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Abstract: 

 

        In this paper, research was performed with the assistance of the Boolean function expansion algorithm to determine 

the reliability behavior of a power plant. Three power generators in a power house make up the dynamic structure under 

consideration. The aim of the system is to supply power from a power house (generated by generators) to critical 

consumers fed from a main output switch, thus calculating the reliability of the power supply by taking into account the 

failure times for different components, i.e. Arbitrary delivery is followed by wires, generators and primary switch boards, 

etc. System mean time to failure (M.T.T.F.) was also determined for the distribution of exponential failure time, in 

particular. To illustrate the utility of the model, some graphs have also been plotted. 
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1. INTRODUCTION: 

                      

                            Reliability is far from an abstract idea nowadays and it ranks at the same level as equipment efficiency. 

In addition, for all reliability studies, assessment of reliability is a basic prerequisite. It is, however, an open secret that 

when complexities increase in a system, reliability assessment becomes much too difficult. The derivation of a symbolic 

expression of reliability for a complex system in a condensed and compact form is therefore of vital importance.                   

                       The problem of ensuring engineering systems' reliability is highly complex and applies to all stages of a 

system's service life. There are a large number of problems today which, for example, are still solved only on the basis of 

rational reasoning and experience and not with the help of reliability calculations in the design of marine power plants.                  

                   A number of studies were carried out by previous researchers [1-7] to evaluate symbolic reliability expressions 

for complex systems in different reliability systems. The reliability behavior of power plants with the help of the 

orthogonalization algorithm was considered by Gupta and Sharma. The reliability of the power supply from a power house 

to a vital user was considered by Gupta and Agarwal, given that all the cables used in the power house are 100 % perfect 

reliable, but the cables need not be 100 percent reliable in operation. 

               Therefore, holding the above facts in mind, we considered a complex structure consisting of three parallel related 

sub-systems. And in a power house, these three sub-systems are nothing but three power generators 1G , 2G and 3G . The 
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generators 1G , 2G and 3G are paired with two-way main switches 21 , MSBMSB and 3MSB  are perfectly secure cables, 

respectively. A connection cable 4C connects 21 , MSBMSB  and a connecting cable 5C  connects 32 , MSBMSB .                       

                  Further cables 1C , 2C  and 3C connect the two-way main switch 1MSB to the main output switch 4OPMS   and 

the two-way switch 2MSB  to the main output switch 4OPMS  and the two-way switch 3MSB to the main output switch 

4OPMS . Thus, nothing but a power plant is the complex system under consideration. 

                 The purpose of the system is to supply power generated by 1G , 2G and 3G  to critical consumers and 

consequently the reliability of the power supply fed from 4OPMS  has been estimated with the aid of Boolean function 

expansion algorithm by considering that failure times for various components of the system follow arbitrary time 

distribution.   

               Moreover, an important parameter, viz. M.T.T.F., has also been calculated for exponential failure time 

distribution for various components of the system.  Some numerical examples, along with graphs, have also been appended 

to highlight the important results. 

2 ASSUMPTIONS: 

 

(i) The reliabilities of all constituent components of the system are known in advance. 

      

(ii) The states of all components are statically independent. 

 

(iii) The state of each component and of the whole system is either good (operating) or bad (failed) 

 

(iv) There is no standby or switched redundancy. 

 

(v) The failure times for all the components are arbitrary. 

 

(vi) There is no repair facility. 

 

(vii) The system can fail, i.e., the supply of power can fail, only if :  

 

         (i)   All the three generators fail  

 

              (ii)   At least one component (switch or cable) in the routes of the power                                               

                                  supply fails. 

3. NOTATIONS: 

 

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

 

          654 ,, xxx                                      States of   21 , MSBMSB and 3MSB  
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          1211987 ,,,, xxxxx                         States of the cables 1C , 2C , 3C , 4C  and 5C  

 

          10x                                                 States of 4OPMS  

 

           
1

kx                                                Negation of kx  ( 121k ) 

 

                                                           Conjunction 

 

                                                                Disjunction 

 

          ix





,state goodin,1

,badstatein,0
   121i  

 

            1Pr f                                       The probability of the successful operation of the function f . 

