al., 2022) suggested ASP for the three-peteannverted
Topp—-Leone model. (Jayalakshmi & Vijilamery, 2022nsidered ASP for truncated life tests based ooepéiles
using Gompertz Fréchet distribution. (Al-Nasser &rub, 2022) proposed new ASP using hypergeomtteiory
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for finite population under Q-Weibull distributiofKaviyarasu & Sivakumar, 2022) considered Bayeséapetitive
group sampling plan for quality determination inaphaceutical products.. New ASP by considerindifife of
products following the half logistic-Marshall Olklromax distribution is studied by (Lishamol TomyMeenu Jose,
2022). (M. Z. Khan et al., 2022) proposed fuzzy ABPtransmuted Weibull distribution. (Obulezi dt, 2023)
suggested single ASP for Zubair-Exponential model.

In general, waiting until every product fails befanspecting it can be time-consuming. In ordesadee money
and effort, it is typical to end a life test atextain timet,. These tests aim to determine a specific mean fifevith

a probability of at leasP” the consumer's level of confidence, among othegthiand to set a confidence limit on
that mean life. When the actual mean life of thedyodoes not fall below the predetermined valyje(consistent

with the hypothesid, : = 1), a lot is deemed to be good. The lot will onlyadmeepted if the observed number of

failures falls within a predetermined acceptancalper c. If there are more failures than this amgiine test can be
stopped at timé, and the lot can be rejected. The issue under deradion is obtaining the smallest sample size

required to guarantee a particular mean lifetimiee Pprobability that a good lot will be rejected farspecific
acceptance sampling plan and an unsatisfactorwilbbe accepted are, respectively, the consunresksand the
producer's risk.

The single ASP for the well-known GaLD based om¢ated life tests have not been investigated. érptiper,
the problem will be addressed. The rest of thisepap structured as follows: Section 2 compriseescription of
acceptance sampling plans based on the GaLD amditfimum sample size, operating characteristic ealand the
producer’s risk are studied. Section 3 containsithmerical results and illustrative examples. Int®a 4, we offered
two real-world examples to demonstrate the impleatem of the proposed time-truncated ASP under Glag
distribution. Section 5 contains the paper's agsioh.

2. Design of the Sampling Plan

This section outlines the proposed single acceptanmpling plan strategy and the parameters teatiged along
with it. Assume that the lifetimes of the submitmdducts follow the GaLD shown in (1). A multiméthe specified
mean lifetime should be used as the terminatioe.tign= d z,, where d is a constant that is positive. Theofeihg
sums up the ASP:

(1) Choose a sizenrandom sample, and test it for the specified arhotitime t,.

(2) A lot may be approved if ¢ or fewer failures atiscovered throughout the test time t, accordinghe
acceptance number c.
(3)The ratiot / 1, , where 1, is the previously given average lifetime.

The methods for determining the producer's risk,dperational characteristic values, and the mimnsample
size are illustrated in the subsections that follow

3.1. Minimum sample size

Fix the customer risk first, and the chance of pting a corrupt lot should not be greater tarP” . An inadequate
lot is one in which the proper mean lifetime issléisan the prescribed mean lifetimegf. Thus, P is a confidence
level in the sense that the probability of rejegtinlot with 2 < g, is at leastP” . For a givenP" value, our sampling
plan is distinguished b(/m, (o} t/,uo) . In this case, we take a lot of indefinitely lagige so that the theory of binomial

distribution can be used, and accepting or rejgctire lot is comparable to accepting or rejectirypdthesis
Ho: 4= p,. Given P (o< P <1), the t/ 4, ratio, and an acceptance number ¢, we must deterthe lowest

positive integem that allows us to affirm thaj/ > 4, if the number of failures experienced over tilmgoes not

exceedc, with a confidence level oP" . The smallest positive integen, that fulfills the following inequality is the
necessary sample size,
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i=0

according to the design of the suggested samplamgspwherep = F(t,; 8, 5) is the probability of detecting a failure
before timet,, and it is expressed by

