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INTRCDUCT ION

The mathematical theory of relinbility has ;xown
out of the demands of modern technology nnd particulerly
out of the experiences in World War II with canplex

nilitary systems,

The complex devices are utilized for military and
scientifiec purposes. To increase the efficiency of these

devices we use the theory of reliability.

Many definitions for reliability have been given
and varied among different writers. But there is a
definition of reliability given by RET.IA :s] 3 this
definition is now accepied by most relicbilriy puthorities,
znd hence is considered to be standard. This definition
states that % Reliability is the probability of a device
nerforming its purpose adequately for tae period of time

intended under the operating conditions encountered ".

The most comnon measures of reliability ave failuro
rate, probability of survival and the mean time between
failures. But the time that is taken in repair or
maintenance processes, the mmber of foilures of an
equipment in certain time interval, the length of iife
of an equipment, ... etc. are all events which vary in

more or less randem ways. The exact behaviour of these
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raniom varisbles is uncertnin, thus the probability
theory 1o one of reliability fields of study.

There are various teochniques and methods for
improving reliability, the most basic method is throu h

systcme engineered by mature deeipgn.

The useful technique to give & high de;ree of
reliability is redundancy. There are two basic types of
redundanoy, namely, stand~by redundcncy aond parallel

redundancy.

Redundancy has proved to be o oignificant
technique in achieving a high level of reliability, but
this type of arrangement is not necessary if one componen®
is of sufficient reliability because the oost factors of

redundancy violate simplicity and human error.

O‘En this thesis we aim to improve a stand-by
complex system relimbility. The problems such as cost

problems, repairman problems, etc., are not considered.

Vie take only the mean life time as an absolute measure for

4he system reliability 4

Maintainability is also used to obtain a high
level of reliability. Thexre are many definitions for
majiantainability, a definition whioh is simple and uses
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Crave Lormee daoue s oy et . ThIe oot
Lrinitien honocoen oga o oente ! Ly fO-latrs 5 , 1t
A adnt-dnsn i ity Lo the probnabiiity taqt o Adovice
EIT e et sl b cnepat il oty cdve oo owitodn -

dve o opertial ot Ul when the omeintennnce netinn i

cwrforme L necordeones with rreaeribed procedures M.

There nre two ivpes of nnintaineshility, namely,
corrcetive nainteaanece and ureventive maintennnce with
Lich owoe are miilnly coneceracd in thisg thegis under two
rolicica, rellecy I , the operative unit wader;ocs
ivs _etion when the ingpection time comeg, only if  the
sther anit 18 in strnd-by stete. Thus nn inspection tokes
vlice for the opurative wiiit if the other unit is under
renair or ingpeetion; ond policy II, the operative uait
an’ersoes insgsection when the inspection *ime cones

ronrdless of the state of the other unit,

AThe theris is divided into ibtroo chapterss

Chapter (I) is concerned with the effect of
redundancy witl: and without repair ( corrective maintenance).
In this echeaptey e give 2 gurvey of the problems undeér
certain assumptions, the Laplace transforms of the distri-

butions of the fzilure time of the system, the mean life

Central Library - Ain Shams University



Clnteneage Lo oauvisnblo?

Tm the o7l chnpier wo Yonl o wicn o grev oLtive
~iatonnnce andor - ~ldey {01V, we liscuws the du lox
reren in penernl sl untor o rrecinl cavers, and wa g ive {ov
s first time tne owntem of cguetieons of A syvten wilich
~angistn of n oscerative units and oae otond-by wits
rnir and preventive maint _annne under wone pssumpt ionss
we iiocana gome specinl eencs, nnd we ptive oo tnooren viedcea
. 4ap that M The renn 240G tine of the o ooton with ore, odr
-1d meintennne> is less thna the mean l1ife time of the
systoa with reonir only if the feilure 1ime distributicn

is exponentinl and the 'ime to insnection digtributions

Q x - %

u(x) = |
x - T

In the third chapter we deal with {he duplicetion
system uader poliey (I) , in (enexal ond under grecind

cases. The results of this chapter are new,
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CHAPTER ( 1))

