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Abstract: In conventional reliability analysis, the failure probabilities of the components of a
system are treated  as exact values. It is often difficult to obtain data for failure probabilities
under changing environmental conditions. Hence fuzzy sets are used to analyze the fuzzy system
reliability, where a fuzzy number represents the reliability of each component. Chen [14] ana-
lyzed the fuzzy system reliability using vague set theory. The values of the membership and
non-membership of an element, in avague set, are represented by areal number in [0, 1]. A spe-
ciaist is dways uncertain about the values of the membership and non-membership of an ele-
ment in a set. Hence, it is better to represent the values of the membership and non-membership
of an element in a set by intervals of possible real numbers instead of real numbers. In this paper
a new method has been developed for analyzing the fuzzy system reliability of a series and par-
ale system using interval valued trapezoidal vague sets, where the reliability of each component
of each system is represented by an interval valued trapezoidal vague set defined in the universe
of discourse [0, 1].The developed method has been used to analyze the fuzzy reliability of a ma-
rine power plant. The major advantage of the proposed approach (the concept of interval valued
vague sets) over the existing approaches [7, 8, 14] is that the proposed approach separates the
positive and negative evidence for the membership of an element in a set. Also in the proposed
approach the values of the membership and non- membership of an element in a set are intervals
instead of asingle rea number.

Keywords. fuzzy system reliability; vague set theory; fuzzy fault tree; interval valued vague
Sets.

1. Introduction

One of the important engineering tasks in
design and development of atechnical system
Is reliable engineering. It is well known that
the conventiona reliability analysis, using the
probabilities, has been found to be inadequate
to handle uncertainty of failure data and mod-
eling. To overcome this problem, the concept

of fuzzy approach has been used in the
evauation of the reliability of a system.
Fuzzy set theory was first introduced by
Zadeh [1] in 1965. Singer [2] presented a
fuzzy set approach for fault tree and reliability
anadysis. Cai et al. [3, 4, 5] gave a different
insight by introducing the possibility assump-
tion and fuzzy state assumption to replace the
probability and binary state assumptions.
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Mon et a. [7] presented a method for the
fuzzy system reliability analysis for compo-
nents with different membership functions via
non-linear programming techniques. Chen [8]
presented a method for fuzzy system reliabil-
ity analysis using fuzzy number arithmetic
operations. The collection of papers by Oni-
sawa and Kacprzyk [9] presents many other
different approaches for the fuzzy reliability.
Ca [11] presented an introduction to system
failure engineering.

Chen [14] presented a new method for ana-
lyzing the fuzzy system reliability based on
vague sets.

In this paper, the concept of vague sets is

extended by idea of interval valued vague sets.

Also we have introduced: some definitions
related to interval valued vague set, definition
of interval valued trapezoidal vague set and
arithmetic operations between two interval
valued trapezoidal vague sets. Further, a new
method has been developed for analyzing the
fuzzy system reliability of a series and para-
lel system using interval valued trapezoidal
vague sets, where the reliability of each com-
ponent of each system is represented by an
interval valued trapezoidal vague set defined
in the universe of discourse [0,1].The devel-
oped method has been used to analyze the
fuzzy reliability of a marine power plant. The
proposed method can model and analyze the
fuzzy system reliability in a more flexible and
intelligent manner in comparison to the
method given by Chen [14].

This paper is organized as follows. Sections
2, presents some definitions. Section 3, pre-
sents the arithmetic operations between two
interval valued trapezoidal vague sets. Section
4, presents the fuzzy reliability calculations of
a series and parallel system using interval
valued trapezoidal vague sets. Section 5, pre-
sents the case study of the system. Section 6,
presents the agorithm for anayzing fuzzy
reliability. Section 7 presents the assumed
data. Sections 8 presents the results .The con-
clusions are discussed in section 9.
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2. Some definitions

In this section, some definitions are re-
viewed and some other definitions are intro-
duced.

2.1. Definitions reviewed

We briefly review some definitions [6, 12,
14] here.