. _ [(BB+B-0) (@ +1)+8) 4
(1 60,8) =1 ( e je
_ d(2ﬁ(9+1)—9) _ d(28(6+1)-6) (5)
=1- @B+p 0)[9(/.1//.10)(,89+,3)+1]+0 eg(#/#o)(/?5+l?).
B +1)

If there are c or fewer failures is reported, oaa deduce with probabilityp’ from (4) thatF (t; #/) < F (t; t4,)

which infers x> y,. The smallest values ah adequate (4) are obtained forP” =0.75, 0.90, 0.95, 0.99,
t/ u, =0.628,0.942, 1.257, 1.571, 2.356, 3.141, 3.927, 4.742 0,1,...,1(C, f=8,and &=2 are showed in Table

1. The ratio d used here is in line with the reteviables of (Kantam et al., 2001), (A. . Al-Oma2018b), and
(Baklizi & EIl Masri, 2004).

3.2. Operating characteristic function

The operating characteristic function (OCF) in gtaace sampling is a mathematical function thaects the
probability of approving a batch or lot of produatsder a particular sampling plan. The OCF is al&umental tool

for assessing the effectiveness of an acceptamsplisg plan. For the acceptance sampling r(lem G t/,uo), the
OCF s as

L(p) = Zm p(1-p)"" (6)

where the functionp = F(to;,u, 9,,8) is considered as a function gf . For a particula®” =0.75, 0.90, 0.95, 0.99,
t,/ 1, =0.628, 0.942, 1.257, 1.571, 2.356, 3.141, 3.927, 4.7&2and n are selected based on their operational
characteristics. Table 2 shows the values of ttezaijpnal characteristics as a functionof 1, for a few sample
plans with =8, and6=2.

3.3 Producer's risk
The producer's risk is the possibility of rejectmgerrific lot (,u > ,uo) . We are curious as to what value pf 4,

will guarantee that the producer's risk is at masfor the proposed sampling strategy and a givenevébr the
producer's riskA . Because is a function ofu/ 1,, as demonstrated in (5);/ 1, is the minimum positive number
for which p supports the inequality:

m

> p - A ()

i:<:+:Li I(m - I)
For a specific acceptance sampling p(an, G t/,uo) with the stated confidence levé', the smallest
values of / y, accomplishing (7) are displayed in Table 3 for 0.05, =8, and =2 in the GaLD.

4. Discussion and illustrations
For the purposes of this paper, let us assuméttbditetime follows the GaLD. The OCF values, ibwest difference

between the reported and real mean lifespans henshtallest sample size needed to guarantee thatehn lifespan
exceeds a probability?” are all provided in Tables 1-3.

Take into account a scenario where a researchdstieerify that the product will have a lifesparerage
of at least 1000 hours with probability thBt =0.75 (the consumer’s risk i—P" = 0.25), and the experimenter

Gamma Lindley distribution in acceptance samplitamg in terms of truncated life tests with an aggilon to industrial data

459



Pak.j.stat.oper.res. Vol.20 No. 3 2024 pp 455-469 DOI: http://dx.doi.org/10.18187/pjsor.v20i3.4560

would like to end the experiment at 628 hours. Now, for an acceptance number6 , from Table 1, the essential
sample size matching to the valuesRf=0.75, andt/ y, =0.628 is m=22.As a result, them =22 units must be

tested. If no more than 6 failures out of the 2Rsuare detected throughout 1000 hours, the exgerien may decide
with a confidence level oP" = 0.75 that the mean lifetime is at least 1000 hoursufg shows the minimum sample

size plots forP" =0.75, 0.90, 0.95, 0.99 based on the proposed ASP éGHL distribution with paramete8 =8,
and 8 = 2. Figure 4 revealed that the minimum sample sipésgre decreasing in/ i, =0.628,...,4.217.

