X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s
L 4

o gkl
@ ASUNET

bl -

e

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

) bl | ) Gl | ot
@ ASUNET

e bl o gl Ao
ok sl 19 (gui sl il) Gutei guid




e bl b k|
@ ASUNET

(R deids st bt

Sl (el lin) b
ok 551y (oo ST Gusigad
EE

Wbaunkig bl g i gl DALY o) ot e pometi
i Gl 599 i) i Gl @ ] O3 (oo

-----

anER
llllllll

RPN EET DY o
@ ASUNET

o) i

shiid] ol daoad) gal 580 02R Laa




e bl b k|
@ ASUNET

(R deids st bt

ot k) il bl | s

.

=4
llllll

et | G|
@ ASUNET

Seiligd] g
aall dubail




X SEE XS EEXNEENEEXEEXNEXEEENE

clb-

B>

PRSP e
ot k) il bl | s

o ekad|
@ ASUNET

Wl -

dsinkt

(R deids st bt

AN AN AN AN AN NN AN AN A AN AN AN AN AN




PROBABILISTIC METHODS OF CALCULATING
THE LIFETIME DISTRIBUTION OF THE
RELIABILITY FUNCTION FOR SOME
REDUNDANT SYSTEMS

RS
(4] ™ I
/’ii ’,:"!". *‘ji “\‘

S
P

DISSERTATION 4 &G "7\

.‘\ - .‘

Submitted In fulfillment of the Ph. D. Degree!g\z}g%pplzed /

T

Statistics \“‘w’ N {!’)

By
iohamed Swelam El-Said Hamed

Department of Statistics, Faculty
of Commerce, Zagazig University,
Benha Branch

Supervisors

PROF. DR. GAMAL SAMY MOKADDIS

Prof. of Mathematical Statistics
Department of Mathematics, Facully
of Science, Ain Shams Univ.

An Active Member of The New York
Academy of Science.

PROF. DR. ABD-ELFATAH M. KANDEEL  PROF. DR. YOSEF SABRY AWAD

The Head of the Statistics Department, Prof. of Statistics, Department
Faculty of Commerce, Zagazig University, of Statistics, Faculty of
Benha Branch. " Commerce, Zagazig Univ.,
Benha Branch
2002 B

\¢o0|




:
%
:
:
:
"




d.l.".l mq\.‘l.dgd log..l.ﬁ.]a.uu”o;alnﬂlﬂla.l,ldl)

&
T «(....., 4..119 ..Js,..a.fl:

Lt sl 53
gt & ygu (M) &y

o ot e -~ -




First, 1 would like to acknowledge my deepest gratitude and
thankfullness to Prof. Dr. Gamal Samy Mokaddis, Prof. of Mathematical
Statistics in the Mathematics Department, Faculty of Science, Ain Shams
University, an active member of the New York Academy of Science, for
suggesting the topic of the thesis, for his kind supervision and for his

valuable help during the preparation of the thesis.

Then, 1 do thank and appreciate Prof. Dr. Abd-Elfatah Mohamed
Kandeel, The Head of the Statistics Department, Faculty of Commerce,
Zagazig University, Benha Branch, for his good manners and too much
knowledge that I saw during supervising this thesis. Also for his essential

role in Facilitating the necessary procedures.

After that, I wish to express my deepest appreciation and gratitude
and thankfulness to Prof. Dr. Yosef Sabry Awad, Prof. of Statistics in
Department of Statistics, Faculty of Commerce, Zagazig University,

Benha Branch for his instant encouragement and kind help.

Also, 1 present my deepest than and appreciation for Mr.
Mohamed Nagi Osman for helping is the grammatical revision for the
thesis. And I con’t forget thanking and appreciating the excellent working
team in the scientific center for Kalubia Medical Syndicate for helping

in printing the thesis.

Finally, I would like also to record my great thanks to all my
Colleagues in the Statistics Department, Faculty of Commerce, Zagazig
University, Benha Branch, for encouragement and providing the

necessary facilities.




CONTENTS

PREFACE

CHAPTER I:
DEFINITIONS AND SOME CONCEPTS FOR THE
RELIABILITY THEORY
1.1.Lifetime Distribution Identities
1.2.Reliability of Non — Redundant and Redundant Systems.
1.3.Standby Redundant Systems
1.4.The Non-Loaded Duplication Standby System with
Renewal

CHAPTER Il :
ESTIMATION METHODS OF THE PARAMETERS FOR
THE WEIBULL DISTRIBUTION USED IN REDUNDANT
SYSTEMS
2.1.Introduction
2.2 Maximum Likelihood Method for Estimating The 2-
Parameters of the Weibull Distribution Based on Interval

2.3.Bayes Method for Estimating The Parameters and

Reliability Function of The 3-Parameters Weibull
Distribution
2.4 Estimation Methods of The parameters of The Mixed
Weibull Distribution
(I) Least Squares Method
(IT) A Graphical Method

