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Abstract : In this article, an acceptance sampling inspection plan for variable is discussed when the quality
characteristic follows some non-normal distributions, viz., Akash, Sujatha or Amarendra distribution. In this
plan, the lot quality is to be measured by the lot mean (). The plan parameters have been obtained by the
two point approaches: the acceptable quality level (AQL) and the limiting quality level (LQL) or the
rejectable quality level(RQL). For the given producer’s risk (o) and consumer’s risk (B), the plan
parameters: sample size (n) and acceptance number (c) are determined for different choices of AQL and
LQL. A comparison study has been made in terms of the sample size (n) and some examples are provided to
illustrate the performance of the proposed plan. Further modification is done by introducing a new OPPE
family distribution, Devya distribution and comparing with Lognormal distribution. Moreover, the sampling

inspection plan for Devya is also stated here.
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1 Introduction

Product quality is a necessity for the business to thrive in a global market. It
is important to differentiate and then select among competitive enterprises. Statistical
process control and acceptance sampling plan are used for monitoring the quality of a
product. Acceptance sampling inspection plans are very helpful for the industrialist to
yield high-quality assurance. An important aspect of acceptance sampling is to make
the decision: either to accept or to reject a concerned lot of products based on a quality
characteristic which is observed from the given lot. In an acceptance sampling inspection
plan, a consumer has to decide whether to accept or reject a submitted lot of products on
the basis of a sample taken from the lot. This technique is important in industries as it is
often not feasible to carry out 100% inspection of all the products of a lot owing to time,
cost and risks regarding product liability, etc. Consumer’s risk () and producer’s risk
() are the probabilities that a bad lot is accepted and a good lot is rejected by consumer
respectively. For more details about these risks, one may refer to the books introduced
by Duncan (1] and Stephens . Acceptance sampling inspection plan can be broadly
classified into two: acceptance sampling by attributes and that by variables. Variable
sampling plan uses accurate measurements of quality characteristic for decision-making
rather than classifying it as conforming or non-conforming in attribute sampling plans.
Recently, several authors studied the development of acceptance sampling by variables

and notable among them are Kantam et al. ; Balakrishnan et al. ; Lio et al. ;
Rao et al. E Aslam et al. .

The probability density function of the random variable X in a one parameter polynomial

exponential (abbreviation, OPPE) family can be written as :

fx(z,8) = h()p(z) exp(—0z),0 > 0, z > 0, (1.1)
where, h(f) = m D) =Yt o
The distribution can also be written as :
r r ['(k+1) :
: Y p—o Ok foa(z; k4 1,0)
fx(z,0)= 11(9)2 apat exp(—0z) = == ng ) , (1.2)
k=0 Zk:o Ak —grFT

where fea(x;k + 1,0) is the pdf of a gamma distribution with shape parameter k + 1
and scale parameter #, and a;’s are non-negative constants. The distribution is a finite
mixture of r + 1 gamma distributions.

Special cases are :

(a) r =0, ap =1 gives the exponential distribution,
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(b) r=2, ap=1, a1 =0, ag = 1 gives the Akash distribution ([10}),
(c) r=2, a0=1, a1 =1, az = 1 gives the Sujatha distribution ([11}),
(d) r=3,a=1, ag=1, ag=1, az =1 gives the Amarendra distribution ({12]),

All the distributions, viz., Akash ([10]), Sujatha ([11]) and Amarendra ([12}) other
than the exponential distribution, are the finite mixtures of exponential and gamma dis-
tributions, have shape and scale parameters whereas the exponential distribution has
only a scale parameter. Shape parameter makes all three distributions (Akash, Sujatha
and Amarendra) more flexible in comparison with the exponential distribution. Mixture

distributions have good statistical properties and have widespread applications.

Fitting of lifetime data by exponential distribution is more popular in the indus-
try. However, in sampling inspection plan, the number of observations to be inspected is

important from cost and time aspect.

In the previous project work (|13]) we have come to know that the exponential fitting is
sometimes not worthwhile whereas some other flexible distribution like Lindley, xgamma,
Akash, etc, are more appropriate. Furthermore, we have seen that Akash distribution
works in a more efficient way in terms of sample size rather than the exponential, Lind-
ley and xgamma distributions. Now, here we are in a hunch for some new distributions,

which can be shown superior to Akash distribution.

So we have considered two more distributions viz Sujatha and Amarendra. Under the
assumption of these flexible distributions, the industry may be benefited by inspection
of a small number of items and hence saving time in the inspection and consequently

reduce the cost.

In this article, we have chalked out sampling inspection plan for Akash, Sujatha and
Amarendra distributed quality characteristics and find out the optimum choices of sample
size 'n’ and acceptance number 'c¢’. Also comparison between Lognormal (2-parameters)
and another OPPE family distribution, Devya distribution has been shown. After that
sampling inspection plan for Devya distribution is presented. By appropriate fitting of
distribution for the quality characteristics, we have ample scope to inspect less number
of items /units if originally the characteristics are not exponentially distributed. We have

tabulated some optimum choices of n" and ¢’ that may be useful to the practitioners
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and quality engineers.

