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Diagnosis of aero-engine with early vibration fault
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Abstract: Multisensor network information fusion method was used to diagnose the

aeroengine with early vibration fault symtom, and several vibration sensors had been fixed

on different positions of the aeroengine to build the multisensor network. However the in-

formation collected from different sensors would highly conflicts when early vibration fault

happens, and the information fusion result get by Dempster-Shafer rule would be unreasona-

ble, so Dezert-Smarandache theory (DSmT) was applied to solve the problem. In the early

vibration fault diagnosis system proposed in this paper, firstly, a method based on the in-

trinsic mode functions (IMF) energy entropy was used to extract the signal’s feature; sec-

ondly, basic belief assignment function was constructed based on the output of the back

propagation (BP) neural network; lastly, DSmT combination rule was used to combine the

different evidences and make the final decision. Two examples suggest the approach is avail-
able to solve the problem of high-conflict information fusion when early vibration fault hap-

pens, and the diagnosis results are reliable and effective.

:2011-03-21; :2011-05-27
(1984—>,



27

302
Key words: early fault; aero-engine; fault diagnosis; information fusion;
Dezert-Smarandache theory
Dezert Smarandache 2002
s Dezert-
L, Smarandache Theory ( DSmT),
s s [11] DSmT
= . [12]
0 DSmT )
. , [13]
DSmT ,
N , DST
N N , DSmT ,
[3]
C-17 F117 F-35 F135
(prognostic and health 1 DSmT
management, PHM) DSmT )
s N , DST
’ s DST
’ 1
®:{61?02’639...70n} n
) N . ()
. Dempster-Shafer
(DST) 2
(2] De
DST s U n
’ 3
0,
(4] DST mC )t D°>[0.1] 3
’ [5] 1D m($)=0,¢ ;
DST s
2) Zm(A):l, A € D%
’ AeD?
DST 30 mA) <1,A € D°.

[6-9]
’

m(A) A



DSmT

303

my Ce) my (o)

(DSmC)

5(PCR5)
(DSmC)

7nDSm(‘(}/) - E 7711(A)}’)’ZQ(B)

A.Be D?
ANB=Y

VY € D°
(PCR5)

Mpers (Y) = 2 my (A)m, (B) +

A.Be DP
ANB=Y

D

2 my (Y)2m, (X)
|:ml YY) +m, (X)

m, (Y)zml (X)
m, (Y) —0—ml(X)}

xen?
YNX=¢
VY € D°\{¢} (2)
, PCR5
(2) , X, Y
1 X 2 Y
1 Y 2
X PCR5
XY
X Y
. [10]
[14]. PCR5
2
2.1
1
A/D
£
B - fiE
@ S| o
hib ¥ jirg
%
lj
L
fris3 i
s e
2
B
1
Fig. 1

2,

E

H

(intrinsic mode functions,

,  DSmT
, (BP)

BP
BP

DSmT

2 IMF

IMF)

(empirical mode decomposi-

tion, EMD) Huang N
1998
[15] ,
.EMD
S
(IMF) .
S = D) +r, (D (3
i=1
(D i IMF s (1)
IMF
s s IMF
[16]
1 EMD .
n IMF
2) IMF E.
HF
| ST | geipygar
I e
o R
A

Diagnosis system based on information fusion for aeroengine with early vibration fault symptom
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Table 1 Example 1 of diagnosis of aeroengine with early vibration fault
BP DST PCR5
- £0.,0. 449.0.0. 502] m(F,)=0 m(F,)=0,472
T m(F)=0 m(N)=0.528 Visjss (L) —0. 579
m(F;)=0/0
m(F;)=0.841 m(F,)=0 m(F,)=0.181
S2 [0.743,0,0.140,0] ~ m(N)=0/0,
m(F;)=0.159 m(N)=0 m(F;)=0.216
W(F)=0.879 m(F,)=0 o m(N)=0. 024
S2 [0.799,0.0.110,0] " DST
m(F;)=0.121 m(N)=0
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Table 2 Example 2 of diagnosis of aeroengine with early vibration fault

BP

DST

S1

S2

m(F;)=0.078

[0.087,0,0.935,0.09]
m(F3;)=0. 841

m(F;)=0

[0,0. 661,0,0. 287]
m(F;)=0

m(F,)=0.114

[0.095,0,0.728,0.009 ]
m(F3;)=0.875

m(F;)=0.697
m(N)=0. 303

m(F,)=0

m(F,)=0
m(N)=0.081

m(F;)=0
m(F,)=0
m(F3;)=0
m(N)=1

m(F;)=0.014
m(F,)=0.334
m(F;)=0.568
m(N)=0.084

m(N)=0.011
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