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ABSTRACT 
In the present paper we proposed and analyzed a two unit (identical units connected in parallel and both are in operative mode) operative system with the 

concept of repair to the partially failed unit and fault detection of the completely failed unit to decide whether the failed unit needs repair or replacement. The 

failure time of an operative unit to partial, partial failure to complete failure and operative to complete failure is assumed exponentially distributed with different 

parameters. The fault detection time, repair time of complete failure and replacement time are assumed a general distribution but different parameters. The 

reliability analysis of this model has been carried out by using regenerative point technique. 

 

KEYWORDS 
parallel, replacement, exponential and general. 

 

INTRODUCTION  
n the present study a repairable system which consists of two units viz. Main unit and Helping unit has been analyzed. Both the units are working and the 

main unit may fail either completely or partially or partially leading to complete failure whereas the helping unit is subjected to only complete failure with 

different types of failure rates. . However, there exist many practical situations wherein the operative unit fails partially and if the repair is provided to the 

partial failed unit, it may becomes operative.  Also after the complete failure of a unit it is sent for fault detection that is to find out whether the repair is 

possible or not. If it is found to be repairable then it should sent for repair otherwise failed unit is replaced with a new unit. The concept of inspection and fault 

detection is widely used in literature, for describing the models, by several authors including Agarwal and Kumar [1], Agnihotri and Satsangi [2],[Mahmoud, et al 

[3], Malik [4], Naidu and Gopalan [5,6], Nakgawa [7,8] and Pour Darvish  and Joorel [9]. 

In this model we consider a system composed of two identical units connected in parallel and both are in operative mode. The operative unit may fail partially or 

completely. However, a partially failed unit can also fail completely. The operative unit fails partially and if the repair is provided to the partial failed unit, it may 

becomes operative.  Also after the complete failure of a unit it is sent for fault detection to decide whether the repair is possible or not. If it is found to be 

repairable then it should be sent for repair otherwise failed unit is replaced with a new unit. The probability that the failed unit goes for repair or replacement is 

fixed. The failure times of an operative unit to partial, partial failure to complete failure and operative to complete failure are assumed to be exponentially 

distributed with different parameters. The fault detection time, repair time of complete failure and replacement time are assumed a general distribution but 

different parameters.   

 

NOTATIONS AND POSSIBLE STATES OF THE SYSTEM 

O           : Unit under operation.             

prO
        :   Unit failed partially and under repair.  

pwO
       :  Unit waiting for repair after partial failure.  

FO
         :  Unit under fault detection after its complete failure.  

FwO
       :  Unit waiting for fault detection after failure or all failure.  

rO
          :                   Failed unit under its repair.   

I
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repO
       :  Failed unit under replacement.  

wrepO
     :  Unit waiting for its replacement after complete failure. 

 α            :   Constant failure rate from operative to partially. 

β
            :   Constant failure rate from partial to complete. 

γ
                    : Constant failure rate from operative to complete.   

δ             :   Constant repair rate of partial failed unit.   

P              :  Prob. that failed unit goes for repair.  

q (1-p)      :  Prob. that failed unit goes for replacement. 

(.)F
      :  Cdf of repair time distribution of fault detection.  

(.)G
     :                   Cdf of repair time distribution of complete failure unit.  

H(.)          :    Cdf of replacement unit. 

Using these notations the various possible states of the system along with all possible transitions are presented in the Figure1.The states 520 S,S,S
and 7S

 

are up states while 126431 S,S,S,S,S
and 13S

 are partially up states. The states 111098 S,S,S,S
and 14S

 are down states. Further, all the states are 

regenerative states. 

Possible States of the System: The system may be in one of the following state 

]OO, [S0 ≡
              

]O,O[S pr1 ≡
                                

]O,O[S F2 ≡
       

]O,O[S Fwpr3 ≡
                        

]O,O[S pwpr4 ≡
                            

]O,O[S rep5 ≡
 

]O,O[S Fpw6 ≡
                         

]O,O[S r7 ≡
                                 

]O,O[S FFw8 ≡
   

]O,O[S repF9 ≡
                         

]O,O[S Fwr10 ≡
                            

]O,O[S repr11 ≡
   

]O,O[S rpw12 ≡
                         

]O,O[S reppr13 ≡
                           

]O,O[S repwrep14 ≡
 

 

TRANSITION PROBABILITIES AND SOJOURN TIMES  

The various steady state transition probabilities are as follows: 
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From these steady state probabilities the following relations can easily be verified: 

