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Probabilistic Analysis Of A Two Non-Identical Unit 
Standby System With Multi-Component, Repair, 

Inspection And Post Repair Of A Unit. 
Rakesh Gupta and Swati Kujal 

 

Abstract— The paper analyses in respect of reliability, MTSF and cost benefit a two non-identical unit cold standby system in 
which one of the unit is known as priority unit and the other as non-priority unit. The priority unit is made of a number of components so that 
functioning of each unit is necessary for its operation. The ordinary unit has only single component. After repair the priority unit goes for in-
spection and then it is sent for post repair if repair is not found perfect while second unit on repair works as good as new. The jobs of repair, 
inspection and post repair are performed by a single repairman. The analysis is performed by supplementary variable technique. 

 

Index Terms— Inspection, MTSF, multi-component, post repair, reliability, supplementary variable, transition Probability, 

——————————      —————————— 

1 INTRODUCTION                                                                     

The study of multi-component reparable system 
models is of great interest for reliability engineers and indus-
try managers due to their wide applicability. Two and three 
unit reparable redundant system models with single compo-
nent have been already analysed by various authors [1-5] un-
der different model formulations. They have obtained the reli-
ability characteristics by using regenerative point technique. In 
past the publications [6,7] have dealt with the problem of ana-
lysing multicomponent systems for evaluating reliability, 
MTSF and net expected profit by using regenerative point 
technique. 

Recently Linmin Hu et al. [8] analysed a series parallel 
reparable system model consisting of one master control unit, 
two slave units and a single repairman who operates single 
vacation. Using exponential failure time and arbitrary repair 
time distributions various steady state measures of system 
effectiveness have been obtained using supplementary varia-
ble technique. They have assumed single component unit. 
Supplementary variable technique has been popularly used to 
analyse cold standby systems under various assumptions [9-
11].  

Further most of the authors assumed in analysing the 
system models that repaired unit immediately goes into oper-
ation or standby as the case may be. In many real existing sit-
uations it can be observed that a repaired unit should be in-
spected to decide whether the repair is perfect or not.  In case 
the repair is not perfect the unit should be sent for post repair. 
Also, in the context of present scenario as a unit is composed 
of a number of components working in series network so that 
failure of any component leads to complete breakdown of the  
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unit. Keeping the above facts in view the aim of present paper 
is to analyse a two non-identical unit cold standby system 
model assuming that one unit is of complex nature consisting 
of a number of components connected in series and the other 
is a simple unit having single component. The complex unit 
needs inspection after each repair to decide whether the repair 
done is perfect or not. A single service facility is available for 
repair, inspection and post repair. 

Being non-markov reparable systems with general 
distribution of many random variables the supplementary 
variable technique has been used to obtain integro-differential 
equations for the system by using simple probabilistic argu-
ments. Further taking the laplace transforms of these equa-
tions we obtain linear first order partial differential equations 
solving which we get various state probabilities in terms of 
their laplace transform. By using these state probabilities ex-
plicit expressions for the following reliability measures have 
been obtained: 

i). Steady state probabilities. 
ii). Point wise availabilities and steady state availabilities. 

iii). Reliability and MTSF. 
iv). Expected up time of the system and busy periods 

with repair, inspection and post repair. 
v). Profit gain for the system. 

 

2    ASSUMPTIONS 
i). The system consists of two non-identical units. Initially 

one unit is operative and the other is in cold standby. 
Upon failure of an operative unit the cold standby unit 
becomes operative instantaneously. 

ii). First unit is n-component branded as well as costly unit 
while the other unit is a single component ordinary 
unit. Each unit has two modes- Normal (N) and total 
failure (F).  

iii). The first unit being branded has lesser failure rate so 
priority in operation is given to the first unit while pri-
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ority in repair is given to second unit over the first unit 
as repair in case of second unit is less costly and takes 
less time. 

iv). Single repairman is available with the system to repair, 
inspect and post repair the failed unit. 

v). After repair the priority unit goes for inspection to de-
cide whether its repair is perfect or not. If the repair is 
found to be perfect then the repaired unit becomes op-
erative otherwise it is sent for post repair.  

