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Abstract:

In this paper, Investigations have been carried out for the evaluation of reliability in three different
cases i.e., if the reliability of each component of the complex system is R, if failure rates follow Weibull
time distribution & Exponential distribution and MTTF of a sugar manufacturing plant by using Boolean
function technique. The sugar plant under consideration is a complex system which consists of various
subsystems viz., washing, sugar cane cutter, crushing system, Defecation, Filtration, Evaporation,
Crystallization, centrifugal, refining. The units such as Defecation, Filtration, Evaporation, centrifugal
have two states.

Keywords: Algebra of logic,Boolean function technique, Exponential time distribution, Weibull time
distribution, Reliability, Mean time to failure.

1. Introduction:

The considered sugar manufacturing plant consists of nine subsystems. The first subsystem is
washing and it clearly wash the cane sugar without any dust. The second subsystem is sugar cane cutter,
where cutters start cutting of cane in fine small pieces and then the pieces go to the third subsystem
namely crushing subsystem, the sugar cane juice will be extracted. This juice goes into the subsystems
like defecation, filtration, evaporation, crystallization, centrifugal. At the end the crystals of sugar enter
into refining unit. Finally, we get crystal clear sugar as an output.

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.

3. Notations:

X : State of Washing

X, : State of sugar cane cutter

X, : State of crushing system

X, Xs  : State of Defecation

X5y X, : State of Filtration
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Xg, Xy State of Evaporation
X0 - State of crystallization
X1, X, : State of centrifugal

X;; : State of refining
A : Conjunction

0 in bad state
- {1 in good state
X; Negation of X;
R, Reliability of component corresponding to system state X;

Q, =1-R, Unreliability of component corresponding to system state X;

R Reliability of the system as a whole

aw (1) / Rge (t) Reliability function when failure follow Weibull /Exponential time distribution.

Washing Sugar Crushing
canecutter system
X X, X,
EvaporationFiltration Defecation

4@—' o

Crystallization Centritugal Refining
X0 X3
Fig.1
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4. FORMATION OF MATHEMATICAL MODEL.:

By using Boolean Function Technique, the conditions of capability for the successful operation of the
system in terms of logical matrix are expressed as:

X X X X, X5 X5 Xp o Xpo X3
X X X X, Xg X3 Xp o Xp o X3
XX X X X X3 Xy Xy X
XX X3 X X X3 X Xy, X
X X% X X X X Xo Xy Xy
X X% X X X X Xo X, Xg
X X% X X X X5 Xo Xy X
F (X1 Xoy Xy Xy vverunns , xlS) = X% XoX X K K Xp X )
X X X5 X X X X Xy X
XX X5 X X X Xo X, X
X X X5 X X X Xoo Xy X
X X X5 X X X Xo X, X
XX X X X Xy Xy Xy X
X X X X X X X Xp Xy
X X X X X X Xo Xy Xy
X X5 X X X X Xo X, Xy

5. SOLUTION OF THE MODEL:

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

F (X0 X1 X, X werrrrees X3 ) = X062 X0 X5 A F (X X, X X0 X Yo, X1 %01 (2)

Where
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X4 XG X8 Xil.l Kl
X4 XG X8 X12 KZ
X5 X6 X8 Xll K3
XS XG X8 X12 I‘<4
Xg X X Xy Ky
X4 X7 X8 X12 K6
X5 X7 X8 Xll K7
X5 X7 X8 X12 K8

f(X4’X5’X6’X8’X9’X10’X11'X12): = K ©)
X4 XG X9 X11 9
X4 X6 X9 X12 KlO
X5 X6 X9 Xil.l Kll
X5 XG X9 X12 K12
X4 X7 X9 Xll KlS
X4 X7 X9 XlZ Kl4
X5 X7 X9 Xil.l K15
X5 X7 X9 X12 KlG

Where,

K1—|X4 Xs  Xg X11| (4) K9:|X4 Xs % X11| (12)

K2:|X4 Xs  Xg X12| (5) K102|X4 X % X12| (13)

K3:|X5 X Xg X11| (6) K11:|Xs X % X11| (14)

Ki=% % % X% (DKp=[x % % x| @5

K5:|X4 X X X11| (8) K13:|X4 XX X11| (16)

K6:|X4 X X X12| (9) K14:|X4 XX X12| (17)

K7:|X5 XX X11| (10) K15:|X5 XX X11| (18)

