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Abstract: [Objective] For armature winding inter-turn short
circuit fault diagnosis in aerospace generators, this paper
proposes a diagnostic method based on convolutional neural
network ( CNN ) with squeeze-excitation ( SE ) attention
mechanism and bidirectional long  short-term  memory
(BILSTM ). It aims to enhance the effectiveness and
robustness of armature winding fault diagnosis. [Methods ]
Firstly, an equivalent analytical model for armature winding
inter-turn short circuit fault diagnosis in a doubly salient
electromagnetic generator (DSEG) was established, and the
vibration signal on the surface of the generator casing was
adopted as a characteristic signal of the fault. Theoretical
derivations of the expressions for the air gap magnetic flux
density and electromagnetic force, which influenced vibration
characteristics, were carried out. Secondly, the impact of
electromagnetic force on vibration characteristics under
various short circuits was analyzed using finite element
simulation in Workbench software. Finally, vibration signals
were collected and used as actual experimental data to extract
relevant fault features. These extracted features were put into
the CNN-SE-BIiLSTM for efficient fault diagnosis. Among
this, the CNN and BiLSTM networks effectively extracted
local features and features in time series from vibration
signals, while the SE attention mechanism optimized the
feature weight distribution by selectively amplifying relevant

diagnostic features, significantly enhancing the model’ s fault
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diagnosis capability. [ Results] The experimental results
showed that the proposed CNN-SE-BiLSTM-based method
achieved a diagnostic accuracy of over 99% for inter-turn
short circuit faults in armature windings under various working
conditions. Moreover, it still exhibited strong diagnostic
performance in noisy environments. Compared to traditional
diagnostic methods, the proposed method not only
demonstrated strong anti-interference ability, high fault
recognition accuracy, and fast diagnostic speed under various
rotational speeds and load conditions, validating its
applicability in aerospace generators with complex operating
conditions. [Conclusion] The CNN-SE-BIiLSTM diagnostic
approach effectively improves the fault diagnosis efficiency
and accuracy of DSEG systems. By combining CNN for
spatial feature extraction, SE attention mechanism for
selective feature weighting, and BiLSTM for capturing
comprehensive temporal information, this method provides a
streamlined and highly effective solution for inter-turn short-
circuit fault diagnosis.

Key words: aerospace generator; armature winding; inter-
turn short circuit fault diagnosis; squeeze-excitation attention

mechanism; finite element analysis
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Fig.5 Air gap magnetic circuit lengths in different
regions of DSEG
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Fig.8 Actual vibration signal spectra for phase A

winding under different short-circuit turns
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Fig.9 Actual vibration signal spectra for phase B

winding under different short-circuit turns
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Fig. 14 Experimental platform
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Tab.1 DSEG main parameters

B EA ZHUE SRR ZHUE
E TR 12 HF N/ mm 35
LR 8 S BRKE/mm 0.25
ETFHME/mm 158 R/ mm 68
SEF AR/ mm 90 BUEREH/ (r-minTt) 3 600
FhiELR A ERECIT AL 4x100 ||FRARZEAAREBELEEL  4x10
BERBIFE/KW 3 et TN AY 70

3.2 EER&E54E

I R S S HILA 1530 B A 2 500 rpm
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TS BB E R 2 Q BT R 4 Q BHA: 7 30
2R, RN 2R EERAS () ik
2 M (26 2) FIALEE 10 (2K 3) , 43R R LA 52
HAA R R FEFREE o 7EAR R A I B s SR A
FRBER R 500 KSaS, IR IERS R M5 54 HER
IR B 27 ORI T80 Nag 4T, DL AR IE 2 W
TR DSEG 817 454 e 28 i R 3%, )
I AT T A ST $ CNN-SE-BIiLSTM A5 4 75 28 ki
MIHR N5 5 Hi AT I 25, 25 X 27 Fp T 00
BAh TOLBCE 100 DA BEDMHEAALE 3 000
A AR Bh 8, 2 700 S FEAS TR 70% T4
£ A5 Y | 30% FH Tt

X DSEG 7£ 3 600 rpm ,20.5 V Jil i i, )& H.
S TR RS M S B, AT

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



RE R, 55— P23 A i AL FRL AX S8 2 I ) R B2 BT B R

30 ZHU Ruiyu, et al; A Fault Diagnosis Technique for Armature Winding Inter-Turn Short Circuit in Aerospace Generators

P sk B2 A5 5 W SE PR BOE &l 15 fras, M
15 AR 7 (] Jo 3 B e A S IR 3 45 5 O
A YRR, Jovk HAR P, 5 S0 i R
P2 4% ( Deep Neural Network, DNN) #4754
FRIES2]

B 15 SHRES TRIRG A NEIRES
Fig.15 Time-domain vibration signals for armature
winding under three states
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Tab.2 Fault types and corresponding labels
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Fig. 16 Model training accuracy and loss values
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Tab.3 Fault diagnosis accuracy under different

rotational speeds

e t—fgii’;/(r-minfl ) L WHER R /%
1 2 500 99.16
2 3 000 98.78
3 3 600 99.63
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Fig. 17 t-SNE visualization results
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Fig. 18 Confusion matrix for diagnostic results under
different rotational speeds
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Tab.4 Comparison of diagnostic results using
different methods

LWk SRR /% i)/
CNN-SE-BiLSTM 99.26 0.051
CNN-SE-LSTM 98.77 0.049
CNN-BiLSTM 95.36 0.043
CNN 93.86 0.055
BiLSTM 91.31 0.039
LSTM 89.69 0.037
DNN 81.67 0.023

H % 4 FJ A1, 52T CNN-SE-BiLSTM (9 212
W s - 3 R =, R 99.26% , 5T DNN
W5 Y R R m Ik, AU 81.67% . X LE
CNN-SE-BiLSTM ,CNN-BiLSTM #J %1, 5| A SE I
R AHLEE R AT IAA SGR CNN B 63
SR REAE R ERBE , hy AN TR R i 1 T i FEAN
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Fig. 19 Diagnostic accuracy using different methods
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Tab.5 Fault diagnosis accuracy under different

signal-to-noise ratios

L 3=% S HHER R/ %
dB CNN-SE-BiLSTM ~ CNN-SE-LSTM  CNN-BiLSTM
TeM 99.26 98.77 95.36
40 98.96 97.38 95.12
30 96.75 95.46 92.60
20 95.37 93.74 87.45
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Fig.20 Comparison of noise robustness using
different methods
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