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Abstract: In this study, an acceptance sampling plan 15 developed for a truncated life test when the life time
of a product follows exponentiated inverse Rayleigh distribution. The minimum sample size required and the
acceptance number 13 determined for various combinations of shape parameter of the exponentiated inverse
Rayleigh distribution when the consumer’s risk and the test termimation time are specified. The operating
characteristic values according to various quality levels are also obtamned. The results obtained are compared

with ordinary inverse Rayleigh distribution.
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INTRODUCTION

Quality control 1s a procedure or set of procedures
mtended to ensure that a manufactured product adheres
to a defined set of quality criteria or meets the
requirements of the client or customer. Acceptance
sampling plan 15 used to determine whether to accept or
reject the production lot. A decision to accept or reject the
lot is made based on the random sample taken from the lot
and by testing the number of defective items present in
the sample. The lot 15 accepted if the sample contains
defective items within the prescribed acceptance number,
otherwise the lot 18 rejected. Hence, an acceptance
sampling plans consists of the number of umts on test (n)
and the acceptance number (¢) such that the lot is
accepted if the number of defective items in the lot 15 less
than or equal to ¢, otherwise it is rejected.

In time truncated life tests plans, the process is to
terminate the test at a pre-fixed tuime and record the
number of failures that occurred during that time period.
In many situations, the quality of a product is measured
through the life Time (T) and the variance or the scale
parameter of the distribution of T may serve as a quality
parameter. If the units mn the lot are classified as defective
or non-defective based on a life testing experiment then
the acceptance sampling plan must consider a third
element, 1.e., the ratio /0, where, t 1s the pre-fixed test time
and g, 1s the specified mean or median life tme. Thus, a
random variable that represents the life time of the

inspected unit is related to an acceptance sampling based
on truncated life tests. In time truncated life tests plans,
researchers have to determine the smallest value of n,
the sample size to ensure a mean life time when the life
test is terminated at a pre assigned time (t) and when the
mumber of failures observed does not exceed a given
acceptance number (¢). The decision is to accept the lot
only if the specified mean life time can be established
with a pre assigned probability (p) which provides
protection to consumers.

In the literature survey, Sobel and Tischendrof (1959)
developed truncated life tests of this type for the
exponential distribution. Goode and Kao (1961 ) developed
the sampling plans based on the truncated life test for the
Weibull distribution with known shape parameter.
Gupta and Groll (1961) developed the sampling plans
based on the truncated life tests for the gamma
distribution with known shape parameter. Tsai and Wu
(2008) developed truncated life tests with Inverse
Gaussian data. Balakrishnan et af. (2007) developed
truncated life tests based on the generalized
Birnbaum-Saunders distribution. Baklizi and El-Masri
(2004) developed acceptance sampling based on
truncated life tests in the Bimbaum-Saunders model.
Lio et al. (2010) developed acceptance sampling plans
from truncated life tests based on Birnbaum-Saunders
distribution for percentiles. Srimivasa e al. (2011)
developed an economic reliability test plan for
Marshall-Olkin extended exponential distribution. Epstein
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(1954) developed truncated life test in the exponential
Rosaiah and Kantam (2005) developed an
acceptance sampling based on the inverse Rayleigh
distribution. Cordeiro et al. (2013) developed the
exponentiated Generalized class of distributions.

In this study, based on Cordeiro et al. (2013),
researchers have developed an acceptance sampling plan
based on truncated life test, if the life time of the product
follows exponentiated inverse Rayleigh distribution.

case.

The exponentiated inverse Rayleigh distribution: The
cumulative distribution fimetion and probability density
function of the inverse Rayleigh distribution are given by:

1
G(Z): ez ? forz=0 (1
0 for z<0

If a scale parameter 00 13 introduced, the cumulative
distribution function of inverse Rayleigh distribution 1s
given by:

(it

F(t,c):e fort=0 2)

The cumulative distribution function (cdf) of
exponentiated inverse Rayleigh distribution is defined by:

Y
F(t,a,B.0)= {1 - [1 - exp’(ﬁ")2 } } fort=0 (3)

The probability density function (pdf) of inverse
Rayleigh distribution 1s given by:
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Where «, P, 0»0 are shape parameters. When
@ =P =1 the cdf of exponentiated inverse Rayleigh
distribution (Eq. 3) becomes the cdf of ordinary inverse
Rayleigh distribution as in Eq. 2.

