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Study on Partial Discharge Characteristics Based on Copper Foil-multilayer

QOil-pressboard Insulation Structure

YUAN Zichao, ZHAO Zhengyu, WU Hongbin, REN Fugiang, LI Qingquan
(Shandong Provincial Key Laboratory of Advanced Power Transmission Technology and Intelligent Equipment, Shandong University,
Jinan 250061, China)

Abstract: The main insulation, inter - winding layer insulation and insulation near winding conductors of power
transformers are all oil-pressboard insulation structures. However, due to differences in pressboard layer thickness,
the number of oil - pressboard interfaces and the distribution of copper foil conductor layers, the partial discharge
characteristics exhibit significant variations. To analyze the influence of structural differences on AC partial dis-
charge under similar insulation thicknesses, the samples of single-layer thick oil-pressboard , multi-layer thin oil -
presshoard and copper foil - multilayer thin oil - pressboard are prepared. The partial discharge inception voltage
(PDIV) is measured using the pulse current method in a needle-plate electrode model , the phase-resolved partial
discharge and time-resolved partial discharge patterns are obtained, and the discharge repetition rate and average
discharge magnitude are calculated. The results show that the PDIV of the three samples are 5.73 kV, 8.42 kV and
10.19 kV, respectively. After voltage application for 120 minutes, the multi-layer thin oil-pressboard sample has the
highest discharge repetition rate , approximately 82 times/s, while the copper foil-multilayer thin oil-presshoard sam-
ple has the highest average discharge magnitude, approximately 199 pC. Multi-layer interfaces increase the dis-
charge repetition rate , while the copper foil layer enhances the discharge intensity. The discharge development sta-
tus shall be assessed by combining discharge patterns with statistical features.
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Fig.1 Needle-plate electrode model
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Fig. 2 Flow chart of oil-pressboard insulation

TMARLELHT

TU BT

sample preparation

YR UG 25 572 e, i 5
TEINER ZY - 10 T AL BT AR IR 0.5 mm
(147 15 A0 FIE B 2y 0.08 mm A 26 2% 4T, 4738 BY
NI T0 mm T . TR B RE R, 48 Sl e
60 °C .50 Pa Z5 1 T HEA TGRS I8 AL 28 L <UAL 3
A2 BRI PR 3 i U S AR 2 o s 48 2 4R 7
110 °C.50 Pa 251 F BL45 T4 72 h, LE BRI P A
BEIK B G IR BB AR AU BTG 75 80 °C .50 Pa 75 1F
T EAS RN 48 h, [l 2 23 7 o3 B SR ARET HE ALK AN
JR IV B

TOALEESE 5, XTI AR 466 25 1 G A S 4
PEATASIN , B0 PRAMHR AR HOK B AR T 1% A i
K & AT 10 /L3 SRR B BUIE T
2%, KNGS , U T s PR I IR 2
o 222 WA S — 2 )2 W 4R 7R )=
AR T RIS RS A 2 IR PRIE A 2 i 4R 5
SRR G DA O S R
M PRAIE 3 FEARE HAT B — E R IR S
1.3 FEaEBA R i o] 2%

N BRI )3 AR 48 G 45 H e TS i it s
R RS B AR FRLAR 5, #E  1 E T  VE 1 SR A
P 3 [ 6 S 00 P B T S o 4 PRT LI 3, 52
BB FESHOILER 1. M m BE 322 T
HLUR TR e TR A BRI LR A i 2 A
M BELATC SR TSR ASC B8 7% s B Al R A e
Ao R COE TMAR N, B RN o e i , Al
W n] SE4EE

Ry P
= i
| &
= CT(Qw—r
e veve BB
TAl
" [ ==
J_ tona] 000
= Z, JRITBCRE A
a) G AL

(b) T L K]
B3 SoUG e R E R EEE
Fig.3 Experimental circuit diagram and
connection diagram
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Table 1 Main parameters of experimental equipment
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Table 2 Partial discharge inception voltage of different

oil-pressboard insulation structures
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Fig. 4 Waveform of partial discharge pulses and PRPD

spectra of single-layer thick oil-pressboard
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Fig. 5 TRPD spectra of single-layer thick oil-pressboard
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Fig. 6 Waveform of partial discharge pulses and PRPD

spectra of multi-layer thin oil-pressboard
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Fig.7 TRPD spectra of multi-layer thin oil-pressboard
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Fig. 12 The variation curves of discharge repetition
rate and average discharge amount of copper
foil-multilayer thin oil-pressboard
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