 

The complex system under consideration is shown in Fig.1. 
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4.  FORMULATION OF MATHEMATICAL MODEL: 

 

                    By using Boolean function technique, the conditions of capability for the successful operation of the 

complex system in terms of logical matrix are expressed as 

 

 

10741151263

10851263

10963

10961252

10741152

10852

10961251141

10851141

10741

12321 .,.........,,

xxxxxxxx

xxxxxx

xxxx

xxxxxx

xxxxxx

xxxx

xxxxxxxx

xxxxxx

xxxx

xxxxf                                                                                (1) 

5. SOLUTION OF THE MODEL: 

 

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

 

   121193211012321 ,,.,.........,,..,,.........,, xxxxxxgxxxxxf                                                               (2) 

 

    

1211754

1285

963

1296

1174

852

1211965

1185

741

12119321 ,,.,.........,,

xxxxx

xxx

xxx

xxx

xxx

xxx

xxxxx

xxx

xxx

xxxxxxg                                                                       (3) 

 

               Now there are two arguments  1211, xx  entering into equation (3) four times, therefore, any of them may be 

taken to perform the first expansion.  Let us take 11x  and break the complex event into incompatible events as follows 

  1110

1

1112119321 ,,.,.........,, yxyxxxxxxxg                                                                                                           (4) 

  

 Where   

                         

1285

963

1296

852

741

0

xxx

xxx

xxx

xxx

xxx

y                                                                                                               (5)   
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12754

1285

963

1296

74

852

12965

85

741

1

xxxx

xxx

xxx

xxx

xx

xxx

xxxx

xx

xxx

y                                                                                                           (6) 

 

             

             In 0y  five arguments  129865 ,,,, xxxxx  entering into equation (5) twice, therefore, any of them may be taken 

to perform the second expansion.  Let us take 12x and break the complex event into incompatible events as follows 

                         011200

1

120 yxyxy                                                                                                                             (7) 

 

         

    Where         

                            

963

852

741

00

xxx

xxx

xxx

y                                                                                                                           (8) 

 

                            

85

963

96

852

741

01

xx

xxx

xx

xxx

xxx

y                                                                                                                       (9)     

 

 Since all the letters occur in equation (8) only once, it implies that 00y  is non-iterated. 

 

 Now, expand the function 01y  by argument 8x  (say) as follow 

 

                         0118010

1

801 yxyxy                                                                                                                          (10) 

  Where 

                                                  

963

9652

741

010

xxx

xxxx

xxx

y                                                                                             (11) 

 

                                                  

5

963

9652

741

011

x

xxx

xxxx

xxx

y                                                                                             (12) 

 

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                                                      www.jetir.org (ISSN-2349-5162) 

JETIR1905U68 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 2643 
 

 Now, expand the function 010y  by argument 9x (say) as follows 

                                                     

                            010190100

1

9010 yxyxy                                                                                                                   (13) 

 

                Where 

                                  7410100 xxxy                                                                                                                    (14) 

 

                                   

63

652

741

0101

xx

xxx

xxx

y                                                                                                                   (15) 

 

Since all the letters occur in equation (14) only once, it implies that 0100y  is non-iterated. 

 

Now, expand the function 0101y  by argument 6x (say) as follows 

 

                                    01011601010

1

60101 yxyxy                                                                                                       (16) 

 

                        Where 

 

                                    74101010 xxxy                                                                                                                            (17) 

                                     

3

52

741

01011

x

xx

xxx

y                                                                                                                (18) 

 

Since all the letters occur in equations (17) and (18) only once, it implies that  01010y  and 01011y  are non-iterated.  

 

 Now, we expand the function 011y  by argument 9x (say) as follows: 

 

                                       011190110

1

9011 yxyxy                                                                                                         (19) 

 

                      Where 

 

                                       
563

741

0110
xxx

xxx
y                                                                                                               (20) 

 

                                        

563

652

741

0111

xxx

xxx

xxx

y                                                                                                              (21) 

 

Since all the letters occur in equation (20) only once, it implies that 0110y  is non-iterated. 

 

Now, expand the function 0111y  by argument 6x  (say) as follows: 

 

                                      01111601110

1

60111 yxyxy                                                                                                     (22) 
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                           Where 

 

                                      74101110 xxxy                                                                                                               (23) 

 

                                      

53

52

741

01111

xx

xx

xxx

y                                                                                                               (24) 

 

Since all the letters occur in equation (23) only once, it implies that 01110y  is non-iterated.   

 

Now, expand the function 01111y  by argument 5x  (say) as follows:  

 

                                  0111115011110

1

501111 yxyxy                                                                                                      (25) 

 

                  Where 

 

                                  741011110 xxxy                                                                                                                  (26) 

 

                                   

3

2

741

011111

x

x

xxx

y                                                                                                                 (27) 

 

     Since all the letters occur in equations (26) and (27) only once, it implies that 011110y  and 011111y  are non-iterated.  