MINIMUM SAMPLE SIZE

Researchers assume that the life time of a product
follows an exponentiated inverse Rayleigh distribution
defined by Eq. 4. One objective of this experiment is to set
a lower confidence limit on the mean life time and

reserchers want to test whether the mean life time of items
1s longer than the expectation. Assume that 0 = o, where
0, 1s the specified mean life time for items. The decision 1s
to accept the lot if and only if the number of observed
failures at the end of the fixed time (t) does not exceed a
given acceptance number {¢) or to terminate the test and
reject the lot if there are more than ¢ failures occurred
before time (t) which implies that the true mean life time of
items is below the specified one. The sampling plan
contains the number of units n required on the test, an
acceptance number (¢) and a ratio t/o,. If ¢ or fewer
failures occur during the test time (t), the lot is accepted,
otherwise the lot 1s rejected.

First, fix the consumer risk, the
probability of accepting a bad lot, not to exceed 1-p’. A
bad lot means that the lot with true mean life time is below
the specified mean life time o,. Thus, the probability (p")
15 a confidence level m the sense that the chance of
rejecting a lot with 6<q; is at least p". For a predetermined

researchers

value of p’, the sampling plan is characterized by the
parameters (n, ¢, t/0,). Here, researchers consider a lot of
wnfinitely large size so that the theory of binomial
distribution can be applied.

According to the proposed sampling plan,
researchers have to find the smallest positive integer ‘n’
which satisfies the inequality:

Z(?Jpl(lp)“ <1-p' ()
oy 1

Where, p = F (t, &, P, 0,) is given by Eq. 3, the
probability of failure observed during the time (t) when
the true mean life time of items 1s 0. The smallest sample
size satisfying the mequality Eq. 5 have been obtamed
for t/o, = (1.0, 1.25, 1.5, 1.75, 2.0, 2.5, 3.0 and 3.5)and
p =0.75,0.90, 0.95 and 0.99. These are givenin Table 1 for
g=2andP=1andin Table 2 for ¢ = 1 and p = 2. These
choices of p" and t/g, allow us to compare the results with
those obtained by Rosaiah and Kantam (2005) for inverse
Rayleigh distribution, i.e., when ¢ =1 andp=1 (Fig. 1.

Operating characteristic of the sampling plan (n, ¢, t/0,):
The Operating Characteristic (OC) curve of the sampling
plan (n, ¢, t/o,) gives the probability of accepting a lot and
1t 1s given by:

L(p)i[r.l}p‘ (1-p)"” ©)

Where, p is given by Eq. 4 is a monotonically
decreasing function of ox0; for fixed t while I (p) is
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Table 1: Minimum sample size necessary to assert the average life to exceed

a given value py with probability (p”) and the corresponding
acceptance number (c¢) using binomial probabilities for
exponentiated inverse Ravleigh distribution with x =2 and =1

