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Bayesian Network Method for Reliability Analysis of Complex
Uncertainty Systems

WANG Haipeng, DUAN Fuhai
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Abstract: The uncertainty in reliability analysis of complex multi-state system may be due to the com-
plexity of system structures, the limited test samples, and the insufficient reliability data. A new reliabili-
ty analysis method for complex uncertainty system based on non-deterministic membership functions and
interval characteristic quantities is proposed by introducing the fuzzy mathematics and grey system theory
into the Bayesian network model. The influences of human subjective factors on the selection of member-
ship function can be effectively avoided and the failure states of components and systems can be defined
accurately by using the variable membership function to describe the failure states of component and sys-
tem. The uncertain failure logic relationship between component and system can be effectively expressed
by substituting the exact value in the conditional probability table with the interval grey number. A pa-
rameter planning model of the system reliability characteristic quantity is constructed, and the system reli-
ability characteristic quantity is expressed in the form of an interval. The proposed method is applied in
the reliability analysis of the satellite propulsion system. The results show that the method can be used to
analyze the system reliability and component importance under fuzzy uncertain conditions, and the calcu-

lation amount is controllable. It is an effective reliability analysis method for complex uncertainty sys-
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X, =0.2 0.5-2r 0.5-2r
0.2 <r=<0.25 1 0 0
0.4-r 0.1-r
0=<r=<0.1 0
) =0.6 0.5-2r 0.5-2r
0.1<r=<0.25 0 1 0
0.4-r 0.1-r
0<r=<0.1 0
x =0.1 0.5-2r 0.5-2r
0.1<r<0.25 1 0 0
0.3-r 0.2-r
0=<r=<0.2 0
x,=0.7 0.5-2r 0.5-2r
0.2 <r=<0.25 0 1 0

A ¢ R TRRSERA G AR, W
A — et RIS BE ¢ 4 0. 125, 4 R Ge A7 7T e
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Fig.5 Grey fuzzy possibility of leaf node T
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Tab.8 Grey fuzzy possibility of leaf node T in
failure state O
r JRAE X [8] BUFR2E
0.05 [0.008 69,0.011 93] 0.003 24
0.1 [0.008 49,0.01170] 0.003 21
0.15 [0.00515,0.007 15] 0. 002 00
0.2 [0,0] 0

PEHT . R, ASR =ARTT A B RR S SRR
JE PRI BRI S Ja B pR B, SRAG 1Y o T A T A

5

[l B PR 2 B K @ B T REE (WL SR 9) . M
SCHR[ 4 ] J7 RS K GO BN 7 33580 i 45 45
T AR T AR R AR 2 (0 A5 ] e PR I, 75 224

Bl =0.1.%3 ~ %5 T =a‘;b",i+;%é§%tzn
%9 N,
20w T AT S A R
ot

Tab.9  Grey fuzzy possibilities of leaf node T

in different failure states

TR G BRI T A
BRI RS
A7 SCHk[ 4] 7k
0 [0.007 47, 0.01032] 0. 009 54
0.5 [0.004 31, 0.00544] 0.005 41
1 [0.98506, 0.987 43 ] 0.985 05
%9 ml%l.

1) KA BN 53 245 R4 & SCik[ 4]
TR ZE SR B TE T BT EE 7 IR A B

2) X[ R/ L EHLI 1% P(T=1) >P(T=0)
>P(T=0.5), RIAEYHTEORE TS ek R
IR A AT P R TG B %) T B 2 TR R
AIRENE , LR GE A A B e ity vl RE MR K
2.2.2 WY SURERE AR ST

