ARG Q33 A A 43 A 13 2002 39 37

FTA(Fault Tree Analysis)olA B33t
AFAENS 9 AJAAEY A+

- A Study Fuzzy model for Risk Analysis of Uncertainly
FTA(Fault Tree Analysis) -

AZEF*

Lim Chong gyu
DEEY

park Joo sic
AR

kang Gyung sic

Abstract

Risk analysis is a formal deductive procedure for determining combinations of
component failures and human errors that could result in the occurrence of
specified undesired events at the system level. This method can be used to
analyze the vast majority of industrial system reliability problems.

This study deals with the application of knowledge-engineering and a
methodology for the assessment & measurement of reliability, availability,
maintainability, and safety of industrial systems using FTA(fault tree analysis).

A fuzzy methodology for fault-tree evaluation seems to be an alternative
solution to overcome the drawbacks of the conventional approach (insufficient
Information concerning the relative frequencies of hazard events). To improve the
quality of results, the membership functions must be approximated based on
heuristic considerations.

The purpose of this study is to describe the knowledge engineering approach,
directed to integrate the various sources of knowledge involved in a FTA.
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71E9 A 2H GHIGROANE HPFL/AES #dn H¥-TE B3] 9
sto] Zk At 9] 3o §EZ HAEE FAFozN AFSE oFAUT. a8y AMA
o] HAE HEL A Fouw JYFEA/EL E£3] HEFE 3 dAd ‘i
7bs/d o] dth(more or less likely)” E£& “7HsAlo] 3¥hdlth(remotely possible)” 5
o X331 FAEE TIPS AL wEA oz ddd WEHY JE B
& 3§ 2 (randomness) Bt 23 A (fuzziness) 2.2 3 F3lsdoF si}[2].

Fine[4], Graham™ Kinney[5]oll ]3] Al7}A] $& ) A (risk factor) &, LA 7154
(likelihood of occurrence), Hgel e =& HIlX(exposure) ¥ Ao A2y
(consequences) 2.2 #Ft o, old #HFae WEE <HE 1>, <FE 2> € <E 3>
dA 2 FXE Zolllo] L F3I FoE <E 49 9F FEXNE =EFIoy,
AR #EE A ol HAHL AT E(nomograph) 2 A A8t o}

<E 1> 98AEY 24 715 #3F HibR

H7HA A« A
10 HEeA2 TS, 7 doid ZIdA 7 8 A3 (Might well be expected)
6 dA JleAdol wl¢ n-9-"1 50/502} 7Hs A= U -8(Quite possible)
3 LA A el E&(650/507A = <HE)(Unusual but possible)
1 A FFeAdel A FAR, $493] /Y 754 U-S(Only remotely possible)
05 HA FAH Aoz du glon, 93 dAA dojd tFAe US
’ {(Conceivable but highly unlikely)
02 2EAL AT B Jd ¢ dojuA Yo =gAW A A (Practically
O'l impossible)
T AR E dour] dEY, RS 19 8§82 )& (Virtually impossible)
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<E 2> ¥ U =& F71A

G714 A s A
10 A&HQ =%(3F9 o2 A4, Continuous)
6 HIAgE =&(8F9 & ¥ AXE, Daily during working hours)
3 JHEA Y =&(dFdo & ¥ HXE, Weekly or occasionally)
2 F7he] xZ(3hede] g W AT, Monthly)
1 T 2530243037 4 %S, A few times per year)
05 ¢ =F =& E AL REXT M54 UE, Very rare)

<¥ 3> 279 A4 A=

3713 AeR ‘ A&
100 2 A%, 94 Al (Catastrophe, many fatalities) >s 107
40 ¢ 2 <3, o4 A% (Disaster, multiple fatalities) $10%—107
15 2 &8, &5 AbH(Very serious, a fatality) $10° —10°
7 oL Fro &3, s Mz KAH(Serious, serious injury) $10¢ —10°
3 eF7ke] &4, B4 el (Important, disability) $10°—10*
1 A2 g &3, elutd(Noticeable, first aid may be needed) $102—10°