K8:|X5 XX X12| (11) K16:|X5 XX X12| (19)

Using orthogonalization algorithm equation (3) may be written as:
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Kl
K K,
K K K
Ki Ky K K,
Ki Ky Ky Ki K
Ki K Ky Kp Kg K
Ki K K K; Ki K; K,
KI K} K K} K K K K
f(X41X51X6’X8’X91X10’X111X12):Kl1 Ki K31 Ki K51 Ki KI Ki K (20)
1 2 3 4 5 6 7 8 9
Ki K Ky Ko Ks Kg Ky Ky Ky Ky,
Ki K Ky Ko Ks Kg Ko Ky Ky Ky Ky
Ki Ky Ko K Ky Kg K Ky Ky Ky Ky Ky,
Ki Ky Ko Ko Ko Kg K Ky Ky Ky Ky Ky, K
Ki K Ky Ko Ko Kg Ky Ky Ky Ky Ky Kp, Ky K,
Ki Ko Ky Ky Ko Kg K Ky Ky Ky Ky K, Ky K Ky
Ki K Ky Ky Ko Kg KoKy Ky Ky Ky K Ky K Ky Ky
Now using algebra of logic, one can get
1 1
X4 X4
Kl _ X4 Xé 21 Kl X4 Xé 22
1 X X Xl ( ) 2 X X 1 ( )
4 6 8 4 6 X8
1 1
X4 X6 X8 X11 X4 X6 X8 X12
1 1
X5 X5
1 X5 X(li 1 X5 thi
K3 = (23) K (24)
Sk ox X ke ox X
5 6 8 5 6 X8
1 1
X5 X6 X8 Xll X5 X6 X8 X12
1 1
X4 X4
1 1
X X X X
=T @kt | (29)
X X X X X
4 7 X8 4 7 8
1 1
X4 X7 X8 Xll X4 X7 X8 X12
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1 1
X5 X5
1 1
X X X X
Kl — 5 7 (27) Kl — 5 7 (28)
Tl ox, X *Ix x, x
5 7 X8 5 7 8
1 1
X5 X7 X8 X:I.l X5 X7 X8 X12
1 1
X4 X4
1 1
X X X X
ng 470 . (29) Klloz 470 . (30)
X, X X X, X X
1 1
X4 X6 X9 Xll X4 X6 X9 X12
1 1
X5 X5
1 1
X X X X
Klllz > 70 . (31) Kllzz > 70 . (32)
X5 X6 X9 X5 X6 X9
1 1
X5 X6 X9 X:I.l X5 X6 X9 X12
1 1
X4 X4
1 1
X X X X
S N B ) LS R I %
X, X g X, X g
1 1
X4 X7 X9 Xll X4 X7 X9 X12
1 1
X5 X5
1 1
X X X X
L=* @)K | (3)
X5 X7 X9 X5 X7 X9
1 1
XS X7 X9 Xll X5 X7 X9 X12
1
X4
1
KK, = | % X, X. X =X, X. X. X 37
1Mo = 1 /\|4 6 g X12|_4 6 Xg X X12( )
X4 X6 X8
1
X4 X6 X8 Xll
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1
X4
1 1
X X X X X X X1
1l _ | 6 4 5 6 8 1
KKK, = ) A .
X4 XG X8 X4 X5 X6 X8 X11 X12
1
X4 X6 X8 Xll

S
>
o

< X X X
FaS
>
()]

X I

4 X6

1

=% X X X Xlll )(12‘ (39)

v
y 11
W Xg X5 Xg X X Xy
wiplply _|Xa % 1
K1K2K3K4K5_X X Xé NXy X X Xp X Xy
YRR 1 1
1 Xy X5 Xg X X Xy Xp
Xy X X3 Xy
1
_ X, X5 X5 X X Xy (40)
1
Xy, X5 X X X Xy
1
X,
X, X X, Xe Xg X, Xg X, X
wiplylviy 1% X6 s A5 X A K 1 A2
KKK KKK = . A . )
Xy X X Xy X5 X5 X Xg X; X,
1
Xy X X5 X
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1
X4
X, X
lwlylyly lyl I 6 1 1
KIKIKIKIKIK K, = R N A A
X, X5 Xg
1
X4 X6 X8 Xll

1

=Xy X Xé X X Xll‘ (42)

