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Research on partial discharge propagation characteristics of transformer

and optimization of monitoring points
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Abstract: The partial discharge ultrasonic signal attenuates severely on power transformer equipment shell, resulting in

larger differences in the partial discharge signals received by different positions of sensors, which greatly affects its

measurement accuracy and detection efficiency in field application. In this paper, a partition model of oil-immersed power

transformer was built using finite element simulation software, the partitioning rule of partial discharge ultrasonic signal on

the main surface of oil tank was obtained, and the transformer spatial sound pressure and partition sound pressure

distribution maps were formed. On the basis of monitoring point optimization method of Pearson correlation coefficient and

K-means clustering, the monitoring points with the best sensitivity of spatial sound pressure and partition sound pressure

were preferably selected and compared. The results show that the average detection efficiency of the A-level monitoring

points is 86.0%, which realizes the efficient detection of transformer partial discharge and provides a new method for

selecting the placement points of ultrasonic sensors.

Key words: transformer; partial discharge ultrasonic signal; finite element simulation; Pearson correlation coefficient; K-

means clustering
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Fig.1 Multipath propagation phenomenon of partial

discharge ultrasonic signal in transformer
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Fig.2 Simplified model of oil-immersed transformer
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Tab.1  Structure material properties of transformer
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Fig.3 Partial discharge monitoring schematic
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Fig.4 Change of peak sound pressure ratio with distance
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Fig.6 Time domain waveform of PD pulse signal
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Fig.7 PD source positions in transformer
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Tab.3 PD source coordinate in transformer

PD i & i 5 X/m y/m z/m
PDI1 -0.88 0.08 0.30
1584
PD2 -0.80 -0.22 -0.18
175 2% 4 |) gl i PD3 -0.40 -0.20 0
PD4 -0.05 -0.15 -0.03
2084
PD5 0.18 -0.15 0.24
2455 3 Ge ] [n] PD6 0.42 0.01 0
PD7 0.71 0.06 -0.24
38
PDS 1.00 -0.10 0.24
PD9 0.05 0.02 0.35
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Fig.8 Spatial sound pressure distribution diagram
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Fig.10 Horizontal comparison of partition sound pressure
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Fig.13 Partition level diagram

M 13 7] DL 75748 e 88 5 /T 22 5 4d 1 5
X 86 2 AR, 57 30 8 20 (] 8 18 1) 7 X S5 s, [
115 B &5 5L 58 1 43 # Fl Pearson A 2% 2 $05E & 4 M7 45
RAFTE, WHZS X RERAG — 2N &8
PE. FEUHRZ, %0 XEH ARG BEN, S5
1)t G2 G e DA% e 4% A BT A6 RT R HE LA R T
VRIS o AR R 2R R R O A AN E Y
Xof AL B IR IR, BE BB I XA 5 B,
AFFARZ I X S A 8

T8 7 (8] 75 AT 23 X RS K23 A1 Pearson AH
K ZABOT 5 M K-means B P&k Ml 7l
GRLHFZM 1) 73 XA ¢ R AL A GedH R 1 7 XK
H 520 5 5 500 B8 20 18] i T8 1R 43 X 25 e v s 7R
JE 2% AN T A2 54 4b 1 5 XAE 0% R BN SE )
B

[R] L, 76 75 8 A TR 4 A B oS A v DL DA Ji
M = O R 78 53 25 FE AR e 48 4b 52 %) 8 75 8 37 ) 43 52
M), £ % 2 AT B A R R I g A R AR A T AR A
b s @2 T AR R 2% HEAT A O A B N, R Ak
R, Bl 4 AL AR I U I 5 [R] A LR A JR
WOEAE T ABEL X
44 RIS

Vo R i s 2 AT N i R D VA
(A6 0, R S 56 25 A 1Y) J) TBOHE 4 e N 2
A7 53 DA SR I o JCTE 28 M 0 2 B8 1R SRR AT
60 MHz, % B S & 40 18 14 s

SEUG 5 BR PDS YR AL B AR BUE S, 4 BIE
27323547 X [ 1 st 50 R 75 U A% SRR EAT R A



@wEsFRL 2024,57(5)

VLA« 728 o4l Jog 78T PE A% 40 R 1 2 M D00 S R PR WF 123

El14 BMELENRE

Fig.14 PD online monitoring device
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Fig.15 Actual measured PD ultrasound signal waveforms
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Tab.4 Comparison of detection efficiency
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