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Abstract

The present study proposes to determine the reliability and mean time to failure (MTTF) of
different unrepairable systems using intuitionistic fuzzy random lifetimes. In real life problems,
the lifetimes of unrepairable systems contain both randomness and fuzziness. So in this study we
assume that the lifetimes of the unrepairable systems to be intuitionistic fuzzy random lifetimes
(variables). The reliability and MTTF of different unrepairable systems are evaluated. A
numerical example is also presented to demonstrate that how to calculate the reliability and
MTTEF of the systems with intuitionistic fuzzy random lifetimes.

Introduction

The traditional reliability theory has been successfully used for solving
various engineering problems, in which the lifetimes of the systems are
assumed to be random variables and the system behaviour can be fully

characterized by probability theory. The reliability is defined by the
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probability of the random event and mean time to failure (MTTF) is the
expected value of random lifetime of the system. But one can face difficulty
in reliability evaluation if the lifetime of the system cannot be known
precisely due many factors including human errors or any other errors. For
example, the lifetime of the machine depends on temperature, humidity and
many other factors. In this situation, it is hard to determine the lifetime of
the machine precisely. To handle these situations researchers are applying
fuzzy set theory in reliability analysis.

The concept of fuzzy set theory introduced by Zadeh (1965) is based on
the assumption that the membership degree is equal to one minus non-
membership degree. But in reality it may not always be easy to determine
membership values, there may exist some hesitation between membership
and non membership. Intuitionistic fuzzy sets (IFSs) are appropriate to deal
with such problems. IFS, one of the generalization of fuzzy set introduced by
Atanassov (1986), is characterized by three functions expressing the
membership, non membership and the degree of hesitation. An IFS is one of
the generalizations of the fuzzy sets theory. In these sets the
nonmembership of an element x of the universe need not be one minus
membership degree. Rather, it might be any number lying between 0 and 1.
The degree of membership and the degree of non-membership hold the
condition 0 < &(x) + n(x) < 1.

In 1975 Kaufmann first used fuzzy theory in reliability engineering.
After Kaufmann, Cai et al. (1991, 1993 and 1995) introduced various forms
of fuzzy reliability theory, including profust reliability theory, Posbist
reliabilit y theory and Posfust reliability theory. Singer (1990) presented a
fuzzy approach for fault tree and reliability of both series and parallel
system. Chen (1994) discussed a method for fuzzy system reliability analysis
using fuzzy number 2 arithmetic operations. Huang (1995) developed the
formulas of fuzzy reliability of unrepairable systems. Ying Liu et al. (2007,
2014) evaluated the reliability and MTTF of unrepairable systems with fuzzy
random lifetimes and random fuzzy unrepairable systems. Chaube & Singh
(2014) analysed the fuzzy reliability of different systems using conflicting
bifuzzy set. They assumed that the reliability of all components of a systems
follow conflicting bifuzzy set. Needless to say, in above mentioned studies

researchers have done good work but they did not give emphasis on the
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importance of intuitionistic fuzzy random lifetime rate.

In this study, we discuss the reliability and MTTF of different
unrepairable systems. There are many reasons for a system to be
unrepairable: (1) technical reasons, (2) some of economic reasons. The
expression of reliability and MTTF are given for series, parallel, parallel-
series and series-parallel unrepairable systems respectively. The lifetimes of
the components of unrepairable systems are assumed to intuitionistic fuzzy
random variables. The reliability and MTTF of above systems are also
evaluated using intuitionistic fuzzy random lifetimes. The concept of the
fuzzy random variables introduced by Kwakernaak (1978, 1979). Zainali et
al. (2015) give the definition of intuitionistic fuzzy random variable and find
the variance using intuitionistic fuzzy random variable. Parvathi et al.
(2015) defined intuitionistic fuzzy random variable and give some properties

of intuitionistic fuzzy random variables.

In this study, section 2 presents the definition of fuzzy set, intuitionistic
fuzzy set and intuitionistic fuzzy random variable. Section 3 describes the
expressions of reliability and MTTF for series, parallel, parallel-series and
series-parallel system respectively. A numerical example is presented in this
paper to illustrate how to calculate the reliability and MTTF of considered

system.

2. Definitions

Definition 2.1. Fuzzy set: If a set X be fixed, then a fuzzy set A is
given by

A= ffr, nsle) s x € X)
where p3(x) € [0, 1] is the membership degree of the element x ¢ X.

Definition 2.2. Intuitionistic fuzzy set: If a set X is fixed then a

intuitionistic fuzzy set (IFS) A of Xis an object having the following form
A= {(x, py(e)vy(x):xe X))

where uz X — [0, 1] is the degree of positive x, (x € X) with respect to A
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and vy : X — [0, 1] is the degree of negative x, (x € X)with respect to A

andOSuZ+vE <1

Definition 2.3. (Zainali (2015)) Intuitionistic fuzzy random
variable: Suppose that the probability space (Q, A, p) describes a random

variable, where Q is a set of all possible outcomes, A is an oc-algebra of
subsets of Q and P is a probability measure on the measurable space (Q, A)

then an intuitionistic fuzzy random variable is a Borel measurable function

X : Q > IF(R), such that
o x): 0c xeXi(@nXy (0} e FxBV0O<a<p=<1
where B is a c-algebra of open sets and 0 < p X.(w)(x) +v X.(m)(x) <1

Definition 2.4 (Ying Liu (2007)). Let X be a random lifetime of an
unrepairable system then the reliability of an unrepairable system is defined

as
R(t)=ch{X >t}. (1)

Definition 2.5 (Ying Liu (2007)). Let X be a fuzzy random variable then

the mean chance, denoted by Ch of fuzzy event is defined as,

Ch{X <0} = % I ;(Pr (XE <0} + PrixV < 0))da, @)

where X(f and Xg are infimum and supremum of a-cut of fuzzy random
variable X respectively. If the fuzzy random variable &; follows exponential
distribution, then the density function of exponential distribution is defined

as:

Lexp (-At), ift >0,

fO"’ t) = { 3
0, ift < 0.