1pp 0201 =+
                                         

1ppp 141310 =++
                    

1pppp 28272625 =+++
                

1ppp 5,142,1032 ===
                        

1pp 4341 =+
                          

1ppp 13,55950 =++
         

1ppp 12,710,770 =++
                       

1pp 10,889 =+
                                               

1ppp 14,911,992 =++
                   

1pp 7,115,11 =+
                                      

1pp 10,121,12 =+
                                            

1pp 5,131,13 =+
                     (2) 

Mean Sojourn time  
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MEAN TIME TO SYSTEM FAILURE 

  

Let iU
 be the random variable denoting time to system failure when the system starts from state iS

, 
ESi ∈

and let 
( ) [ ]tUPt ii ≤=π

 be the cdf of 

time to system failure for the first time when it starts operation from state iS
. To determine the distribution function,

( )tiπ
 we regard the failed states 

111098 S,S,S,S
and 14S

  as absorbing states. Using basic probabilistic arguments, the recursive relations among 
( )tiπ

 can be easily developed and 

taking L.T of the relations and solving for 
( )s~
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, we get 
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(For the sake of simplicity the argument‘s’ has been omitted from
( )sQ

~
ij

 ) 

and Using  

( ) ,psQ
~

lim jiji
0s

→
→  and  eq. (1) and eq. (2),  we obtain the following limiting values of 

( )sN1  and 
( )sD1  on ‘s’ approaches to zero 
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( ) ( )( )( )13,65,13592659254114411410011 pppppppp1pppp10N +−−−=
                    

( )( )10,1212,72710,72710,1212,62628262813,55,13 ppppppppppppp1 ++++−+
  

                     
( )( )411441141001 pp1pppp1 −−−

                              
and 

( ) ( )( )( )13,65,13592659254114411410011 pppppppp1pppp10D +−−−=
                   ( )( )10,1212,72710,72710,1212,62628262813,55,13 ppppppppppppp1 ++++−+

   

                  
( )( )411441141001 pp1pppp1 −−−

                                                                                                                                   (5)                             

On comparing the above expressions of 
( )0N1   and

( )0D1 , we observe that 
( ) ( )0D0N 11 =

 and thus 
( ) 1s~

0 =π
 as 

,0s→
 which implies that 

( )t0π
 is a proper cumulative distribution function. 

Thus, Mean Time to System Failure (MTSF) when system starts operation with the entrance into 0S
 is obtained as 
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where  
( )0N1′   and 

( )0D'
1     are the derivatives of the numerator  and denominator of    
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0π

 at  0s→ . 

To obtain the numerator of MTSF defined by (6), we use the following results:   
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where 
ijm

is the mean elapsed time of the system in state iS
before transiting to state 

jS
. 

Therefore, on arranging the coefficients of 
s'mij

 and also by using the above relations, the expression for 
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  can be written as: 
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( )( )( )5,1313,626254114411410015 pppppp1pppp1 +−−−µ+
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( )( )( )613265132541144114100113 pppppp1pppp1 +−−−µ+

                                                                          (7)                            

Therefore, using (5) and (7) in (6), the mean time to system failure (MTSF) is obtained.  

AVAILABILITY ANALYSIS 

 

)t(A i  is the probability that the system is in a up state at epoch‘t’ given that initially it was in up state iS
. Using basic probabilistic arguments, the recursive 

relations among 
)t(A i  can be easily developed and taking L.T of the relations and solving for

( )sA *
0  we get 
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===
                                                                (8) 

which is an indeterminate form since the denominator of (8) becomes zero as 0s→ , which can easily be verified. 

Therefore, on using L’ Hospital’s rule, the steady state availability, 0A
 becomes  
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Further on using the following relations: 
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also       
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*
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The numerator and denominator of steady state availability of the system starting from state
ES,S 00 ∈

, is thus becomes 
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where                                                                                                                                         
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 BUSY PERIOD ANALYSIS 

)t(B i  is defined as the probability that the system having started from regenerative state 
ES,S ii ∈

 at time 0t =  is under repair i.e is the repairman is 

busy. Using the definition of 
( ) 14,...,3,2,1,0i,tBi =

 the recursive relations among 
)t(B i  can be easily developed, taking their Laplace transform 

and solving them for 
),s(B*

0  the steady state probability that the system is under repair with repairman when system starts from state 0S
, i.e. in the long-

run the repairman, is given by 
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===
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Since the denominator of (12) becomes zero as 0s → , thus on using L’ Hospital’s Rule and the results
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where    
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The values 0K
, 3K

, 6K
, 7K

, 10K
, 11K

, 12K
, 13K

, 14K
, 15K

  and 16K
  are  already defined.   

