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Know edge acquisition for aero-engine wear fault diagnosis based
on rule extraction from neural networ ks

CHEN Guo', SONGLanq?, CHEN Li-bo?

(1. Civil Aviation College,
Nanjing University of Aeronautics and A stronautics, Nanjing 210016, China;
2. Béjing Aeronautical Technology Research Center , Beijing 100076 , China)

Abstract : In view of the problem that it is difficult to understand the knowledge and di-
agnod s processinintelligent and expert systems based on neural network , a new rule extrac-
tion method from neura network based on the functional point of view was studied, and the
flow and the key algorithms of the new method were introduced. The UCI (University of
California Irvine) machine learning data were used to analyze and verify the rule extraction
method. Finally, this method was applied to aero-engine wear faults diagnoss. 237 spectral
oil analyss samples were acquired from practical aero-engine, the rules extraction from NN
(Neural netwoks) method was used to extract the diagnoss knowledge rules, the extracted

rules were explained and analyzed. The resultsfully show the correctness and rationality of
the new method.

Key words: knowledge acquidition ; fault diagnoss; wear ; neura network ;
rules extraction
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Table 1 Hfect o reiability and coverage range on the rule extraction results
T 1.00 0.90 0.80
F 0.00 0.02 0.04 0.00 0.02 0.04 0.00 0.02 0.04
0.95 0.93 0.91 0.95 0.93 0.91 0.95 0.93 0.93
21 14 10 16 11 7 11 8 6
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10 2 237
[9] . [16]. Fe, Al , Cu, Cr, Ag,
, , [13] Ti, Mg
, , , 1 F” L.l b AN1Y
[14] [15] ” 13 ”
2 3 1
1) , , :Mg, Ag, Cu,
, , Fe,Ti ,Al ,Cr. 4 .
,Fe 2 , 3
1 Mg 1 , 2
1 y ’ . 5
6 .
10 1) (0.20< Fe<7.00) = ,
2) (7.00 < Fe<17.40) >
(0.40<Mg<1.45) &(17.40<Fe<32.3) =
2) 2 y , ! ]
[14] [15] !
’ 3) (1.45<Mg<16.9) & (17.40<Fe<
' 32.3) > ,
2 10 3
Table 2 10-fold cross validation results Table 3  Attribute importance
Fe Al Cu Cr Ag Ti Mg
D3 219 114 450 109 624 175 2610
[14]  [15]
Iis  0.94 0.92 0.93 0.93 0.89
ACT 0.8 0.48 0.73 0.8 0.70 4
Hepatitis 0.80 0.55 0.68 0.78  0.69 Table 4 Discretizing results
Ecoli 0.79 0.47 0.39 0.65 0.63 Fe Al Cu Cr Ag Ti Mg
Qass 0.62 0.34 0.21 0.48 0.26 re. o _ s
17.40, '
HSVY 0.66 0.34 0.40 0.45 0.44
2 237 , 237
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Table 5 Optimum structure parametersfor Neural
networ ks
2 5 50 0 0.001

6
Table 6 Rules which are extracted from Neural networ ks

RL (0.20<Fe<7.00) = [1.00][481 ,481]

(7.00< Fe<17.40) =

R2
[1.00][239,239]
R3 (0.40<Mg<1.45) &(17.40<Fe<32.3) =
[1.00][159, 159]
R4 (1.45<Mg<16.9) &(17.40<Fe<32.3) =
[1.00][179,179]
7
Table 7 Verification resultsfor rules
! % ! % % | %
0 237 237 0 0 100 0 0
20 237 235 2 0 99.16 0.84 0
40 237 230 7 0 97.05 2.95 0
60 237 219 19 0 92.41 7.59 0
80 237 213 24 0 89.87 10.13 O
100 237 208 29 0 87.76 12.24 O
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