CHAPTER lII:
PROBABILISTIC ANALYSIS OF RELIABILITY
FUNCTIONS: IN LIFE TESTING FOR THE
MULTIVARIATE CASE
3.1.Introduction
3.2.The Problem of Statistical Inference in System Reliability
3.3.The Specific Formulation, Notation and Terminology...
3.4.Bayes Estimation of the Survival Probability Functions
with Quadratic Loss
3.5.Bayesian Tolerance Regions of 4 Expectation
3.6.Higher Order Moments of Posterior Distribution of A
Coverage Probability

Page




CHAPTER IV:
PROBABILISTIC ANALYSIS OF THE TWO - UNIT
WARM STANDBY REDUNDANT SYSTEMS WITH
SINGLE-SERVER
4.1, Introduction. ...t
4.2. Assumptions and Notation...................oooiin e,
4.3. Expected Number of Repairs and Failures in (0, £].........
4.4, [lustrative Cases.......cccovvriviiiii i,

CHAPTERYV:
PROBABILISTIC ANALYSIS OF THE TWO - UNIT
COLD STANDBY REDUNDANT SYSTEMS WITH THREE
TYPES OF REPAIR FACILITIES

5.1, Introduction ......o.vive i

5.2. Assumptions and Notation ..................................
53.Model 1. o

..........................................................
..........................................................

..................................................

................................................................
...........................................................

.................................................

69
72

80
84







oG 1 e

PREFACE

As a result of the development of present technology, a high level

for the reliability of systems is required. This thesis studies; the methods
of estimating the parameters for some important distributions used in the
lifetime distribution of the reliability function for some redundant
systems, probabilistic analysis of a reliability functions in life testing for a
multivariate case, probabilistic analysis of a two-unit warm standby
redundant systems with single —server and probabilistic analysis of two

— unit cold standby redundant systems with three types of repair facilities.

The thesis consists of five chapters :

The first chapter presents some basic concepts, definitions and
laws for the reliability theory. Five ways of representing the distribution
of a continuous nonnegative random variable T are used extensively in
the reliability literature; the probability density function, the reliability
(survival function), the hazard rate, the cumulative hazard function, and
the mean residual life function. Properties, identities and intuitive
interpretations of the five representations are discussed, such as
normalized mean residual life for studying replacement policies. These
five distribution representations have surfaced as tools for representing
lifetime distribution. The choice of which distribution representation is (o
be used whether, the representation has a tractable form and intuition is
gained concerning the distribution by seeing a plot of the representation.
Redundant and non — redundant system, loaded or nonloaded and lightly

loaded system with and without renewal.

The second chapter presents the methods of estimating the

parameters for the Weibull distributions used in redundant systems; the




oS> 1l @

first method deals with the maximum likelihood estimation (MLE)
technique for estimating the 2-parameter Weibull distribution from
interval data. Interval data consists of adjacent inspection times that
surround an unknown failure time. Censored interval — data bound the
unknown failure time with only a lower time. By the second method we
obtain Bayes estimates of the parameters and reliability function of a
3-parameter Weibull distribution and compare posterior standard —
deviation estimates with the corresponding asymptotic standard —
deviation estimates of their maximum likelihood counterparts. The third
method presents estimation of the parameters from a mixture of two
Weibull distributions. The weighted least ~ squares ‘method is used to
estimate the parameters of the mixed model when data are grouped and
censored and the fourth method is a graphical estimation of mixed
Weibull = parameters in life testing. A mixture of two Weibull
distributions, each representing sudden type failure (the failure types is
sudden or delayed) is proposed and a simple graphical method for

estimating the parameters of mixed Weibull distribution is described.

In the third chapter The probabilistic analysis of a k-variate
normal distribution model as used in life testing context is considered |
with respect to the estimation problem of the reliability function of a
system. In addition, it is pointed out that there exists a close relationship
between the problem of estimation of reliability and the construction of

Bayesian upper tolerance regions.

In the fourth chapter a single - server and two — unit partially

energized standby system is studied under the assumption that the repair

times of online unit and standby unit are arbitrarily distributed while the

failure time distribution of online unit is Weibull and that of the standby
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unit is arbitrary. The system is observed at suitable regenerative epochs to
obtain the following system characteristics; expected number of repairs in
(0, 1], expected number of repairs in (0,7} from online and standby and
expected frequency of failures in (0, f]. Results pertaining to the case
when all distributions are Weibull have been obtained. Also, the
expressions in terms of Laplace transforms are given when both repair
time distributions are two — stage Erlangian and the failure time of the

standby is Weibull.

The fifth chapter develops three models for cold standby
redundant systems, consisting of two identical units. These models are
different in the sense that different types of repairman are employed; in
model 1, the repairman is always with the system; in model 2, he comes
immediately at the failure of a unit, while in model 3; he takes some
random time in reaching the system. |

Profit is evaluated in each case. Comparisons of these profits are
done in two parts. Part 1 considers the comparison of different models. In
part 2 acomparison is done by taking different criteria for evaluating the
profit for the same model. Computer programs for these comparisons are

also given in the Appendix.

The appendix consists of computer programs for some systems in

this dissertation.




