Certain Studies Relating to Truncated Life Tests
Through Acceptance Sampling Procedures

By

S. Sutharani

Supervisor

Dr. A. R. Sudamani Ramaswamy

A Thesis Submitted to

Avinashilingam Institute for Home Science and Higher Education
for Women, Coimbatore — 641043

In Partial Fulfilment of the Requirements for the Degree of

Doctor of Philosophy In Mathematics

August 2014



Certificate

This is certify that the thesis entitled "Certain Studies Relating to
Truncated Life Tests Through Acceptance Sampling Procedures”
submitied to the Avinashilingam Institute for Home Science and Higher
Education for Women, Coimbatore, for award of the degree Doctor of
Philosophy in Mathematics, is a record of original work done by
Mrs. 8. Sutharani during the period of her study in the Department of
Mathematics, Avinashilingam Institute for Home Science and Higher Education
for Women, Coimbatore, under my supervision and guidance and the thesis has
not formed the basis for the award of any Degree / Diploma / Associate ship /

Fellowship or similar title of any candidate of any University.

;
o e Rt
’c)@M')hmwf’yf I Q& )l

Signature of the Signature of the Guide
Head of the Department

Feorw =B st
Signature of the Dean '
g H.Ed M Pl FRD,,




Declaration

| hereby declare that the thesis entitled entitled “Certain Studies
Relating to Truncated Life Tests Through Acceptance Sampling
Procedures” submitted to the Avinashilingam Institute for Home Science and
Higher Education for Women, Coimbatore, in partial fulfilment of the
requirements for the award of the degree of Doctor of Philosophy in
Mathematics is a record of original work done by me under the supervision and
guidance of Dr. (Tmt). A.R. Sudamani Ramaswamy, M.Sc., M.Phil., Ph.D.,
Associate Professor, Department of Mathematics, Avinashilingam Institute for
Home Science and Higher Education for Women, Coimbatore, and it has not
formed the basis for the award of any Degree / Diploma / Associate ship /

Fellowship or similar title of any candidate of any University.

J

o - n o 'fl".' Ll
ﬁg@(@g\r—&w“wp\ﬁwﬂg"\;q/ Efff ‘f S5 oL JAST e

Signature of the Guide Signature of the Candidate



Acknowledgement

This research would not have been possible without the guidance and help of many
personalities who in one way or another contributed and extended their valuable involvement in

the initiation and completion of this study.

First and foremost, | express my sincere gratitude to the inspirational visionary
Late (Thiru).T.K.Shanmuganandam, B.A., B.L., Former Chancellor for having given me an
opportunity to be a part of this esteemed institution and ~ support and guidance to undertake this

research work.

I would like to express my deep sense of gratitude to Dr.(Tmt) Saroja Prabhakaran,
M.A., Dip.Ed., (Madras), Ph.D. (Mother Teresa), Former Vice Chancellor, for having given me an
opportunity to persue my Ph.D.

| extended my heart-felt thanks to Dr.(Thiru)T.S.K.Meenakshi Sundaram, M.A., M.Phil.,
Ph.D., Chancellor, Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore, to carry out all the work relating to my research.

I would like to express my deep sense of gratitude to Dr.(Tmt.) Sheela Ramachandran,
M.Sc., Dip.Ed., M.Phil. (Madras), Ph.D. (Avinashilingam), Vice Chancellor, Avinashilingam
Institute for Home Science and Higher Education for Women, Coimbatore, | took great pleasure in
conveying my profound gratitude to Madam.

| express my sincere thanks to Dr.(Tmt.) Gowri Ramakrishnan, M.Sc., M.Phil., Ph.D.
(Avinashilingam), Avinashilingam Institute for Home Science and Higher Education for Women,

Coimbatore, for her support throughout the period of my research work.

I submit my deep feelings, respect and kindness to Dr.(Tmt.) R.Parvatham, M.Sc., M.Phil
(Madras)., Dip.Ed. (Madras), Ph.D. (Avinashilingam), former Dean, Faculty of Science,
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore, for the

encouragement and her frequent enquiries.

I extend my sincere thanks to Dr. (Tmt.) A.Parvathi, M.Sc., Dip. H.Ed., M.Phil. (Madras),
Ph.D. (Bharathiar), Dean, Faculty of Science, Professor and Head, Department of Mathematics,
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore, for
providing me the necessary support.



| express my heart-felt thanks and sincere gratitude to my guide
Dr. (Tmt) A.R.Sudamani Ramaswamy M.Sc., M.Phil., Ph.D. (Bharathiar), Associate Professor,
Department of Mathematics, Avinashilingam Institute for Home Science and Higher Education for
Women, Coimbatore, for her guidance, lively discussion, her patience, and sacrifice for the
successful completion of my thesis, enthusiastic support given throughout my research period.
I render my indebtedness and great deal of heartfelt appreciation to my beloved guide for her
keen interest, benevolent concern and untiring efforts without which this work would not have

been shaped up and completed at all.

It is the duty to express my thanks to the Faculty Members Of Mathematics,
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore, for

their kind advice and encouragement throughout my work.

| extend my thanks to Avinashilingam Institute for Home Science and Higher
Education for Women, Coimbatore, Library for the library facilities rendered.