The objective of the article is as follows: firstly, an acceptance sampling imspection
plan for variable has been introduced by using the Akash ([10]), Sujatha (), Amaren-
dra ([12]) distributed quality characteristics, where the lot quality is to be measured by
the lot mean. The second objective is to compare the proposed acceptance sampling
inspection plan for the characteristic following the above distributions. Furthermore, we
are in a hunch for an another OPPE family distribution which is more efficient and fit

better than Lognormal distribution (2-parameters).

Rest of the article 1s organised as follows: In section 2, we have described the
acceptance sampling inspection plan for variable and lot sentencing criteria. Also, we
have formulated the operating characteristic (OC) function, producer’s risk and con-
sumer’s risk of the plan. In section 3, we have given the estimation procedure for the
plan parameters: sample size (n) and acceptance number () using two point approach,
the acceptance quality level (AQL) and limiting quality level (LQL). In section 4, the
application of the proposed sampling mspection plan has been presented through two
real life examples and their concluding remarks. Furthermore, in sections 5 and 6, we
have introduced a new OPPE family distribution through a real life example, which fits
better than Lognormal distribution (2-parameters). Finally, the overall conclusions are

given n section 7.

2 Acceptance sampling inspection plan for variable

Let Y be the item quality measure under any distributional assumption and lot
quality is measured by the lot mean (y). Now, the acceptance sampling inspection plan

for variable is as follows:

Inspect a random sample of size n from the lot with quality characteristic following
a specified probability distribution with unknown mean p. We consider that larger the
value of u better is the quality of the lot. Measure the quality characteristic Y;, the
lifetime of the " unit and calculate the sample mean Y, where,
n
2 Y
}} _ i=1
n o
The acceptance sampling inspection plan is based on the selection of ¢, the acceptance

number, such that
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o Accept the lot if Y > ¢, otherwise reject.

Generally, in acceptance sampling inspection plan under any distributional assump-
tion, we have to estimate the plan parameters n, the sample size, and ¢, the acceptance

value of the quality. The OC function of the plan is

L(p) = P(Y >clu)

= 1-P (zn:Yl < ncp) : (2.3)

In an acceptance sampling plan, a submitted lot may be either accepted or rejected
on the basis of sampled items from the lot. The probability of rejecting a good lot by
the customer under the plan is called the producer’s risk and is denoted by «; while the

probability of accepting a bad lot by the customer under the plan is called the consumer’s

risk which is denoted by 3. The producer’s risk () and the consumer’s risk () for the

plan are given as

a = P(Rejecting a lot|p = p1g)
= P(Y <dp= ) (24)

= P (ZY; < nelp = pg) , (2.5)
i=1
and

B3 = P(Accepting a lot|p = py)
= P(T > cu=m) 29

=P (ZY@ > nelp = #1) ) (2.7)
i=1

where pg and gy are AQL and LQL respectively.

3 Estimation procedure of the plan parameters

The consumer often establishes a sampling plan for a continuous supply of raw
materials with reference to an AQL. AQL represents the minimum level of quality for

the supplier’s process that the consumer would consider to be acceptable at a process
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average. Note that AQL is a property of the supplier's manufacturing process, not a
property of the sampling plan. The consumer will often design the sampling procedure
so that the OC curve gives a high probability of acceptance at AQL. The consumer will
also be interested in the other end of the OC curve i.e., in the protection that is obtained
for individual lots of poor quality. In such a situation, the consumer may establish a
LQL. LQL is the minimum level of quality that the consumer is willing to accept in an
individual lot. It 1s to be noted that, LQL is also not a characteristic of the sampling
plan, but is a level of lot quality, specified by the consumer and it is possible to design
sampling plan that gives specified probability of acceptance at LQL. Subsequently, the
plan parameters are determined so as to minimize the sample size n such that « is satisfied
at AQL(p) and [ is satisfied at LQL(j¢;). Thus, the following non-linear optimization
problem can be considered:

Minimize n, subject to
L) 2 1—-a (3.8)
and
L) < 5. (39)

Suppose, Y be the early mentioned quality characteristic distributions with scale
parameter # respectively. The PDF, OC function, producer’s risk, and consumer’s risk

for the considered models of the plan, are given in the sequel.

3.1 Akash distribution

Shanker introduced a finite mixture of exponential (#) and gamma (3,6)
distributions with mixing proportion m = %292 and m =1—-m = 2%2
probability distribution, named as Akash distribution. The PDF of Akash distribution

with parameter ¢ is given by

to obtaln a

63 . .
fly0) = R (T+y5)e™ ;y>0,0>0 (3.10)

I
o

: otherwise.

