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PREFACE

In this thesis we are mainly coneerned with the reliability
of a standby system. Repair and preventive maintenance
bave been used to improve tne mean life time of & propused

- 8ysteuw. The thesis is diviued into four chapbers,

In chapter I, n main units and ons standoy reaundant
repairable system, and the system of two dissimilar inits
with imperfect switchover, are comsidered. Our concern is
the time to the firat aystem down. Applying identifying
suitable regensrative stochastic points, we derive the
probabilistic integral equations for the Probability
function of the tin&ito the first failure (TFSP). dnalytical
and numerical comparigons of the mean TPESP with both pexrfect
and imperfect switching are made. The limiting distribution
of the time to the system fallure as the repair time
decreaaaa is investigated. We reveal the migtake in which,
Osaki.S," IKEK, Vol B~2l, 1972" has fallen in obtaining
the mesn TIPSR for the two dissimilar units with imperfect
switchover. A part of this chapter is published in 1459
Aonaal Conference on Operatioxn Research,l.B.8.R., Cairo, 1Y7v.

Chapter II is intended to provide, the determination of
the time to the first systenm down, for the parallel systen
of 2 main units and m reserve units with imperfect switchovef\
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We copsider the special case of n main units end one

reserve with imperfect switchover,

In chapter III, a repairable two dissimilar units
standby redandant system 1is 6onside§§¢ under the three
majntenance policies, ‘difficult maintenance policy' in
which the preventiverﬁaintenance performs indepenaently
of the state of the standby unit . Moving maintenance
policy, in which the pﬁeventive maintenancg gcgurs only
if thereis a unit in standby, if the standby unit is under
repair or maintenance, then the preventive maintenance
performs only after completing repair or maintenance of
the standby unit. - mh; economic maintensnce policy, in
which the preveative maintenance performs only if there
exists a standby unit, and the operative hnit is o?erating
usually up to the failure moment. Our concern is the time
to the £irstiaystem down . The limiting failure time
distribution for the two similar units under the three
maintenance policiea is proved to be exponential, under
certain conditions in the limiting theorem, At the end
of this chapter we show through a numerical example, the
effects of preventive and non preventive maintenance on the
system and the effect of the type of policies on the mean
1life of t};a system. A part of this chapter will appear in
"Pakistan Journal of Bcientific Research; Vol. 33, {1981)".

In chapter IV we derive the mean time TFSF for the
system of one main unit and n standdy units under preventive
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maintenance, type difficult policy. We consider two special
cases of this model, the duplex system and the system of one
main unit and two standby units. At the end we reveal ths
mistakes in whbich, "Mine, H. and Asakura, T.,J. Applied
probability, No. 6, 196Y" have fallen in deriving the time

to failure for the special case of the duplex system.
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CHAPTER 0
INTRODUCTIORN.

The mathematical theory of reliaoility has grown out
of the demands of modern technologies and the requirewent
of high accuracy level of equipment function for weapons,
nilityYary systems, large electropic computers and other
important &ystems. Reliability is the probadbility of a device
performing itS purpese adequately for the period of time
intended under the operating conditiona encountered; this
definition is given in /8 _7/.

The most common messures of reliabllity are failure
rate, probability of survival or mean time between failures.
Generally speaking, reliabllity theory is directed towards
the solation of problems in, optimizing the probability of
mean life, decisions concerning maintenance policies to be
followed, or probabilistic models. The most basic method of
achieving a reliable system is through meture designs and
redundency technique which has proved to be s significant
tecnniqie in achieving a bigh level of reliability. Generally
there are two basic types of recundancy, namely, standoy
rédundancy and parallel redundancy. 4lso maintainability is
used to achieve a high effective reliability. Calabro L8 7
suggested a quantitative definition for it which states
"Maintainability is the probability that a device will be
restored to operational effectiveness within a given period
of time when the maintenance action ig perforued ip accordance

with prescrived procedures".
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In general, there are two types of maintainability .
namely preventive maintenance and corrective maintenance.
The time to system failure distribution is studied, from
which the system mean life time is derived. Failure,
repeir and maintenance times, for each unit are assumed
to have arbitrary distributions. The family of exponential
distributions is the best known and has a number of desirable
mathematical properties.

The switchover device is important in standby redundant
systems. In chaptérs.I and II, a standby redundant
repairable system with an imperfect sﬁitchover is sptudied
teking account of failure of the switch.

Several authors have studied repairable systems with
perfect switchover. The behaviour of a two unit standby
redundant system is investigated in /15_7 and /24_7 with
arbitrary failure and repair distributions. In /29 _/ the
eystem with one main unit and n standby units with arbitrary
failure and exponential repair distribution has been studied,
The problem for n units a8 main units and one standby has been
studied in /[ 4 _7 with exponential failure @nd arbitrary
repair distributioa. A two siwmilar and dissimilar units
standby redundant system with iwperfect switchover is
 investigated im /25 7, all time distributions of each unit,
except repair of the units are exponential. The Laplace Steltjes

transform of the distrio.tion of the time to first syatem
failure (TFPS®) and the mean time (TPSF) for two similar
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units are obtained. For two dissimilar units the authors

