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Abstract. In this paper the procedure for construction of Reliability based
mixed sampling plan (RMSPs) with conditional double sampling plan (CDSP)
as attribute plan is given. Further these plans are constructed indexed through
MAPD and AQL separately and also compared for their efficiency. Tables are
also provided for easy selection of the plan.
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Introduction

Reliability based Mixed Sampling Plan is a two stage sampling procedure in-
volving variable inspection in the first stage and attributes inspection in the
second stage, if the variables inspection of the first sample does not lead to
acceptance. Use of variables on the first sample with attributes on the second
sample combines the economy of variables for quick acceptance on the first
sample with nonparametric protection of attributes sampling when a ques-
tionable lot requires second sample. Reliability based Mixed Sampling Plans
are of two types, which are independent and dependent plans. Independent
Reliability based Mixed Sampling Plans do not incorporate first sample results
in the assessment of the second sample. Dependent Reliability based Mixed
Sampling Plans combine the results of the first and second samples in making
a decision if a second sample is necessary.
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It is the usual practice that while selecting a sampling inspection plan, to
fix the OC curve in accordance with the desired degree of discrimination. The
sampling plan is in turn fixed through suitably chosen parameters. The entry
parameters which is used in the acceptance sampling literature are Acceptable
quality level(AQL), Limiting quality Level (LQL), Indifference quality level
(IQL) and Maximum Allowable Percent Defective (MAPD). Several authors
have provided procedures to design the sampling plans indexed through these
parameters for various Acceptance Sampling Plans.

In this paper, Reliability based Mixed Sampling Plan (independent case—
single point) with CDSP as attribute plan indexed through MAPD and AQL
are constructed separately. The Reliability based mixed sampling plans in-
dexed through MAPD (p*) and AQL (p;) are compared and conclusion along
with suggestions for future research are provided in this paper.

Review of Related Literature

Baker and Brobst [1] proposed conditional sampling procedures which are sim-
ilar to double sampling. These CDSP procedures have OC curves identical to
those of comparable double sampling procedures. Conditional double sampling
is operationally different from double sampling in that the results of the second
sample, if required, are obtained from a related lot and nor from the current
lot. According to Baker and Brobst [1], using sample information from re-
lated lots results in more attractive OC curves and smaller sample sizes. This
reduction in sample size is the principal advantage of these procedures over
traditional sampling procedures.

MAPD (p*), introduced by Mayer [4] and further studied by Soundara-
jan [15], Radhakrishnan [5] is the quality level corresponding to the inflection
point on the OC curve. The degree of sharpness of inspection about this qual-
ity level ‘px’ is measured through ‘p,’, the point at which the tangent to the
OC curve at the inflection point cuts the proportion defective axis. For de-
signing, a selection procedure for CDSP indexed with MAPD and R = p,/px
is provided.

The Reliability based Mixed Sampling Plan has been designed under two
cases of significant interest. In the first case sample size n; is fixed and a point
on the OC curve is given. In the second case plans are designed when two points
on the OC curve are given. Schilling, E. G. [14] provided the procedure for
designing the mixed sampling plans to satisfy the above mentioned conditions.
Using this procedure, contributions are made by Devaarul, S. [2] and some
more contributions are also made by Radhakrishnan and Sampath Kumar |6,
7, 8,9, 10], Radhakrishnan and Sekkizhar [11, 12, 13].
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Glossary of symbols

px = Maximum Allowable Percent Defective (MAPD)

p; = Tangent intercept of the OC curve.

p1 = The submitted lot quality such that P,(p) = 0.95 (also called AQL).

ny = Sample size for variable sampling plan.

ne = Sample size for attribute sampling plan.

ny 1 = Variable sample size for conditional double sampling plan.

ny o = First attribute sample size for conditional double sampling plan.

n9o = Second attribute sample size for conditional double sampling plan.

c¢1 = Acceptance number for first stage sample.

co = Acceptance number for second stage sample.

B; = Probability of acceptance for lot quality p;.

[3; = Probability of acceptance assigned to first stage for percent defective p;.
] = Probability of acceptance assigned to second stage for percent defective
Dj-

hx = Relative slope of the OC curve at px.

d; = Number of defectives in the first sample.

ds = Number of defectives in the second sample.

