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Abstract 
In this paper presents the reliability analysis two mathematical models representing electric power 
systems operating in fluctuating outdoor weather (i.e., normal and stormy weather) and compared 
between two models. Model I deal the reliability analysis of a single-server two-unit cold standby; 
Model II deals the reliability analysis of a single-server two-unit warm standby. for two systems with 

two different modes [normal, total failure]. System failure occurs when both the units fail totally. The 
failure rate and failed repair rate of a unit are constants. Laplace transforms of the various state 
probabilities have been derived and then reliability is obtained by the inversion process. Moreover, 
an important parameter of reliability, i.e., MTTF (mean time to failure), the variance transition of time 
to failure of the system, system availability and steady-state availability are derived. The failure times 
of operating/spare units and repair time of failed units are exponential distributed. Certain important 
result has compared between two systems  
Keywords. Cold standby, Warm standby, Reliability, Men time to system failure. 

 

 

Introduction 
In many previous scientific papers such a case was addressed with certain different for example in the study 

of the extent of the effect of the rate of change of weather from moderate to unmoderated on system with 

one operating unite [1], and another backup unite was addressed also in the study of the comparison of 

reliability and the availability between four systems with warm standby components and standby switching 
failures [2]. Another study has rebelled the model and analysis of power system reliability evaluation 

considering weather change [3], also study have addressed the reliability evaluation of electric power systems 

in alternating environment [5].  

In this research, a comparison is presented between two models representing electrical power systems 

operating in fluctuating outdoor weather (i.e., normal and stormy weather), where the first model represents 

two units one of which is working and the other cold standby and the second model represents two units 
one of which is working and the other worm standby and both systems have two different patterns [normal 

total failure]. The system breaks down when it is exposed to total failure by deriving the different probabilistic 

Laplace transform of the two models. Moreover, an important parameter of reliability, i.e., MTTF (mean time 

to failure), the variance transition of time to failure of the system, system availability and steady-state 

availability are derived. The failure times of operating/spare units and repair time of failed units are 
exponential distributed. Certain important result has compared between two systems. 

 

Assumptions 

The following assumptions are associate d with models I and II: 

1. The system ceases to function when both the units are non-operative, 

2. the system operates in changing weather (i.e., normal and stormy weather), 
3. As soon as the operating unit fails, it is replaced at a certain constant rate by the standby, 

4. At time t=0, one unit is switched into operation and the other one is in cold (or worm) standby mode, 

5. Units are identical and statistically independent, 

6. Unit failure rate is constant, 

7. A repaired unit is as good as 'new'(this assumption is applicable to model I and II). 
 

Notation 

 Here is the symbols and parameters are associated with both models: 

][ UOOU   when t=0 one unit is switched into operation and the other unit is in 

cold [or worm] standby mode, 

 up state of the system in normal [stormy] weather (i units are non-

operative); i=0,1,2, 

 down state of the system in normal [stormy] weather (i units are 

non-operative); i=1,2, 

 iU iU  thi

 iD iD  thi
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 Unit constant failure rate operative unit in normal [stormy] weather, 

 Unit constant failure rate worm standby unit in normal [stormy] 

weather, 

 Unit constant switching-in rate from standby mode to on-line mode in 

normal [stormy] weather, 

 Weather constant transition rate from normal to stormy [stormy to 

normal] state, 

 Unit constant repair rate from stat in normal [stormy] weather, 

 Laplace transform variable, 

 Probability that the system is in state I at time t. 

 
Analysis   

Model I 
 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 1. State space diagram for Model I 

 

Using the transitions of the Markov process to the up states of the system. Let 

be the probability that the system is in state 

at time t. The infinitesimal generator of the Markov process is given 

below 

                                                   (1)                                                                                                                                              

We assume that initially both the units are operable and obtain the measures of system performance. 

 
System reliability 

The system reliability R(t) is the probability of failure-free operation of the system in (0, t]. To derive an 

expression for the reliability of the system, we restrict the transitions of the Markov process to the up states, 

viz. .Using the infinitesimal generator given in (1), pertaining to these states and standard 

probabilistic arguments, we derive the following differential equations. 
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,     

,      

, 

.                                                            

(2-.5)        

Let Li (s) be the Laplace transform of .Taking Laplace transform on both the sides of the 

differential   equations (2-.5) and using the initial conditions at time t=0,  and all other initial 

condition probabilities are equal to zero, solving for Liu[iu'] (s), we get 

,     

,      

, 

.       (6-9) 

and inverting, we get .Then the system reliability is given by 

 

                                 (10) 

Where are the roots of the following equation? 