vi). The switching device is perfect and instantaneous. 
vii). A repaired ordinary unit and post repaired priority unit 

works as good as new 

3 NOTATIONS AND STATES 
( )kP t   : P [system is in state kS at time t]; k 0,1i, 2i,.....,6i=  

( )kP x, t dx  : P [system is in state kS at time t and has so-
journed in this state for duration between 
( )x, x d x .+  

,s∗  : † Symbols for Laplace Transform 

i.e. ( ) ( ) ( ) ( )*
k k kP s L.T P t exp st P t dt= = −   ∫  

iα   : Constant failure rate of thi  component of first unit 
θ  : Constant failure rate of second unit 

( ) ( )i ig x ,G x  : pdf and cdf of repair time of thi component 
of first unit so that 

  ( ) ( ) ( )
x

i i i
0

g x x exp u du
 

= µ − µ 
  
∫  

( ) ( )i ih x ,H x  : pdf and cdf of post repair of thi component 
of first unit so that 

 ( ) ( ) ( )
x

i i i
0

h x x exp u du
 

= h − h 
  
∫

 

( ) ( )i im x ,M x  :  pdf and cdf of inspection of thi component 
of first unit so that 

 ( ) ( ) ( )
x

i i i
0

m x x exp u du
 

= ψ − ψ 
  
∫

 
( ) ( )k x ,K x  :  pdf and cdf of repair time of second unit 

so that 

  ( ) ( ) ( )
x

0

k x x exp u du
 

= φ − φ 
  
∫  

p  : probability of transition from state 2iS  to 0S  
q   : probability of transition from state 2iS  to 3iS  
 
Symbol for modes 
 N ≡ Normal mode; F ≡Failure mode  
 
Subscript symbols 

 o ≡ operative  s ≡ standby         
r ≡ repair   pr ≡ post repair  

 I ≡ inspection   w ≡ waiting for repair 
 
Thus the possible modes with subscript are  

 10N  First unit in operation 
 20N  Second unit in operation  
   2sN  Second unit in standby 

 irF  Unit in F-mode and under repair 
 iIF  Unit in F-mode and under inspection 
 iprF  Unit in F-mode and under post repair 

 iwrF  Unit in F-mode and waiting for repair 
 iwIF  Unit in F-mode and waiting for inspection 
 
Considering the possible modes of two units, the sys-
tem may be in one of the following states: 
 ( )o 10 2sS N , N≡ , ( )1i ir 20S F , N≡

 ( )2i iI 20 S F , N≡ ,  ( )3i ipr 20S F , N≡  

 ( )4i iwr 2rS F ,F≡ ,  ( )5i iwI 2rS F ,F≡  

 ( )6i iwpr 2rS F , F≡  

 The transition rates can be displayed in matrix form: 
 
          To     0S  1iS    2iS      3iS        4iS  5iS     6iS
  
  from 
   0S     - iα  - - - - - 
  
   1iS     -  - ( )i xµ  - θ  - - 
 
   2iS   ( )ip, xψ - -          ( )iq, xψ  - θ  - 
  
   3iS   ( )i xh  - - - - - θ  
  
   4iS    - ( )xφ  - - - - - 
  
   5iS    - - ( )xφ  - - - - 
   
   6iS    - - - ( )xφ  - - - 
 
 

4 DEVELOPMENT OF EQUATIONS AND THEIR 
SOLUTION 

Having defined possible states of the system we construct the 
following integro-differential equations for the system by us-
ing simple probabilistic arguments: 
 

( ) ( ) ( ) ( ) ( )i 0 2i i 3i iP t P x, t p x dx P x, t x dx
t
∂ + α = ψ + h ∂ 

∑ ∑ ∑∫ ∫  

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 5, Issue 2, February-2014                                                             1765 
ISSN 2229-5518 