Operating procedure for RMSPs having CDSP as at-
tribute plan

e Determine the parameters of the mixed plan ny, 19, na, k", ¢1, c2 and
c3 with reference to OC curve.

e Take a random sample of size n; from the lot assumed to be large and
put them into life test till time ¢y under given environmental conditions.

e Let m be the total number of specimens that failed during the life test.
Let 1., T2y, - - - Tmn, denote the progressively censored life times of a
random sample of n; test specimens in the first stage.

e If the sample order statistic i > A’ = L + k"5 then accept the process
or lot.

e If the sample order statistic i1 < A’ = L + k"6 then take another sample
of size ny » from the same lot and put them into life test. Call it as second
stage.

e Count the number of specimens (d;) that failed to confirm the specifica-
tion limit L = t,, the test duration.

e If the number of defectives d; < ¢;, accept the lot.
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e If the number of defectives d; > c3, reject the lot.

o If c; +1 < d; < c3, take another sample of size ngo from the same lot
and count the number of defectives d.

o If dy < ¢y or dy + dy < c3, accept the lot otherwise reject the lot.

Designing the RMSPs having CDSP as attribute
plan indexed through MAPD

The procedure for designing the RMSPs is presented below.
e Assume that the mixed plan is independent.
e Decide the sample size n; to be used.

e (Calculate the acceptance limit for the variable as

A=L+k's
K = =1+ [(1 = pr)™)/1 = B/

e Split the probability of acceptance B* as (%’ and %" such that f* =
B+ +(1 — p«") " where (%' is the probability of acceptance assigned
to the variable sampling plan and %" is the probability of acceptance
assigned to the attribute sampling plan. Fix the value of %'

e Determine g+ as " = (B« —p%") /(1 — 0*).
e Determine the appropriate second stage sample of size ny and ¢ from
€1 _—n r c2 -n kc—k _n r
e "P(n12p) e "P(ny 9p) e "2 (ng9p)
pn =3 5 > e

rl k! rl
r=0 k=ci+1 =0

(0.1)
for p = p*.

Using the above procedure tables can be constructed to facilitate easy selection
of RMSPs having CDSP as attribute plan indexed through MAPD.

Construction of tables

The probability of acceptance for RMSPs having CDSP is given in equation
(0.1). For ny = noos = n (say), the inflection point (p*) is obtained by using
d*P,(p)/dp* = 0 and d*P,(p)/dp* # 0. The relative slope of the OC curve

—p_dpa() o4 p = p*. The inflection tangent of the OC

hx is given by hx = RO
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Table 1: Various characteristics of RMSPs when %' = 0.40

€1 Cp C3  MNapi B px" NaP* hox npt R = p/px
0 1 1 0272 0.7529 0.5882 0.841 0.7987 1.8940 2.25
0 2 3 078 0.6532 04220 2.018 1.7706 3.1577 1.56
0 3 4 1.112 0.6311 0.3852 2.661 2.2148 3.8625 1.45
13 4 1159 0.6434 0.4057 2.832 2.1240 4.1653 1.47
1 4 4 1.194 0.6426 0.4043 2.799 2.0695 4.1515 1.48
2 6 6 1934 0.6225 0.3708 4.062 2.6026 5.6227 1.38
2 6 8 2601 0.5980 0.3300 5.106 3.3127 6.6473 1.30
3 7 8 2710 0.6104 0.3507 5.286 3.0435 7.0228 1.33
3 7 11 3.672 0.5814 0.3023 6.779 4.0013 8.4732 1.25
5 9 12 4320 0.5956 0.3260 7.667 3.7734  9.6989 1.27
5 9 15 5.227 0.5706 0.2843 9.056 4.6957 10.9846 1.21
6 9 15 5299 0.5795 0.2992 9.212 4.3615 11.3241 1.23
7 11 18 6.566 0.5705 0.2842 10.857 5.0146 13.0221 1.20
7 11 21 7.214 0.5848 0.3080 11.724 5.0447 14.0480 1.20
9 13 23 8453 0.5579 0.2632 13.540 5.8031 15.8732 1.17
11 15 26 9.880 0.5606 0.2677 15.337 5.9952 17.8952 1.17
15 19 34 13.267 0.5541 0.2568 19.762 6.8171 22.6609 1.15
17 21 36 14.532 0.5643 0.2738 20.931 6.2955 24.2558 1.16

curve cuts the p axis at p; = p % +(p * /h*). The values of npx, hx, np, and
R = p;/p* are calculated for an arbitrary value g+ = 0.40 (say) using visual
basic program and presented in Table 1.

