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Abstract:   In this paper investigations have been carried out for the reliability analysis of a power plant by Boolean 

function technique.  Failure times for the various components of the power plant have been assumed to follow either 

Weibull or exponential time distributions.  Moreover, an important parameter of reliability, viz, M.T.T.F (mean time 

to failure) has been computed for exponential failure time distribution.  Some numerical examples along with graphs 

on reliability and M.T.T.F have also been appended at the end to highlight the important results. 
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1. INTRODUCTION:   

 

               In various reliability systems, of practical utility, we often come across the situation of evaluating the 

reliability by using supplementary variable and Laplace Transform technique, but so far very little work seems to 

have been done in the direction of evaluating the reliability by Boolean function technique.  In the recent past various 

researchers have [1-5] considered numerous methods to determine symbolic reliability expressions for complex 

systems. Of course, in 1973 Fratta considered a Boolean algebra method for computing the terminal reliability in a 

communication network.  In 1977 Nakagawa has also considered a decomposition method for computing system 

reliability by Boolean function technique. 

 

               Keeping these facts in view, we considered the reliability and MTTF analysis of a parallel redundant 

complex system by using Boolean function technique. The complex system under consideration consists of three 

generators 1G , 2G  and 3G  in parallel redundancy.  These generators are connected with switching device 4SMPO   

and main switch boards iBSM  by iC . Cables iC  51i  ; connect 1BSM , 2BSM  ; 2BSM , 3BSM ; 3BSM , 

4BSM ; 1BSM , output switch 4SMPO ; 2BSM , 4SMPO ; 3BSM  , 4SMPO  respectively.  Thus the complex 

system is nothing but a power plant, and consequently the reliability of power supply to critical consumers, fed from 

the main switch boards iBSM , 3,2,1i  is estimated.  Moreover, MTTF an important parameter of reliability, has 

also been computed for exponential failure rates of components.  In particular, Weibull and exponential distributions 

have been considered for the evaluation of reliability.  There is no service facility.  Two graphs have also been given 

to highlight the important results.  Thus, for a given set of parametric values of failure rates one can estimate the 

reliability and MTTF of such a parallel redundant system well in advance to forecast the operable behavior at any 

time. 

 

 2. ASSUMPTIONS:   

(1)   The reliabilities of all constituent components of the system are known. 

(2)   The states of all components are independent. 

(3)   The state of each component and of the whole system is either good or bad.                 

(4)   The failure times of all components are arbitrary. 

(5)   All components are always operating (no stand by or switched redundancy) 

(6)   There is no repair facility.  
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3. SYSTEM TRANSITION DIAGRAM:   

              

           The system under consideration is shown in the following figure. 
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Fig.1 System Configuration 

4. NOTATIONS: 

          321 ,, xxx                                       States of sub-systems (generators) 1G , 2G and 3G  

 

          654 ,, xxx                                      States of 1BSM , 2BSM   and 3BSM  
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 5.  FORMATION OF THE MATHEMATICAL MODEL: 

            The object of the complex system is to supply power generated by generators 1G , 2G  and 3G  through 

switching devices 4SMPO . By using Boolean function technique, the conditions of capacity for the successful 

operation of the system in terms of logical matrix are expressed as 
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 6. SOLUTION OF THE MODEL: 

 

        By the application of algebra of logic, equation (1) may be written as  

          1211109865432171221 ,,,,,,,,,,...,........., xxxxxxxxxxxnxxxxf                           (2) 
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          Substituting,  10411 xxxK  ; 11522 xxxK  ; 12633 xxxK  ; 1185414 xxxxxK     

                               1085425 xxxxxK  ; 1296526 xxxxxK  ; 1196537 xxxxxK   

                               129865418 xxxxxxxK  ; 109865439 xxxxxxxK   

     

From equation (3) we obtain  
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Using algebra of logic, we can determine the following 
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Making use of (14) to (21) in equation (4), one can obtain 
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Finally, the probability of the successful operation (i.e. reliability) of the complex system is given by  

 

SR   =   rP  1),,..,,.........,,( 121110321 XXXXXXf  

       =   10741 RRRR + 117521 RRRRQ + 1175421 RRRQRR + 111075421 RQRRRRR +       

           1276321 RRRRQQ + 12764321 RRRQRQR + 1210764321 RQRRRRQR  

          12765321 RRRQRRQ + 127654321 RRRQQRRR + 12107654321 RQRRQRRRR + 
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          1211765321 RQRRRRRQ + 12117654321 RQRRRQRRR + 11108754321 RQRRRRQQR                            

