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Fusion D iagnosis of EngineW ear ing Fault Based on Neural
Networksand D-S Evidence Theory

CHEN Guo
(Civil A viation College,N anjing U niversity of A eronautics and A stronautics,
N anjing 210016, China)

Abstract:  Four common oil analysis techniques, namely Ferrography analysis,
Spectrometric analysis, Particle count analysis, and Oil chemical-physics analysis, were used
together with the engine test data to develop the fusion diagnosis method of engine w earing
fault based on N eural N etworks (NN) and D-S evidence theory. Firstly, acoording to standard
wear limit, original dataw ere transformed into BOOL value Then, each sub-NN structurew as
established, and their training samplesw ere obtained based on expert experience A fter each
sub-NN w as trained successfully, the interm ediate diagnosis resultsw ere obtained through each
sub-NN. Finally, theNN diagnosis results are used as the basic probability distribution value to
each fault mode, and the D-S evidence theory is applied, and the final fusion diagnosis results
are obtained A n exanplew as used to verify themethod presented in thispaper.

Key words aerogace propulsion system; engine fault diagnosis w ear; data fusion;
Neural Networks (NN); D-S evidence theory
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Fig 1 Fusion diagnosisof enginew earing fault based on neural networks and D -S evidence theory
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: 0, 1, , :
0 1 (St1); (Sr2);
(S73); (St4)
(Sr1); (Sr2); 3
(Sra); (Sra); ,
(Srs); (Srs); )
(Se7) , BP
Fe,Cr,Ni,Mo,Cu,V,Zn,Al Ti : 3 BP
(
) : Fe
(Ss1); Cr (Ss2); N
(Ss3); Mo (Ss4); V ,
(Sss); Cu (Sse); ,
(Ss7); Al (Sss); (F1);
Ti (Sso) (F2); (Fs);
( (Fa); (Fs );
15,15 25um,25 50 um,50 100 m (Fe); (F7);
tm) (Fe)
, 1 5
, 1
(Sc1) [4]; 2
250 , 200 . 3 ;4
100 ,0 ,- 40 - 54 , . 5
, : 7-20-8,
(Se1); 9-10-8, 1-8-8; 3-8-
(Sr2); (Srs) 8, 4-8-8 ,
: 0.01, 0.9
1
Tablel Training smplesof Ferrography diagnosis sub-NN
Sr1 Sr2 Sr3 Srs Srs Sre Sk7 Fr1 Fr2 Frs Fra Fes Fre Fr7 Frs
0 0 0 0 0 0 0 1 0 0 0 0 0
1 0 0 0 0 0 0 0 0 0.5 0 0 0 0
0 1 0 0 0 0 0 0 0 0.6 0 0 0 0
0 0 1 0 0 0 0 0 0 0.8 0.6 0 0 0.6 0
0 0 0 1 0 0 0 0 08 0 0 08 06 0 0
0 0 0 0 1 0 0 0 0 0 0 0.9 0 0.6 0.6
0 0 0 0 0 1 0 0 0 0 0 0.8 0
0 0 0 0 0 0 1 0 0 0 0 0.6
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Table 2 Training smplesof DA diagnosis sub-NN

Ss2 Ss3 Ssa Sss Ssé Ss7 Sss Ssg Fs1 Fs2 Fs3 Fsa Fss Fse Fs7 Fss

Ss1

Table 3 Training ssamplesof Particle Count diagnosis sub-NN

Fcs

Fec7

Fcs

Fcs

Fca

Fcs

Fc2

Fc1

Sc1

Table4 Training smplesof Oil quality testing diagnosis sub-NN

Frs

Fp7

Fre

Fes

Fra

Fe3

Fr2

Fp1

Se3

Se2

Sp1

Table5 Training samplesof Test-dr ive testing diagnosis sub-NN

Frs

Fr7

Fre

Frs

Fra

Frs

Fr2

Fri

Sta

Srs

Srt2

St1

(0,0.01)
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Table 6 BPA of eight fault modes of fivemothods