3. Reliability and MTTF of Unrepairable Systems Using
Intuitionistic Fuzzy Random Lifetimes:
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3.1. Reliability of Unrepairable Series System

Consider a series system consisting n components as shown in Figure 1.

I"1: ------------------ o o L&

Figure 1. Series system.

R,

h

h

Let &; be the lifetime of the ith (1=1,2 8, -, n) component, which is a

positive intuitionistic fuzzy random variable on the probability space. The
lifetime of the series system is & = min{g, &g, -, £,,}. Here & is an

intuitionistic fuzzy random variable on the probability space (Q, A, Pr),

where Q=0 xQg x---xQ,, A=A; xAg x---x A, and Pr=PrxPryx---xPr,.
Let a, B €[0, 1], and §£a and éga are infimum and supremum values of a-
cut respectively and &iljﬁ and égﬁ are infimum and supremum values of f-
cut of intuitionistic fuzzy random variable &; respectively.

Proposition 1. Let &; be the lifetime of the ith(i =123, -, n)

component and o € Q varies all over Q and o is fixed, then the reliability of

system is given by,
1 1 n n
R(t) = EI[HPr{m e QleF (o) =t} + HPr{m e QleY (o) > t}|do.
o\i=1 =1

Proof. For any given o € [0,1] ¢ and &¥ are the infimum and

supremum values of a-cut of § which is intuitionistic fuzzy random variable
of the series system then the probability of system is

Pr{o e Q|el(w) >t} = HPr{m e QleF (o) > 1),
=1

Prio e Q1Y () >t} = HPr{co e Qlel (o) > t}. )
i=1

The reliability of series system is defined as:
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R(t) = chit > t}
_ éj:(Pr{m e QlEL (o) 2 £ Prio € Q1e¥(0) = ¢))da. ®)
By equation (4)-(5), we have

R(t) = 1I[Hpr{meg|gm(@)>t}+HPr{@eQ|gU (@) >t} |do.  (6)

Corollary 1. If the fuzzy random variable &; follows exponential

distribution then the probability of series system using (3) is given by,

L . - it Z 1 L o
Pr{keQI@a(k)Zt}:He bo i=
=1
L -
Pr{xemag(x)m}:l—[e bat _ Z” ot )
i=1
and the reliability of series system using (6)-(7) is obtained as:
1
R(t) = %I(Pr{x cQ|el) >t} +Prin e Q| U0 > t)da
0
1 n L
A
%J‘ 11 L(x _ zlll&)da (8)
0

Proposition 2. Let &; be the lifetime of the ith(i =123, -, n)
component and o €  varies all over Q and B is fixed, then the reliability

function of system using B-cut is,
1 1 n n
L U
R(t) = EI[HPr{(D e Qlefg(o) 2t} + l—llPr{oa e Q1&g (0) 2 t} |dB
0 \1= 1=

Proof. For any given B e [0, 1], E_,é‘ and 5113] are the infimum and

supremum values of B-cut of intuitionistic fuzzy random variable § of series
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system then the probability of system is defined as:

Prio e Q|el(w) >t} = HPr{m e Qlefs(0) 2 ¢,
i=1

n
Pr{memgg(m)znznpr{me Qlefg(o) 2t 9)
1=1
The reliability of unrepairable series system is defined as

R({t) = chig > t}
1
_ %I(Pr{w e Qlek(0) > 1} + Prio € 0| & (0) > t})dp. (10)
0
By equation (9)-(10), the reliability is obtained as:
1 n n
Mﬂ=%jh]?ﬂkGQ&%OJZH+IIPHKGQK%OJZHd& 11)
o\i=1 =1

Corollary 2. Let the intuitionistic fuzzy random variable &; follow

exponential distribution then the probability of series system using (3) is as

follows:

n L n ,L
Mat _ e_zizlxi,ﬁ't

H&eﬁmﬁM2ﬂ=IIe“
=1
L S Y
Maegmﬁmzﬂ:IIeuw:eZMMW (12)

i=1

and the reliability of series system using (11)-(12) is

1
R(t) = éI(Pr{k e Qlek () > th+ Prin e Q1Y (1) > t})dp
0
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. Ao
7B ap. (13)

3.2. MTTF of Unrepairable Series System:

Proposition 3. Assume that &; be the intuitionistic fuzzy random
lifetime of component i,i=1,2 3,---,n. For any given oeQ and
a € [0, 1], then the MTTF is

o 1 3 z
MTTF - H(e SE ‘1’“)docdt
00

Do | =

Proof. When o varies all over Q and a is fixed than the MTTF of series
system is defined as