IJSER © 2014 
http://www.ijser.org  

( ) ( )i 1ix P x, t 0
t x
∂ ∂ + +µ + θ = ∂ ∂   

( ) ( )i 2ix P x, t 0
t x
∂ ∂ + +ψ + θ = ∂ ∂   

( ) ( )i 3ix P x, t 0
t x
∂ ∂ + + h + θ = ∂ ∂   

( ) ( )4ix P x, t 0
t x
∂ ∂ + + φ = ∂ ∂   

( ) ( )5ix P x, t 0
t x
∂ ∂ + + φ = ∂ ∂   

( ) ( )6ix P x, t 0
t x
∂ ∂ + + φ = ∂ ∂                              (1-7) 

Boundary conditions are 
( ) ( ) ( ) ( )1i i 0 4iP 0, t =α P t + P x, t x dxφ∫  
( ) ( ) ( ) ( ) ( )2i 1i i 5iP 0, t = P x, tμ x dx + P x, t x dx φ∫ ∫  
( ) ( ) ( ) ( ) ( )3i 2i i 6iP 0, t = P x, t qψ x dx + P x, t x dx φ∫ ∫  
( ) ( )4i 1iP 0, t =θP t  
( ) ( )5i 2iP 0, t =θP t  
( ) ( )6i 3iP 0, t =θP t            (8-13) 

Initial conditions: It is assumed that the system initially started 
from normal state 0S i.e. 

( ) ( )0 kP 0 1 and P x,0 0 ;k 1i, 2i,3i, 4i,5i,6i.= = =  
Taking Laplace Transforms of above equations (1-13) we get  
( ) ( ) ( ) ( ) ( ) ( )i 0 2i i 3i is P s P x,s p x dx P x,s x dx 1∗ ∗ ∗+ α − ψ − h =∑ ∑ ∑∫ ∫  

( ) ( )( ) ( )1i i 1iP x,s s x P x,s 0
x

∗ ∗∂
+ + θ+µ =

∂
 

( ) ( )( ) ( )2i i 2iP x,s s x P x,s 0
x

∗ ∗∂
+ + θ+ψ =

∂
 

( ) ( )( ) ( )3i i 3iP x,s s x P x,s 0
x

∗ ∗∂
+ + θ+ h =

∂
 

( ) ( )( ) ( )4i 4iP x,s s x P x,s 0
x

∗ ∗∂
+ + φ =

∂
 

( ) ( )( ) ( )5i 5iP x,s s x P x,s 0
x

∗ ∗∂
+ + φ =

∂
 

( ) ( )( ) ( )6i 6iP x,s s x P x,s 0
x

∗ ∗∂
+ + φ =

∂
 

( ) ( ) ( ) ( )* * *
1i i 0 4iP 0,s P s P x,s x dx=α + φ∫  

( ) ( ) ( ) ( ) ( )* * *
2i 1i i 5iP 0,s P x,s x dx P x,s x dx= µ + φ∫ ∫   

( ) ( ) ( ) ( ) ( )* * *
3i 2i i 6iP 0,s P x,s q x dx P x,s x dx= ψ + φ∫ ∫  

( ) ( )* *
4i 1iP 0,s P s=θ  

( ) ( )* *
5i 2iP 0,s P s=θ  

( ) ( )* *
6i 3iP 0,s P s=θ             (14-26) 

Integrating (15) and using (21), 

( ) ( ) ( ) ( )
x

1i i 1i
0

P x,s exp s x u du P 0,s∗ ∗
 

= − + θ − µ 
  

∫               (27) 

So that, 

( ) ( ) ( ) ( ) ( )
x

* *
1i 1i i 1i

0

P s P x,s dx exp s x u du P 0,s dx∗
 

= = − + θ − µ 
  

∫ ∫ ∫  

   
( )( )

( ) ( ) ( ) ( )
*
i

1i i 1i

1 g s
P 0,s A s P 0,s

s
∗ ∗

− + θ
= =

+ θ
       (28) 

Similarly, 

( ) ( ) ( ) ( )
x

2i i 2i
0

P x,s exp s x u du P 0,s∗ ∗
 

= − + θ − ψ 
  

∫               (29) 

( )
( )( )

( ) ( ) ( ) ( )
*
i*

2i 2i i 2i

1 m s
P s P 0,s B s P 0,s

s
∗ ∗

− + θ
= =

+ θ
              (30) 

