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ABSTRACT

This paper develops the probability importance in general
reliability into the fuzzy probability importance in fuzzy
reliability by means of basic concepts and principles of fuzzy
mathematics. In this paper author derives the expression of
the fuzzy probability importance.
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INTIODUCTION

The importance is an important concept in reliability
engineering. It plays a directive role in reliability predic-
tion, reliability assignation, operation of an equipment and
maintenance of an equipment.

At present an importance is classified as about nine kinds
as a matter of record at home and abroad. This paper only has
a discussion on developing general probability importance into
fuzzy probability importance.

This paper only considers the indexes of FA mode.

1. DEPINITIOUN OF FUZZY PROBABILITY IMPORTANCE
an effect of different failure mode in fault tree on
successful operation of a system is different. 4n importance
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18 4 medasure, that expresses a decrease of system unreliability




from failure state of kth element to successful operation state
of the element, that is,

Fg(F, =1)-Fg(F,=0) 1)
where Fk is unreliability of kth element.

(F =1) is unreliability of the system when kth element

has occurred failure.
Pg(F,=0) is unreliability of the system when kth element

is successful operation.
The definition of fuzzy probability importance is express-
ed as follow: "Fuzzy probability importance EEk) is a measure,

that expresses a decrease of sSystem fuzzy unreliability relat-
ing to some fuzzy performance subset Qéi) from some fuzzy

failure state di) of kth element to the fuzzy performance
state géi) of kth element", that is,

LB ("8 =4 | k2B, )-Rg ("8 2, | "k"=24; ) (2)
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whereﬁgs( S ,éil k Aéj) is system fuzzy unreliability relating
to fuzzy performance subset‘éi when kth element has occurred
fuzzy fallure‘gj ’

J&S(“S"iéil"k"eéi) is system fuzzy unreliability relating
to fuzzy performance subs;e‘c,_é.:.L when kth element is fuzzy

performance state,éi.
2. LXPRESSION OF FUZZY PROBABILITY IMPORTANCE

Two fuzzy unreliability of a system in 2q.(2) are express-
ed as follow in terms of fuzzy reliability

' ("S":;\A_’i'"k”%j):“'ﬁs("s":,édl "k"::@j) (3)
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’\F"S("S"'_::A'i' "k"=’\Ai)=1 _’gﬁ(usn;:éil "k"":\A‘i) (4)

where ,gs(" "féil,"k"i@j) is that fuzzy reliability of a system
which is opposite fro m,@s("S"i{li]"k"?@j), ‘
"gr=4 [ "k"= . s
_53( ’illl k ’itj_) is that fuzzy reliability of a system
which is opposite from,Es("S"=,Al] "k"=4. ).
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Substituting Eqs. (3) and (4) into Eq.(2), we obtain

,\I,kfﬁa("s""f‘éi’ “k"=féi)-\,ns("s"='éa_]_,."k"='\5.aj) (5)

Therefore fuzzy probability importance is alsomexpressed as an
increase of fuzzy reliability of a system. .

‘According to the definition of fuzzy conditional probabili-
ty(2]) we nave
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where the sign A denotes algebraic product'-
By means of fuzzy reliability theoryl 1lwe have

(7)
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where Rk is general reliability of kth element,

» g (Rk) is degree of membership of Ry in.@j,

~J

'u—éi(Rk) is degree ofvmembership of Ry in,\l}i,

paél[Rs("k"%J)] is degree of membership of Rs("k"-?@j) in

",éi[RS("k"iAi)] is degree of membership of RS(“k"%i) in

A

RS("k"‘-E@j) is general reliability of system when kth
element has occurfed fuzzy failure ’B’j’

Ry("k"=4,) is general reliability of system when kth
element is fuzzy performance state ,éi-

Aeps (et = TRy ] . s -
dvidently Rg("k —Ié,j) and Rg("k ,éi) are accurate probabili

ty of clear events, they are solved by means of general reliab-
ility theory @] . Bvery element or system only has two state
("failure" and "operation") in general reliability theory.
Therefore RS("k"E@j) is general reliability of system when kth

element has occurred failure, and RS("k"=41) is general reliab-

ility of system when kth is successful operation, namely

RS("k"fgj)=R3("k"=1) (12)
RS("k"=~Ai)=RS(“k"=O) (13)

finally substitution of Eqs. (6) - (13) into Eq.(5) yields
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this equation is general expression of fuzzy probability
importance. ‘
3. EXAMPIE

The Fault Tree and Reliability Block Diagram of §ome System
are Shown in Fogure. Assuming that
45. denotes the "very reliable", .

Jgj denotes the "more large failure", !

R1=0- 998, R2=H¢5=009469

“44(0.998)=O.90, “A (0.997)=0.88,
~d ~A

p, (0.946)=0.70, #, (0.944)=0.65,
4 44

’tgﬁ(0-944)=0.40,

determine the fuzzy probability importance of kth element
(k=1,2,3).
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fualt Tree Reliability Block Diagram

Figure

The system surely occurs failure when 1st element occurs




failure (i.e. "1"=1), since 1st element is a series, that is,
Rs( t|1 ll=1 )=0

Reliability of the system depend on reliability of parallel
subsystem consisted of 2nd element and 3rd element when 1st
element is successful operation (i.e. "1"=0), that is,

RS("1"=0)=1—(1-R2)(T-R3)
=1-(1-0.946)2=0.997

According as Eq.(14) fuzzy probability importance of 1st
element is '

0.88x0.997

I

1 = O'98
~ 0.9X 0.998

Reliability of the system depend on reliability of series
group consisted of 1st element and 3rd element when 2nd ele-
ment occurs failure (i.e. "2"=1), that is,

Rg("2"=1)=R,x Bs=0.998X0. 946=0. 944

Reliability of the system only depend on reliability of 1st
element when 2nd element is successful operation (i.e. "2"=0),
that is,

RS("2"=O)=R1*O-998

according as i#q.(14) fuzzy probability importance of 2nd ele-
ment is

0.9¢0.998 0.65%0.944
5 = - = 0.3/
< 0.7X0.946 1-0.4%0.946
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The same as 2nd element, fuzzy probability importance of
Srd element is
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13t element is more important than 2nd element or 3rd ele-
mrnt, since 1st element is a 'series, and a group consisted of
2nd element and 3rd element is a parallel- Then
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