For a given sampling pla('m= 22,c=6,t/l, = 0.62$ under the GaL distribution the OCF values from

Table 2 are:
Ul i, 2 4 6 8 10 12
L(p) 0.95418 0.99982 1 1 1 1
PR 0.0458: 0.0001¢ 0

This demonstrates that the producer's risk is at@u@4582 if the true mean life is twice the prdm mean
life (u/u,=2), and itis zero foru/ 1, 26 . Figure 5 presents the OCF plots fBf =0.75,90, 95, 0.99,c=6,

when £=8,0 =2 in the GalLD, and it is worth noting that the OQBtp increase as the mean ratio values,

increase.
Table 3 shows the smallest value @f 1, for numerous values of ¢ angl/ 1, so that the producer's risk

does not exceed 0.05. As a result of the exampleiomed above, we acquire the valuky, =1.91. That is, the

product must have an average life of 1.91 timestipellated average life of 1000 hours in ordebeécaccepted with
a probability of at least 0.95, which indicates ihgs >1.91xt, /0.628= 3.0414t, = 3041.4 hours, then with sample

size m=22 and c=6, the lot will be refused with a probability of 8.@r less. The true average life needed to
transship 95% of the lots is shown in Table 3.

Minimum Sample Size

8 — P = .75
— = 0 Q0
— P = 05

2 P+ =0.00

w |

o

= _|

o

w |

o _|

e T T T T

1 2 3 4
tiug

Figure 4: The minimum sample size plots f& =0.75, 0.90, 0.95, 0.99 based on the proposed ASP éor th
GaLD with =8, and8=2.
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Table 1. Minimum sample sizes of the proposed ASP with 8,0 = 2 in the GalLD

, t/ 4,

P 0.62¢ 0.94: 1.257 1571 2.35¢ 3.141 3.927 4.71:

075 O 4 2 2 1 1 1 1 1
1 7 4 3 3 2 2 2 2
2 1C 6 5 4 3 3 3 3
3 13 8 6 5 4 4 4 4
4 16 10 8 7 6 5 5 5
5 19 12 9 8 7 6 6 6
6 22 14 11 9 8 7 7 7
7 25 16 12 11 9 8 8 8
8 28 18 14 12 10 9 9 9
9 31 20 15 13 11 1C 10 1C
10 34 22 17 15 12 11 11 11

09C O 6 3 2 2 1 1 1 1
1 9 6 4 3 3 2 2 2
2 13 8 6 5 4 3 3 3
3 17 10 8 6 5 4 4 4
4 20 12 9 8 6 5 5 5
5 23 14 11 9 7 6 6 6
6 27 17 13 1C 8 8 7 7
7 3C 19 14 12 9 9 8 8
8 33 21 1€ 13 11 1C 9 9
9 36 23 17 15 12 11 10 1C
10 39 25 19 1€ 13 12 11 11

09t O 7 4 3 2 2 1 1 1
1 11 7 5 4 3 2 2 2
2 15 9 7 5 4 3 3 3
3 1¢ 12 8 7 5 5 4 4
4 23 14 1C 8 6 6 5 5
5 26 16 12 1C 8 7 6 6
6 29 18 14 11 9 8 7 7
7 33 20 15 13 10 9 8 8
8 36 22 17 14 11 1C 9 9
9 3¢ 24 18 15 12 11 10 1C
10 43 27 2C 17 13 12 11 11

09¢ 0 11 6 4 3 2 2 1 1
1 15 9 6 5 3 3 2 2
2 2 12 8 7 5 4 4 3
3 24 14 1C 8 6 5 5 4
4 28 17 12 1C 7 6 6 5
5 32 19 14 11 8 7 7 6
6 35 21 16 13 10 8 8 7
7 3¢ 24 17 14 11 9 9 8
8 43 26 1¢ 16 12 11 10 9
9 46 28 21 17 13 12 11 11
10 5C 30 23 19 14 13 12 12
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Table 2. OCF values of the proposed ASP with6, =8, =2 in the GaLD