          1211107654321 RQQRRRRRRR + 111087654321 RQRRQRRRQR + 

         12111087654321 QRQRRRRRRQR +
11108754321 QRRRRRQRQ + 

         111087654321 QRRRQRRRRQ + 12111087654321 QQRRRRRRRRQ + 

         121197654321 RQRRRRQQRQ + 121197654321 RQRRRRQQRR + 

         1211987654321 RQRQRRRRQRQ + 121110987654321 RQQRQRRRRQRR + 

         121110987654321 RQQRRRRRRQRQ + 121110987654321 RQQRRRRRRQRR + 

         12119765321 QRRRRRRRQ + 121197654321 QRRRRRQRQR + 

         121110987654321 QRQRQRRRRRQR + 121110987654321 RQQRRRRRRQQR + 

         121110987654321 QQRRRRRRRRQQ .                                                                                (22) 

 

  tRS 10741 RRRR + 11752 RRRR 111075421 RRRRRRR 12763 RRRR     

            121076431 RRRRRRR 121176532 RRRRRRR + 1211107654321 RRRRRRRRRR  

            1187541 RRRRRR 11875421 RRRRRRR 111087541 RRRRRRR  

            11108754212 RRRRRRRR 108765431 RRRRRRRR 11108765431 RRRRRRRRR  

            121110876543212 RRRRRRRRRRR 121187654321 RRRRRRRRRR  

            1211108765431 RRRRRRRRRR 12118765431 RRRRRRRRR 1087542 RRRRRR  

            10875421 RRRRRRR 111087542 RRRRRRR 12108765432 RRRRRRRRR  

             121087654321 RRRRRRRRRR 1211108765432 RRRRRRRRRR 1297652 RRRRRR  

             121197652 RRRRRRR 12976532 RRRRRRR 121198765432 RRRRRRRRRR  

            1211109765421 RRRRRRRRRR 12109765421 RRRRRRRRR  

            121110976543212 RRRRRRRRRRR 121097654321 RRRRRRRRRR  

            1211109876542 RRRRRRRRRR 12109876542 RRRRRRRRR  

             + 1211109876543214 RRRRRRRRRRRR 12109876543213 RRRRRRRRRRR           

            1298765421 RRRRRRRRR 121110987654212 RRRRRRRRRRR  

            1210987654212 RRRRRRRRRR 121198765421 RRRRRRRRRR  

            121110987654322 RRRRRRRRRRR 1210987654322 RRRRRRRRRR  

            121198765432 RRRRRRRRRR 11976532 RRRRRRR  

            +2 12119765321 RRRRRRRRR 119765321 RRRRRRRR  

           11976531 RRRRRRR 1197654321 RRRRRRRRR 118765321 RRRRRRRR  

           11976531 RRRRRRR 1211109765431 RRRRRRRRRR  

             11109765431 RRRRRRRRR 11987654321 RRRRRRRRRR  

             1110987654321 RRRRRRRRRRR 1197654321 RRRRRRRRR  

             111097654321 RRRRRRRRRR 1198765431 RRRRRRRRR  

             121110987654312 RRRRRRRRRRR 1110987654312 RRRRRRRRRR  

             1211987654312 RRRRRRRRRR 12119876543212 RRRRRRRRRRR  

             + 129876541 RRRRRRRR + 1211109876541 RRRRRRRRRR  

            12109876541 RRRRRRRRR 12119876541 RRRRRRRRR  

            1298765431 RRRRRRRRR
1210987654312 RRRRRRRRRR  

            12987654321 RRRRRRRRRR + 109876543 RRRRRRRR  

            1211109876543 RRRRRRRRRR 11109876543 RRRRRRRRR  
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12109876543 RRRRRRRRR +

10987654321 RRRRRRRRRR  

            
1110987654321 RRRRRRRRRRR 1098765431 RRRRRRRRR  

            12111098765431 RRRRRRRRRRR 1098765432 RRRRRRRRR  

             
111098765432 RRRRRRRRRR                                                                                  (23) 

 

Where, 1R , 2R , 3R , 4R , 5R , 6R , 7R , 8R , 9R , 10R , 11R , 12R  are reliabilities of the generators  1G , 2G  and 3G  switching 

devices 1BSM , 2BSM , 3BSM  and  4OPMS  and cables 1C , 2C , 3C , 4C  and 5C  respectively and sQi   121i  

, are corresponding unreliability’s. 