2.1.1 Definition

An interval valued fuzzy set F (over a ba-
sic set X ) is specified by a function
T- : X = D([01]), where D([01]))is the set
of al intervals within [0, 1], i.e. for all
xe X,T=(x) is an interva [ py,u, ],
O< < p, <L

2.1.2 Definition

A vague set V , in abasic set X , is charac-
terized by atruth membership function
t;, t;: X = [0]], and a fase member-
ship function f;, f.:X —[0, 1]. If the ge-
neric element of X is denoted by ‘X’ then

the lower bound on the membership grade of
X, derived from evidence for X is denoted

by t;(x) and the lower bound on the nega-
tion of x is denoted by f.(x),t;(x)and
f;(x) both associate a real number in the
interval [0,1] with each point in X ,where
t-(x)+ f;(x) <1 A vague set V in the
universe of discourse x isshowninFig. 1.

When X s continuous, a vague set V can
be written as

V = [t 001~ 1,001/, % eX

When X is discrete a vague set V can be
written as

V=3l 003 G 00)% % €.
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Figure 1. A vague set.

2.1.3 Definition

Let A = [ay, &] and B = [by, by] be two arbi-
trary intervals then the minimum of Aand B is
represented by “MIN [A, B]” and is defined
by MIN ([a, &]; [by, b]) = [min (&, by), min
(8, bo)]

2.1.4 Definition

The complement of an interval A= [a&, &]
isdenoted by A and is defined by
A=[1-a, 1-a].

2.2. Definitionsintroduced

The definition of interval valued vague set
and definitions related to interval valued
vague set are introduced here.

2.2.1 Definition

An interva valued vague set V over aba
sicset X isdefined as an object of the form

V =<[x:;T,(X)1-F; (x)] X & X
where
T, :X - D[0J] andF;, : X — D[0/]

are called “Truth membership function” and
“False membership function” respectively and
where D([0]]) is the set of al intervals

within [0, 1].
2.2.2 Definition

Aninterval valued vague set V issaidtobe
convex if andonly if  ¥x andx, € X

T (lxl + (1_ l)xz) = Min{TV (Xl)’T\7 (Xz)}
1- Ry (A% +(1- A)%,) 2 Minjl— R, (x 1= F; (%))
where 1 €[0]]

2.2.3 Definition

An interval valued vague number is an in-
terval valued vague subset in the universe of
discourse X  that is both convex and normal.

2.2.4 Definition

An interval valued trapezoidal vague set
V (over abasic set X ) can be represented by

V =< [(X'yiz1W);[:u1uuz];[V1!V2]]>
where O0< pu,<pu,<v, <v,<1

asshowninFig. 2
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T, (X),1- F; (X)

y
Figure 2. Interval valued trapezoidal vague set
V.

3. Arithmetic operations between two in-
terval valued trapezoidal vague sets

Certain arithmetic operations between two
interval valued trapezoidal vague sets are de-
veloped here.

Let us consider two interval valued trape-

zoidal vague sets,\'/v1 and\'/v2 ,asshowninFig. 3

T, (X).1-F; (X)
Ty (X).1-Fy (X)

Vo

Ha
Hi
oy
Hay
» X
0X ¥ 4z WX Y, 5L W
Figure 3. Interval valued trapezoidal vague sets
\7l and \72.
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defined by

\71 =< [(le Y1 Zi’Wl);[,unnulz];[V111V12]] >
\72 =< [(sz Y2, ZZ'WZ);[:u21':u22];[V21'v22]] >
where

O< 4 Sy Sl Sy SV SV, SV, SV, <1

The  arithmetic  operations  between
V, and V, are defined as follows

[ Y Y 2 W),
V, OV, =< [minfu,, ty,), MiN(uy,, ()] >
[MiNgyy,v,),Ming,,vp,)]

[y =22 -y W )|
(V,OV,) =<|[Minu, i), minu,, )]s [>
[Mingy,v,,),ming.,,v,,)]

[0 WX Ys zx 2 W W) |
V ®V, =< | [Min(gty, fy), MiN(,, 1)1 | >
_[min(Vn’Vm)’ min(v,,, v,,)] )
(X4 Wy, Yy 125,21 Y, Wy 1%, )]
[min( gy, p50), MINQ ey, )]s | >
[Min(v,,,v,), min(vy,,v,,)]

V,QV, =<

4. Fuzzy reliability calculations of a series
and paralld system using interval val-
ued trapezoidal vague sets

In this section, a new method has been de-
veloped for the fuzzy reliability calculation of
a series and paralel system using interval
valued trapezoidal vague sets, where the reli-
ability of each component of each system is
represented by an interval valued trapezoidal
vague set defined on the universe of discourse
[0, 1].