MTTF - IR(t)dt

Using equations (5) and (6), the MTTF is

1
2

S =8

1
I(Pr{co e QleL(0) 2 ¢} + Prio e | tL(0) = 1))
0

1

Zé.”.{ﬁPr{me Qlef (o) 2 t}+HPr{m e Qle! () > t}|dadt
00

and let the intuitionistic fuzzy random variable &; follow exponential

distribution then using equation (8), we have

MTTF =

DO | =
Oy 8

1 n

J.(e_ zlza letu )dadt

0

Proposition 4. Let &, be the intuitionistic fuzzy random lifetime of

component 1,1 =1, 2, 3,---, n). For any given w e Q and B €0, 1], then
the MTTF of series system is given by,
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Iy

Proof. When o varies all over Q, ® € Q and B is fixed than the MTTF

(A
MTTF = 2kt R )dadt.

Do | =

Q!—,H

of series system is defined as
MTTF - '[ R(t)ds.
Using equations (10) and (11), the MTTF is

o 1
= %II(Pr{w € QlEf (o) > t} + Prio € QIEf (o) > t})dpdt
00

i=1 =1

o 1
- ][ Trvto < aretyors o+ Tovto o1y o>
00

and let the intuitionistic fuzzy random variable &; follow exponential

distribution then from equation (13), we have

ST PO T SLCP
MTTF = (e Ziakipt | Ziaip )dpdt

No| —
O 8
O Ly

Remark 1. If X;,i=1,2,3,---, n, be the random variable of ith

component, then the reliability of the form
n
R(t) = HPr{&i > ¢}
=1

which is the result in the stochastic case.
3.3. Reliability of unrepairable parallel system

Consider a parallel system consisting n components as shown in Figure
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Figure 2. Parallel system.

Let &; be the lifetime of the it component, which is a positive
intuitionistic fuzzy random variable on the probability space, i =1,2,3,---, n.
The lifetime of the parallel system is & = max{§;, &g, ---, &, ). Here & is an
intuitionistic fuzzy random variable on the probability space (Q, A, Pr),
where Q=0; xQg x---xQ,  A=A; xAgx---xA, and Pr = Pryx Pryx---Pr, .

Let a, B €0, 1], then éil,'a and ian are infimum value and supremum
value of a-cut and &inB, égﬁ are infimum and supremum value of B-cut of
intuitionistic fuzzy random variable.

Proposition 5. Let &; be the lifetime of the ith(l, 2, 3, -+, n).

component and o € Q varies all over Q and a is fixed, then the reliability of

system 1is given by,

R(t) =

N

1 n
I[l—H[l—Pr{oo cQlefy(0) > 1)
0

i=1

+1 —H[l -Prime Qliga(m) > t}]|do.
1=1

Proof. For any given o €[0,1] ¢ and &U are the infimum and

supremum values of a-cut of & which is intuitionistic fuzzy random variable
then the probability of system is
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Prio e Qlel(w) >t} =1- H[1 ~Prio e Qlef, (0) > )],
i=1

Prio e QY (0) >t} =1- H[1 ~Prio € Q1Y (0) 2 1}]. (14)
i=1

The reliability of unrepairable parallel system using a-cut and equations
(2) 1s defined as:

R({t) = chit > t}
1
R(t) = %I(Pr{m € QIEL (@) 2 1)+ Prio € 01 (0) > 1))da (15)
0

By equation (14)-(15), the reliability is obtained as:

R(t) = 215[1 T Priocal ek = o]

i=1

n

+1—H[1—Pr{cer| eL(w) > t)] |do. (16)

=1
Corollary 3. Let the intuitionistic fuzzy random variable §;

exponentially distributed then the probability of parallel system using (3) is

as follows:

L U 4
Prire Q| el =) =1 —H[l—e Y] Prih e QIEY 00) > 1 =1
i=1

n

L
H[l - eki"l't]. 17

=1

The reliability of parallel system 1is:
17 .
R(t) = EW _1_1[[1 ~Pr{n e QleF,(0) > 1)]
0 i=
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+1- ﬁ[1 ~Pri e Qlg] (1) > t}]]da
i=1

using (17), the reliability is obtained as:
1 1 z U i L U i
=§I1—1_1[[1—e : ]+1—1_1[[1—e "] |de. (18)
0 = i=

Proposition 6. Let &; be the lifetime of the ith(l, 2, 3, .-+, n) component

and o € Q varies all over Q and B is fixed, then the reliability of system is

given by,

R@t) =

N |
O — =

[1— [l—Pr{meQIEJfﬁ(m)Zt}]
i=1

+1 —H[1 - Prio e Qe (0) > t}]|dp.
1=1

Proof. For any given B €0, 1], &II; and 5113] are the infimum and

supremum values of B-cut of intuitionistic fuzzy random variable & then the

probability of unrepairable parallel system is given by,

Prio e Qlef(0) 2t} =1 —H[1 ~Prio e Qlefg(0) 2 1))
=1

Prio e Qlef (0) 21} =1 —H[1 - Prio € Q& (0) > t]] (19)
i=1

The reliability of unrepairable parallel system using B-cut and equations (2)
is defined as:

R@t) = chi{E >t}

1
R(t) = éj(Pr{m e Qlek(0) > 1} + Prio € Q1LY (o) > t})dB. (20)
0
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Using equations (19)-(20), the reliability is obtained as:

R(t) = = I(l [T -Prio < alehye 21
=1

+1- H[1 - Prio € Q1] (0) > 1}])dp (1)

Corollary 4. Assume the intuitionistic fuzzy random variable §;

exponentially distributed then the probability of parallel system using (3) is
as follows:

PriLeQIEf(\) =t} =1- H[1 e gﬁ 1 PrireQlef (M) =tf=1- H[1 e ’ﬁ't. (22)

1=1 i=1

The reliability of parallel system is:

i=1 =1

R@)= 1J‘[ 1 Pr{xeg|gfﬁ(x)2t}]+1—ﬁ[1—Pr{xeQ|§gﬁ(x)2t}]JdB

using (22), the reliability is obtained as:

1 n U n U
- %I{l e - oo ]Jdﬁ 23)
0 =1 1=1

3.4. MTTF of Unrepairable Parallel System:
Proposition 7. Let &; be the intuitionistic fuzzy random lifetime of any

i'" component. For any given o € Q, o varies all over Qand a e [0, 1], then

the MTTF of unrepairable parallel system is given by,

w1l
MTTF:é”[
00 i=

Proof. When o varies all over Q, ® € Q and a is fixed than the MTTF of

[1- e’“ 41 H[1 e“" ]Jdocdt

1
parallel system is defined as
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MTTF - J' R(t)dt.
Using equations (15) and (16), the MTTF is

o 1
= %II(PT{m € Qlef ()2t} + Prio e QIEf () 2 t})dpdt 1

MTTF_II[Il [T0-Prio<aieh, (@)=

o\o i=1

+1—ﬁ[1—Pr{(n € Qligﬁ(c))z t}]Jdocdt.

=1

Let the intuitionistic fuzzy random variable §&; follow exponential

distribution then from equation (18), we have

o1
MTTF:%”[ H[1 e 141 H[1 e JdBdt
00 i=1

Proposition 8. Let &; be the intuitionistic fuzzy random lifetime of any
ith component. For any given o € Q, o varies all over Q and B € [0, 1], then

the MTTF of unrepairable parallel system is given by,

ol
MTTF:é”( _1[1 eIiJ’B f1- H }dBdt

00

Proof. When o varies all over Q, ® € Q and B is fixed than the MTTF of

parallel system is defined as
MTTF - JR(t)dt

Using equations (20) and (21), the MTTF is
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o 1
= éIJ(PT{m € Q|§é(m) >t} + Prio ngg(@) > ¢})dpdt
00
o 1 n
1
MITE = Eml—l;[[l—f’r{w € Qlef () 2 1]

n

+1- H[l - Prio e QI&,?&(@) > t}]}dadt.
i=1

Consider the intuitionistic fuzzy random variable &; follow exponential

distribution then from equation (23), we have
n U

o 1 n
_ 1 “hipt B
AHYF-EIJ[L—Ilh—e ]+1—I!ﬂ—e
00 1=

=1

U

Lﬁﬁ}dﬁda

Remark 2. If X;,i=1,2 3, ---,n, be the random variable of ith

component, then the reliability of the form
n
Rit)=1- H[1 ~Pr{X; > t}]
i=1

which is the result in the stochastic case.
3.5. Reliability of Unrepairable Parallel-Series System

Consider a parallel-series system which is a parallel system of m
subsystems; each subsystem which is composed of n series components as

shown in Figure 3.

Figure 3. Parallel-Series System.
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Let &;; be the lifetime of j* component in the i subsystem, which is a
positive intuitionistic fuzzy random variable on the probability space
(Qij, Ajj, Prij), 1=1,238,--,m,j=1,2, ---, n. The lifetime of the parallel
system is & = max(min¢&;;), where &; is an intuitionistic fuzzy random

1<i<m 1<j<n
variable on the probability space (Q, A, Pr), where Q=0 xQ9 x---xQ,,.,
A= Aj xAjg x---x A, an Pr = Pr;x Prgx---xPr,,. Let a, B e|[0, 1],

then g{;,a and &ga are infimum value and supremum value of a-cut and

@iLj,B, &EJJ.B are infimum and supremum value of B-cut of intuitionistic fuzzy

random variable §;; respectively.

Proposition 9. Let &;; be the lifetime of the ith = (=123 -, n)

component and o € Q varies all over Q and o is fixed, then the reliability of

system is given by,

1 m n
R(t)= %J’ l—H[l—l_l[Pr{co e Qlek (@)= 1]
0 J=

=1
+1—H[1 —HPI‘{(D € Qlﬁg,a(co) >t}] |do.
1 =)

Proof. For any given a < [0, 1], gé and é’;g are infimum and supremum

values of a-cut of &, which is intuitionistic fuzzy random variable then the
probability of system is defined as,

Prio e Q&L (w) > ¢} :1-1‘[ 1—HPr{0)e Qlefk () 2 ¢}
=1

Jj=1

Pr{o € Q1Y (0) > ¢} :1—1_[ l—HPr{me Qlel (@)=t} @9
i=1 j=1

The reliability of unrepairable parallel-series system using a-cut and
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equation (2) is

R(t) = chit > t}
1
R(t) = %J‘(Pr{co c QlEL () 2 11+ Prio e 01e0(0) = ¢))do (25)
0