 

 7. PARTICULAR CASES: 

 

CASE 1: 

 

      If reliabilities of each component of the complex system is R , equation (23) yields 

 
12111098764 41827132733 RRRRRRRRRS                                              (24) 

 

CASE 2: When failure rates follows Weibull Distribution: 

 

     Let failure rates of the generators 1G , 2G  and 3G  switching devices 1BSM , 2BSM , 

 

3BSM  and  4OPMS  and cables 1C , 2C , 3C , 4C  and 5C be  987654321 ,,,,,,,,      

 

121110 ,,   respectively, then from equation (23) reliability of the complex system    

 

at an instant t  is given by 

 

      tR WS   =    pta1exp     pta2exp   pta3exp    pta4exp   

                         pta5exp   pta6exp   pta7exp   +  pta8exp    

 

                         pta9exp   pta10exp   pta11exp2   +  pta12exp   

 

                         pta13exp   pta14exp2   pta15exp   pta16exp   

 

                          pta17exp  +  pta18exp   pta19exp   pta20exp   

 

                          pta21exp   pta22exp  +  pta23exp   pta24exp   

 

                         pta25exp   pta26exp   pta27exp  +  pta28exp   

   

                         pta29exp   pta30exp2   pta31exp  +  pta32exp   

 

                        pta33exp   pta34exp4   pta35exp3   pta36exp   

 

                        pta37exp2  +2  pta38exp   pta39exp   pta40exp2   
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                        pta41exp2   pta42exp   pta43exp   pta44exp2   

 

                        pta45exp   +  pta46exp   pta47exp   pta48exp   

 

                        pta49exp   pta50exp   pta51exp  +  pta52exp   

 

                        pta53exp   pta54exp  +  pta55exp   pta56exp   

 

                        pta57exp2  +2  pta58exp   pta59exp2   pta60exp2   

 

                        pta61exp   pta62exp   pta63exp   pta64exp   

 

                         pta65exp   pta66exp2   pta67exp   pta68exp   

 

                        pta69exp   pta70exp   pta71exp  +  pta72exp   

 

                        pta73exp   pta74exp   pta75exp   pta76exp   

  

                        pta77exp                                                                                          (25) 

 

Where  p  is a positive parameter and  ia  are given by 

 

1 1 4 7 10a        ;
2 2 5 7 11a        ; 3 1 2 4 5 7 10 11a               

 

4 3 6 7 12a        ; 5 1 3 4 6 7 10 12a              ; 6 2 3 5 6 7 11 12a               

 

7 1 2 3 4 5 6 7 10 11 12a                    ; 8 1 4 5 7 8 11a             

 

9 1 2 4 5 7 8 11a              ; 10 1 4 5 7 8 10 11a                  

 

11 1 2 4 5 7 8 10 11a                ; 12 1 3 4 5 6 7 8 10a                 

 

13 1 3 4 5 6 7 8 10 11a                  ; 

 

15 1 2 3 4 5 6 7 8 11 12a                    ; 

 

16 1 3 4 5 6 7 8 10 11 12a                    ; 

 

17 1 3 4 5 6 7 8 11 12a                  ; 18 2 4 5 7 8 10a             

 

19 1 2 4 5 7 8 10a              ; 20 2 4 5 7 8 10 11a               

 

21 2 3 4 5 6 7 8 10 12a                  ;
22 1 2 3 4 5 6 7 8 10 12a                     

 

23 2 3 4 5 6 7 8 10 11 12a                    ; 24 2 5 6 7 9 12a             
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25 2 5 6 7 9 11 12a              ; 26 2 3 5 6 7 9 12a               

 

27 2 3 4 5 6 7 8 9 11 12a                    ; 

 

28 1 2 4 5 6 7 9 10 11 12a                    ; 

 

29 1 2 4 5 6 7 9 10 12a                  ; 

 

30 1 2 3 4 5 6 7 9 10 11 12a                       ; 

 

31 1 2 3 4 5 6 7 9 10 12a                    ; 

