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Abstract: Through combination of deep belief network (DBN), sampling and integra-
tion technology, a fault diagnosis model of civil aero-engine based on unbalanced sample
driving was proposed. By analyzing the historical flight data of civil aero-engines, the model
used DBN to extract the internal features of the performance parameters, then used the sam-
pling technology to equalize the unbalanced samples, and finally adopted integrated technolo-
gy for fault classification. The model was applied to historical flight data of CFM56-7B series
engines. Compared with common fault diagnosis methods, the experimental results showed
that the model had higher accuracy of 0. 996 and AUC value of 0. 948, and can effectively

deal with high-dimensional and unbalanced problems of civil aero-engine samples.
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Table 1 = Engine sample set
i (2 g HERRE
A RE L2 30 i e N
s Ak B s

336549 —0.4335 —0.7509 33.3924
33.1272 —0.4606 —0.4783 38.5706
32.0208 —0.0162 0.4767 33.6118
331211 —0.6518 —0.5428 31.4644
33.2989 —0.5609 0.7513 16.9258

1 EH
33.5979 —0.4546 —0.5839 29.2183
32.6797 —0.5601 —0.5917 32.1233
34.9597 —0.7956  0.4235 26.8326
35.2779 —0.5154  0.6485 27.9856

35.5231 —0.4939  0.4315 32.5973

33.354 —0.5017 —0.7998 42.42
31.7788 —0.3496 —1.1295 29.2217
34.3956 —0.4535 —0.7953 31.4429
34.928 —0.2639 0.7203 34.8494
51,0808 —0.7168 —0.3538 31.0054 TR

1661 K
38.0394 —0.2898 —0.4124 36.7673 -
34.3068 —0.6333 —0.581  26.3474
34.7128 —0.5057 —0.4868  30.897
31.8918 —0.3879 —0.8021 28.3649

35.8884 —0.3696 1.0422  36.8509

3.2 3 DBN 4F{E4EBNAE R
Sy 7 A R A Ak B B 2 BT 2 5 T
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Table 2 DBN structure and experimental results

DBN %4 AR 2 UIE RS
[40,10,3] 0.11 6.133
[40,20,3] 0.106 8.419
[40,30,3] 0.105 10. 788
[40,20,10,3] 0.126 13.422
[40,30,10,3] 0.121 15.317
[40,30,20,3] 0.117 18. 273
[40,30,20,10,3] 0.143 22.633
1.0
N
0.8} [
%‘;‘0.6-
+=-
1‘..;!_
# 0.4
0.2} — IR UGk
2k
0 : ; : :
5 10 15 20 25 30 35 40
e ENMLER A A

K15 DBN £5445[40,30, 3 Jif 544 1 £k 5 J5tdh i £&
Fig. 5 Reconstruction curve and original curve

with DBN structure of [40, 30, 3]

3.3 BiuUERHEER

BT R & s HLRE A i IE H B AR |5 R 2 4L
B A A AR 2D 78 JN R B g i A v, A B
FE L AR L AL G BOE UK B 8 05 i R R A

BEAS (0 2P A ) B S T DL AN 3 T A 2 18
BEAS o TR 5 BT 0 O 1 R BE AT N 34 AR AR B
BRG] AT SE R LR 761 AHAEAS IR
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Table 3 Distribution of the sample engine

FEA %S RS
1B REA 490 210
1o K 1A 4 e il 21 9
I T e e 21 10

SR TG 4R A AT X AR 4 R A 1 43 2 i
I3RS SCRE A B3 4N L ST, 4
DBN.SVM.DBN+SVM, BRI 2 ¥k B &= F %
4o N I BRBE A BE ALY A BB EAT 10 RS
5, 45 SR BOE Y8 G 4 AR X AS 35 i 5500 11
SRBETI LS RN S Fros . @it ® 5 LA
AN BRI VA R IR & 220 AN 2RI
E 2 3l a4 4 M AUC i L 7 SCHR HY A5
A AUCHE Hy 0.948, K F H 4 = K ALK
AUCH - U8 B A SCHE Y A4S R0 A AN 35 4 B AR 26
AR A B SR T

4 HARSH

Table 4 Models and parameters

R 28

DBN k=1,1,=0.001,] =500

SVM y=1.0.1,=0.0001,] =500
k=1,1,=0.001,] =500,

DBN+SVM
y=1.0.1,=0.0001,] =500
k=1,1,=0.001,] =500,
7% 3L A A T=10,5 5 K48k SVM,M=5,

y=1.0,,=0.0001,J =500

TE 7 A SVM AT .
RS5 LEERI

Table 5 Comparison of diagnostic results

H A THE A % A
DBN 0.917 0. 500
SVM 0. 965 0. 633
DBN+SVM 0. 961 0.927
AR SR 0.996 0.948
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