   Now, expand the function 1y  by argument 12x   (say) as follows 

                             111210

1

121 yxyxy                                                                                                                        (28) 

 

     Where     

12754

1285

963

1296

74

852

12965

85

741

1

xxxx

xxx

xxx

xxx

xx

xxx

xxxx

xx

xxx

y   

 

   

                   

963

74

852

85

741

10

xxx

xx

xxx

xx

xxx

y                                                                                                                             (29) 
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754

85

963

96

74

852

965

85

741

11

xxx

xx

xxx

xx

xx

xxx

xxx

xx

xxx

y                                                                                                                      (30) 

 

Now expand the function  10y   by argument  8x   (say) as follows 

 

                         1018100

1

810 yxyxy                                                                                                                         (31) 

                               

 Where 

                                       

                      

963

7452

741

100

xxx

xxxx

xxx

y                                                                                                                         (32) 

                                                       

                     

963

7452

5

741

101

xxx

xxxx

x

xxx

y                                                                                                                          (33) 

 

 Now, expand   100y  by argument 4x  (say) as follows 

                     100141000

1

4100 yxyxy                                                                                                                          (34) 

 Where  

                                           

                    9631000 xxxy                                                                                                                                  (35) 

                    

963

752

71

1001

xxx

xxx

xx

y                                                                                                                                  (36) 

 

Since all the letters occur in equation (35) only once, it implies that 1000y  is non-iterated. 

 

Now, expand the function 1001y  by argument 7x (say) as follows: 

                        10011710010

1

71001 yxyxy                                                                                                                    (37) 

Where   

                      96310010 xxxy                                                                                                                               (38) 
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963

52

1

10011

xxx

xx

x

y                                                                                                                               (39) 

 

Since all the letters occur in equation (38), (39) only once, it implies that 10010y  and 10011y  are non-iterated. 

 

Now, expand the function 101y  by argument 4x  (say) as follows: 

                        

                 101141010

1

4101 yxyxy                                                                                                                               (40) 

 

 Where 

 

                9631010 xxxy                                                                                                                                      (41) 

 

                

963

752

5

71

1011

xxx

xxx

x

xx

y                                                                                                                                      (42) 

 

 

Since all the letters occur in equation (41) only once, it implies that 1010y  is non-iterated.   

 

Now, expand the function 1011y  by argument  7x  (say) as follows:             

               10111710110

1

71011 yxyxy                                                                                                                              43) 

 

Where 

 

             
963

51

10110
xxx

xx
y                                                                                                                                        (44) 

 

            

963

52

51

10111

xxx

xx

xx

y                                                                                                                                         (45) 

 

Since all the letters occur in equation (44) only once, it implies that 10110y  is non-iterated.   

 

Now, expand the function 10111y  by argument  5x  (say) as follows:                        

 

                                 1011115101110

1

510111 yxyxy                                                                                                        (46) 

Where 

 

                                963101110 xxxy                                                                                                                    (47) 

 

http://www.jetir.org/


© 2019 JETIR May 2019, Volume 6, Issue 5                                                                                      www.jetir.org (ISSN-2349-5162) 

JETIR1905U68 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 2647 
 

                                 

963

2

1

101111

xxx

x

x

y                                                                                                                   (48) 

 

 

Since all the letters occur in equations (47) and (48) only once, it implies that 101110y  and 101111y  is non-iterated.   

 

Now, expand the function 11y  by argument 5x  (say) as follows  

                                   1115110

1

511 yxyxy                                                                                                                (49) 

   

Where 

                                   

754

85

963

96

74

852

965

85

741

11

xxx

xx

xxx

xx

xx

xxx

xxx

xx

xxx

y   

 

                                  
963

741

110
xxx

xxx
y                                                                                                                     (50) 

 

                                  

74

8

963

96

74

82

96

8

741

111

xx

x

xxx

xx

xx

xx

xx

x

xxx

y                                                                                                              (51) 

 

Since all the letters occur in equation (50) only once, it implies that 110y  is non-iterated.  

