22nd International Symposium
on High Voltage Engineering
(ISH 2021)

IET Conference Publications 787

Xi'an, China and Online
21-26 November 2021

Volume 1 of 3

ISBN: 978-1-7138-5960-4



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2021) by the Institution of Engineering and Technology
All rights reserved.

Printed with permission by Curran Associates, Inc. (2022)

For permission requests, please contact the Institution of Engineering and Technology
at the address below.

Institution of Engineering and Technology
P. O. Box 96

Stevenage, Hertfordshire

U.K. SG12SD

Phone: 01-441-438-767-328-328
Fax: 01-441-438-767-328-375

www.theiet.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com


http://www.theiet.org/

TABLE OF CONTENTS

VOLUME 1

Service Experience with a Novel DC Current Injection Generator for HVDC Long-Term
Tests — 3150 A at 422 KV DC POtential.........coceiiuiiiiiiieiiee ettt se e e 1
Martin Hallas, Thomas Wietoska, Volker Hinrichsen

HVDC Insulation Systems: Effect of Voltage Polarity Inversion Slew Rate on Partial Discharge
Phenomenology, HarmEUINESS..........ccuieiieiiiieiieiiee ettt ettt e sse et eenteesseennessaeseennes 7
Hadi Naderiallaf, Riddhi Ghosh, Paolo Seri, Gian Carlo Montanari

Effect of Water Content on DC Conduction, Space Charge Characteristics of the Nanocomposites

Of Crosslinked POLYEtNYIENE .......cc.eiuiiieiieieee ettt ettt sttt ese st e e eesee b e 13
Jinghao Wang, Jiaxin Chen, Yifei He, Chu Wang, Meibing Liu, Wenqging Chen, Zepeng Lv,
Kai Wu

Basic Behaviour of FRA Measurements on Rotating Machines .............ccoecveeierienienieiienie e 19

Lukas Ranzinger, Stephanie Uhrig, Fabian Ottl

Integration of Measurement Data into Condition Assessment: A Theoretical Consideration...........c.cccccceueueee. 25
Jannis N Kahlen, Andre Wiirde, Martin Wicke, Philipp Lutat, Michael Andres, Albert Moser

Evaluation of Transformer Insulation with Different PD Methods Using a Synchronous
Multi-Channel TEChNIQUE.........couiiiuieieiiee ettt ettt ettt e st ettt e bt e aee st e saeesaeeteenteenteeneenneens 31
Bogdan Gorgan, Wojciech Koltunowicz, Tomasz Bednarczyk

Simulation Study on Steady-State Ampacity of + 400 kV DC Submarine Cable Under Different
Laying ENVITONIMENLS ......ccviiieiieitiesiieitieteeteeteesteesteeseeeseestesseesseesseesseessesssesseesssesseessessseessesssesseessesssesssesssesseenns 36
Qiren Wu, Shujun Liu, Yuanpeng Lv, Defang Hu, Yu Liu, Bin Feng, Shuai Hou, Mingli Fu

Particle-In-cell Simulation of Rebreakdown in Post-arc Stage for Low Voltage Circuit Breaker ..................... 42
Zhiwei Wang, Lijun Wang, Dan Wang

Moisture Assessment of Oil-Impregnated Pressboard by Switching Impulse Application..............cceeeverveennenne. 46
Arpan Kumar Pradhan, Stefan Tenbohlen

Electro-Impulse De-Icing (EIDI) Test of Aircraft Wing Leading Edge........cccooeeiieiiiiiiiiieeeeeeeeee 52
Xingliang Jiang, Yu Chen, Tingfan Huang, Maozheng Wang, Huan Huang

Survey on Asset Management Strategies of Electric Grid Operators..........ccveevieverierieneenieereeeeseesieesveenseennes 58
Henning Schnittker, Peter Werle, Lin Zhao, Marcus Rohleder, Giinter Bender

Estimating Equivalent Air Core Inductance of a Uniform Winding as a Function of Its Length from
Measured DPI Magnitude- Experimental ReSUIts .........ccooiiiiiiiiiiieiiee e 64
Ashiqg Muhammed, L. Satish, Udaya Kumar

Transport Behaviour of Residual Charges in Repetitively Pulsed Streamer Evolution in Gas Gap,
ALONZ SOIA SUITACE ..ottt ettt et e bt et e e nteesaeesae st eenseesseenseensesseesneaseenseenseensens 71
Zheng Zhao, Xinlei Zheng, Zhifeng Dai, Chenjie Li, Anbang Sun, Jiangtao Li

DC Air Humidity Correction Factor for Air External Insulation Revisited...........ccoceoeriniiiininiinnieieeeceee 77
Liliana Arevalo, Dong Wu, Mats Larsson



HVDC GIS/GIL - Classification of PD Defects Using NoDi* Pattern, Machine Learning...............ccccvevennene 83
Bernhard Schober, Uwe Schichler

Research on the Influence Factors of Dominant Frequency of Switching Overvoltage Along Power

CADIS ...t h e a et h e bt h e h e h et e bbbt bt he e bt et e bbbt ebe bt bt et et et e nee b e 89
Jiaming Li, Zhu Ou, Changhua Nie, Changzhe Xu, Li Zhan, Minggang Li, Tongxi Li, Zhilong
Liu, Junbo Deng

Qualification of MVAC XLPE Cables for DC OPeration ..........ccceceeoueeierierieniieieeeeeiesieesieeseeeee e seeesneeseeenes 95
Patrik Alexander Ratheiser, Uwe Schichler

Reference Calibrator for Combined, Composite High Voltage Impulse Tests.........ccevievriecieeieriieneenieeienen. 101
Hanane Saadeddine, Mohamed Agazar, Johann Meisner

Study of Effect of Core Magnetisation on FRA by Using Duality-Derived Nonlinear Transformer

MOdel i ATP-EMTP ..ottt sttt sttt sttt sttt st et b st e benae e 107
Yaoxian Yang, Zhongdong Wang, Peter Crossley, Gordon Wilson, Andrew Fieldsend-
Roxborough

Development of a Novel Optical Sensor for Condition Assessment of Insulating Paper in
TTANSTOTIMETS ...ttt sttt ettt sttt s a e bt st eeuesae e s snens 113
Tobias Miinster, Peter Werle, Kai Himel, Jorg Preusel

Site Experimental Study on Smart De-Icing Device Based on the De-Icing Method by the
Transferred Current of Bundled COnAUCLOTS ........c.ueiiriiriiiiiiiieieeee sttt 119
Guolin Yang, Xingliang Jiang, Xiaodog Ren, Wenxuan Zhou, Jun Ma, Zhen Qin

Lifetime Estimation of Operational Aged Transformers with New Fuzzy Logic Algorithms ............ccccc........ 125
Sebastian Schreiter, Tobias Kinkeldey, Holger Lohmeye, Peter Werle, Tobias Miinster

A Wavelet De-Noising Method for Partial Discharge Based on Wavelet Entropy, Sparsity ..........ccceeveennenne.. 129
Lu Zhai, Haofei Sun, Xuefeng Zhao, Yuxiao Hu, Yang Xu

Research on the Relevance of Flow Electrification Characteristics Under AC, DC Voltages ...........cccceeueenee. 135
Jie Dai, Kai Wu, Chendong Duan, Yunbo Tian

Perspectives of Temperature Assessment Based on Wave Propagation for Dynamic Rating of
Medium-Voltage POWET CabIes.......cccviviieiiiiiiiieiieciieie ettt steeste et e e sraesteesaeesteesseesseesseessessaesseeseensesnnas 139
Peter A.A.F Wouters, Yan Li

Numerical Simulation on Charge Transport, Analysis of Its Relationship with DC Electric