 

( ) ( ) ( ) ( )
x

3i i 3i
0

P x,s exp s x u du P 0,s∗ ∗
 

= − + θ − h 
  

∫               (31) 

( )
( )( )

( ) ( ) ( ) ( )
*
i*

3i 3i i 3i

1 h s
P s P 0,s C s P 0,s

s
∗ ∗

− + θ
= =

+ θ
              (32) 

( ) ( ) ( )
x

4i 4i
0

P x,s exp sx u du P 0,s∗ ∗
 

= − − φ 
  

∫                (33) 

( ) ( )
( )( )

( ) ( ) ( )
*

* *
4i 4i 4i i 4i

1 k s
P s P x,s dx P 0,s D s P 0,s

s
∗ ∗

−
= = =∫         (34) 

( ) ( ) ( )
x

5i 5i
0

P x,s exp sx u du P 0,s∗ ∗
 

= − − φ 
  

∫                (35) 

( ) ( )
( )( )

( )
*

* *
5i 5i 5i

1 k s
P s P x,s dx P 0,s

s
∗

−
= =∫  

 ( ) ( )i 5iD s P 0,s∗=                  (36) 

( ) ( ) ( )
x

6i 6i
0

P x,s exp sx u du P 0,s∗ ∗
 

= − − φ 
  

∫                (37) 

( ) ( )
( )( )

( )
*

* *
6i 6i 6i

1 k s
P s P x,s dx P 0,s

s
∗

−
= =∫  

 ( ) ( )i 6iD s P 0,s∗=                  (38) 
Also, 

( ) ( ) ( ) ( ) ( ) ( )
x

*
1i i i i 1i

0

P x,s x dx exp s x u du x P 0,s dx∗
 

µ = − + θ − µ µ 
  

∫ ∫ ∫  

   ( ) ( )* *
i 1ig s P 0,s= + θ                (39)        

Similarly,  

( ) ( ) ( ) ( )* * *
2i i i 2iP x,s x dx m s P 0,sψ = + θ∫  

( ) ( ) ( ) ( )* * *
3i i i 3iP x,s x dx h s P 0,sh = + θ∫  
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( ) ( ) ( ) ( )* * *
4i 1iP x,s x dx k s P sφ = θ∫  

( ) ( ) ( ) ( )* * *
5i 2iP x,s x dx k s P sφ = θ∫  

( ) ( ) ( ) ( )* * *
6i 3iP x,s x dx k s P sφ = θ∫           (40-44)                                         

Substituting the values in (21), (22) and (23) 

( ) ( ) ( ) ( )* * * *
1i i 0 1iP 0,s P s k s P s== α + θ  

( ) ( ) ( ) ( ) ( )* * * * *
2i i 1i 2iP 0,s g s P 0,s k s P s= + θ +θ  

( ) ( ) ( ) ( ) ( )* * * * *
3i i 2i 3iP 0,s qm s P 0,s k s P s= + θ +θ          (45-47)                                                                                                                    

Also from (28) and (45) 

( ) ( )
( ) ( )( ) ( )i i* *

1i 0*
i

A s
P s P s

1 k s A s

α
=

−θ
                (48) 

                                                                                             
Similarly, 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

*
i i i 0

2i * *
i i

B s g s P s
P s

1 k s A s 1 k s B s

∗
∗ α + θ

=
   − θ − θ   

                         (49)  

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

*
i i i i 0

3i * *
i i i

C s qm s g s P s
P s

1 k s A s 1 k s B s 1 k s C s

∗ ∗
∗

∗

+ θ + θ α
=
     − θ − θ − θ     

 

                     (50) 

( ) ( ) ( ) ( )
( ) ( )

*
i i i 0

4i *
i

D s A s P s
P s

1 k s A s
∗ θα

=
 − θ 

                (51) 

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

*
i i i i 0

5i * *
i i

D s B s g s P s
P s

1 k s A s 1 k s B s

∗
∗ θ α + θ

=
   − θ − θ   

              (52) 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

*
i i i i i 0

6i * * *
i i i

D s q C s m s g s P s
P s

1 k s A s 1 k s B s 1 k s C s

∗ ∗
∗ θ α + θ + θ

=
     − θ − θ − θ     

 