Selection of the plan

Table 1 is used to construct the plans when MAPD (p*) and tangent intercept
(p¢) are given. For any given values of ¢, ¢z, p; and px, one can find the ratio
R = p;/px. Corresponding to the value of ¢; and ¢, find the value of R in Ta-
ble 1, which is equal to or just greater than the specified ratio. Corresponding
c3 value is noted. From this ¢, ¢y and c3 values one can determine the value
of n = np * /px.

Table 2 is used to construct the plans when MAPD (px), m = n,c¢; and
co values are given. For any given values of px, ¢1, ¢o, c3 and m, nq, one can
determine ny and &”.

Example 1. Given the values of px = 0.04, p, = 0.052, n;y = 15, m = 5,
g = 2, cg = 6 and g« = 0.40. Find the ratio R = p;/px = 1.30. Using
Table 1, corresponding to ¢; = 2, ¢o = 6 select the value of R equal to or just
greater than this ratio. The value of R is 1.30 which is associated with ¢; = 2,
co = 6 and c¢3 = 8. It is found from Table 2 that ny = 128 and £” = 0.0797.
The RMSPs for specified px = 0.04 is ny = 15, m = 5, ny o = 128, ng o = 128,



45

Reliability based mixed sampling plans

9¢'60T
9g'e€T
9¢29T
9£66T
9g'6vE
9€'61¥
el et

9€'869

9€°L¥0T

LT

9T'1

7€'86T
v€‘0TT
yELYT
¥€28T
ve'6TE
7e'c6e
E'v6¥
7€'659
7£'886

7€'9L61

61
ST

ST'T

9z'eqT
9z°0LT
92261
9z‘61¢
9295t
9z°L0€
9z‘€8¢
9z 119
92°L9.

9T 7EST

ST
It

LT°T

€gieet
€2°09T
€2691
€261
£€2°92T
€T ILT
£€T68E
€T 167
€TLL9

€T'reeT

€T

LT'T

1T LTT
12°0€T
1T LVT
12°L9T
12°G6T
12°v€T
12°€6C
12°16€
12°98S

TTTLIT

It

0T'1T

8T60T
8T‘1TT
8T9€T
8T‘GST
ST‘I8T
8T‘LIT
8T‘1LT
81°29¢
8T'EVS

8T980T

It

0T'1T

S1'C6
gT'zot
gricrr
grzer
STPST
ST'¥81
gr'oge
STL0E
ST'19%

g1'1T6

€c'1

ST'16
ST10T
STETT
ST0eT
STIGT
ST 18T
g1'LCT
g1'20¢
STeCY

ST°906

et

TT'LL
Tries
T1'96
TI0TT
T1'8TT
criegt
TI'e61
T1'98¢e
Tr'ese

TT LIL

€0 ‘Cu

0

Le'1

T1°89
TT°GL
T1°G8
11°L6
TTETT
TT'9€T
1691
11°92¢
T1'6€€

TT8L9

Gc'1

8‘eg
869
899
892
888
8901
8ceT
89LT
8792

8629

€e'1

879
8‘€L
868
8C0T
8'8CT
80LT
8‘age

8TTg

0e'T

91Ty
9‘ey
919
9'89
989
918
9201
9‘6eT
9°€0T

9°'90%

8€'T

78T
v'1e
v'ge
jal2
VLY
7'9g
0L
7'€6
7orT

¥08¢

8¥'T

776
7Ty

¥'€8¢T

PANS

LT
¥'0e
v'ee
¥'8¢
47
v'es
¥'L9
768
veet

7992

Sv'T

€0z
€'ce
g'ce
€6t
eve
e'ov
€‘0¢
€29
€101

g'10T

9¢°1T

a4

700°0-

6600°0

8€20°0

LLEOO

L1G0°0

L990°0

L6L0°0

8€60°0

6L0T°0

00210

010

60°0

80°0

L0°0

90°0

G000

700

€00

200

T00

*d

"AdVIN 78 0F°0 = ¢ UM 1030€] d[qelIeA pur ozIs ojdures a8els puosog :g 9[qr],



46 Radhakrishnan and Devi

c1=2,c0=06,c3=238and k" =0.0797.