BIEaKAOWIN......oeiiiiiiii ettt ettt ettt et e e te e e te e eteeeaeeeteeeaeeeteesaeeeteeeteeeteeereeereeereeanns 146
Dongri Xie, Wei Wei, Li Ding, Shuibin Xia, Dengping Tang, Tao Peng, Daomin Min,
Shengtao Li

An Improved Method of Thermal Resistance Calculation for the Buffer Layer in HV XLPE Cables............. 150

Ying Liu, Meng Ma, Jiawei Chen

A Method to Accurately Determine the Electric Field Strength in Prefabricated Joints for DC
XLPE CabBIES ...ttt ettt b et b et h ettt b ettt b et be s 155
Ying Liu, Yanjie Wei, Mingwei Zhao

Modeling of Multilayer Coated Polyimide Graphene Nanocomposite Films, Thermal Conductivity ............. 160
Shakeel Akram, Kai Zhou, Pengfei Meng, Chen Yidong, Xiancheng Ren, M. Tariq Nazir



Prequalification of Capacitors for High-Precision Voltage Dividers .........c.ccoceveririeiienininenenececicncneee 164
Hai Jiang, Oliver Pischle._r, Uwe Schichler, Jussi Havunen, Jari Hdllstrom, Ahmet Merev,
Serkan Dedeoglu, Sami Ozer, Johann Meisner, Stephan Passon, Frank Gerdinand

PD Characteristics, Defect Type Identification of Typical Defects in Oil-Pressboard Insulation.................... 170
Minghe Chi, Ruochun Xia, Qinglin Luo, Zhang Chaohai, Jinming Cao, Yi Guan, Qingguo
Chen

Sheath Overvoltage on 220 kV XLPE Cable Under Fault Conditions ...........cccceeveererierienienieneeeeeeie s 175

Arunjothi R, Thirumurthy, Meena K P

Analysis of Partial Discharges of Power Cables with S0HZ, VLF .........ccccoovioiiiiiiiicceceeeeeeee e 181
Arunjothi R, Dillip Kumar Puhan, Rajat Sharma, Meena K P

Investigation of Electrical, Thermal Behavior of Modified Epoxy Structures for DC, High
FreqUENCY APPIICATIONS ... .ceueiiiieiteeteet ettt sttt ettt et et et e e te et e ebe e st eseeaeen b eese st eebeeaeebeeneensensensenbesaeeseeneens 186
Muhammad Awais, Chao Dai, Fan-Bo Meng, Ashish Paramane, Xin Wang, Xiangrong Chen

Application of a Cluster-Algorithm for Partial Discharge Analysis at DC Voltage Under Practical

COMAILIONS ...ttt ettt ettt e bttt b e st et b e st e bt st e e eb e st e e e bt s e e e bt st e e enesae e enesaens 191
Benedikt Hochbriickner, Felix Langer, Erik Winkelmann, Martin Spiertz, Markus H. Zink,
Thomas Steiner, Karsten Backhaus

Measurement of Electric Field Distribution in 2im Thick Polyethylene Naphthalate Film ............................. 197
Guanwen Chen, Feihu Zheng, Yewen Zhang

Experiment, Simulation of High Current Temperature Rise of Valve Hall Fittings.........c.cccccocevvveviiiencnennnn 201
Zhikai Li, Tingren, Zemin Liao, Qilin Wang, Wei Zhang, Guohua Yang, Wenhao Wang, Peng
Liu

Analysis of Wind Deviation Resistance of Composite Insulator Replacing Porcelain Insulator in
Tangent Tower at Different Wind SPeedsS.........cccvieiiiieiiiiieiieie ettt seeesre e ebeenne s 207
Yaging Ji, Zhijin Zhang, Jun Xu, Xiaojie Wang, Xingliang Jiang

Electrical Stresses Simulation of DC Cable in £10 kV Distribution SyStem ..........ccccceevevieieeienieneeneeeenee. 212
Haitian Wang, Mingyu Zhou, Yi Luo, Tobias Fechner, Fan Yu, Ersong Chen

Research on Impulse Response Characteristics of Capacitor Voltage Transformer, Analysis of
INFTUENCING FACTOTS .....viiiieiiieiiciieiece ettt ettt et e et e s be et e e beesbeessessaesseesseesseesseesseessasssessseseensennsenneas 218
Xuan Li, Jiangbo Chen, Ping Wang, Shipu Wu, Shuangyin Dai

Simulation of Grid Particle Trap for Switch Fault Current LImMiter ..........ccccoveiierieviiiciiiieeeeceesreere e 224
Hui Ni, Feiyue Ma, Zhonghua Xiang, Shangpeng Sun, Lei Chen

Development of Standard Wave Source for Impulse Current Traceability ...........cccoeeverierieciieciieienieseeeeee, 229
Fan Jiawei, Long Zhaozhi, Li Wenting, Hu Kangmin, Liu Shaobo

Effect of Material Choice on the Operation of a Wind Turbine Lightning Protection System ........................ 235
K. N. Koutras, K. S. Apostolopoulou, I. A. Naxakis, E. I. Tsolou, E. C. Pyrgioti

Influence of Electrode Configuration in Simulated Lightning Strike Test.........cccocverierieiieiienienienieseeeeeee. 241
Cien Xiao, Weifang Wang, Xiaolei Bi, Yakun Liu

Study on the Self-Sensing Partial Discharge Detection Method for Power Transformers Adopting
Its Component as Ultra-high Frequency SENSOT ..........c.oiiiiiiiiiieieieeee et 247
Xuanrui Zhang, Jun Cai, Ruochen Guo, Zhaoyu Zhang, Junhao Li



Research on Protection Characteristics of ZnO Arrester Under Very-Fast-Front Impulse Voltage................. 251
Wen Liu, Weidong Ding, Zhenyu Wang, Gang Tang

Failure Diagnosis in Rotating Machines Using FRA Involving the Rotation Angle of the Rotor................... 257
Lukas Ranzinger, Stephanie Uhrig, Reinhard Hinterholzer, Fabian Ottl

Calculation Model of Aerodynamic Parameters for [ICED Wind Turbine .........cc.ccceoeveninininniiencncncnenne. 263
Zhou Yu, Lichun Shu, Hantao Li, Qin Hu, Xingliang Jiang

Fiber-Optic Sensing for Partial Discharge Acoustic Detection on Power Cable Joints.........ccccoeceeeveerenenene 268
Hongke Li, Jianjun Yang, Yugian Sheng, Wenbo Zhu, Shuai Hou, Bin Feng, Ke Wang

Determination of Voltage Dependence of Capacitance of 100 kV, 300 kV Compressed Gas

Capacitors Using the Kinetic Method...........cooiiiiiiiiiieiieeee e 274
Mohamed Agazar, Hanane Saadeddine, Johann Meisner, Frank Gerdinand, Stephan Passon,
Jean Marc Pillet

Cable Deformation, Electric Field Distortion of Submarine Cable Insulation Caused by Anchoring

Weiwang Wang, Xilin Yan, Hantao Wang, Yong Feng, Lina Zhang

Propagation Properties of PD-Emitted Electromagnetic Wave in Three Phase Encapsulated Type
GIS with Series Arrangement, Relation Between Defect Position, Sensor Output..........ccceceeeereerienenenennene 284
Tatsuki Fujimoto, Shinya Ohtsuka, Tatsuyuki Shikura

Effects of TiO, Nanoparticles, Electrode Materials on Impulse Breakdown Performance of
Propylene Carbonate Under Uneven Electric Field..........ccoooiiiiiiieiiieiiiieiee e 290
Shilin Wu, Qing Yang, Zhaotian Zhang, Wenkai He

