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Abstract 
In this paper, the authors have evaluated reliability of four cylinder diesel engine by employing the Algebra of logics which is easier 
in comparison of old techniques. Here, a multi-component fuel system in diesel engine, comprised of four subsystems in series, has 
considered. The authors, in this model, have considered a parallel redundant fuel injective device to improve the system’s 
performance. The whole system can fail due to failure of atleast one component of all the routes of flow.  
 
Boolean function technique has used to formulate and solve the mathematical model. Reliability and M.T.T.F. of the considered diesel 
engine have been obtained to connect the model with physical situations. A numerical example and its graphical representation have 
been appended at last to highlight important results. 
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-----------------------------------------------------------------------***---------------------------- ------------------------------------------ 

1. INTRODUCTION: 

An unreliable system has higher probability of failure [1] as 
and when any item of the associated equipment is damaged or 
destroyed due to some causes. Consequently, the unreliability 
of the system [2] may result into wastage of cost, time of 
personal as well as national security. Thus, in conclusion, a 
high degree of reliability is prime requirement in various 
practical fields e.g., nuclear power plant, space systems and 
defense systems etc. So, it is necessary to evaluate reliability 
and other performance measures in advance to avoid above 
mentioned losses. The previous methods [3-6] of obtaining 
reliability have tedious calculations and are so typical. So, in 
this paper, the authors have evaluated reliability of four 
cylinder diesel engine by employing the Boolean function 
technique [8] which is easier in comparison of old techniques. 
Fuel system, discussed here helps to transfer the fuel from the 
fuel tank to the engine and regulate its flow into the cylinders 
depending on speed and local requirements. The system 
configuration has shown in fig-1. In this system the fuel is 
injected into the cylinders using an injection pump and 
injectors. The diesel fuel from the tank is pump to the fuel 
injection device. This device consists of small plunger pump 
operating to push the fuel through the injectors (nozzles) into 
the cylinders and one can operates one pump from the fuel 
injection pumps at the appropriate time i.e., towards the end of 
the compression stroke the fuel is pushed through the small 
hole in the injector and is atomized as it enters into the 
cylinder.  
 
 

2. ASSUMPTIONS:  

Following assumptions have been taken care this model: 
(i) Initially, all components of the system are good. 
(ii)  Each component of the system remains either in 

good or in bad state. 
(iii)  There is no repair facility available. 
(iv) Failure times of all the components of the system 

are arbitrary. 
(v) All the states of different components are 

statistically independent. 
(vi) Reliability of each component of the system is 

known in advance. 
(vii)  The diesel engine as a whole can fail, if atleast 

one component in all the routes of flow fails. 
(viii)  Transition from one component to other is 

hundred percent reliable. 
 
3. NOMANCLATURE: 

Used nomenclature in this study is as follows: 

1x                      : State of diesel tank. 

2x                     : State of transfer pump.    

43, xx                      : States of fuel injective devices. 

         : States of cylinders. 
 

( )82,1 −−=′ ixi         : Negation of ix . 

 ( )82,1 −−=ixi        : 1 in good state; 0 in bad state. 

8765 ,,, xxxx
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∨∧ /                      : Conjunction /disjunction. 
 

( )82,1 −−=iRi : Reliability of the component 

corresponding to state ix   

 : is )1( iR−  ; 82,1 −−=∀i  

 
 : Reliability of the system as a whole. 
 

: This sign has used to represent logical matrix. 

 

4. FORMULATION OF MATHEMATICAL 

PROBLEM: 

Using Boolean function technique, the conditions of capability 
of the successful operation of the diesel engine in terms of 
logical matrix are expressed as: 
 

( )821 ,, xxxD −− =

             

            

             

             

            

            

            

            

8421

7421

6421

5421

8321

7321

6321

5321

xxxx

xxxx

xxxx

xxxx

xxxx

xxxx

xxxx

xxxx

        (1) 

 

 
 

Fig-1 (System Configuration) 
 

5. SOLUTION OF THE PROBLEM: 

By making use of algebra of logic, we may rewrite equation 
(1) as: 
 

( ) ( )82121821 ,      ,, xxxdxxxxxD −−−−∧=−−    (2) 

 
Where, 

( )821, xxxd −−−− =

84

74

64

54

83

73

63

53

     

     

     

     

     

     

     

     

xx

xx

xx

xx

xx

xx

xx

xx

                              (3) 

 
Substituting 
 

531    xxA =     (4) 

 

632    xxA =     (5) 

 

733    xxA =     (6) 

 

834    xxA =     (7) 

 

545    xxA =     (8) 

 

646    xxA =     (9) 

 

747    xxA =     (10) 

 
And 
 

848    xxA =     (11) 

