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Defect identification and insulation condition assessment of an oil-immersed paper
insulation bushing based on multi-source fusion

ZHENG Hanbo', JING Jiaxing', LUO Xiaoqing?, LIU Taiwei’, LI Yihang'
(1. Guangxi Key Laboratory of Power System Optimization and Energy Saving Technology (Guangxi University),
Nanning 530004, China; 2. State Key Laboratory of Power Grid Environmental Protection,
China Electric Power Research Institute, Wuhan 430074, China)

Abstract: As a key component of transformers, oil-immersed paper insulation bushing can pose a threat to the operational
safety of the transformer's main equipment if their insulation is damaged. The paper proposes a method for defect
identification and insulation condition assessment of an oil-immersed paper insulation bushing based on multi-source
fusion. First, typical defect test bushings are made. Then the types of bushing defects are identified by frequency domain
dielectric response, partial discharge, and infrared thermal imaging related joint testing. Then the insulation index of the
bushing is extracted and the membership function and state score operator are introduced. The evaluation model of
bushing insulation state based on game theory combined weighting method is established. Finally, evaluation models
using the combination and single weighting methods are used for example analysis of normal and defective bushings. The
results show that joint testing can accurately identify the types of casing defects. The method avoids the problem of
one-sided evaluation results using a single weighting method. The evaluation scores of normal bushings are higher than
those of defective bushings. The correctness and effectiveness of the bushing insulation state evaluation model are verified.
This work is supported by the National Natural Science Foundation of China (No. 52277139 and No. 52367014).
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discharge; condition assessment
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Fig. 1 Oil-immersed paper insulation bushing physical diagram
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Fig. 4 Wiring diagram of frequency domain dielectric
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Fig. 7 PRPS spectra of ultrasonic partial discharge system for
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Table 4 Operating state parameters and weights of normal

oil-immersed paper bushing
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Table 5 Operating state parameters and weights of

oil-immersed paper defect bushing
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Fig. 11 Membership function of half triangle and half trapezoid
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Table 6 Evaluation results of bushing operation status
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Fig. 12 Defect identification and assessment process of
oil-immersed paper insulation bushing

based on multi-source fusion

AN UL AT B LGRS TS
HREAY S AR SRR B R BOR TS AT BB IR BB BT 7T
RUE bR e Sk B2, (ECS A T i P e Al 47
BOVAIR, e kS ph e i, Jh SE AR
5, AR B i .

4 £

AR, T BE LRSI LT 4 Fhdi A
Beq, FF T A3 R M 83K B Jeg S0 A F e 0
AR R Rbr B ST T B LSRRl
R, EELERWT.

1) TEATUR A E i SR, 7K 70 5o A A E
LR, ZHEHGEEMEHB T ERESES
IR ETE. SRR, SRR EE A5
B R R T HAWE RS, A EERIGE
SR T HAREIAES 4k B K,

2) TEHF AU SRR, LA R BB E
1) PRPS JR s G 5 7E 90°~180°FH 270°~360°
AL A B R R A . RGBS AR AL AT
BAEWY, LRSI WA, WRAZHEE
S B TR K A KT 200 mV, 17 L AR BRE EE EY
£ 60mV LA .

3) 3 T IR 4 A LA I Bk a4 4 200K
BV, GRS TGS T AR IR TH R
Bk, VPSR EREA . BN
BERGRESHAT IS, BEEEAZRE[/
TIEHES, BRI R R AR 42
RE T F%, HULTTHM BB A% 0., Bl E
BT A F I I SR R, T R
P IR R4 B R IR h [, 528 T B4
ZRE VAR R
S 3Rk

[1] WANG D, ZHOU L, DAI C, et al. Insulation defect
diagnostic method for OIP bushing based on multiclass
LS-SVM and cuckoo search[J]. IEEE Transactions on
Instrumentation and Measurement, 2019, 69(1): 163-172.

