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

 

 
 
 
Abstract: The paper deals with 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 
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 system breaks down. 
Unit A gets priority for repair and is 
repaired by expert while as Unit B and 
C are repaired by ordinary repairman 
if the system doesn’t fail totally. The 
failure time distributions of units-A, B 
and C are taken as exponential. The 
distribution of time to repair of units is 
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 A two 
component 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 with warm standbys and a 
single server of working breakdown 
and recovery policy [1]. In most of the 
cases the authors assume the 
independent life times of the units in 
analyzing the redundant system models. 
But, in many realistic situation 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. 
 

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 Band C should 
work for successful 
functioning of the system.  

 There are two types of 
repairman available in the 
system: ordinary and expert 
repairman. The expert 
repairman is called only when 
system breaks down. 

 Two types of repair facility are 
available to repair failed unit 
in which A gets priority for 



 

30 
 

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     : ߣ	

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

 :  Constant failure rate of unit-C	ଶߙ 
when unit-B is good. 
݊ଵ:   Constant failure rate of unit-B 
when unit-C has failed. 
݊ଶ:   Constant failure rate of unit-C 
when unit-B has failed. 
.ሺߚ  ሻ  :  Repair distribution of unit-B 
and C by regular repairman. 
  μሺ. ሻ  : Distribution of repair of unit-A, 

B and C by expert                             
repairman 

 .  :   Mean sojourn time in state S୧ߖ			
,ܣ ,ܤ ,ܣ	/ܥ ,ܤ   : Unit-A,B,C is inܥ
operative and normal (N) mode  / good. 
,ܤ ,௪ܤ/ܥ  ௪ : Unit-B,C is in failureܥ
(F) mode and under repair / waits for 
repair by regular repairman.by regular 
repairman. 
,ܣ ,ܤ     : Unit-A, B, C is in failureܥ
(F) mode and under repair / waits 
for		repair by   expert repairman. 
 
The possible states of the system are: 

	ܵ ൌ 	 ሾܣ, ,ைܤ   ଵܵ			ሿܥ ൌ 	 ሾܣ, ,ܤ  ሿܥ

	ܵଶ ൌ 	 ሾܣ, ,ைܤ ܵଷ	 			ሿܥ ൌ 	 ,ܣൣ ,ܤ   			൧ܥ

	ܵସ ൌ 	 ,ܣൣ ,ܤ   		௪൧ܥ

ܵହ ൌ 	 ,ܣൣ ,௪ܤ  			൧ܥ

	ܵ ൌ 	 ,ܣൣ ,௪ܤ  ൧ܥ

			ܵ ൌ 	 ,ܣൣ ,ܤ  			௪൧ܥ

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The states 	ܵை, ଵܵ	ܽ݊݀	ܵଶ  are up states 

while  	ܵଷ	, ܵସ, ܵହ,	ܵ	ܽ݊݀		ܵ  are down 

states.  Initially all the states are in the 

operating condition and the system 

failure occurs if either unit A fails or 

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. 
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IV. TRANSITION 
PROBABILITIES 
 

The various transition probabilities 
using simple calculations, ܳሺݐሻ ൌ
ܲሾܺାଵ ൌ ݆, ܶାଵ െ ܶ  ܺ|ݐ ൌ ݅ሿ  are 
obtained. Taking the limit as ݐ → ∞, 
steady state probabilities is obtained as 
ଵ   ൌ

ఈభ
ఈభାఈమାఒ

ଶ           ൌ
ఈమ

ఈభାఈమାఒ
       

ଷ  ൌ
ఒ

ఈభାఈమାఒ
ଵ       ൌ ߣ෨ሺߚ  ݊ଶሻ       

ଵସ  ൌ
మ

ఒାమ
ሾ1 െ ߣ෨ሺߚ  ݊ଶሻሿ                                     

ଵ ൌ
ఒ

ఒାమ
ሾ1 െ ߣ෨ሺߚ  ݊ଶሻሿ 

ଶ ൌ ߣ෨ሺߚ  ݊ଵሻ                                                       
ଶହ ൌ

భ
ఒାభ

ሾ1 െ ߣ෨ሺߚ  ݊ଵሻሿ 

ଶ ൌ
ఒ

ఒାభ
ሾ1 െ ߣ෨ሺߚ  ݊ଵሻሿ                                       

ଷ	 ൌ ସଶ	 	ൌ ହଵ	 ൌ ଵ ൌ ଶ	 ൌ 	1			  
                                                               
From these probabilities, the following 
condition holds: 
ଵ  ଶ  ଷ ൌ 1;                                  
ଵ  ଵସ  ଵ ൌ 1;  
ଶ  ଶହ  ଶ ൌ 1;                 
ଷ ൌ ସଶ ൌ ହଵ ൌ ଵ ൌ ଶ ൌ 1                                                                              
   