4.1. Series system

Let us consider a series system consisting
of ‘n’ components as shown in Fig. 4. The

fuzzy reliability R of the series system
shown below can be evaluated as follows:



ﬁl R2 Rn

Figure 4. Series system.

@ =

R-®R
1
n n n n
=<[(7Z' Xj, T Y, T Zj 7Z'Wi);
i=1 =l i=1l i=

n n n n

[min(ig), min(ug )l [minvig), minv;o)l] >
i=1 =1 i=1 =1

where

R =<[(X, Yi, Zi, Wy )il tigs i s [Vin,vial >
represents the reliability of the ith component.

4.2. Parallel system
Let us consider a parallel system consisting

of ‘n’ components as shown in Fig. 5. The

fuzzy reliability R of the parallel system can
be evaluated as follows:

R=1 © i7:rl(1 © R)
n n
=<[1- 7 1-%;),1- = A1-Y;),
i=1 i=1

n n

1-7(1-z),1- = A-w;));
i=1 i=1

[qﬁg(uil),ﬁf(uiz)];

[rin:i{‘(;u'il)’ rin:iln(u'iz)]] >

5. Case Sudy

A marine power plant [13] has two genera-

Fuzzy Reliability of a Marine Power Plant
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tors G; and G, one located at the stern and the
other at bow. Each generator is connected to
Its respective micro switch board-1 and micro
switch board-2. The distributive switch board
receives the supply from the switch boards
through cables C; and C, and respective junc-
tion boxes D and E .The two micro switch
boards are interconnected through a long ca-
ble C3; and the junction boxes A and B. The
schematic diagram is shown in Fig. 6.

o)

AT P

Figure 5. Parallel system.

Figure 6. Marine power plant.

Let us assume that basic components sub-
jected to failure are
(a) Generators G; and G..
(b) Micro switch board-1 (MSB-1) and Micro

Int. J. Appl. Sci. Eng., 2006. 4, 1 75
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switch board-2 (M SB-2).
(c) Interconnecting cable C; and junction
boxes A and B, all are treated as one unit.
(d) Junction boxes D and E.
(e) Distributive switch board (DSB).

5.1 Notations

V=< [(Xl’ Y1 Z1’t1);[1u11’ H 5[y s ]] >
represents the unreliability of generator G;.

\ :<[(X2’ Y2, 2,1, );[/UZl’ Moo 3[4 51 s lez]] >y
represents the unreliability of generator G,

V, =< [(X37 Y3 23’t3);[ﬂ31’ﬂ32] s ' ]] >y

represents the unreliability of micro switch
board-1.

\74 =< [(X4' Y4 Z4,t4);[y41,/,t42];[/,t'41 uul42]]>’
represents the unreliability of micro switch
board-2.

\75 =< [(XS’ Ys, ZS’ts);[:“51’/"52] L5 s, ]] >

represents the unreliability of the junction
boxes A and B.

\76 =< [(Xﬁ’ Yo Zs: 1t );[:“61’.”62] (e e ]] >

represents the unreliability of the junction box
D.

V; =< [(Xw Y7: 25,1t );[ﬂn’ﬂ?z];[,uln T ]] >
represents unreliability of the junction box E.

\7;3 =< [(XB’ Yo Zg’ts);[;usw.usz];[;u'sl e ]] >

represents the unreliability of the distributive
switch board.

F =< [(X4, Y0, Zo T Ve v v v 1] >,

represents the reliability of the event that there
IS no power supply through the junction boxes
A and B.