 

 32 2 4 5 6 7 8 9 10 11 12a                    ; 

 

33 2 4 5 6 7 8 9 10 12a                  ; 

 

34 1 2 3 4 5 6 7 8 9 10 11 12a                        ; 

 

35 1 2 3 4 5 6 7 8 9 10 12a                      ; 

 

36 1 2 4 5 6 7 8 9 12a                  ; 

 

37 1 2 4 5 6 7 8 9 10 11 12a                      ; 

 

38 1 2 4 5 6 7 8 9 10 12a                    ; 

 

39 1 2 4 5 6 7 8 9 11 12a                    ; 

 

40 2 3 4 5 6 7 8 9 10 11 12a                      ; 

 

41 2 3 4 5 6 7 8 9 10 12a                    ; 

 

42 2 3 4 5 6 7 8 9 11 12a                    ; 

 

43 2 3 5 6 7 9 11a              ; 44 1 2 3 5 6 7 9 11 12a                   

 

45 1 2 3 5 6 7 9 11a                ; 46 1 3 5 6 7 9 11a               

 

47 1 2 3 4 5 6 7 9 11a                  ; 48 1 2 3 5 6 7 8 11a                 

 

49 1 3 5 6 7 9 11a              ; 50 1 3 4 5 6 7 9 10 11 12a                     

 

51 1 3 4 5 6 7 9 10 11a                  ; 52 1 2 3 4 5 6 7 8 9 11a                     

 

53 1 2 3 4 5 6 7 8 9 10 11a                      ; 
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54 1 2 3 4 5 6 7 9 11a                   

 

55 1 2 3 4 5 6 7 9 10 11a                     

 

56 1 3 4 5 6 7 8 9 11a                   

 

57 1 3 4 5 6 7 8 9 10 11 12a                       

 

58 1 3 4 5 6 7 8 9 10 11a                     

 

59 1 3 4 5 6 7 8 9 11 12a                     

 

60 1 2 3 4 5 6 7 8 9 11 12a                       

 

61 1 4 5 6 7 8 9 12a                 

 

62 1 4 5 6 7 8 9 10 11 12a                     

 

63 1 4 5 6 7 8 9 10 12a                   

 

 64 1 4 5 6 7 8 9 11 12a                   

 

65 1 3 4 5 6 7 8 9 12a                   

 

 66 1 3 4 5 6 7 8 9 10 12a                     

 

 67 1 2 3 4 5 6 7 8 9 12a                     

 

68 3 4 5 6 7 8 9 10a                 

 

69 3 4 5 6 7 8 9 10 11 12a                     

 

 70 3 4 5 6 7 8 9 10 11a                   

 

71 3 4 5 6 7 8 9 10 12a                   

 

 72 1 2 3 4 5 6 7 8 9 10a                     

 

73 1 2 3 4 5 6 7 8 9 10 11a                       

 

 74 1 3 4 5 6 7 8 9 10a                   

 

 75 1 3 4 5 6 7 8 9 10 11 12a                       

 

 76 2 3 4 5 6 7 8 9 10a                   
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 77 2 3 4 5 6 7 8 9 10 11a                     

 

 

 

CASE 3: When failure rates follow exponential distribution 

 

    Exponential distribution is nothing but a particular case of Weibull distribution for  

 

   1p  and is very useful in numerous practical problems, thus the reliability of the  

 

   complex system in this case at an instant t  is given by 

 

         tRtR WSES   at  1p  

 

                   =   ta1exp     ta2exp   ta3exp    ta4exp   ta5exp   ta6exp   

                        ta7exp   +  ta8exp   ta9exp   ta10exp   ta11exp2   

                       +  ta12exp   ta13exp   ta14exp2   ta15exp   ta16exp                         

                        ta17exp  +  ta18exp   ta19exp   ta20exp   ta21exp   

                        ta22exp  +  ta23exp   ta24exp   ta25exp   ta26exp   

                        ta27exp  +  ta28exp   ta29exp   ta30exp2   ta31exp   

                       +  ta32exp   ta33exp   ta34exp4   ta35exp3   ta36exp   

                        ta37exp2  +2  ta38exp   ta39exp   ta40exp2   ta41exp2   

                        ta42exp   ta43exp   ta44exp2   ta45exp   +  ta46exp            

                        ta47exp   ta48exp        ta49exp   ta50exp   ta51exp   

                        +  ta52exp    ta53exp   ta54exp  +  ta55exp   ta56exp   

                       ta57exp2  +2  ta58exp   ta59exp2   ta60exp2   ta61exp   

                       ta62exp   ta63exp   ta64exp   ta65exp   ta66exp2            

                       ta67exp   ta68exp  +  ta69exp   ta70exp   ta71exp  +  ta72exp   

                      ta73exp   ta74exp   ta75exp   ta76exp   ta77exp                   (26) 