FRAE T AR SZPRAISCHR [ 25 - 26 ], 45 AL E ik etk
AR 1 BRI 10 Fis , HR I i a8 A )
RALFRRRAS A 0. 5 SHUBRRAS S 1 B BE A
[

F10 4fFskER

Tab. 10  Failure rates of components h™'
BRI
2014
1 0.5

FUR/iSE 8 x10°¢ 8x10°
(PR 1x10°10 1x10°1°

A iR 1.27 x10~°

FE A& R 5%x1077

= 1.6 x107°

ae’ ] 0.35x10°°

15 LA I i e A st 1) R A 50 A, D 2 1
FSERERRECH R(1) =exp ( - At) , o A FRAM:
R M 3 PO ERIR S RO TE R |2
i B AR, 20500 RSO 2 0.0, 5 RN 1 Jkedliagk , al sk
FRRFAEREI 2RISR T AR, Y DELE
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KZEHIRARE 5000 h B, LIRS 55 a0, ], 3R A5 2, 0T
ISR 0 BYBHIMESR N P(a2) =0.960 789 443K
PR A o, A0 TR RS 0. 5 F0 1 AT 3
S P(x2%) =P(x)) =0.019 605 28. [F]FH, W] K5I
AR SBORIRER I 11 R,

F 11 AR EEMBHE
Tab. 11 Fuzzy probabilities of root nodes

RiD=t DR Rtk A TR A5

0 0.997 503 12
X1 X5 X

B 1 0. 002 496 88
0 0.993 670 12

X2 \Xe
1 0. 006 329 88
0 0.960 789 44

X3 Xy 0.5 0.019 605 28
1 0.019 605 28
0 0.999999 12

X4 \Xg 0.5 0. 000 000 44
1 0. 000 000 44
0 0.999 200 32

X10 %11
1 0. 000 799 68
0 0.998 251 53

X2

1 0. 001 748 47

AR 11 (4) 2 (7) TR Y S T Ak
T TR) e B R A K AR R (LR 12), A
SCHR[4 ] 2R Bk K B BN J7 i 138 4y
T AT AN TRl B bR A5 £ RSB MR 236 1) A 2k e, 45 2R
sk 12 fin,

F12 HFRTATHARGERSHKE
GREES
Tab. 12 Grey fuzzy probabilities of leaf node T' in

different failure states

A ~ TR ORI
AT Btk
ARSI SCH[4 1078
0 [0.99249,0.992 57 ] 0.992 53
0.5 [0.000 35,0. 000 37 ] 0. 000 36
1 [0.007 06,0.007 16 ] 0.007 11
3 12 5.

1) JRAEREH BN J7 1545 2 i) 45 R A0 5 SCHk[ 4]
JHETHEAS RSS2SR B0E 1 e o7 ik i A Rt

2)P(T=0)>P(T=1)>P(T=0.5),%&MFY

TERAE 5000 h B, 7t R G0 o s AR K F
2 B 11 MU R ot (A AE 23, L 00 i e 1 A R
e/ I R AR
2.3 REREEEST
2.3.1 JREOFBHPREEZE

2R 1. (3) A7) X ATA5 AR A5 «, AR
ARZS A O B XTI A T BBIR S R 0.5 A9 K (e
RARTREYE ; FiE (5) sUAFAR T o5, o, X EAT A5 7 ik
RAER 0.5 WIKERIBPIRSEZ R [ 5 («,) 21kl
2N 6(a) Fizs, [RIER, AR AR Y 5 o, XF Y
ST BERREE R 1 K EBRPIR S EEE 1 (),
WE 6(b) Fin, TR IEBRE] FALRT & o X0t
T TR N 0.5 F 1 B IR A TRR S H i

AF——51h
20
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Fig.6 Change of grey fuzzy importance degree of node

x, with variable r
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a4l

r BIZEAT RN, A% LR TR R A A Bt - KT
I, AR5 2 bR T P IR () AR ), 43
ARG IR WA, TR E bR TR A 1S

A7 ER 7, 2 r 04 0. 125 I AR Y IR 25 H 28 iy B
{ELIXTAI (W2 13) , FISCHR [4 ] 7736 THEE AR i
AR T 28 S5 RN 13 P,

£13 RIAKEEMRSEEL

Tab. 13 Grey fuzzy state importance measures of root nodes

Is(x) 1 (x)