(2] BR%k, W2, ZREE, & AT ks 5KE

B R 48 R 3% 4 B SR 2 W A Y 0], o [
2022, 55(7): 22-32, 41.
CHEN Tie, LENG Haowei, LI Xianshan, et al. Transformer
hierarchical fault diagnosis model based on dissolved gas
analysis of insulating oil and class overlap features[J].
Electric Power, 2022, 55(7): 22-32, 41.

(3] FES, Witd, B, % ETERSGE RIS

SRR W )R R SRS VG INED]. B ARG AR
P58, 2022, 50(21): 167-176.
SHI Yijin, TAN Guisheng, ZHAO Bo, et al. Condition
assessment method for power transformers based on
fuzzy comprehensive evaluation and information fusion[J].
Power System Protection and Control, 2022, 50(21):
167-176.

(4] MR, 294, Wb 2T EWT-MQE #4822 )5 &
TR HRT]. B RGRY S, 2022, 50(14):
161-171.

SHANG Haikun, LI Yucai, LIN Wei. Partial discharge
feature extraction of a transformer based on EWT-MQE[J].



- 128 -

W) &Gk B

Power System Protection and Control, 2022, 50(14):
161-171.

[5] AZAB M. High performance decoupled active and reactive
power control for three-phase grid-tied inverters using
model predictive control[J]. Protection and Control of
Modern Power Systems, 2021, 6(1): 1-19.

(6] fiTt, fI5EHk, 11058, 5. 2 BEAVHE XS AR

JE g B MR R RO 2 (], o R L AR 2
1, 2022, 42(15): 5763-5775.
HE Chang, HE Ziwei, JIANG Liqiang, et al. Effects of
different sorts of uncertainties on seismic failure risk of
ultra-high-voltage porcelain transformer bushing[J].
Proceedings of the CSEE, 2022, 42(15): 5763-5775.

(7] EH, Zf, R, & 5Tl s g s i
DBN-SSAELM 7% [k &% ik Fi2 Wi 77 ik )], A R 41k
P 5 #2023, 51(4): 32-42.

WANG Yan, LI Wei, ZHAO Hongshan, et al. Transformer

DGA fault diagnosis method based on DBN-SSAELM[J].

Power System Protection and Control, 2023, 51(4): 32-42.

[8] TENBOHLEN S, JAGERS J, VAHIDI F. Standardized
survey of transformer reliability: on behalf of CIGRE
WG A2.37[C] // 2017 International Symposium on
Electrical Insulating Materials, September 11-15, 2017,
Toyohashi, Japan: 593-596.

[9] CHENL, WU X, TIAN Y, et al. PD defect monitoring for
oil-impregnated paper bushing by measuring the inner
pressure[J]. IEEE Access, 2019, 7: 53411-53418.

[10] WANG Q, LIAO J, TIAN H, et al. Regularity analysis of
the temperature distribution of epoxy impregnated paper
converter transformer bushings[J]. IEEE Transactions on
Dielectrics and Electrical Insulation, 2017, 24(5):
3254-3264.

[11] Bida, o9, MM, 55 BT b <R B A2

e & B4 W R T VA )], R OR, 2020,
46(9): 3114-3123.
JIA Lei, WANG Tingting, XIAO Wei, et al. On-line
monitoring method for transformer bushings with moisture
based on air humidity perception in conservator[J]. High
Voltage Engineering, 2020, 46(9): 3114-3123.

[12] LIU J, DING Z, FAN X, et al. A BPNN model-based
Adaboost algorithm for estimating inside moisture of
oil-paper insulation of power transformer[J]. IEEE
Transactions on Dielectrics and Electrical Insulation, 2022,
29(2): 614-622.

[13] BHid, HokoK, @R, 55 ZMxhmati A B g i
IR IR T E B G B, 2019, 39(11): 8-12.
LIAO Ruijin, DU Yongyong, GAO Jun, et al. Effect of
moisture content on dielectric frequency domain response
of oil-paper condenser bushing[J]. Electric Power
Automation Equipment, 2019, 39(11): 8-12.

