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PROFIT ANALYSIS OF NON IDENTICAL REPAIRABLE UNITS SUBJECT 
TO TWO PHASE REPAIR OF SYSTEM 

 

 
 
 
Abstract: The paper deals with the 
profit analysis of three non-identical 
units A, B, and C in which either Unit 
A or one of the units B and C should 
work for the successful functioning of 
the system. Two types of repairman are 
available in the system viz. Ordinary 
and Expert repairman. The expert 
repairman is called only when the 
system breaks down. Unit A gets 
priority for repair and is repaired by 
expert repairman while as Unit B and 
C are repaired by ordinary repairman 
if the system doesn’t fail totally. The 
failure time distribution of unit-A, B 
and C are taken as exponential. The 
distribution of time to repair of units 
are assumed to be general. 
Keywords- Mean Sojourn time, 
Availability Analysis, Expected 
Number of Visits by Regular and 
Expert Repairman, Profit Analysis of 
system. 

 
 

I. INTRODUCTION 

Several studies on profit analysis of 
repairable redundant system model 
have been done in the past. Kumar and 
Kadyan worked on Profit analysis of a 
system of non-identical units with 
degradation and replacement [6]. 
However, Yusuf and Bala investigated 
Stochastic modeling of a two unit 
parallel system under two types of 
failures [3]. Gupta et.al studied two unit 
standby system with correlated failure 
and repair times [5]. Sureria, and Anand 
put forth the concept of cost benefit 
analysis of a computer system with 

priority to software replacement over 
hardware repair [7]. Further, Mahmoud, 
and Moshref worked on a two unit cold 
standby system considering hardware, 
human error failures and preventive 
maintenance [4]. Navas et.al, discussed 
reliability analysis in railway 
repairable systems [2]. Recently Wu-
Lin Chen analyzed system reliability 
analysis of retrial machine repair 
systems and a single server of working 
breakdown and recovery policy [1]. In 
most of the case, the authors assume the 
independent lifetimes of the units in 
analyzing the redundant system models. 
But, in many realistic situations, we 
observe that the rate of failure of an 
operating unit increases if its redundant 
unit working in parallel has already 
failed. This type of situations is 
visualized in many cases. So keeping 
the above fact in view, the aim of a 
present paper is to analyze a three non-
identical unit complex system arranged 
in such a way that the system failure 
occurs only if either unit-A or both the 
units B and C fail totally.  

 

 
II. ASSUMPTIONS AND 

SYSTEM DESCRIPTION 
 
 The system comprises of three 

non-identical units A, B and C 
in which either Unit A or one 
of the units B and C should 
work for the successful 
functioning of the system.  
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 There are two types of 
repairman available in the 
system: ordinary and expert 
repairman. The expert 
repairman is called only when 
a system breaks down. 

 Two types of repair facility are 
available to repair failed unit 
in which A gets priority for 
repair and is repaired by 
expert and B and C are 
repaired by ordinary 
repairman if the system 
doesn’t fail totally. 

 The failure time distributions of 
unit-A, B and C are taken 
exponential while as repair 
time distribution is assumed to 
be general. 

 
III. NOTATIONS 
 

 :     Failure rate of unit-A. 

  :  Constant failure rate of unit-B 
when unit-C is good 

 :  Constant failure rate of unit-C 
when unit-B is good. 

:   Constant failure rate of unit-B 
when unit-C has failed. 

:   Constant failure rate of unit-C 
when unit-B has failed. 
   :  Repair distribution of unit-B 
and C by regular repairman. 
    : Distribution of repair of unit-A, 

B and C by expert                             
repairman 

  :   Mean sojourn time in state  
 : Unit-A, B,C is 

in operative and normal (N) mode  / 
good. 

 : Unit-B,C is in failure 
(F) mode and under repair / waits for 
repair by regular repairman.by regular 
repairman. 