 

Now, expand the function 111y  by argument  6x  (say) as follows:                       

 

                            111161110

1

6111 yxyxy                                                                                                                    (52) 

 

Where 
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74

82

8

741

1110

xx

xx

x

xxx

y     =  
742

81

xxx

xx
                                                                                                        (53) 

 

 

 

 

74

8

93

9

74

82

9

8

741

1111

xx

x

xx

x

xx

xx

x

x

xxx

y   =    

93

82

741

xx

xx

xxx

                                                                                                                (54) 

 

Now, all the functions are non-iterated and are not subjected to further transformations, so making use of equations (4) 

to (54), we get 
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7416
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1
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741

1
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2
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1

57
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51

1

74
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1

48

963

52

17

963

1

74

963

1

4

1

8

1

1211

3

2

7415

741

1

56

741

1

69

563

741

1

98

3

52

7416

741

1

69

741

1

9

1

812

963

852

741

1

12

1

11

12119321 ,,,........,,
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xx

xxxx

xxx

xxxx

xxx

xxxxx

xxx

x
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xxxxx
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xxxxx

xxx

xx

xx

xxxxx

xxxxxxx
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xxxxx

xxxxx
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82

74118

742

8117
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74116

963

2

115

96314

963

5113

96312

963

52

111

96310

9639

3

2

7418

7417

7416

563

7415

3

52

7414

7413

7412

963

852

7411

12119321 ,,..,.........,,

xx

xx

xxxk

xxx

xxk

xxx

xxxk

xxx

x

xk

xxxk

xxx

xxk

xxxk

xxx

xx

xk

xxxk

xxxk

x

x

xxxk

xxxk

xxxk

xxx

xxxk

x

xx

xxxk

xxxk

xxxk

xxx

xxx

xxxk

xxxxxxg 

 

Where        
1

12

1

111 xxk   ;  
1

9

1

812

1

112 xxxxk   ; 
1

69

1

812

1

113 xxxxxk   ; 69

1

812

1

114 xxxxxk  ; 

 

                  
1

9812

1

115 xxxxk  ; 
1

69812

1

116 xxxxxk  ; 
1

569812

1

117 xxxxxxk  ; 569812

1

118 xxxxxxk   

 

                  
1

4

1

8

1

12119 xxxxk  ; 
1

74

1

8

1

121110 xxxxxk   ;  74

1

8

1

121111 xxxxxk  ;  
1

48

1

121112 xxxxk   

 

                 
1

748

1

121113 xxxxxk  ; 
1

5748

1

121114 xxxxxxk  ; 5748

1

121115 xxxxxxk  ; 
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1

5121116 xxxk  ; 
1

65121117 xxxxk   ; 65121118 xxxxk   

 

Now, using Bayes ‘formula, the probability of successful operation of the function g is given by  

 

)/Pr()Pr()1(Pr 11 kgkg  + )/Pr()Pr( 22 kgk + )/Pr()Pr( 33 kgk + )/Pr()Pr( 44 kgk + )/Pr()Pr( 55 kgk  

                         + )/Pr()Pr( 66 kgk + )/Pr()Pr( 77 kgk + )/Pr()Pr( 88 kgk + )/Pr()Pr( 99 kgk + )/Pr()Pr( 1010 kgk  

                        + )/Pr()Pr( 1111 kgk + )/Pr()Pr( 1212 kgk + )/Pr()Pr( 1313 kgk + )/Pr()Pr( 1414 kgk + )/Pr()Pr( 1515 kgk   

                        + )/Pr()Pr( 1616 kgk + )/Pr()Pr( 1717 kgk )/Pr()Pr( 1818 kgk  

 

)Pr()Pr()1(Pr 00

1

12

1

11 yxxg  + )Pr()Pr( 0100

1

9

1

812

1

11 yxxxx + )Pr()Pr( 01010

1

69

1

812

1

11 yxxxxx  

                         + )Pr()Pr( 0101169

1

812

1

11 yxxxxx + )Pr()Pr( 0110

1

9812

1

11 yxxxx + )Pr()Pr( 01110

1

69812

1

11 yxxxxx  

                        + )Pr()Pr( 011110

1

569812

1

11 yxxxxxx + )Pr()Pr( 011111569812

1

11 yxxxxxx + )Pr()Pr( 1000

1

4

1

8

1

1211 yxxxx  

                        + )Pr()Pr( 10010

1

74

1

8

1

1211 yxxxxx + )Pr()Pr( 1001174

1

8

1

1211 yxxxxx + )Pr()Pr( 1010

1

48

1

1211 yxxxx  

                        + )Pr()Pr( 10110

1

748

1

1211 yxxxxx + )Pr()Pr( 101110

1

5748

1

1211 yxxxxxx + )Pr()Pr( 1011115748

1

1211 yxxxxxx  

                        + )Pr()Pr( 110

1

51211 yxxx + )Pr()Pr( 1110

1

651211 yxxxx )Pr()Pr( 1111651211 yxxxx                                     (55) 

 

If iR  is the reliability of the component of the complex system corresponding to state ix  and iQ  is the corresponding 

unreliability, then from equation (55) we get  

 