SRR 417 IO 4] I

X, 0 [0,0.000 13 ] 0.004 13 [0.00059,0. 005 90 ]
Xy 0 [0,0] 0. 007 26 [0.003 25,0.009 08 ]
X3 0. 000 14 [0,0.00115] 0. 000 46 [0,0.00270]

Xy 0.002 78 [0.002 07,0.003 40 ] 0.008 11 [0.005 28,0. 008 37 |
5 0 [0,0.00099 ] 0.001 05 [0,0.003 07 ]

Xg 0 [0,0] 0. 007 65 [0.004 35,0.009 92 ]
X9 0 [0,0.001 14 ] 0. 000 23 [0,0.002 37 ]

g 0.001 56 [0.00041,0.00230] 0.004 98 [0.001 52,0. 005 63 ]
Xy 0 [0,0] 0. 005 28 [0.001 45,0. 006 92 ]
X1 0 [0,0] 0. 009 33 [0.00491,0.01102]
X 0 [0,0.000 66 ] 0.002 39 [0,0.004 03]
%1y 0 [0,0] 0. 106 45 [0.11076,0. 136 84 ]

i 13 v, k14 RIYAKREEHMKBELE

1) RGBS BN IR 6 (x) B8
SCHR[4 ] T B a5 3, 500 T T ik A
B

2) TECHRAY B Y AR RO SAFT, AT A
(PR T ELRE AT, X T R GE R RRR A, 9 5
0, N ARG AT X T R G ECIRES, T x,
R R GRS T
2.3.2 RO O

R 11 A1(6) | (7) SRR Y 8« JK A5
W SCHE T B (W% 14) . FISCHR[ 24 ] #2419 T-S
RN 0 B A 5 T SR Y A, R R, H
SCHR[24 17 iERT TR AR r=0.1 K3 ~FK5
®. :ai;b",#iﬁljﬁﬁi@ji[ﬂ BN 1 CPT 5 T-S [ J#L
TR DG 2R, X T-S T TR 2 A7 WA, 53 45 S
# 14 R,

& 14 W0,

1) HKEER BN Jriki 5 i I s (x)
FrOCHR[ 24 ] TR R 45 R R T BT R T R
AR,

2) MM S B L TR X T R Gk
BRSS9 A5 a0, A o, & A 1T SRR A B AR LR B |

Tab. 14 Grey fuzzy critical importance measures

of root nodes

I5.5 (=) I (%;)

x;  SCHK[24] SCHR[24]
AR AR

WiRS ik
[0.03276, [0.014 13,

% 0.03382 0.014 48
0.034 83 ] 0.014 78 ]
[0.082 85, [0.03573,

%, 0.08551 0. 036 61
0. 088 07 0.037 38
[0.421 42, [0.08049,

x;  0.44033 0.084 23
0. 464 81 ] 0.087 42
[7.85x10°°, [1.81 x107°,

%y 8.46x10°° 1.89 x10 ¢
9.73 x107¢] 2.00 x107¢]
[0.03276, [0.014 13,

x5 0.03382 0.014 4
0.034 83 ] 0.014 78]
[0.082 85, [0.03573,

% 0.08551 0.036 61
0. 088 07 ] 0.037 38
[0.421 42, [0.080 49,

x;  0.44033 0.084 23
0. 464 81 ] 0.087 42
[7.85x107°°, [1.81 x10°°,

xg  8.46x107° 1.89 x10 ¢
9.73 x107°] 2.00x107¢]
[0.348 73,

%o 0 [0,0] 0.350 81
0.353 67
[0.11169,

1o 0 [0,0] 0.11235
0.11327]
[0.11169,

Xy 0 [0,0] 0.11235
0.11327]
[0.244 20,

X2 0 [0,0] 0. 245 66
0. 247 66 |
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PREZE, LI RS,

1) FrRJ5 e 45 1 T 158 BN A fE S e 4 1R ik
BEIR S FIC R AN AR A 25CH i 4L 1F N 2R 4 ) AS
T TR B 322 2 O 2R A N 12 ) A P A AR R
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