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Research on Weighted Logical Inference for Uncertain Fault Diagnosis

DONG Chun-Ling" 2 ZHANG Qin*?3

Abstract
overload, insufficient data, and incomplete knowledge and observations, this paper systematically investigates the algorithm

To solve the problems of fault diagnosis of complex systems such as modeling complexity, computational

and its mathematical foundation for weighted logical inference (WLI) by means of dynamic uncertain causality graph
(DUCG). After introducing a novel mechanism of logic event inference that is accompanied by algebraic operation of
weighting factor, WLI is characterized as “self-relied” chaining inference which guarantees the auto-normalization of
variables’ state probabilities, providing solutions for compact and incomplete representation of multi-valued causalities.
Since WLI is beyond the realm of classical mathematical logic in respects of incomplete information and high dimension
of propositional truth value space, this paper presents its formal definitions, supplements the inference algorithms, and
analyzes the operational features in order to ensure the theoretical rigorousness. Also, the theoretic self-containment and
self-consistency are proven in detail. The results of algorithm analysis and fault diagnosis experiments indicate WLI's
efficiency, accuracy, and less dependency on the preciseness of parameters and completeness of observations.
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Fig.1 An example of M-DUCG
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Fig.4 The graph of an example hybriding S/M-DUCG
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Table 1 The logic gate specification of Fig. 4
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2 X71X1,1

FEMERHEB 20T, BRI 2 M EA R X,
(K14 I AR RIE, RIT P BN R EE BAT, 28
HIFIR(E AR X, MZIMERR X3, X; HE B &



12 81

AR IAE H T AN R 2 W A2 R A B T A

2777

B, B R X HEAT RRE AR R OT. &5 R
LE
Xig=Pr141Bs1 U P 151851 =
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Fig.5 The sub-DUCG for vibration fault of generator

tilting pad journal bearing
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Fig.6 The diagnostic DUCG for Experiment 1
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Table 2 The variable definition of Fig.5

B AR AR J I R AR
X102 K EMLEER (GSYO001JA_XAO01)
x RS T e e B AR s 1
o (GPA302UR_XG41)
A TCHRB) I A
X171 ~ X174
(GME401,/402/406 /407MV _XQ01)
TP R
X175 ~ X178
(GME401/402/406/407MV3_XG01)
Xi79/ X180 S ECHREN i (GME401/406MV4_XG03)
X185/ X1s6 GPA f##"3h1E (GPA001/002SYT_X(G37)
Xis7 K HLBE (GPAO01KS1-XV01)
X5 MR A (GME014MC_XQO01)

R3S HEAET T
Table 3 The logic gate specification of Fig.5

B RE RAELIERK

0 FISRE
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2 Xi71,4

0 FISRE
G3

1 Xaos,1 - X172,2

0 TR
Gy 1 Xaos,1 - X173,2

2 Xi73,4

0 TR
Gs

1 Xaos,1 - Xi7a2
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Table 4 The hypothesis space yielded by the diagnosis experiments for vibration fault of tilting pad journal bearing

ETRE) FHES J A [ GALTPSEiBaN 21 S
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Big1 B TUAL 5 FUAA T BRI R 0.0391
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JT U AR PRREVE B R0 5 TR R OG 2 2 BRI (134 2
Z I E %, 1 BNs 11 22 3% 3 9 2% K 75 41 H [41
5% (Clustering) MRS 5% (Cutset condi-
tioning) &%, WYY B H MG 2, HERF B S5
IPENETESE K 5) DUCG fEAEARIE v it
TR HRHERE (TS IR A I R B ), AN e 4
DUCG W] & & — 41748 5 (1 1565 M 22 40 A 1) 308 4
ik, M BNs [{] CPT &k WARMIUN 58 e RIX.

5 g

AICHE DUCG BURHES R REAT 17 WLT BHig )
RGACHEIT. o S22 WA D0 (0 1] 33t 2 3 A e
B, WLI R ABCE R B A2 5 5 DR F A (132
oz SN RIFA7 (I8 5507 3, 2024 ) 20 g g B

WK A R e, AR ES LS i
PE, ARSCN WLL LAl BELIE 14 2R 1 58 25 1 R0 22 A1 2
ok, bz T g M #IE A, 41T De
Morgan HUk & HEIRBLE I, BEAT T8 HAE TR
B HEBLSLUAT RN ERE R, B A
AW TEITIE TIRUE. ST 45 R, FAE K
BRAL R RGBS W T AT e 2 1) TR AR

et BEAMARECE FYH = AFT7m: 4
TSN ANME, DN PR, T ACEU IR
TG TEE N ICRBCATE . ASCERAEAE
PRI 2 AT WLL R RR = AR RO IX T
W2 H 125 DUCG B IR g 5 58 % 58
SE WS BAR LA, DA ARE (T 98 T Bok) WLI
MR B HZ AR PR st — P M se A . FLE AL A
ZHERE, RIATAKMIZE 75 1),
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