o

r c 1.0 1.25 1.5 1.75 20 25 3.0 3.5
075 0 2 1 1 1 1 1 1 1
1 4 3 2 2 2 2 2 2
2 6 4 4 3 3 3 3 3
3 8 & 5 5 4 4 4 4
4 10 7 & 6 5 5 5 5
5 11 9 7 7 7 6 6 &
6 13 10 9 8 8 7 7 7
7 15 11 10 9 9 8 8 8
8 17 13 11 10 10 9 9 9
9 19 14 12 11 11 10 10 10
10 20 15 13 12 12 11 11 11
090 0 3 2 2 1 1 1 1 1
1 5 4 3 3 2 2 2 2
2 7 5 4 4 4 3 3 3
3 9 7 6 5 5 4 4 4
4 11 8 7 6 & 6 5 5
5 13 10 8 7 7 7 6 &
6 15 11 9 9 8 8 7 7
7 17 13 11 10 9 9 8 8
8 19 14 12 11 10 10 9 9
9 21 15 13 12 11 11 11 10
10 23 17 14 13 13 12 12 11
095 0 4 2 2 2 1 1 1 1
1 & 4 3 3 3 2 2 2
2 8 6 5 4 4 4 3 3
3 11 7 6 6 5 5 4 4
4 13 9 7 7 6 6 6 5
5 15 11 9 8 7 7 7 &
6 17 12 10 9 9 8 8 7
7 19 13 11 10 10 9 9 8
8 21 15 13 11 11 10 10 10
9 23 16 14 13 12 11 11 11
10 25 18 15 14 13 12 12 12
099 0 & 4 3 2 2 2 2 1
1 8 & 4 4 3 3 3 3
2 11 7 & 5 5 4 4 4
3 13 9 7 6 6 5 5 5
4 15 11 9 8 7 6 6 6
5 18 12 10 9 8 7 7 7
6 20 14 11 10 9 9 8 8
7 22 15 13 11 11 10 9 9
8 24 17 14 13 12 11 10 10
9 26 18 15 14 13 12 11 11
10 28 20 17 15 14 13 12 12
1009 g Series 1
90 { —=— Series2
80 4 —d— Series 3
70 4
g 60 4
'g 50 4
a, 40-
304
20
10 4
0 L] L]
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Fig. 1: Comparison of the value of n for p' = 0.75, ¢ = 2

and p =1 when (series 1); @ =1 and B = 1 when
(senes 2, taken from Rosalah and Kantam, 2005);
«=1and p=2 (series 3)

10

Table 2: Minimum sarmple size necessary to assert the average life to exceed

a given value pp with probability (p™ and the corresponding
acceptance number (c) using binomial probabilities for
exponentiated inverse Rayleigh distribution with « = 1 and
p=2

tpg
P ¢ Lo 125 15 175 20 25 30 3.5
075 0 10 5 3 2 2 2 1 1
1 20 9 6 5 4 3 3 3
2 28 14 9 7 6 5 4 4
3 37 18 12 9 8 6 6 5
4 46 22 15 1110 8 7 5
5 54 26 17 13 11 9 8 8
6 62 30 20 15 13 11 10 9
70T 34 23 18 15 12 11 10
s 7™ 38 25 20 17 14 12 11
9 87 42 28 2 18 15 14 13
10 95 46 31 24 20 17 15 14
090 0 16 8 5 4 3 2 2 2
1 28 13 8 6 5 4 4 3
2 38 18 12 9 7 6 5 5
3 48 23 15 11 9 7 6 6
4 58 27 18 4 1 9 8 7
5 &7 32 21 16 13 11 9 9
6 76 36 24 18 15 12 11 10
7 85 40 27 20 17 14 12 11
§ o4 45 29 2 19 15 13 12
9 103 49 32 25 20 1715 14
10 112 53 35 27 23 18 16 15
095 0 21 10 5 5 4 3 2 2
1 34 16 10 8 5 5 4 4
2 45 21 13 10 8 7 6 5
3 55 26 17 13 1 8 7 6
4 65 31 20 15 13 10 9 8
5 75 35 23 18 15 12 10 9
6 85 40 26 20 17 13 11 11
7 94 45 29 2 19 15 13 12
§ 14 40 32 25 20 16 14 13
9 113 53 35 27 2 18 16 14
0 12 58 38 20 24 19 17 16
099 0 32 15 9 7 5 4 3 3
1 47 21 14 10 8 6 5 5
2 % 27 17 13 1 8 7 6
3007 33 21 16 13 10 9 8
4 8 38 25 18 15 12 10 9
5 9 43 28 21 17 14 12 11
6 104 48 31 24 19 15 13 12
7 114 53 34 26 2 17 15 13
8 124 S8 38 20 24 19 16 15
9 134 63 41 3 2 2w 18 16
10 14 68 Erl 33 28 22 19 17

decreasing m p. Based on Eq 6,

charact

the operating
eristic values for fixed value of ¢ (say ¢ = 2) are

givenin Table 3 for ¢ = 2and f =1 and in Table 4 for ¢ =
2 and B = 2. For given p’ and t/g,, the choice of ¢ and n

can be made on the basis of the OC function.

