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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 θ. 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 
Nc/Ncc            uncharged unit is under the process of charging/ charging  
                    is continued from earlier state 
Fr/Fw/Fir/Fiw        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: 
S0=(No, Ns), S1=(No, Nc), S2=(Fr, No) ,S5=(Fir, No) 
Down states: 
S3= (Fw, Nc), S4= (Fiw, Fr), S6= (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. 
X,Y                     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)= αβ(1-r) e
-αx-βy

I0[2√(αβxy)]  
g(x) marginal density of X, i.e. 

g(x)=α 
   

(1-r)e
-α(1-r)x 

h(y)  marginal density of Y, i.e. h(y)=β(1-r)e
-

β(1-r)y
 

y´  residual repair time of a unit after interruption of 
repair 
µ   constant interchangeable rate between operative      
and chargeable standby unit 
λ     constant charging rate of an uncharged unit 
p    P[chargeable standby unit is found to be charged 
at time of need] 

Transition Probability And Sojourn Times       
We obtain the following non-zero elements of 
transition probability matrix P. 
p00=pµA

-1
, p03=qα(1-r)A

-1
 

p00
(1)

=qµλA
-1

B
-1

, p05
(1,6,2,4)

=qµα
2
(1-r)A

-1
B

-1
C

-1 

p00
(1,6,2)

=qµαβ(1-r)A
-1

B
-1

C
-1

 
p00

(2)
=pαβ(1-r)A

-1
C

-1
, p05

(2,4)
=pα

2
(1-r)A

-1
C

-1
 

p30
(2)

=βC
-1

, p35
(2,4)

=αC
-1 

p50=θD
-1 

and p55
(4)

=α(1-r)D
-1
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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 
B0(t)=q00(t)©B0(t)+q03(t)©B3(t)+q00

(1)
(t)©B0(t)+q00

(2)
(t)©

B0(t)+q00
(1,6,2)

(t)©B0(t) 
 +q05

(1,6,2,4)
(t)©B5(t)+q05

(2,4)
(t)©B5(t)   ---(7) 

B3(t)=W3(t)+q30
(2)

(t)©B0(t)+q35
(2,4)

(t)©B5(t)   ---(8) 
B5(t)=W5(t)+q50(t)©B0(t)+q55

(4)
(t)©B5(t)   ---(9) 

where 
W3(t)=e

-λt
+q32(t)©e

-C(1-r)t
+q34

(2)
(t)©e

-β(1-r)t 

W5(t)=e
-Dt

+q54(t)©e
-β(1-r)t 

By taking the Laplace transform of equation (7) to (9) 
we can get B0

*
(s) and the steady-state probability that 

the repairman is busy is given by 
B0=lim𝑡→∞𝐵0(t)=lim𝑠→∞ 𝑠B0

*
(s)=N2D

-1   
 ---(10) 

where 
N2=(T2+T3+p24T4)p03p50+(T4+T5) 
(p03 p35

(2,4)
+p05

(1,6,2,4)
+p05

(2,4)
) 

Cost Analysis 
The expected up-time of the system in (0, t] is 

µup(t)= 𝐴
𝑡

0 0 (u) du 

so that  
µup

*
(s)=A0

*
(s) / s   ---(11) 

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

µb(t)= 𝐵
𝑡

0 b (u) du 

so that 
µb

*
(s)=B0

*
(s) / s   ---(12) 

Now that expected profit incurred in (0, t] is 
P(t)=k1 µup(t)-k2 µb(t)   ---(13) 
Where k1 revenue per unit up-time and k2 is the repair 
cost per unit time for which the repairman is busy. 
Therefore, expected profit per unit time in steady state 
is P0=lim𝑡→∞ 𝑃(t)/t=lim𝑠→0 𝑠

2
 P0

*
(s)=k1A0-k2B0---(14) 

Conclusion 
To observe the effect of correlation(r) and 

interchangeable rate (µ) on the system performance, 
we plot the MTSF with respect to r and µ keeping the 
other parameters fixed. From the fig 2 we observed 
that the MTSF increases with increasing r and µ. Thus 
we conclude that the system leads to a better overall 
performance for large value of correlation and 
interchangeable rate.  
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