<E 4> 99 524
e

FA & A & A
>320 1% &=L ¥ &Y A 1 (Very high risk: consider discontinuing operation)
160 2% ¥ £439 = & F(High risk: immediate correction required)
70-160 |22 9: £x QF(Substantial risk: correction required)
20-70 |99 7H5: 39 8 F(Possible risk: attention needed)
<20 |AHAF 1Y 244 715 (Some slight risk: perhaps acceptable)
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2 1, 2eix Ao AZHA 10090 A9 7beA c 1, SANIE -3 aga A
’Szl"‘* D7 A$d AFAI 47 507 2124 “Y98 75 (possible risk) olEE 5
A3t Aol BHEE AL ETh olR L EF Aol UEHE AR g FHAHA B
& A U] £X2 B3] gFEold, oA dHd& AMEy] sl 9dU
AZHEC tig o] EEE HARAFZ RAAH JPFEFES FESE ”“%!—"— A A g,

AolEHL 2353 Z97F Bon, oL F£X=2 R A
gy A7) wde B3 HA G YL o] g3AE Ao Ao
R ¥ 9] 444 (membership function) HEAA = 910vi[38915], "Hﬂ——]
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HA o] A5

1. 7Fs /3 (Likelihood)
P22 AT Aldo] LTAITH,
7} & Z 3} (might well be expected)
- 4 JhsAel w$ Fon, 50508 7Hs4 % 3l&(quite possible)
« 44 7o) ¥&(50/507HA € ) (unusual but possible)
b FbsAel EA AT, $93 TAY st US
(only remotely possible)
« FHA By Aog ¢: glon, $43 dAsA U
g 7154 o] 9lS{conceivable, but highly unlikely)
cxZAa B4 F P d B dojuA ¥ernz =E
A9k, 7b5A o] 9l (practically impossible)
2. ¥ A = (Exposure)
« A4 %< WA (continuous; many times daily)
- W1 3 2B {frequently; once a day)
- 7}2 4 o] ¥ A (occasionally; one per week or month)
« ¢k7+] 4HAl(monthly; one per month/year)
« =F S (rarely)
- ol ¢ =F LA (very rare)
3. 59 47/4(Consequences)
<2 AY, U AHE
(catastrophe; extensive damage, over $ 107, many fatalities)
-] $ 2 &3, 4 AbH(disaster; $10°— 107, fatalities)
. 2 &3, 24 AlF(very serious; $10°—10°% a fatality)
sl Ao &3, did3d] 44 2
(serious; $10*—10°, serious injury)
o %kzbo] &3}, B FAe|(important; $10°— 10, disability)
« A}2 % &8, etk (noticeable; $10%—10°, first aid)
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7Hs A o] Ectlikelyl
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7Fs4d o] A v}{unlikely]
7V5Ao] A9 gltHvery unlikely]

7Vs30) B3] HrHvery very unlikely)

o) ¢ =CHvery highl

¥ +[high]

1% [moderate]

ta 7HsAd o] Y& {more-or-less low]
i low]

o) ¢ oHvery low]

=3 &t extremely high]
o) $- EcHvery highl

3 ©Hhigh]

ZZHmedium]
& 7540l $-&{more-or-less medium]

s tHlow]
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P RELE AoAFE FFaol doh <E >oHE B ATE 9% 127 Aoy
2&F4E AARLH, <TEF 1>, <OY 2>E <E 5> 2 <E 6>L o] &5ty
2ol A& g =] did 2 A Ao Flinguistic value)S Vel Reo
BN, <E 5> R <E 6> gt doEF e FEold dE 2 € FFAMo
Ao Fges 7 F Ao

<E 6> MEH Meojse 2&3[6]

N A A& AHIndividual term) 2 %34 (Membership functions)
= tHhigh) 0 0 0.1 0.3 0.7 09 1
% ZHmedium) 0 0.2 0.7 1.0 0.7 0.2 0
¥} (low) 1 09 0.7 0.3 0.1 0 0
£ 7143 A (unknown) 1 1 1 1 1 1 1
A9 & K3 (undefiend) 0 0 0 0 0 0 0
o4 754 ol ¥-&(more or less high) 0 0 03 05 08 095 1
o] ¢ ¥t (very high) 0 0 0 0.1 0.5 0.8 1
7VeA o] A+ (likely) 0 0.1 05 0.7 0.9 1 1
7vsA ol gl=(unlikely) 1 09 0.8 05 0 0
7FsAeol 818 A &3 (not likely) 1 05 0.3 0.1 0.1 0
A£FT
ASHE
A
1.0 4 More-or-less—low
0.75
Very low
5
25
MAS
0 -3 { 2 -1 >
10 10 10 1.0
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32 98%4S 9T HARY

B dFgAE A 717 98 Al o TS shte SR AAEZ HEA
7]= Ao| olygt Hx]elo]WMS(fuzzy linguistic variable)E ©] 839, 2zt A9
Z A2 24 (approximate reasoning)ol 213 FAFo =N, T AFEAM UH B2
t oS ALYEA JdFFEE Hrse BEE AA S

