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Application of the Fuzzy Fault Tree Analysis Method to Airport
Environment Security

ZHU Yurbin', HUANG Xiae-ming' , CHANG Qing’
(1 Sehwol of Transportation, Southeast Universiy, Nanjing 210096, China;
2. Collae of Life Science, Nanjing Nomal University, Nanjing 210046, China)

Abstract: By means of fault tree analysis method, this paper gives a systemic analysis of the relevant factors which cause the fault
of bird srike aircraft, and its fault tree is also established. Through qualiative analysis, 2580 minimum cut sets can be obtained. Expert
estimation method, combined with fuzzy sets theory, is adopted to assess the happening probabiliy of the base events. The calculating of
“waste landfill attracting bird” —one of the base evenis of bird strike aircraft, is given as an example of this method. Through
quantitative analysis, the happening probability of the top event & 0. 00241, and the mportance degree of all base events can be
analyzed.
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Fig. 1 FTA for bid drike aircraft
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Tab.1 Symbol for events

T X, 1~ 1 8kg X
Al Xll 0. 3~ lkg Xq()
A2 X12 0. 3~ lkg X’ﬂ
A3 X]} 50~ 300g X}g
A, Xy 50~ 300g Xy
AS X15 50g X4O
Aﬁ X16 SOg X41

( )

4, Xy Xy
A X ( X

8 18 8

)
( )

Ay X Xu
AIO XZO X45
A[] XZI X46
A12 XZZ X47
A13 XB 48
Ay Xy 49
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AIS Xﬁ XSO
X, ( Om) Xy Xy
( 0~
X X X
* 120m) 7 *
X3 ( XQg XS%
120~ 500m)
(
X 500~ 1000m) i i
1000~ 3000m)
X() 3000m) ( X3l X56
X; 1. 8kg Xz Xs
Xg 1. Skg X33 X58
Xo 1~ 1. 8kg X Xs
1.2
Fussel ( ) , ,
T= (X1+ Xo+ Xs+ Xa+ Xs+ Xe)*( X7+ Xs+ Xo+ X+ Xu+ Xe+ X+ Xut Xis+ Xi)
(X Xis+ ot X3) (1)
(1) 2580 , 2580 ,
2
2.1 A
[4] [5]
, 2 , A=(a,b,c), A= (a, b,c,d),
0 (x< a)
’g: Z (a<x <b)
=1 2
— (b<x <o)
L0 (x> ¢)
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Fig.2 Fuzzy expression representing linguistic values

0 (x a)

xX— a <

b a (a< x Sb)

A(x)=41 (b< x Kc) (3)

d—x

- ¢ (c< x &d)
L0 (x> d)

A 2 “VL L FL M FH H VH” «
”»” 4 X24“ 2 R
2 A

Tab.2 Form of fuzzy values and cut volume of A

A

fu=(0,0,01,0.2)
fi=(01,0.2,0.3)
Sa= (0.2,0.3,0.4,0.5)
Su= (0.4,05,06)
Sfm=(0.506,07,08)
Su=(0.7,0.8,0.9
fa= (0.8,09,1,1)

Fw=10,- 01\ 02
Fi=[01M 0.1, - 0. 1A+ 0. 3]
S =017 0.2,—- 0. 1A+ 0.5]
S =101+ 0.4, - 0. 1A+ 0. 6]
f =0 1A+ 05,- 0. 1)+ 0 8]
FA=101M 0.7, - 0. 1A+ 0.9]
F =01+ 0.8, 1]

[6]

) 3 ) ,
3 1 R
S
Ri= 45 (4)
DD wi
ST =1
,i=1,2,3,4;5 ,Jj=1,2,3 s

b 0.2667, c 0.2381, d 0.2095
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Tab.3  Constuction of expeits and the weights factors

15 5 q 230 10
12 4 20 <g< 30 8
9 3 10<g< 20 6
6 2 5<g< 10 4

1 q< 5 2

2.3
(D W 4
[13 ”» 4
[ A

W= fuYfwuYfuVfm=

+ 0.20950(0.1 M 0. 5),0. 2857 O(-

Xu

, 4

+0.20950(- 0. 1M 0.8) ]
= [0. 1M+ 0. 68477, — 0. 07333 A+ 0. 90572]
7W W)\: [Z|,Z2]:
0.90572], A : A= (21— 0.68477)/0.1, A= (0.90572— z2)/0. 07333,
=0T (0. 68ar7< = <0.78477)
£o(2) 1 (0. 78477< z 0. 83239)
wl(Z)=
0.90572— z
To.07m3 (0.83239< = <0.90572)
0 ()
(2) FPS
(FPS)™
FPS
{ (0kx< 1)
1- (O< x< 1)
fmin
0 « )
w
F})SR( m = Slrlp[fu(x) /\fmax(x)] = 0 84384
FPS.( W) = suplfu(x) Afun(x)] = 0. 28657
w
FPS( W)= [ FPSp( W)+ (1- FPS,( W))]/2= 0. 7783
(3) FPS ( FFR) \
\ FPS FFR"
K
g | V10" (FPS#0)
0 ( FPS= 0)

1
1- FPS| 3
,K_[ 7PS ] x2.301

0. 03069

,  K=1.5130, FFR = 0.03069,

43

[0.2857 (0. 1A+ 0.7)+ 0.2667 O(0. 1M+ 0. 8) + 0.2381O(0. 1 M 0.7)
0.1 M 0.9)+ 0.2667O(1) + 0. 381 O(= 0. 1M+ 0.9)

(3)

[0. 1A+ 0.68477, — 0.07333 A+

w

(12)

”»
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3.1
. K19K27 "'9Knvn
2580 X, 0= P(X)(i= 1,2, -y 59), T
P(T) = P(Uk) = D2P(k) = DiP(khk)+ D5 P(hibh) + ot (= )" P(kikahs)  (13)
= = i<j=2 i<j<h=3
JP(k) = _HQ,- 0.00241
3.2
(1) (1) "
L 0g(0)
I (1)= 20, (14)
&(Q)= P(T), : 1 o
(ol , R X1~ X6
(0.02810~ 0.02952), X~ X (0.03297~
0.03403), Xo~Xs (0.0029~ 0.00320)
: Qi 0g(Q) _0 :
I.(1)= x = x 1, 15
(= g0 007 ety ) =
]L‘ N ]L‘
, X2 Xz Xe Xz Xu , 0. 58870
0.28410 0.17466 0.14782  0.43987 Xii~Xso , X3 Xu X X Xa
, 0.03098 0.03916 0.03772 0. @876  0.03816
4
(1) ;
(2) ,
: , 50~ 300g
, 300~ 1000g 50~ 300g ) ,
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