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Abstract

In order to improve reliability, system is considered. The system has two dissimilar components working in
parallel. The failure time of the components are assumed to be exponentially distributed with different
parameters. Failure of one component puts the work pressure on the second component, causing its changed
(increased) failure rates. There are two repair facilities to repair the components. The repair time distribution of
each server is exponential. We obtain the expressions for reliability, the mean time to system failure (MTSF) and

steady state availability for both the systems.
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Introduction

Two- unit standby system models have been widely studied in the literature of reliability due to their frequent and
significant use in modern business and industry. Recently, Mokaddis and Matta (2010), Khaled (2010) and
Sharma et.al (2010) have studied two unit standby systems. They have considered a single repair facility to repair
both the units. When both the units are failed, one failed unit waits for repair .Researchers in reliability have
shown keen interest in the analysis of two (or more) component parallel systems. Owing to the practical utility in
modern industrial and technological set-ups of these systems, we come across with the systems in which the

failure in one component affects the failure rate of the other component.
System Description

i. The system consists of a single unit having two dissimilar components, say A and B arranged in parallel.
ii. Failure of one component affects the failure rate of the other component due to increase in working stresses.
iii. The system remains operative even if a single component operates.
iv. There are two repair facilities to repair the components. When both the components are failed, they work
independently on each component.
v. The repair rates are different, when both the repair facilities work on same component and when both work on
different components.

vi. After repair, each component is as good as new.
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Notations and states of the system

E = Set of regenerative States
o = Constant failure rate of component A when B is also operating

B = Constant failure rate of component B when A is also operating

o' = failure rate of component A when B has already failed
p " = failure rate of component B when A has already failed
Y = repair rate of component A when B is operating

O = repair rate of component B when A is operating

6 = repair rate of component B when A is also under repair

T = repair rate of component A when B is also under repair

L = rate of conducting preventive maintenance

A = rate with which system goes for preventive maintenance.
An : component A is in normal mode and operative
Bn . component B is in normal mode and operative
Ar . component A is under repair

Br . component B is under repair

Ar . component A is in failure mode needs repair

Br . component B is in failure mode needs repair
Anp . component A is under preventive maintenance
Bnp . component B is under preventive maintenance.
The system can be in one of the following states:
Up states:  So (AxBN) , S1 (ArBN) , S2 (AxBg)
Down states: S3 (ArBr)

Up states:

:)0.\‘.-“ -

States: = T
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Transition probabilities and sojourn times.

Let To(=0), Ti, Ta,... be the epochs at which the system enters the state Si € E, and let X, denotes the state
entered at epoch Ty+1. i.e. just after the transition of Tn.Then {X,,Ta} constitute a Markov- renewal process with

the state space E, and
Qij (t) = Pr[Xus1 = S, Toe-Tu< t | x, = S, ]
Then the transition probability matrix of the embedded Markov chain is :

P=(r)=0, ()=0()

By simple probabilistic considerations, the non-zero elements of Qjj(t) are:

oS (t)z _[Otaei(auﬁ)udu > Qoz J. Pe as)

t 1
t) :J'O 76—(y+ﬁ) du ’ Q13 J' Bl e-rp)
0,(t) J. 5 e gy , 0,,(¢) J. al e gy
0, (t) J 6 e dy , 0,,() j n e Oy (1)
Taking limit as t — 00, the steady state transition probabilities pjj can be obtained from (1). Thus
j
B, =i, 0,()

po =alla+p) py,=ala+p) p,=rvir+p) ps=81r+p")
0 =5/(0(1+5) P :al/(al+5) Py =0/(0+n) py, =nl0+n)

From the above probabilities the following relations can be easily verified as:

Pt Py =PptPy="PotPs=DPy+tPy=1

Mean Sojourn Times

The mean time taken by the system in a particular state S; before transiting to any other state is known as mean

sojourn time and is defined as

,uJ. T>t

Where T is the time of stay in state S; by the system. s

To calculate mean sojourn time L in state S; ,we assume that so long as the system is in state S;, it will not transit

to any other state. Therefore,
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w=[ e s p) =) =1 B =10 5n)

Reliability and Mean Time to System Failure (MTSF).

To determine Rj(t), the reliability of the system when it starts initially from regenerative state
Si(i= 1,2), We assume the failed state S3 as absorbing. Using simple probabilistic arguments in regenerative point

technique, we have
Ry(6) = Zy(t)+ 40, (£) @ R,(1)+q0,() © R, (¢)

R(1)=Z,(1)+ 9,0 Ry(7)

R,(6)=Z,(t)+ 420 Ry(t), 3)

Where we define Z; (t) as the probability that starting from state S; the system remains up till epoch t without

passing through any regenerative state.

z,()=" @+ PN 2=+, 7 )= (6+a')

>

Taking Laplace transform of relations and solving, we get

R *(S): Zo +40Zi +40Z;
0 * * * *
1=q5970 — 90,95

“4)

Here for brevity the argument s is omitted .Now by taking the limitas s — 0 in equation (4), the mean time to

system failure when the initial state So, is

E(T) = Ho + Porth + Pontly
1= Py Pio = PoaPao

)

Availability Analysis.
Let A; (t) be the probability that starting from state S; the system is available at epoch t without passing through

any regenerative state,

Now, obtaining A; (t) by using elementary probability arguments:

A1) = Z,(6)+ 40 (1) 0 4,(1)+ 40, ()0 4,(¢)

A4,(6)=Z,(0)+ 410 (6) 0 4y(1)+ a1, (6)0 4 (¢)

4,(6) = Z,(1)+ 420 (1) © 4,(6)+ 45 (1)0 4(0)
A4,(0)= 45, 0 4,(0)+4:,(1) 0 4,()

Taking Laplace transform of above equations and solving for AZ(S), by omitting the argument ‘s’ for brevity,

we get
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Where

N, (S)z [Z; + q;l Zl* + qSZZ;] [1 - %*3 q; 9;3] + [qgl 91*3 + qu 9;3] [q; Zl* + q;kzZ;]

Dl(s): [1 —4q1393 — 4y ‘]32] [1 ~ 4901 910 920 %2] - [qgl ‘]1*3 + qu q;}] [Q;z q; + Q;‘]m]
Therefore, the steady state availability of the system when its starts operation from Sy is

Ay (20) =1, Ay(t) =% SA(5)=N,(0)|D3(0)=N, | D,

T t—0 T s—>0

Where N; and D, are as

Ni=Ni (0) = (notPo1pi+Po2 p2)(1-P13P31-P32P23)+(Po1P13+Po2P23) (P31 putP32) (6)
D, = Dll 0)= (onP32 + POIPSI)IUI + (P32 B, +h, st) Hy (7
Conclusion

This paper describes an improvement over the Khaled (2010) and Sharma et.al (2010) have studied two unit
standby systems. They have considered a single repair facility to repair both the units. Using regenerative point
technique reliability analysis, availability analysis, busy period analysis which shows that the proposed model is

better than Khaled and Sharma (2010).
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