Producer’s risk: The producer risk is the probability of

rejecting a good lot. For a given value of the producer risk
say 0.05, one may be interested in knowing what value of

0/0, will ensure the producer risk <0.05, if a sampling plan
(n, ¢, t/o,) is adopted.
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Table 3: Operating characteristic values of the sampling plan (n, c, t/ap) for
given p" under exponentiated inverse Rayleigh distribution with

a=2andp=1
afoy
P c n t/oy 2 4 6 8 10
075 2 & 1.00 0.9991 1 1 1 1
4 1.25 0.9883 1 1 1 1
4 1.50 0.9090 1 1 1 1
3 1.75 0.8973 1 1 1 1
3 2.00 0.7835 1 1 1 1
3 2.50 0.5317 0.9967 1 1 1
3 3.00 0.3387 09704 1 1 1
3 3.50 0.2152 0.8973 0998 1 1
090 2 7 1.00 0.9985 1 1 1 1
5 1.25 0.9740 1 1 1 1
4 1.50 0.9090 1 1 1 1
4 1.75 0.7334 1 1 1 1
4 2.00 0.5241 0.9998 1 1 1
3 2.50 0.5317 0.9967 1 1 1
3 3.00 0.3387 09704 1 1 1
3 3.50 0.2152 0.8973 0998 1 1
095 2 8 1.00 0.9977 1 1 1 1
6 1.25 0.9538 1 1 1 1
5 1.50 0.8242 1 1 1 1
4 1.75 0.7334 1 1 1 1
4 2.00 0.5241 0.9998 1 1 1
4 2.50 0.2178 0.9883 1 1 1
3 3.00 0.3387 09704 1 1 1
3 3.50 0.2152 0.8973 0998 1 1
099 2 11 1.00 0.9937 1 1 1 1
7 1.25 0.9279 1 1 1 1
& 1.50 0.7266 1 1 1 1
5 1.75 0.5592 1 1 1 1
5 2.00 0.3167 0.9995 1 1 1
4 2.50 0.2178 0.9883 1 1 1
4 3.00 0.0832 0.9090 09998 1 1
4 3.50 0.0325 0.7334 0990 1 1

The value of o/0, can be taken as the smallest
number of 6/0; so that p satisfies the inequality:

ch[n}p}{(l—p)“'x =0.95 M

i-on X

For a given acceptance sampling plan at specified
confidence value p' and t/,, the minimum value of
satisfying Eq. 7 was determined and presented in Table 5
fore=2and p=1andinTable 6 fora=1andp=2.

Description of tables: Assume that an experimenter wants
to establish that the true unknown average life is at least
1000 h with confidence p* = 0.95. It is desired to stop the
experiment at t = 1000 h. Then for an acceptance number
¢c=2,¢=2Pp=1,p =0.95and t/o,= 1.0 from Table 1, the
minimum sample size required 1s 8. Thus, n = 8 umits have
to be put on test. If during 1000 h, no =2 failures out of the
8 umits are observed then the experimenter can assert with
a confidence of p° = 0.95 that the average life is at least
1000 h. For the same confidence level for ¢ =1 and p = 2,
the value of n is 45 from Table 2.

11

Table 4: Operating characteristic values of the sampling plan (n, ¢, t'oy) for
given p" under exponentiated inverse Rayleigh distribution with

