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Keywords

This investigation deals with the reliability of utensils processing unit. Utensils
processing unit consists of six subsystems, viz., hot rolling machine, cold rolling
machine, cutting machine, pressing machine, polishing machine and packaging
machine, connected in 1-out-of-6: F arrangement system. Mathematical formulation of
the model is carried out by employing Boolean Function Technique. Various measures
of system effectiveness such as reliability and mean time to failure are obtained.
Numerical results are also presented to demonstrate the validity of analyzed results. The
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Introduction

Reliability is an important factor in the planning, design
and operation of engineering systems, but the increase of
demands of modern society and automation of their products,
the industrial systems are becoming complex day by day. As
long as man has built things, he has wanted to make them as
reliable as possible. In order to increase the effectiveness of the
system, redundancy plays an important role

Many researchers [5, 3, 2] used various techniques such as
Supplementary  Variable Technique, Regenerative Point
Technique, Fuzzy logics, etc. But these methods involve
complex computations to calculate the reliability of the systems.
Keeping these facts in view, in this paper we have discussed the
logical probability method of reliability calculation which
describe the structure of complex system/equipments and the
features of its. In this paper we proposed Boolean function
technique to find the reliability of Utensils Manufacturing Plant.
This plant consists of six subsystems, viz., hot rolling machine,
cold rolling machine, cutting machine, pressing machine,
polishing machine and packaging machine, working in series.
The system configuration has been shown in Figl

Initially, the raw material is melted in hot rolling machine
and then cooled to relieve internal stresses and soften the metal
with the help of cold rolling machine. After this process cutting
machine is used to obtain the desired shape or size of the
product. Further the product is pressed according to shape and
size of utensils of different dies by pressing machine. After
pressing, polishing machine is used for the purpose of shining
the products and finally the products are placed in the packaging
machine in order to package the utensils which yield the final
product. Utensils Manufacturing Plant consists of the following
six main subsystems:
[1] Hot rolling machine (A) consists of one unit. The system
fails when this subsystem fails.
[2] Cold rolling machine (B) consists of one unit. It is subjected
to major failure only.
[3] Cutting machine (C) consists of two units working in
parallel. Complete failure occurs when both units fail.

Tele:
E-mail addresses: srbansal2008@gmail.com
© 2014 Elixir All rights reserved

[4] Pressing machine (D) consists of two units working in
parallel. Complete failure occurs when both units fail.

[5] Polishing machine (E) consists of two units; one working
and other is in standby with perfect switching.

[6] Packaging machine (F) consists of one unit. It is subjected
to major failure only.

Notations
Xis X, . States of hot and cold rolling machine
X3, X, . States of cutting machine
Xs, Xg States of pressing machine
X, , Xq States of polishing machine
Xq . States of perfect Switching devices
X. : O, in bad state
! {1, in good state (i=1,2,....,10)
X{ ' —
1 Negatlon Of X| VI —1,2 ...... 10
A Conjunction / Disjunction.
; : A jth .
Ri Reliability of ! unit of the system
Vi=12.... 10
Qi DR
R . Reliability of the whole system.
Rsw (1) / Rse () Reliability of the whole system when

failures follow Weibull / Exponential
time distribution.

Formulation Of Mathematical Model
By employing Boolean function technique, the conditions of
capability for successful operation of the system in terms of
logical matrix are expressed as shown below:
X Xz Xz X5 Xz X9
X Xz X3 X5 Xg X9 Xg
X Xz Xz Xg X7 Xg

X Xz Xz Xg  Xg X9 X9
Flax. %) = X Xz Xg X5 X7 X0 (1)
X Xz Xg X5 Xg X9 X
X Xz X4 Xe X7 X0