KIKIKIKKAK KK,

1
X,

1
X X
M A 1 1 1
= 1 ANXy X Xg X X5 Xy X,
X, Xg X

1

Xy X5 X5 X
1 1 1
= % % X X X X, (43)

KIKIKIKIKIKIKEK K,

1 1 1
Xl X4 X5 Xe X7 Xs X9 X11
4 1 1
X Xl X4 X5 Xe X7 Xs X9 X11
| M4 6 1 1
o X X Xé N X4 X5 Xe X7 X8 X9 X11
4 6 1
1 X4 X5 Xe X7 X8 X9 X11
X4 X6 XB X11 1 1 1
X4 X5 X6 X7 X8 X9 X11 X12
1 1 1
X4 Xs Xe X7 X8 X9 X11
1 1
_ X4 X5 Xe X7 Xs X9 X11 ( 4 4)
1 1
X4 Xs Xe X7 X8 X9 X11
1
X4 X5 Xe X7 Xs X9 X11

KIKIKAK KKK KKK
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X, Xp X X X X X Xy X

— X4 Xé A X4 Xé XG X7 X; X9 Xil X12

X4 XG X;- X4 X5 XG X% Xé X9 Xill X12

X4 X6 X8 Xﬁi-l X4 X5 XG X7 Xé X9 Xil X12

Xp X X X X X Xp X

— X4 Xé X6 X7 X;- X9 X111 X12 (45)

X, X% X X % X X X

X4 X5 X6 X7 Xé X9 X111 X12

KIKGKGKEK KK Ke KoK oKy

1
X4
1 1 1 1
X X /\X4 X5 Xo X X X5 Xy
1 1 1
X4 X6 XS X4 X5 XG X7 X8 X9 Xll
1
X4 X6 X8 Xll
xox o ox. x X
— 4 5 (3] 7 X8 X9 Xll ( 46)
1 1
X4 X5 XG X7 X8 X9 Xll

X;

X % e % o 6 % X X
X4 X6 Xé Xéll X5 XG X7 X:BL X9 Xlll X12
X4 X6 X8 Xlll

P % N X X Xy Xal (g
i X X X X X Xy X

KIK; K KGKKEK 7 KeKeK o KKK
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1
X4
1 1 1 1
:X4 X /\X4 X5 Xo X X X9 Xy
1 1 1
X4 X6 X8 X4 X5 X6 X7 X8 X9 Xll
1
X4 X6 X8 Xll
1 1 1
— X4 X5 X6 X7 X8 X9 X11 ( 48)
1 1
X4 X5 X6 X7 X8 X9 X11

X,
L
X, % X

X, X; X
X% %
%%

X7
X7

%% X Xal ()
X X Xy Xy

KIKGKSKIK KoK KK KoK K KoKy K

1
X,
1
X %
1
X, X5 X5
Xy X Xg
1 1
=X X X

X

X7

X X X (50)

KK KK KKK KK KoKy K KKy KK

1
X4
1
X X
_ |4 6 1 1 1 1
= 1 AKXy X Xg X Xg Xg Xy X
X4 X6 X8
1
X4 X6 X8 Xll
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W% (51)

Making use of equations (37) to (51) in (20), one can get equation (52) and from (2) one can get (53)

X

—

X

X7

)
(9N
Lo

~'

> S B B> N I N
X X X X X' X X' X X

— — — — — —

— — — — — — — — — — — —

SN S T R BT I 5 W R & R W

— — — — — —

GRS E S SIS IN N AN SS AN S AN SN AN SIS AN S BN SIS BN S AN .

— i

X2

1

00 100 4100 —H00 0 W 0 00 H0w 0 0 0 0w 0 W o o -

AT X X X X XTI TR TR R R R R R R R R

= 4 © od) ~ ™~ ™~ ~ ~ ~ — I~ ~ I~ ~ I~ ~ I~ ~ I~ ~ I~ ~ ~ ~ ~ ~ ~ ~
3 X X X X X X X X X X X X X X X X X X X X X X X X X X