Research on a New Fiber Bragg Grating Partial Discharge Sensor Based on Coupling Cone,
Diaphragm PaCKa@ING .......cc.couiiuiiiiieieiee ettt a ettt st b e st ebe et ettt be e eae 294
Yuxuan Song, Weigen Chen, Zhixian Zhang, Fan Liu, Kejie Wu, Jiali Lei

Model-Based Data Augmentation to Improve the Performance of Machine-learning Diagnostic
N ] 7S] 10 SRR TRRPRRSORN 299
Jannis N Kahlen, Andre Wiirde, Michael Andres, Albert Moser

Inhibition of the Space Charge of LLDPE by Crosslinking Effect............cocoiiiiiiiininineececee, 305
Yinge Li, Lisheng Zhong, Liang Cao, Wei Zhao, Jinghui Gao, Hong Zhang

Measurement Method for Physical Properties of an Arc Generates, Propagates Over an Ice Surface............. 309
Meng Wei, Jianlin Hu, Ruihe Zhang, Xiaofeng Wang, Keer Sun, Xingliang Jiang

Active Power Control Strategy Depending on Frequency for MMC-HVDC System Connected to
OFFSHOTE WINATATINS ...ttt bbbttt ettt bbbttt et nae e aes 315
Fangyuan Li, Lin Zhu, Jiapei Zhou, Longze Kou, Bixing Ren

Dynamic External Characterestics, Technical Weak Points of Insulated Pull Rods in GIS Circuit
BIEAKETS ... ittt ettt et e e e ettt e e e te e et ee e ettt e ea—tee s e taeeeaaatteeeanartesaaaeeeanrbeeeennans 322
Ting Ren, Zehua Wu, Haoran Wang, Ruizhi Hu, Peng Liu, Zongren Peng

Combined Kerr-Effect, Polarization Current Measurements in Oil-pressboard Barrier Systems .................. 327
Lisa Roth, Hans-Peter Oftering, Markus H. Zink, Andreas Kiichler, Ronny Fritsche, Michael
Geipler, Balz Schlittler, Stefan Jaufer, Christoph Krause, Frank Berger



An Electro-Thermal Model for Dielectric Heating in Silicone Elastomers Under Harmonic
DISTOITEA VOILAZES ....eneeeiieeeieetiett ettt ettt ettt et ettt e e st e s bt e b e e bt e et emeesaeeese e st enteenseenseeseesseenseenseeneas 333
Jun Ting Loh, Stefan Kornhuber, Thomas Linde, Stephan Schlegel

Xiangrui Meng, Ning Xu, Xianjun Shao, Luyao Zhou, Tiebing Lu

1. A Voltage Measurement Method Based on Pockels Effect for UHV AC Transmission Line
OVEIVOILAZE MOMILOTING ... .eeeeeeietieiteeie ettt e et et et et et e et e st e e bt e st ebeeneeeaeeeatesae e st anteenseenseessesseeaseenseenseennas 345
Zixin Guo, Ziming He, Ting Lei, Weidong Shi

Evaluation Model of Transformer State Based on Improved Fuzzy Comprehensive Diagnosis

1 11T )y 2SR 350
Sen Liu, Yidan Hu, Zhaoyu Zhang, Junhao Li, Yanjun Zhao, Xu Li, Likun Xiong, Changchun
Zhai

Simulation, Design 0f New DCCB TeSt CIICUIL.......ceouiiiiiieriieiieiieieeiieeite sttt sttt et eaeesaeens 356

Guixia Li, Zhao Yuan, Lixue Chen, Chun Deng, Wei Cai, Yifan Qin

Research on the Differences of Partial Discharge of Different Insulation Defects Under Special-
Shaped Asymmetric Wave VOItAZE . ..........oiiiiiiieiiee ettt ettt et e et eeeneeeneens 362
Changjiang Chen, Wen Cao, Qianwen Song, Wei Shen, Yan Du

The Online Monitoring Method of Degraded Vacuum in High Voltage Vacuum Quick Switch with
SF¢ Tank Insulation Structure Based on Electromagnetic Wave Method ...........cccoeveviieiiiciiiienienieceeeeene 367
Qiang-Ping Ma, Li Chen, Si-Lei Chen, Yun-Qing Wei

Transient Response Characteristics of Metal Oxide Arrester Under High Altitude Electromagnetic
o OSSPSR 373
Feng Qin, Xutong Wang, Haiyang Wang, Tao Huang, Xin Nie, Wei Chen

Grounding System of Medium Voltage Network with Integrated Distributed Generation: Short-

Circuit Analysis, Calculation of the Developed Potentials.............ccevveiiiciiiiinierieieeeeee e 377
Emmanouil D. Ellinas, Katerina D. Damianaki, Christos A. Christodoulou, Emmanouil M.
Voumvoulakis, loannis F. Gonos

Dielectric Frequency Response of Oil-Paper Insulation Under Uneven Damp..........cccoocevireiinienieieneneen 384
Ronglun Zhang, Huanmin Yao, Haibao Mu, Jiasui Wu, Daning Zhang, Haoxiang Zhao,
Guanjun Zhang

Jilai Xu, Yao Lu, Zheyuan Gan, Liang Zhang

Influence of Trace SFs on Streamer Corona Development in SF¢/N, Mixtures Under Positive DC
VOIEAEES ... vietetietieie ettt et ett et e bt et e et e e bt e st e e beesseesbeeaaesseesstesseessees b e e s b e et s e bt e b e enbeaRbeeaaeeRee st enseenbeesaeessensaereenres 396
Yanliang He, Wei Ding, Anbang Sun, Guanjun Zhang

Phase-Resolved Cavity PD Pattern Time Evolution Characteristics in Polyethylene Insulation ..................... 401
Isaac K Kyere, Cuthbert Nyamupangedengu, J J Walker

Research on Vibration Characteristics of Dry-Type Aircore Reactor Under Turn-To-Turn Short
CITCUIE FAUIE. ..ttt ettt ettt et et e ae et beeb e bt et et e b e st b saeeae 405
Yiming Du, Lu Gao, Shengchang Ji, Lingyu Zhu



Modeling, Parameter Study of Electromagnetic Launch System Driven by Inductive Pulsed Power
Liang Zhi, Dai Ling, Feng Yongjie, Lin Fuchang

Design of Corona Aging Test Device for Silicone Rubber Based on Finite Element Electric Field
STMULATION ...ttt sttt ettt sttt e b st b e st aesa et bttt be st ebe st et ebenae e enenne 417
Kai Ning, Pengkang Xie, Zhuang Tang, Zhaoqi Yin

F-P Ultrasonic Sensor Based on Four Cantilever Beam-supported Structure .............coceevveiieienieneeneeenee. 423
Kejie Wu, Weigen Chen, Zhixian Zhang, Yuxuan Song, Jiali Lei, Fan Liu

The Natural Concentration Gradient Distribution of ZNO-Epoxy Composites in Preparation........................ 429
Xin Liu, Xiaolin Zhao, Xining Li, Hao Tang, Hanbing Hao, Zhiwen Huang, Zhikang Yuan,
Jun Hu

Compatibility Test of Gaskets, Coatings with Ester Insulating Liquids at Elevated Temperature................... 433

Kexin Pan, Xiaojing Zhang, Haoyong Song, Wei Wang, Yang Xu

Effect of Additives on Melt Viscoelasticity of Insulating Materials Used in High Voltage
Crosslinked Polyethylene Cables .........c.ccciiieriieiieiieiecieceeit ettt ettt seeae e sseesse e seenseennens 439
Jiacai Li, Hongjian Liu, Hao Liu, Shengtao Li, Shenghe Wang, Dong Pan

Impulse Overvoltage on Stator Winding of Direct-Drive Wind Turbine Generators............c.cceceeeeereenuereeneenne. 445
Pengfei Yuan, Xuezhong Liu, Qirui Fan, Mingpeng He, Yue Zhang, Bo Hu