( )101210712127121071072720 pppppK µ+µ+µ+µ= 1491459119115913513959521 ppppppK µ+µ+µ+µ+µ=
                                            

( )1012107121271210710711791159 ppppppp µ+µ+µ+µ+
( ) 681081081361310121061212612622 ppppppK µ+µ+µ+µ+µ+µ=

( )101210712127121071071179111491411911923 ppppppppK µ+µ+µ+µ+µ+µ+µ= 91411591124 pppK +=
                                                      

34314414313125 ppppK µ+µ+µ+µ=
                  

613131896812111791171212161226 ppppppppppK ++=
                                         

 
( )1081082827 ppK µ+µ=

                                                         

 12111791171289281217122728 pppppppppK +=
                                       

and  
( )0D3′  is same as 

( )0D2′ , which is given by (11) . 

 

GRAPHICAL REPRESENTATION OF MTSF  

The repair time distributions of the complete failure of main unit, fault detection of main unit and replacement of failed unit of the system were assumed 

arbitrary while describing the system description. To study the behavior of its MTSF through graphical presentation, we assume that the repair time distributions 

of these three variables are also exponentially distributed with parameters 1λ
, 2λ

 and 3λ
 respectively. To plot the graphs of MTSF of the system, we 

consider three different cases for the various values of the failure and repair rates.  In the first case, we fixed the values of 

30.0321 =λ=λ=λ=δ=γ=β
 and different values of 

10, ≤α<α
. In the second case, 

50.0321 =λ=λ=λ=δ=γ=β
 and 

different values of 
10, ≤α<α

, while in the third case, 
80.0321 =λ=λ=λ=δ=γ=β

 and different values of 
10, ≤α<α

. The three 

sets of graphs of MTSF have been plotted and presented through Figure 2.  From, this figure we observed that, in all cases, MTSF of the system decreases with 

increasing failure rate of partial failure of a unit. 

 

ACKNOWLEDGEMENT 
The third author Ankush Bharti is thankful to Department of Science and Technology, Govt. of India for providing INSPIRE fellowship. 

 

REFERENCES 
1. Agarwal, M. and Kumar, A. (1981): Analysis of a repairable redundant system with delayed replacement, Microelectron. Reliab.21, 165-171. 

2. Agnihotri, R.K. and S.K. Satsangi (1996): “Two non identical unit system with priority based repair and inspection”, Microelectron. Raliab, Vol. 36, No. 

2,279-282. 

3. Mahmoud, M.A.W., Mohie, El-Din, M.M. and E.L. Said Moshref, M. (1995): Reliability analysis of a two-unit cold standby system with inspection, 

replacement provision of rest, two types of repair and preparation time Microelectron. Reliab. 35, 1063-1072. 

4. Malik, S.C. (2008): Reliability modeling and profit analysis of single-unit system with inspection by a server who appears and disappears randomly, Pure and 

Applied Mathematika Sciences, Vol. LXVII, NO. 1-2, pp. 135-145. 

5. Naidu, R.S. and Gopalan, M.N. (1983): Cost-benefit analysis of a one-server two-unit warm standby system subject to different inspection strategies, 

Microelectron. Reliab. 23, 121-128. 

6. Naidu, R.S. and Gopalan, M.N. (1984): Cost-benefit analysis of a one-server two-unit  system subject to arbitrary failure, inspection and repair,  Reliability 

Engg., 8, 11. 

7. Nakagawa, T. and Osaki, S. (1974): Optimum preventive maintenance policies maximizing the mean time to the first system failure for a two-unit standby 

redundant system, J. Optimization Theory Appl., Vol. 14, pp. 115-129. 

8. Nakagawa, T. (1980): Optimum inspection policies for a standby unit, J. Oper., Res. Soc., Japan, 23, 13-27. 

9. Pour Darvish, H.M And J.P.S. Joorel (1992) : : “Cost Benefit Analysis Of A One Server Two Unit Standby System Subject To Inspection Time Two Types Of 

Failures”., Jour Ind. Soc. Statistics And Opers. Res. Vol. 13, No. 1-4, 39-46. 

 

 

 

 

 

 

 

 

 

 



VOLUME NO. 2 (2012), ISSUE NO. 6 (JUNE) ISSN 2231-1009 

INTERNATIONAL JOURNAL OF RESEARCH IN COMPUTER APPLICATION & MANAGEMENT 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories 

www.ijrcm.org.in 

97

 

FIGURES 
                                                                                                           FIGURE 1: STATE TRANSITION DIAGRAM 

 

 
 

FIGURE 2 
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