O O O O W O

O O O O O O

X8X8XXXXXXXXXXXXXXXXXXXXXXXXXX

© —LO L0 L — L

XX X XK X XXX XHE XXX XXX XK XXX

T < - <

S A A < T <

XXX E XX XX EHE KX XXX XA E KKK XX XXKK

(X, X5 X1 X5 Xgs X0y X1, X5)
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o
Lo
N~—"
™ ™ ™ ™ ™ ™ ™ ™ ™
<X X X < X < X =3
™ ot ot el ™ ™ o~ o~ o~ o~ ™ ™ o~ o~ o ™ o~ o~ ™ N
< X <X X X X' X' X X X X X X X X X X X XX
™ ™ ™ o~ o~ ™ o~ — — — — — — — — — — — — — — — — —
X' X X X X X X X X X' TR R TR TR TR XY
™ ot o~ — — a4 d oo =) o o o o o o o o o o o o o o o o
XX X X XXX XX X X XX X X X X X X X X X X X XX
™ o~ — — o o o o o o
5 T T XX XXX KX KX KKK XXX XK K XK K
| S S © g0 g0 g0 g g A A A 4 e e o A o g g g
3 5ot X VA X VA VA X X X X X X X X X X X X X X X X X X X
9 = o o ~ ~ o~ N~ o~ N~ o~ ~ o~ ~ o~
ot X X X VA VA VA VA X X VA X X X X X X X X X VA VA VA X VA VA VA
© o) © © O A© O O O O © © © A O A O A WO O O
X X X X X X X X X X vA VA X X X X VA X vA X X VA X X X X X X
© © Lo Lo o 0 o 0 0 - W Lo Lo o
X X X X X VA VA VA VA X X X X X X X X VA X X VA VA X X vA VA VA
< o o < < - o < < < < A A A oS < < S
> VA xX X VA xX X VA xX X VA VA X X X X VA X X X X VA X X X X X
VA3 VA3 VA3 VA3 VA3 VA3 VA3 VA3 VA3 X3 VA3 VA3 VA3 X3 vA3 VA3 VA3 VA3 VA3 VA3 VA3 VA3 VA3 X3 VA3 VA3 VA3
o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~
X X X X X X X X X X X X X X X X X X X X X X X X X X X
X' X' X X' X X' X X X X X X X' X' X X' X X X X X X X X X XX
Il
—_
™
<
.A.y
x
Xmu
N
>
=3
~
LL

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

)]

R1R2R3R4R6R8R10R11R13 + R1R2R3R4R6R8R10Q11R12R13 + R1R2R3Q4R5R6R8R10R11R13

+ RZLRZ R3Q4 RS RG RB R10Q11R12 R13 + RlRZ R3 R4Q5Q6 R? Rﬂ R10 R11R13

R,=P {F(xl,xz, Xgs Xy oeeeee
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RIRRRRQs R RsRoR1 Ry + RIRRR,QQ R ReR Q1R R 5
+RRRR,REQ: R ReR 0 Q1 R Ry + RIRRQLRQs Ry ReRyo R Ry
+RIRRQRQ: Ry ReR10Qu1 R Ry + RIRRIR QIRQ QR Ry R Ry
FRRRR QR QeR PR Rys + RIRRR, RREQ, QR R, Ry R
FRRRRRRRQeRR6 R R + RIRRRQIRQ, QR R16Q1R Ry
FRRRRQRRQRIR Q1R + RIRRR RIRQ, QR R Q1R R
RIRRRRRR QR R QiR Ry + RIRRQ,RREQQRR Ry R
+RRRQ,RsRsR QR R, Ry Rig + RRRGQRREQ QR Ry Qs R1o R
FRIRRQRR R QRIR0Q1 Ry + RIRRIRQQs R QR R R Ry
+RRRRRQ R QR R, Ry Rig + RIRRIR, Q QR QR Ry Qui R R
FRRRRRQRQRIR Q1R + RIRRQURQ R QR R R Ry
+RRRQRQR QR R, QR R 5