I am extremely thankful to all the supporting and technical staff for their help as and
when required without which | have been in troubled waters and would also like to acknowledge
the contribution of my friends who deserve special thanks for their timely help and co-operation

during this study.

I wholeheartedly thank all my friends for all their support and help that they have

extended to me for the completion of this study.

Finally, | owe a deep sense of indebtedness to my husband Dr.K.Rajendran B,Sc.,M.D
and my daughter R.Nandhini and my son R.Saravanan and beloved parents
Mr.P.A.Shanmuganathan and late Mrs.S.V.Saroja for their wholehearted, untiring and
immeasurable support at every stage of my work..

| remain thankful to all the great souls who in some way helped me to complete my
thesis work.



Contents

Chapter . Page
No Title No
List of Tables
List of Figures
Abstract
1 Introduction 1
1.1. Basic Concepts of Quality Control 3
1.2. Basic Concepts of Acceptance Sampling 13
1.3. Basic Concepts of Reliability 22
1.4. Lifetime Distributions 31
1.5. Notations 35
1.6. Review of Literature 36
1.7. Thesis Outline and Contribution Overview 41
1.8. Methodology 46
2 Designing Single Sampling Plan for Truncated Life 48
Tests Using Minimum Angle Method
3 Designing Double Sampling Plan for Truncated Life 69
Tests Using Minimum Angle Method
4 Designing Special Purpose Double Sampling Plan of 102
type DSP(0,1) for Truncated Life Tests Using
Minimum Angle Method
5 Designing Chain Sampling Plan for Truncated Life 123
Tests Using Minimum Angle Method
6 Designing Group Sampling Plan for Truncated Life 141
Tests Using Minimum Angle Method
7 Designing Group Sampling Plan with Weighted 169
Binomial Distribution for Truncated Life Tests Using
Minimum Angle Method
8 Summary and Conclusion 192
Bibliography 196

List of Publications 205




Table of Contents

Chapter . Page
No. Title No.
List of Tables
List of Figures
Abstract
1 Introduction 1
1.9. Basic Concepts of Quality Control 3
1.10. Basic Concepts of Acceptance Sampling 14
1.11. Basic Concepts of Reliability 25
1.12. Lifetime Distributions 35
1.13. Notations 40
1.14. Review of Literature 41
1.15. Thesis Outline and Contribution Overview 46
1.16. Methodology 52
2 Designing Single Sampling Plans for Truncated Life 54
Tests Using Minimum Angle Method
3 Designing Double Sampling Plans for Truncated Life 75
Tests Using Minimum Angle Method
4 Designing Special Purpose Double Sampling Plan of 109
type DSP(0,1) for Truncated Life Tests Using
Minimum Angle Method
5 Designing Chain Sampling Plan for Truncated Life 130
Tests Using Minimum Angle Method
6 Designing Group Sampling Plan for Truncated Life 149
Tests Using Minimum Angle Method
7 Designing Group Sampling Plan with Weighted 179
Binomial Distribution for Truncated Life Tests Using
Minimum Angle Method
8 Summary and Conclusion 204
Bibliography 209
List of publications 219




List of Tables

Table
No.

Title

Page
No.

2.1

2.2

2.3

2.4

2.5

3.1

3.2

3.3

3.4

The sample size and probability of acceptance for
Minimum angle method Single sampling plan when the
life time of the items follows Rayleigh distribution

The sample size and probability of acceptance for
Minimum angle method Single sampling plan when the
life time of the items follows Generalized Exponential
distribution

The sample size and probability of acceptance for
Minimum angle method Single sampling plan when the
life time of the items follows Weibull distribution

The sample size and probability of acceptance for
Minimum angle method Single sampling plan when the
life time of the items follows Gamma distribution

Comparison of Producer's risk, Consumer’s risk and
Sample size for Single sampling plan when the life time
of the items follows different distributions (t/Ac=0.628)

The sample size and probability of acceptance for
Minimum angle method Double sampling plan
(c1 = 0, c2 = 2) when the life time of the items follows
Rayleigh distribution

The sample size and probability of acceptance for
Minimum angle method Double sampling plan
(c1 = 0, c2 = 2) when the life time of the items follows
Generalized Exponential Distribution

The sample size and probability of acceptance for
Minimum angle method Double sampling plan
(c1 = 0, c2 = 2) when the life time of the items follows
Weibull distribution

The sample size and probability of acceptance for
Minimum angle method Double sampling plan
(¢4 = 0, cp = 2) when the life time of the items follows
Gamma distribution

54

57

59

61

67

76

84

90

94




Table
No.

Title

Page
No.