The mathematical, structural and survival properties are investigated and found

that in many cases, the Akash distribution is more flexible than the exponential distri-
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(8%+6)

bution. The population mean of the Akash distribution is = sy

Theorem: If Y1, Y5, ..., ¥, be a random sample of size n from the Akash distribution
n

with parameter 6, then the pdf of Y = )" Y, is
i=1

g(y;n,0) =

where,

and

ficay(y:3n — 2k,6) =

ZPM fieay(y; 3n — 2k, 6),

n 2n—k92k
(o
9(371—2.&)

(3n—2k)—1 _—0y
T(3n — 2%) ’

Y €

is the PDF of gamma distribution with shape and scale parameters (3n — 2k) and 6

respectively.

The OC function under the assumption that the quality characteristic follows the Akash

distribution is given by

_ _Z( ) 2O e 30— %), (3.11)

24 6%

The producer’s risk () and the consumer’s risk (3) are determined from OC function and

the plan parameters n and ¢ are calculated following non-linear optimisation technique,

stated above.

3.2 Sujatha distribution

Shanker introduced a finite three component mixture of an exponential distribution

with scale parameter €, a gamma distribution with shape parameter 2 and scale parameter

f, and a gamma distribution with shape parameter 3 and scale parameter ¢ with their

92

mixing proportions

2
70+2 7012 B e

respectively. Therefore the PDF of a new

one-parameter lifetime distribution, Sujatha distribution can be introduced as :

fly,0) =

A
(14 y+12)e ™y > 0,0 >0 (3.12)

6242046

The population mean of the Sujatha distribution is 1 = PeY)
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Theorem: If Yi, Ys, ..., Y, be a random sample of size n from the Sujatha
distribution with parameter #, then the PDF of ¥ = )" Y] is
i=1

gly;n,0) = ZZZP,Q Fica ;30 — 2ky — ky, 0),

ke ke ks
3
with 3 ki = n where,
1=l
" n! glnthi=hs)

ks

Prao=—77 X289 X o
(ki) ™ ey Vol S (02 +6+2)"

and
9(3?1—2;&—&2)

is the PDF of gamma distribution with shape and scale parameters (3n — 2k; — kg) and

From(y; (3n — 2k — k2),0) = yl8n=2hi=ko) =1 =0y

f respectively.
The OC function under the assumption that the quality characteristic follows the Sujatha
distribution is given by

ntki—ks)

= 1- % T(fne (3n — 2% — ko))(3.13
ZZZ h'kz*k’a X (62 +6+2) X T(fnc, (3n 1~ k))(3.13)

3
with Y k; =n
i=1
The producer’s risk (a) and the consumer’s risk () are determined from OC function and

the plan parameters n and ¢ are calculated following non-linear optimisation technique,

stated above.

3.3 Amarendra distribution

Shanker introduced a distribution by considering a four component mixture of expo-

nential (), a gamma (2,f), a gamma (3,0) and a gamma (4,6) with their mixing propor-
3 2

93+€?9+29+6’ 93+929+29+6’ 93+9?2-?-29+6 m respectively. Therefore the PDF

of a new one-parameter lifetime distribution, Amarendra distribution can be introduced

and

tions

as
i _ ,
1.9 =gl ty+y+yt)e ™y >00>0 (3.14)
The population mean of the Amarendra distribution is y = %
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Theorem: If Y}, Y5, ..., Y, be a random sample of size n from the Amarendra

distribution with parameter 6, then the PDF of Y = )" Y] is
i=1

g(y:n, 0) = ZZEZ i) (0 (y; (3n — 2k1 — ko + ky), 6),

1
with )" ki = n where,
i=1

(n+2kL+k2 —ki4)

" n'!
= e x 2K x 6 )
i) ™ ey Vg gl ey AR (0% +6% +26+6)"

and
9(371—2’& —ko -HCq)

; [[Sn—QkL—k2+k4)—l]e—9y
F[Bn—le k2+k4] '

froa(y; (3n = 2y — ka + k), 0) =

is the PDF of gamma distribution with shape and scale parameters (3n — 2k — ka2 + k)

and € respectively.

The OC function under the assumption that the quality characteristic follows the Amaren-

dra distribution is given by

= 1= ZZZ Z ki'kz’k’z'h

6(R+2k1_ +k2 kq )

x 6F x
(6° + 6+ 26 +6)"

x T(One, (3n — 2k — ky+ ky))  (3.15)

with Zk =n

The plDdUCBL s risk (o) and the consumer’s risk (/) are determined from OC function and
the plan parameters n and ¢ are calculated following non-linear optimisation technique,
stated above.

We have presented plan parameter values (n, ¢) in Table 1-5. For two limits of p (sample
mean) ie pg (AQL) and g1 (LQL), we get 6 and #; and for these specific values of g

and 6 at different level of & and 3, we obtain the values of plan parameters (n, ¢).

