$s8k e 131-140
20254E 6 H 20 H

M EL

Insulating Materials

DOI:10.16790/j.cnki.1009-9239.im.2025.06.016

FRE DS TMSS55

HAVHIE T 220 KV iBR AN EEBIA 7 /BT
TR EWR

RAEW', A4, FRG', BRI, FEH, TirK®
(1. BEMEEw A ARS8 AHFHTRE, Hh K&k 130021;

2. REBIRY IRENAALSAKFIELEERE, ZAIT "5RIE 150080)
O EEE IR R A 1 BB ARG, K2 AT 5 P AR 252 W B A SR A3 S 1 R R 5 B R g
TR AR | 7 B A B I 2 4B AT o ASCTEAS R IR B R, 3R 45 2 A 2 i i i2 40BN s S B AR A A
FEHIEE TS B A BSHET A A F T 252 kV/1 250 A B8 11 52 b 25 #3047 07 BT (i 57, IF K A B -Tg- A %
YV AT B AT, 3RS T 3R BRI T B NS I A A S AR TR B AR AR . S5 IRR I B R R
AN T S A B R HLA S, AR B A A ) B b e AR, e SR I R A ORI SS s M I AR B R IR A,
PR, 4 4% Ak B K37 5 e K, HLAE H 2R AN [l I A 3 i W AR Ak B e e I G R B 3R T Y AR HL I 1
SN AZE KT 78 e 8 Vil FR A AR AR I s ], R 57 3 T B 5 <08 5 7 AR R R
FIR R EE 2 W HE B ; i AR

Study on electric field distribution and distortion characteristics of 220 kV
oil-immersed bushing under typical faults
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Abstract: Bushing is an important component of oil-immersed transformers, and its internal insulation moisture, ageing, and
development of some defects after long-term operation will cause distortion of local electric field, which seriously threatens
the safe operation of bushing. In this paper, the variation patterns of dielectric parameters of the aged and damped oil-
immersed paper under different test temperature environment were obtained, and a dynamic dielectric parameter calculation
model was established. Meanwhile, a simulation model was established on the basis of actual structure of a 252 kV/1 250 A
bushing. Electro-magnetic-thermal coupling multiphysics were used to conduct simulation analysis, and the transient electric
field distribution and distortion severity inside the bushing under three typical defect conditions were obtained. The results
indicate that when the end screen of bushing is unreliable grounding (resulting in floating potential), electric field distortion
occurs at the contact side of bushing and end screen, and the voltage grading effectiveness of capacitive core is weakened.
When there is wrinkle on the capacitance screen of bushing, the maximum electric field intensity at the wrinkle regions
increases proportionally with the bending curvature. Notably, the field strength inversion phenomena are observed at the
distortion zones when the capacitance screen reach specific bending curvature. The bubbles attached on the end screen
surface have greater influence on the electric field distribution than bubbles dispersed in transformer oil. Such surface-
attached bubbles are prone to produce partial discharge.
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Table 1 Moisture content of oil-paper insulation samples

after moisture absorption
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Fig.2 Structural diagram of oil-immersed bushing
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Fig.3 Influence of whether the end shield is grounded on the

radial electric field distribution of capacitor core in bushing
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electromagnetic loss distribution of bushing
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Fig.13 Radial electric field distribution at the section with or

without bubbles in transformer oil
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Fig.14 Effect of core insulation ageing and moisture on the

bubble electric field in transformer oil
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the end shield surface
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Fig. 16 Radial electric field distribution at the section with or

without bubbles on the end shield surface
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Fig.17 Effect of ageing and moisture on the
maximum electric field when bubbles are attached to the

end shield surface

BRACH BT s B S, B4 5 22 k™
T AR AL (1 F 37 9 P /D 5 A Il B R AR L
) PN

(20 HLU 75 i 25 i K, 98 4 Ak s UL KD L 3 W
ARl 71 L, R A A FE g R S AR R 3 e KA
TN 300% , HLAE LA 5 A [ 25 ] B2 I E 37 56 Wiy A2
A B IR -

(3D 7K Jof 2 THI P A I % B 37 (R R Wil K T 48
s 5 1 R A R S TR B A B K R BR Y
WEETE , B TR B R T A R &
CR7E AL PN

ZE Yk References

(1] 25 TR A XA, A8 L JR B AR 0 [ 52 EL LB T JE DR 7).
HLE B 75,2021(2):1-6,14.
LAN Zhenbo, SONG You, DENG Jiangang, et al. Research status
of UHV AC-DC bushings in China[J].
Arresters,2021(2):1-6,14.

2] T4, RS EE N LG E WIS B
AL 4244 84,2020,53(12):65-72.
ZHANG Shiling, PENG Zongren. Study on electrical insulation

Insulators and Surge

structure of converter transformer bushing and design optimiza-
tion[J]. Insulating Materials,2020,53(12):65-72.

(3] THETE R R FAIRK T A5 iR v A U o S B ke 3 A S
FLRFFU[)]. 72 6 4%,2020,57(9):80-84,54.
YU Qunying, ZHAO Tiancheng, HE Qiuyue, et al. Typical fault
analysis and simulation of oil-immersed capacitive bushing[J].
Transformers,2020,57(9):80-84,54.

[4] WANG DY, ZHOU L J, YANG Z X, et al. Simulation for tran-
sient moisture distribution and effects on the electric field in sta-

ble condition: 110 kV oil-immersed insulation paper bushing[J].

