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Abstract: Bayesian network(BN) modeling problem has always been the bottleneck of its application in the field
of fault diagnosis. There are many difficulties on the building of BN model in the practical engineering systems.
A methodology of BN modeling based on failure mode and effect analysis(FMEA) is introduced in this paper.
First of all, a method of building a BN segment based on a single unit of information of FMEA is proposed after
studying the failure information that FMEA includes. Then, the BN segments are integrated into BN modeling
utilizing the causal relationship of failure modes and failure causes. Finally, the BN modeling is built with the
example of the front wheels turning system, The model exemplifies that the BN model based on FMEA presen-
ted in the paper can not only avoid the need for a large amount of engineering experience in the traditional model-
ing process, but also can break the FMEA qualitative analysis ability, which could fuse multi-source information
effectively to perform quantitative analysis and fault diagnosis on a system.
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Fig.1 A simple Bayesian network
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Fig. 2 The iteration of different-level FMEAs
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Fig. 3 Diagram for BN fragment’s topological structure
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Table 1 Meaning for variables of network nodes(interception in the FMEA table)

BB

WRER A B X I SRR X HEREA P 8
L1 MRETMBRIFR SLET X 0. 000 000 398 1.0
L2 MRETEBRITR S2HT X 0. 000 000 398 1.0
L3 WEHTRBRIFL 3T X 0. 000 000 119 1.0
L4 HEFRBIRRR X 0. 000 002 260 1.0
L5 FRETXKBRR X 0. 000 001 254 1.0
L6 FHHETEHRKBRK X 0. 000 000 111 1.0
L7 BEENEBRENR X 0. 000 001 278 1.0
L8 BHERRBEMR X 0. 000 001 992 1.0
L9 HEERKBRR X 0. 000 031 375 1.0
Llo BT EHEARRT X 0. 000 001 321 1.0
L11 R E X 0. 000 000 071 1.0
L12 AR LVDT %&3% x 0. 000 000 950 1.0
L13 1] PR # £ P X 0. 000 000 150 1.0
L14 L T PR 4K P W X 0. 000 000 150 1.0
L15 B R A AR EBRIR X 0. 000 000 150 1.0
L16 MR WX AR, [F 1 B x 0. 000 000 006 1.0
L17 (eSS & X 0. 000 000 001 1.0
L18 Bk R R X 0. 000 000 004 1.0
L19 B B IRR B X 0. 000 000 090 1.0
L20 i 3 BHL 28 X 0. 000 000 010 1.0
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L2l HRERGHERE 1 HRSOHE X 0. 000 000 920 1.0
L22 HRERGHERE 2 HRSOHE X 0. 000 000 920 1.0
L23 BERBERE 1 RK X 0. 000 002 569 1.0
L24 BERBERE RN X 0. 000 002 569 1.0
L25 B SRR E X 0. 000 000 001 1.0
L26 R RARRBRT X 0. 000 000 001 1.0
L27 AR X IE Bl N R T x 0. 000 000 010 1.0
L28 MRHETRE 1 B3 X 0. 000 000 031 1.0
Fl1 T 5 B H AR x 0. 000 008 720 1.0
F2 B2 5k i 4 A4 A x 0. 000 008 720 1.0
F3 T5 ESEALAT 1 4R SR SR I X 0. 000 000 011 1.0
4 T5 EIREALT 2 IR T X 0. 000 000 011 1.0
F5 T5 EEALAT 3 R IR BB T X 0. 000 000 011 1.0
F6 T5 EEALAT 4 R IR BT X 0. 000 000 011 1.0
F7 FEFEBERY X 0. 000 000 010 1.0
F8 B EERK X 0. 000 000 070 1.0
F9 FE#E LVDT7 %&3% x 0. 000 000 300 1.0
F10 FF A LVDTS %3 x 0. 000 000 300 1.0
Fl11 BT ERKE RN X 0. 000 000 223 1.0
H1 2HEBRERRRERES x 0. 000 009 200 1.0
L33 FHEBETEHEEN L1~L4Z— - 1.0
L34 E B A RN F1,F3,F4 Z2— - 1.0
L35 B e i A R B L2,L5,L6 x— — 1.0
L36 DI B8 A B 3 134,135 £F &M - 1.0
L37 RTBEERRRERY F7,F8 3LF{E A - 1.0
L38 [ 2 Bh B A R L36,F9,F10,L37,F11 2 — — 1.0
L39 HHBTRALN 133,147,138 £ [ & - 1.0
L40 HERESEEBRY L21,L22 SRR - 1.0
L41 BEHRE L EN L28,L29 £/ - 1.0
L42 HETEWMSEETBREY L30,L31 &E M - 1.0
L43 HEERNEAK L12~L18 Z— — 1.0
-
L45 SCU %% L7,L8,L10 Z— - 1.0
147 AR B R L5,L6,L9 2 — - 1.0
L29 HMRHETRE 2 By X 0. 000 000 031 1.0
L30 HEEWmPE 1 B X 0. 000 000 920 1.0
L31 HERWIPE 2 W X 0. 000 000 920 1.0

. EEBHFE HEAKARERS L RARABELRSE . FREAKRE WIERSL; L1~L31 JJEFE FMEA jE5,L33~L45 R H | 2
FMEA 25 ,L44 % T2 FMEA B 5.



%33 BEBLLS% . —FiE T FMEA B SR W M T R REM B T 321

ILRL34% B FIBNF B

Wi

1B RL 36X BN B @
@ &3, BEEENE
. % AR
* (=) (=)

B4 ERXRVRAGHAEE

Fig.4 Diagram for the combination of repeated nodes
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Fig. 5 The front wheels curve system’s Bayesian network
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Table 2 Conditional probability parameters for Node L44, L40(status of the node varibles)
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Table 3 Fault diagnosis result for the front

wheel curve system

TRX
H1 0.448 321
L45 0.223 721
L24 0.125 208
L23 0.125 208

P(X=1|L44=1)
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Table 4 Diagnoses for multi-source information

TR X
L12 0.673 214
L13 0.106 359
L14 0.106 359
L15 0.106 359
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