Here the objective is to minimize the risk from producer’s side of rejecting a good lot
or from the consumer’s side of accepting a bad lot. For example in table 5, for pp =
70, g1 = 35, the (n,¢) values are (8, 50.86); (10, 50.23) and (10, 50.37) for Amarendra,
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Sujatha and Akash distributed quality characteristics respectively, whereas in table 1,

the corresponding (n,¢) values are (12, 48.54); (16, 48.49); (16, 48.64) respectively.

Therefore, proper model selection of the quality characteristics plays an important role
in serving cost and time in use of sampling inspection plan for variable. If the quality
characteristic data fits the Amarendra or the Sujatha distribution better than the Akash
distribution, then it will have a great advantage to us for using these instead of the
Akash distribution (we have already seen that the Akash distribution is more efficient
than exponential (generally done in industry), referred in the previous project work).

The advantages are in the sense that an organization will be benifitted in terms of cost

and time.
Table: 1
Values of n and ¢ in Amarendra, Akash, Sujatha Distribution
Alpha =0.01; beta= 0.01
U=5D Amarendra Akash Sujatha
fo | I by th “ ¢ by fh u e b th n ¢

70 | 30 | 00568 | O.3171 | 8 | 4432 | 004283 | 009967 | 11 | 4477 | 004253 | 0.09814 | 11 | 4460
70 | 35 | 00568 | 001311 | 12 | 4854 | 004283 | 008550 | 16 | 48.64 | 0.04253 | 0.08436 | 16 | 4849
70 | 40 | 00568 | 0.09911 | 18 | 5215 | 004283 | 007486 | 24 | 5223 | 004253 | 007397 | 24 | sl
60 | 40 | 006628 | 0.09911 | 34 | 4861 | D046 | 007486 | 45 | 4863 004955 | 0.07397 | 46 | 4866
60 EN] 0.06628 0.11311 20 | 4541 0.04996 0.08551 26 4531 0.04955 | 008436 | 26 | 4520
60 an 0.06628 0.13171 12 | 4159 0.04996 0.09967 16 41.68 0.04955 | 009814 | 16 | 415
=12
90 | 50 | 004428 | 007044 [ 16 [ 6581 [ 003332 | 005993 [ 22 | 6624 | 0.03313 | 0.05935 | 22 [ 66.3
92 | S0 | 004331 | 007944 | 15 | 6655 | 003256 | 005993 | 20 | €670 | 0.03242 | 0.05935 | 20 | 66.50

23

n

92 52 0.04331 | 007641 | 17 | 6797 | 0.03256 0.03763 | 23 | 68.27 | 003242 | 0.057T10 68.08
94 52 0.04240 | 0.07641 | 16 | 6874 | 0.03191 0.05763 21 | 6863 | 003173 | 0.05710 69.07
H=14
165 | 105 | 023664 | 036520 | 29 | 13.05 | 0.17989 0.27860 | 38 | 13.06 | 017531 | 026889 | 40 | 13.07
1675 | 105 | 023320 | 036520 | 27 | 1313 | 017725 027860 | 35 | 1302 | 017279 | 026880 | 37 | 1314
175 | 1075 | 022348 | 035716 | 25 | 13.59 | 0.16980 0.27241 33 | 1361 016568 | 026306 | 34 | 13.58
1775 | 1075 | 022041 | 035716 | 24 | 1371 | 0.16746 0.27241 31 | 1369 | 0.16344 | 026306 | 32 | 13.66

Table: 2
Values of n and ¢ in Amarendra, Akash, Sujatha Distribution
Alpha = 0.02; beta= 0.01

=50 Amarendra Akash Sujatha

Ho | 8o 8, n L4 2 8 n b Bo B n b

0 30 0.05686 0.13171 7 4545 0.04283 0.09967 9 45.16 0.04253 0.09814 10| 46.13
70 35 0.05686 0.11311 11| 4996 0.04283 (.08550 14 49.62 0.04253 0.08436 | 14| 4948
0 40 0.05686 0.09911 | 16 | 33.13 0.04283 (.07486 21 53.08 0.04253 0.07397 | 21 | 52.97
60 40 0.06628 0.09911 | 30 | 49.23 0.04996 0.07486 39 49.15 0.04955 0.07397 | 40 | 49.20
6l 35 006628 0.11311 17 ] 4593 0.04596 (.08551 23 46.09 0.04955 008436 23 | 450
60 30 0.06628 013171 | 11 | 4281 0.04996 0.09967 14 4153 0.04955 0.00814 | 14 | 42.39
=72
94 54 0.04239 0.07354 16 | 7140 0.03190 ().05550 21 71.30 0.03173 0.05501 | 22 | 7168
94 36 004239 | 007098 | 18 | 7261 0.03190 0.05331 | 24 | T167 0.03173 005306 | 25 | .99
96 56 0.04152 (0.07008 1T | 7354 0.03124 0.05351 23 7397 003108 0.05306 | 23 | 7366
=14
16 10 0.24381 038242 | 24 | 12.74 0.18539 0.29183 31 12.72 0.18056 0.28137 |33 | 12.714
18 10 021743 | 038242 | 15 | 13.44 0.16517 0.29183 | 20 13.49 0.16125 028137 |21 ] 1349
20 12 0.19618 (1.32166 20 15.59 1).14890 (.24514 26 15.58 0.14566 0.23729 | 27 | 15.56
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Table: 3
Values of n and ¢ in Amarendra, Akash, Sujatha Distribution
Alpha = 0.05; beta= 0.01