THE EPFECT OF REDUIDANT SYSTEM
WITH AND WITHOUT REFAIR.
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1-1) Iarraductions

Jlowndays, 1in whic, complex rilowory sretrme o
lar e electronic comy-ters are ared four ailitar: a..
sclentific purposer, a al h de ree of g-oter: reil -
ability io en absolute necessity. Ti1is necessity haco
aleo crown out of the ccntinuous demands of modern
technolo ies and the requirment of a hi h accuracy
level of equipment function for wearons and ot~
important systems. Jnreliability has oonsequences in
cogt, time wasted, paycholosical eflfect of incon-
venience and national security. Reliability taen is
an important researci area; it is every body's
business. Certainly, it is desirable to sonstruct a
s -gtem which is 100% reliable. Unfortunately, we
cennot expect such a high lavel of reliability when
the reliability factors are human beings, understand-
ing of the problem, systen of communicaticns and

requirments of experience.

The most common measures of reliability are
failure rate, probability of survival or mean time
between failures But, the lenzth of life of a device
or syatem, the time +hat iz taken in repsir or

maintenance processes, the pumber of failures of an

Central Library - Ain Shams University



- ' i
goitl aent il cort Lt LTelvo, 4t~ g, e

saita ia o cuene wattin far oo oerhicrye.. CC OVC

-
3
)

A1, evernig which vor L Lans randoin wWnyie

The calculatica Or jocereinetion 2f tne exact
wehaviour ri the.e pondoy variatles ic not joasible,
since uncrrininty due 1o riondomness and due to our
i - n>rance of the truc stnte o the syntem iB seviour.
Probnbility is a neu3aro nf wicertainty. ThoTelOTE,
+he probebility thedr: is one ~7 t.e nOs8. imporinnt
tgolg for solving re.iability ;roblems. Consequenil',
reliability theor: 1is mainly conc.rned with
srobabilities, mean values, iproonhilite Ai-tribacions

wes ETCe

On the other hand , reliability >roblems have
a structure of taeir own, and thus stivuleted the

development of new areas in probanility thesry itsell

Generclly speaking, reliabilitv theory is
directed towards the solution of problems in,
optimizing the probability of mean life, deolsions
concerniny; maintenance policies to be followed, oTr

probabilistic models.
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Many definitions for reliasbility have been
Liven anld varied amon different writers. The
RETMA definition of rcliability etates™ Reliabillt:
i@ the probability of a device performin. its
purpose adequately for tne period of time intended
undexr the operating conditione enoountered ™. This
definition is now aocepted by most reliability
authorities and hence is considered to be standard.
We ocan see that the definition it a probability
statement with qualifyin; oonditions which are open
to interpretation aocording to the numerous partio-
ular situstions. The quality of reliability can be
aasocinted with a number, in most cases, by procescec
of estimation. Mathematiecal statistics, is used to
do this by relating observed past events to future
gimilar events by means of probebilit; stetements.
These reliability estimates can be considered as
though they were exact measurements and therefore

a decision may be made on their adagquaocy
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Relinbili vy function, Fuilure functiOn rnd Failure

ratey

Raliability has been defined in terms of
probability and as o function of timef therefore,
when discussin, reliability we always refer to a
neriod of time, ususlly, the Interval ( o4t}

The reliability distribution function R(t), lknown
as survival function, is a snecified function which
describes the adequacy state of a syatem after

certain period of  time.

If X(t)= (xl(t)’XQ(t)""' Xn(t) ) is = vector—
valued random variable which describes a system
state at time t, and, 1f X;¢X;yeeep X, aYC the
14mits which define the event success, then, R(%)

is given by the probability that

Xl {t )) xl, Xz ( t ))%’Ooo.xn‘t) & xn

i.cey
R(t)=Prob 1X1(t)kx1,12(1:)2x2, ceny Xn(t)) xn.k
(Iw2.1)
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