DOI: http://dx.doi.org/10.18187/pjsor.v20i3.4560

" t/ U1

P m Fo 2 4 6 8 1C 12

075 22 0.62f 009631  0.9998 1 1 1 1
14 0.94; 0.9541¢  0.9998: 1 1 1 1
11 1.257 0.9337°  0.9996¢  0.9999 1 1 1
9 1571 0.9348'  0.9996:  0.9999¢ 1 1 1
8 2.35¢ 0.7839°  0.9969:  0.9999(  0.9999 1 1
7 3147 0.7617.  0.9948(  0.9998(  0.9999 1 1
7 3.927 05336 0.9765¢ 0.9987.  0.9998¢  0.9999 1
7 4717 0.3329¢  0.9334°  0.9948(  0.9994!  0.9999.  0.9999¢

0.9C 27 0.62¢ 009014¢ 0.9994'  0.9999¢ 1 1 1
17 0.94. 0.8752.  0.9992:  0.9999 1 1 1
13 1.257 0.8362'  0.9987:  0.9999 1 1 1
1C 1.577 0.8704(  0.9990:  0.9999 1 1 1
8 235¢ 0.7839°  0.9969.  0.9999(  0.9999 1 1
8 3.147 0.4527:  0.9755¢ 0.9988.  0.9999(  0.9999 1
7 3.927 05336 0.9765¢ 0.9987.  0.9998¢  0.9999¢ 1
7 471: 0.3329¢  0.9334°  0.9948(  0.9994!  0.9999.  0.9999¢

095 2¢ 0.62¢ 08668  0.9991:  0.9999 1 1 1
18 0.94. 0.8394; 0.9988:  0.9999 1 1 1
14 1.257 0.7725.  0.9977¢  0.9999 1 1 1
11 1571 0.7853(  0.9977¢  0.9999 1 1 1
9 235¢ 059200 0.9903(  0.9996:  0.9999 1 1
8 3.1417 0.4527:  0.9755¢  0.9988;  0.9999(  0.9999 1
7 3.927 05336 0.9765¢ 0.9987.  0.9998¢  0.9999¢ 1
7 471 0.3329¢ 0.9334°  0.9948(  0.9994!  0.9999.  0.9999¢

0.9¢ 35 0.62¢ 0.7349¢ 0.9971¢ 0.9999°  0.9999¢ 1 1
21 0.94: 07109  0.9967°  0.9999(  0.9999¢ 1 1
16 1.257 0.6281°  0.9943¢  0.9998.  0.9999 1 1
13 1.577 0.5819¢  0.9921¢  0.9997:  0.9999 1 1
1C 2.35¢ 0.4071  0.9772.  0.9990;  0.9999:  0.9999¢ 1
8 3.147 0.4527: 0.9755¢  0.9988;  0.9999(  0.9999 1
8 3927 0.1966: 0.9085. 0.9931'  0.9993:  0.9999(  0.9999¢
7 4717 0.3329¢  0.9334°  0.9948(  0.9994!  0.9999.  0.9999¢
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Table 3.The u/ y,for a lot's acceptance with 0.05 PR gfié=8,60 = 2 in the GaLD