EEERER L
qPrAe gen 2e =y AAS 2AZ o

IF likelihood=( £) and exposure=(e) and consequences=(c), THEN risk=(s)

714 £, e cE Ztz B4 A, HANE, A AZHG Ui AdojRgoln,
s= J¥4F S Ul E dojsolnt, a3y 47 349 e s 233y, o
g nAH =9 FHL LT 4 Uk dustd, nWF =9 FHL B4
o7} oo Ex] 2 o HEL 5 drdHA[16), AP EAAAE RE 8%lo] 5%
3 BAZEDZ ZAMY 288 @ 5 A 02 Wye] "asdy] WEed & 47
o) = Zadeh[10,11,12,13]¢] A F &Y (fuzzy reasoning)S ©]&39 HHFE(risk
score)S ZAMH o2 FE3.

(2) PN E AT HARLY

Zadehol 839, H A ZALFEold A A JDo2HEH ALY AES
23 Aot HAZAE(fuzzy conditional statement)® ¥4 72 (compositional
rule)& ©]-43% A3 &% (approximate reasoning)[9]& vlHoZ & HE EANY
< AAEAT

B W, <E 7> o] 24zt e i :=F H7FA(exposure), T
7}5 A (likelihood), Z#9} AZHA (consequence) R ) B 4 F(risk score)ol tid <9
Aoy, =3 E\, E,, ", E, L, Ly, L, C,,Co,-,C,, & 51,8, S 4
dzte] EF& Ve HARERAL(fuzzy subset)olth. oH S I 3
A e 22 HAzAT Adae FFE ndsan

IF exposure = ' E,’, likelihood = * L;’, consequences = * C.’
THEN risk = ' S’

olo] #ated oS3 £ HAE FAY F Ut

PE ; E = ‘Eal = (ealr ezﬁv EN ean)
PL N L = ‘Lb’ = (lbl9 lbz: T llm)
PC s C = ‘CC’ = (cclv Cd, Tt ccn)

PS N S = ‘Sd’ = (sdl’ S&’ Tt sdn)
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E, €1l €p e P e
EZ e21 en ............ ezl ............ eZn
E * . . .
Ea eal ed IIIIIIIIIIII eaj. ooooooooooo ea”
Em eml em‘Z ............ em; emn
L, Ly lyg weeeeeeeeees fjeeeeeenene i
Lz 21 Im ............ 12; 12”
L
L, lbl lbz ............ lb;" ........... llm
L, Lp Dygreveeeneeees Lyeeeeseeeees Lo
Cl Cll 6‘12 . Cl/ ............ cln
CZ 621 Cz ------------ czl.. ........... CZ”
C
Cc Ca CQ ------------ Cq ............ Con
Cn Crml Crg*" Comf o
Sl Sll slz ----------- SIJ llllllllllll sln
S Sg1 Sporeereereeees o iy
S
Sa S S Sgieeerereee. Sdn
Sm Sml S"e ------------ sm] ............ Smn

@, A7M  Pg, Pp, Pe, Ps& 242+ E, L, C, S 3% HxgA o,
i=1,2,,m A3 0< ey, Iy, ¢4, S <1° A FI} 4o FAEL HA=
2[82]e) 9ste], HAZHUFTLZ WEAIA

IF (E=Pp) () (C=P) (Y (L=P;) THEN S=Pg - (3.1)
7t B3, o] A AAMEAL P = Pg() Pc() Prolth. mebd 4 3.1oIA
o) HA @A RE thE3 2ol FA¥ + Yt
R = REﬂ Rcm Ry oo (32)
@, Rp, Re B R 27 1943 dist =& Frix], 439 Az 24 71
4% A¥s-EHY HAXFAE JElE Aoz gd8u 2 2AFORE Zo|d £
ATt
IFE= Py THENS = Py => Ry = PgX Ps
IFE = P, THEN S = Pg= R, = P; X Pg -eeeeeeer (33)
IFC = P THEN S = P> Rc= P.Xx Pg

il
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HARAY o287 <F 7>l g8, R, R ¥ Rce s34 24
Re= [ (eN\sd) | ()
R, = foxxs(lb/\sd) | (R, %)  ceeeeeeeeee e (3.4)
Re= [, (c/\s) | (xeix)