Simulation Study of EMU Arrester Under Typical OVervoltage .........cccveeverierierieneeie e eve e 450
Zhang Qizhe, Lyu Fangcheng, Wang Shenghui, Dong Xinghao, Zhang Wenwen

Packaging Method, Temperature Characteristics of Miniature E-Field Probe with Fiber-LiNbO3
EVANESCENT COUPIET .....evvitiiiieitieie ettt ettt ettt et e et e s te e teesbeesbeeseeeseesteesseesseesseessesssessaesseessesssesssesseenseensenssens 455
Zhangying Cheng, Xuandong Liu, Lechen Ma, Ming Chen, Xianfei Liu, Zhao Tang

Evaluation of the Metal Oxide Surge Arresters Degradation Based on the Loss Tangent............cccccvevueennene.. 459
Vandilson R.N. Barbosa, Edson G Costa, Antonio F Leite Neto, Itaiara F Carvalho, Patricio
F Castro, Joao P.C. Souza, Jodo V.J. Melo, George R.S. Lira

Improvement of Interface Adhesion Property of Contaminated RTV Silicone Rubber by Plasma Jet ............ 465
Jianjun Li, Shuang Li, Ruobing Zhang

A Novel Cable Defect Localization Technique Via Time-Frequency Domain Reflectometry ........................ 470
Cheng Xie, Haibao Mu, Xingyu Zou, Haotian Zhang, Xiang Sun, Guanjung Zhang

Improved Energy Density, Suppressed Dielectric Loss of Polypropylene/Maleic Anhydride-Grafted
Polypropylene /ZrO>@A1,03 Ternary NanOCOMPOSILES. .......ccvierviererierieriieiiereeeeseesieesseessesseesssesseesseessessens 475
Ziqi Zhang, Yuxin Zhang, Wenfeng Liu, Lu Cheng, Zhe Xu, Shengtao Li, Lei Jia

Research on Self-Healing Characteristics of Metallized Film Capacitor Via Acoustic, Electric
CoMDINEA DEIECTION ....c..cueviiiiietirteteiertetet sttt ettt ettt sttt st st et b e st be et s b e et be st e b e 480
Xianfei Liu, Xuandong Liu, Yue Zhao

Partial Discharge Pattern Recognition in GIS Based on S Transform Denoising .........c.ccoceevevereeeeiienenennenn 486
Zhiyu Wang, Yushun Zhao, Jianxin Guo, Yang Su, Gang Liu, Lijian Ding

Breakdown Characteristics, Synergistic Effects of Eco-Friendly Hydrofluorocarbon Gases for
REPIACEIMENT OF SF g ..eieuviiiiiieiie ettt et e e et eeteesateeesbeessbeeesbeesrseesnseesnsaessseesnsasasseennsennnns 491
Xiaopeng Fan, Yongyan Zhou, Li Li, Nian Tang, Zhuanglei Zou, Dongwei Sun



Effect of the Power Supply Frequency on the Mode Transition of APPJ Plasma Bullet ............cccccenenennene 496
Dingyuan Peng, Li Chai, Xinzheng Guo, Ruobing Zhang

Research on Qil-Paper Insulation Characteristics Under Nonuniform Electric Field ...........ccccvevvevveneenennnn. 501
Wei Shen, Feng Zhao, Liuging Yang, Huize Cui, Jiachen Yu, Ziqi Zhang, Shengtao Li

Research on Diagnosis Technology of Foreign Matter in GIS Equipment Based on Vibration Signal ........... 505
Xuan Meng, Ting Shu, Zhaoyu Zhang, Jiushan Wu, Junhao Li

Research on the Motion Behavior, Characteristics of Metal Particles in 320kV DC GIS.........ccooovveveivreennee. 510
Zemin Liao, Zhikai Li, Qilin Wang, Quansheng Zhu, Peng Liu, Zongren Peng

A Cable Hybrid Type Defect Localization Method Based on Frequency Domain Reflectometry................... 516
Xu Lu, Haotian Zhang, Haibao Mu, Jie Tian, Daning Zhang

Research on the Detection Method of 500kV Composite Insulator's Decay-Like Fracture ..........cccccceeveenneneee. 521
Guohui Pang, Zhijin Zhang, Ming Lu, Chao Gao, Xingliang Jiang

Discharge Development in Air During Lightning Impulse Stress in Uniform Electric Field with
ROAShAPEA PrOtIUSION. ... ceeiieieiieii ettt b ettt et e st e s et e te et e enteeneeeseesneenbeenneenees 527
Michael Peif3, Thomas Spies, Myriam Koch

Analysis of the Suppression Effect of Voltage Transformer's Neutral Point Capacitance on
Ferromagnetic RESONANCE ........ceeoviiiiiiiiiiiiieieeitete ettt ste et e steesteesbe e b e esbeessesseesaesseessesssesssesseenseessenssens 533
Pengfei Li, Zixin Ma, Lin Shen, Zhe Chen, Chonghao Fang, Jie Guo

The Impact of Overhead Line Length on Ferroresonance in Low-Loss Distribution Transformers ................ 539
Abdullahi I Abdi, Jeremiah J Walker, Jules S Djeumen

On-Site Partial Discharge Diagnosis, Location of High Voltage Power Apparatuses, Case Study.................. 544
Hongyu Wang, Yue Zhang, Zhiming Liang, Jin Zhou, Qiyou Xu, Lei Dong, Xiaosheng Peng

Transient Analysis of Lightning Strike to WinD-PV Hybrid System ............ccociriiiiiiiiiieieieceeeeeeee, 548
Yilong Zhang, Dongyang Yang, Hongzhi Bian, Jianxun Zhang, Yakun Liu

Analysis of the Influence of Winding Structure on Winding Vibration of EPOXY Cast Dry-Type
TTANSTOTIMET ...ttt ettt b e b bt eh e bttt e be bt e bt bt eb e et et et e nbe b saeeae 552
Fanyu Kong, Junping Zhao, Changlong Yan

Prediction of Pollution Flashover Voltage Based on Multiple Characteristics of Leakage Current................. 557
Rongfa Chen, Ming Ren, Jiahe Yu, Ming Dong, Changjie Xia

A Novel Localization Methodology for Partial Discharge in Power Transformer Considering

INEEINAL SIUCKUTE ...c.cuiiiieiiiece ettt sttt ettt ae e et een st e s snens 562
Xiaochang Hua, Haibao Mu, Yiming Zheng, Jiangyang Zhan, Xianjun Shao, Lingfeng Jin,
Ping Qian, Guanjun Zhang

Influence of Crosslinked Behavior on the Dielectric Properties of XLPE/OMMT Nanocomposite
DHELECIIC -ttt b et a e et s bbbt e bt eh e st e e bt e bt e bt eheeb b emten b e bt nb e e bt ebeeb e et et e nbenbeebesaeenee 567
Qingzhong Xu, Guanghua Sun, Xiufeng Li, Fansheng Deng, Yunzi Dong, Xiaogiang Wang

The AC, DC Resistance of Metal Shields in Medium Voltage XLPE Cables.........cccceccveiieiinienieiieeeeee, 572
Ying Liu, Heyan Zhang, Jiamei Chen



Partial Discharge Characteristics of HVDC Cables Based on XLPE/EPDM Samples, Typical

ATTEICIAL DIETECLES ...ttt ettt ettt ettt et e e et e st e s s ee e bt e beembeemeeeneeeseesaeenteenteenseeneeaneenneennes 578
Yuzhu Chen, Xiaosheng Peng, Hongyu Wang, Ashfaque Ahmed Bhatti, Mingzhong Xu, Fanwu
Chu