=50 Amarendra Akash Sujatha

.“n p 1 90 9]_ n [ Btl 9 1 n C Bl} 91 n [
70 | 30 | 005686 | 013171 | 6 | 4815 | 0.04283 009967 | 8 | 4825 | 0.04253 009814 | 8 | 48.10
70 [ 35 | 005686 | 001311 | 9 | 5188 | 0.04283 008550 | 11| 5122 | 0.04253 008436 | 11| 5109
70 | 40 | 0o0se86 | 009911 |13 5475 | 0.04283 007486 | 17 | 5468 | 0.04253 007397 |17 ] 5458
60 | 40 0.06628 009911 |24 | 5023 0.04996 0.07486 32| 5028 0.04955 0.07397 33 | 50.35
60 | 35 | 006628 | 001311 |14 | 4737 | 0.04%9%6 008551 | 18 | 4721 | 0.04955 008436 | 19 | 4744
&0 a0 006628 0.13171 1] 4445 0.04008 0.00067 11 43 80 0.04085 000814 11 | 4377
u=12
9 | 56 0.04152 007098 | 14 | 75.84 0.03124 005352 18 | 7555 003108 0.05306 18 | 7546
96 | 58 004152 0.06855 | 16 | 77.08 0.03124 0.05167 21 | 77.00 0.03108 0.05125 21 | 7690
98 | 58 0.04068 0.06855 | 15| 78.08 0.03060 0.05167 19 | 7767 0.03045 0.05125 19 | 77.55
98 [ 60 | 004068 | 009911 | 5 | 64.82 | 0.03060 004996 | 22 | 7903 | 0.03045 04956 |22 ] 7893
100 | 60 003986 0.09911 5 66.16 0.02999 0.04996 20 | 79.75 0.02984 004956 20 | T9.66
100 | 62 0.03986 006416 | 18 | 8138 0.02999 0.04835 23 | 81.05 0.02984 0.04797 23 | 8096
u=14
16 [ 10 [ 024381 | 038242 [ 19 13.02 [ 018539 [ 029183 [25[ 1304 | 018056 | 028137 |26 13.02
165 | 10 0.23664 038242 | 17| 13.26 0.17989 029183 22| 1325 0.17531 0.28137 23 | 1325
16.5 | 105 | 0.23664 036520 | 21| 13.57 0.17989 0.27860 27 | 1356 0.17531 0.26889 28 | 1354
16,5 | 11 0.23663 034944 |26 | 13.86 0.17989 0.26649 33 | 1383 0.17531 0.25746 35 13.84
17 | 115 | 022987 033498 |28 | 1437 0.17470 0.25538 36 | 1436 0.17036 0.24696 38 1437
17.5 | 11.5 | 022348 033498 |24 | 1459 0.16980 0.25538 31 14.58 0.16568 0.24696 33| 14.61

Table: 4
Values of n and ¢ in Amarendra, Akash, Sujatha Distribution
Alpha = 0.02; beta= .02

Ji=50 Amarendra Akash Sujatha
o | By 0 n < 9y 6y n c By B n <
70| 30 [ 008686 | 003171 [ 7 | 4545 | 0.04283 | 00997 | 9 | 4516 [ 004253 | 009814 | 9 [ 4499
70 | 35 | 005686 | 011311 [ 10| 4908 | 0.04283 | 008550 | 12| 4815 | 004253 | 008436 |13 ] 4878
70 | 40 | 005686 | 009911 | 14 | 5206 | 0.04283 | 007486 | 19 | 5228 | 0.04253 | 007397 | 19| 5216
60 | 40 | 006628 | 009911 [27 ] 4867 | 0.04996 | 007486 |35 | 4858 [ 0.04955 | 007397 |36] 4864
60 | 35 | 006628 | 0.11311 | 15 | 4509 | 0.04996 | 008551 | 20 | 4516 | 0.4955 | 0.08436 | 21 | 45.8
60 | 30 | 006628 | 013171 | 10 | 4205 | 0.04996 | 00997 | 12 | 4126 | 0.04955 | 009814 | 13| 4179

Table: 5
Values of n and ¢ in Amarendra, Akash, Sujatha Distribution
Alpha = 0.03; beta= 0.02