    9638527411211 1111)1Pr( RRRRRRRRRQQg  7416981211741981211 RRRQRQRQRRRQQRQ   

    5637419812113527416981211 RRRRRRQRRQRRRRRRRRQRQ  + 11 12 8 9 6 1 4 7Q R R R Q R R R  

                            11 12 8 9 6 5 1 4 7Q R R R R Q R R R 9634812113274156981211 RRRQQQRRRRRRRRRRRQ   

                     96352174812119637481211 RRRRRRRRQQRRRRQRQQR  11 12 8 4 3 6 9R Q R Q R R R  

                           11 12 8 4 7 3 6 9 1 5R Q R R Q R R R R R 9635748121196357481211 RRRRRRRQRRRRQRRRQR   

                       7482165121179632451211 RRRRRQRRRRRRRRRQRR   

                           7984321651211 111 QQQQQQQRRRR                                                                    (56) 

Finally, the probability of the successful operation (i.e., reliability) of the complex system is given by 

 

                 1PrPr1Pr 10  gxfRS  

 

                                       963852741101211 111111 RRRRRRRRRRRR   

 

                                       74109811211 111 RRRRRRRR      107491126811 111 RRRRRRRRR   

                    

                                      103527416912811 11 RRRRRRRRRRRR      10563741812911 11 RRRRRRRRRRR   

 

                                      107419812611 11 RRRRRRRRR     1074169812511 11 RRRRRRRRRR   

 

                                           1032741569812111 RRRRRRRRRRRR     10963114812 111 RRRRRRRR   

 

                                              109634117812 111 RRRRRRRRR      109635217411812 11 RRRRRRRRRRRR   

 

                                             10963811412 11 RRRRRRRR     10519634811712 11 RRRRRRRRRRR   
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                                             1096374811512 11 RRRRRRRRRR    10963574811121 RRRRRRRRRR  

 

                                           10121179632451 RRRRRRRRRR   10748215121161 RRRRRRRRRR  

 

                                                  984321 11111111 RRRRRR    711 R 10651211 RRRRR   (57) 

 

 

            SR    = 10963 RRRR 10852 RRRR 10986532 RRRRRRR 10741 RRRR 1210852 RRRRR            

                        10976431 RRRRRRR 10875421 RRRRRRR 10987654321 RRRRRRRRRR 1110852 RRRRR             

                        1110986532 RRRRRRRR 1210987654321 RRRRRRRRRRR 1110976431 RRRRRRRR  

                        1110875421 RRRRRRRR 121098741 RRRRRRR 11109876543212 RRRRRRRRRRR         

                        1210963 RRRRR 1210986532 RRRRRRRR 1210976431 RRRRRRRR 1210875421 RRRRRRRR  

                        1110741 RRRRR  121110852 RRRRRR 121110986532 RRRRRRRRR 121110741 RRRRRR       

                       121110976431 RRRRRRRRR 121110875421 RRRRRRRRR 12108741 RRRRRR  

                       1211109876543213 RRRRRRRRRRRR 121097654321 RRRRRRRRRR  

                       1211108741 RRRRRRR 12111098741 RRRRRRRR 121097641 RRRRRRR  

                        + 12111097641 RRRRRRRR 121110987641 RRRRRRRRR 121110741 RRRRRR      

                        121110976543212 RRRRRRRRRRR 12108765431 RRRRRRRRR 1211108765431 RRRRRRRRRR  

                        121098765431 RRRRRRRRRR 121110987654312 RRRRRRRRRRR 12109876541 RRRRRRRRR           

                       12111098765412 RRRRRRRRRR 11109863 RRRRRR 111098643 RRRRRRR  

                       12111098643 RRRRRRRR 111097643 RRRRRRR 11109876432 RRRRRRRR  

                       12111097643 RRRRRRRR 1211109876432 RRRRRRRRR 11109865431 RRRRRRRRR  

                       1211109865431 RRRRRRRRRR 111098765431 RRRRRRRRRR 11109876543 RRRRRRRRR  

                       12111098765432 RRRRRRRRRR 11109876543 RRRRRRRRR 1211109876543 RRRRRRRRRR                            

                       121110976432 RRRRRRRRR 121110875421 RRRRRRRRR 12111076541 RRRRRRRR              

                       12111087651 RRRRRRRR  12111097651 RRRRRRRR 121110876541 RRRRRRRRR                     

                       121110987651 RRRRRRRRR 121110976541 RRRRRRRRR 12111076542 RRRRRRRR   
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                       12111087652 RRRRRRRR 12111097652 RRRRRRRR 121110876542 RRRRRRRRR      