g=land =2
o/og

p" c n /o, 2 4 6 8 10
075 2 28 1.00 1 1 1 1 1
14 1.25 0.9999 1 1 1 1

9 1.50 0.9983 1 1 1 1

7 1.75 0.9890 1 1 1 1

6 2.00 0.9639 1 1 1 1

5 2.50 0.8647 1 1 1 1

4 3.00 0.8078 0.9999 1 1 1

4 350 0.6562 0.9985 1 1 1

090 2 38 1.00 1 1 1 1 1
18 1.25 0.9998 1 1 1 1

12 1.50 0.9958 1 1 1 1

9 1.75 0.9763 1 1 1 1

7 2.00 0.9432 1 1 1 1

6 2.50 0.7839 1 1 1 1

5 3.00 0.6632 0.9998 1 1 1

5 350 0.4617 0.9965 1 1 1

095 2 45 1.00 1.0000 1 1 1 1
21 1.25 0.9997 1 1 1 1

13 1.50 0.9946 1 1 1 1

10 1.75 0.9680 1 1 1 1

8 2.00 0.9180 1 1 1 1

7 2.50 0.6963 1 1 1 1

6 3.00 0.5213 0.9996 1 1 1

5 3.50 0.4617 0.9965 1 1 1

099 2 59 1.00 1.0000 1 1 1 1
27 1.25 0.9994 1 1 1 1

17 1.50 0.9883 1 1 1 1

13 1.75 0.9352 1 1 1 1

11 2.00 0.8219 1 1 1 1

8 2.50 0.6077 1 1 1 1

7 3.00 0.3959 0.9993 1 1 1

6 3.50 0.3062 0.9993 1 1 1

For the sampling plann=8,¢c=2,p=1,p = 0.95 and

t'o, = 1.0, the operating characteristic values from
Table 3 are:

a/ay 2 4 6 8 10
L(p) 0.9977 1 1 1 1

This shows that if the true mean life 1s twice the
specified mean life, the producer’s
approximately 0.0023. From Table 5, researchers can
get the value of o/0, for various choices of ¢, t/o, in

risk 1s

order that the producer risk may not exceed 0.05.
Thus m the earliar example, earliar obtan the value
1.42 for ¢ = 2 and p = 1. That is, the product should have
an average life of 1.42 times the specified average
life 1000 h m order that under the earliar acceptance
sampling plan n = 8 and ¢ = 2, the product 1s accepted
with probability of at least 0.95. The actual average
life necessary for producer risk of 0.95 is tablulated
in Table 5 for « 2 and p = 1 andin Table 6
fore=1and =2
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Table 5: Minimum ratio of true life to specified mean life for the acceptance
of a lot with producer’s risk of 0.05 (wheno =2 and p=1)

ofag

P’ [ 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5
075 0 1.63  1.90 215 238 272 339 368 420
1 142 1.58 .77 199 216 250 3.00 3.50

2 1.33 148 .62 178 194 220 251 292

3 1.28 141 1.54 166 182 202 243 2.83

4 1.26 1.36 1.49 158 174 197 220 232

5 1.23 1.33 143 152 162 1.83 2.03 2.37

6 1.21  1.30 140 148 158 1.8 205 222

7 1.20 1.28 1.38 147 15 172 194 2.09

8 1.19 1.27 1.35 144 153 172 184 1.99

9 1.18 1.26 1.33 142 147 1.65 1.87 2.05

10 1.17 1.24 1.32 140 146 1.65 1.80 1.96

09 0 1.70 1.99 228 259 28 339 407 475
1 148 1.68 1.86 206 227 270 324 3.50

2 1.39 1.55 1.73 189 203 243 2.74 3.20

3 1.3 1.48 1.63 176 1.8 216 243 2.83

4 1.30 1.42 1.5 170 180 208 237 2.57

5 1.28 1.39 1.51 163 173 202 219 2.56

6 1.25 1.36 148 158 169 190 218 240

7 1.24  1.34 145 153 165 1.8 206 2.26

8 1.26 1.32 141 152 161 179 196 2.15

9 1.21  1.30 1.39 149 159 178 197 2.19

10 1.21 1.29 1.38 147 157 172 190 2.10

095 0 1.74 2.4 232 265 29 357 407 475
1 1.51 1.72 1.93 217 236 28 324 3.78

2 142 1.59 .75 1.94 210 254 291 3.20

3 1.36  1.51 .67 1.83% 201 227 259 2.83

4 1.32 146 1L.60 1.73 190 217 250 2.76

5 1.30 1.42 1.55 169 1.8 210 232 2.56

6 1.28 1.39 1.51 163 177 198 218 2.5

7 1.26 1.37 148 159 172 194 216 240

8 1.25 1.35 145 157 165 1.8 206 2.29

9 1.23 1.33 143 154 162 1.8 206 2.19

10 1.22 132 1.41 1.51 1.60 1.77 198 221

099 0 1.80 211 242 275 303 370 429 5.00
1 1.58 1.79 205 225 248 295 341 397

2 147 1.65 1.8 204 226 263 3.04 340

3 141 1.58 1.74 192 2090 244 283 318

4 1.37 1.52 1.68 182 198 232 261 2.91

5 1.34 1.48 1.62 176 190 223 2.52 2.83

6 1.32 144 .58 1.72 183 211 2.37 2.60

7 130 1.42 1.54 167 181 206 233 2.52

8 1.28 1.40 1.52 165 177 202 223 2.51

9 1.27 1.38 1.50 161 1.73 194 221 240

10 1.26 1.37 1.47 158 170 191 2.13 2.31

Table 6: Minimum ratio of true life to specified mean life for the acceptance
of a lot with producer’s risk of 0.05 x=1and =2

ofag

P C 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5
075 0 200 240 2.88 336 384 48 576 672
1 1.74 204 2119 256 292 365 438 511