X Xz X4 Xe X X9 Xp
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Ml
M M, .(12)
Mi My M,
M, M; M; M
F0, X = — %)= 1, ? ? ,4
Ml MZ M3 M4 MS
M; M3 M; M, Mg Mg
M M) Mj M, M; M; M,
¥ Mi My Mg M; Mg Mg M; Mg
P
' Using algebra of logic, one can determine the following:
- X3
L ’ ,
m' - M; M, =[X; X AlXs X5 Xg X
ing Machine !
Canhing X3 Xg Xy
=X X5 X7 Xg Xg -(13)
Similarly,
My My M3=IX3 X5 Xg X -14)
L
! ! ’ , , . 15
MM, MaM, Mo Mg =% % % % % xg‘ -(17)
Fig 1: System Configuration of Utensils Processing Unit MiMéMéMZMéMéM7=|Xé Xe  Xg Xg x7| ..(18)
Solution Of The Model L, , , 19)
By using algebra of logics, equation (1) may be written as : M; M, M3 M, Mg Mg M, Msz‘x3 X4 X5 Xg ">£7 Xg  Xg
F(Xl'XZ'__—'XlO):|XlX2XlO A f(xs’xm__—an) -(2)
Where
X3 X5 X7 M, Inserting equations (13) through (19), into (12), one may obtain:
X3 Xg Xg Xg M, X3 X5 Xy
X3 Xg Xy ma .(3) X; Xs X, Xg X (20)
Xz Xg Xg Xg 4 '
f(X3, Xg,=——1%g)= = Xg X5 Xg X
(3 4 9) X4 Xs X5 M5 3 15 6 ?
X3 X5 Xg X7 Xg X
Xy X5 Xg Xg Mg f(xslxb—_—,xg): ,
Xg Xg Xz M X3 X4 Xg X7
Xg Xe X% Xg | [Mg Xy X4 % X; Xg  Xg
where, X3 Xg X5 Xg X
M;=Xs X5 Xy -(4) X3 X4 Xs  Xg X, % X
M,=Xs Xs Xg Xo -(5) Using (20), equation (2) becomes
X, X, X3 Xg X7 X (21)
M3 — X3 X6 X7 (6) 1 2 3 5 7! 10
X X3 X5 Xp Xgo Xg Xy
X X3 X5 X X7 Xy
F(x, % == — %)= '
Meg=Xs X5 Xg Xg -(9) X X X X Xp Xy
M, =X, X¢ X .(10) X X X? Xy X? XX Xg Xy
a1 X Xp X3 Xy X5 Xgo Xp Xy
Mg =X, X X (11 , ) :
8=% X % o KX X Xy X X Xp B X Xy

By orthogonalization algorithm, equation (3) may be written as
Finally, the probability of successful operation, i.e. Reliability of
the whole system is given by
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Rs = P F (X, Xperoing0) =1} Br T isidey ey e
=RiR; RlO[R3R5R7 +Q3R4R5R7 + R3R5Q7Rg Ry + Q3 R4 Q5 RsQ7 RgRg _ P PR
RsQsR6R; +RsQsRsQ7 RgRg + QsR4RsQ7ReRy + Q3R QsRsRy ] B c+ 34444 M54 Ay Ao
= RiRoR1o[RsRsR; + RyRsR; + RyRsRy + RyRsR; — ReRsReRg — ReRsRoRy B = A A A A A
R3RsRgRy — R3R4RsR; + R,RsRsRy — RyR,RgR; — R4RsRs R 9 C+7A+"5 47T 478479
R4RsRgRg — R3R5R7RgRg — R3RsRsRgRg — R3RgR7RgRg ﬁ = A A A A A
—R;R,R5RgRy — RyR5R; Ry Ry + R3R,RsRg R, — RyR,RgRgRg 10 C+ B +744776 478479
—R4RsRgRgRg — R;RgR; RgRg + RyRgRgR; RgRg + R3R,Rs R Rg Ry = 1 A A A A
R3R4R5R6R8R9+R3R4R6R7R8R9+R4R5R6R7R8Rg} Pu C+7A+T5 470+ TE LT
—R3R4R5RgR7RgRg .(22) P = C+/14+16+ﬂ7+18+/19
Some Particular Cases B
Case I: When reliability of each component is R Pis T it A As  As A Ay A
Equation (22) yields:
Rg = 4R® —7R® + 5R® — R (23) \Where. =+ 4 + A