Rs = RRRRRReR6R 1 Ris + RIR RIRE RS RgR 0 Ry Ry - RiIR, RIR RGR R Ry R1 Ry
+RRR;R, R R R R Ris +RIRRRR; R R R Ry; —RIR,R;R ReR,RgR5 Ry Ry
—RIRRRRR,ReR6 R Ris —RIR,RRsRR R Ry R Ris +RIR R, R R R R, Rs R Ry Ry
+RRRRRR R R Ris +RIR,RRRGRR R Ris ~RIR,RRRER R R R R
+RIRRRR R R Ry Rys +RIRRRR R R Ry Ry —RIR,R,R,RiR Ry R Ry R
~RIRRR,RR RR R R —RIRRRERR R Ry Ry Rys +RIRRyR RS R R Ry Ry R Ry
~RIRRRRRR R0 R Ry —RIR RRERRER R0 R Ryg +RIRRRRIRRgR R Ry Ry
~RIRRR,RIRRR R Ry —RIR RRR R R Ryo Ry Rys +RIR R, ReRy RgR Ry Ry Ry
TRIRRRRR ReR Ry Ry Ry +RIRRIRS R R R Ry Ry Ry Ry
~RIRRRRRR; RRRyo Ry Ry +RIRRIR RRgR 1Ry, Rig +RR,RRGR R Ry R Ry
—RIRRRRRRe Ry R, Ry +RIRRR R RR R, Ry +RIR RIRR, R R R Ry
_R1R2R3R4R5R7R8R10R12R13 _R1R2R3R4R6R7R8R10R12R13 _R1R2R3R5R6R7R8R10R12R13
TRIRRRRRR R R R, Ris +RIR RRRRR R, Ry +RIR RRERERGR R, Ry
“RIRRRRRRI R R, Ry +RIRRIR R R R R, Ry +RIRRIRSR Ry R0 R R
_R1R2R3R4R5R7R9R10R12R13 _R1R2R3R4R6R7R9R10R12R13 _R1R2R3R5R6R7R9R10R12R13
TRIRRR,RRR Ry R0 R Ry —RIR RRURe R R Ry R Ry —RIR RyRERsReRoR Ry, Ry
TRIRRR,RRRRR R, Ris —RIRRRR RR Ry R, Ry —RiIR, RRR RRy Ry R, R
+RR,R;R,RR RiR R R, Ry +R R, RiR, RiR, RiRy Ry R, Ry —RIRRIRReRR Ry R, Ry
TRIRRRRR R RR R, Ris —RIRRyRRER R RgRoR R, Ry
~RIRRRRRR 0 RR Ry +RIRRRRRRgR0R1R G R

(54)
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~RIRRR, R RGR R R, Ry —RIR RRR, RgR Ry Ry, Ry +RIRRIRRIR RR R R Ry
TRIRRRRR R R0 R R R +RIRRRERR ReR R Ry, Ry
_R1R2R3R4R5R6R7R8R10R11R12R13 _R1R2R3R4R6R9R10R11R12R13
~RIRRRRRR R R, Ry +RIRRRRRRI R R R R
~RIRRR R RIR R R Ry —RIR RRR RoR R R, Ry +RIR RRRSR R R0 R R R
TRIRRRRR R R Ry RipRis +RIRRRRGR R R R R R
~RIRRRRRR RIR R R, Ry +RIRRR R R RGR 0 R R Ry
TRIRRRRRRRRR Ry —RIR RRRGRERg R R 6 Ry Ry Ry
FRIRRR R RGRIR R Ry R +RIR RRR ReRGR 0 R R Ry
_R1R2R3R4R5R7R8R9R10R11R12R13 _R1R2R3R4R6R7R8R9R10R11R12R13
_R1R2R3R5R6R7R8R9R10R11R12R13 (55)

Where, R (i=12,........, 13) is the reliability of the section state x(i=12,........, 13) respectively.

6. SOME PARTICULAR CASES:

Case I:

When reliability of each component R then equation (55) yields

Rs = R™® —8R" + 24R" —32R" +16R’ (56)
Case Il: When failure rates follow Weibull time distribution:

Let 4 be the failure rate corresponding to system state x;, Vi=12,3,.......,13, then reliability of

considered system at an instant ‘t’, is given by
41 40

RSW (t) = ZeXp{_ait p} _ZeXp{_ﬂjt p} (57)
i=1 j=1

Where, p is appositive parameter and
O = A+ Ay + Ay Ay + A+ g+ Ay + Ay A

=M+ A+ A+ A5+ A+ Ay + Ay + Ay + A
G=h+ A+t A+ + A+ A+ Ay + A
O =h+h+h+ 5+ + A+ Ao+ Ay + A4,
Og =+t A+ A+ A+ A+ A+ Jg + A + Ay + A
Og =M+ b+ A+, + 25+ + Ao+ Ay + A
N LT R RPN SY PR
A=A+ + A+ s+ + A+ A+ A4+ A,

