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 E: FPENTRIEITRAER I RGNFREME UL T A = R mTEEdE, T e 1S5 2E I 1) A0 i s e s
R B WA . Tk, T ke g R (impulse frequency response analysis, IFRA)FI##HZ: /4%
B A IE SERE S A SR 8 T oAb . SR, X SUAR R e LA B e e AR Pk RE I 2 S R, AR
R 2 BRI AR TR SR ) ] B 1 ph 22 X 28 28 ) B Y IFRA B SR F Do) B M- 38 46 (fast fourier transform, FFT)
WA T AT #e, 1 FFT FEAE A L E B A RN ARG 5 . ARSCLARGR S 1) [F5 e 75 4h
Kent 5, SRFAES/NEAS i (continual wavelet transform, CWT) X% FFT 4b3 IFRA (B &5 5, FRETF—4k
BRI ML (convolutional neural networks, CNN) FIHARFiCIZ M4 (long short-term memory, LSTM) kg7
CNN-BILSTM AR CWT 54 2 J5 1015 5 AT B Al . st s AR SR CWT L35 T 51I1E
NIRRT AEE T F e A5 B — IR, FOP S ki 3 R A HLimrik 99.01% . MEFE XS LLsRie R KA
CWT 54 f 1B R A i 12 W 24 () ek S iz A PR BE 5
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Detection Method of Stator Winding Short Circuit Fault of Synchronous Motor Based on
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Abstract: The reliable operation of synchronous machines is related to the stability of the power system and the reliability
of industrial production. The stator winding inter-turn and ground short circuit faults are common faults in synchronous
machines. In recent years, neural network models based on impulse frequency response analysis (IFRA) have been proven
effective in detecting stator winding faults. However, these models are generally characterized by weak robustness and
poor noise resistance, The reason is that most of the models adopt simple neural network architecture and conventional
IFRA generally use Fast Fourier Transform (FFT) to perform time-frequency transformation on transient signals, while
FFT is not suitable for processing transient abrupt non-stationary signals. This paper takes the stator winding of a loose
wound synchronous machine as the detection object and uses continuous wavelet transform (CWT) instead of FFT to
process the transient signal of IFRA, and based on one-dimensional convolutional neural networks (CNN) and long short
term memory (LSTM) networks, a CNN-BIiLSTM model is constructed to detect the fault of the data transformed by
CWT. The experimental results show that compared with other models with the transformed single, the CNN-BiLSTM
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model with CWT processed frequency domain sequence as input has the best average accuracy of 99.01%. The noise con-
trast experiment shows that data transformed by CWT can make the fault diagnosis model more robust and generalized.

Key words: Synchronous machine; Stator winding; Impulse frequency response analysis; Continual wavelet transform;
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Fig.2 Effect of bandwidth parameters on waveform and
spectrum of complex morlet wavelet
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Fig.3 IFRA conversion process based on CWT
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Fig.4 BILSTM structure diagram
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Fig.5 Fault detection network structure for stator windings based on CNN-BIiLSTM
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Table1 Nameplate values of synchronous machine
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Fig.6 Simulates the broadband equivalent circuit model of
the stator winding?4

ASCAEH] Simulink 77 50 12 H g S Y 3t
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R2 BHEFHRAFTYUSHE
Table 2 Equivalent parameters of simulated stator wind-

ing31]

ZH =1 ZH i1 ZH 1H s A

Rs1 4.11252mQ Mz 23.9343puH  C3 9.56255nF L3 30.272 pH

Rs2 6.27517 pQQ Mz 26.4791pH  Cs 051541nF  Ki; 6.13099 nF

Rss 535873  Ci 6.30636 nF L1 59.4174pH K 5.18056 nF

M1, 584.391puH Cp 3.715x10°nF L, 1.89469mH Ks 12.7793nF




6 i LR HOR

7 SRATINZ(EE A SFRA K IFRA {FEL Rt
Fig. 7 Comparison of SFRA and IFRA simulation results
for winding broadband equivalent circuits
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Fig.8 FFT and CWT process transient signals with differ-
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Fig.9 Wiring diagram of IFRA measurement
&3 ELHEHNESHSERSTH IFRA BiEE
Table 3 IFRA data set of synchronous machine under

various fault conditions

I [ YIZsE bl
GSC(#1-00) 0 168 34
GSC(#1-100) 1 187 15
GSC(#1-200) 2 184 17
GSC(#1-400) 3 176 25
ITSC (#1-#2-0Q) 4 185 16
ITSC (#1-#2-10Q) 5 178 23
ITSC(#1-#3-00) 6 176 24
ITSC(#1-#3-10Q2) 7 168 32
EH 8 183 17
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Fig.10 IFRA measurement time domain waveform and

frequency domain waveform

3.2 ETFHREAMPEHIERATILEHE

H KA B A Bt 70 5] 5 FRT 5 CWT 42
o R P B E A, R P B A e B B A O
AN, i T-SNE(t-distributed stochastic neighbor
embedding) B 4E JF #EATRFAE B AT AL . T-SNE AT LA
K v AR HH R P9 BB RFAE TR, A8 A3 AR BL A B R K
b g T, ALK B AE R4 T FR
2w, HARmME 11 Prox. Hpd—A & —1
FEAS, AR AR AN [ 28 1Y B AN [ e O

()ETF FFT Z5#pl T-SNE

(b)ETF CWT 3r3#fh T-SNE
11 EFELBAHPER T-SNE
Fig.11 T-SNE diagram of stator winding fault
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Table 4 Performance statistics of other models
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Fig.12 Loss function curve of CNN-BiLSTM
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Fig.13 CNN-BiLSTM confusion matrix on test set
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Table 5 Performance statistics table for different models

and processing methods
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Fig. 14 Stator winding IFRA curve of 8.5 kW synchronous

machine based on FFT and CWT transformations
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Table 6 Performance statistics of different models and

methods for processing different snr signals
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FFT
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