                                   (53)                                             
 Substituting the values in (14) we get  

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

i i i*
0 i * *

i i

m s g s
P s s

1 k s A s 1 k s B s

∗ ∗ α + θ + θ= + α −
    − θ − θ    

∑∑  

  
( )
( ) ( )

1

i
*

i

h s
p q

1 k s C s

−
∗  + θ +  − θ   

               (54) 

5 ANALYSIS OF CHARACTERISTICS 
5.1 Steady State Probabilities 
The steady state probabilities that the system will be in 
state 0S is: 

( ) ( )
( )( )

0 0 0 1t s 0 s 0
0

1p lim P t lim sP s lim
d P s
ds

∗
−→∞ → → ∗

= = =  

Let,  

( )*
i is 0

dlim m s M
ds→

+ θ =  ( )*
i is 0

dlim g s G
ds→

+ θ =  

 ( )*
i is 0

dlim h s H
ds→

+ θ =  ( )*
s 0

dlim k s
ds→

= ϕ  

Therefore, 

 ( )
( )( )*

ii
i 2s 0

1 gGdlim A s
ds→

− θ
= − −

θ θ
 

 ( )
( )( )*

ii
i 2s 0

1 mMdlim B s
ds→

− θ
= − −

θ θ
 

 ( )
( )( )*

ii
i 2s 0

1 hHdlim C s
ds→

− θ
= − −

θ θ
 

( )
( )( )*

ii
i 2s 0

1 hHdlim C s
ds→

− θ
= − −

θ θ
  

Thus,  
           

( )( )
( )( )

( )
( )( )

( )

( )( )
( )

1
0 0s 0

* *
i i

i i* *
i i

1
*
i

i *
i

dp lim P s
ds

1 h 1 m1 11 q
h m

1 g 1
g

−∗

→

−

=

    − θ − θ       = + α − ϕ + α − ϕ       θ θθ θ          

 − θ    + α − ϕ   θθ    

∑ ∑

∑

 

 
( )
( )

i i
1i 0*

i

A 0
p p

g

α
=

θ
  

( )
( )

i i
2i 0*

i

B 0
p p

m

α
=

θ
 

 
( )

( )
i i

3i 0*
i

qC 0
p p

h

α
=

θ
  

( ) ( )
( )

i i i
4i 0*

i

A 0 D 0
p p

g

α θ
=

θ
 

 
( ) ( )
( )

i i i
5i 0*

i

B 0 D 0
p p

m

α θ
=

θ
 

( ) ( )
( )

i i i
6i 0*

i

C 0 D 0
p q p

h

α θ
=

θ
 

 
 
5.2 Point wise Availability 
The Point-wise availability of the system in terms of its La-
place Transform is given by: 

( ) ( )A s L.T A t∗ =     

  ( ) ( ) ( ) ( )0 1i 2i 3iL.T P t P t P t P t = + + + ∑ ∑ ∑  

    

( )
( ) ( )( )

( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( )

i i i i i
* **

i ii

i i i i *
0* *

i i i

A s B s g s
1

1 k s A s 1 k s B s1 k s A s

q C s m s g s
P s

1 k s A s 1 k s B s 1 k s C s

∗

∗ ∗

∗

 α α + θ= + +
    − θ − θ− θ    

α + θ + θ +
     − θ − θ − θ      

∑ ∑

∑

 

5.3  Steady-state Availability 
The probability that in long run system will be operative is 
given by: 

( ) ( ) ( )0 1i 2i 3is 0
A lim sA s p p p p∗

→
∞ = = + + +∑  

    
5.4 Reliability  
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The reliability of the system R (t) in terms of its Laplace Trans-
form is ( ) ( )R s L.T R t∗ =     

This can be obtained by assuming the failed states 4i 5i 6iS , S ,S  
as absorbing. Thus  
 