2 1.60 1.78 213 221 252 315 378 44

3 1.52 1.74 1.94 226 228 285 342 399

4 147 1.62 1.80 210 211 26 317 370

5 1.39 1.6l 1.70 1.98 227 249 298 348

6 1.37 1.54 1.75 1.89 216 237 284 331

7 1.35 148 1.68 1.81 207 227 272 317

8 1.34 149 1.62 1.74 199 218 262 3.06

9 1.32 145 1.57 1.69 193 211 2353 2.96

10 1.29 140 1.52 1.64 187 205 246 287
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Table 6: Continue

aloy
P C 1.0 1.25 1.5 1.75 2.0 2.5 3.0 3.5
090 0 219 262 314 336 38 48 576 672
1 1.81 217 245 256 292 365 438 511
2 1.65 190 213 249 28 315 378 441
3 1.56 1.83 2.08 226 259 285 342 399
4 1.51 171 194 210 240 300 317 370
5 146 1.68 1.84 198 227 283 298 3.48
6 143 161 175 204 216 270 28 331
7 141 160 1.77 1.9 207 258 272 317
8 1.39 154 171 1.89 199 249 262 3.06
9 1.37 150 1.66 1.83 193 241 289 296
10 1.36 1.50 1.61 1.77 203 234 28 287
095 0 225 262 314 366 38 48 576 672
1 1.860 217 245 256 327 365 438 5.11
2 1.70 199 228 249 28 355 378 44
3 1.64 1.83 208 243 259 323 342 39
4 1.57 1.77 1.4 227 240 300 360 370
5 1.52 174 194 214 227 28 340 348
6 148 166 1.85 204 233 270 323 331
7 145 160 177 19 224 258 310 317
8 143 159 1.79 1.8 216 249 299 348
9 141 154 1.73 1.93 209 241 289 337
10 1.39 1.54 1.68 1.88 203 234 28 327
090 0 234 281 328 366 418 523 627 672
1 1.94 232 260 3.03 327 408 49 571
2 1.80 206 239 266 3.04 355 426 497
3 1.69 195 219 243 278 323 388 452
4 1.62 1.8 213 239 259 300 360 420
5 1.59 1.79 2.02 226 245 283 340 396
6 1.55 175 193 215 233 291 323 377
7 1.51 1.69 1.92 207 236 279 310 362
8 148 1.67 1.8 209 228 269 299 348
9 146 1.62 1.80 202 221 261 289 337
10 144 161 1.8 196 215 253 28 327

COMPARISON OF EXPONENTIATED INVERSE
RAYLEIGH DISTRIBUTION WITH INVERSE
RAYLEIGH DISTRIBUTION

The exponentiated mverse Rayleigh distribution
becomes the ordinary inverse Rayleigh distribution when
o = P = 1. Hence, the results obtamned by Rosaiah and
Kantam (2005) for inverse Rayleigh distribution are
compared with results obtained here for different
combinations of ¢ and p.

From Table 1 and 2, it is found that the value of n
increases rapidly when the shape parameter B mcreases
and the value of n decrease when the shape parameter
ncreases.

CONCLUSION

In this study, mmimum sample size required for
acceptance sampling plan from truncated life tests based
on exponentiated inverse Rayleigh distribution was
proposed for different combinations of the shape
parameter ¢ and PB. It is found that when the shape
parameter [ increases, the value of n increases rapidly and
when the value of the shape parameter ¢ mncreases, the
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value of n decreases. Probability of acceptance for
various ratio of unknown average life time to the specified
life time for exponentiated inverse Rayleigh distribution
was tabulated when the consumer’s risk are specified.
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