 

 

Mean time to system failure  

The steady-state reliability of the system is given by  

 

=    (11) 

The mean time to failure of the system is given by 

       (12) 

 

Variance transition of time to failure of the system  
The variance transition of time to failure of the system is given by  

 =      (13) 

Where  

System availability  

The system availability is the probability that system operates within the tolerances at a given instant of 

time and is obtained as follows: using the infinitesimal generator given in (1), we obtain the following 

differential equations 

( ) ( ) ( )
dpou p t p tou oudt

  = − + +


( )1
1 1

( ) ( )U
U U

dp
p t p t

dt
   = − + +

( )0
00

( ) ( )U
UU

dP
P t p t

dt
  


= − + +

( )1
1 1

( ) ( )U
U U

dp
p t p t

dt
  


= − + +

( )[ ] , 0,1iu iup t i =

( )0 1Pou =

( ) ( ) ( ) 1s p s p sou ou
  + + − =



( ) 1 1
( ) ( ) 0

U U
s p s p s   + + − =

( ) 00
( ) ( ) 0

UU
s P s p s  

+ + − =

( ) 11
( ) ( ) 0

UU
s p s p s  

+ + − =

( ) , ,1 ,1,i OU OU U Up t i  =

( ) ( ) ( ) ( ) ( )1 1OU U OU U
R t P t P t P t P t = + + +

( ) ( ) ( )( )

( )

2
4

4
1

1,

i
i i i s t

i
i j

j j i

s s s
e

s s

          

=

= 

   + + + + + + + + + +
=

−




1 2 3 4, , ,s s s s

( )( )( )
2

s s    − + + + +

( ) ( ) ( ) ( ) ( )1 1OU U OU U
R s P s P s P s P s = + + +

( )

2

2

( ) ( ( ) ( ))

( + + ( ))

S S S

S S

           

     

   + + + + + + + + + +

− + +

0

( )
lim ( )

( ( ) )s
MTTF R s

  

    →

+ +
= =

 + +

( )
22

0
2lim ( )

s
R s MTTF

→
= − −

( ) ( )
22

2

2

( ( ) )

     

   

+ + + +

+ +

( )
( )

R s
R s

s




 =

https://doi.org/10.54361/ajmas.258112


Alqalam Journal of Medical and Applied Sciences. 2025;8(1):73-84 

https://doi.org/10.54361/ajmas.258112 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025      76 

,     

,                  

, 

,      

, 

,    

, 

.                                  (14-21) 

and using the initial conditions at time t=0,  and all other initial condition probabilities are equal 

to zero, solving for Liu[iu'] (s) and LiD[iD'] (s),we get 

, 

, 

, 

.         (22-25) 

Then we obtain 
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.      (26-29) 

Since  correspond to system up-states, the system availability is given by 

                                                 

 (30) 

 

Steady-state availability  
The steady-state availability of the system is given by 

 

=       (31) 
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    are the roots of the equation (14-21), after taking Laplace transform, 

  

 

 

, 

 

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

( )) ( )( ( ) ( ))))
iH s s s s

s s s

                

               

      = − − + − + + + + + + + + − + +

      − + + + + − + − + + + + +

sin 0 , .
0

ce A A s A A s s
i i i i
=  = =  =  

 
 

 

 

 

 

( )
( )

( ) 8 ( )0 0
1 8 81

1 1,

G H G H s ti i ip t e
U i

s s s sr ri i
r r r i

+ +
= +  =

− 
= = 

 
 
 
 
 

, ,1 1OU OU U and U 

( ) ( ) ( ) ( ) ( )1
AV t P t P t P t P t

OU U OU IU
= + + +

 

( )
( )( )

( )
0 0 0 0 0 0 0 0

81

8 81

1 1,

s tie

A B C F D E G Hi i i i i i i i
A B C F D E G H

i
s s s sr ri i

r r r i


 

