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Abstract

This paper presents the analysis of a two-unit chargeable standby
system with interchangeable units(identical) i.e. the operative and standby
units are interchanged at random epochs. The failure and repair times of
each unit are assumed to be correlated and their joint density is taken as
bivariate exponential. Using regenerative point technique, various
reliability characteristics of the system have been obtained. The behavior
of MTSF has also been studied through graph.

Keywords: Chargeable Standby Unit, Interchangeable Units, MTSF
Introduction

Various researchers including references[1, 2] have analysed two-
unit standby system assuming that standby unit becomes operative
whenever operative unit fails and also failure and repair times are
uncorrelated. Sometimes we come across the systems where operative
unit requires some rest and standby units needs its operation i.e. operative
and standby units are interchanged at random epochs. Such standbys are
known as chargeable standby. Ref. [3] has analysed a two-unit chargeable
standby system with interchangeable units. But in practical life, it is also
observed that there are some systems[4, 5] with correlated failure and
repair times.

Keeping these factors in view, we analyse here a two-unit
chargeable standby system with interchangeable units and correlated
failure and repair times.

Model Description

The system consists of two identical units. Initially one unit is
operative and the other is chargeable standby. The operative and standby
units are interchanged at random epochs. The chargeable standby may be
found charged with probability p and uncharged with probability q at the
time of need. A single repair facility is available to repair a failed unit and
also to charge an uncharged unit. When system is down, the priority is
given to the charging of an uncharged unit. The joint distribution of failure
and repair times of each unit is bivariate exponential. If the operative unit
fails while the other unit is under repair, the unit which failed later is taken
up for repair superseding the repair of the unit already in hand. The
residual repair time of a unit whose repair is interrupted need not depends
on its failure time. The distribution of residual repair time (y") is negative
exponential with parameter 8. A repaired unit works like a new one.
Notation And States

In order to define the states of the system, we define the following
symbols.

No/Ns unit is normal mode and operative/ chargeable standby
Ne¢/Nee uncharged unit is under the process of charging/ charging
is continued from earlier state
F/Fw/Fi/Fw  failed unit is under repair/ waiting for repair/again taken
up for repair after interruption/waiting for repair after interruption

Now, using the above symbols, we have following states of
system.
up states:
§0:(N0, Ns), Slz(No, Nc), SZZ(Fn No) ,§5:(Fin No)

Down states:
§3: (Fw, Nc), Sy= (Fiw, Fr), Se= (Fw, Ncc)

The underlined states are regenerative. Transition diagram is
shown in fig.1. The other symbols, used in the paper are defined as
follows.

XY failure and repair times of an operative and failed unit
f(x, y) joint density of X and Y, i.e.
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f(x, y)= aB(1-r) € Io[2\(aBxy)] g(x)=a
g(x) mar%mal density of X, i.e.

1-r)e X
1-r)y
y~ residual repair time of a unit after interruption of
repair

M constant interchangeable rate between operative
and chargeable standby unit

A constant charging rate of an uncharged unit

p P[chargeable standby unit is found to be charged

h(y) marginal density of Y, i.e. h(y)=B(1-r)e’
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Transition Probability And Sojourn Times
We obtain the following non-zero elements of
transition probablllty matrlx P.

00=PHA", pos=qa(1-r

Boo PL%uAApB qp( “)“‘”-qua (-nA*Bict
Poo*“=quap(1-NA'B"C

poo(z)-paB(1 r)A ct , Pos (2 D=pa®(1-nA'ct
pso®=BC", pas*“=aC"

at time

of need] ps=6D" and p55‘ )=q(1-)D*

where

A=[p+a(1-n)], B=[A+a(1-1)], C=(a+p) and D=[0+a(1-1)]

& learly these robabilities satisfy the followmg relations:

p00+p00 )+p ( (77)+p (1,6,2,4) +p +p00( )+p0§(24 1 p10(2)+p (2, 4)__l and
(4~

Pso +p55 1

The mean sojourn times in the various states are:

To=A"!, Ti=B™ T.=[(1-0)CT " Ts=Te=A"" T,=[B(1-1)] ! and Ts=D""!

MEAN TIME TO SYSTEM FAILURE
Considering the failed states S3, S; and Sg as absorbing, we have, by simple
probabilistic reasoning, the following relations.