By equations (24)-(25), the reliability is obtained as:

1 m n
R(t) = éj{l—H{l—HPr{m cleh () > t}],
0 i=

Jj=1

+
—
|
=
|
N

1-| [Priveo|e] (0> t}Dda. (26)

Jj=1

Corollary 5. Assume the intuitionistic fuzzy random variable §;

exponentially distributed then the probability of parallel-series system using
(3) is as follows:

m n L
Pr{r e QliiLj,a(k) >t} =1 _H{l _Hekij,q.t],

i=1 j=1

m n U
Eﬂxe(ﬂ@ﬁaa)Zt}zl—I]l1_IIe%%¢1’ @0
i=1

Jj=1

and the reliability of parallel-series system using (27) is obtained as:

1 m n
R(t) = %j[l ‘H{“HPM coleh,0)> t}}
0

i=1 j=1

+1—fﬁ[1_’lpraegug%aa)zﬂnda
J J

ud =y L m =y Y
l—Hl—He 2 +1—H1—He io” | da, (28)

i=1 j=1
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Proposition 10. Let &; be the lifetime of the ith(i =123, -, n)
component and o € Q varies all over Q and o is fixed, then the reliability of
system is given by,

R(t) = (1—H[1— Prio e Q|&f (o) 2 t}]

=1 Jj=1

N
O ey =

+1 _H[1 —HPr{m e Q| &7 (o) = t}])dp.

i=1 j=1

Proof. For any given B < [0, 1], &é‘ and i[ls] are infimum and supremum

values of B-cut of intuitionistic fuzzy random variable & then the probability
of parallel-series system is defined as,

Prio € QI&f(0) 2 t} =1 _H[1 —HPr{m € Qlef p() 2 t}]

i=1 j=1
PriocQlef(0) 2t} =1 —H[l—HPr{o) el @ =t)]. (29
i=1 j=1

The reliability of unrepairable parallel-series system using B-cut and

equation (24) is obtained as:
R(t) = chit > t}

1
R(t) = %I(Pr{m e Qlek(0) > t}+ Prio € Q1 (0) > t})dp. (30)
0

Using equations (29)-(30), the reliability of above system is obtained as:

R(t) =

N
O ey

a _H[1 —HPr{m e Qlek (o) > t}]
=1

i j=1

S

+1 _H[1 ~J[Prio e Qle] 4(@) = t1])dp.

i=1 j=
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Corollary 6. Assume that the intuitionistic fuzzy random variable &; is

exponentially distributed then the probability of parallel-series system using
(3) is as follows:

m n

Pr{er|§§(x)zt}=1_H [ - H[e 5.
i=1

n

m U
Pr{kteég(k)zt}zl—H[l—He 0.8 (31)
=1 j=1
and the reliability of parallel system 1is:
1
R(t) = %I(Pr {0 € QlEk() > t}+ Prio e QIE () > t})dp
0

n

1 m
I(l H L-T]Prircieh ) =t)]
0

=1 Jj=1

R(t) =

DO | =

S

+1- H[1 Pr{k e Q1&g 4(o) = t}])dp
=1 J

using (31), the reliability is obtained as

R(t)—lj{ —ﬁeiks”ﬂ +1- ﬁ[l

i= 1 j=1 =1 j=

n

eV Bl]}ds (32)
1

3.6. MTTF of Unrepairable Parallel-Series System:

Proposition 11. Let &; be the intuitionistic fuzzy random lifetime of any

it" component. For any given o € O, ® varies all over Q and a e [0, 1], then

the MTTF of unrepairable parallel-series system is given by,

1001 m n }\’L ¢ m n 7}\‘[']' r
MTTF:EJ‘J‘l—H[l—. e 1= 0- e " dodt
00 i=1 j=1 =1 Jj=1
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Proof. When o varies all over Q, ® € Q and a is fixed than the MTTF of

parallel system is defined as
MTTF - j R(t)d.

Consider the intuitionistic fuzzy random variable &; follow exponential

distribution then from equation (28), we have

MTTF:%”@ ﬁ HPr{meQ|gga(m)>t}]
00 i=1 Jj=1
+1_ﬁ[1 - Prio e Q[g7 () 2 £)])
=1 j=1
w1 m n
MTTF:lJI{l [Te- ex“’]+1 H H “"]]dadt
2OO i=1 J=1 j=1

Proposition 12. Let &; be the intuitionistic fuzzy random lifetime of any

i'" component. For any given o € Q, o varies all over Q and B e [0, 1], then

the MTTF of unrepairable parallel-series system is given by,

w1
_1 LB xlij,ﬁ't
MTTF_EII[l ]+1- H H ] |dadt.
00 J

Proof. When o varies all over Q, ® € Q and B is fixed than the MTTF of

m

L]. 11

parallel system is defined as
MTTF - _[ R(t)dt.

Consider the intuitionistic fuzzy random variable §&; follow exponential

distribution then from equation (32), we have
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o0 00 m n
1
MTTF:EIJ-(I—H[l—HPr{meQlégﬁ(m)Zt}]
00 =1 j=1
m n
1= [o-]]Prio < Qle] 4(@) = t])dp
i=1 j=1
T I R N me R Y
MTTF:EJ‘J‘l—H[l—. e Ye1- [0 -] Te™""1|dpa
00 1=1 j=1 1=1 j=1

Remark 3. If &ij> i=1,2--,m,j=12, -, n, be the random variable

of jth component in the i subsystem, then the reliability in the stochastic

case is as follows:

RO - [0-T]Pries = o
izl i1

3.7. Reliability of Unrepairable Series-Parallel System

Consider a series-parallel system which is a series system of m
subsystems; each subsystem which is composed of n parallel components as

shown in Fig. 4.

