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Abstract

This paper which adopts Probability statistics fuzzy mathematical principles and methods gives the Fuzzy reliability
index of the cold storing system with two different units when the switch is completely reliable and the switch is not
completely reliable (Switch life 0-1and Exponential distribution). And this paper gives a new kind of Failure mode, that
is: system will be immediately failure if the switch is failure, meanwhile, it gives the new mode’s Fuzzy reliability
index.
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1. Prior knowledge

Knows C by literature [1] to express in the classical reliable definition “the product in...maintains its stipulation
function” this clear event, C,Cy-C, expressed separately each fuzzy function represent fuzzy event. Obviously C
separately belongs to C.,C-"C in varying degrees. C expresses the system breakdown, C, expressed “the ist unit is
working”, (,expressed the fuzzy function subset which we discussed.

By fuzzy conditional probability definition we obtain:
P(CAC,)=P(C,/C)-P(C) (1)

P(C,AC))=p(C,/C,) P(C)) 2
According to the fuzzy reliable theory and the ordinary reliable theory we have:
P(CAC,)=R, P(C,AC))=R,

P(C,/C)=uc,(R)) P(C,/C)=uc,(R) 3)
Substitutes (3) into (1) (2) we have:

R =uc,(R)R, “
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R =uc,(R)-R )

Based on the literature [1], [4] knowledge, the relations between every unit fuzzy failure rate A, and the ordinary

failure rate A, is:

duc;(R;)-dt
ﬂl:ﬂl_‘i:/’il_u'cj(Rl) (6)
. uc,(R)dt -

Where ' (g ) istherelative rate of ;¢ (R ).
J 1 J i

2. Fuzzy Reliability analysis

Theorem 1 Suppose the system is the cold storing system with two different units and the switch is completely reliable,
Its life respectively is X,,X,, also obeys separately exponential distribution A, A,, mutually independent, so the
fuzzy reliability and fuzzy mean lifetime are:

L+u'c(R,) R A+u'c,(R) R,
R =uc,(R): SR -__-

N A=A+’ c;(R)—u'c;(R,) u ch(Rl) i A=Atu' e, (R)—u'c,(R)) W cj.N(Rz)

A+ Ay+u'c,(R) +u'c;(R,)

MITF =uc(R,),, -
- {/11+u'cj(Rl)}-{/12+u/cj(R2)}

Proof: Known two unit life distributions respectively are F, =1-e ™, F,=1-¢*', also knows the system by

literature [2] the reliability is:

RS _ lz . Rl + ﬂvl 'Rz (7)
ﬂ*z - ;Ll 11 - /12
So substitutes (5) (6) (7) into (4) we obtain the fuzzy reliability
A+u'c,(R,) R A+u'c;(R) R,
R, =uc_/.(RS)~ = = =

T A e R W e R) we,R) | A drile(R)de Ry e, )

Result of R, = ‘R, obtain easily:

/12 _ﬂ’l ﬂ’l _/12

MTTF = fRSdt: fucj(RS).Rs.dﬁucj(Rs)m . fRs . dt
“ue,(R), - f{ﬂz'”’ +ﬂ'~e”]d,
- b= A =4

1 1
=uc.(R | — 4+ — 8
”CN_,( i {/11 ﬂj ®)

Therefore substitute (6) into equation (8), we have:

/11+/12+u'cj(Rl)+u'c‘/.(R2)

MTTF =uc,(R,), - ————= )
- = A R e (Ry)]

Where, ¢ (R,),—4¢; (R,) is an average value which is in operating time sector

[0,00), and it is a constant.
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Theorem 2 suppose the system is the cold storing system with two different units and the switch is not completely
reliable, Its life respectively is X,,X,, Also obeys separately exponential distribution A, A,, mutually independent,
so the fuzzy reliability and fuzzy mean lifetime are:

R R, P4 +u'c;(R,)) R, R

s Tuc,(R) | ——+ |
- g ue,(R) A dyru'c,(R)—u'c,(Ry) |uc,(R) wuc,(R)

1

- 1 1
MT~TF_ucj(RS)m- ——+p- S
N A+u'c;(R) A+u'c;(R,)

Proof: Introduces a random variable v, we have:

; q(j=1)
VY= = {
P J p(Hj=2)
The reliability of system is

4
RzP{ij >t}=q-p{x1 >ty+p-pix, +x, >t}
J=1

_ e—im +p7&1(€—/11t _e—lﬂ) :R] +p7ﬂ1.(R2 _Rl) (10)
}“1 - /12 ﬂ’l - Az
Substituting (10) (5) (6) into (4) entails that:
R =uc,(R) R,
R, P(A,+ urcj (R)) R, R,
=uc; (RA) : > = =

+ . - ——
uc,(R) A=2A+u'c,(R)—u'c,(R)) |uc,(R,) uc,(R)
Because the mean life of system is:

p—ﬂ“l(e%’ —e M) dt E pL

wrre= [ ra= [ e+ PR
17 2 1 2

Sothe MTTF is:

1 1
MITF = ['R.dt = fucj(R\,)-Rl\, ~dt:ucj(Rs)m [ﬂ_ler/%_j

1 1

A+u'c (R) b A,+u'c (R,)

:ucj(Rs)m .