  
= +

 
 + + + + + +
 + + + + + + 
 =

−  
= =  

( ) ( )
( )

( )0 0
0

1
lim 0 0 0 0 0 0 0 08

1

s
AV sAV A B C F D E G H

sr
r

s 
→

 
  

= = + + + + + +

−
=



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

         

 + + + + + + +

   + + + + + +

( )
8

1
sr

r
−

=
2( )( ( ) ( )( ) ( ))iA s s s s                    = + + + + + + + + + + + + + +

( )2( ( )( ) ( ) ( ) 2 2 )iB s                              = + + + + + + + + + + + + + + +

( ( )( ) ( ) ( )( ) ( ))3 2 2iC s s                            = + + + + + + + + + + + + + + + + +

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

( ) ( )( ( ) ( )) )2

iD s s s s s s

s s s

           

               

  = + + + + + + + + + +

     − + + + + + + + + + + + +

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

iE s s s

s s s s s s s

           

             

   = − − − − − + + + + + +

   − + + + + + + + + + + + + +

( )( ( ))iF s s         = − + + + + + + + +

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

( ) ( )( ( ) ( )))
iG s s s s s

s s s

              

            

  = + + + + + + + + + + + +

    − + + − + − + + + + +

https://doi.org/10.54361/ajmas.258112


Alqalam Journal of Medical and Applied Sciences. 2025;8(1):73-84 

https://doi.org/10.54361/ajmas.258112 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025      78 

Model II 

 
 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

Figure 2. State space diagram for Model II 

  
Using the transitions of the Markov process to the up states of the system. Let 

be the probability that the system is in state 

at time t. The infinitesimal generator of the Markove process is given 

below 

(32) 

 

We assume that initially both the units are operable and obtain the measures of system performance. 

 
System reliability 

The system reliability R(t) is the probability of failure-free operation of the system in (0, t]. To derive an 

expression for the reliability of the system, we restrict the transitions of the Markov process to the up states, 

viz.  and. Using the infinitesimal generator given in (32), pertaining to these states and 

standard probabilistic arguments, we derive the following differential equations 
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,        

,                             

,        

,          

.        (33-38)                      

Let Li (s) be the Laplace transform of .Taking Laplace transform on both the sides of the 

differential   equations (33-38) and using the initial conditions at time t=0 ,  and all other initial 

condition probabilities are equal to zero , solving for Liu[iu'] (s);  ,we get 

,        

,        

,                             
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,          

.        (39-44) 

and inverting, we get .Then the system reliability is given by 
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Variance transition of time to failure of the system  

The variance transition of time to failure of the system is given by  

 =      (48) 

Where  

 SYSTEM AVAILABILITY  

The system availability is the probability that system operates within the tolerances at a given instant of 

time and is obtained as follows: using the infinitesimal generator given in (32), we obtain the following 
differential equations 

, 

,               

,         

, 

,   

, 

,                 

,        

  

.   (49-55) 

 

and using the initial conditions at time t=0 ,  and all other initial condition probabilities are equal to 

zero , solving for Liu[iu'] (s) and LiD[iD'] (s)  ;  ,we get 

, 

, 

, 

, 

( )
22

0
2lim ( )

s
R s MTTF

→
= − −

( ) ( )
22

2

2

( ( ) )

     

   

+ + + +

+ +

( )
( )