Fo =< [(X,, Y2, Z,, T v Vo iV v ' 11>

76 Int.J. Appl. Sci. Eng., 2006. 4, 1

represents the reliability of the event that there
is no power supply to micro switch board-1.

Es =< [(X3,Y3,Z3,T3); Vo valilVia Vs ]] >

represents the reliability of the event that there
is no power supply to the junction box D.

IE4 =< [(X41Y41Z4’T4); Vo Ve lilV'im Ve ]] >

represents the reliability of the event that there
is no power supply from the junction box D.

ﬁs =< [(XS!YS’ZS’T5 );[V511V52];[V'51 ’vl52 ]] >

represents the reliability of the event that there
is no power supply through the junction boxes
D and E.

'Ee =< [(XG’YG'ZG’TG); Ve veli[Vie Ve ]] >

represents the reliability of the event that there
IS no power supply to micro switch board-2.

I57 =< [(X7,Y7,Z7 T ); Vavailvia v ]] >
represents the reliability of the event that there
is no power supply to the junction box E.

Ry =< [(X8’Y8’ZS’TB);[V81’V82];[V|81’VIBZ]] >

represents the reliability of the event that there
is no power supply from the junction box E.

IE;J =< [(xg’Yg’Z91T9);[V911V92] ;[V'911V|92]] >

represents the reliability of the event that no
power is coming to distributive switch
board.

F, represents the fuzzy unrdiability of the
system.

R, represents the fuzzy reliability of the sys-
tem.

5.2. Fault tree

The fault tree for the marine power plant
(Fig. 6) isshown in Fig. 7.



Total Failure of
the System

A
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D.S.Bisburnt

No power
comingto D.S.B

No power from
junction box D

A

No power to

junction box D

A

No power t
M.SB-1

(]

No supply
through A and B

: I \
M.SB-2is
burnt

AandB
damaged

No power from
junction box E

No power to
junction box E

A

M.SB-2is
burnt

No power to
M.SB-2

No supply
through A and B

A

Figure 7. Fault tree of marine power plant.
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5.3. Fuzzy fault tree

Using fault tree, the fuzzy fault tree (Fig. 8)
is constructed for evaluating the fuzzy reli-
ability of the above marine power plant. It is
based on fuzzy logic and can handle fuzzy
arithmetic with the application of fuzzy set
theory.

6. Proposed algorithm

With the help of fuzzy fault tree the fol-
lowing agorithm is proposed for anayzing
the fuzzy reliability of the above marine
power plant.

Sep 1
F, =10(10V,)® (10V,)® (16V,)
=<[(X1.Y1,Z1,Ta)ilvarvaolilv 11 121 | >

where
X1=1-(1-X5)(1-X5)(1—X4),
Y1=1-(1-y,)A-ys)A-Ya),
Zl = l— (1— 22)(1— 25)(1— Z4),
Ty =1-(1-t5)(1-t5)(L-1ty),
Vi1 =Min( o1, a1, Hs1)s

Vip =Min(t 2, Lap, Hsp),

Vi =min(u' o, 1 a1, 1'51),
Ve =min(u' o, 1 4, 1'sp)

Sep 2
IEZ :\71® IE]_
=<[(X2.Y2.Z2.To)ilvar.volilv o' 21 |>

where
X2 =X X Xl ,Y2 = y1XY1,
22 = Z]_XZl, T2 :t1XT1

78  Int.J. Appl. Sci. Eng., 2006. 4, 1

Vor=min(ug, 421, M4t Hs1),
Voo =Min(uqo, oo 42 H52),
Vigp=min(u g, 41, a1, 1 ' 51),
Vo =min(u'p, 120, 142, 1 52)

Sep 3

F,=10(10V,)®(1OF,)

=<[(X3,Y3,Z3,T3):[var.valilv'av sl | >

where
X3=1-(1-x3)A-X3), Y3=1-(1-y3){1-Y7),
Z3=1-(1-23)1-Z;), T3=1-(1-t3)1-T)),
Va1 =Min (tg9, tor, 131, Hag, Hsp),