Uy =h+ b+t + A+ A+ + A+ A+ Ay + A4,
o =h+ A+t Yyt A+ A+ gt A+ Ay + Ay + A,
Uy =M+ o+t A+ 5+ 2+ A+ Ao+ Mg + Ay + Ay
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Uy =+ + L+ 4+ A+ + A+ Ao+ Ay + Ay + Ay
Uy =+ L+ L+ L+ L+ + A+ Ag+ A+ Ay + A
s =+ + L+ 2+ A5+ A+ A + Ay + A

g =+ + L+ A+ 5+ A+ A + Ay + A

U =+ttt + A+ A+ A, + A,

g =M+ + L+ A+ 2 + A+ A + Ay + A

Ao =+ L+ L+ + A+ A+ + A+ A+ A, + A,
Op=h+h+h+A+A+ A+ Ao+ A, + A

Oy =+ + A+ A5+ 5+ g+ Ayg + A, + A

Op=h+h+ A+ A+ A+ 0+ Ao+ Ay + A
Up=A+h+h+A+h+A+A+ A, + 4,

Uy =h+h+h+h+h+A+ b+ A+ A4+ 4, + 4,
U =h+h+ M+ A+ A+ A+ A+ A+ Ao+ Ay + A
U =h+h+ b+ 4+ A+ + 0+ 0+ Ao+ Ay + A
Uy =h+h+h+h+ A+ +A+ A+ A+ A4, + 4,
U =h+h+h+A+A+ 4+ 0+ 0+ Ao+ A, + A5
U =h+h+h+h+A+ A+ A+ A+ A4 + A, + 4,
U=+t b+ A+ A+ A+ A+ Ao+ Ay + A, + A
Oy =Ah+ L+ 4+ 4+ A+ 4 + A+ A+ Ay + Ay, + A
Op =+ b+ A+ A+ A+ A + A+ Ao+ Ay + A, + A
U=+ + A+ A4+ A+ A+ A+ A+ A4+ A, + 44
Oy =+ + A+ A+ A+ 4+ A+ Ao+ Ay + A, + A
O =M+ + i+ A+ A+ A+ A+ A+ A+ A, + A
=M+ h+h+A+A+Ah+A+A+ A4+ A, + A,
Og=h+h+h+A+A+A+ A+ A+ A4+ A, + A,
g =M+t + A+ A+ A+ A+ A+ Ay + 4, + A
Og=A+h+h+A+ b+ A+ A+ A+ A4+ A, + A,
Op=h+h+h+A+A + A+ A+ Ao+ A4 + A, + A4
Oy =h+ A+ A+ A+ g+ Ao+ A + Ag + Ao+ Ay + Ay T A, + A
R P o N Y CTI

Bo= b+ b+ At Y+ A+ 2+ A+ A+ Ay + Ay
By=h++ A+ My + A+ 2+ g+ Mg+ Ay + Ay
By=A+ 2+ A+ 2+ A+ 2 + g+ Mg+ Ay + Ay
Bs=h+2+ 2+ 4+ 2+ 2+ 25+ g+ Ay + A5

Bs=A+2+ 4+ 4+ s+ 2+ g+ g+ Ay + Ay

By =+ 2+ A+ 2y + A+ A+ Ay + g + Ay + A
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Ba=A+h+ A+ A+ A5+ 4+ A+ Ao+ Ay + Ay
Bo=A+h+A+ A+ 5+ A+ A+ Ao+ A4, + A

Pro= A+ Ay + A+ As + Ao+ Ay + Ao + Ay + Ay + A
Po=A+b+ A+ M+ + A+ A+ Ao+ A4, + A
Pro=A+ A+ A+ Ao+ Ay + Ag + Ao+ Ay + Ay + Ay
Ba=h+ 2+ 4+ + A+ A+ A+ A+ Ao+ Ag + Ay + A
Bu=h+ b+ 5+ + A+ A+ g+ A+ A, + A
Bs=h+h+b+ 4+ A+ A4+ 4+ A+ A, + A

Bo=A+h+ b+ + A+ A+ A+ Ao+ A, + A

P =+ Ay + 2o+ As + A + 2y + A+ Ay + Ay + A
Bo=h+h+ L+ + A+ A+ 5+ Ao+ A, + 4

Bo=h+h+ X+ + A+ 4+ g+ Ao+ A, + 4

Bo=A+h+ b+ + A+ A4+ 5+ A+ A, + 4,
Pn=h+h+ i+ A+ A+ + A+ Ao+ A, + Ay
Bo=A+b+b+y+ A+ A+ A+ Ao+ A, + 4,
Bon=h+2+ A+ A+ A+ A+ 5+ Ao+ A, + 4
Bou=A+b+ A+ + 4+ A+ A+ A+ A, + Ay
Bos=A++h+A+lp+ A+ A+ A+ A, + A4,

