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Study on acoustic-electric joint localization method for transformer partial
discharge based on snake optimization algorithm
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Abstract: To improve the accuracy of locating internal partial discharge sources in transformers, this paper proposed an
acoustic-electric joint localization method for transformer partial discharge based on the snake optimization (SO) algorithm.
A three-dimensional model of the partial discharge source inside a transformer was established, and the localization
performance of different methods for typical partial discharge source positions was tested through simulations using ultra-
high frequency (UHF) sensors and ultrasonic sensors. The results show that compared with traditional localization
algorithms, the SO algorithm exhibits stronger global search capability and faster convergence performance, and can better
escape local optimum traps. Using a transformer partial discharge localization experimental platform to simulate the partial
discharge process in a real transformer, it is found that the comprehensive localization error of the proposed acoustic-electric
joint localization method based on the SO algorithm is consistently below 50 mm, with high localization stability.

Key words: transformer; partial discharge; snake optimization algorithm; localization; acoustic-electric joint
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Fig.1 Partial discharge source and sensor location
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Fig.2 Transformer simulation model
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Fig.3 Partial discharge waveform diagram
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Table 1 Material parameters

M 7 P A PR/ (m/s) 2 1% /(kg/m®)
AR JE # 1 400 895
g 5100 7 850
i 4700 8 900
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Fig.4 Propagation cross-sectional diagram of ultrasonic signal
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Table 2 Ultrasonic sensor coordinates

#HR AFR/m
FE%EE S1 (-1,0.3,0.755)
FEIR S S2 (0.8,0.3,0.755)
FE R3S S3 (0,-0.3,0.755)
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Table 3 The errors of the three positioning algorithms

5 JRESEORUEASR/m NIMS/m SO 5%/m PSOHi%/m

Pl (-1.69, 0.44, 0) 021 0.18 021
P2 (-1.69, 0, 0) 0.36 0.33 0.33
P3  (-1.16,0.44, 0.53) 0.06 0.04 0.02
P4 (-1.16,0, 0.53) 0.04 0.04 0.20
P5  (-1.16,-0.44,0.53) 0.14 0.05 0.12
P6 (-0.58,0.44, 0) 0.06 0.13 0.16
P7 (-0.58, 0, 0) 0.20 0.29 0.28
P (-0.58,-0.44,0) 0.14 0.22 0.14
P9 (0, 0.4, 0.53) 0.17 0.04 0.05
P10 (0,0,0.53) 0.06 0.07 0.03
PIl  (0,-0.44,0.53) 0.15 0.08 0.08
P12 (0.58, 0.44, 0) 0.14 0.14 0.16

P13 (0.58, 0, 0) 0.26 031 0.29

P14 (0.58,-0.44,0) 0.16 0.17 0.18

P15  (1.16,0.44,0.53) 0.14 0.17 0.16

P16 (1.16,0, 0.53) 0.16 0.07 0.10

P17 (1.16,-0.44,0.53) 0.14 0.15 0.07

PI8 (1.69, 0.44, 0) 0.57 0.56 0.57

P19 (-1.16,-0.44,-0.53) 0.14 0.09 0.05

P20 (0,0.44,-0.53) 0.42 0.38 0.39

P21 (0,-0.44,-0.53) 0.21 0.30 0.24

x4 RELZRHINE

Table 4  Error results analysis table

ik (0,0.05) %4 (0,0.15) %% B1{E/m

NIM 1 10 0.187
SO 3 11 0.181
PSO 2 9 0.183
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Fig.6 Schematic diagram of the experimental

platform and wiring
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Fig.7 Installation diagram of sensors
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Table 5 Sensor parameters
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Fig.8 Location of partial discharge power source
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Tab.6  Partial discharge localization results
JC L /mm &K% /mm SO §i4%/mm PSO fi%/mm NIM $i%:/mm

S,(3 200, 1 700, 690)
S,(4 600, 950, 950)
$,(150, 900, 960)
S,(1 740, 1 700, 1 870)
$,(150, 950, 960)

S, (750, 150, 120)
$,(600, 1 700, 380)
S,(150, 1 570, 1 340)
S,(2 140, 150, 670)

(2563, 1 495, 732)
PRZE:41.45

(2 600, 1500, 750)

(1428, 1488, 425)
W¥.26.23

(1 440, 1 500, 445)

(322, 1 524, 792)
R2:49.03

(330, 1 500, 750)

(2599, 1512, 768)
iR 7 :53.67

(2 459, 1 486, 672)
RZE1T1.7

(1402, 1 538, 386)
72 :68.53

(1385, 1 428, 506)
¥ 163.7

(286, 1 460, 728)
RZ:97.41

(398, 1 546, 696)
RZE:144.8
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