Fr1* Rr Fr2* Re Fr3* Re Fra* RF Frs* Re Fre * Rr Fr7* Re Frs* Rr
Fs1* Rs Fs2* Rs Fs3* Rs Fsa* Rs Fss* Rs Fse * Rs Fs7* Rs Fss * Rs
Fci1* Rc Fc2* Rc Fcs* Rc Fca* Rc Fcs* Re Fce * Rc Fc7* Re Fcs * Rc
Fr1* Rp Fr2* Rp Fr3* Rp Fra* Rp Frs* Rp Frs* Rp Fr7* Rp Frs* Rp
Fri* Rt Fr2* Rt Frs* Rt Fra* Rt Frs* Rt Fre* Rt Fr7* Rt Frs* Rt
) m
4 D-S Bel: Bel2 , Bel:®Bel:
D enpster-Shafter (D-S) (1 : Beli,Belz, ,Beln
2° , N
Bayes , ) :
{[Bel. ©®Bel:) ®Bels]® } ®Bel. (3)
(1) (4) A
el ml(A)lmZ(A)i ym”(A)y
0, @ ,® m1(6),m2(0, ,m.(0,
C) , 2° m:i(® = 1- mi(A)
(2)
mz(G) = 1- mZ(A)
® , m  2°-10, (4)
1] :
' ma(0) = 1- ma(A)
m(d=0 (P ); Zm(A)=1, .
ACO .
A |m (A) y 2® n
. m'@a)=1- [Imi® (5)
=1
: Bel(dA),A 2° : ,
A : : 5 8
Beld) = >.mi@®)
B A ’ [1] :
Re= 55%, Rs= 36%,
(3 b-S i ' Re= 21%, Ro= 33%
Beli Bel: 2 , _
, , Rt=
mi ma, A, 95% ’ ’ 6
Ak Bai, ,Byk, :
D> mi@)m:B) < 1 (1)
T 5
AinBrCD
. m 2°5[0,1] AC®
m (P = 0, ’
| Z ml(Ai)mz(Bj)| , .
I,J_
m@) = il 2) {SF1, Sr2, Srs, Sra, Srs, Sre, S} = {0, 0, 0, 1, 1, O,
|1- Z ml(Ai)mZ(Bj)| 0}; ‘Cr ,
A.”I‘éij’ . {Ss1, Ss2, Ss3, Ss4, Sss, Sse,
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Table 7 Fusion diagnosisresults of NN and D-S evidence theory
0.0007 0.1468 0.0000 0.0000 0.5348 0.1014 0.0015 0.0857
0.0212 0.3303 0.0007 0.0012 0.0009 0.0010 0.0013 0.0000
0.0234 0.3066 0.0027 0.0027 0.3066 0.3066 0.0026 0.0027
0.0165 0.2026 0.1999 0.1997 0.2042 0.0020 0.1935 0.001 1
0.0687 0.8132 0.0211 0.0142 0.8192 0.0000 0.0000 0.7213
1( + ) 0.0219 0.4286 0.0007 0.0012 Q5352 (0.1023 0.0028 0.0857
2( + + ) 0.0447 0.6038 0.0034 0.0039 0.6777 0.3776 0.0054 0.088 2
3
( ) 0.0605 0.6841 0.2026 0.2028 0.7435 0.3788 0.1979 0.089 2
+ + +
4 ( + +
) 0.1251 0.9410 0.2194 0.2142 0.9536 0.3788 0.1979 0.746 2
+ +
Ss7, Sss, Sso} = {0,1,0,0,0,0,0, 0, 0}; ,
: : {Sc1} = 3
{1} : D-S :
: {Ss1, Ss2, Ss3} = {1, 0, 0};
: {Ss1, Ss2, Ss3, Ssa} = {0, 0, 0, 1}
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