Vo =Min (L, top, Hzps Haps Hsp),

Vg =min (u'yq, 4o, 131, 4 a1, 1'51)s

v =min (u'10, 1’ 0, '3, ' 42, 1 '50)

Sep 4

F, =10(10V,)® (10 F,)

:<[(X4,Y4,Z4,T4);[V41,V42];[V'41’V'42]] >

where

X4 =1-(1-Xg)(1- X3),

Y4 =1-(1-Y6)(1-Y3),
Z4=1-(1-25)A-2Z3),

T, =1-(1-t5)A-Ty),

V41 =Min(uiq, f1, 131, Mag Ms1 M),

Vap =MiN(tiyp, Hop, Hap, Haps Hsp Hep):
Vg =min(u'yg, 1o, 131 1 41, 1 51, 1 61);
Vg =Min(u' 1o, 1 20, ' 30, 1 401 50, 1 62)

Sep 5

F.=10(10V,) ® (10V,)® (16V,)



=<[(X5,Ys5,Z5,T5)i[v51,vsoli[V'51.V '50] | >

where

X5 =1-(1- %)~ X5)1-X3),
Y5 =1-(1-y1)d-Y5)(1-Y3),
Z5=1-(1-29)(1-z5)(1~ 23),
Ts =1-(1-t))(1-t5)1-t3),

Vel =min(ui1, 31, H51),
Vea =min(uqis, 432, 1H52),
vigp =min(u "19, 4 "31, 1 '51),
Visp =min(u 12, 4 32, 14 '52)

ep 6
£V, ®F:
:<|:( X6’Y6’ ZG’T6) ;[V&,V&];[VI&,V'&]J >

Xe=XyxXg, Yg=YpxYg,
Lg=2yx”lg, Tg=tyxTg,
Ver=min(uq1, 4oy, M3, Us1),
Vo =MiN(u12, Lo, H32, H52),
v'ier=min(u 11, 4 21, 431, 1 '51),
V'go =Min(u 10, 4 22, 132, 1 '52)

Sep 7

F,=10(16V,)® 1O F,)

=<[(X7.Y7,Z7,T7)ilv v 72lilv ' 7av ' 721 | >
where

X7=1-(1-%x4)A-Xg), Y7=1-(1-y4)A-Yp),
Z7=1-(1-24)(A1~Zg), T7=1-(1-t4)(1-Tg)
Vv71=min(ugq, fo1, U3, Hag, i),
Vo =Min(ugp, Lo, Hap, Hap, Hsp),
Vigr=min(u'yg, ' o1, 130 a1 H's1)s
Vi =min(u' 1o, 1 o0, '3, 1 42, 1 5p)

Fuzzy Reliability of a Marine Power Plant
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A
4
@

| orR || or |
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Figure 8. Fuzzy fault tree.
Sep 8
F, =10(10V,)® (10 F,)
=<[(Xg.Yg.Zg.Tg):[ver.vealilv g1,V 'g2] | >

where
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Xg=1-(1-x7)1-X7), Yg=1-(1-y7)A-Y7),
Zg=1-(1-27)1-Z7), Tg=1-(1-t7)1-T;)
ve1 = Min(uyg, Ho1, 431, Hag Hs1 H71);

Vep = Min(Liyp, L, gp, Hags Hsp: H7p),

Vg =Mmin(u'yy, 1o, 131, 1 4, 151 1 70)s
V'gp =MiN(1'1, 1 00, 130, 1 42+ 150, 1 72)
Sep 9

Iig = |E4®|E8
=<[(X9,Y0,Z9,To):[vor.veeli[v'ar, V' ol |>
where

Xg = X4X X8, Yg :Y4 XY8,

Zg :Z4 XZS' Tg :T4 XT8,

Vo =MLy, fo1, M3t Hat M1 Hes My,

Vep =MLy, Lo, Hap, Haps Hisps s H72)s

V' =Min(u' 1, 1 0, 131, 1 a1 150, M 610 70)s
Vg =Min(u' 1, ' 20, 120 I 41 ' 50, ' 6 ' 70)

Sep 10

E -10(16V,)® (10 F,)

