
Journal of Reliability and Statistical Studies [ISSN: 0974-8024 (Print), 2229-5666 (Online)]
Vol. 3, Issue 2 (2010): 61-72

SSTTOOCCHHAASSTTIICC AANNAALLYYSSIISS OOFF AA CCOOMMPPLLEEXX SSYYSSTTEEMM
WWIITTHH CCOORRRREELLAATTEEDD WWOORRKKIINNGG AANNDD RREESSTT

PPEERRIIOODD OOFF RREEPPAAIIRRMMAANN

**RRaamm KKiisshhaann aanndd ****MMaanniisshh KKuummaarr

Department of Statistics, D. A. V. (P.G.) College, Muzaffarnagar, India.
E Mail:* rkishan05@rediffmail.com, **manish_vats77@yahoo.co.in

Abstract
This paper deals with the stochastic analysis of a complex system with correlated

working and rest time of repairman. The system consists of two subsystems, say A and B
connected in series. Subsystem A consists of two identical units whereas subsystem B consists of
only one unit. The operation of only one unit of subsystem A with subsystem B is sufficient to do
the job. The failure time distributions of the units are taken exponential while the repair time
distributions are assumed to be general. Various measures of system effectiveness useful to
system managers are obtained by using regerative point technique. Graphical study of the system
through MTSF and profit function is also carried out.

Key Words: Series configuration, Markov-renewal process, Regenerative point technique
MTSF.

1. Introduction
 Various researchers including (3,4,5,6,7) have analysed complex system
models under different sets of asumptions such as two types of repair, allowed down
time, abnormal weather condtions, random appearance and disappearance of repairman,
patience time of repairman etc. and obtained various economic measures of system
effectiveness using the theory of Markov-renewal process, regenerative point technique
and supplementary variable technique. The common assumption taken in all these
systems is that a single repairman repairs the failed unit continuously till it is repaired
and the failure and repair times of a unit are uncorrelated random variables. But in
practice, it is not possible for a repairman to repair a failed unit continuously for a long
time due to his tiredness. Thus, working efficiency of the repairman may reduce and he
needs rest for some period of time. Further, as the rest time of repairman depends upon
his working time, therefore, some sort of correlation exists between the random
variables denoting the working and rest period of the repairman.

 Keeping this view, in mind, we, in the present paper investigate a complex
system model by considering the rest period of the repairman. The joint distribution of
the random variables representing the working and rest period of repairman is assumed
to have bivariate exponential distribution with the density function given by
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The system description and assumptions are as follows:

(i) System consists of two subsystems, say A and B connected in series. Subsystem A
consists of two identical units in passive standby whereas subsystem B consists of only
one unit which is dissimilar to units of subsystem A. Initially system starts functioning
from state S0 in which one unit of subsystem A and subsystem B is operative and other
unit of subsystem A is kept as cold standby,

(ii) Each unit of the system has two modes - Normal (N) and Total Failure (F).
(iii) Switching device which is used to detect the failed unit and to switch the standby
unit into operation is assumed to be perfect,

(iv) A single repairman is always available with the system to repair a failed unit. The
repairman goes for rest after working a random period of time, and taking rest for a
random period of time, he again starts the repair of failed unit which is pre-emptive
repeat type,

(v) If during the repair of failed unit of subsystem A, the subsystem B also fails then
priority in repair is given to the unit of subsystem B.

(vi) The failure time distributions of units of both the subsystems are taken negative
exponential with different parameters while the repair time distributions are assumed to
be general.

2. Notations
    E : set of regenerative states
   X :  r.v. representing the rest time of the repairman.
    Y :  r.v. representing the working time of the repairman.
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4. Analysis of Characteristics
(a) Reliability and MTSF
 Using the technique of regenerative point, expression of reliability, in terms of
its Laplace transform (L.T.), is given by

 Taking inverse Laplace transform of relation (36), we can get the reliability of
the system when it initially starts from state S0. Now the expression of mean time to
system failure (MTSF) is given by

(b) Availability Analysis
 Let us define Ai (t) as the probability that the system is up (operative) at epoch
't' when it initially starts from the state Si  E. Using the regenerative point technique
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and the tools of Laplace transform one can obtain the value of A0(t) in terms of its

Laplace transform i.e.
 The steady state availability (probability in the long run that the system is
operative) of the system when its initially starts from state S0, is given by

(c) Busy Period Analysis
 Let Bi (t) be the probability that the repairman is busy at time 't' in the repair of
a failed unit when system initially starts from state Si  E. Using the regenerative point
technique and the tools of Laplace transform one can obtain the value of B0(t) in terms

of its Laplace transform i.e. *B ( s)0 .

 In the long run, the probability that the repairman will be busy in repair of
failed unit is given by,
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(d) Profit function Analysis
 The expected profit incurred by the system during (0,t) is given by, P(t) =
Expected total revenue in (o,t) – Expected total expenditure in (o,t)

The expected profit per unit time in steady state is given by
 P = CoAo-C1B0        (44)
Where, Ao, B0 have been already defined.

5. Particular Case
 If we assume that the repair time distributions of the units of subsystem A and
subsystem B are negative exponential with parameters 1 and 2 respectively i.e.

Then in results (37), (38), (41) and (44) we have the following changes:
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6. Graphical Study of the System Behaviour
 For a more concrete study of the system we plot the graphs for MTSF and
profit function w.r.t  (failure rate) for different values of r keeping the other
parameters fixed. Fig. 2 shows the curves for MTSF w.r.t.  for different values of r (=
0.25, 0.50, 0.75) keeping other parameters fixed as 1, = .002, 2 = .004, 1 = 0.10, 2 =
0.25 and  = .005. From figure it is observed that MTSF decreases linearly as 
increases irrespective of other parameters. Further, the curves also indicate that for the
same value of , MTSF is higher for higher values of r. So we conclude that the high
correlation (r) between working and rest period of repairman tends to increase the
expected life time of the system.

 Figure 3 represents the variation in profit w.r.t.  for different values of r (=
0.25, 0.50, 0.75) whereas in addition to the above parameters we fix C0 = 500 and C1 =
100. From the figure it is clear that profit decreases linearly as  increases. Also for the
fixed value of , the profit is higher for high correlation (r). Thus, finally we conclude
that the high correlation between working and rest periods of the repairman yields the
better system performance.
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Behaviour of MTSF w.r.t.  for different values of r
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Behaviour of Profit function w.r.t.  for different
values of r
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