( ) ( ) ( ) ( ) ( )
( )0 1i 2i 3i k s 0

R s P s P s P s P s
∗

∗ ∗ ∗ ∗ ∗
=

 = + + + ∑ ∑ ∑  

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ){ }
i i i i i i i i i

i i i i i

1 A s B s g s q C s m s g s

s m s g s p qh s

∗ ∗ ∗

∗ ∗ ∗

 + α + α + θ + α + θ + θ =
 + α − α + θ + θ + + θ
 

∑ ∑ ∑
∑ ∑

 

 
5.5 MTSF  
The mean time to system failure of the system is given by 

( ) ( ) ( )
s 0

E T R t dt lim R s∗

→
= =∫

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ){ }
i i i i i i i i i

i i i i i

1 A 0 B 0 g q C 0 m g

m g p qh

∗ ∗ ∗

∗ ∗ ∗

 + α + α θ + α θ θ =
 α − α θ θ + θ
 

∑ ∑ ∑
∑ ∑

 

 
5.6 Expected up-time of the system 
Let ( ) ( )1 2

i iA t and A t be the respective probabilities that system 
is operative at epoch t due to operation of unit-1 or unit-2. The 
steady state availability of the system is given by  
 1

0 0A p= ∑  

 ( )2
0 1i 2i 3iA p p p= + +∑  

The expected up-time of the system during (0, t) due to opera-
tion of unit-1 and unit-2 are: 

 ( ) ( )
t

1 1
up 0

0

t A u duµ = ∫  So that, ( ) ( )1
01

up
A s

s
s

∗
∗µ =  

 ( ) ( )
t

2 2
up 0

0

t A u duµ = ∫  So that,  ( ) ( )2
02

up
A s

s
s

∗
∗µ =  

  
5.6 Busy period analysis 
Let ( ) ( ) ( ) ( )pr1r1 I1 r2

i i iiB t ,B t ,B t and B t be the respective proba-
bilities that repairman is busy in repair of unit-1, inspection of 
unit-1, post repair of unit-1 and repair of unit-2. 
The steady state probabilities that repairman is busy in repair 
of unit-1, inspection of unit-1, post repair of unit-1 and repair 
of unit-2 are: 
 r1

0 1iB p= ∑   I1
0 2iB p= ∑  

 pr1
3i0B p= ∑  ( )r2

0 4i 5i 6iB p p p= + +∑  
i). Expected busy period of repairman for repair of unit-1 dur-

ing time interval (0, t) is: 

( ) ( )
t

(r1) r1
0b

0

t B u duµ = ∫  So that ( ) ( )r1
0(r1)

b
B s

s
s

∗
∗

µ =  

ii) Expected busy period of repairman in inspection of unit-1 
during time interval (0, t) is: 

( ) ( )
t

(I1) I1
0b

0

t B u duµ = ∫  So that ( ) ( )
t

(I1) I1
0b

0

t B u duµ = ∫    

iii) Expected busy period of repairman in post-repair of unit-1 
during time interval (0, t:) is:  

 ( ) ( )
t

(pr1) pr1
0b

0

t B u duµ = ∫  So that, ( ) ( )pr1
(pr1) 0
b

B s
s

s
∗

∗

µ =  

iv) Expected busy period of the repairman for repair of unit-2 
during time interval (0, t) is: 

( ) ( )
t

(r 2) r2
0b

0

t B u duµ = ∫  So that, ( ) ( )r2
0(r 2)

b
B s

s
s

∗
∗

µ =  

   

6 PROFIT FUNCTION ANALYSIS 
The net expected profit incurred in (0, t) is given by 
P(t) =  Total revenue in (0, t) – Expected cost in (0, t) 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

r1 I11 2
0 up 1 up 2 3b b

pr1 r2
4 5b b

P t K t K t K t K t

K t K t

= µ + µ − µ − µ

− µ − µ
  

Where,  
0K = revenue per unit of time when the system is operative 

due to operation of unit-1. 
1K = revenue per unit of time when the system is operative 

due to operation of unit-2. 
2K = amount paid to the repairman per unit of time when he 

is busy in repair of unit-1. 
3K = amount paid to the repairman per unit of time when he 

is busy in inspection of unit-1. 
4K = amount paid to repairman per unit of time when he is 

busy in post-repair of unit-1. 
5K = amount paid to the repairman per unit of time when he 

is busy in repair of unit-2. 
The expected profit per unit of time in steady state is given by 