[14] whE, Db, Z=gp08, %. T DTCWT 5 LLE 53k

10738 s 5% Jm) S T PR v A 5 R 2 BB HUT VA (D).
ML R GRS S, 2019, 47(20): 65-72.
HAN Baoguo, MA Chi, LI Jingpeng, et al. A feature
parameters extraction method of PD UHF signal based on
DTCWT and LLE algorithm[J]. Power System Protection
and Control, 2019, 47(20): 65-72.

[15] CHENG J, XU Y, DING D, et al. Investigation of the
UHF partial discharge detection characteristics of a novel
bushing tap sensor for transformers[J]. IEEE Transactions on
Power Delivery, 2020, 36(5): 2748-2757.

(161 FAK, BREud, JFRINI, 5. R A e o Bl o

M 2 2R 51 =) BT R S A 5 e BT[], AT R
Gifgip 540, 2018, 46(3): 110-115.
ZHOU lJiabin, CHEN Yufeng, JING Yugang, et al. Detection
and analysis of abnormal partial discharge caused by the
fracture of magnetic shielding ground line in UHV
transformer[J]. Power System Protection and Control,
2018, 46(3): 110-115.

(17] ¥R, XIEZR, BRYET, 5. GIS 4% T RMB &R

B & ik RS A]. AL LR 2R, 2020, 40(5):
1703-1712.
XU Yuan, LIU Weidong, CHEN Weijiang, et al. High-
sensitivity measurement method and application of GIS
spacer partial discharge[J]. Proceedings of the CSEE, 2020,
40(5): 1703-1712.

[18] CHEN lJinqgiang. Fault prediction of a transformer bushing
based on entropy weight TOPSIS and gray theory[J].
Computing in Science & Engineering, 2018, 21(6): 55-62.

[19] we, %, RO FETHR-IESZERHE RE R
FERA TG FE[]. BIEAGEER, 2022, 59(1): 190-194.
GAO Shuyao, AN Tai, SONG Jian. Status evaluation of
smart meter based on entropy weight-normal cloud model[J].
Electrical Measurement & Instrumentation, 2022, 59(1):
190-194.

[20] RACIT, B, BRgtis, 5. BT HEZRA SR

TR A B I RS PR [I]. R &, 2021,
58(12): 46-50.
YU Zhangting, LI Dajian, CHEN Liangyuan, et al.
Condition assessment method of the OLTC based on the
combined weighting through game theory and cloud
model[J]. Transformer, 2021, 58(12): 46-50.

[21] XISCEE, ERNGE, ki, 5. ETEEEZERKHETE

FHT 5 KR AL BRI RRAR, 2022,
46(7): 2647-2658.
LIU Wenxia, WANG Lina, ZHANG Shuai, et al.
Cooperation game theory-based model for trading of
power generation rights between former captive power
plants and wind power[J]. Power System Technology, 2022,
46(7): 2647-2658.

[22] HEF W EEHE)R, - EEZRELE R R 2.

TRHBEERT 1000V FEE: GB/T 4109—2022[S].
Jent: P E bR AL, 2018.
State Administration for Market Regulation, Standardization
Administration. Insulated bushings for alternating voltages
above 1000 V: GB/T 4109—2022[S]. Beijing: Standards
Press of China, 2018.

Yrks HEA: 2023-03-15; 1&E HEA: 2023-06-28
EE BN

ARA(1984—), F, @34k, W, al3ux, Bt
A5, TEMRHEAHREXEREENEF L. &
I % F A, & ahEew M ORI LR A A % E-mail
hanbozheng@163.com

AR (1998—), F, MEHARAE, TEHRTOAHE
kB SAEKRLMERAS Y. E-mail: jiaxingjing929@
163.com

(%R# K H)



