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FUZZY RELIABILITY OF PARALLEL SYSTEMS

Li Tingjie Gao He
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ABSTRACT: This paper is one of continuation
for <FUZZY RELIABILITY>., It provides the

calculating method which can be used in cal-
culation of the fuzzy reliability for the
parallel systems. In this paper authors de-

rive the series formulas by means of the
bagic concepts and principles of fuzzy re-
liability. This paper only considers the

indexes of FA mode.
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I. INDEXES OF FUZZY RELIABILITY
We still employ the classificatory method of a system
for general reliability theory. A parallel system is defined

as a system consisting of several elements such that system
failure occurs. When and only when all elements fail. Equi-
valently, the system is successful when at least one of its

elements is successful.

It is supposed that a parallel system consists of n
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element 84, Cpy ...y C, (as shown in figure), and it
may be assumed that failure of any element would occur
independently of the operation of other components.

Let C denote the event that the system is successful,

C denote the event that the system fails,

Cj denote the event that the element Cj 4
is successful, 53 denote the event that 0 Co —
the element Cjfails, Ai denote discussing c

n

one of fuzzy performance substs, then by

meams of the definition of fuzzy conditional Figure
probability, we have
P(CAAL) = P(ai]C) P(C) (1)
P(CjA A1) = P(AglCy) P(Cy) ( 2)

where the sign /\ denotes algebraic product.
In terms of the definition ot a parallel .system,

the event

G

n -
2= ) ¢j
j=1

and therefore

- no_ (3)
p(C) = B( /) Cj)
j=1

Equation (3) can also be written (using the conditional

Probability relations) as
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P(G) = P(G1[G2N ... NCn) P(G2N...NCp)

i

P(61|52n... ﬂén) P(62|63r\...n6n) P(53ﬂ...n5n)

i

and in general
n-1

J= .
Because'aj are mutually independent, i.e. probability

of success of the jth element is the same irrespective
of occurrence of any combination of events of the other

elements, which implies that
P(Cj,Cj.,,’] n ooon.(}—n) = P(.C—j) ’ j=1’2,..., n_1

then Eq . (4) takes the form

- n - (5)
P(C) = [‘] P(Cj)
j=1

In terms of general probability theory, use the probabi-

lity relations of complementary events

P(C) = 1-p(C)
} (6)

P(Ej) = 1-2(c;)

Substituting Eq. (6) into Eq.(5) y, We obtain

o}

p(c) = 1- [] 1-p(cy) (7)
J=1

Suppose that the denotations are defined as follows:
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Ry -- general reliability of the systems;
Rj —— general reliability of jth element;
B@ —-— fuzzy reliability of'the systems;
Ry -- fuzzy reliability of jth element;

My (Rg) —=-- membership function of Ry in Ay

-e

ppi (Rj) —-- membership function of Ry in Al 3

then by means of general reliability theory and fuzzy
reliability theory, we have

P(C) = Rg P(Cj) = Rj
P(CAAL) = Rg P(CjAAiL ) = By
P(gi | ¢) = )uéi (RS) P(Ai l C;j) = Mpq (Rj)

Therefore Egs. (1). (2) and (7) are respectively

rewritten as:

Rs = mpi (Rs) Rs (8)
Rj = Ua1 (Rj) Ry £9)
Rg = 1- [n'l (1-Rj) (10)
j=1 ‘
Substitutimg Eqs. (9) and (10) into Egq. (8) we obtain
Ee = M1 (Rg) | 1= (1-33-)] (11)
or . N
&3
Rg = pay (Rg) | 1- l'lll (1- —) (12)
~ ~ 5 J= }J:éi (RJ)
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Eqs‘ (8). (11) and (12) are the general expressions of
the fuzzy reliability of the system.