t/
P* ¢ 0626 094: 1257 1571 2.35€ 3141 3.92i 4.71C
075 0 11.65¢ 10.48. 13.98° 10.78¢ 16.18( 21.57. 26.96¢ 32.36(
1 4121 406 430¢ 538  559¢ 7.46:/ 9331 11.19
2 292¢ 295 338, 344/ 375 5007 6.25¢  7.511
3  245( 249¢ 257/ 2.66:/ 299/ 3991 499  5.98i
4 2190 224¢ 2447 2.67: 3.35¢ 3426  4.28¢  5.14¢
5 202t 208 211¢ 2.32¢ 295  3.067 3.83¢  4.60(
6 1.91C 1.97¢ 209 2091 267/ 281 35l€  4.21¢
7 1.828 1.89C 1.90¢ 2157 2466 2.62: 3.27¢  3.93¢
8 1.76( 1.82¢ 190t  1.997 230t 2.47: 3.09.  3.74(
9 170¢ 1.77: 1.77¢  1.87C 2177 2.35: 2.94;  3.52¢
10 1.66f  1.72¢  1.78¢ 1931 2071 2.25. 2817  3.381
09C 0 15.99: 14.08C 13987 17.48: 16.18( 21.57. 26.96¢ 32.36(
1 4958 5517 5421 538  807: 7.46¢/ 9331 11.19
2 355¢ 3711 394/ 4227 516¢ 5007 6.25¢  7.511
3 2997 300 333 3217 3.99¢ 3991 499 5.98i
4  259( 261¢ 2.73:  3.05¢ 335 3426 4.28¢ 5.14¢
5 2341 238 257¢ 2.64¢ 295t 3.067 3.83¢  4.60(
6 223t 2331 246: 2.36f 267/ 356t 351  4.21¢
7 2.09¢ 219¢ 2227 2.37¢ 2466 328  3.27¢  3.93¢
8 1.99¢ 208 218 219 2671 3.07¢ 3.09:  3.74(
9 1.917 200¢ 2.02f 221 251C 290: 2.94;  3.52¢
10 1.85: 1.93¢ 2,00t 208 2.37i 2761 2.81i  3.38]
0.9t 0 18.10( 17.48:° 1878 17.48: 26.21' 21.57. 26.96¢ 32.36(
1 573¢ 6181 6.42¢ 6.77¢ 8.07: 7.46¢/ 9331 11.19
2 394/ 405¢ 446: 4227 516¢ 5007 6.25¢  7.511
3 3245 3457 333 371 3.99¢ 532f 499 5.98i
4  287C 296: 299¢ 3.05¢ 335 4477 4.28¢ 5.4
5 256¢ 265/ 278/ 294 349t 3.93¢ 383  4.60(
6 2.35¢ 244t 263¢ 2617 3.13¢ 356 351  4.21¢
7 225t 228 2377 258 287/ 328  327¢ 3.93¢
8 213t 217: 231 2381 2671 3.07¢ 3.09  3.74(
9 2037 207¢ 214; 221& 251C 290: 2.94;  3.52¢
10 1.998  2.06¢  2.10¢ 2.23; 2377 2761 2.81i  3.38]
0.9¢ 0 26.33 2398 23.32¢ 2348 26.21' 34.95( 26.96¢ 32.36(
1 7.21€ 7.43. 7.36. 8031 807: 10.76: 93317 11.19
2 486( 502 4951 557¢ 6.33¢ 6.88 8607 7.51]
3  3.84: 388  4.00: 4.16¢ 482« 532f 6.65¢ 5.98i
4 3311 3.43¢ 349 3.74¢ 4007 4477 5597 5.14¢
5 298 3037 3.17¢ 3.21€ 3497  3.93¢  4.92f  4.60(
6 2.70¢ 276: 295¢ 3.07i 3.547 3.56f 4451  4.21¢
7 255( 265. 2661 278 323t 328 4111 3.93¢
8 243t 248  255f  2.72¢ 299t 3561 3.84.  3.74(
9 230¢ 236. 2471 253( 2.80¢ 3.34F 3626  4.35
10 223 2.25¢ 240  250€  2.64¢  3.16¢  3.45]  4.14]
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Figure 5. The OCF plots fdP* =0.75,90, 95, 0.99c =6 for £=8,60=2 in the GaLD

5. Application of real data
In this section, we will provide an example to destoate our recommended plan for industrial us@ipe.data set

relates to the lifetime (measured in months) ofeBtric carts used for delivery and internal mogatwithin a

sizable industrial plant, where the values are .9, 2.3, 6.2, 15, 16.3, 7.5, 8.3, 3.2, 3.9, 11216, 5.0, 10.4, 19.3,
22.6, 24.8, 31.5, 38.1, 53. This data is considbse@Aslam et al., 2011) for an improved group @tarce sampling
plan for Dagum distribution under percentiles lifeg. (Lio et al., 2010) utilizing the Burr type percentiles for

constructing ASP from truncated life tests. Tablprdvides the descriptive statistics for the datiso, Figure 6

presents the box, density, histogram and TTT fdaged on the real data.