Explanation: In a sample of n; = 15 specimens selected from a lot of a
Battery manufacturing company, m = 5 specimens failed during the life test
till time ¢y (specified by the producer/consumer). For a fixed px = 0.040 (40
defectives out of 1000 samples), the value of the parameter £” is obtained
as 0.0797. Let x4 15,2215, ... 2515 denote the progressively censored life times
of a random sample of size 15 test specimens. If the sample order statistic
> A"=L+0.07976 (L = Lower specification limit, 6 = Standard deviation
are specified by the producer/consumer) then accept the lot else take another
sample of size nyo (= 128) from the same lot and put them into life test,
count the number of defectives d;. If the number of defectives d; < ¢; (= 2),
accept the lot. If the number of defectives d; > ¢35 (= 8) reject the lot. If ¢
(=2) +1 < d; < ¢3 (= 8), take a second sample of size ngy (= 128) from
the remaining lot and find the number of defectives dy. If dy < ¢y (= 6) or
di + dy < c3 (= 8) accept the lot otherwise reject the lot and inform the
management for further action. Hence the RMSP for a specified px = 0.04 is
ny = 15, m = 5, nNio = 128, Ngo = 128, C1 = 2, Cy = 6, C3 = 8 and /{ZN = 0.0797.

Construction of RMSPs having CDSP as attribute plan
indexed through AQL.

The general procedure given earlier is used for constructing the RMSPs having
CDSP as attribute plan indexed through AQL (py) [for 8] = (8:—p51)/(1—751)].
For nyo = nys = n (say), assuming the probability of acceptance of the lot
be §; = 0.95, B8] = 0.40, m = 5, ny and k" values are calculated for different
combinations of ¢y, co, and c3 using visual basic program and is presented in

Table 3.

Selection of the plan

Table 3 is used to construct the plans when AQL (p;), ¢1, ¢, c3 and m are
given. For any given values of p1, ¢1, ¢o, c3 and m, one can determine k” and
n value using ny = nopy /p1 and k" = —1 4 [((1 — px)™)/1 — B}/ (m=1).
Example 2. Given the values of p; = 0.008, n; = 15, m = 5, ¢; = 0,
g = 2, c3 =3, 8 =040 and m = 5 use Table 3 and find that ny, = 95
with & = 0.1249. The RMSP for a specified p; = 0.008 is n; = 15, m = 5,
nia =95, N2 =95 ¢ =0, cg =2, c3 =3 and k" = 0.1249.

Explanation. In a sample of n; = 15 specimens selected from a lot of a
Battery manufacturing company, m = 5 specimens failed during the life test till
time ¢ (specified by the producer/consumer). For a fixed lot quality p; = 0.008
(8 defectives out of 1000 samples), the value of the parameter k” is obtained
as k" = 0.1249. Let x115, %215, ..., %515 denote the progressively censored life
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Table 4: Comparison of plans.

Given values Through MAPD Through AQL
1 C2 px Db ) C3 D) C3
0 3 0.048 0.070 55 4 64 4
2 6 0.069 0.090 74 8 82 8
5 9 0.400 0.500 23 15 25 15
7 11 0.500 0.600 22 18 24 18
9 13 0.110 0.129 123 23 131 23
15 19 0.165 0.190 120 34 126 34

times of a random sample of size 15 test specimens. If the sample order statistic
> A"=L+0.12496 (L = Lower specification limit, & = Standard deviation
are specified by the producer/consumer) then accept the lot else take another
sample of size ny 2 (= 95) from the same lot and put them into life test, count
the number of defectives d;. If the number of defectives d; < ¢; (= 0), accept
the lot. If the number of defectives d; > ¢3 (= 3) reject the lot. If ¢ (= 0)
+1 < dy < ¢5 (= 3), take a second sample of size ny o = 95 from the remaining
lot and find the number of defectives dy. If do < ¢y (= 2) or dy + dy < c3
(= 3) accept the lot otherwise reject the lot and inform the management for
further action. Hence the RMSP for a specified p; = 0.008 is ny = 15, m =5,
nNig2 = 95, Ngo = 95, C1 = O, Cy = 2, C3 = 3, and £’ = 0.1249.

Comparison of CDSP indexed through MAPD and AQL.

In this section CDSP indexed through MAPD is compared with CDSP indexed
through AQL. For the given values of px and p;, one can find the values of
c1, C9, c3 and ny indexed through MAPD with g% = 0.40 from Table 1. For
various combinations of p* and p;, the values of n, ¢, ¢g, ¢3 (indexed through
MAPD) and n, ¢1, ¢a, c3 (indexed through AQL) are calculated and presented
in Table 4:

Construction of OC curve

The OC curves of RMSPs with CDSP as attribute plan are constructed for
the plans ny 1 = 55, n12 = 55, ¢; = 0, ¢ = 3, ¢35 = 4 (indexed through MAPD)
and ny; = 64, nyo =64, ¢; =0, co = 3, ¢35 = 4 (indexed through AQL) are
presented in Figure 1.
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Figure 1: OC curve