Molecular Design of Eco-Friendly Insulating Gases Based on Structure-activity Relationship ...................... 583

Bin Hai, Feng Wang, She Chen, Jie Liu, Lipeng Zhong, Dongwei Sun

Experimental Study on Thrust, Thrust to Power Ratio of Graphene-Coated Wire-airfoil Electrodes

TOr Tonic Wind PrOPUISION ......coiuiiiieiieie ettt ettt ettt et et e st e s e s bt e sseenbeeneeeneas 589
Fangxiang Ouyang, She Chen, Rengui Tian, Dongdong Xu, Fayou Yang, Qianming Xu,
Zhenxing Zhao

Electromagnetic-Thermal Coupled Analysis of a 10 KV Silicone Rubber Cast Dry-Type
TTANSTOTIMET ...ttt ettt et b bt bbbt et e b et e bt sbe et e et et et e st et saeeae 594
Yue Tong, Chao Fu, Tian Yuan, Qi Wang

A Correction Model of Furfural Loss in Transformer Oil Under Partial Oil Change ...........ccccoeoeeveienenenene 600
Heng Zhang, Jiefeng Liu, Chuhan Geng, Xianhao Fan, Enze Zhang, Yiyi Zhang

Surface Discharge Aging Characteristics of GFRP at Low Temperatures ............c.ccccverenerenereeienenenennens 604
Zhibin Zhang, Ming Ren, Bo Song, Boning Yu, Wenjie Fan, Ming Dong

Molecular Dynamics Simulation of the Destruction Mechanism of Polyester Films by Reactive
Species in Plasma Under Corona Discharge Based on REaxFF ...........cccoociviiiiiiiiieniiiiciecieeeeee e 609
Huichao Wang, Tong Zhao, Xiuging Yi, Liang Zou, Li Zhang

Molecular Dynamics Simulation of Electrical Properties, Surface Binding Energy of PVDF/BNNS
Composites Based 0n REaXFF .........ocooiiiii ettt 615
Xiaosong Wang, Tong Zhao, Xiuging Yi, Liang Zou, Li Zhang

Signal Characteristics of Transient Earth Voltage Sensor Installed Inside, Outside Switch Cabinet............... 621
Jie Wang, Hongxia Wang, Yingbin Shi, Jinliang Li

Volume Effect on AC Dielectric Breakdown Strength of Ester Oil Compared with that of Mineral

Kyouhei Hamasuna, Takaaki Matsuki, Masahiro Kozako, Masayuki Hikita, Shigeyoshi
Yoshida, Haruki Hamada, Takahiro Umemoto

Generation Mechanism, Restraining Measures of DC Over Voltage in Metro Power Supply System............. 632
Ye Qing, Jia Chenglong, Zhao Wenbin, Lu Wu, Gao Yuan, Li Feng

Research on Fault Diagnosis Method of Power Module for Charging Pile Based on Neural Network ........... 638
Jiangang Dai, Lingyu Zhu, Zhanlei Liu, Ziyi Zhao, Shengchang Ji, Xianglong Li, Ping Chen,
Yu Guan, Huimin Chen

Optimal Analysis of Electric Field Characteristics for Live Working on Straight-Line Tower of
+1100KYV DC TransSmiSSIon LINE .......c..couertiririiniriiieieieenteseseet ettt ettt st sre et sae e 644
Yushun Zhao, Yixian Dai, Weiguo Wu, Ling Meng, Shizhong Lin, Pengfei Ma

Pulsed Townsend Measurement of Electron Swarm Parameters in Dry Air.........cccoccvevvieiiecieneenieneenieeeeenne. 650
Dibo Wangr, Wenxiong Mo, Yan Luo, Wei Wang, Ran Zhuo, Haoyong Song

Electromagnetic Transient Simulation Analysis on Electrical Fault of Vacuum Type On-Load Tap
Changer in Converter TTanSTOIMIET. ..........c.iioiiiierierti ettt ettt ettt st e st ettt e et e eneeeseesseesseenseeneeeneas 655
Di Xiahou, Tong Zhao, Xiuqing Yi, Liang Zou, Li Zhang



Influence of Box-In Structure, Environmental Wind Velocity on Top Oil Temperature of the
(7031175 q e Al B 203 1013 01 L) S RUU 661
Xianliang Zhang, Cong Liu, Jian Hao, Jie Wu, Ying Li, Ruijin Liao

Study of Vacuum Thermal Aging on the Mechanical, Dielectric Properties of Liquid Silicone

RUDDET ...ttt b ettt b e bbbt e b et e et s et e bt ebeeb e et et et et ebe bt enes 667
Zhe Xu, Lu Cheng, Wenfeng Liu, Hongbo Liu, Mengqi Wang, Ziqi Zhang, Shengtao Li, Hao
Zheng

Design of Robust, Safe, Reliable Switchgear with Electrothermal Numerical Simulations...........c.ccccceeeeenee. 672

Adrian Scott, Weiran Xu, Mattewos Tefferi, Andres Laso, Nenad Uzelac

Application of Microstrip Filter for Multiple Narrow Band Antenna to Detection of Partial
LD TTe] 2 L TSR 678
Tuvshinbayar Bandi, Shinya Ohtsuka

Fault Analysis, Comprehensive Improvement of Xinjiang Power Grid Transmission Lines Easy to
Mingguan Zhao, Xinsheng Dong, Wei Liu, Yunkai Yue, Hai Yu, Ziliang Zheng, Zeyang Lei

Study of Phased Decomposition Characteristics of Insulator Surface Discharge Under Negative

POIATItY DIC VOIEAZE ...ttt ettt ettt st e b et e et et e s et e sae e st et e enteeneeeseesneenseenseeneas 688
Zhen Chen, Ning Kang, Chenhao Lei, Honggang Zeng, Wenhai Yu, Dong Xiang, Yongchao
Deng

Determination of Gas Solubility Coefficients for DGA ANALYSIS .......ccccveviiieiienieniieieereeee e eeesiee e eee s 692

Senja Leivo, Mikko Aronniemi, Sami Virtanen, Nunu Nopakun-Borovska, Jarkko Larkio,
Lydia Hyrsky, Toni Mellin

AIMD Calculation on Electron Ionization Induced Fragmentations of CsF00, Its Discharge
DecOMPOSIHION PIOMUECLES........ccviciiiiieeiiciiictiese ettt ettt e te et e esaeesbesaeesseesseesbeesseessessaesssesseenseennas 697
Jiayu Xiong, Boya Zhang, Mai Hao, Tao Yang, Xingwen Li

Analysis of the Application of the Rod-Rod Gap Structure in the Protection of Power Transformers ............ 701
Jodo Victor J Melo, Edson G Costa, Jodo Pedro C Souza, Vandilson Rodrigo N. Barbosa,
Antonio F Leite Neto, Lenilson A Barbosa, lago B Oliveira

Cost-Effective Lightning Protection of High-performance Photovoltaic Power Plants ...........c.cccceveienennne. 706
Gyorgy Kdlecz, Zoltan Toth, Balint Németh, Istvan Kiss

Study on Dispersion Characteristics of Epoxy Resin Nanocomposites at Terahertz Range..........cccccccceenuennen. 710
Ze Lian, Shengtao Li, Danyang Chen, Huan Niu

Influence of SFs Gas Mixture Ratio in SF¢/Dry Air Mixtures on Detection Properties of PD-Emitted
Electromagnetic Wave with UHF, VHF Band ANtennas ............ccoccverieriieiiiienieseenieeieeve e eee e sieesseeseennas 714
T. Matsuoka, S. Ohtsuka, K. Inami, H. Hama, Y. Nakadai

Research Status, Prospect of On-Line Monitoring, Fault Diagnosis Technology for Transformer
(03B T T I 2 o 4 U 23 SRR 719
Xiang Li, Feng Wang, Lipeng Zhong, Kaibin Liang