Table 4: Descriptive statistics of the electric carts dat
n Mean SD Median Min Max Range Skew Kurtosis SE
20 14.68 13.66 10.75 0.9 53 52.1 1.25 0.86 3.06

We evaluate the GalLD, Darna Distribution (DD) offérby (Shraa & Al-Omari, 2019), Length Biased Two
Parameters Mirra Distribution (LBMD), and Power b#m-Biased Suja Distribution (PLBSD) suggestedAy (Al-

Omari et al., 2019) distributions for this dataeTgdfs of these competitor models are defined lksifs:
x

4,2
fop (X 0,6) = g (2a+e X )e “;x>0,0,06>00>a 0%,

20 + 62 2a’

A Xa) _,
fawn (X0, 6) ZWX[].‘FTJG ¢ x=2 0,02 00> 0
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0’6,8 28— —axP
f 1a,B) =———=x*x¥ +1)e™ ;x= 0 >0
pes (X 02 B) P +120X (X )e xz 0a B

The MLE approach is used to estimate parameteralfanodels based on voltage data. We calculate the
MLEs of the models parameters with their standarors (SE), and use various goodness of fit meadordetermine
which competitor has the best fit for the datauseter consideration as Anderson-Darling statig#3), Cramér von
Mises statistic (CVM), Akaike information criteriofAIC), Bayesian information criterion (BIC), cossint AIC
(CAIC), Hannan-Quinn information criterion (HQIplmogorov-Smirnov statistic (KS), with its p-valu€hese
measures can be defined as:

CVM =1—;n—+§[2j2; 1 F(x)T , AD= —n—%% Zjn_ 1[In(F()§))+In(1— F( %)) ]

K-S= Sup| F(x- K ){ where Fn(x):%ZIxsxis empirical distribution function and F(x) is culative
i=1

2nn
n-n-1'

distribution. Also,BIC = -2/ +71In(n), AIC =-2/+27, HQIC = 27 In[In(n)] - 2/, CAIC = -2/ +

where? is the negative maximized log-likelihoaulis the sample size angl is the number of parameters. The results
are displayed in Table 5. The best distributioin@icated by lower AD, CVM, K-S, AIC, BIC, CAIC, HI@ for
goodness of statistics. Among all other competithadels, it is to be noted that the GaLD has theeki values of
AD, CVM, AIC, BIC, CAIC, HQIC and K-S statistics thi largest p-value. As a result, it might be idfged as the
best model to fit the provided data set.
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Figure6: The box (a), density (b), histogram (c) and " (d) plots based on the real c
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Table 5: The AIC, CAIC, BIC, HQIC, -2LL, KS, P-value based the
electric cart

Model
Measures  GalD DD LBTMD PLBSD
AIC 151.282 151.454( 153.927. 240.900:
CAIC 151.988I 152.159i 154.633: 241.606:
BIC 153.273I 153.445. 155.918:i 242.891
HQIC 151.670: 151.842 154.316: 241.289I

CVM  0.009¢ 0.007¢ 0.007: 0.011(
AD 0.086" 0.072¢ 0.069¢ 0.099:
K-S 0.051; 0.059¢ 0.140: 0.065¢
P-Value 0.999¢ 0.999¢ 0.775¢ 0.999¢
-0 73.641: 73.7270 74.963 118.450;

Table 6: The MLEs of the model parameters with the corragjpgy Std. Dev. As well as the
95% Cl for the electric carts di

Model MLE Std. Dev. Inf.95%ClI Sup.95%Cl
GalD B=0.1375 0.1689 -0.1935 0.4685
6=0.0938 0.0403 0.0147 0.1728

DD & =1.4070 21.0631 -39.8759 42.6899
6=0.0962 1.4407 -2.7275 2.9200
LBTMD & =0.0025 0.0034 -0.0040 0.0091
6=0.1667 0.0320 0.1038 0.2295
PLBSD & =1.7860 0.2741 1.2487 2.3233
[=0.4703 0.0571 0.3583 0.5821

