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Fault Detection in Oil-Immersed Power Transformers'Based on
Generalizable Graph Knowledge Distillation

ZHANG Ruijia', MA Huifang', ZHANG Yingyuel, PENG Shengjiang®
(1. College of Computer Science and Engineering, Northwest Normal University; Lanzhou 730070, Gansu, China;
2. State Grid Gansu Electric Power Company Wuwei Power Supply €ompany, Wuwei 733000, Gansu, China)

[ Abstract] Dissolved Gas Analysis (DGA) aims to identify‘potential fault types by monitoring the dissolved gases in
insulating oil. However, existing DGA methods exhibif limited,performance because of the constraints imposed by
the scarcity of labeled data. To address this issuesma movel Graph Knowledge Distillation method (GKDG) is
proposed to enhance the accuracy and efficiency of thé DGA. It employs a dual-view graph construction strategy to
obtain additional supervision from sample néighborhedds, aggregating information directly from other samples
through propagation. Furthermore, knowledge frorfithe teacher Graph Neural Network (GNN) is distilled into the
student GNN model, ensuring that thestudent model can effectively capture and interpret the complex relationships
among the dissolved gases. Additionally, tovalign the student and teacher graphs in the embedding space, multiple
types of knowledge are introduced, ‘théreby enhancing the learning capability of the student model and enabling it to
learn better from the teacher model. The experimental results validate the effectiveness of the GKDG in improving
the DGA performance, providing strong support for the maintenance and fault detection of power equipment.
[Key words] oil-immersed, power transformers; fault detection; Dissolved Gas Analysis (DGA); Graph Neural
Network (GNN) ; knowledge distillation
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Table 1 Environmental parameters
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e T H Python 3. 8. 10
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Table 2 The architectural details of GKDG
(taking the DGA-2000 dataset as an example)
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(2 321, 256) GCNConv(256,128) (2 321, 128)
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Fig.2 Performance of GKDG and baseline methods on different datasets
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Table 3  £-NN rationality analysis

DGA-200 DGA-2000
Accuracy/% Precision/% Accuracy/% Precision/ %
0.3 62.25+4.95 68.2545.94 59.2342.27 64.56+3.37
0.5 65.20+4.05 69.5142.60 66.5941.25 70.76+1.50
0.7 67.06+2.81 68.4044.13 72.39%1.02 73.55%2.23
0.9 66.47+£2.97 67.8144.18 71.0841.08 71.37%2.71
GKDG  72.55%2.24 75.57%3.15 75.131%1.24 74.46%1. 41
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Table 4wAnalysis of distillation effectiveness %
DGA-200 DGA-2000
F5AY
Accuracy Precision Accuracy Precision
GKDG  72.55%2.24 75.571£3.15 75.13£1.24 74.4611.41

w/o PL loss 71. 961,26 74.36+£2.62 74.86+1.23 73.35+1.44
w/o EL loss 71.4741.72 73.2442.82 75.044-1.57 74.4241.33
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