Arc Interruption Performance of C4F7NCO,, Dielectric Recovery in Disconnecting Switch .............cc.c........ 725
Ran Zhou, Kai Wang, Boya Zhang, Xingwen Li

Obtaining Attachment Cross Sections of C4F7N by Analysis of Electron Swarm Parameters......................... 730
Mai Hao, Jiayu Xiong, Boya Zhang, Xingwen Li



Detection of Dissolved Acetylene in Transformer Oil Based on Photothermal Interferometry
N0 TETo 8 L0 1) o) AR PRRPRRSORN 735
Yuan Wang, Zhanglin Chen, Weiqi Qin, Hongyang Zhou, Guoming Ma

Arc Extinguishing Performance of Environmental-Friendly Gas Mixture C4F7N-CO; in a
DISCONNECE SWILCH......etinieiirtiieiirieeirte ettt ettt ettt eb st et b st ettt st et eae e e bt b e enesaeeenenaens 740
Kai Wang, Ran Zhou, Boya Zhang, Xingwen Li

Distributed Temperature Sensing for Ultra-High Voltage GIL Spacer Based on Improved Optical
Frequency Domain RefIECIOMELET ...........eiuiiiieiiieie ettt ettt e sneesbeenee e 745
Weiqi Qin, Meng Zhang, Yabo Li, Ce Xu, Yuan Wang, Guoming Ma

VOLUME 2
Dielectric Strength of Environmental-Friendly Gas Mixtures of C4H:F¢/CO,, CsHoF6/AIR .....ooeviiiiiiniinenne 751
Nian Tang, Yuyang Yao, Jiayu Xiong, Boya Zhang, Xingwen Li, Mai Hao, Kai Wang,
Dongwei Sun
Line Selection Strategy for a Beneficial DLR System Based on International Project Experience ................. 757

David Szabo, Levente Racz, Gabor Gocsei, Balint Nemeth

The Influence of Degassing Time, Curing Time on Insulation Behaviours of Silicone Gel in IGBT
IMOAUIES ...ttt ettt a et b e e bt e h e st e st et et e bt s h e bt bt ea b et et besa b eaeeaee 763
Kaixuan Li, Boya Zhang, Xingwen Li, Haotao Ke

Influence of the Blocking Element on the Front of a HVDC-Lightning Impulse Composite Voltage............. 768
Andreas Dowbysch, Thomas Gotz, Hans-Peter Pampel, Karsten Backhaus, Stephan Schlegel

Simulation Methodology for HVDC Cable Accessories: Focus on Oscillating Polarity Reversal,
TeMPOTArY OVEIVOILAZES ... .eeeitietieite ettt ettt ettt et e e et e b e te et e e ate st e eatesae e st anteenteenseeseeeseenseeseenseeneas 774
Caterina Toigo, Thanh Vu-Cong, Frank Jacquier, Alain Girodet

Lightning Impulse Performance of Natural Ester Oil Based Nanofluid with Magnesium Oxide

INANOPATEICIES . .vveutieeieeie ettt ettt ettt et et e st este e beesbeeseesseesseassaesseasseassasssesseesseesseassesssessseseesseesseassesssenssenseenses 780
Manal M. Emara, Georgios D. Peppas, Thomas E. Tsovilis, Eleftheria C. Pyrgioti, loannis F.
Gonos

Partial Discharge Measurements, Effects of Transients on Power Cables ..........ccoccovieviiiieiiniineieeeeee, 784

Jiayang Wu, Armando Rodrigo Mor, Johan J Smit

A Self-Consistent Approach for Modeling the Transient Ground Resistance of Rods ..........cccceceevieiencnenene 791
Ricardo R. Diaz, Jose N. Silva, Adolfo Parellada

Transformers Fault Identification by Frequency Response Analysis Using Intelligent Classifiers.................. 797
Regelii Sa Ferreira, Hassan Ezzaidi, Issouf Fofana, Patrick Picher

Impact of Stratified Frequency-Dependent Soils with Variable Water Content on Transmission
POWET LINES ...ttt st b s aeen e 804
Anderson R. J. Aravjo, Walter L. M. Azevedo, José Pissolato Filho

Influence of Type, Content, Degassing Time of Crosslinking Agent on Electrical Tree
Characteristics of XLPE in High Voltage Cables..........cccooiiiiiiiiieieiiee et 810
Wei Chen, Zhuoran Yang, Xiao Liu, Yilei Wang



Effect of Polycyclic Aromatic Hydrocarbons on Excitation, Growth Characteristics of Electrical
Tree in Polyethylene-Based Insulation for High Voltage Cables..........ccoooiiiiiiiiiinieieeeeceeeeeee e, 814
Zhuoyan Yang, Wei Chen, Xiao Liu, Yilei Wang

Thermal-Oxidative Aging Effected on the Properties of EPDM Used for Nuclear Cables Insulation............. 818
Xiaohong Chi, Minzun Ji, Jianxi Li, Tao Liu, Wenfeng Liu

Research on the Developing Law of the Air-Gap Discharge in Oil-paper Insulation by Multiple
IMIETROMS ...ttt ettt st bttt ettt a bt s a e ae ettt na bt sh e bt et et ae e b e 822
Qingdan Huang, Haoyong Song, Wei Wang, Yuqing Chen

Experimental Investigation on the Hysteresis Loop Effect of the Body Force Induced by DBD

Plasma ACEUALION.....cc.eeteieteitiet ettt ettt ettt et b e h et e et et et b e ebees e e st en e besa e e bt ebeebt e st et e nbe st b eeeenee 827
Yuanpeng Liu, Minghao Yu, Borui Zheng, Qian Zhang, Yuanzhong Jin, Shulin Xu,
Zhengzhong Sun

A Digital Input Electricity Meter Calibration System Based on IEC 61850 Standard.............ccceoeienenennene. 833

Wei Wei, Yi Fang, Li Ye, He Yu, Yingchun Wang, Dongri Xie

Temperature Dependency of the Frequency Response Characteristic of High Voltage Inductive
Instrument Transformers, RC DIVIAELS ..........oooouiiiiiiiie et e et e e e e e enreeeenneens 840
David Gopp, Erik Sperling, Thomas Bischof, Michael Kriiger

Insulation Characteristics of Quasi-Uniform Electric Field, Effect of Metallic Particle
Contamination in Highly Compressed DIV Al .......c.ccceiieiieniieiieie ettt eee st esae e eaesseesseesseesseesseessens 846
Makoto Miyashita, Motohiro Sato, Shinichiro Nakauchi, Yuji Yoshitomo

Comparative Study of Partial Discharge Detection with Multi-Band Helical Antenna, Silicon
o 1003 vu L0 L o) L) RSSO 851
Yifan Rui, Mingyu Zhou, Haitian Wang, Yalin Wang, Lu Fan, Yi Yin

Hydrophobicity, Density Measurements on New, Field Aged Medium Voltage Composite

INSUIALOTS ...ttt b bbbt et e e bt bt e bt e bt eb b e st en e b e se e e bt ebeeb e et et et e st e beseeenee 856
Christos-Christodoulos A. Kokalis, Constantinos D. Giasafakis, Vassiliki T. Kontargyri,
loannis F. Gonos

Analysis, Study on Withstand Voltage Characteristic of the Arrester of DC Transfer Switch ........................ 862
Xiang Xiao, Wenhao Lu, Xiaoxing Wei, Jinwei Chu

An Integrated Voltage Generator for Medium Voltage Power Cable Insulation Diagnosis..........c.ccccceevuennene 866
Lin Zhang, Li Wang, Qishen Lv, Zhiren Tian, Saike Yang, Xianyu Yue, Hongjie Li