To()=Qoo(DE) o(H)+Qo3(H)+Qo3(1)+Qoo (1) Gmo(H)+Qos D(6)+Qo0 (1) ®mo(t)

+Qos P(t) ==---- (D)
Taking the Laplace-Stieltjes of (1) and using the well-known formula for MTSF,
we get

MTSF=(To+poi T1+po2T2)/(1-Poo-Poo’ : )'Po()(z)) --=(2)

AVAILABILITY ANALYSIS
Let Ai(t) be the probability that the system is up at epoch t when the system
initially starts from regenerative state S;. Now using the arguments of the theory of
regenerative processes, we observe:
Ao(t)‘"Mo(t)'*'q)oo(t)@/\o(t)+Q(n(t)©A2(t)+Q()0( )(t)©A0(t)+QO0(2)(t)©Ao(l)

(e 2NOOAS(L)

+Q() (I)Q/\()(t)'*'(-lm(l ’ 4)(t)QA (t)'*‘CIos ---(3)
A3(H)=qz0”(HOAN(D)+qss P (DOAs(1)  ---(4)
As()=Ms(1)+qso() OA()+qss I DOAs(t)  —=(5)
Where
Mo(t)=e A'+qq; () Oe B +qgy(1)Oe ™"
M5(t)=e'D‘

By taking the Laplace transform of equations (3)-( 5) we can obtain A, (s). Using
this result, the steady state availability of the system is given by:
Ao=lim; e Ao(t) = limg_g s A¢ (s)=N; D! -—(6)
where
Ni =(To+poi T1+po2T2)pso+Ts Pos pss >
and

“(m()o'*'moo '*'moo( )‘*‘moo Mos . 624)+m S )‘*'mm)pso"'(mzo ")“"mzs
msg+mss'?) (pos > +pos®P+pospss>?)

1,62
B ))po3pso+(
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Busy Period Analysis

Let Bi(t) be the probability the repairman is
busy at epoch t when system initially starts from
regenerative state Si. By simple probabilistic
reasoning we have
Bo(£)=oof)OBolt) +dos(Y)OBa(0) +0loo()©Bo(t) +aoo ()0
Bo(t)+dog 182ty ©Bo(t)
+os# A OBs(t)+0os > ()OBs(t) -—(7)
Ba(t)=Ws(t) +da0"” () ©Bo(t) +3s* “()OBs(t) -—(8)
Bs(t)=Ws(t) +so(t)OBo(t) +aiss " ()©Bs(t) ~--(9)
where
Wa(t)= My e e CNt, q34(2) ()© o BNt
Ws(t)=e P +gsa(t)0e P
By taking the Laplace transform of equation (7) to (9)
we can get By (s) and the steady-state probability that
the repairman is busy is given by
Bo=lim,_,.. Bo(t)=lim,_,.. sBo (5)=N2D™" ---(10)
where
N2=(T2+Ta+p24T4)PosPsot(T4+Ts
(poa(p35(2'4)+gos(1'°)'g4)fp 5(&‘1)) )
Cost Analysis
The expected up-time of the system in (0, t] is

Mup(®)=J; 4o (u) du

sothat

bp (8)=A0 () /s (1)

The expect duration of the busy period of the
repairman in (0, t] is

Ms(t)=J;, Bb (u) du
sothat
Ho (S)=Bo (s) /s ---(12)
Now that expected profit incurred in (0, t] is
P(t)=k1 Mup(t)-Kz Hut) -—(13)
Where ki revenue per unit up-time and k3 is the repair
cost per unit time for which the repairman is busy.
Therefore, expected profit [Z)er unit time in steady state
is Po=lim,_,., P(t)/t=lim,_,, s° Po (S)=K1A0-k2Bo---(14)
Conclusion
To observe the effect of correlation(r) and
interchangeable rate (i) on the system performance,
we plot the MTSF with respect to r and p keeping the
other parameters fixed. From the fig 2 we observed
that the MTSF increases with increasing r and p. Thus
we conclude that the system leads to a better overall
performance for large value of correlation and
interchangeable rate.
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TRANSITION DIAGRAM

o we==p regenerative-point

— failed-state

Fig.1

Behaviour of MTSF with respect to