Case I1: When failure rates follow Weibull time distribution:

Let 4 be the failure

state X, vi=12...10, then reliability of considered system at
an instant‘t’, is given by

Rgw (1) = iléexp % a;tP }— jléexp .{— Bit? }

where, p is a positive parameter, and

rate corresponding to system

.(24)

o = CHAz+As+ A4y

oy, = CHAg+Ag+Ay

S c+’14+’15+/17

ay = it des Ay

a5 = oyAydsiAgy A

ag C+ﬂs+/16+ﬂ“8+/19

a; = C+)~4+/15+/18+/19

g ~ C+ﬂ'4+ﬂ”6+ﬂs+ﬂ”9

ay = C+ﬂ,3+),4+/15+ﬂ,6+ﬂ,7

a, = C+ﬂ’3+ﬂ”5+ﬂ”6+ﬂ7+ﬂ”8+2’9
ay C+ﬂ“3+/14+j”5+ﬂ7+j”8+ﬂ“9
a, = C+2’3+/14+ﬂ”5+ﬂ”6+ﬂ”8+2’9
Ay~ C+ﬂ”3+ﬂ'4+ﬂ”6+ﬂ”7+ﬂ”8+ﬂ”9

RV YV S N B N §

B T A A A
B = c+ /7‘3+ﬂ“4+/7‘5+/17
Bo = crhesdiihent
Bi = cilastsihont
Ps = cihartsitn o te
Bo = crhostsitonde,to

Case Ill: When failure rates follow exponential time
distribution
Exponential distribution is nothing but a particular case of
Weibull distribution for p=1 and is very useful in various
practical problems. Therefore, the reliability of considered
system as a whole at an instant’t’ is expressed as:
14 13 ..(25)
Rge (t) = _Zlexp.{— ot} - _Zlexp .{— ﬁjt}
i= j=
Also, an important reliability parameter, viz., M.T.T.F., in this
case is given by

. .(26)
[Rse ()dt = g(ij— g[ij

0 i=1\ &j i=1 i

M.T.T.F=
a; B, . .

where, 7' and s have been mentioned earlier

NUMERICAL EXAMPLE

2;(i=12....10)=0.001, p=2and t=0,1,2- -

(A) Setting in
equation (24) and (25), one may obtain Table land fig 2
(B) Setting % (i=12...10)=2=0,0102....1.0 ,_ equation
(26), one may get Table 2 and fig 3
Table 1
Time (t) | Rse(t) Rsw(t)
0 1 1
1 0.997001 0.997001
2 0.994002 0.988009
3 0.991005 0.973049
4 0.988009 0.952177
5 0.985014 0.925497
6 0.982021 0.893185
7 0.979029 0.855514
8 0.976038 0.812875
9 0.973049 0.765788
10 0.970062 0.714913

Exponential dsstnbution

Reliah ity

Time

Fig 2: Reliability V/S Time
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Table 2

A MTTF

0 e'e)

0.1 2.472222
0.2 1.236111
0.3 0.824074
0.4 0.618056
0.5 0.494444
0.6 0.412037
0.7 0.353175
0.8 0.309028
0.9 0.274691
1 0.247222

Fig 3: MTTF V/S Time

Interpretation of the results

[1] Table 1 and graph “Reliability V/S Time” (Fig 2) reveals
that the reliability of the complex system decreases
approximately at a uniformly rate in case of exponential time
distribution, but it decreases very rapidly when failure rates
follow weibull distribution.

[2] Table 2 and graph “MTTF V/S Failure Rate” (Fig 3) yield
that MTTF of the system decreases catastrophically in the
beginning but later it decreases approximately at a uniform rate.
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