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Abstract
In this paper, the authors have evaluated reliapitf four cylinder diesel engine by employing #hgebra of logics which is easier
in comparison of old techniques. Here, a multi-comgnt fuel system in diesel engine, comprised wof $absystems in series, has
considered. The authors, in this model, have ceneitl a parallel redundant fuel injective device itbprove the system’s
performance. The whole system can fail due toriitdi atleast one component of all the routesaf/fl

Boolean function technique has used to formulattsnive the mathematical model. Reliability and .N.F. of the considered diesel
engine have been obtained to connect the modelphigkical situations. A numerical example and iphical representation have
been appended at last to highlight important result

Keywords: Boolean function, Algebra of logics, Parallel rediamcy, Four cylinder diesel engine, Weibull time

distribution, Exponential time distribution, Relility, MTTF etc.
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1. INTRODUCTION: 2. ASSUMPTIONS:

An unreliable system has higher probability of ded [1] as Following assumptions have been taken care thisinod

and when any item of the associated equipmentrisagad or 0] Initially, all components of the system are good.
destroyed due to some causes. Consequently, tiedalnility (i) Each component of the system remains either in
of the system [2] may result into wastage of cdishe of good or in bad state.

personal as well as national security. Thus, inckeion, a (i) There is no repair facility available.

high degree of reliability is prime requirement ¥arious (iv) Failure times of all the components of the system
practical fields e.g., nuclear power plant, spagstesns and are arbitrary.

defense systems etc. So, it is necessary to eeatabability V) All the states of different components are
and other performance measures in advance to almde statistically independent.

mentioned losses. The previous methods [3-6] ofinlitg (vi) Reliability of each component of the system is
reliability have tedious calculations and are sudgl. So, in known in advance.

this paper, the authors have evaluated reliabitifyfour (vii) The diesel engine as a whole can fail, if atleast
cylinder diesel engine by employing the Booleancfiom one component in all the routes of flow fails.
technique [8] which is easier in comparison of telchniques. (viii) Transition from one component to other is
Fuel system, discussed here helps to transfeutlerbm the hundred percent reliable.

fuel tank to the engine and regulate its flow itite cylinders

depending on speed and local requirements. Theerayst 3. NOMANCLATURE:

configuration has shown in fig-1. In this systene tluel is o .

injected into the cylinders using an injection purapd Used nomenclature in this study is as follows:
injectors. The diesel fuel from the tank is pumptite fuel X : State of diesel tank.
injection device. This device consists of smallngler pump
operating to push the fuel through the injectozgtes) into
the cylinders and one can operates one pump frenfuél X3, Xy : States of fuel injective dms.

X, : State of transfer pump.

injection pumps at the appropriate time i.e., tagahe end of X : States of cylinders.
the compression stroke the fuel is pushed throhghsmall X1 X6, %71 %
hole in the injector and is atomized as it enter® ithe Xi'(i :lZ——S)  Negation ofX, .

cylinder. :
X (I =12- —8) : 1in good state; 0 in bad state.
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C/C : Conjunction /disjunction.

R(i=12--8):
corresponding to stat

Q :is(1-R);0i=12--8

Reliability of the

R . Reliability of the system as a whole.
S

| |: This sign has used to represent logical matrix.

4. FORMULATION OF
PROBLEM:

Using Boolean function technique, the conditionsabability
of the successful operation of the diesel enginéeims of
logical matrix are expressed as:

MATHEMATICAL

D%, %, ==, %)= (1)

Dhesel Tank

X1 X2

Transfer Pump =

Cylinders

Fig-1 (System Configuration)

component

5. SOLUTION OF THE PROBLEM:

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

D(Xl’XZ __’Xs) :|X1 X, U d(xl’XZ ____X8)| (2)
Where,
X X
X; X
X X
d(x,x, == ==%;)= f” );8 3)
4 5
X, Xg
X, X
X, X
Substituting
A =%y X 4)
A =[x Xy (5)
A =% X (6)
A, =% Xl )
A =[x, X 8)
A =[x, Xy (©)
A =% x| (10)
And
Ay =[x, X (11)

These values in equation (3), one obtains:
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(12)

PSPPI P

Using orthogonalisation algorithm [9], equation X1fay be
written as:

(13)

> > > > > > > P
F PR RRRP
PP P I I WP
P I P
PP P P

F PP

» P

>

Now, we have

% _
A = , i=12,3and 4 ...(14)
X3 Xisg
. [Xa
A = , ; j=5,6,7and 8 ...(15)
X, X

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

A A= O X =% X %|  @6)

X3
X3

X5
Similarly, we get

AjAL A =X Xs Xg X 17)

ARAA =X X5 X X X[ (19

AAAAAN=XG X X (19

AAAANA=G X X X (20)
A A, A'3A'4A;A'6A7=|X; X, X5 Xg X7|

(21)
AR AAAANA =G X X Xs X X

(22)

Using the equations (16) through (22), equation) tEgomes

X3 Xs

X3 X5 X6

X; Xg Xy X

d(x, %, - == %)= 2 5 8 T o

Xz X, Xg X5 X

Xg Xy Xo Xg X; X

X, X, X3 Xg X5 X

! I I

Xl X2 X3 X5 XG X7 X8

D(Xl’xz’___’xg)_ Xl XZ X;S X4 X5
Xl XZ X;S X4 X‘I"; X6
Xl XZ X; X4 X‘:'; Xf,i X7
XX G X % X% X

(24)
Since, R.H.S. of equation (24) is disjunction ofirpese

disjoint conjunctions, therefore, reliability of csidered diesel
engine will be:

R, =P, {D(x,%,~==x)=1
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=R,R[RR + QRR, + QQuRR, + QQQRR; + QRR +QQRR, +QQRQ:RR, +QRQQRR,
= Rle[RsRs +RyRs + RiR, + RRRR; + RyR; + RiRR Ry + RIRGR Ry

+RRR R + RRs + R R + RRRR, + R R, + R.RRR; + R, RRR,

+RRRR; + RRy + RRRRR; R + RRRR + RR R Ry + R;R R Ry + RRR Ry

+RRRRs + RRR Ry — RiR R — RRR; — RjR R, — R;RR; — RiRR; — R;R Ry

~RRRRR —RRR; —RRRs —RjRR; ~RiRR; —RRR;, —R,RR, —RR,RR;R;

- R3R4R8 - R4R5R8 - R4R6R8 - R4R7R8 - R3R4R5R6R8 - R3R4R6R7R8

- RRRR;R —RRRR, Rs] 5§2

Where, R (i =12--8)and Q@ =12--8)are
reliability and unreliability of the components difsel engine
corresponding to the statés(i = 12 — —8) , respectively.

6. SOME PARTICULAR CASES:
Case |: If the Reliability of Every Component of
Diesd EngineisR:

In this case, equation (25) yields:
R, =8R* -16R° +14R° -6R’ + R® (26)

Case IlI: When Failure Rates Follow Waeibull
Distribution

Let a; be the failure rate corresponding to componeriesta

X ,0i = 1,2 — -8, then reliability of diesel engine at instant
‘t’, is given by:

R,,(t) = iexp.{— aitb}—iexp.{— ,Bjtb} 27)

Whereb is a positive parameter ; and :

a, = cta +ag

a,=cta;+a,

a,=c+a;, +a,
a,=c+a,+a +a, +a,

s =Cta;+a,

Qg =Ctra;ta; +a, + g
a; =Ctra;+tas+a; +a
g =Cta;+ta; +a, +a,
a,=c+ta, +a;
Op=C+ta, +a
a,=cta;+ta, +a; +a,
a,=cCc+ta, ta,
0 =Cta;+a, +ta; +&;

a,=cta, ta;+a, +a;

K
I

c+a,+a, +ta, +a,

a16: C+a4+a8

a,=cta, +ta, ta;+a;+a, +a

K
I

c+ta,t+a, ta; +a,

K
I

c+a,+a, +a, +a,
a20: C+a3+a4+a7+a8

0, =Cta, +ta; +a, +8,
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0,,=Cta,ta;+a;, +a,
Oy =Cta,ta;+a; +a,

Also,
B =cta;ta;+a,

B, =cta +a,+a,
Bs=cta;+a, +a
B, =c+a,+a, +a,
Bs=cta;+a, +a
Ps=Ccta;+a, +a,

B, =c+a,+a;+a, +a, +a,
Ps=Ctaz+a,+a
By =ctata, +ag
Bio

Cta; +a; +a,
B.=cta; +a, +a
B, =cta, ta; +a,
B, =Ccta, +a; +aq,

Bu=ctata, +ta +a, +a,

Bis=cta;+a, +a
Bis=cta, +as +3a
Bi;=cta, +as+a,
Bs=cta, ta, +a
By=cta;ta,ta;ta; +a,
Byp=cCtayta, tast+a, +a,

Por

cta,+a,+ta, +a, +a,
Bp=cta, tasta; ta, +a,
and c=a, +a,

Case Ill: When Failures Follow Exponential Time
Distribution:

Exponential distribution is nothing but a particulease of

Weibull distribution for b=1 and is very useful for the
practical problem purpose. Therefore, the religbiliof
considered diesel engine as a whole at an instahtis
expressed as:

Ryc(t) = i exp{-at} - i expf-Bt} (9

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

M.T.T.F. :T Ry () dt

Sl tE e

7.NUMERICAL COMPUTATION

For a numerical computation, let us set the values:

@ a(i=12-—8 =a=004b=2andt=0,1,2--
in equation (27);

(b) 8 (i=12—8) =a=004andt=0,1,2---in
equation (28);

(©a@i=12-—8=a= 00102---------- in
equation (29).

By using (a) and (b), one may compute the tablexd lay
using (c) the table 2. Corresponding graphs hawewsh
through fig.2 and 3, respectively.

CONCLUSIONS

In this paper, the authors have considered a fglinder

diesel engine for its reliability and M.T.T.F. ewation by
using Boolean function technique. This techniqueesdsier
than the other known techniques for reliability lexation and
used only for non-repairable systems. The authidés is to
taking one parallel redundant fuel injective devicemprove
system’s performance. Reliability of the whole systhas
computed in three different cases. M.T.T.F. for ¢istem has
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been obtained in case failures follow exponentiahet
distribution. A numerical example together with gisaphical
illustration has also been appended at the lagtigblight
important results of the study.

Fig-2 is the graph showing the reliability of thestem at any
time ‘t’, when failures follow Weibull and Exponéalt time

distributions. A deep study of this graph yieldsattithe
reliability of the complex system decreases appnaxely at a

uniform rate in case of exponential time distribativhereas it
decreases very rapidly in case failures follow WHilime
distribution.

Again fig-3 is the graph showing the M.T.T.F. oEthystem
for various values of failure rates. An examinatioh this
graph reveals that M.T.T.F. decreases catastrdphicathe
beginning but thereafter it decreases in unifornmmes.

Reliability Vs Time--> MTTF Vs Alfa-->

15 5
B 4
= 1
o 3
205 2 ==
= oot 1 M

12345678910U 0
1 2 3 4 5 6 7 8 9 0
Time--> Alfa-->
Fig-2 Fig-3
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