 

8. EVALUATION OF M.T.T.F. OF THE SYSTEM 

      

    The expression for  FTTM ...  in this case is given by  

 

    FTTM ...  =    dttR ES


0

 

 

                     = 
1

1

a
+

2

1

a 3

1

a


4

1

a


5

1

a


6

1

a


7

1

a


8

1

a


9

1

a


10

1

a


11

2

a


12

1

a
  

                                                       

                       
13

1

a


14

2

a


15

1

a


16

1

a


17

1

a


18

1

a


19

1

a


20

1

a


21

1

a


22

1

a


23

1

a
  

                  

                       
24

1

a


25

1

a


26

1

a


27

1

a


28

1

a


29

1

a


30

2

a


31

1

a


32

1

a


33

1

a


34

4

a
  

                        

http://www.jetir.org/


© 2019 JETIR April 2019, Volume 6, Issue 4                                                                        www.jetir.org (ISSN-2349-5162) 

JETIR1904S18 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 1494 
 

                       
35

3

a


36

1

a


37

2

a


38

2

a


39

1

a


40

2

a


41

2

a


42

1

a


43

1

a


44

2

a


45

1

a
  

 

                       
46

1

a


47

1

a


48

1

a


49

1

a


50

1

a


51

1

a


52

1

a


53

1

a


54

1

a


55

1

a


56

1

a
  

                      

                       
57

2

a


58

2

a


59

2

a


60

2

a


61

1

a


62

1

a


63

1

a


64

1

a


65

1

a


66

2

a


67

1

a
  

 

                       
68

1

a


69

1

a


70

1

a


71

1

a


72

1

a


73

1

a


74

1

a


75

1

a


76

1

a


77

1

a
             (27) 

 

9. NUMERICAL COMPUTATION FOR RELIABILITY and MTTF: 

        Setting  1.0i  for 121i  and 2p   in equations (25) and (26), one can compute  

        Table 1 and Setting   i   one can compute Table 2 from equation (27).                                                   

                                            Table 1 Table 2 

 

 
                                                                                                                                                                                                                 

 

 

 

 

 

 

 

 

 

 

 

 

                        

 

S. No. 

 

 

Time (t) 

System Reliability 

Exponential           Weibull 

Distribution       Distribution 

1 0    1.00000                1.00000 

2 1    0.94039                0.94039 

3 2    0.80276                0.48493 

4 3    0.63969                0.08272 

5 4    0.48493                5.09306E-3 

6 5   0.35447                1.36944E-4 

7 6    0.25232                1.673E-6 

8 7    0.17618                  9E-9 

9 8    0.12132            2.28656E-11 

10 9   0.0827              2.546713E-14 

11 10   0.05601            1.274506E-17 

SI.NO   MTTF 

1 0.0 ∞ 

2 0.1 4.52 

    3 0.2 2.26 

4 0.3 1.50 

5 0.4 1.13 

6 0.5 0.90 

7 0.6 0.75 

8 0.7 0.64 

9 0.8 0.56 

10 0.9 0.50 

11 1.0 0.45 
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                                                                      Fig .2 

 

 
Fig .3 

  

10. INTERPRETATION OF THE RESULTS: 

      Table 1 computes the variation of reliability with respect to time, when failure                                               follows 

exponential and Weibull distributions.  A critical examination of Reliability vs. time graph shows that the reliability 

of the complex system decreases approximately at a uniform rate in case of exponential distribution, where as it 

decreases very rapidly when failure follows Weibull distribution.  

 

      Further, Table 2 computes the mean time to failure i.e. MTTF at an instant t.  An inspection of MTTF vs. failure 

rate graph reveals that in the beginning it decreases catastrophically, but later on, it decreases approximately at a 

uniform rate. 
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