 
These values in equation (3), one obtains: 

iQ

SR
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( ) =−−−−− 821 ,, xxxd

8

7

6

5

4

3

2

1

A

A

A

A

A

A

A

A

                     (12) 

 
Using orthogonalisation algorithm [9], equation (12) may be 
written as: 
 

( ) =−−−−−− 821 ,, xxxd

 

                                 

                                     

                         

                            

                        

             

           

          

87654321

7654321

654321

54321

4321

321

21

1

AAAAAAAA

AAAAAAA

AAAAAA

AAAAA

AAAA

AAA

AA

A

′′′′′′′
′′′′′′

′′′′′
′′′′

′′′
′′

′

       (13) 

 
Now, we have 
 

4i3

3

    +′
′

=′
xx

x
Ai    ;  i=1,2,3 and 4 …(14) 

 

j4

4

    xx

x
Aj ′

′
=′   ;  j=5,6,7 and 8 …(15) 

 
Using algebra of logics [7], one can obtain the following 
results: 
 

65363
53

3
21           =    

    
  xxxxx

xx

x
AA ′∧

′
=′           (16) 

 
Similarly, we get  
 

76        53
           xxxx ′′=′′   AA A

321
  (17) 

 

87        653
              xxxxxAA ′′′=′′′    21 43

 AA      (18) 

 

5        43
     xxxAAA ′=′′′′    521 43

A A (19) 

 

654365421                   xxxxAAAA ′′=′′′′′ A A
3

     (20) 

 

7        65437654321                     xxxxxAAAAAAA ′′′=′′′′′′
      (21) 

 

87        65438765421                           xxxxxxAAAAAA ′′′′=′′′′′′′ AA
3

        (22) 
 
Using the equations (16) through (22), equation (13) becomes  
 

( )

876543

76543

6543

543

8  7653

7  653

6  53

  5  3

821

                 

              

           

        

                 

             

        

   

,,,

xxxxxx

xxxxx

xxxx

xxx

xxxxx

xxxx

xxx

xx

xxxd

′′′′
′′′

′′
′

′′′
′′

′

=−−−       (23) 

 
By making use of equation (23) equations (2) gives: 
 

( )

8765  4  3  2  1

765  4  3  2  1

65  4  3  2  1

5  4  3  2  1

8  76  5  3  2  1

76  5  3  2  1

6  5  3  2  1

  5  3  2  1

821

                       

                    

                

            

                   

                

            

         

,,,

xxxxxxxx

xxxxxxx

xxxxxx

xxxxx

xxxxxxx

xxxxxx

xxxxx

xxxx

xxxD

′′′′
′′′

′′
′

′′′
′′

′

=−−−

                                          (24) 
 
Since, R.H.S. of equation (24) is disjunction of pair-wise 
disjoint conjunctions, therefore, reliability of considered diesel 
engine will be:  
 

rs PR =  ( ){ }1,, 821 =−−− xxxD    



IJRET: International Journal of Research in Engineering and Technology     eISSN: 2319-1163 | pISSN: 2321-7308 

 

__________________________________________________________________________________________ 

Volume: 03 Issue: 01 | Jan-2014, Available @ http://www.ijret.org                                                                    93 

 

 [ 64535438376573656355321R RRQQRRQRRQQQRRQQRRQRRR +++++= 84765374653 RRQQQQRRQQQ ++  

[ 8763865383765373635321R RRRRRRRRRRRRRRRRRRRRR ++++++=  

 7654754374654364548753 RRRRRRRRRRRRRRRRRRRRRR +++++++  

8654874386438543876543847643 RRRRRRRRRRRRRRRRRRRRRRRRRRRR +++++++  

+ 87386385376375365387648754 RRRRRRRRRRRRRRRRRRRRRRRRRR −−−−−−+  

7654376475474365364354387653 RRRRRRRRRRRRRRRRRRRRRRRRRRRR −−−−−−−−

8764386543874864854843 RRRRRRRRRRRRRRRRRRRRRR −−−−−−     

]8765487543 RRRRRRRRRR −−                                                  (25) 

 
 

Where, )82,1( −−=iRi and )82,1( −−=iQi are 

reliability and unreliability of the components of diesel engine 

corresponding to the states )82,1( −−=ixi , respectively. 