of /257 derived a formula, for the Laplace Steltjes
transform for the distribution of the TFSF, whi ch is not
true, sinée it does not give the same formula for the two
similar units. The availability and the reliability analysis
of a one-server 2-unit standby with impsrfect switch is
studied in /Y _7. Explicit expressions for the Laplace
transform of the mean down time of the system and the mean
time to system failure have been obtained, Two models of
2-anit standby redundant systems witk imperfect switchover
are studied in /23 /. In model I the switch assumes up

end down states repeatedly independently of the behaviouar
the main unit; the stochastic behaviour of the systen,

i.e., the first passaze time disvribution, the expected
nunber of vislts to a certain state, and the transition
probabilities are obtained. In model II the failure of the
switch can be detected only when it is used. The availability
of i-gerver 2 dissimilar units cold standby redundant system
with slow switck has been studied in /10 7. ZExplicit
expresslons for the';apla.ce transform of the mean up time

of the aystem and the steady stave availability of the
system have been obtained. |

In /11 7 & standby redundant complex cystem with
imperfect switch is studied. The bekaviour is analysed
for a complex system consisting of two units and an

imperfect switch. In one unit the comporents are
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connected in series while in the other they are in standby
redundancy with imperfect switching; Laplace transforms of
various state probablilities have bean qbtainad. In chapters I
and II a standby redundant repairable system with an imperfect
switchover is studied. In chapter I, two models of standby
redundant systems with imperfect switchover are studied and
the stochastic behaviour for each model is investigated. In
model I there are n main units and one standby unit, and in
model II there are two dissimilar units.

The switch is used instantanocusly to change & unit from
the standby state into the operating state, All time
distributions except repair time of the units (which is

arbitrary distributed) are exponential.

Our concern is the time to the first system dowan; applying
identifying suitable regenerating stochastic points, we
derived the probabilistic integral equations for the
probability function of the time to the first failure.

The Laplace transforms for these equations are obtained,
as well a8 the mean time to the first system down is derived
for the two models. The limiting distribution of the time
| to the system feilure as the repair time decreases to zero is

investigated y T30 7.

A numerical examplé showing the effect of the switch on

the reliapility of the system is given in this chapter.
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In chapter II we study a model of n main operating units
and m reserve units with imperfect switchover, the time
%o the firgt sgystem down for this model and for the model
of n main units and one reserve upnit is derived.

In chapter III we study the two dissimilar units under
repair and preventive maintenance subject to three policies

-

¢f maintenance,

There are geveral well Xuown strateglies to mwaintain a
system with high reliability such as a repliacement system,
a two .nitv standby redundant system and a multiple unit
standby redundant system.HKeaundancy, repair and preventive
maintensnce sre well xnown metnods of increzsing the
reliability of sysvems. Several authors /15_7 and /24 7
bave analysed 2-unit standby redundant systers with repair.
They derived the Laplace transform of the probability function
of the time to the first failure and its mean. Osaki and
Asskura /25_7 eanalysed the system subject to ome policy of
preventive maintenance. The preventive maintenance performs
independently of the state of the 8tandby unit, which may be
in standby, in repair or in preventive msinterance (difficuls
maintenance policy). The time of g failure, repair,
inspection or preventive maintenance of the units is assumed
to be grbitrerily distributed. Gnedenko 8.V., Dynitsch,M.
and Eldin, Y.N., /16 _/, snalysed the system subject to
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another policy oI preventive maintenance; the preventive
maintenance occurs only if there is a unit in standby, if

the standby unit is under repair or preventive maintenances
then the preventive malntenance performs only after completing
repair or preventive maintenance of the standby unit (moving
maintenance policy). Gnedenko, B.V., lshmoud,I, /17_7,
studied the system under a third policy (economic maintenance
policy); the preventive maintenance performs only if there
€XisTs a Standby unitv; if not, the operative unit cperates

usually up to the failure moment.

The two dissimilar units under vne difficult and
moving policies have been studied in /5 _7 and /1 _7.
In chapter III we study a 2 dissimilar units under the three
policies. Our concern is vhe time to the first system —~down;
apclyicg idenvifying suitable‘regenerative stochastic points,
we derive svhe probaoilistic irtezral eguations for the
prooabllity furction of the time to the First failure.
The Lgplace iransforms for these equations are cobtained as
well as the mean time to the Iirst systex down., In the
Tirst sscvion of tnis chapter we study The system under the
econonic naintenance policy. In the second section we study
the two dissimilar units ander the three maintenance policies
0y another method and investigate the liniting distribution
function of the duplex system (in case of two similar units)

under these policies when the mean life time of the system
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ig very large with respect t¢ the mean duration time of

the repair and the mean time of inspection.

The effect of preventive and noppreventive maintenance
on the system and the effect of the type of policy on the
mean life time of the system are discussed through a

numerical example at the end of this chapter/ 21 7,

In chapter IV we study the analysis ¢f a mcdel with one
mein unit and n standby anits with repair and maintenance.
The Laplace transform of & probapility density function oI
the time To the first sysvem cown, is derived and 1its mean
value is ziven. we consider at the end of this chapter the
treatment of iine,H., and Osakura / 22_/, who treated the
problem under the difficult maintenance policy. They have
derived the time, vo failure, distribation, of the systenm
for the sake of determininz an expressicn for the mean lifle
time; then they have studied as a specizal case the duplex
system buv they have fallen in a numper of mistakes. e

reveal these mistakes and discuss toex.
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