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INTRODUCTION 
Numerous researchers viz 

1,7
 in reliability theory have analyzed two unit/complexsystems models under different sets of 

assumptions. In Most of the papers authors have assumed that the failure and repair time distributions are exponential. 

Some authors including have also used the li

in the analysis of two unit systems. Gupta and Bansal

unit standby system. Gupta R and Krishan R

unit with fixed preparation time and hypo exponential repair time distribution. The concept of correlated failure and 

repair time distribution have also been used by various authors including

complex system model under different set of assumptions and concept of administrative delay, preventive maintenance 

and repair machine etc. The purpose of the present paper is to analyze a three unit, non 

times of each unit as negative exponential with different parameters whereas the repair times of each unit as hypo

exponential with different parameters. Using regenerative point technique, the various reliability measures of interest 

such as reliability, mean time to system failure, steady state availability, expected busy period of the repairman, expected 

number of repairs and net expected profit incurred by the system in steady state are obtained. 

 

SYSTEM DESCRIPTION AND ASSUMPTIONS
The system is composed of three non - identical units, namely, A, B and C. For the successful operation of the system, 

unit A and at least one of the units B and C should work. The failure time distributions are negative exponential while the 

repair time distributions are hypo-exponential with different parameters. A single repairman is available with the system 
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in reliability theory have analyzed two unit/complexsystems models under different sets of 

assumptions. In Most of the papers authors have assumed that the failure and repair time distributions are exponential. 

Some authors including have also used the linearly increasing failure rate and hypo-exponential repair time distribution 

in the analysis of two unit systems. Gupta and Bansal
5
 have used the linearly increasing failure rate to analyze a three 

unit standby system. Gupta R and Krishan R
3
 carried out on the comparison on two stochastic model each having two 

unit with fixed preparation time and hypo exponential repair time distribution. The concept of correlated failure and 

repair time distribution have also been used by various authors including
2,4,6

 in analyzing two unit system model and 

complex system model under different set of assumptions and concept of administrative delay, preventive maintenance 
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to repair the failed units. The unit A gets priority in repair over the units B and C, while FCFS service discipline is 

followed for units B and C. After repair, a unit works as good as new. 

Notations and States of the System 

)3,2,1(, =iiα  failure rate of unit A, B and C respectively. 

)3,2,1(),( =itGi cdf of repair time of Unit A, B and C respectively. 
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ijp : steady state probability of direct transition from state “i” to “j” 

)( k

ij
p : steady state transition probability from state “i” to “j” via “k”. 

iµ : mean sojourn time in state i. 

 : symbol for ordinary convolution. 

Θ : symbol for Stieltjes convolution. 

:// ooo CBA Unit A, B and C are operative.  

:// rrr CBA Unit A, B, and C are under repair.  

:// ggg CBA Unit A, B and C are good. 

:// www CBA Unit A, B and C are waiting for repairs. 

The possible states of the system are: 

( )ooo CBA ,,  S0 ≡ ( )oro CBA ,,  S1 ≡ ( )roo CBA ,, S2 ≡  

( )ggr CBA ,,  S3 ≡ ( )gwr CBA ,, S4 ≡ ( )wgr CBA ,,  S5 ≡  

( )
rwg CBA ,,  S6 ≡ ( )

wrg CBA ,,  S 7 ≡  

The underlined states are non regenerative. Transition diagram along with all transition is shown in fig. 1 

Transition Probabilities and Sojourn Times 

The non-zero elements of the transition probability matrix ( )ijpP = are as follows 

TRANSITION DIAGRAM 
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Analysis of Reliability and Mean Time to System Failure (MTSF) 

Let the random variable iT
 denotes the time to system failure when the system starts from state )2,1,0( =∈ iES i . 

