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Abstract:

A fault diagnosis method for turboengine based on wavelet and fuzzy network is presented. In this method, wavelet

is used to extract fault characteristics and neural network is used to diagnose the faults; the inputs and outputs of the neural network

are all memberships concretely, the inputs are the memberships of the crest factor, pulse factor, margin factor, bias factor, kurlosis

factor and maximum spectrum on each characteristic domain, and the outputs are memberships of each fault. Applications on a turbo-

engine show that the effect of this method is significant.
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Fig. 1 Fault diagnosis system based on wavelet and fuzzy neural network
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Fig. 2 Fault algorithm of wavelet decomposition and reconstruction from single scale
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Table 1 Parameters of input membership function on each characteristic domain

Characteristic Characteristic Characteristic Characteristic
domain variable = * P domain variable b ° P
M 0. 002 0. 039 0. 327 M 0. 007 0. 056 1. 264
C 2. 883 21. 39 1. 175 C 3. 081 0. 548 2. 000
4, ! 3. 540 77. 22 1. 241 ds 1 3. 831 0. 945 2. 000
L 4,122 107. 8 1. 248 L 4. 503 1. 399 2. 000
P 7. 427 17. 49 1. 262 P 0. 916 0. 120 2. 000
K 3. 001 2 277 1.314 K 3. 502 1. 875 2. 000
M 0. 007 0. 062 1.273 M 0. 056 0. 586 1. 254
C 2. 962 0. 666 2. 000 C 1. 672 1. 379 2. 000
d ! 3. 705 1. 043 2. 000 s 1 1. 865 2. 062 2. 000
L 4. 340 1. 502 2. 000 L 2. (45 2. 728 2. 000
P 0.713 0. 072 2. 000 P 0. 030 0. 189 1. 233
K 2.916 1.227 2. 000 K 1. 927 2.407 2. 000
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Table 2 Input membership of wavelet and fuzzy neural network
Signal Characteristic domain M G I L P K
as 0.830 0 0 0 0 0.638 1 0. 000 0
ds 0.578 0 0.479 9 0.472 3 0. 464 4 0.249 4 0.442 6
o d; 0.545 6 0.135 1 0.152 4 0.167 9 0.6115 0. 485 7
d, 0.785 8 0.618 7 0.592 2 0.589 1 0. 655 2 0.5124
as 0.0109 0. 406 8 0.452 9 0. 483 6 0.730 8 0.290 6
ds 0. 046 8 0.343 6 0.370 2 0. 365 4 0.5332 0.587 9
R ds 0.019 1 0 0 0 0.396 4 0.171 6
d, 0.744 6 0 0 0 0 0
a3 0.387 5 0.3212 0.342 3 0.357 6 0.578 7 0.149 8
_ ds 0.534 6 0.1850 0.184 8 0.179 9 0.010 3 0. 008 4
42 d> 0. 396 0 0.489 7 0. 464 2 0.428 0 0.626 5 0.616 8
dy 0.781 9 0. 092 1 0. 037 4 0.032 4 0.016 8 0.001 2

Table 3 Diagnosis result by wavelet and

fuzzy neural network

No. of Shafi
Signal [ Normal Friction Result
hidden unit crack
X1 0.9200 0.6018 0.6797 Normal
10 X2 0.5409 0.9583 0.7452 Shaft crack
X3 0.3451 0.6336 0.9249 Friction
% 0.9606 0.4643 0.6729 Nomnal
20 X 0.5430 0.9721 0.7039 Shaft crack
X3 0.226 4 0.5424 0.962 8 Friction
X1 0.9401 0.6490 0.6560 Normal
30 X2 0.5476 0.9585 0.747 2 Shaft crack
X3 0.3619 0.5991 0.9370 Friction
Table 4 Diagnosis result by fuzzy neural network
Signal Normal Shaft crack Friction Result
X 0.911 1 0.751 4 0.765 1 Nomnal
X3 0.683 6 0.908 0 0.791 8 Shaft crack
X3 0.736 4 0.763 6 0.920 8 Friction
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