=<[(1- (1-xg)(1- X g),1- (1~ yg)(1-Yo),
1-(1- 2g)(1- Zg),1- (1-tg)(1-To));

[Min(eega, 121, 131 M4t Hs1, Me M7 Hgl);
MIN(t10, Moo, Hap, Haps Hsp, Heps 72, Heo)];

[min(u' 1, 101, 131, 1 41,
H's1 M 61, 1 710 1 81);
min (u'y, ' o0, ' 20, 1 42,

H'sp i 620 14" 720 1 g2)]] >

7. Data

The following data in terms of interval val-
ued trapezoidal vague sets are assumed for

80  Int.J. Appl. Sci. Eng., 2006. 4, 1

analyzing the fuzzy reliability of the above
marine power plant:

\7l =< [(0.003, 0.006, 0.013, 0.026); [0. 85,
0.92]; [0.94, 0.98]]>

V, =< [(0.006, 0.008, 0.015, 0.028); [O. 85,
0.89]; [0.92, 0.97]]>

V, =< [(0.011, 0.022, 0.033, 0.046); [0. 82,
0.91]; [0.93, 0.96]]>

V, =< [(0.012, 0.024,0 .040, 0.059); [O. 84,
0.91]; [0.94, 0.98]]>

V, =< [(0.021, 0.032, 0.053, 0.084); [0. 87,
0.92]; [0.93, 0.98]]>

V, =< [(0.041, 0.062, 0.093, 0.134); [0. 81,
0.90]; [0.93, 0.99]]>

V, =< [(0.052, 0.083, 0.140, 0.175); [O. 85,
0.90]; [0.92, 0.98]]>

V, =< [(0.111, 0.132, 0.163, 0.184); [O. 86,
0.92]; [0.94, 0.97]]>

8. Results

The fuzzy unreliability F and the fuzzy re-

liability, R=10© F , of the above marine
power plant has been computed using the
above data and the proposed agorithm and
obtained as the following interval valued
trapezoidal vague sets

F=< [(0.114, 0.140, 0.181, 0.217); [O. 81,
0.89]; [0.92, 0.96]]>
and

R =< [(0.783, 0.819, 0.860, 0.886); [0. 81,
0.89]; [0.92, 0.96]]>

Interval valued trapezoidal vague sets repre-

senting F and R are shown in Figs. 9 and
10, respectively.



T=(r),
1-Fz(r)

Unreliability (r) —»
Lines from top to bottom:
—— Represents supremum value of
theinterval 1- F(r,)for each

rner

Representsinfimum value of the
interval 1—F(r;)for each

rer

__ Representssupremum value of
theinterval T-(r;) for

eachrl, € r

Representsinfimum value of the
interval T-(r;) foreach I, er

Figure 9. An interval valued trapezoidal vague set
representing F .

9. Conclusion

In this paper, a new method has been de-
veloped for analyzing the fuzzy system reli-
ability of a series and parallel system using
interval valued trapezoidal vague sets, where
the reliability of each component of each sys-
tem is represented by an interval valued
trapezoidal vague set defined in the universe
of discourse [0, 1]. The developed method has
been used to analyze the fuzzy reliability of a
marine power plant. The maor advantage of
using interval valued vague sets, over fuzzy

Fuzzy Reliability of a Marine Power Plant
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sets and vague sets, is that interval vaued
vague sets separate the positive and negative
evidence for the membership of an element in
a set and aso the values of membership and
non membership of an element in a set are in-
tervals instead of a single real number. Inter-
val valued trapezoidal vague sets are used
which is very effective in representing the
failure possibility of the basic events under
fuzzy environment.

T(r),
1-F5(r)

0.77 079 0.81 0.83 0.85 0.87 0.89

Reliability (r)
Lines from top to bottom:

Represents supremum value of
theinterval 1—F(r;) for each

rer

Representsinfimum value of the
interval  1—F4(r;) for each
rer

Represents supremum value of
theinterval T (r,) for

eachr; er

Representsinfimum value of the
interval T;(r) for eachl; T

Figure 10. An interval valued trapezoidal
vague set representing R.
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