Then, the reliability of the system is given by ][)( tTPtR ii >=
 
To determine )(tRi , we regard the failed states of the 

system as absorbing. By probabilistic arguments we have  

(t)q(t) (t)q (t) (t) 20210100 RRZR ++=  
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(t))(q (t) (t) 01011 RtZR +=  

(t))(q (t) (t) 02022 RtZR +=     (5.1 - 5.3) 

where  
t
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Taking, Laplace transform of the relation (1-3) and simplifying them for )(*

0 sR , we obtain 
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we have omitted the argument s for brevity. Taking inverse Laplace transform of (4) one can get the reliability of the 

system starting from 0S . 

The mean time to system failure (MTSF) can be obtained by using the following relation  

MTSF = ∫
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and hence, its value is given by  
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where, we have used ijij pq =)0(*
 and ( ) iiZ µ=∗ 0 . 

Availability Analysis 

To obtain recursive relations among point wise availability define (t)A i as the probability that the system is up at 

epoch‘t’ when it initially starts from regenerative state iS . Elementary probabilistic arguments yield the following 

recursive relations: 
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The steady state system availability is given by  
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Busy Period Analysis 

Define )(tBi  as the probability that the system having started from regenerative state ESS ii ∈,  at time 0=t  is 

under repair at instant‘t’.By simple probabilistic arguments, we have the following recursive relations: 
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Taking Laplace transform of the relations (7.1-7.6) and solving the resulting set of equations for )(*

0 sB , we get  
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and )(2 sD  is same as given by equation (6. 9)  

In the long- run, the probability that the repairman is busy is given by 
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and (0)D1
′  is same as given by equation (6. 12)  

The expected busy period of the repairman during ],0( t  is given by  
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Expected Number of Repairs 

Define )(tVi  as the expected number of repairs of the unit during the interval (0,t] when the system initially starts from 

regenerative state iS . Using elementary probabilistic arguments we have the following relations:  
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In steady state the expected number of repairs per unit of time is given by  
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Profit function Analysis 
Considering the mean up time, expected busy period of the repairman and expected number of repairs per unit of time, 

the net expected total profits in interval ],0( t  are given by  

)()()( 101 tktktP bup µµ −=  

)()()( 0202 tVktktP up −= µ  

The expected total profit per unit time in steady state is 



V K Shivgotra, JP singh Joorel, Pawan Kumar 

International Journal of Statistiika and Mathematika, ISSN: 2277- 2790 E-ISSN: 2249-8605, Volume 18 Issue 1                                                  Page 14 

 Bk - Ak  P 01001 =  

 Vk - Ak P 02002 =  

where, 0k  is revenue per unit time, 1k  is cost of repair per unit time and 2k  is the per unit repair cost. 

 

GRAPHICAL STUDY OF THE SYSTEM BEHAVIOR 
For more concrete study of the system behavior, we plot the graph of MTSF and Availability with respect to failure 

parameter 1α  for three different values of repair parameter 3.0,2.0,1.01 =γ  respectively, when other parameters are 

kept fixed as 5.032 ==αα , 5.0,3.0 21 == ββ , 8.0,5.0,6.0 212 === δδγ . Fig.2 shows the variation in MTSF 

in respect of 1α  for three different value of repair parameter 1γ . It can be seen from the graph that MTSF decreases with 

increase in failure parameter 1α and increases with the increase in the repair parameter.Fig.3 reveals the change in the 

behaviour of availability with respect to varying value of 1α  for three different value of 3.0,2.0,1.01 =γ . From 

graph, it is seen that the availability decreases uniformly with the increase in the failure rate and increases, as the repair 

parameter is increased. In fig.4 the smooth and dotted curves represent the change in the profit function P1 and P2for 

varying values of failure parameter 1α  for three different values of repair parameter 3.0,2.0,1.01 =γ , when other 

parameters are kept as 250,150,1200 210 === kkk  k0=1200, 5.032 == αα , 5.0,3.0 21 == ββ , 

9.0,5.0,6.0 212 === δδγ respectively. From graph it is observed that both the profit function decrease with the 

increase in the failure rate 1α  and increase with the increase repair rate
1γ .It is also seen that both the profit function P1 

and P2 decreases rapidly with increase of repair rate 1α , also the rate of decrement for both profit function P1 and P2 is 

almost same, but profit function P1 is always better than profit function P2. 
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