MODELLING AND ANALYZING BREAKDOWN PHENOMENA

IN INSULATORS - A STOCHASTIC APPROACH

Research Thesis

Submitted in partial fulfillment of the requirements

for the degree of Doctor of Science

ENMANUEL YASHCHIN



MODELLI NG AND ANALYZI NG BREAKDOWN PHENOVENA

I N I NSULATORS - A STOCHASTI C APPRCACH

Research Thesi s

Submitted in partial fulfillnment of the requirenents

for the degree of Doctor of Science

EMVANUEL YASHCHI N

Submitted to the Senate of the Technion - Israel Institute of Technol ogy

lyar 5741 Hai f a May 1981



This research was carried out under the supervision of Dr. Paul

Feigin in the Faculty of Industrial Engineering and Managenent.

| would like to thank Dr. Paul Feigin for his ideas and good

advi ce whi ch nade the present research possible.

Speci al thanks are due to Professor N colas Kl ein (Faculty of

El ectrical Engi neering, Technion) for notiv?.ting this research

and for his inval uabl e consul tati ons.

My sincere thanks are also due to Professor J.L. Teugels (The
Catholic University of Louvain) for his help and good advice

and the referees, for their val uable comments.

Thanks are al so due to Ms. Hadassah Nesher for her excell ent

work in the preparation of the manuscript.



CONTENT S

Page No.

Abstract 1
CHAPTERII 3
1, Introduction 3
1.1 The breakdown phenonmenon S

1.1.1 Description 5

1,12 Data avail abl e 9

1,2 Sone physical nodel s of breakdown 10

1.2.1 The nodel of thermal breakdown 11

1,2.2 Energetic structure of a thin film capacitor 13

1.2.3 Principles of conduction 17

1.204 Non-thermal nodels of breakdown 19

1,3 Statistical questions 27
CHAPTER 11 29
2, A Cass of Stochastic Mdels 29
2.1 Pure birth and birth-death nodel s 30

2.2 The quasi-stationary nodel 32

2,2,1 The charge accunul ati on process 33

2,2,2 The quasi-stationary distribution 36

2.2,3 Conputational aspects 41

2.3 Relevance of Extrene Val ue Theory 45

2,4 Experinental evidence 48


yashchi
Cross-Out

yashchi
Replacement Text
5


CHAPTER 111

3,

CHAPTER |V

4.

Extrene Val ue Theory -

3.1

3,2

3.3

Finite

4.1

4.2

4,3

CHAPTER V

5.

Infinite Charge Breakdown Model s -

51

Contents - Cont'd

The domai n of attraction problem

The joint distribution of extrene order

Applications to statistical

Char ge Breakdown Model s

Domai n of attraction

4.1,1 Zero initial charge
401,2 (Quasi-stationary case
Regenerative case
Non-regenerati ve case

4,3,1 Zero initial charge

4.3,2 Quasi-stationary case

Domai n of attraction

5,1,1 Exact formof the distribution function P(t)

5,102 Quadratic rates

5.1.3 Genera; approach

5,1,4 An alternative approach

a Survey of Rel evant

i nference

Resul ts

Pure Birth Case

statistics

Page No,

56
56
56
68 .

71

82
82
82
82
85
86
87
88

89

90
90
91
92
96
98

107



Contents - Cont'd

5.2 Nornmalizing constants
5.2,1 Power charge accumnul ati on rates

5.2,2 Ceonetric charge accunmul ation rates

Page No,

109
109

123

5.2.3 The direct approach in the geonetric rates case 137

5.3 Inference for the pure birth nodel
5.3.1 Regenerative case

5,3.2 The non-regenerative case

CHAPTER VI

6.

A More CGeneral Mdel of Breakdown, A Tauberian Theorem

6,1 The infinite charge nodel based on transient

deat h process
6a2 A Tauberian theorem

603 Special case

CHAPTER VI |

7.

Concl usi ons
7,1 Resune

7.2 Open problens

Appendi x A Basi c properties of theta-functions

Appendi x B. Euler's summati on fornul a

Appendi x C. On the saddl e point et hod

138

139

148

150

I SO

150

159

171

174

174

174

176

179

183

186



Appendi x

Appendi x

Appendi x

Appendi x

Appendi x

Appendi x

Appendi x

T

G

Contents - Cont'd.

The classification of birth and death processes
Choi ce of the appropriate function e(X,N,ﬁ)

when finding the nornalizing constants in the

case Xj = a(j+1)a

Ei genval ues and ei genvectors of the infinitesinm
matrix A

Transform ng the contour of integration and mappi ng
in the integral formof F(t) in the case kj= bk]

on oscillatory behavior of \Rq) in the case aj = bX

Justification of the termn se passage to the limt

-~
for finding k in the case of power charge accunul ati on

rates.
Properties of the estimators 1/ Yand (I n bx)

Ref er ences

Page No.

191

197

199

202

204

205a

205¢c

206


yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Pencil

yashchi
Text Box
j

yashchi
Text Box
a


	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7



