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Abstract 
In this paper, the author has considered a power plant to evaluate its reliability parameters by using algebra of logics. The system 

configuration has been shown in fig-1. In this power plant, there are two identical generators 1G  and 2G  in standby 

redundancy. Only one generator is sufficient to fulfill the power requirements of whole system. The author has used four change 

over devices CO1 through CO4 to feed power to four machine 321 ,, MMM  and 4M .It is assumed that the cables used, to 

connect all equipments, are hundred percent reliable and we need to operate two machines  ,, 21 MM or 3M and 4M  

simultaneously. These machines can be operated by switching devices 
1SD  through 4SD . 

 

Keywords: power plant, identical generators, standby redundancy, changes over devices. 

--------------------------------------------------------------------***------------------------------------------------------------------ 

1. INTRODUCTION 

In the beginning, the whole power plant is operable and there is no repair facility to repair a failed unit/component of power plant. 

The author has obtained the reliability of the system as a whole and reliability function for the system in two cases, i.e., when 

failure rates follow weibull or exponential time distribution. An important reliability parameter, mean time to failure (M.T.T.F.), 

has also been evaluated in both the cases. In the end of paper, the author has been given a numerical computation and its graphical 

illustration to highlight the important results for their practical importance. The results obtained in this study, can be applied for 

the power plant of similar configuration. 

 
Fig-1: System Configuration 
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2. ASSUMPTIONS 

The following assumptions have been associated with this 

model: 

(1) Initially, all the components are good. 

(2) There is no repair facility available. 

(3) Failure times of all components of the power plant 

are arbitrary. 
(4) Failures are statistically-independent. 

(5) Reliability of each component of power plant is 

known in advance. 

(6) Transition of power from one component to other is 

all reliable. 

(7) Every component of the system remains either in 

good or in bad state. 

(8) Only one generator is sufficient to fullfil the power 

requirement of whole power plant. 

(9) Mostly, we need two machines M1 and M2 or M3 

and M4 to operate simultaneously. 

 

3. NOTATIONS 

The following notations have been used throughout this 

paper: 

21, xx  : States of generators 21,GG  

respectively; 

6543 ,,, xxxx  : States of change over devices CO1 

through CO4; 

10987 ,,, xxxx  : States of switching devices 1SD  

through 4SD ; 

ix  : Negation of state ix , i ; 

ix  :  =1, in good state; =0 in bad state; 

 /  : Conjunction/Disjunction; 

iR  : Reliability of the component 

corresponding to state ix ; 

iS  : iRi  ,1 ; 

SR  : Reliability of the power plant as a 

whole; 

   tRtR SWSE /  : Reliability functions when failures 

follow Weibull/exponential time 

distribution. 

 

4. FORMULATION OF MATHEMATICAL 

MODEL 

By making use of Boolean function technique, the 

conditions of capability of the successful operation of the 
power plant in terms of logical matrix are expressed as: 
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5. SOLUTION OF THE MODEL 

Using algebra of logics, we may write equation (1) as: 

 

     ,,,,        , 10521431021 xxxxfxxxxxF 
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Substituting 

 

 7511          xxxB    …(4) 

 

 8512          xxxB    …(5) 

 

 9613          xxxB    …(6) 

 

 10614          xxxB    …(7) 

 

 7525          xxxB    …(8) 

 

 8526          xxxB    …(9) 

 

 9627          xxxB    …(10) 

 

 10628          xxxB    …(11) 
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in equation (3), we have 
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Using orthogonalisation algorithm, equation (12) may be 

written as 

 

 

















































87654321

7654321

654321

54321

4321

321

21

1

10521

                            

                        

                    

                

            

        

    

,,, 

BBBBBBBB

BBBBBBB

BBBBBB

BBBBB

BBBB

BBB

BB

B

xxxxf

 …(13) 

 

Now we have 
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Similarly, we obtain 
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Therefore, equation (13) becomes, subjected to equations (14) through (20): 
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Using equation (21), equation (2) gives 
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Since, R.H.S. of equation (23) is disjunction of pair-wise disjoint conjunctions, therefore, the reliability of considered power plant 

will be: 

 

  1, 1021  xxxFPR rS  

 1061957986515961785175143 RRRSSSRRRRRSRRRSRRRRRRRR   

 

85217685271752110865197 RRRRSSRRRSSRRRSRRRRRSS   

 

965287110865219796251 RRRRSSSRRRRRRSSRRRSS   

 

1065298711062951 RRRRSSSSRRRSSS  , 

 

Where,  .10,2,1,1  iRS ii  

 

or,        852106175296185175143 RRRRRRRRRRRRRRRRRRRRRS   

 

108651109651986511062962 RRRRRRRRRRRRRRRRRRRRR   

 

108652187652110987651 RRRRRRRRRRRRRRRRRRR   

 

987652986521976521109876521 RRRRRRRRRRRRRRRRRRRRRRRRRR   

 

108765210865211076521109621 RRRRRRRRRRRRRRRRRRRRRRR   

 