Based on this data set, the MLEs of the GaLD pamrsneas,@:o.1375 andéd =0.0938. Tables 7-8 present the
minimum sample sizes of the ASP using the electits data with,@’ =0.1375 andd =0.0938, forP" =0.99. The

estimated mean of the datajg, =w =14.673.
p3(0+1)
Assume thatzy, =14.672€ months represents the identified average lifetimigh testing timet, =13.821¢
months and it is required to accept or reject tite For the probability level oP" =0.99, ratio t,/ i, =0.942,

minimum sample sizén = 20 from Table 7 , the acceptance numbec is6 . Now, we can accept the lot with mean
lifetime of 14.6729 with probability of 0.99 if the are 6 failures or less befote=13.821¢. New, as 12 failures

occurred before the stipulated time, therefore, kbt will be rejected. The producers’ risk for th&SP
(n=20,c=6,t /1, = 0.942 are 0.58139, 0.06667, 0.00985, 0.00209, 0.000680A9, which are decreasing in the

My
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Table 7.Minimum sample sizes of the sampling plans baseelectric carts data Wittﬁ =0.1375 andd =0.0938
in the GaLD forP" =0.99

t/ i,

0.62¢ 0.94: 1.257 1.571 2.35¢ 3.141 3.927 4,712
0 8 6 4 3 2 2 2 1
1 12 8 6 5 4 3 3 3
2 16 11 8 7 5 4 4 4
3 19 13 10 9 7 6 5 5
4 23 16 12 10 8 7 6 6
5 26 18 14 12 9 8 7 7
6 29 2C 16 13 1C 9 8 8
7 32 22 18 15 12 1C 9 9
8 35 24 19 16 13 11 10 10
9 38 26 21 18 14 12 11 11
10 40 28 23 19 15 13 13 12

Table 8.OCF and PR values of the GaLD ASP based on Elexztrts data With@ =
0.1375/=0.0938 forc =6 and P* =0.99

t/ M1
m Fo 2 4 6 8 1C 12
2¢  0.62¢ 0.4093. 0.9291°  0.9892(  0.9976(  0.9993'  0.9997¢
PR  0.5906¢ 0.0708. 0.0107: 0.0023.  0.0006!  0.0002:
2C 0.94: 0.4186°  0.9333;  0.9901' 0.9979:  0.9994.  0.9998:
PR  0.5813¢ 0.0666° 0.0098' 0.0020¢  0.0005¢  0.0001¢
16 1.257 0.3911.  0.9268¢ 0.9890° 0.9976°  0.9993'  0.9997¢
PR  0.6088 0.0731< 0.0109: 0.0023:  0.0006!  0.0002:
13 1571 0.4335(  0.9385!  0.9912:  0.9981¢  0.9995(  0.9998:
PR  0.5665( 0.0614' 0.0087° 0.0018:  0.0005(  0.0001¢
1C 2.35¢ 0.3995.  0.9290:  0.9896.  0.9978.  0.9994(  0.9998(
PR 0.6004( 0.0709¢ 0.0103¢ 0.0021¢  0.0006(  0.0002(
9 3141 0.2853  0.8857¢ 0.9811°  0.9958(  0.9988  0.9995¢
PR 0.7146(  0.1142. 0.0188¢ 0.0042(  0.0011¢  0.0004
8 3927 02959  0.8834. 0.9802¢ 0.9955  0.9987:  0.9995
PR 0.7040:  0.1165¢ 0.0197. 0.0044.  0.0012(  0.0004
8 471 0.1483t 0.7790. 0.9537: 0.9883°  0.9964(  0.9987:
PR 0.8516. 0.2209¢ 0.0462° 0.0116.  0.0035:  0.0012

5. Conclusions

The Gamma-Lindley distribution is used in this@eito identify new ASPs for life experiments tha¢ truncated at
a predetermined time. The tables provide the mihBample sizes required to determine a certain niéanf the
test units. Calculated together with the operati@haracteristic function values are the associgtediucer risks.
Using actual data from the initial failure of 2@efric carts used for delivery and internal movemégthin a sizable
manufacturing facility, the benefit of the sugges#®SPs is examined. The usefulness of the suggeSsd
acceptance sampling plans is proved in the studiidyse of a real data set. Therefore, it is sstggehat researchers
utilize the new ASPs. Other ASPs, such as group &8Pdouble sampling plans for the mean as a gumitameter
of other parameters can be considered as a futoire w
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