V.  MEAN SOJOURN TIME 
The	mean	sojourn	time	ߖ	in	state		 ܵ 	is	 

defined as ߖ ൌ ሾܧ ܶሿ ൌ  ܲሺ ܶ 
∞


 are calculated ݐሻ݀ݐ

ߖ ൌ  ݁ିሺఈభାఈమାఒሻ௧	݀ݐ	
∞

 		ൌ ଵ

ሺఈభାఈమ	ାఒሻ
   

Ψଵ ൌ  eିሺఒାమሻ୲̅ߚሺݐሻdt	
∞

 		ൌ
ଵ

ሺఒାమሻ
ሾ1 െ	ߚ෨ሺߣ  ݊ଶሻሿ  

 
Ψଶ ൌ 	 eିሺఒାభሻ୲̅ߚሺݐሻdt	

∞

 	ൌ
ଵ

	ሺఒାభሻ
ሾ1 െ	ߚ෨ሺߣ  ݊ଵሻሿ  

 
Ψଷ ൌ Ψସ ൌ Ψହ ൌ  	dt	ሻݐሺߤ̅

∞

     

Ψ ൌ Ψ ൌ  	dt	ሻݐሺߤ̅
∞

   
                             
VII. AVAILABILITY ANALYSIS  
Simple probabilistic techniques are used 
to find recurrence relations among 

availabilities. The availability of the 
system in steady state will be given by  
ܣ ൌ lim௧→∞   ሻݐሺܣ

ൌ lim
௦→

ܣ	ݏ
∗ሺݏሻ ൌ ଶܰሺ0ሻ/ܦଶ

′ ሺ0ሻ 

Where 
ଶܰሺ0ሻ ൌ ሾሺ1 െ ሺ1	ଵሻ െ ଶሻ െ  ଶହ

ߖଵସሿ    ሾଵሺ1 െ ଶሻ   ଵߖ	ଶହሿଶ	
ሾଶሺ1 െ ଵሻ    ଶߖଵସሿଵ	
 
ଶܦ 

′ ሺ0ሻ ൌ ሾሺ1 െ ଵሻሺ1 െ ଶሻ 	െ	ଶହ 
ߖଵସሿሺ  ଷሻߖଷ  ሾଵሺ1 െ ଶሻ  
ଵߖଶହሿଶ 	ሾଶሺ1 െ ଵሻ   ଵସሿଵ
ଶߖ  ሾ	ଵଵସሺ1 െ ଶሻ 	ଵସଶହଶሿ 
ସߖ  ሾଶଶହሺ1 െ ଵሻ   ଵሿଶହଵସ

ହߖ     ሾଵଵሺ1 െ ଶሻ 	ଵଶହଶሿ       
ߖ  ሾଵସଶଵ	ଶଶሺ1 െ  ߖଵሻሿ
And the mean up time during (0, t] is 

௨ߤ ൌ  ݑሻ݀ݑሺܣ
௧
  

 
VIII. BUSY PERIOD ANALYSIS 
FOR REGULAR REPAIRMAN 

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

ܤ	 ൌ lim௧→∞ ሻݐሺܤ ൌ   

lim௦→ ܤݏ
∗ሺݏሻ ൌ ேయሺሻ

మ
′ ሺሻ

                                              

ଷܰሺ0ሻ ൌ ሾଵሺ1 െ ଶሻ  ଵߖଶହሿଶ 
ሾଶሺ1 െ ଵሻ   ଶߖଵସሿଵ			
and expected duration in (0,t] 
and ܦଶ

′ ሺ0ሻ is same as in the case of 
availability. 