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

IEEE Access,2019,7:162991-163002.
T IR 2 SR A 5 . TR R o il AR 46 B A 1K) o T U A H
AJR)F T AR A 22 S 0], 7 U R, 2022,48(10):4113-4123.
JIAN Zheng, HAO Jian, LIU Qingsong, et al. Difference of
dielectric and partial discharge characteristics in high voltage fre-
quency domain of typical defective oil paper insulated bushing
[J]. High Voltage Engineering,2022,48(10):4113-4123.
TR IR R AR AE B SR AR 4R U PR I R R
[77. = R 4 R, 2017,43(8):2592-2598.
QI Bo, DAI Quanmin, ZHUO Ran, et al. Effect of moisture intru-
sion on electrical characteristics of oil-immersed paper bushing
[J]. High Voltage Engineering,2017,43(8):2592-2598.
MIKULECKY A, STIH Z. Influence of temperature, moisture
content and ageing on oil impregnated paper bushings insulation
[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2013,20(4):1421-1427.
PRZYBYLEK P, MORANDA H, WALCZAK K, et al. Can the
bubble effect occur in an oil impregnated paper bushing? [J].
IEEE Transactions on Dielectrics and Electrical Insulation, 2012,
19(6):1879-1883.
YANG H, ZHAO H, CAO W, et al. Study on the generation cha-
racteristics of oil paper insulation bubble inside high-voltage
bushing[C]//IEEE International Conference on High Voltage
Engineering and Application. Beijing, China: IEEE,2020.
WANG D Y, ZHOU L J, YANG Z X, et al. Simulation for tran-
sient moisture distribution and effects on the electric field in
stable condition: 110 kV oil-immersed insulation paper bushing
[J]. IEEE Access,2019,7:162991-163002.
AKBARI M, REZAEI-ZARE A. Transformer bushing thermal
model for calculation of hot-spot temperature considering oil
flow dynamics[J]. IEEE Transactions on Power Delivery,2021,36
(3):1726-1734.
HASHEMNIA N, ABU-SIADA A, ISLAM S, et al. Detection of
power transformer bushing faults and oil degradation using fre-
quency response analysis[J]. IEEE Transactions on Dielectrics
and Electrical Insulation,2016,23(1):222-229.
KB AR R 2R 5 T AR FE 1 60 KV I AR B N 4
GARALIT]. 46 5044 K1,2020,53(10):62-68.
LIU Daosheng, CHEN Xingrong, ZHAO Ziming, et al. Longitu-
dinal insulation optimization of 60 kV oil-paper bushings based
on isomargin [J]. Insulating Materials,2020,53(10):62-68.
LIAO R J, DU Y Y, YANG L J, et al. Quantitative diagnosis of
moisture content in oil-paper condenser bushing insulation
based on frequency domain spectroscopy and polarisation and
depolarisation current[J]. IET Generation, Transmission &
Distribution,2017,11(6):1420-1426.
EHF T R A B =Y - AR S ikt
SR AR s 4 T B IR 3 43 A 0], b B L TR AR,
2016,36(22):6269-6275.
WANG Qingyu, YANG Xi, PENG Zongren, et al. Calculation of



140

AR

2025,58(6)

[16]

[17]

[18]

temperature field distribution of dry bushing of converter trans-
former by three-dimensional electromagnetic thermal current
coupling field analysis method[J]. Proceedings of the CSEE,
2016,36(22):6269-6275.

WANG Q Y, YANG X, TIAN H D, et al. A novel dissipating
heat structure of converter transformer rip bushings based on
3D electromagnetic-fluid-thermal analysis[J]. IEEE Transac-
tions on Dielectrics and Electrical Insulation,2017,24(3): 1938-
1946.

ZUKOWSKI P, KOLTUNOWICZ T, KIERCZYNSKI K, et al.
An analysis of AC conductivity in moist oil-impregnated insula-
tion pressboard[J]. IEEE Transactions on Dielectrics and Electri-
cal Insulation,2015,22(4):2156-2163.

W R vl B, E W, B K SR A I R AR A G
73 A I FE A T]. LS F ) 24,2013, 17(7):54-60.

CHEN Qingguo, CHI Minghe, WANG Gang, et al. Effect of
water content on electric field distribution of oil-paper insulation
under composite electric field[J]. Electric Machines and Control,

2013,17(7):54-60.

[19] JHBH#H, 22 B00E, 2 75 4R, 55 I AT B B 0] 45 0 48 1 245 T A0 4 2%
HL 70 A 2R D], LS 1) 27 41,2021,25(5):71-79.
CHI Minghe, LI Yiheng, LUO Qinglin, et al. Effect of operating
environment on electric field distribution of oil-paper insulation
in converter transformer[J]. Electric Machines and Control,
2021,25(5):71-79.

[20] K3, B 52 BAE, A T I AR A G R A R (0], P %
TR 44R,2020,34(4):64-71.
ZHANG Lu, YANG Hao, ZHAO Heng, et al. Bubble formation
characteristics of oil paper insulation in high pressure casing[J].

Journal of Xi'an Polytechnic University,2020,34(4):64-71.

ks B #A:2024-06-21; 18 = HHA:2024-08-15.
fEE R
AP (1982—-), B (k) , BRITHRA, EHR LA,
ETINF B AR AR RS W BOR AR R BT R
BAEEH  TRAR(2001-), % (%), B RITob RIEA, AR
+A FR2AFGHED B REBEL IR ER KGR .