Probability of acceptance

0 0.02 0.04 0.06 0.08 0.1
Product Quality in proportion defectives

Conclusion

It is concluded from the study that the second stage sample size required for
RMSPs with CDSP as attribute plan indexed through MAPD is less than
that of the second stage sample size of the CDSP indexed through AQL with
more probability of acceptance and less inspection cost. These plans offer
effectiveness and flexibility to the floor engineers and help them to decide
their sampling plans on the floor itself and can take quick decisions to make the
system very fast, effective and friendly. Different plans can also be constructed
indexed through MAAOQ, LQL and IQL to compare their efficiencies. To
make the system more effective and user friendly one can change the stage
probabilities and proceed with the RMSPs.

Acknowledgement

The authors are grateful to the referees for their valuable suggestions.

References

[1] Baker, R. C. and Brobst, R. W. (1978). Conditional Double Sampling
Plan, Journal of quality Technology, 10, No. 4, pp. 150-154.



50

2]

[10]

Radhakrishnan and Devi

Devaarul, S. (2003). “Certain studies relating to Mixed Sampling Plans
and Reliability Based Sampling Plans”-Ph.D thesis-Bharathiar Univer-
sity, Coimbatore, Tamilnadu, India.

Mandelson, J. (1962). The Statistician the Engineer and Sampling Plans,
Industrial Quality Control, 19, No. 5, pp.12-15.

Mayer, P. L. (1967). A note on Sum of Poisson Probabilities and an ap-
plication, Annals of Institute of Statistical Mathematics, 19, pp. 537-542.

Radhakrishnan, R. (2002). Construction to the study on selection of cer-
tain Acceptance Sampling Plans Ph.D Dissertation, Bharathiar Univer-
sity, Coimbatore, Tamilnadu, India.

Radhakrishnan, R. and Sampath Kumar, R. (2005). “Matching of Mixed
Sampling Plans indexed through MAPD and AQL”, Management Mat-
ters, 1, No.5, Sep. 2005, pp.105-108.

Radhakrishnan, R. and Sampath Kumar, R. (2006). “Construction of
Mixed Sampling Plans indexed through MAPD and IQL with Single
Sampling Plan as attribute Plan”-Two points-in ‘National Journal of
Technology’-, Vol.2, No. 2 pp.26-29.

Radhakrishnan, R. and Sampath Kumar, R. (2006), “Construction of
Mixed Sampling Plans indexed through MAPD and AQL with Chain
Sampling Plan as attribute Plan”- STARS, Interdisciplinary Journal, 7,
No.1, pp.14-22.

Radhakrishnan, R. and Sampath Kumar, R. (2007). “Construction of
Mixed Sampling Plans indexed through MAPD and IQL with Double
Sampling Plan as attribute Plan” The Journal of Kerala Statistical Asso-
ciation, Dec-2007, pp.13-22.

Radhakrishnan, R. and Sampath Kumar, R. (2007). Construction and
Comparison of Mixed Sampling Plans Having Double Sampling Plan as
Attribute Plan, International Journal of Statistics and Systems, 2, No.2,
pp-133-139.

Radhakrishnan, R. and Sekkizhar, J. (2007). Construction of Sampling
Plans using Intervened Random effect Poisson Distribution, International
Journal of Statistics and Management Systems, 2, 1-2, pp. 88-97.

Radhakrishnan, R. and Sekkizhar, J. (2007). Application of intervened
random effect Poisson distribution in process control plans, International
Journal of Statistics and Systems, Vol. 2, No. 1.



Reliability based mixed sampling plans 51

[13] Radhakrishnan, R. and Sekkizhar, J.(2007). An acceptance sampling pro-

cedure for second quality lots, Sri Lankan Journal of Applied Statistics,
Vol. 8, pp 35-43.

[14] Schilling, E. G. (1967). “A general method for determining the operating
characteristics of mixed VariablesAttributes Sampling Plans single sided
specifications, S.D known”, Ph.D Disseration- Rutgers- The state Univer-
sity, New Brunswick, New Jersey.

[15] Soundararajan, V. (1975). Maximum Allowable Percent Defective
(MAPD) Single Sampling Inspection by Attributes Plan, Journal of Qual-
ity Technology, 7, No.4, pp.173-177.

ProbStat Forum is an e-journal. For details please visit; http://www.probstat.org.in.