Figure 4. Series-Parallel System.

Let &;; be the lifetime of jth component in the it subsystem, which is a

positive intuitionistic fuzzy random variable on the probability space

(Qij, Ajjs Prij), 1=1,238,--,m,j=1,2 -, n. The lifetime of the series-

parallel system is & = max(min¢;;), where £; is an intuitionistic fuzzy
1<i<m 1<j<n
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random variable on the probability space (Q, A,Pr), where Q = Qq; x Q9
X X an, A= All X Alz Xoeee X Amn and Pr = Prnx PI'12X cee X PI‘mn . Let
U

a, B € [0, 1], then é{;,a and éij ., are infimum value and supremum value of

o-cut and &ilj,ﬁ, ﬁgJJ.B are infimum and supremum value of pB-cut of
intuitionistic fuzzy random variable &;j respectively.
Proposition 13. Let &; be the lifetime of the ith = (=123 -, n)

component and o € Q varies all over Q and o is fixed, then the reliability of

series-parallel system is given by,

Ro) = - [{]Ja-[]Priec e Qlefa@ = 4]

i=1 j=1

1
2

O ey =

S

+[Ja-T]n-Prio e Qlgf o) = #])da.

=1 j=1

Proof. For any given a < [0, 1], E_,g and z’;g are infimum and supremum

values of a-cut of intuitionistic fuzzy random variable & when o € Q varies

and a is fixed, then the probability of system is defined by,

Prio e Q&L (w) > ¢} = H[1 —H[1 ~PrioeQlek,(0)2 t}]],

i=1 j=1

Prio € Q1Y (0) > t} = H{l - H[1 —Prio € Ql&f 4 (0) 2 t}]]. (33)

i=1 j=1

The reliability of series-parallel system using a-cut of intuitionistic fuzzy

random lifetimes and equations (2) is:

R({t) = chig > t}

1
R(t) = éI(Pr fo e Qlel(w) > ¢} + Prio e Q1Y (0) > t))da. (34)
0
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Using equations (33)-(34), the reliability of above system is obtained as:

1 m n
Ro) =5 [([Ja-[]o-Prioecaieh @ =)
o =1 j=1
+1—H(1— [l - Prio e QlEk (o) > t}])}do.
i=1 j=1

Corollary 7. Assume that the intuitionistic fuzzy random variable §&;

follow exponential distribution then the probability of series-parallel system
using (3) is

Prineigh, 00> o = [[n-[a-¢ )

i=1 j=1

PrireQlel (1) >t} :H —e_“‘)] (35)

i=1 j=1

The reliability of series-parallel system using (35) is obtained as:

R(t) = %

O'—.»—A

JIa-TJa-rPrbreicho@ =)
=1

n

f[[a-[]a-Prireale] (o) = ]do
i=1 j=1
1 o[ . ik ol d =y Y gt
=§j []o- (e O+ -T e P |do (36)
o\i=1 Jj= i=1 j=1

Proposition 14. Assume that the intuitionistic fuzzy random lifetime §&;

of any component follow exponential distribution then the probability of
series-parallel system using (3) is as follows:

R(t) =

N |

1
IH [1-PriocQlek (o) > 1),
o =1

j=1
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H(1 H [1-Prio e Qlef (o) 2 t}])dp.
j=1

Proof. For any given B € [0, 1], & B and QB are infimum and supremum

values of B-cut of intuitionistic fuzzy random variable & when o € Q varies

and B is fixed, then the probability of system is as follows:

Prio e Q|&f (o) > t} H{ H1 Pr{weQIéiLj,B((o)Zt}]],

=1

Prio e Ql&f (0) 2 t} = H[l—H[l - Prio e QI&] (o) > t}]}. (37

i=1 j=1

The reliability of series-parallel system using B-cut of intuitionistic fuzzy
random lifetimes and equations (2) is defined as:
R({t) = chit > t}

1
R(t) = %I(Pr {0 € QIEk () > t}+ Prio e Q1Y (0) > ¢})dp. (38)

The reliability of above system using equations (37)-(38) is obtained as:

1
R(t):éjl_ll 1 [1-Prio e Qlek (o) > ¢)])
A

H(1 H[l Pr{) e Q1&f; 5(0) = )] dp.

i=1

Corollary 8. Assume that the intuitionistic fuzzy random variable §&;

follow exponential distribution then the probability of series-parallel system

using (3) is as follows:

= -k
Priieolgfp) =)= [Jo-[]a-e )

i=1 j=1
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m U
Pri.ealed o)zt = [0~ 1—e 0B, (39)

i=1 j=1

The reliability of series-parallel system using (39) is given by:

1 m
R(t) = %I Jo-TJa-Prixcalehyo) =)

o i=1 =1

+1_1[[1— i (L-Prir e QIg] () > t})]dB
i= j=

17 a o A o e T

EI -TJo-T]e " n+1-TJu-T]e e (40)
0 i=1 j=1 i=1 j=1

3.8. MTTF of Unrepairable Series-Parallel System
Proposition 15. Let &; be the intuitionistic fuzzy random lifetime of any

i" component. For any given o € Q, w varies all over Q and a e [0, 1], then

the MTTF of unrepairable series-parallel system is given by,

ol m m n U
MTTF - %”{Hu H(l—e ha'y) +H[1—H(1—exi’°"t]]dadt.
00 [ j

Proof. When o varies all over QQ, ® € Q and a is fixed than the MTTF of

series-parallel system is defined as
MTTF - _[ R(t)dt.