                       121110987652 RRRRRRRRR 121110976542 RRRRRRRRR 1211109876542 RRRRRRRRRR       

                       12111076543 RRRRRRRR  12111087653 RRRRRRRR  12111097653 RRRRRRRR                           

                       121110876543 RRRRRRRRR 121110987653 RRRRRRRRR 121110976543 RRRRRRRRR                          

                      121110765421 RRRRRRRRR  121110876521 RRRRRRRRR 121110976521 RRRRRRRRR     

                      1211109876521 RRRRRRRRRR 1211109765421 RRRRRRRRRR 12111098765421 RRRRRRRRRRR                           

                      121110765432 RRRRRRRRR 121110876532 RRRRRRRRR 121110976532 RRRRRRRRR  

                      1211108765432 RRRRRRRRRR 1211109876532 RRRRRRRRRR 12111098765432 RRRRRRRRRRR  

                      121110765431 RRRRRRRRR 121110876531 RRRRRRRRR 121110976531 RRRRRRRRR                 

                     1211108765431 RRRRRRRRRR  1211109876531 RRRRRRRRRR 1211109765431 RRRRRRRRRR            

                     12111098765431 RRRRRRRRRRR  1211107654321 RRRRRRRRRR 1211108765321 RRRRRRRRRR      

                    1211109765321 RRRRRRRRRR 12111087654321 RRRRRRRRRRR 12111098765321 RRRRRRRRRRR  

                    12111097654321 RRRRRRRRRRR                                                                                                             (58) 

6. PARTICULAR CASES: 

 

CASE 1: 

 

       If the reliability of each component of the complex system is R  , equation (58) yields 

 

        3417201393 23456784  RRRRRRRRRRS                                                                         (59) 

 

CASE 2: When failure rates follow Weibull distribution 

 

      Let the failure rates of the subsystem (generators) 21 , GG and 3G , 4321 ,,, SMPOSBMSBMSBM  ,cables 

54321 ,,,, CCCCC   are  ,,,, 4321  12111098765 ,,,,,,,   respectively, then from equation (58) 

reliability of the complex system at an instant t  is given by 

      

        tR WS   =    pta1exp     pta2exp   pta3exp    pta4exp   pta5exp   pta6exp   

  

                            pta7exp   +  pta8exp    pta9exp  +  pta10exp   pta11exp   +  pta12exp   

 

                           +  pta13exp  +  pta14exp   pta15exp2   pta16exp  +  pta17exp  +  pta18exp   

 

                          +  pta19exp   pta20exp  +  pta21exp   pta22exp  +  pta23exp   pta24exp   
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                         pta25exp   pta26exp  +  pta27exp3  +  pta28exp   +  pta29exp   pta30exp   

 

                         pta31exp  +  pta32exp   pta33exp   pta34exp   pta35exp2   pta36exp   

 

                        pta37exp  +2  pta38exp   pta39exp  +2  pta40exp   pta41exp   pta42exp   

 

                        pta43exp   pta44exp   +2  pta45exp   +  pta46exp   pta47exp2  +  pta48exp   

 

                        pta49exp   pta50exp   pta51exp  +2  pta52exp   +  pta53exp   pta54exp   

 

                       +  pta55exp  +  pta56exp  +  pta57exp  +  pta58exp   pta59exp   pta60exp   

 

                        pta61exp   pta62exp  +  pta63exp  +  pta64exp  +  pta65exp   pta66exp   

   

                        pta67exp   pta68exp   +  pta69exp  +  pta70exp  +  pta71exp  +  pta72exp   

 

                        pta73exp   pta74exp   pta75exp   pta76exp   pta77exp   pta78exp   

 

                       +  pta79exp  +  pta80exp   pta81exp   pta82exp   pta83exp   pta84exp   

 

                       +  pta85exp  +  pta86exp   pta87exp   pta88exp     pta89exp   pta90exp   

 

                       pta91exp   pta92exp   pta93exp   pta94exp   pta95exp  +  pta96exp   

 

                      +  pta97exp   pta98exp   pta99exp   pta100exp  +  pta101exp   +  pta102exp                 (60) 

 

 

Where  p  is a positive parameter and  ia  are given by 

 

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

 

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

 

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

 

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

 

12 1 3 4 6 7 9 10 11a                ; 13 1 2 4 5 7 8 10 11a                 

 

14 1 4 7 8 9 10 12a              ; 15 1 2 3 4 5 6 7 8 9 10 11a                       

 

