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The thesis dezls with anslytical methods for
celcrlating the lifetime distributicn of the relisbility
function of redundant systems. 1t consists of seven
chapiers. The zerc chapter exposes some basic concepts

af reliability thecry, while the material of the next six

chapters 1s supposec to be newv in the subject.

in chepter zerc wve describe scme characteristics
of reliapility., The lifetime, the failure rate anc the
gavsilafbility zoefficient for reliaple systems are ciscussec.
4lso tne rzliecility and the mean lifetime for some
rezuncant systens are considered.

Crapter 1 2eals vith an analytical methog for
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ing tne lifetime aistribution for six models of

reaundant systems (leaded, non-loaded and lightly

lcscea systems with and vitnhout repair). Alsoc the effec:
sf repeiz ard of trne cholZece of 1ts cistricuticn cn the
mEaM LT ETLATE DS J1§CuU8§SEC arad s rurericel example 1is
civcen. The TesLits in :2,92 car be obteinea as special
cgzes 27 Cul resLite in this chapter. Tre mater-el cof
thig crepter hes peer puslishec Zn the Frocesdirge ©f the
Fifin Anrier Lperaticns Pesesrch Conference, J&gezig
LTLvErLLTy &ernc Tre toyptian Sceiety for Lperations nesearch
roplicetaion, Voi. 5, No. ; Leécember 197E.
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Juring the perice (C,t; and for tre mean
times t2 svstes fsilure heve beer pbtained under the

eesumption thel tne repair ance the preverntive maintenance

times of & unit sre differently ane srbitrarily cistributecd.
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Morecver the mean lifetimes for some systems with repair ana
preventive maintenance and with repair only which had been
studied vefore in 110,26,25] are derived as special cases of
the resu1f§=bfftﬁi§'éhapter.-alhe—m&terial ofF "this chapter

iz mostly new.

Chapter IIl is cancerned wvith determining the
reliability function anc the availability of a duplicatian
redundant system with & single service facility for preventive
maintenance and repair. The repair times and the preventive
maintenaﬁce times of the two units are governed by dimtinct
arbitrary general distributions. The results obtained by
Srinivasan and Gopslan ESS] and by Gopalan and Sauza{la}
are derived as tpeecial cases of our results in this chapter.

Chapter lh\is concerned with a renewable redundant
system with srbitrary distribution for the volumes of the
inputs. The transition probabilities of the states of the
system are derived and an expression for the stationary
distribution eof the number of units giving services and those
in repair is given. Alsc, the probability loases for the

stationary state of the system is found. The Eriang's loss

]

T -\ 3 bd 3 ey H
formula 112, ar the results obtained in Lfé] are derived

as speclal case

th

of tne results of this chapter. The

3

meferizl of tna

(9]

chapter has Cbeen avcepted for publication

AR : . . .
in'ihe Froceeocings aof the tgyptian Acacemy of Sciences".

Chapter . Geals.uith an analytical metnod for celculating
che svailacility coefficient for a renevable control system
coansisting «of ar autamatic controller and a controlled unit. The
availaebility ccefficient of the system is obtained esnd in order
to make this ccefficient available for application an
approximate formuls is derived. Moreover a numerical example
is given to show that the values of the availability coefficient
and the corresponding approximate values are very close. The
material of this chapter has been accepted for publication in
"The Egyptian Computer Journal", The Institute of Statistical

Studies and Research, Cairo University.

s < —————————Y
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In chapter VI an analytical method is used for
determining the failure rate for a rerevable periodical
controlled system. We consider an unrestricted renewable
‘system functioning under a continuous controllable regime.
we investigate its assymptotic behaviour and the
availability function for the stationary regime. Moreover
tme failurs rates of some special distributions for the

lifetime are derived.
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CHAPTER

11
o

SOME CEARACTERISTICS COF RELIABILITY

Ir. the pursuit of maximum efficiency ir the cperation
¢t large-scale military and commercial ergineering systems,
the complexity of equipments and configurations has been an

gversincreasing phencmencn. Reliability theoryis composed

¢ the systematic procedures bzsed on analytical techniques
emploOyet 1o ensure the operational efficiency of such

complex systems. As & quantitative measure, reliability is

L]

definec

N

s the preobabilivy that a syster will adeguately
rerforn. its intenced purpose for a giver pericd cf time
under stated environmental conditions. Hedundance, renewal
ar¢ mEinienance are considerec in order to maximize the

erflcisrzy ¢l the operation of systems. The meaw 1ifetime

Just &8 in other brarches of science, the basic conmcepts of
reiiability trecry are understocd by describing the relationships

among them. Sy & unit is meant an element, a system, a part of

& systerm Cr tne like. The operation of a unit means the set of all
phases of ils existence: transportation, fmaintenance, preparatiocn

for a speciliec use, servicing and repair. The concept of the
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reliabllity of a unit is connected in & very real way with the
concept of its quality. The quality of & unit is the set of
properties defining the agegree of suitability of the unit for
& specifizc use. Thus, the concept of the quality of = unit

cdepends ir & very real way on the manner in which it is used.

By the relisrcility of & unit we mean the ability cof the
unit tc maintein its quality under specified conditions of use.
+r. other worls, reliability is & property whick is extenced ir
time. Reliability is determined by quality and operating

conaitions.

One of the basic concepts in reliability theory is that of

-
1

failure arnc fzilure-free operation.

