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Transformer windings based on leakage field and ICOA-ResNet early fault diagnosis

LIU Jianfeng, LI Zhiyuan, ZHOU Yaru
(School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: There is low diagnostic accuracy of transformer winding deformation and slight inter-turn short circuit fault
diagnosis. Thus an early fault diagnosis method for transformer windings is proposed. First, ANSYS simulation software
is used to establish a finite element model consistent with the relevant parameters of the experimental transformer. It also
analyzes the distribution law of the leakage magnetic field of the transformer in the winding faults, and selects the
appropriate fault characteristics and the installation position of the optical fiber leakage magnetic field sensor according to
these laws. Then, the optimal hyperparameters of residual networks (ResNet) are found by improved coati optimization
algorithm (ICOA), and the ICOA-ResNet model is constructed based on these parameters. The fault characteristics are
input into the model for fault diagnosis. Finally, the feasibility of the proposed early fault diagnosis model for transformer
windings is verified by simulation data and dynamic model experiments. Compared with four other models such as the
support vector machine, the proposed model has higher accuracy in early fault diagnosis. This shows that the proposed
method is effective in transformer winding deformation and inter-turn short circuit fault diagnosis.
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Fig. 1 Three-dimensional finite element model of transformer
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Table 1 Transformer structure parameter

SRR HfE B EA e

B E A/ mm 115 B E 5 /mm 430
RS 0 P /mm 320 iR O FE/mm 530
R Ge4  E /mm 320 I SR 41 R ¥ /mm 320
i IR 562 A2 /mm 128.5 fIRESEZH N 42 /mm 87.5
RS MR /mm 151 5841 45 /mm 107
o R SR I 5 201 R SR I % 139
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Table 2 Transformer electrical parameter

SRR ECE SR HE
e 2 E/KVA 50 i LR KV 3.6
A WL Rk 1/0.4 THAR/A 24838
ZiE HI/A 28.87/72.17 TR W 257.4
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Fig. 3 Local bulge leakage magnetic field distribution
with different fault degree
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Fig. 4 Single-end axial compression leakage field distribution

with different fault degree
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Fig. 5 Inter-turn short-circuit leakage field distribution

with different fault degree
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Table 5 Transformer operating state code
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9 SedH 1 SR (1,0,0,0,0,0,0,0,0,0)
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Table 6 Fault diagnosis results of different models
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W2 A 7Y Accaracy F,-Score G-mean
SVM 79.05 83.57 83.71
BPNN 92.85 93.64 93.65
CNN 93.81 94.40 94 .41
ResNetS0 97.62 97.74 97.75
ICOA-ResNet 98.57 98.60 98.60
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