16 3 6 9 10 12a          ; 17 2 3 5 6 8 9 10 12a                ; 18 1 3 4 6 7 9 10 12a                 

 

19 1 2 4 5 7 8 10 12a                ; 20 1 4 7 10 11a          ; 21 2 5 8 10 11 12a             
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22 2 3 5 6 8 9 10 11 12a                  ; 23 1 4 7 10 11 12a             

 

24 1 3 4 6 7 9 10 11 12a                  ; 25 1 2 4 5 7 8 10 11 12a                   

 

26 1 4 7 8 10 12a            ; 27 1 2 3 4 5 6 7 8 9 10 11 12a                         

 

28 1 2 3 4 5 6 7 9 10 12a                    ; 29 1 4 7 8 10 11 12a               

 

30 1 4 7 8 9 10 11 12a                ;  31 1 4 6 7 9 10 12a               

 

32 1 4 6 7 9 10 11 12a                ; 33 1 4 6 7 8 9 10 11 12a                   

 

34 1 4 7 10 11 12a            ; 35 1 2 3 4 5 6 7 9 10 11 12a                       

 

36 1 3 4 5 6 7 8 10 11 12a                    ; 37 1 3 4 5 6 7 8 9 10 12a                     

 

38 1 3 4 5 6 7 8 9 10 11 12a                      ; 39 1 4 5 6 7 8 9 10 12a                   

 

40 1 4 5 6 7 8 9 10 11 12a                    ; 41 3 6 8 9 10 11a             

 

42 3 4 6 8 9 10 11a              ; 43 3 4 6 8 9 10 11 12a                 

 

44 3 4 6 7 9 10 11a              ; 45 3 4 6 7 8 9 10 11a                ; 

 

46 3 4 6 7 9 10 11 12a                ; 47 3 4 6 7 8 9 10 11 12a                   

 

48 1 3 4 5 6 8 9 10 11a                  ; 49 1 3 4 5 6 8 9 10 11 12a                     

 

50 1 3 4 5 6 7 8 9 10 11a                    ; 51 3 4 5 6 7 8 9 10 11a                   

 

52 3 4 5 6 7 8 9 10 11 12a                    ; 
53 3 4 5 6 7 8 9 10 11a                   

 

54 3 4 5 6 7 8 9 10 11 12a                    ;
55 2 3 4 6 7 9 10 11 12a                   

 

56 1 2 4 5 7 8 10 11 12a                  ; 57 1 4 5 6 7 10 11 12a                 

 

58 1 5 6 7 8 10 11 12a                ; 59 1 5 6 7 9 10 11 12a                 

 

60 1 4 5 6 7 8 10 11 12a                  ; 61 1 5 6 7 8 9 10 11 12a                   

 

62 1 4 5 6 7 9 10 11 12a                  ; 63 2 4 5 6 7 10 11 12a                 

 

64 2 5 6 7 8 10 11 12a                ; 65 2 5 6 7 9 10 11 12a                 

 

66 2 4 5 6 7 8 10 11 12a                  ; 67 2 5 6 7 8 9 10 11 12a                   
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68 2 4 5 6 7 9 10 11 12a                  ; 69 2 4 5 6 7 8 9 10 11 12a                     

 

70 3 4 5 6 7 10 11 12a                ; 71 3 5 6 7 8 10 11 12a                 

 

72 3 5 6 7 9 10 11 12a                ; 73 3 4 5 6 7 8 10 11 12a                   

 

74 3 5 6 7 8 9 10 11 12a                  ; 75 3 4 5 6 7 9 10 11 12a                   

 

76 1 2 4 5 6 7 10 11 12a                  ; 77 1 2 5 6 7 8 10 11 12a                   

 

78 1 2 5 6 7 9 10 11 12a                  ; 79 1 2 5 6 7 8 9 10 11 12a                     

 

80 1 2 4 5 6 7 9 10 11 12a                    ; 81 1 2 4 5 6 7 8 9 10 11 12a                       

 

82 2 3 4 5 6 7 10 11 12a                  ; 83 2 3 5 6 7 8 10 11 12a                   

 

84 2 3 5 6 7 9 10 11 12a                  ; 85 2 3 4 5 6 7 8 10 11 12a                     

 

86 2 3 5 6 7 8 9 10 11 12a                    ; 
87 2 3 4 5 6 7 8 9 10 11 12a                       

 

88 1 3 4 5 6 7 10 11 12a                  ;
89 1 3 5 6 7 8 10 11 12a                   

 