10987652110986521097652 RRRRRRRRRRRRRRRRRRRR   

 

10651752198765196518751 RRRRRRRRRRRRRRRRRRRRRR   
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8652187521098651108765110961 RRRRRRRRRRRRRRRRRRRRRRRRR   

 

9765296211098652110876521 RRRRRRRRRRRRRRRRRRRRRRR   

 

1076521096210621987652198652 RRRRRRRRRRRRRRRRRRRRRRRRR   

 

109865211097652110876521108652 RRRRRRRRRRRRRRRRRRRRRRRRRR   

 

10987652 RRRRRRR                 …(24) 

 

 

6. SOME PARTICULAR CASES 

6.1 CASE I: If the Reliability of each Component of 

Power Plant is R: 

In this case, equation (24) yields: 

 
1098765 26798 RRRRRRRS  …(25) 

 

 

6.2 CASE II: When Failure Rates follow Weibull 

Distribution 

Let i  be the failure rates corresponding to component 

states 102,1  ,  ixi . Then, reliability function of 

power plant, at an instant„t‟, is given by: 
 

 

      tbtatR j
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where,   is a positive parameter and 
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1096517   ca  
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109876519   ca  

 

85210   ca  

 

87652111   ca  

 

108652112   ca  

 

10987652113   ca  

 

96214   ca  

 

97652115   ca  

 

98652116   ca  

 

98765217   ca  

 

106218   ca  

 

10962119   ca  

 

107652120   ca  

 

108652121   ca  

 

108765222   ca  

 

109765223   ca  

 

109865224   ca  

 

10987652125   ca  

 

Also, 

87511   cb  
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96512   cb  

 

9876513   cb  

 

75214   cb  

 

106515   cb  

 

109616   cb  

 

10876517   cb  

 

10986518   cb  

 

87529   cb  

 

8652110   cb  

 

1087652111   cb  

 

1098652112   cb  

 

962113   cb  

 

9765214   cb  

 

9865215   cb  

 

987652116   cb  

 

1062117   cb  

 

1096218   cb  

 

10765219   cb  

 

10865220   cb  

 

1087652121   cb  

 

1097652122   cb  

 

1098652123   cb  

 

1098765224   cb  

 

and  43  c  

Again, the M.T.T.F. of the power plant, in this case, is given 

by: 

 

   



0

.... dttRWFTTM SW  

    





















 



24

1
1

25

1
1

1111

j
j

i
i ba 

 …(27) 

 

6.3 CASE III: When Failures follow Exponential 

Distribution 

Exponential distribution is nothing but a particular case of 

weibull distribution for 1  and is very useful for 

practical problem purpose. Therefore, the reliability function 

for considered power plant at an instant t, in this case, is 

given by 

 

     tbtatR j

j
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and expression for M.T.T.F., in this case, is given by 
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7. NUMERICAL COMPUTATION 

For a numerical computation, let us consider the values: 
 

(a)   2  ,002.0102,1   ii   

and  2,1,0t  in equation (26); 

 

(b)    ,002.0102,1   ii   2,1,0t  in 

equation (28). 

By using (a) and (b), we compute the table-1 and the 

corresponding graph has been shown in fig-2. 

(c) 2  and  

    1,09.0  ,04.0  ,0102,1   ii in 

equation (27); 

(d)     1,09.0  ,04.0  ,0102,1   ii in 

equation (29). 

 

By using (c) and (d), we compute the table-2 and the 

corresponding graph has been shown in fig-3. 
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Table-1 

t  tRSW   tRSE  

0 1 1 

1 0.9979 0.9979 

2 0.9917 0.9959 

3 0.9803 0.9938 

4 0.9628 0.9917 

5 0.9379 0.9895 

6 0.9044 0.9872 

7 0.8614 0.9849 

8 0.8088 0.9826 

9 0.7471 0.9803 

10 0.6778 0.9779 

 

 
Fig-2 

 

Table-2 

λ   WM.T.T.F.   EM.T.T.F.  

0     

0.04 1.6198 9.1369 

0.09 1.0799 4.0608 

0.16 0.8099 2.2842 

0.25 0.6479 1.4619 

0.36 0.5399 1.0152 

0.49 0.4628 0.7459 

0.64 0.4049 0.5711 

0.81 0.3599 0.4512 

1.0 0.3239 0.3655 

 
Fig-3 

 

8. RESULTS AND DISCUSSION 

In this study, the author has been obtained various 

performance measures of considered power plant, by using 
algebra of logics. The reliability and M.T.T.F. of power 

plant have been obtained in two different cases, i.e., when 

failures follow Weibull and exponential time distributions. 

The final results have been mentioned in the equations (25) 

through (29). 

 

A critical examination of fig-2 and 3 shows that 

performance of considered system decreases with time. In 

case of Weibull time distribution, performance decreases 

catastrophically in the beginning but thereafter it decreases 

in a constant manner. We conclude in last that exponential 
time distribution gives better results as compared with 

Weibull time distribution. 
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