   : Unit-A, B, C is in failure 
(F) mode and under repair / waits 
for repair by   expert repairman. 
 

The possible states of the system are: 

   

   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The states   are up states 

while    are down 

states.  Initially, all the states are in the 

operating condition and the system 

failure occurs if either unit A fails or 
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both B and C fails completely. Upon 

failure of system unit A gets priority 

over B and C.  Further, all the seven 

states are regenerative states. 

 
IV. TRANSITION 

PROBABILITIES 
 

The various transition probabilities 
using simple calculations, 

  are obtained. Taking the limit as 
, steady state probabilities is 

obtained as 
                   

              

                                      

 

                                                       
 

                                       

  
                                                               
From these probabilities, the following 
condition holds: 

                                  
  
                 

                                                                              
   

V.  MEAN SOJOURN TIME 

 
defined as 

 are 

calculated 
   

  
 

  
 

    

  
                             
VII. AVAILABILITY ANALYSIS  
Simple probabilistic techniques are used 
to find recurrence relations among 
availabilities. The availability of the 
system in a steady state will be given by  

  

 
Where 

 
   

  
 
  

 
 
 

 
          

 
And the mean up time during (0, t] is 

  

 
VIII. BUSY PERIOD ANALYSIS 
FOR REGULAR REPAIRMAN 

Using simple probabilistic technique 
and solving the equations, the busy 
period of repairman in a steady state is 
given by 

   

                                              

 

 
and expected duration in (0,t] 
and  is same as in the case of 
availability. 
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 , so that    

 
 
IX. BUSY PERIOD ANALYSIS 
FOR EXPERT REPAIRMAN 
 
Using simple probabilistic technique 
and solving the equations, the busy 
period analysis of expert repairman in a 
steady state is given by 
 

  

                                                                        

Where 
 

 [  
  
  

  
               
and  is same as in the case of 
availability  
and the expected duration  in (0,t] is 
given as  

  

 
X.     EXPECTED NUMBER OF 
VISITS BY REGULAR REPAIRMAN 

Simple probabilistic techniques are used 
and solving the equations, the number 
of visits per unit time in a steady state is 
given by 

                                                                              

Where  
 

          
     

  
Now the expected visits by the regular 
repairman in (0,t] 

  

 
X1, EXPECTED NUMBER OF 
VISITS BY EXPERT REPAIRMAN 
  
Using the definition of , the 
recursive relations among   can be 
easily developed.  
Number of visits in steady state by 
repairman, is given by 

                                             

Where, 
=

 
  

  
 is same as availability analysis 

Now the expected number of visits by 
the expert repairman in (0,t] 

  

 
XII. PROFIT ANALYSIS 
Therefore, profit analysis of the system 
can be given as: 

 
Where,  Cost 
associated per unit time for which 
regular and expert repairman is 
available, busy and visits of repairman 
in system respectively. 
 
XIII.   STUDY OF SYSTEM 
BEHAVIOUR 
The behavior of availability and profit 
analysis of the system is studied  
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CONCLUSION:  
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In Table 1, Availability w.r.t.  and 
fixed values of a parameter 

 is studied. Also in 
Table 3, Profit w.r.t.  and fixed values 
of parameters  

 is 
calculated and in both cases, it is 
analyzed that Availability and Profit 
analysis of the system decreases w.r.t. 

 (failure rate) keeping other 
parameters fixed. In Table 2, 
Availability  w.r.t. and fixed values of 
parameter  is computed. 
Also, In Table 4, Profit w.r.t.  and 
fixed values of a parameter 

 is 
studied and It is seen that Availability 
and Profit analysis of the system 
increases w.r.t.  (Repair rate) keeping 
other parameters fixed. Therefore, it can 
be concluded that expected life of the 
system increases with decreasing the 
failure rate of a unit in failure mode ( ) 
and increases with an increasing repair 
rate of a unit in repair mode ( ) which 
in turn increases system reliability. 
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