ANM, X Xi, Xo Xst® 27 948830 d3 =& F7HA, 44 7154
Al AzA, 9F5Fo g HA ol

oj 43 e A s HFFF did =& FUix, 27 AAH R LA
oA d9¥4FEHe] BAV 2EHALDZE, AR BF o] MY 0 HX
A3 71 H (fuzzy compositional rule)oll 9] 3 Z A3 % (approximate reasoning)< ©]-&
st NzZE AdAF Ui 4TS FEYL F Ak A7 H8AA9] x|
C=P; 2 E=Pg, L=P,'2 W3tz 7tAstd, 41 3Hd s 2R He

AdFES;
S = i=g C(Pi’ ° R))
— (PE’ °RE) m (PLI °RL) m (PC' °RC) (35)

Z X¥8HY, mEgA 4 (35 4EF 2ol Adtdo.

(X)) = . A [ \E/Xi{pi'(xi VANRZCTEED) ) IR £ 1)

7‘}%77}1] AFEMS 9% AXNRE L A= oA HdEgAAETN ST
o BAEL E&HoH, o|AL o]&3q JEUAY W 2 2T AF
3ol ‘r]—ﬁ!l:‘?'&g A2AstF. 2y 4883 Az FAHE ANAY 2XE Z
Aat7] didE 4 (36)2 Ao uE RAA I FAZE Foldth Ao ZARY
(linguistic approximation)¢! ©] 3} & ZA}3E(approximate reasoning)el] 93 =&
g 98559 AAGE A5 F B Y S F9 @& HAARZIZH ZAMA
71 ZAeolth. Kaufumann[7]19] 317 A2)(Hamming distance)®] H'd& E=Y3td, At
Zgd o7 RN AXNE BN AYAZYE Hxsse S U & HAR
BZ3e A4, A9 B7F A X9 AAREEZIAFole 39, Agt B YA
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S = Min d(Sd" Sd)

delLgmm] , N & X))
= Min 3 1S4 — Sal
de(1,2,, m}
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A4Ge BHAY BE 344 P AP F2 F8H J=E Lag:
A%st 2P olgsn Utk e olHd 2Ye APl o B WEAE
o] FuA B B5AHE FHEI g

getd, 2 ATNAE AAYFES o84 54L olgstd] AWHA FHol
Aol Qizte] #8d Bud] BE REAdRY ABL AEstgch oW fuLe
AG+Ee AASEN UdA AYANE BHAE ol 7px wyol glAw, &
AFNME B4 FHEA, TANE, e L4 YA AdAA). AF
Y AYRAAAE oA P APART RAFE FAFFY FEE 2 9
sol AY4FS AT Yo}, BsAel WEE F ARl FBH 57 A8
ARHL HEo] 0|59 Fol da) AP4EL Bds: AL RAYAT wapy
e Bede AAR Astel B FANE 2 AxEel F£Fol g bd A
grhge 794 B9e Adolusz mARozA N2e AuRsle Ade
AN, ANAGES] =28 2AZ @ BAFEUEL o &3] A2y A
9 AYFEL £&5: YWY 5y AASAT

5. ¥ 5 Fuzzyol & A& W

AEZQYA A=A o8 712E & 2FEY A9 A4t e ge =
EAA gFq4A st 28U HdAZE AFEFME HAFEor ste Aladoly B
o dalMes FES nZdogHF £F3AY AelEo A & F$uF gl o)
23 Agol FEHA AFHAG ol AAHAQA AIES oA dxm Aok a Y Alx
dofl oid] FFZHQA ez EHSZ oz 7 AMHEE) M= Hxde ¥4
2 HEsld 1 7t S AdS53tE Aol AFAHA A Wyrd d8g vz
it AE ¢ 4 ARG 9d BE 3AE g ARE 43 Jdd F)Y nF
& &S A3 Hgd 5 A& B ol 2R eI 1 JMsA #x: A
g3 FAE 71 JL Aolth Fx|g REd Ui &AH3A g3 EFAF dHolg}
Al JE ASAY nZEY FEEEIHFE TEYc /AN nAFo] HAY
EE 0 3 1 Aol T3 HA| QAo HLE A3 1 75 g d33o ALA
of Aj~" 3&8 oEd 471 g}

FF Yotz wgoelztd Al2d"el AFAojy ¢AMES FHEY AFHME ojw I
DA £E o3 TS JAFH FL2/1E HAHAA2REYH I& F Y7 HE
of A" Eely FLEV 2 EEL49 AFHAHLE Eole 59 AL B¢
stdor 3l ol3F EFHAET HEY 1 /A L 4 A nF A g &
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