90 1 3 5 6 7 9 10 11 12a                  ; 91 1 3 4 5 6 7 8 10 11 12a                     

 

92 1 3 5 6 7 8 9 10 11 12a                    ; 93 1 3 4 5 6 7 9 10 11 12a                     

 

94 1 3 4 5 6 7 8 9 10 11 12a                      ; 95 1 2 3 4 5 6 7 10 11 12a                     

 

96 1 2 3 5 6 7 8 10 11 12a                    ; 97 1 2 3 5 6 7 9 10 11 12a                     

 

98 1 2 3 4 5 6 7 8 10 11 12a                      ; 99 1 2 3 5 6 7 8 9 10 11 12a                       

 

100 1 2 3 4 5 6 7 9 10 11 12a                      ; 101 1 3 4 5 6 7 8 10 12a                   

 

102 1 4 6 7 8 9 10 12a                 

 

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   ta11exp   +  ta12exp  +  ta13exp  +  ta14exp   ta15exp2   
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                       ta16exp  +  ta17exp  +  ta18exp  +  ta19exp   ta20exp  +  ta21exp   ta22exp   

 

                      +  ta23exp   ta24exp    ta25exp   ta26exp  +  ta27exp3  +  ta28exp   

   

                      +  ta29exp   ta30exp   ta31exp  +  ta32exp   ta33exp   ta34exp   ta35exp2   

 

                     ta36exp   ta37exp  +2  ta38exp   ta39exp  +2  ta40exp   ta41exp   ta42exp   

 

                     ta43exp   ta44exp  +2  ta45exp   +  ta46exp   ta47exp2  +  ta48exp   ta49exp   

 

                     ta50exp   ta51exp  +2  ta52exp  +  ta53exp   ta54exp  +  ta55exp  +  ta56exp   

 

                     +  ta57exp  +  ta58exp   ta59exp   ta60exp   ta61exp   ta62exp  +  ta63exp   

                    

                    +  ta64exp  +  ta65exp   ta66exp   ta67exp   ta68exp  +  ta69exp  +  ta70exp   

    

                    +  ta71exp  +  ta72exp   ta73exp   ta74exp   ta75exp   ta76exp   ta77exp   

 

                     ta78exp  +  ta79exp  +  ta80exp    ta81exp   ta82exp   ta83exp   ta84exp   

 

                    +  ta85exp  +  ta86exp   ta87exp   ta88exp   ta89exp   ta90exp   ta91exp   

 

                   ta92exp    ta93exp   ta94exp   ta95exp  +  ta96exp   +  ta97exp   ta98exp   

 

                  ta99exp   ta100exp   +  ta101exp   +  ta102exp                                                                                (61) 

 

7 EVALUATION OF M.T.T.F: 

  

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

 

     FTTM ...  =    dttR ES
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8. NUMERICAL COMPUTATION FOR RELIABILITY: 

 

   Setting 1.0i  for 121i  and 2p  in equations (60) and (61), one can compute table 1.                                             

                                 

 

                                      TABLE - 1 

                                  

 

                        

                                                                                                                                                              

                                                                                                                                         Fig 2 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO 

 

 

Time (t) 

     

    System reliability 

 

 tR ES
             tR WS

 

   1      0 1.00000         1.00000 

   2      1 0.73681  0.73681 

   3      2 0.48922  0.21159 

   4      3 0.31865         0.03901 

   5      4 0.21159         0.00359 

   6      5 0.14511         0.00012 

   7      6 0.10248        61061.1                                                

   8      7 0.07378 8109.0   
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9 NUMERICAL COMPUTATION FOR M.T.T.F.: 

 

  Setting  i  one can compute table -2 from equation (62). 

                     TABLE -2 

 

 

 

 

                                        Fig.  3 

 

 

10.  INTERPRETATION OF THE RESULTS: 

 

        Table 1 represents the reliability of the system at any time t , when failure follows either exponential or Weibull 

distribution.  A critical examination of the graph reliability vs. time (Fig. 2) indicates that the reliability of the complex 

system decreases approximately at a uniform rate in the case of exponential distribution, whereas it decreases very rapidly 

when failure follows Weibull distribution. 

Further, Table 2 computes the mean time to system failure for different values of failure rates.  An inspection of the graph 

M.T.T.F vs. failure rate (Fig. 3) reveals that M.T.T.F in the beginning decreases catastrophically, but later on it decreases 

approximately at uniform rate.   Thus, for a given set of failure rates of various components of the complex system, one 

can estimate the reliability of the power supply and mean time to system failure of such a complex system. 
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