Design of a Current Sensor with Hybrid Integrator Based on a New Circuit Topology ........ccceeeeveeiienenennene 871
Fangfei Su, Weidong Ding, Yue Yu, Xiwen Zhang

Dynamic Solidification Process of Silicone Oil Within Outdoor Cable Terminals Under Cold

COMAILIONS ...ttt ettt ettt ettt a st et b et e bt e bt s e e eb e st e e eae s e e e ene st e e enesaenenesaens 877
Longji Li, Pengxian Song, Fengzheng Zhou, Zhengzheng Meng, Zhijian Li, Qinghua Tang,
Shengchen Fang, Xin Guo, Yang Yu, Songtao Liu, Jin Li, Boxue Du

Acoustic Method for Identification, Detection of Free Metal Particles Defects in GIS/GIL ..............cceeeuee.. 881
Jie Li, Xiaoang Li, Yufang Lv, Jing Ren, Ke Zhao, Qiaogen Zhang

Improved Breakdown Strength, Energy Density of All-Organic Polymer Dielectrics at Elevated

S 101010 62N (<SSR 885
Qi-Kun Feng, Shao-Long Zhong, Li-Juan Yin, Jia-Yao Pei, Yong-Xin Zhang, Yan-Hui Song,
Zhi-Min Dang



Optimization, Simulation of Circuits for Dielectric Elastomer Flexible Generator ..........c.ccocceceeceenvenvencnnenne. 890
Li-Juan Yin, Jia-Yao Pei, Qi-Kun Feng, Jing Zhu, Zhi-Min Dang

Study on Fitting, Prediction of Metallized Film Capacitor’s Voltage DIop..........ccceeevereneninieiieieneseceeaens 896
Yong-Xin Zhang, Shao-Long Zhong, Qi-Kun Feng, Di-Fan Liu, Jiang-Bo Ping, Zhi-Min Dang

Defects Location of Multi-Impedance Mismatched of Power Cables Based on FDR Method with
Dolph-ChebySheV WINAOW ......c.ooiiiiieiieeiee ettt ettt ettt st e ettt e e s e e st e saeenbeeneeenees 902
Yating Cao, Pengfei Meng, Kai Zhou, Yu Jin, Tao Zhou, Jin Yang, Weimin Wu

Development of Management System for Bushing UV Imaging Detection...........ccoccvevvveeviecieeienieneenieeneenne. 908
Yufeng Chen, Zhaoli Gao, Mingkai Xv, Xianfei Lu, Leilei Niu

Application Research of Ultraviolet Imaging, Leakage Current, Acoustic Emission Signal in
Composite Insulator Defect DELECtION. .........cveeiirieiieieeie ettt ettt e ee b e s e nbeeee s 912
Ming Li, Yugang Jing, Lei Zhang, Xinmei Li, Guilin Huang, Zihao Wang

Effect of Molecular Weight on Processability of LDPE Based on Multi-Scale Simulation............c.ccccceeeen.e. 916
Jiacai Li, Xu Han, Kai Shang, Shengtao Li, Shenghe Wang, Dong Pan

Analysis of Decomposition By-Products, Its Formation Mechanism of SF¢/N, Mixed Gases Under
SPATK DISCRATZE ... .ottt a ettt e bt e bt eb e e st en e s e eteebesaeeseeneensesenseabeeaeeneenean 922
Fengxiang Ma, Ding Feng, Xin Lin, Jianyuan Xu, Yanguo Ke, Jia Zhang

How Conductance Characteristics of Nonlinear Materials Influences the Performance of Field
Grading in Needle Plate MOdEL ........c.oocvieiiiiiiieieece ettt st seesesneesseesseenseenseenseas 927
Zhiwen Huang, Jun Hu, Zhikang Yuan, Jinzhong Li, Yu Yin, Hao Tang

Partial Discharge Analysis of Power Electronic Transformer Under High Frequency Pulse Voltage.............. 931
Bendong Zhang, Jun Jiang, Zhi Li, Xiaohan Li, Prem Ranjan, Chaohai Zhang

Effect of Stereoregularity, Grafting Monomers on Dielectric Constant of Polypropylene............cccccveveeenenee. 936
Yonghao Fang, Yu Deng, Sijia Lao Fei Yan

A New Method to Detect Corona Discharge in Power EQUIpment ............cccooceiieiiiieieneneiccceeeee e 941
Yongjie Nie, Yu Jing, Meng Zhang, Haopeng Chen, Xianping Zhao, Tengfei Zhao, Guanghao
Lu, Yuanwei Zhu, Shengtao Li

Simulation on Weibull-Distribution of PP Nanocomposites Modulated by Carrier Transport,
Molecular DISPIACEIMENL . ......cc.eeitieiieiieiieet ettt ettt ettt et et e et e b et e e te et e saeesse e st e et enteeneeeseesseenseenneenees 946
Shurao Cai, Ziwei Gao, Minzun Ji, Daomin Min, Shengtao Li, Qingzhou Wu, Jie Liu

Effect of Soil Discharge Channels on Cables Under Lightning Strikes .........ccccccevvvevieriieriiecieeienieseesie e, 951
Xiaochuan Li, Wenxia Sima, Tao Yuan, Ming Yang, Jialun Li, Xiejun Du

The Influecne of the Background Gas on Photoacoustic Signal...........cccoeoiiiiiiiiinieieeeeeeeeee e 956
Jiaming Xiong, Jianping Liao, Dibo Wang, Fan Gao, Ran Zhuo, Yufei Chen

Research on Target Selection of Gateway Power Transformer Error Test Based on Fuzzy Decision,
Combination Weighting Method ..........c.oociiiiiiiiiiiciicececeee ettt ste e essesseesssesseeseenseessens 960
Kangmin Hu, Shaobo Liu, Kunxiong Liu, Xiaodong Yin, Zhaozhi Long, Wenting Li, Jiawei
Fan

Analysis of Lightning Protection Performance of 110 kV Transmission Line Canceling Lightning

Jianlin Hu, Ruihe Zhang, Jianping Hu, Fang Zhen, Xiaofeng Wang, Keer Sun, Xingliang
Jiang



A Portable Partial Discharge Locating Tool for 10-KV Covered Conductor Lines.........ccccocevereeeeiencnennnn 971
Yuan Yan, Hongjie Li, Yanchao Wang, Jiaqi Tao, Zhenyu Lu, Yinsong Zhao

Thermal Ageing of Cross-Linked Polyethylene Cables: Mechanism, Influence on the Time-varying
Property of Frequency Domain Dielectric SPECtrOSCOPY ...cvievrrierieriieriieieeiesetesteesieereereeereessesseesseenseessesnnas 976
Zhen Qin, Lijun Yang, Wei Li, Xuetong Zhao, Yuan Xia

Micromagnetic Investigation on Vortex Motion of Nanocrystalline Alloy Under kHz Level
LY Yo T 82 15 1o o PSRRI 981
Kaihang Guo, Liang Zou, Yongjian Li, Lingjun Dai, Li Zhang

Signal Attenuation, Distortion in Coaxial Cables for High Voltage Measurements ............cccocoevverveereeiennnnns 986
Abderrahim Khamlichi, Fernando Garnacho, Jorge Rovira, Pascual Simon

Vibration Simulation of High Voltage Parallel Reactor Based on Multi-Physics Field..........c.cccccevieninnnnee. 991
Qinging Huang, Jing Zhang, Songhai Fan, Zongxi Zhang, Chuanxian Luo

The Effect of Frequency-Dependent Soil Electrical Parameters on the Lightning Response of a ‘Y’
Shaped Composite Pylon for 400 kV TransmiSSion LINeS .........c.ccveeuiecierienienieniiesie e see e seeesie e ene e senens 997
Kai Yin, Mohammad Ghomi, Filipe Fd Silva, Claus Leth Bak, Hanchi Zhang, Qian Wang