Theorem 3 The system not immediately expires when the switch is not working, the life of two different units is
X,,X,, he life of switch isx, , Obeys the exponential distribution separately and the parameter is 4,4, and A,
mutually independent, so the fuzzy reliability and fuzzy mean lifetime are:

R, ﬂ“l+u’cj(Rl)

Rs:MC/-(RS) —+ - - -
- - uc,(R) A+ A4—A+u'c;(Re)+u'c;(R)—u'c;(R,)

R, R, Ry

“Cj(Rz) ”C‘/(R1) ucj(RK)
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) A+u'c;(R)

. _—+
ALtu'c,(R) [+u'c,(R)]-[4+u'c,(R)+ Ag+u'c,(Ry)]

Proof: From literature [2] we know

Ree ™t 4 [e%' — oA ]
Ae +4 =4,

M=t A

ﬂ’l 2’2 (/11 + ﬂ’K)
Substituting (12) (5) (6) into (4) entails that
Rs :uc](Rs) .R.\‘

R, l,+u'cj(R,)
=uc; (R.v ) > = -

+
uc;(R) A+ h=Agtu'c;(R)+u'c;(R)—u'c,(R,)

R2 Rl RK

) uc/.N(Rz) - quN(Rl) . quERK)

Because also

MTTF = [ Rt = ["uc,(R,)-R, -dt

=uc,(R), | R,-dt _,, L A
SB[, Ll%(mm

Substituting (6) into (14) entails that

1 %1+”’Cj(R1)

. — + —
Atu'c;(R) [A,+u'c,(R)]-[A+u'c,(R)+Ac+u'c;(Ry)]

(12)

(13)

(14)

Theorem 4 The system immediately expires when the switch is not working, the life of two different units is Xx,, X,

the life of switch is X, , Obeys the exponential distribution separately and the parameter is 4,1, and Ay , mutually
independent, so the fuzzy reliability is:

R =uc,(R)-

R, A+ u'cj (R))

SR
uc.i(Rl) ﬂ’K+ﬂ’l_/12+u’cj(RK)+u,cj(Rl)_u,Cj(R2)

R2 Rl RK

. uc/.N(Rz)_uc;(R])'uC,ERK)

[lk"_”'cj(RK)]'[ﬁ']"_u’cj(Rl)]

[L+u'c,(R)+ Ac+u'c;(R)]-[A+u'c,(R)+ 4 +u'c,(R)]

R] RK [/1/(+u,cj(RK)]'[ﬁ2+u'cj(R2)]

_
uc;(R) uc;(Re) [/12"'”'Cj(Rz)+1K+u/cj(RK)]'[Zz"'u'cj(Rz)_ﬂl_u'cj(Rl)]
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R, Ry

iR we (R

Proof: the switch is not expire when the unit X, is not working, X, > X,, unitx, is replaced by storing unit X, , the
life of system is X, when unit X, is not expire.
Because the life distribution of system is:

1-R, = J.-[ﬂq&,(e_’w‘e_’l’f’Kdtldt,< -

LSt <ty

[[[Aa A e e it dit it +

L+t St >t

[[[A2sAe e e ittt

f+Hy 2t (<t <t

=1— & _ 4 [efﬂ.zt _e—(/11+),,<)1:|+
A + 4, — 4,
ﬂk/ll [1- oV +/1,>r] /11< 12 [1- 7(/1K+;,2)r]
(/1/( + /11 )(/12 - /11 ) (AK + /12 )(/12 - Al)

So the reliability of system is:
R = e 4 A [e—izt — oA ]_

A + 4, — 4,

/11(}“1 = e Grrh 1- lkﬂ“z - e +/12)t] (15)

(’11( + /11 )(’12 - /11) (’11( + )“2 )(/12 - /11 )
Substituting (15) (5) (6) into (4) we obtain:
R =uc,(R) R,
_ R, ﬂ‘l+ulcj(Rl)
7ucj (R,)- ———— + = -
: uc,(R)  Ag+A—A+u'c,(Ry)+u'c;(R)—u'c;(R,)
[ R, R, Ry [Ac+u'c, (R[4 +u'c,(R)]

. uc‘,-N(Rz) - uc‘,-N(Rl) ' uck,ERK) - [A+u'c,(R)+Ag+u'c,(R)] - [Ay+u'c;(R)+ A +u'c,(R)]

Rl RK [1K+u’cj(RK)]'[2’2+u’c‘j(R2)]

1- = . . - — —
ucj(Rl) uc,/’(RK) [/12+u’cj(R2)+}“K+u’cj(RK)]'[1‘2+u’cj(R2)_ll_urcj(Rl)]

R R

2 K

- we (Ry) we,(Ry)
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