=50 Amarendra Akash Sujatha

By | by g n e by 0, L ¢ by 6, 1 ¢

1
70 | 30 | 005686 | 013171 | 5 | 4627 0.04283 0.09967 7 | 46.88 0.04253 | 0.09814 | 7 | 46.73
70 35 0.05686 0.11311 8 50.86 004283 0.08550 10 | 5037 0,04253 008436 | 10 | 5023
70 | 40 | 00568 | 0.09911 | 11 | 5350 0.04283 0.07486 15 | 53.75 0.04253 | 0.07397 |15 | 53.64
60 | 40 0.06628 0.09911 | 21 | 4959 0.04996 0.07486 28 | 4964 0.04955 0.07397 |29 | 49.73
60 | 35 | 006628 | 0.11311 | 12 | 4641 0.04996 0.08551 16 | 4648 004955 | 0.08436 | 16 | 4638
60 | 30 | 006628 | 013171 | 8 | 43.58 0.04996 0.09967 10 | 43.16 004955 | 0.09814 | 10 | 43.03

4 Example

In this section, two examples with real life data set is given to illustrate the proposed
acceptance-sampling plans.

(i) The data given arisen in tests on endurance of deep groove ball bearings p.228).
The data are the number of million revolutions before failure for each of the 23 ball
bearings in life test and they are: 17.88, 28.92, 33.00, 41.52, 42.12, 45.60, 48.80, 51.84,
01.96, 54.12, 55.56, 67.80, 68.44, 68.64, 68.88, 84.12, 93.12, 98.64, 105.12, 105.84, 127.92,
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128.04, 173.40.

(i) This data set is the strength data of glass of the aircraft window reported by Fuller
et al. ;28 : 18.83 ,20.8, 21.657, 23.03, 23.23, 24.05, 24.321, 25.5, 25.52, 25.8, 26.69, 26.77,
26.78, 27.05, 27.67, 29.9, 31.11, 35.2, 33.73, 33.76, 33.89, 34.76, 35.75, 35.91, 36.98, 37.08,
37.09, 39.58, 44.045, 45.29, 45.381.

At first we have checked whether the considered data set is well fitted with the Amaren-
dra, the Sujatha or the Akash distribution by goodness-of-fit test. For this purpose we
have used the Akaike Information Criterion (AIC = -2log(likelihood) + 2k, k is the num-
ber of parameters) to verify the goodness-of-fit. The model with the lowest value of AIC
could be chosen as the best model to fit the data. Since, the distribution considered
involve only one parameter, the best model is to be chosen on the basis of negative-
log-likelihood. From table 6, we find the Amarendra distribution is the best fit to the
data as the negative-log-likelihood is the least. The histogram and fitted distributions

for example (1) and (i) have been shown in Figure 1 and Figure 2.

Now using Table 3, we summarize the plan for these data set in Table 7. Though the
decision is same for all distributional assumptions, the sample size is the least for the
Amarendra distribution (that is better fit in this case) than others. OC curve for different

distributions have been presented in Figure 3 and Figure 4, they are as expected, identical.

Table 6 : Comparision among the Amarendra,Akash & Sujatha

*k *****Example[i)i*** LEL]
Distribution Estimate of ¢ Negative Log-likelihood
Amarendra 0.0551094 113.0342
Akash 0.0415156 113.5291
Sujatha 0.0410332 113.5881
lKt*tttExample(iiltktttlt
Amarendra 0.2811250 103.9212
Akash 0.2140000 103.9819
Sujatha 0.2077852 104.0897
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Figure 1: Histogram and fitted distributions for Example(i)
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Figure 2: Histogram and fitted distributions for Example(ii)
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Figure 3:

Operating characteristic curve for the plan based on Example(i)
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Figure 4: Operating characteristic curve for the plan based on Example(ii)

Table 7 : Data analysis at level a=0.05 and p=0.01

****#**Example(i,***it***
Distribution n ¢ Y Decision
Amarendra 7 67.42 36.83 Reject the lot
Akash 10 68.36 41.58 Reject the lot
Sujatha 10 68.24 41.58 Reject the lot
*REEREXExample(ii)#******
Amarendra 8 10.79 5.68 Reject the lot
Akash 10 10.71 6.27 Reject the ot
Sujatha 11 10.79 6.58 Reject the lot

4.1 Remarks

Based on the points discussed till now, it can be stated that the Amarendra dis-
tribution fits better (least AIC value) than Akash and Sujatha distribution in view of
acceptance sampling inspection plan, Amarendra distribution works very effectively than
aforesaid distributions in terms of sample size (n). Also the steepness of the OC curves

for the distributions are as expected.