( ) ( ) ( ) ( )

( ) ( ) ( )

2 1 2 2 2 r1*
0 up 1 up 2 bt s 0 s 0 s 0

pr12 I1* 2 * 2 r2*
3 b 4 5 bbs 0 s 0 s 0

P t
P lim K lim s s K lim s s K lim s s

t
K lim s s K lim s s K lim s s

∗ ∗

→∞ → → →

→ → →

= = µ + µ − µ −

µ − µ − µ

 pr11 2 r1 I1 r2
0 0 1 0 2 0 3 0 4 5 00K A K A K B K B K B K B= + − − − −   

 
7. NUMERICAL RESULTS  
In this section, some numerical results are illustrated for the 
above model in two cases: 
Case I: When repair time of the component of first unit, post 
repair of the component of first unit, inspection of the compo-
nent of first unit and repair time of second unit follows expo-
nential distribution i.e. 

( ) ( ) ( ) ( ) ( )
x * 1g x e g s A s

s s
−µ µ

= µ + θ = =
+µ + θ +µ + θ
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( ) ( ) ( ) ( ) ( )
x * 1h x e h s B s

s s
−h h

= h + θ = =
+ h+ θ +ψ + θ

 

( ) ( ) ( ) ( ) ( )
x * 1m x e m s C s

s s
−ψ ψ

= ψ + θ = =
+ψ + θ + h+ θ

 

( ) ( ) ( ) ( ) ( )
x * 1k x e k s D s

s s
−φ φ

= φ = =
+ φ + φ

 

1

0
qp 1 1

−
   α α α θ

= + + + +   h ψ µ φ   
 

( )
1

q qA 1 1 1
−

     α α α α α α θ
∞ = + + + + + + +    h ψ µ h ψ µ φ     

 

( ) ( )( ) ( )( )( )

( )( ) ( )

q1

MTSF
qp

 α αµ αψµ
+ + + 

µ + θ  µ + θ ψ + θ   µ + θ ψ + θ h+ θ      =
  αψµ h α − +   µ + θ ψ + θ   h + θ        

 

 
    

pr11 2 r1 I1 r2
0 0 1 0 2 0 3 0 4 5 00Profit P K A K A K B K B K B K B= = + − − − −  

 
0 0 1 0 2 0 3 0 4 0

5 0

q qK p K p K p K p K p

qK p

 α α α α α α
= + + + − − − h ψ µ µ ψ h 

 α α α θ
− + + µ ψ h φ 

 

 
Case II: When repair time of the component of first unit, post 
repair of component of first unit, inspection of component of 
first unit and repair time of second unit follows lindley distri-
bution i.e. 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( )( ) ( )
( )( )

22
x *

2

2

s 1
g x 1 x e g s

1 s 1

s 1 2
A s

1 s

−µ µ +µ + θ+µ
= + + θ =

+µ +µ + θ +µ

+ θ +µ +µ +µ
=

+µ +µ + θ

 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( )( ) ( )
( )( )

22
x *

2

2

s 1
h x 1 x e h s

1 s 1

s 1 2
B s

1 s

−h h + h+ θ+h
= + + θ =

+ h + h+ θ + h

+ θ +ψ +ψ +ψ
=

+ψ +ψ + θ

 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( )( ) ( )
( )( )

22
x *

2

2

s 1
m x 1 x e m s

1 s 1

s 1 2
C s

1 s

−ψ ψ +ψ + θ+ψ
= + + θ =

+ψ +ψ + θ +ψ

+ θ + h + h + h
=

+ h + h+ θ
 

( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( )( ) ( )
( )( )

22
x *

2

2

s 1
k x 1 x e k s

1 s 1

s 1 2
D s

1 s

−φ φ + φ+φ
= + =

+ φ + φ + φ

+ φ + φ + φ
=

+ φ + φ

 

 

( ) ( )
( )

( ) ( )
( )

( ) ( )
( )

( )
( )

