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Transformer early fault diagnosis based on improved VMD denoising and

optimized ELM method

LIU Jianfeng, LIU Mengqi, DONG Qianwen, MEI Zhicong,ZHOU Hai

(College of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China)

Abstract: The internal leakage magnetic field of transformer is an important criterion for determining the early fault of
transformer winding. In actual operation, noise can interfere with the detection of the leakage magnetic field, thereby
affecting the judgment of the fault status. Therefore, firstly, genetic algorithms are used with sample entropy as the fitness
function to optimize the parameters of variational mode decomposition (VMD). Subsequently, the relevant modes obtained
from VMD are processed using wavelet thresholding to eliminate residual noise. Next, feature vectors are selected and
extracted from the denoised leakage magnetic field signals. These feature vectors are then input into an improved extreme
learning machine (ELM) for training and classification, achieving early fault diagnosis of transformer windings. The
results of simulation and dynamic experiment show that this method exhibits a good denoising performance, effectively
restoring the original leakage magnetic field signal. Ultimately, it enables accurate identification of early faults in
transformer windings.
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Figure 5 Measurement path and point distribution
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Table 4 Comparison of denoising effect of different methods

PRU NS R 1L /dB Wik WRMHMRR
EMD 4.306 56 1.049 1 0.807 4
EEMD 12.373 40 0.4116 0.9727
VN R (RS 26.459 60 0.0813 0.987 2
ARSI i 28.216 90 0.066 4 0.999 3
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Table 5 Performance comparison of several
classification methods
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Figure 12 Relationship curves between Euclidean

distance and fault degrees
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dynamic model test

A

01 2 3 4 5 6 7 8 9 10
FEAR S 5010°

{H/mT

=
il

(b) BN )5 U 5 15
B4 Sl fe 5 o) okt s
Figure 14 Noise reduction process of measured signal
B f5 5 £ W5, i H GA-ELM X 52 15 21 #
123 ZH B0 047 W0 e 43 26, FLvh [ ) B8 5000 O 48
M, GA IR 75, TR 45 R an & 15 s,
] IR SC 5 12 i v B AR e B R

S — P
—— HILH — HSLH
5 F TR A 5 - B {E

=4l L
ﬁ 4 4
s 3 3t

2t 2f

0 20 40 60 80 100 O 5 10 15 20 25

FEA %5 FEAR S
(a) Y& 4E (b) iR 4

15 DI 4E onlaX & Fm 45 R
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