Consider the intuitionistic fuzzy random variable &j follow exponential

distribution then from equation (36), we have

o 1 m n
1

MTTF:EH{H 1- 1 [0 -Procaieh o) = 0]
00 1= j=

Advances and Applications in Mathematical Sciences, Volume 19, Issue 12, October 2020



1362 DEEPAK KUMAR, PAWAN KUMAR and ANITA KUMARI

+1ﬂ[{ H [1-PrireQlel (1) = t}])}dadt

=1 j=1
1 2" A WLt n L Wi
MTTF - 5”[1_[[1— - TTa-TTa-e" )]Jdﬁdt.
00 \i=1 j=1 1=1 j=1

Proposition 16. Let &; be the intuitionistic fuzzy random lifetime of

any it" component. For any given o e Q, o varies all over Q and P e [0, 1],

then the MTTF of unrepairable series-parallel system is given by,

m m n
=1

o 1
MTTF—%”{H& H(1—elﬁ)+H1 (1- M )]JdBdt
00

i j=1

Proof. When o varies all over Q, ® € Q and a is fixed than the MTTF of

series-parallel system is defined as
MTTF - j R(t)d.

Consider the intuitionistic fuzzy random variable §&;; follow exponential

distribution then from equation (40), we have

[1 T [1-Prix e QlEkR() 2 t}]}
J

i1

+ﬁ£1— - [L-PrireQle] (1) > t}])}dﬁdt
J

1 m n m n
MTTF = %”{H n-TJa- B [Te-TTe- ekgﬁ't)]]dﬁdt.
00\i=1l j=1 i=1 j=1

Remark 4. If ?’;ij, 1,2, ---,m,j=1,2,---, n, be the random variable of

jth component in the ith subsystem, then the reliability in the stochastic case
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is as follows
m n
R(t)H 1- H[1 ~Pr(g; 2 t)]|.
i=1 i

J=1

Numerical Example. Consider a stereo hi-fi system consisting four
components (1) FM tuner; (2) speaker A, (3) speaker B and (4) amplifier as
shown in Figure 5. The lifetimes of these components denoted by &;, &g, &3

and &, respectively and the lifetime of the whole system is denoted by & We
assume that intuitionistic fuzzy random variables &, &g, &3 and &, are
exponentially distributed, &;(%;)exp(r;),i=1,2,3, where A;=(0.3,0.5,07;
0.2,0.5,08), A9 = (0.2,0.5,08;0.1,0.50.9), A3 = (0.2,0.4,06;0.1,0.40.7) and
24(0.4,0.6,08;0.2,0.60.9) then we can obtain the a-cut and B-cut of

A;, 1 =1, 2, 3, 4. a-cut is obtained as:
Mla] =[0.8 + 0.2, 0.7 — 0.2a], A9[a] = [0.2 + 0.3c, 8 — 3ar],
Aglo] = [0.2 + 0.20, 0.6 — 0.2a], Ayfo] = [0.4 + 0.20, 0.8 — 0.201]

B-cut is obtained as:

A[B] = [0.5 — 0.38, 0.5 + 0.38], A[B] = [0.5 — 0.4B, 0.5 + 4B],

As[B] = [0.4 — 0.3B, 0.4 + 0.3B], A4 [B] = [0.6 — 0.4ct, 0.5 + 4p]

|

Figure 5. hi-fi system.

The probability of the system using a-cut of intuitionistic fuzzy random
variables is given by,

Pr(heQIEL (M) 21)} =Pr(r e QIEY, (A1) 21)x {1 -Pr(hg € QIET, (hg)>1))
x(1—Pr(hg € QIeY o (k)2 1)} x Pr(hy € QIEY , (hg)>1)
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[ o (L.7-0.10) | ,—~(1.7-20)t _ e7(2.9+0.1(x)t] (41)
Pr(h e QIEY (V)2 1)} = Pr(ny e QIeY, (1) 2 ) x {1 - Pr(hg € QIEZ , (hg) > 1))

x(1-Pr(rg € QIeL 4 (hg) 2 t)}x Pr(hy e QIEY 4 (hy) 2 1)

[e-(15+0.10) | ,~(1.3+0.20) _ ,~(2.1-0.1a)] (42)

The reliability of the system using (41) and (42) is obtained as:

1
R(t)= %J‘[e—uﬁ—o,m)t + o~ (1LT+0.20) _ ~(1.9-0.1a)
0

4o (15+0.1a) | ~(1.3+020)t _ e7(24170.10c)t] do

_ %[28—1.& Lol 9p 21t _gpl9t g1t (43)
The MTTF of the above system using (43) is obtained as:

MTTF = [ Ro)dt - | %[25“” relB 4 9p 2l _gp L0 g, 1Tt gy
0 0

=0.796058388

The probability of the system using B—cut of intuitionistic fuzzy random

variables is given by,

Pr(r e QIEF(A\) 2 t)} =Pr(r; € QIELg(M) 2 )x 1 -(1-Pr(hg € QIET 5 (hg) > 1)
x(1-Pr(hg € QIEYp(hg) 2 1)} x Pr(ry € QIEL g (hy)21)
_ e (16-01BY . o~(1L5-0.4P) _ ,~(2.00] (44)
Pr(r e QIEf (W)= 1)} = Pr(h; e QIEY3(h) 2 t)x {1- (1 -Pr(ry € Q| E5p(hg) 21))
x(1-Pr(hg € QIESp(hg) 2 )} x Pr(ry € QIEY g (hy)21)
_ [e—(1.6—0.2[3)t 4 o (15+0.3p) _ 67(24070.1]3)t] (45)
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The reliability of the system using (44) & (45) is obtained as:

1
R(t) = %J'[e—(l.G—O.Sﬁ)t 4+ o-(1:5-0.4B) _ (2.0}
0

4 o-(1.6+0.2B) | ~(1.5+0.3B) _ 87(2.070.1B)t] dp

:%[46—1.&_'_26—1.&+1Oe—1.8t+e—1.5t+36—1.1t_12el.9t
-2t
+12e7%]-¢ — (46)

The MTTF of the above system using (46) is obtained as:

MTTF :I{1_5;t[4e—1.3t 4o L6t L 10p 18 4 o 1Bt | g1t 1,19
0

9 e—2t
+12e” t] — T}dt

=0.85890738
Conclusion

In this study, we assume the lifetimes of unrepairable systems as
intuitionistic fuzzy random variables. Based on that, we establish four basic
mathematical models of unrepairable systems, including series system,
parallel system, parallel-series system and series-parallel system. The
expression of reliability and MTTF are obtained for above unrepairable
systems. In this study, we also assume that the intuitionistic fuzzy random

variables §; of unrepairable systems follow exponential distribution, and

then the expression of reliability and MTTF of systems are also evaluated. A
numerical example is also taken to illustrate the methodology to calculate

the reliability and MTTF characteristics of above unrepairable systems.

Reference

[1] K. Atanassov, Intuitionistic fuzzy sets, Fuzzy Sets and Systems 20 (1986), 87-96.

[2] K. Cai, C. Wen and M. Zhang, Fuzzy states as a basis for a theory of fuzzy reliability,

Advances and Applications in Mathematical Sciences, Volume 19, Issue 12, October 2020



1366

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

DEEPAK KUMAR, PAWAN KUMAR and ANITA KUMARI

Microelectronics and Reliability 33 (1993), 2253-2263.

K. Cai, C. Wen and M. Zhang, Fuzzy variables as a basis for a theory of fuzzy reliability in
the possibility context, Fuzzy Sets and Systems 42 (1991), 145-172.

K. Cai, C. Wen and M. Zhang, Posbist reliability behaviour of fault tolerant systems,
Microelectronics and Reliability 35 (1995), 49-56.

Shshank Chaube and S. B. Singh, Fuzzy Reliability evaluation using Conflicting Bifuzzy
Approach, ICDMIC-2014 proceedings to appear in IEEE Xplore
DOI:10.1109/ICDMIC.2014.6954241 (Print ISBN: 978- 1-4799-4675-4) (2014).

S. M. Chen, Fuzzy system reliability analysis using fuzzy number arithmetic operations,
Fuzzy Sets and Systems 64 (1994), 31-38.

H. Huang, Reliability analysis method in the presence of fuzziness attached to operating
time, Microelectronics and Reliability 35 (1995), 1483-1487.

A. Kaufmann, Introduction to the theory of fuzzy subsets, Vol. I: Fundamental theoretical
elements, Academic Press, New York, NY, USA, (1975).

H. Kwakernaak, Fuzzy random Variables, Part I: Definition and theorem, Information
Sciences 15 (1978), 1-29.

H. Kwakernaak, Fuzzy random Variables, Part II: Algorithms and examples for the
discrete case, Information Sciences 17 (1979), 253-278.

R. Parvathi and C. Radhika, Intuitionistic fuzzy random variable, Notes on Intuitionistic
Fuzzy Sets 21 (2015), 69-80.

D. Singer, A fuzzy set approach to fault tree and reliability analysis, Fuzzy Sets and
Systems 34 (1990), 145-155.

Liu Ying, Tang Wansheng and Zhao Ruiqing, Reliability and Mean Time to Failure of
Unrepairable systems with Fuzzy Random Lifetimes, IEEE Transactions on Fuzzy
Systems 15 (2007), 1009-1026.

Liu Ying, Li Xiaozhong and Li Jianbin, Reliability Analysis of random fuzzy unrepairable
systems, Discrete Dynamics in Nature and Society, (2014).

L. A. Zadeh, Fuzzy sets, Informatics and Control 8 (1965), 338-353.

Z. Zainali, M. G. Akbari and H. Noughabi, Intuitionistic fuzzy random variable and testing
hypothesis about its variance, Soft Computing, vol. 19 (2015), 2681-2689.

Advances and Applications in Mathematical Sciences, Volume 19, Issue 12, October 2020



