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Abstract : The purpose of this paper is developing an improved Markov chain method for vulnerability assess

ment of an aircraft which has arbitrary overlapping among critical components and probably receives multiple

hitsin a campaign. Snce actual aircraft always has arbitrary components overlapping, an improved Markov

chain method for aircraft multiple hit vulnerability assessment isproposed based on the' aircraft vulnerable are-

a decomposition method” , and an universal algorithmis al s offered for the solution of transtion matrix , which

contains two key parts, namely determining the matrix dimenson and constructing the transition matrix. In
the end, a numerical exampleis given. The result shows that the method is effective and feasible.

Key words: vulnerability ; vulnerable area; component overlapping; multiple hit; Markov chain

[15]

[1]

1
’ y n
: : S
j , Ti+1
j+1l , j+1
, Si+1 = T+ S§ (D
S =TS (2)
S
: (1) (2) n
’ Shn
: n
PK/ H,n
' Punn = Kreo + Koo (3)
. Knre.n ; Kicen
:2005-11-07; :2006-03-01 Sn
: (10372082) !

E mail :bf song @nwpu. edu. cn



320 28

5 ( a e) : (3 Kic
(1) 2 ,
(el : p fi,f2 e,e,e 2
,3
, ) , 2 1
' 1 2 3 8
5
4 € .’zl ” 2 9
€ /
) 6
13 ” , 13 7 4 ll Io
2 , a,b , 2
P, P2, a Fig.2 Aircraft model with two redundant sets
Si; b Sz 1 2
b Si2 Table 1 Exigting states of the aircraft model of Fig 2
, A,B A B(
) ' Knre 1
Sipr+Sep(l- p),S2(l- po) -
p2+Szp2 Slzplpz fa, f2, f1_f2 22-1=3
(2) e s e a8 e 5 .
_&, e_e_ 6
, fi e, f1_e, f1_es, f1_
! (:1_82, ffl_a_e;; fl_ez_fea, @-17-1)
2_ e, T2_€, T2_€3, T2_ +1=13
e_e, fo_e_es, fo_e_e3,
fi_fo_e_e_es
nk 1
1 ! 25
p f e e
) e m , |
ni, X1, X2, ,Xni ’
2
i 5
4 (2
P f N
NNy
, S(i) ,1<igN ,
2 4
, S(1) Knre , S(N)
nk,S(2) S(N- 1)
1
Fg.1 Aircraft model with one redundant set Puw.j J w
5 , " Koe 8,82 ,8_e,nk Pu,i = Aw.il Arj, w =123, N (4
Knre ( ) CAwj J w
, nk , ( )5 Ae,

2+1=5 a_e j v Awg Apg



2 321
2 m
Table 2 Exiging Sates o the aircraft with m sts of redundant components
KHTC l
i X1, Xn , X1_X2 Xni-1_Xn, m A m
i=1, ,m Xi_ _Xn,i=1, .m iZ(ZI-l) :iZNi
i i X1_Y1 X1 Xni -1_Y1, _)/nl-l m1 m mi m
=1, m-1,]j Xi_ _Xn_Yi_ _Yn [(Ni- D(Nj-1 +1] & Nij
=2, m i = m- 1 j_2 m ‘ZJZ \Z]Z
X1_ Y1_ Z1, m- h+1m- h+2 m
i j k h . N o - o }
, X1 Xn-1_Y1 yJ 1 Z1 Zn-1 iZ jZ kZI[(N D(Nj-1) (Nk-1) +1]
i=1, ,m- h+1, J =2, ,m X _an yi_ —ynl— a_ an m h+dm- h+2 m
~h+2.k=h .m3<hsm i=1, .m-h+l j=2 m- h+2 é_ _ Nij k,3<h<m
k=h, ,m3<hs<sm 'Z’Z 2"
nk 1
m m-1 m m[m- h+1m- h+2
Ni Nij
2N 22N 2 2
k_Z.N”; +2
S(N) S(w) =S(w),
N N
Apj = Aw j (5 w=1,2,3, ,N; Tun,j+1 = Z Pw,j+1 = Pw,j+1
, =0 c
0 w=1,2, ,N-1 q i
PWO - (6) .
1 w =N S(g S(w) =S(i) ,w=1,2,3,
y , N Pw,j+1 y
1( j+1 : q
), i Tig,j+1
0, d
S(w) 0 w=1,2, ,N-1 (7) ( )
w =
1 w = N ( ) 4 ’
Tj+1 Tigj+1, )
j+1 q , 4
i 1
N
Tig,j+1 = WZ Pw,j+1, S(q) S(w) = S(i)
(8) e :
Ti+1, (1) )
(3) j+1 S(i),1<i<N N
(4) (8) :
0, ’
a , ,
1, (N x N) ,
O Knl'C KI'C S
(a

:S(9 S(w) =S(9,w=1,2,

3, , N; Tq],j+1 = WZ Pw,j+1 =1 y qu,w#q,j+1 =0

b S(N) ,



28

322

Table 4 Data after vulnerable area decomposition
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Table 3 Original data of aircraft model
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