 
6. SOME PARTICULAR CASES: 

Case I: If the Reliability of Every Component of 

Diesel Engine is R:  

In this case, equation (25) yields:  
 

87654 614168 RRRRRRS +−+−=          (26) 

 
Case II: When Failure Rates Follow Weibull 

Distribution  

Let ai  be the failure rate corresponding to component state 

,82,1, −−=∀ixi then reliability of diesel engine at instant 

‘t’, is given by: 
 

{ } { }∑∑
==

−−−=
22

1

23

1

.exp.exp)(
j

b
j

i

b
isw tttR βα             (27) 

 
Where b is a positive parameter ; and : 

531 c  aa ++=α  

 

632 c  aa ++=α  

 

733 c  aa ++=α  

 

76534 c  aaaa ++++=α  

 

835 c  aa ++=α  

86536 c  aaaa ++++=α  

 

87637 c  aaaa ++++=α  

 

87538 c  aaaa ++++=α  

 

549 c  aa ++=α  

 

6410 c  aa ++=α  

 

654311 c  aaaa ++++=α  

 

7412 c  aa ++=α  

 

754313 c  aaaa ++++=α  

 

765414 c  aaaa ++++=α  

 

764315 c  aaaa ++++=α  

 

8416 c  aa ++=α  

 

87654317 c  aaaaaa ++++++=α  

 

854318 c  aaaa ++++=α  

 

864319 c  aaaa ++++=α  

 

874320 c  aaaa ++++=α  

 

865421 c  aaaa ++++=α  
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875422 c  aaaa ++++=α  

 

876423 c  aaaa ++++=α  

 
Also, 

6531 c  aaa +++=β  

 

7532 c  aaa +++=β  

 

7633 c  aaa +++=β  

 

8534 c  aaa +++=β  

 

8635 c  aaa +++=β  

 

8736 c  aaa +++=β  

 

876537 c  aaaaa +++++=β  

 

5438 c  aaa +++=β  

 

6439 c  aaa +++=β  

 

65310 c  aaa +++=β  

 

74311 c  aaa +++=β  

 

75412 c  aaa +++=β  

 

76413 c  aaa +++=β  

 

7654314 c  aaaaa +++++=β  

 

84315 c  aaa +++=β  

 

85416 c  aaa +++=β  

 

86417 c  aaa +++=β  

 

87418 c  aaa +++=β  

 

8654319 c  aaaaa +++++=β  

 

8764320 c  aaaaa +++++=β  

8754321 c  aaaaa +++++=β  

 

8765422 c  aaaaa +++++=β  

 

21   a aacnd +=  

 
Case III:  When Failures Follow Exponential Time 

Distribution: 

Exponential distribution is nothing but a particular case of 
Weibull distribution for 1=b  and is very useful for the 
practical problem purpose. Therefore, the reliability of 
considered diesel engine as a whole at an instant  ‘t’, is 
expressed as: 
 

{ } { }∑∑
==

−−−=
22

1

23

1

.exp.exp)(
j

j
i

iSE tttR βα    (28) 

 
The expression for M.T.T.F., in this case, is given by 
 

 M.T.T.F. = dt )(
0
∫
∞

tRSE   

∑∑
== 











−








=
22

1

23

1

11

j ji i βα
                         (29) 

 
7. NUMERICAL COMPUTATION 

For a numerical computation, let us set the values: 

(a) --0,1,2 t and  2,04.0)8,,2,1( ====−−= baiai  

in equation (27); 

(b)  04.0)8,,2,1( ==−−= aiai and ---0,1,2t = in 

equation (28); 

(c)  ----------  2.0,1.0,0)8,,2,1( ==−−= aiai  in 

equation (29). 
 
By using (a) and (b), one may compute the table-1 and by 
using (c) the table 2. Corresponding graphs have shown 
through fig.2 and 3, respectively. 
 
CONCLUSIONS 

In this paper, the authors have considered a four cylinder 
diesel engine for its reliability and M.T.T.F. evaluation by 
using Boolean function technique. This technique is easier 
than the other known techniques for reliability evaluation and 
used only for non-repairable systems. The author’s idea is to 
taking one parallel redundant fuel injective device to improve 
system’s performance. Reliability of the whole system has 
computed in three different cases. M.T.T.F. for the system has 
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been obtained in case failures follow exponential time 
distribution. A numerical example together with its graphical 
illustration has also been appended at the last to highlight 
important results of the study. 
 
Fig-2 is the graph showing the reliability of the system at any 
time ‘t’, when failures follow Weibull and Exponential time 
distributions. A deep study of this graph yields that the 
reliability of the complex system decreases approximately at a 

uniform rate in case of exponential time distribution whereas it 
decreases very rapidly in case failures follow Weibull time 
distribution.  
 
Again fig-3 is the graph showing the M.T.T.F. of the system 
for various values of failure rates. An examination of this 
graph reveals that M.T.T.F. decreases catastrophically in the 
beginning but thereafter it decreases in uniform manner. 

 

Reliability Vs Time-->

0

0.5

1

1.5

1 2 3 4 5 6 7 8 9 10 11

Time-->

R
el

ia
b

ili
ty

--
>

RSW(t)

RSE(t)

MTTF Vs Alfa-->

0

1

2

3

4

5

1 2 3 4 5 6 7 8 9 10

A l f a - - >

MTTF

 
 

Fig-2                                       Fig-3 
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