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Fault diagnosis of distribution transformer based on CEEMDAN and GCN

Hong Cui  Qiu Shida Gao Wei

(College of Electrical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: Aiming at the difficulty of fault feature extraction and fault identification of distribution transformers, a fault diagnosis method
combining vibration signals, complete ensemble empirical mode decomposition with adaptive noise (CEEMDAN) and graph convolution
neural networks (GCN) was proposed. Firstly, the vibration signal from the acceleration sensor is processed by CEEMDAN to obtain a
set of intrinsic modal functions. Secondly, its marginal spectrum information is taken as the feature vector. Then, an undirected weighted
complete graph is constructed for the eigenvector matrix, and an improved gray wolf optimization algorithm is used to optimize the
Gaussian kernel bandwidth. Finally, an improved GCN model with multi-channel and multi-connectivity is built for feature secondary
mining and fault classification. At the same time, an index called peak factor is added to the model to realize the identification of
unknown faults. In the case analysis, the fault simulation of oil-immersed transformer and dry transformer is carried out respectively, and
samples of different states are extracted for testing. The experimental results show that the accuracy of the proposed method for oil-
immersed transformer and dry transformer fault identification is 97. 73% and 95. 6%, respectively, which is better than the other two
comparison methods. In the face of unknown types of faults and operating conditions change, it also has a high ability to identify.
Keywords : distribution transformer; fault diagnosis; vibration signal; complete ensemble empirical mode decomposition with adaptive
noise (CEEMDAN) ; graph convolution network (GCN)
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Table 3 Results of different optimization algorithms

BREELD

P CUWRRIRL R RO
(J%’ft 10 ¥X) /min

PSO 27.96 1.35x107° 0.152
GA 26. 56 0.616 0. 960
GWO[16] 29.22 3.93x107° 0. 145
GWO[17] 28. 86 3.83x1077 0. 128
GWO[ 18] 28.92 4.597x1077 0.133
IGWO 28.6 3.43%x1077 0.125
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Fig. 12 Confusion matrix of test set classification results
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Table 4 Diagnostic results of different load currents

(%)
s T4
110%1, 90%I 80%1,
LRI 98 99.33 98.29
LE gl 99.75 99.2 100
x5 ARAZHBETSHER
Table 5 Diagnosis results under different
no-load voltages (%)
s L
440 V 420V 380 V 360 V
A Bl 94.75 94.33 95 94.5
BRUS T p HE 100 100 99. 67 100
IEH 98.5 9.5 99.5 98.33
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Fig. 13 Comparison of different composition methods
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Table 6 Performance comparison of each method

AR HEWR/ %
JRIR1E5+GCN 86.73
SHPRIEFAE+SVM 92.78
BRFERHIE+RF 92.81
BRI FIE+GCN 93.83
EEWES 97.73
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Table 7 Unknown type fault diagnosis result
SR INGEHR R F ETBR BC RLEHERSS

R 1 BC % i 1.209~1. 821 92.76%
iR 2 RS 2 BC F% 1.357~1.791 92.21%
R 3 JRAS 3 .BC K 1.364~1.722 94.5%
LA 4 JRAS 4 BC MK 1.308~1. 627 90%

R 5 JRZS 5. BC A% 1.376~1.725 93. 12%
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Fig. 14  Confusion matrix of dry-type transformer
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Table 8 Comparison of test results with different methods

Jrik AR R AT HERI/ %
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