5 Introduction of a new OPPE family distribution

and comparison with Lognormal distribution

Now from (1.2) we get,
(e) r=4, ap=1,a1=1 a;=1, az=1, ay =1 gives the Devya distribution (L3)),

This is also a finite mixture of exponential and gamma distributions.
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5.1 Devya distribution

Shanker introduced a five component mixtures of exponential (#) distribution, a

gamma (2, §) distribution, a gamma (3, #) distribution, a gamma (4, #) distribution and a
g g*

gamma 2(5, f) distribution with their mixing proportions PPl P
26 60 24

BT 12071601247 6116712671 66124 @ ool Lespectively. Therefore, the PDF of
the new one-parameter lifetime distribution, Devya distribution can be given by :

and

95
y,0) = Tty +2+ P+ YHe ™™y >060>0 (516
The population mean of the Devya distribution is p = %}ﬁf;:’fg;ﬁégiﬁ?
Theorem: If Y}, Y5, ..., Y, be a random sample of size n from the Devya distri-

bution with parameter ¢, then the PDF of Y = " Y is
i=1

g(y;n,0) = ZZZZZ Py (0).fia (y: (3n — 2ky — Ky + kg + 2ks). ),

5
with »_ ki = n where,
i=1

" ! €(n+3kl+2k2+k3_k5)

n!
| A ——) | BV RV VL ,
(kesm) = oy Vool e Vg V! e § (6% +6° + 262 + 66 + 24)

and
g (3n—2k1 —ka+hy+2k5)

F(3n—2kl ko +k4+2k5)

Ffea(y; Bn—2ky—ky+ky+2ks), 6) = lan =2k —ho thet2hs) =g by
is the PDF of gamma distribution with shape and scale parameters (3n—2k) —ky+ky+2k;)

and 6 respectively.

The OC function under the assumption that the quality characteristic follows the Devya

distribution is given by

—1- ;;;ZZ kﬁkz*ka'm*k — X s s ks % 24K
9(1n+3i2c1+2;2+kj ks)

“ 0T L0 1267 1 60 - 24)"

x D(Bne, (3n — 2y — ky + ky + 2ks))  (5.17)

with Y ki =n
i=1
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The producer’s risk («) and the consumer’s risk () are determined from OC function
and the plan parameters n and ¢ are calculated following non-linear optimisation tech-

nique, stated above.

We have presented plan parameter values (n, ¢) in Table 8-12. For two limits of y (sample
mean) i.e jg (AQL) and gy (LQL), we get 6y and 6; and for these specific values of 6
and 6 at different level of o and 3, we obtain the values of plan parameters (n, ¢).

Here, our objective is to show Devya distribution fits better than Lognormal distribution
and also to minimize the risk from producer’s side of rejecting a good lot or from the

consumer’s side of accepting a bad lot.

Table: 8
Values of n and ¢ in Devya Distribution
Alpha = 0.01; beta= 0.01

u=50 Devya

Ha H 9 6 n c

70 30 0.07116 0.16518 7 | 4535
70 35 0.07116 0.14177 10 | 48.97
70 A0 0.07116 0.12418 15 | 5251
60 40 0.08297 0.12418 27 | 4859
60 35 0.08297 0.14177 16 | 45.44
60 30 0.08297 0.16518 10 | 4196

90 50 0.05529 0.09948 | 13 | 66,02
92 50 0.05419 0.09948 | 12 | 66.57
92 52 0.05419 0.09567 | 14 | 88.30
94 52 0.05305 0.09567 | 13 | 68394

Table: 9
Values of n and ¢ in Devya Distribution
Alpha = 0.02; beta= 0.01

u=50 Devya

Mo | t b 21 n c

70 30 007116 0.16518 6 | 46.23
70 35 0.07116 0.14177 9 | 50.20
70 40 0.07116 0.12418 | 13 | 53.28
60 40 0.08297 0.12418 | 24 | 49.24
60 35 0.08297 0.14177 | 14 | 46.14
60 30 0.08297 0.16518 9 | 4301

94 54 0.05304 0.09215 |13 | 71.58
94 56 0.05304 0.08887 | 15 | 73.02
96 56 0.05194 0.08887 | 14 | 73.87
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Table: 10
Values of n and ¢ in Devya Distribution

Alpha = 0.05; beta= 0.01

u=50 Devya
o I 0] 21 n [
70 30 0.07116 0.16518 5 | 48.59
70 35 0.07116 0.14177 7 | 5167
70 40 0.07116 0.12418 10 | 54.49
60 40 0.08297 0.12418 20 | 50.44
60 35 0.08297 0.14177 11 | 47.28
60 30 0.08297 0.16518 7 | 44.28

u=68
96 56 0.05194 0.08887 11 | 75.69
9% 58 0.05194 0.08582 13 | 77.24
98 58 0.05089 0.08582 12 | 78.10
98 60 0.05089 0.08297 13 | 78.84
100 | 60 0.04987 0.08297 12 | 79.70
100 | 62 0.04987 0.08031 14 | 81.14