2 2

0 2 2

12

2

2 1 2 1
p 1

1 1

q 2 1 21
11

−

     α θµ + µ + θ + µ α θψ + ψ + θ + ψ    = + +  µ + θ + µ ψ + θ + ψ 
 α θh + h + θ + h  + φ  + +    θ φ φ +h+ θ + h   

( )

( ) ( )
( )( )

( )
( ) ( )

( ) ( )
( )( )

( )
( ) ( )

( ) ( )
( )( )

( )
( ) ( )

2 2

2 2

2 2

2

02

2

1 2 1 2

1 1
A 1

1 1

1 1

q 1 2

1
p

1

1

 α θ + µ + µ + µ  α θ + ψ + ψ + ψ    
+ µ µ + θ + ψ ψ + θ

∞ = + +
µ µ + θ + ψ ψ + θ +

 µ + θ + µ ψ + θ + ψ
α θ + h + h + h   

+ h h+ θ 
+ 

h h+ θ + 
h + θ + h 

 

( ) ( )
( )( )

( ) ( )
( )( )

( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

( ) ( )
( )( )

2

2 2 2

2 2 2

2 2 2

2

1 2 1 2 1
1

1 1 1
MTSF

1 1 1
p q

1 1 1

q 1 2

1

     αθ + µ + µ + µ αθ + ψ + ψ + ψ µ µ + θ +     + +     + µ µ + θ + ψ ψ + θ µ + θ + µ    =        αµ µ + θ + ψ ψ + θ + h h+ θ +       α − +       µ + θ + µ ψ + θ + ψ h+ θ + h        

 αθ + h + h + h
+ h h+ θ

( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

( )
( ) ( )

2 2

2 2

2 2 2

2 2 2

1 1

1 1

1 1 1
p q

1 1 1

  µ µ + θ + ψ ψ + θ +       µ + θ + µ ψ + θ + ψ   
      αµ µ + θ + ψ ψ + θ + h h+ θ +       α − +       µ + θ + µ ψ + θ + ψ h+ θ + h         

 
 

9 CONCLUSION 
In this paper we successfully obtained some reliability 
measures of the system such as the steady state probabilities, 
point wise availabilities and steady state availabilities, Relia-
bility and MTSF, expected up time of the system and busy 
periods with repair, inspection and post repair, profit gain for 
the system. From a concrete study of system behaviour we 
observe in case1 the behaviour of MTSF w.r.t inspection rate 
ψ for varying values of α  and µ  when 

. , . , .h = θ = φ =1 5 0 8 1 5 . The curve in fig. 1 depicts that MTSF 
increases very slow with inspection rate. Further we also con-
clude that the increase in MTSF with the increase of inspection 
rate becomes fast for less values of failure rate α .  It can also 
be seen that MTSF decreases with increase in failure rate α  
and increases with increase in repair rate µ . 
 Fig 2 depicts that variation in steady state profit w.r.t inspec-
tion rate ψ  for varying values of α  and φ  when 

. , . , . ,K ,K ,K ,K ,K ,Kh = θ = µ = = = = = = =0 1 2 3 4 51 5 0 8 0 5 200 400 350 250 300 200

We may clearly observe the trend that profit gradually in-
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creases with inspection rate ψ and decreases with increasing 
failure rate α  and increases with the increase in repair rate µ . 
Similar trends of MTSF and profit were observed in case 2 
considering Lindley distribution. 
 

10. FIGURES  
Case I:  BEHAVIOUR OF MTSF W.R.T. ψ  FOR VARYING 
VALUES OF α  AND µ when 1.5, 0.8, 1.5h = θ = φ =  

 
 
  

BEHAVIOUR OF PROFIT W.R.T. ψ  FOR VARYING 
VALUES OF α  AND φwhen 
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Case II:  BEHAVIOUR OF MTSF W.R.T. ψ  FOR VARYING 

VALUES OF α  AND µ when 1.5, 0.8, 1.5h = θ = φ =  

 
 

 
BEHAVIOUR OF PROFIT W.R.T. ψ  FOR VARYING       

VALUES OF α  AND φ  when 
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