Bo =+ L+ A+ M+ A+ A+ A+ A+ g+ A+ A, + A
B =ttty + A+ A+ g+ A+ A, + A,

B =A+b+ A+ A+ A+ A+ Ao+ A+ A, + 4,

Bo=A+h+ A+ A+ + A+ A+ Ay + A, + A,
Po=h+b+h+A+ A+ 4+ A+ A4+ A, + 4,
Poy=A+ Ao+ Ayt Ay A+ A+ Ay + A+ Ay T Ay + A + A
Po= A+ Ay + A+ Ay + g+ Ao+ Ay + Ay + Ay + A
Po=h+t+h+ A+ A+ A+ Ay + A+ A, + 4,
Pu=h+b+ A+ A+ + A+ A+ A4, + A, + Ay
Ps=h++h+A+ A4+ 0+ A+ A+ A, + 4,

B =+ + A+ QW+ A+ A+ A+ g+ A+ A4+ A, + 4
Po=h+b+h+ A+ A+ 5+ A+ A+ Ao+ A+ A, + A4,
Po=h+h+ b+ Ay+ A+ + Ao+ A+ Ao+ A+ A4, + A4,
Bo=Ah+h+h+A+ls+ A+ A+ A+ Ao+ A+ A, + 4,

Case I11: When failure rates follow exponential time distribution
Exponential distribution is nothing but a particular case of Weibull distribution for p=1and is very

useful for practical problems purpose. Therefore, the reliability of considered system as a whole at an
instant ‘s’ is expressed as:
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RSE (t) = ZeXp{_ait} _zeXp{_ﬂ jt} (58)
i=1 j=1

Where, ¢; and S i ’s has mentioned earlier.
Also, an important reliability parameter, viz; Mean time to failure (M.T.T.F) in this case is given by

M.T.T.F=[ Ry (t)dt
0

225 *

7. Numerical Example:
Setting 4 =0.01 for i =1-13and p =2 in equations (57) and(58) then

Table 1
S.No. | Time R, (t)
® Exponential | Weibull
Distribution | Distribution
1 0 1 1
2 1 0.95085 0.95085
3 2 0.81371 0.90342
4 3 0.61894 0.85770
5 4 0.41131 0.81371
6 5 0.23441 0.77142
7 6 0.11266 0.73082
8 7 0.04503 0.69189
9 8 0.01482 0.65461
10 9 0.00399 0.61894
11 10 0.00087 0.58486
1.2 4 Reliability Vs Time
1 -4
> 0.8
% 0.6 A
ke
“ 04 A
0.2 +
0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Time
= Exponential Distribution Weibull Distribution
Fig.2
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7. Numerical computation for MTTF:
Setting 4 = A one can compute table 2 from equation (59)

Table 2

S.No.| A | MTTF

1 0.0 0

2 0.1 | 1.69852

3 0.2 | 0.84926

4 0.3 | 0.56617

5 0.4 | 0.42463

6 0.5 | 0.33970

7 0.6 | 0.28309

8 0.7 | 0.24265

9 0.8 | 0.21232

10 0.9 | 0.18872

11 1.0 | 0.16985

MTTF Vs Failure rate
1.8
1.6
1.4
1.2
E 1
S 038
0.6
0.4
0.2
0

0 0.2 0.4 0.6 0.8 1 1.2
Failure rate
Fig.3

9. Conclusion:

In this paper, we have considered a sugar plant for analysis of various reliability parameters by
employing the Boolean function technique and algebra of logics. Table 1 computes the reliability of the
system with respect to time when failure rates follow exponential and Weibull time distributions. From
the graph “reliability Vs Time”(Fig2) reveals that the reliability of the complex system decreases
approximately at a uniformly rate in case of exponential time distribution, but decreases very rapidly
when failure rates follow Weibull distribution. Table 2 and graph “M.T.T.F Vs Failure rate”(Fig.3)
yields that MTTF of the system decreases catastrophically in the beginning but later it decreases
approximately at a uniform rate.
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