-
a

eillure~free cperation is
“ne abllity ©f the unit te Kesp its anility io functiorn i.e.
Lot to have reilures | thrcughout a specifiec veriod ¢f time
wnéer specilles Coniitions.
x2se or modificaticn of those rroperties of the inits in such

& way tral tnelr Tunctioning is seriously impeced or completely

stopped.

Kow, we shall consider the operation of a unit until first
failure and we shall study the different characteristics ¢f the
reliability of such units. uppose that the unit begins to
function at ine instant t = C and that a failure occurs at the

<nstart § = T . We say that 7. is the lifetime ¢f the urit,
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Z being = non-negative random variable with probability density

function £{t}, zerc for negative values of t, that is

Prob(t £ T £ t + 5 Ly
At

)

(t) = lim
ot — 0+

(0.7

o

T{tict = 1 . (0.1.2)

0

ne distribaticr of T, is determined by the probapiilty density
functicn, Fit , put it is for some purposes corvenient to word with
cmrmer Functions eqgoivalent to fity. One such is the camulative
disvributicr. Tuanction, Fit), giving the probability that a

compenent has “ziled by time t. That Is

.,,
ot
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T}
3
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e e
= PEe SRR
P
o
S:+ iz «rown 1o wre failure functign. Cllearly Tlt. 13 & non-
cecressing funciicn of T owith Tloi=l, Fieei=zt. Eguation (1.7.0
goves Fu, ir terms of tne propabllity censity function, i,
-~ . T e -5 - . - - —_ -
Tonversely, on .ifferentiating (C.0.34,
f e = . _ 2 - e
vty = r (T = = T e e
e b
cerermin.n. TU1. L.r 2 given F(uil )

'ry
(‘
o
w
[e]
=]
m
S|
-
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rposes it LS siightly more CORVERLENL Lo WOrK woln
<he funciion complementary te F(ti. This 1s krown oy the

rellepllity furction or the survival functiom, fity,
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"giving the protatility thal & component has not failea uwp To tins

v, Clearly Rily=1, Ki{oci=0 and Rit) 1s & non-increasing Iuncuion

-~ £ S
21 0T, mIss
’ fr =
T = =Rty . [T,
flt] e - [ . - Pl Te Y s - £ ~ v G e T
Flgure (.0 snows the functilons D{z!, T3] ang R(T, for a typlcal

cistribution. Solh Tunctioms F{t) znd Ri{t) oftern arise very

raturally, Jor example in considering the probabili

SOTEORERT Will sSurvive z guzrantee

g

erint t,-

l/" ._\‘
/ .
f A
fos \
/ N
| k
- - = -
z , t— b
Fig.l.t Furciions Sity, Tt ant RlTy for oz typleal
cistributicrn.
iz, Frobability density functicn, IT(%i.
b capulative distributicrn funcuion,r .t

————— reliability function, R{t..

Tre reliab.lity function F{t) czar be found approximately from
experimert. L&t us suppose first that we rneed tc find the vaiue

of this functiorn &t <=t , I.e., the probatility of failurée-free
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operation during the interval [0, toj . We test N identical units
under identical conditions during the interval [ O,to] . Suppose

n <N units continued operating without failure up toc the instant
at which the tests are discontinued. We may consider our
experiment as a sequence of N independent trials, in each of which,
one or the cther of two events takes place: either the unit fails
or it does not fail. But then, the ratio n/N is the frequency of
occurrence of the first event and, in accordance with Borel's

_
thecrem | §;, we have

0/ ey RIL,) ‘'as N .3 ea

with probability 1. This means in practice that, for large N, the

approximation
n/N == R{ty) 10.1.7}

rolds with probability close to 1.

If we wish to find the function E(t} for all values of t< %,
we need Lo carry ocut tests over a period of time tC and to note the
instants at which failures occur. If we know these instants, it is
easy to determine the function nit), which is egual t¢c the number
of units that have not failed up to the instant t. At the initial
instant, this function is equal to n{o)=N, and at the instant of
each failure, it decreases by unity. The ratic RN{t)=n(t)/N is
called the empirical reliability function. With increasing N, this
function approximates the function R{t) uniformly, and, for large

N, the approximation
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RN(t) = n(t)/N == R(t) {0.1.8)

ig wvalid. To get the same degree of accuracy in our approximaticn
of the funciion R(t), we need to maké considerably more

experiments than we woulc to obtain an approximation for ithe
probability of RE(t,). For this reason, the reliability is often °
characterized nct by the function R(t) only but by certain
numeriéal quantities like the mean and the variance of the lifetime,

the availability coefficient &nd the failure rate.

g.2. LIFETIMZ &4ND FAILURE RATE FOR RELIABLE SYSTEMS

One of the important concepts in reliability theory is that
oF life. The lifetime of a unit means its capacity for extended
LSE Lncer Lhe necessary tecunsiogical servicing, which mey include
varicus types of repairs and maintenances. The lifetime is
-lessifres—erimer—oy time or the number of cycles or the volume
5% work performed. For certain units, the concepts of life and
faiivre-free speration may ccincide, but, in general, these are
indegencent cnaracteristics of relizbility. The mean lifetime T
of & unit is cefinea by the mathematical expectation of the random
variable T ,

e <}

‘,
| ef{t)dt
o

—3
(]

E(T) =

r t{-R’{t))dt

[~]

L=

,
[ R(t)dE. (0.2.1;

2
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