R s
R s

s




 =

( ) 1 2( ) ( ) ( ) ( )OU
OU U U OU

dp
p t p t p t p t

dt
      = − + + + + +

( )1
1 1( ) ( ) ( )U
U OU U

dp
p t p t p t

dt
     = − + + + +

( )1
1 1( ) ( ) ( )D
D OU D

dp
s p t p t p t

dt
      = − + + + + + +

( )2
2 1 2 2( ) ( ) ( ) ( )U
U D D U

dp
p t p t p t p t

dt
     =− + + + +

( )2
1 2 1 1 2 2( ) ( ) ( ) ( ) ( )D

D U D U D

dp
p t p t p t p t p t

dt
      = − + + + + +

( ) 1 2( ) ( ) ( ) ( )OU
OU U U OU

dp
s p t p t p t p t

dt
     

  
  = − + + + + + +

( )1
1 0 1( ) ( ) ( )U
U U U

dp
p t p t p t

dt
    

  
 = − + + + +

( )1
1 1 0 1( ) ( ) ( )D

D U D

dp
p t p t p t

dt
     

 
  = − + + + + +

( )2
2 1 2 2( ) ( ) ( ) ( )U
U D D U

dp
p t p t p t p t

dt
    

  
 = − + + + +

( )2
1 2 1 1 2 2( ) ( ) ( ) ( ) ( )D

D U D U D

dp
p t p t p t p t p t

dt
     

   
   = − + + + + +

( )0 1Pou =

( )
( )

10

1

AQ
p s
OU

r
s s sr

=


=

−

( )
( )

1 10

1

AQ
p s

U

r
s s sr


=


=

−

( )
( )

2 10

1

Q
p s

U

r
s s sr


=


=

−

( )
( )

10

1

AQ
p s
OU

r
s s sr

 
=


=

−

https://doi.org/10.54361/ajmas.258112


Alqalam Journal of Medical and Applied Sciences. 2025;8(1):73-84 

https://doi.org/10.54361/ajmas.258112 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 
Received: 18-11-2024 - Accepted: 06-01-2025 - Published: 12-01-2025      81 
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.         (56-61) 

 

Then we obtain 
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Since  correspond to system up-states, the system availability is given by 
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Steady-state availability  

The steady-state availability of the system is given by 

 

=       (69) 

 

Where 

   are the roots of the equation (49-55) after taking Laplace transform 
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Conclusion 
We conclude that the steady-state availability first system and second system. The mean time to failure of 

the system for two systems and the variance. Transition of time to failure of the two systems we obtained 
on the second model not differs from the first model for all parameters. 
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 المستخلص

ي  ل   
ن
ن اذلة   ي ذذذذ  رق ذذذ تذذذ  رق    ذذذ  قذذذ  رق ذذذ  وذذذ  ف ن  نذذذ اذذذذذذذذذذذذذذذةثلا ي هذذذال رقة تذذذ  حلذذذال حثوقذذذل رقذةيةتقذذذ  ق ذةيمثلا

ن
ي  بلوذذذا ط س رق ل  رق ذذذ  س ف خذذذ   م

ن  ونب ذ  ذل رق  لأ لب ذ  ذل رق ذةيث ريو   ح حثوقذل رقذةيةتقذ  قة ذاد ر بقذ  قذ  يذ   د يرا خذ  ل ور ذا وو ذاحثلا ن ن يذةيمثلا ذةيث  ورق ذ فذذذذذذذذذذذذذذذنم و لذ  يذ  اثلا

ن    ق ن  يبو ثلا ن ا ذ ثلا لأ ق  ذ  ثلا ن ي  ح حثوقذل رقذةيةتقذ  قة ذاد ر بقذ  قذ   رت ذ  يرا خذ  ل ور ذا وو ذاحثلا
الأ اثذا  تشذذذذذذذذذذذذذذذذل رق  ذ ل رقلذ  ن ، تشذذذذذذذذذذذذذذذذل لني عي

ن حذ  م لأ   ا  رق شذذذذل و  ا  حفذذذذةا رقة اد رق  تذذذذو  ي اب  لأ حلا رتذذذذبل ت حثحنةا ايةخ ا بذ اا رقث ق  رقذي بو   و ن  ع ا   ح شذذذذل لوب  رقة احثلا

رقةتت  تى رق شذذذل، وريبل    ،  س  بةسذذذ   يلا حلا رقثصذذذة  عن رقذةيةتق   ن خة  عذوق  رق   لأ عةود عن يقت، حلا رتذذذبل ت   وذ    ذ  قوذةيةتق

ارا رق  تو   رقبب لن قةتت تشل رق   ل، وحةرتر رق   ل وحةرتر رقث ق  رقذسبلردلأ لبلا حةزنذذذذح  وت ا تشل رقة ارا رق   و /را بق  ق  ووتت حفةا رقة 

لأ  ن ن ي   ثلا لأ حذت  ل  ي  ي ض رق ب  ج رقذ ذ  اثلا  بشكل  سي

https://doi.org/10.54361/ajmas.258112