ሻݐሺߤ ൌ  ݑሻ݀ݑሺܤ
௧
  , so that    ߤ

∗ ൌ
ܤ
∗ ⁄ݏ 	 

 
IX. BUSY PERIOD ANALYSIS 
FOR EXPERT REPAIRMAN 
 
Using simple probabilistic technique 
and solving the equations, the busy 
period analysis of expert repairman in 
steady state is given by 
 
ܤ
ா ൌ lim௧→∞ ܤ

ா∗ሺݐሻ			  
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       ൌ ݈݅݉௦→ ܤݏ
ா∗ሺݏሻ ൌ ேరሺሻ

మ
′ ሺሻ

                                                                

Where 
ସܰሺ0ሻ ൌ ଷሾሺ1 െ ଵሻሺ1 െ ଶሻ െ

ଷߖଵସሿଶହ	  ሾଵଵସሺ1 െ ଶሻ 
ସߖଵସሿଶହଶ  [ଶଶହሺ1 െ ଵሻ  
ହߖଶହሿଵସଵ  ሾଵଵሺ1 െ ଶሻ   
ߖଵሿଶହଶ  ሾଶଶሺ1 െ ଵሻ   
  ߖଶሿଵସଵ
               
and ܦଶ

′ ሺ0ሻ is same as in the case of 
availability  
and the expected duration  in (0,t] is 
given as  

ሻݐሺߤ ൌ  ܤ
ாሺݑሻ݀ݑ

௧
   

 
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 steady state is 
given by 

ܸሺ0ሻ ൌ lim௧→∞
బሺ௧ሻ

௧
ൌ ேఱሺሻ

మ
′ ሺሻ

	                                                                              

Where  
ହܰሺ0ሻ ൌ	 ሺଵ  ଶሻሾሺ1 െ ଵሻሺ1 െ

ଶሻ െ ଵସሿଶହ  ሾ	ଵ	ሺ1 െ ଶሻ            ଶ
ଶହሿሺ1  െ ଵሻ  ሾଶሺ1 െ ଵሻ      ଵ
ଵସሿሺ1 െ   ଶሻ
Now the expected visits by the regular 
repairman in (0,t] 

ሻݐ௩ሺߤ ൌ  ܸሺݑሻ݀ݑ
௧
   

 
X1, EXPECTED NUMBER OF 
VISITS BY EXPERT REPAIRMAN 
  
Using the definition of ܸ

ாሺݐሻ, the 
recursive relations among ܸ

ாሺݐሻ  can be 
easily developed.  
Number of visits in steady state by 
repairman, is given by 

ܸሺ0ሻ ൌ lim௧→∞
బሺ௧ሻ

௧
ൌ ேలሺሻ

మ
′ ሺሻ

			                                                                                 

Where, 
ܰሺ0ሻ	=	ଷሾሺ1 െ ଵሻሺ1 െ ଶሻ െ

ଵସሿଶହ  ଵሾሺ1	 െ ଶሻ   ଶହሿଶ
ሺ1 െ ଵሻ	 	ሾଶሺ1 െ ଵሻ 		ଵଵସሿ  

ሺ1 െ   ଶሻ	
ଶܦ
′ ሺ0ሻ is same as availability analysis 

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

ሻݐ௩ሺߤ ൌ  ܸ
ாሺݑሻ݀ݑ

௧
   

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

ா െ KଷV
െ Kସ ܸ

ா 
Where, K, Kଵ, Kଶ, Kଷ, Kସ ൌ 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:  
 
In Table 1, Availability w.r.t. ߙଵ and 
fixed values of parameter ߙଶ, ,ߣ ,ଵߛ
݊ଵ, ݊ଶ is studied. Also in Table 3, Profit 
w.r.t. ߙଵ and fixed values of parameters  
,ଶߙ ,ߣ ,ଵߛ	 ݊ଵ, ݊ଶ, ݇, ݇ଵ, 	݇ଶ, ݇ଷ, 	݇ସ is 
calculated and in both cases it is 
analysed that Availability and Profit 
analysis of the system decreases w.r.t. 
 ଵ (failure rate) keeping otherߙ
parameters fixed. In Table 2, 
Availability ߛଵ w.r.t. and fixed values of 
parameterߙଵ, ,ଶߙ ,ߣ ݊ଵ, ݊ଶ is computed. 
Also In Table 4, Profit w.r.t. ߛଵ and 
fixed values of parameter 
,ଵߙ ,ଶߙ ,ߣ ݊ଵ, ݊ଶ, ݇, ݇ଵ, ݇ଶ, ݇ଷ, ݇ସ is 
studied and It is seen that Availability 
and Profit analysis of the system 
increases w.r.t.	ߛଵ (Repair rate) keeping 
other parameters fixed. Therefore, it can 
be  conclude that expected life of the 
system increases with decreasing failure 
rate of unit in failure mode (ߙଵ) and 
increases with increasing repair rate of 
unit in repair mode (ߛଵ) which in turn 
increases system reliability. 
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