Table: 11

Values of n and c in Devya Distribution
Alpha = 0.02; beta= 0.02

u=50 Devya
Ho | iy o 8, n c
70 | 30 | 0.07116 0.16518 5 44.23
70 | 35 0.07116 0.14177 8 49.11
70 | 40 | 0.07116 0.12418 11 51.94
60 | 40 | 0.08297 0.12418 21 48.54
60 | 35 | 0.08297 0.14177 12 45.12
60 | 30 | 0.08297 0.16518 8 42.08
Table: 12

Values of n and ¢ in Devya Distribution
Alpha = 0.05; beta= 0.02

u=50 Devya

Ho | 6y 2t n c

70 | 30 | 0.07116 0.16518 4 46.30
70 | 35 | 0.07116 0.14177 6 50.31
70 | 40 | 0.07116 0.12418 9 53.70
60 | 40 | 0.08297 0.12418 17 49.66
60 | 35 | 0.08297 0.14177 10 46.70
60 | 30 | 0.08297 0.16518 6 43.11

6 Example

In this section, an example with real life data set is given

acceptance-sampling plans.

to illustrate the proposed

The data is given by Birnbaum and Saunders16 on the fatigue life of 6061 T6 aluminum

coupons cut parallel to the direction of rolling and oscillated at 18 cycles per second.
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The data set consists of 101 observations with maximum stress per cycle 31,000 psi. The
data are presented below (after subtracting 65) 5, 25, 31, 32, 34, 35, 38, 39, 39, 40, 42,
43,4343, 44, 44, 47, 47, 48, 49, 49, 49, 51, 54, 55, 55,55, 56, 56, 56, 58, 59, 59, 59, 59,
59, 63, 63, 64,64, 65, 63, 65, 66, 66, 66, 66, 66, 67, 67, 67, 68,69, 69, 69, 69, 71, 71, 72,
73, 73,73, 74, 74, 76,76, 77, 77, 77,77, 77, 77, 79, 79, 80, 81, 83, 83,84, 86, 86, 87, 90,
91, 92, 92,92, 92, 93, 94, 97,98, 98, 99, 101, 103, 105, 109, 136, 147.

At first we have checked whether the considered data set is well fitted with the Devya
or the Lognormal distribution by goodness-of-fit test. For this purpose we have used the
Akaike Information Criterion (AIC = -2log(likelihood) + 2k, k is the number of param-
eters) to verify the goodness-of-fit. The model with the lowest value of AIC could be
chosen as the best model to fit the data. From table 13, we find the Devya distribution is
the best fit to the data as the negative-log-likelihood is the least. The histogram, fitted

distributions and OC curve have been shown in Figure 5 and Figure 6.

Table 13: Comparison between Devya & Lognormal Distribution

Negative log-
Distribution Estimate of © e.ga .We °8
likelihood
Mu_hat=4.1579
Lognormal Sigma_hat=0.4112 468.7945
Devya 0.072906 462.1305
Qo
Ql
8 -
c ] — Lognormal
| P sibing — Dewn
)
£ o s
2 & | N\
8 o
[=]
(=]
g | >|'“I
o I T | I
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Figure 5: Histogram and fitted distributions for given Example
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Figure 6: Operating characteristics curve for the plan based on above example

Table: 14
Data analysis for Devya Distribution
Alpha = (.05; beta=0.01

n c Y Decision
11 75.69 32.73 Reject the lot
13 17.24 3431 Reject the lot
12 78.10 33.58 Reject the lot

6.1 Remarks

Here we have found that Devya distribution (OPPE family) fits better (least AIC value)
than Lognormal distribution (2-parameters). The OC curve for Devya distribution is as
expected, steeper. This is also evident to say that Divya distribution works better than

Amarendra in view of sampling inspection plan.

7 Concluding Remarks

In this article, we have discussed the acceptance sampling inspection plan for variable
for the Amarendra, Sujatha and Akash distributed quality characteristics. Estimation of
the plan parameters are based on two- point OC curve approach, the acceptable quality
level (AQL) and the limiting quality level (LQL). In comparison study, we have observed
that the acceptance sampling inspection plan for the Amarendra distribution works in a
more efficient way in terms of sample size rather than the Akash and the Sujatha dis-
tributions. In other words, plan for the Amarendra distribution required smaller sample

size to draw a verdict about acceptance or rejection of the lot based on the acceptance
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sampling rather than the Akash and the Sujatha distributions. We have also found that,
once again Akash distribution works in a profound way than Sujatha distribution as in
this case most of the time we have seen Akash distribution needs smaller (or sometimes
equal) sample size compared to Sujatha distribution, for drawing a judgement about
acceptance or rejection of the lot based on the acceptance sampling plan. Tables of
plan parameters have been obtamed through computational technique at various values
of [AQL(po), ], [LQL(uy), f]. Also, the sampling plan has been explained through

real-life examples.

Moreover, we have found that most of the real-life data sets fit good with OPPE family
distributions rather than two parameters distributions (e.g Lognormal distribution). We
expect that the industrial engineers can implement effectively the acceptance sampling

approach to non-normal quality data.
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