By means of the relation between the fuzzy reliabi-
lity (Bj) and the fuzzy failure rate (Aj) for jth

element, we have

t
Rj = exp{-JOAj dt}

Substituting it into E, .(12) , we obtain

q

Es=&A1(Rs>{ I"nT [1- exp { jk,idt} } (13)

’uAi(R;j)

If.hg is equal to constant, then

(14)

n e —ZSjt
R, =AM (R){1- [1- ‘ }
S Ai'"'s g:] /uAi(R )

J

If Mjis equal to J\, j=1y 2, «eep 1, Ege (13) may be

also written as
-~ n
Re = Al (R 1-[1- ] (15)
~s = TAL s){ A (R,)

Now derive a formula of fuzzy mean life MTTF of the
o~ S

system. By means of the relation between fuzzy mean life

and fuzzy reliability, MITFg of the system is expressed
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i

MITFg
o~

f}s at
- 1_'5_'(1- ﬁ&ddt

=J Mai(Rs) [ ] dt (16)
0 j=1 nps (By)

If Aj is equal to constant, and Variations of mai (Rs)
and,u.Ai (Rj) with time t are more small, may substitute
their mean values‘pﬁi (Rg), and ‘pAi (Rj n for}zﬁi (Ry)
and m,,; (R ) » then

o n “l\jt l
MITFy = mpq(R )J (1- ) | dt
— S A Sm o [ D /uAi(RJ
) oo[ n e-l'\jt n -(Z.\j"' l\k)t
RETRM o j=1 /ugi(Rj Jm iy k=1 )J.Ai(RJ )IQPAi(Rk)m
J*
- § /th
boees d ()™ - ] dt
1 221(Fpn
1 n
4 (Rg] [ - 1 ‘
Pai'teim ;%)‘{Qi(Rj Im N\ j% Py (B dPag (B A5+ A )
’ — ~ N
Jxk
+ ees + (1-)n+1 ! — ] (17)
7] 24 (Rs > X
j=1 j=1

Usually, n is equal t0 2 or 3 in practice. If n is equal
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to 2, then
(18)
,..MTT,,F sMai ( Rs ) m[ 1 + 1 = 1 " )J
~ Mg Ry gy Ay (Rl Ay (Ry )y (Rp)y Ot

If n is equal to 3, then

1 1 1
MTTF _= A1, (R_) + +
—— S Ai*s‘m

1 1
}l’éi(R1 )muéi(Rz)m(&tl\z) ).lréi(Rz)ng-léi(R3)m(]\§2+A3)

1
Mgy (Rydghy g sl g +2)

,
+ ] (19)
Py Ry )ity (Rp)ply s (R ) O+ 20+ N\ 5) .

If )\j is equal to constant A, then

and

©0 e -At n
MITF = pﬁi(Rs)mjo [1— (1 ¥ dt (80)
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e~ Dt
Let 1- =X , then Ej. (20) takes
Py 5 (Ry
the form ,
My, (Rg) - xn
MITFg = Al _sm ___l___f_. ax
S 1 1-X
1-
My (R)y
Py (Rey [ 2 -1
= U+b&h.ﬁfl ) dX
2 1
1-
Mpg (R)y
(R.) n .
= ﬂﬁiy\s I S ..1...[1-(1- ! \ )J] £21)
A j=1 /u’éi(R)m

II. EXAMPLE
A control system of a aeroplane consists of two
subsystems which have same function in order to increa-
sing reliability. Suppose that the general reliability
of every subsystem is equal to 0.986, and fuzzy failure
rate of every subsystem is equal to 0.38 (1/year), and
assume that

A (0.986) = 0.6

exXtremely reliable
Myery reliable (0.986) =0.96

AMmore reliable (0.986)=0.6
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Mextremely reliable ( 0.9998 ) = 0.99
Myery reliable ( 0.9998 ) = 0.6

Mmore reliable ( 0.9998 ) = 0.4

Find indexes of the fuzzy reliability for the control

systen.
This control system is a parallel system,its general

reliability Rg 1s

Rg = 1= ( 1- R )?

i

= 1= ( 1- 0.986 )2 = 0.9998
Evidently,
Pextremely reliable(0+9998) > Mvery reliavle $0+9998)

> Mpore reliable ( 009998 )

it follows that at present the system find oneself in a
extremely reliable work period. Fuzzy reliability of the

system is

Es = Mextremely reliable (0-9998) %0.9998 = 0.9898

and fuzzy mean life of the system is
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Hextremely reliable (0.9998) 1
oy, - —
A extremely reliable (0, 986)
1 1 2
51 (1- )
Juextremely reliable (0,986)

i

0.99 1 1 1 2
— =1 (e — )]
0.38 0.6 2 0.6

5.0658 (year)

i

From these results it is concluded = that a parallel
control system consisting of two very reliable subsystems
iS'extremely reliable, and the extremely reliable work
period still continue for 5.0658 year.
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