3.5

3.6

4.1

4.2

4.3

4.4

4.5

5.1

5.2

The sample size and probability of acceptance for
Minimum angle method Double sampling plan (¢ = 0,
c=2) when the Ilife time of the items follows
Marshall — Olkin extended lomax Distribution

Comparison of results of Producer’s risk, Consumer’s risk
and sample size for Double sampling plan when the life
time of the items follows different distributions
(t/A0=0.628)

Sample size and the probability of acceptance for
DSP (0, 1) using Minimum angle method when the life
time of the items follows Rayleigh distribution

Sample size and Probability of acceptance for DSP (0,1)
using Minimum angle method when the life time of the
items follows Generalized Exponential distribution

Sample size and probability of acceptance for DSP (0, 1)
using Minimum angle method when the life time of the
items follows Weibull distribution

Sample size and probability of acceptance for DSP (0, 1)
using Minimum angle method when the life time of the
items follows Gamma distribution

Comparison of results of Producer’s risk, Consumer’s risk
and sample size for special purpose Double sampling
Plan of type DSP (0,1) when the life time of the items
follows different distributions (t/Ay=0.628)

The sample size and probability of acceptance for
Minimum angle method Chain sampling plan when the
life time of the items follows Rayleigh distribution (i=2)

The sample size and probability of acceptance for
Minimum angle method Chain sampling plan when the
life time of the items follows Generalized Exponential
distribution (i=2)

96

100

107

110

113

115

121

128

130




Table
No.

Title

Page
No.

5.3

5.4

5.5

6.1

6.1

6.2

6.2

6.3

6.3

6.4

The sample size and probability of acceptance for
Minimum angle method Chain sampling plan when the
life time of the items follows Weibull distribution (i=2)

The sample size and probability of acceptance for
Minimum angle method Chain sampling plan when the
life time of the items follows Gamma distribution (i=2)

Comparison of results of Producer’s risk, Consumer’s
risk and sample size for Chain sampling plan when the
life time of the items follows different distributions
(t/A0=0.628, i=2)

The number of groups and probability of acceptance
for Minimum angle method Group sampling plan when
the life time of the items follows Rayleigh distribution
(r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Rayleigh distribution
(r=9, c=2)

The number of groups size and probability of acceptance
for Minimum angle method Group sampling plan when
the life time of the items follows Generalized Exponential

distribution (r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Generalized Exponential
distribution (r=9, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Weibull distribution (r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Weibull distribution (r=9, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Gamma distribution (r=6,
c=2)

132

135

139

147

149

151

153

154

157

160




Table
No.

Title

Page
No.

6.4

6.5

7.1

71

7.2

7.2

7.3

7.3

7.4

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan when the
life time of the items follows Gamma distribution (r=9,
c=2)

Comparison of results of Producer’s risk, Consumer’s
risk and sample size for Minimum angle method Group
sampling plan when the life time of the items follows
different distributions (a=0.7, r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan using
weighted binomial distribution when the life time of the
items follows Rayleigh distribution (r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan using
weighted binomial distribution when the life time of the
items follows Rayleigh distribution (r=9, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan using
weighted binomial distribution when the life time of the
Items follows Generalized Exponential distribution (r=6,
c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan using
weighted binomial distribution when the life time of the
ltems follows Generalized Exponential distribution
(r=9, c=2)

The number of groups and probability of acceptance for
Minimum angle Group sampling plan using weighted
binomial distribution when the life time of the Items
follows Weibull distribution (r=6, c=2)

The number of groups and probability of acceptance for
Minimum angle method Group sampling plan using
weighted binomial distribution when the life time of the
Items follows Weibull distribution (r=9, c=2)

The number of groups and probability of acceptance for
Minimum angle Group sampling plan using weighted
binomial distribution when the life time of the Items
follows Gamma distribution (r=6, c=2)

162

167

173

175

177

179

180

182

183




Table . Page
No. Title No.
7.4 The number of groups and probability of acceptance for 185
Minimum angle Group sampling plan using weighted
binomial distribution when the life time of the items
follows Gamma distribution (r=9, c=2)

7.5 Comparison of results of Producer’s risk, Consumer's 190

risk and group size for Group sampling plan using
weighted binomial distribution when the life time of the
items follows different distributions (a=0.7, r=6,c=2)




List of Figures

Figure . Page
No. Title No.
11 OC Curve 17
1.3.7 Failure Pattern 26
1.4.1 Cumulative distribution function of Rayleigh distribution 31
1.4.2 Cumulative  distribution  function of Generalized 32

Exponential distribution

1.4.3 Cumulative distribution function of Weibull distribution 33
144 Cumulative distribution function of Gamma distribution 33
1.8.1 Minimum angle for given p1and p; 47
21 O C curve of Single sampling plan when the life time of 68

the items follows different distributions with (t/Ag=0.628)

3.1 OC Curve for The Double Sampling Plan when the 101
lifetime of the Items follows different distributions
(/A0 = 0.628 hrs)

4.1 OC Curve for Special Purpose Double Sampling Plan 122
DSP (0,1) when the lifetime of the Items follows different
distributions (t/Ao = 0.628 hrs)

5.1 OC curve of Chain sampling plan when the life time 140
of the items follows different distributions with
(t/A0=0.628, i=2)

6.1 OC curve of Minimum angle method Group sampling 168
Plan when the life time of the items follows different
distributions with (a=0.7, r=6, c=2)

71 OC curve of Group sampling Plan using weighted 191

binomial distribution when the life time of the items
follows different distributions with (a=0.7, r=6, c=2)