Development Approach of a Leader-Propagation-Model for the Discharge Process of Various
Voltage Forms in Long Air Gap Rod-plane Electrode Configurations ...........cccceecevererieienieienienese e 1003
Uwe Schubert, Xiuyuan Yao, Ali Shirvani, Ting Lei, Yujian Ding, Weidong Shi, Uwe Schmidt

Effect of Premature Crosslinking, Thermal Oxidation on the Breakdown Performance of
Crosslinkable Polyethylene Insulating Materials ............cceecveiierienieieeie ettt eeeee e e 1009
Hao Liu, Mengqi Wang, Shihang Wang, Shengtao Li, Shenghe Wang, Yun Gao

Study on the Difference of Dc Breakdown Strength Between XLPE, LDPE .........ccccoocoiiiiiiiiiiniceee 1014
Yunfei Bai, Shihang Wang, Liuging Yang, Jiacai Li, Shengtao Li, Shenghe Wang

Research on Space Charge Characteristics, Electric Threshold of High Doping Rate Epoxy/Micro-

ALOs; Composites Used for GIL Basin INSUIAtOrs. .......c.ceouiriirierieieiieiese et 1019
Qilin Wang, Weiyu Wang, Shifeng Shi, Chongchong Chen, He Li, Jinbin Li, Yaqin Wen, Peng
Liu, Zongren Peng

Intensive Monitoring, Disassembling Analysis of an 1000kV Shunt Reactor with Abnormal
Grounding Current, Dissolved Gas i Ol ..........ccveviieiieiiiieiieieie ettt eae e sreeseeaessnesenenns 1025
Shaohe Wang, Jinhua Zhu, Lin Zhao, Yong Yang, Yongtao Jin

Effect of Voltage, Fog Application on AC Flashover Characteristics of Polymeric Insulators Under

ATHTICIAL ClEAN FOZ TS ...ttt ettt sttt ettt e s ettt e st e e beebeese et e st eneenbeseesaeeneenean 1031
Mohammed El Amine Slama, Abderrahmane Manu Haddad, Maurizio Albano, Ronald T.
Waters

The Molecular Weight, Curing Dynamics of Bisphenol a Expansion Chain Modified Epoxy Resin
Affect the Physical, Electrical Properties of Their Curing Materials ...........cccceieeieeiiiiineneeeeeeieee e 1037
Hongli Dou, Yushun Zhao, Minghao Wei, Cheng Yan, Song Zhang, Yun Chen

Simulation Analysis of Electric Field Changes During Low Temperature Startup of Converter
TTANSTOTIMIET ...ttt b et ea et b e bt e b e e bt es et et e e b e sb e ebeebees b et e benbesaeebeenean 1044
Minghe Chi, Qian Wang, Qinglin Luo, Chaohai Zhang, Ji Liu, Yi Guan, Qingguo Chen

Dynamic, Quantitative Risk Assessment of Ultra-High Voltage Converter Transformers ............ccccceeuennee. 1049
Yadong Xing, Yang Liu, Yizhuo Hu, Ming Dong



Gas Generation in Environment-Friendly Insulating Fluid Under Partial Discharge, Sparking Faults.......... 1055
Yadong Xing, Yang Liu, Yingjie Xi, Yizhuo Hu, Ming Dong, Ming Ren

Study on Internal Electric Field Distribution of On-Load Tap Changer for Converter Transformer-............. 1061
Jun Deng, Zhicheng Xie, Haibin Zhou, Zhicheng Pan

SOC Estimation for Lithium-Ion Batteries Based on Electrochemical Impedance Spectroscopy,
Equivalent Circuit MOAE] .........oouiiiiiiieiee ettt sttt ettt et st e et e et e te e e eneeeneens 1065
Yingjie Xi, Yang Liu, Yadong Xing, Ming Dong, Rongfa Chen

Research on the Selection, Layout of Cantilever Sensors Based on Photoacoustic Spectroscopy
BT 170 10) [ <y USRS 1070
Fuping Zeng, Hongtu Cheng, Qiang Yao, Long Li, Shiling Zhang, Congdong She

CO; Adsorption Effect on Breakdown Strength of Cellulose Paper ...........coccoevieininiinienieeeeee 1076
Jiachen Yu, Huize Cui, Feng Zhao, Liuging Yang, Shengtao Li

The Formation Mechanism of White Powder in Cable Water Blocking Tape, Its Influence on
Volume Resistivity, Thermal CONAUCHIVILY ........c.ccueriirriieiieeiiiieeieit ettt see e seeeaeenseenee s 1081
Baojun Hui, Yanting Cheng, Jiasheng Huang, Shuai Hou, Wenbo Zhu, Peng Zhao

Data Reliability of RFID Temperature Sensor Applied to SWitchgear ...........ccccoeoieieieiininiiieeeee e 1086
Jiabao Mei, Ruolan Wang, Kaihong Xu, Zhifeng Dai, Jiangtao Li

Anomaly Analysis of 500 KV High Voltage Reactor Based on Multi-Detection Information Fusion .......... 1092
Hongmei Wang, Jiacheng Yang, Xin Wang, Shuai Shao, Zhao Li, Dengwei Ding, Rong Li,
Liang He

The Role of Filler Dissipation in Material Properties of Ethylene-Propylene-Dine Monomer for
(010 (0 F T 1T 3103 s OSSPSR 1096
Jing Xu, Xiangyufan, Jing Chen, Chongjun Tian, Jinghui Gao, Lisheng Zhong

Research on the Development of Photoelectric Signal During Typical Discharges in Transformer
MaIN TNSULATIONS ...ttt ettt sttt ettt e ae st be bt e ae et e et e tenbesaeeueeaeen 1100
Jianan Weng, Wu Lu, Muzi Li, Hao Zhang, Wenbin Zhao

Investigations on Detectability of Different Acids in Paper-Oil Insulation.............c.ococvviiiniiniinininninnn. 1105
Biisra Ozdemir, Tobias Miinster, Peter Werle, Kai Hiamel, Jorg Preusel

Study on the Acute Inhalation Toxicity of Eco-Friendly Gas Insulating Medium C5-PFK.............c.c......... 1110
Yalong Li, Xiaoxing Zhang, Zhuo Wei, Yi Wang, Yi Li, Song Xiao

The Effect of Annular Sector Pollution on the DC Icing Flashover Performance of LXY4-160
Insulators Based on Natural Ice Test Station...........cceoeririiiiieieeee ettt 1115
Caijin Fan, Xingliang Jiang

Testing Research on AC Interference of UHV AC GIL Test Line to Buried Metal Pipeline......................... 1120
Ni Li, Yu-Bing Qiu, Hua-Gang Liu, Jian-Gong Zhang, Hui-Chun Xie, Bing Zhou

Development of an Experimental Setup to Study Temperature Distribution of Liquid Natural
C00led POWET TTanS OIS ....c.eiueeuieiiiiiientieteeieett ettt ettt ettt b ettt bbbt et et naesaenbe e 1126
S. C. Zhao, X. Zhang, Q. Liu, M. Wilkinson, M. Negro, M. Daghrah

Research on Ultraviolet Spectrum Characteristics of Corona Discharge on Porcelain Insulator
Under Different POIULION DEEIEES........ccueruiriiriieiieiieiieieie ettt sttt ettt sttt se st et e e seeseeenes 1132
Dieji Zheng, Wu Lu, Yuan Gao, Wenbin Zhao, Yaonan Zhang



Reproducibility of Partial Discharge Measurements on Surface Discharges According to IEC

60270 at DC, AC VOIAGES .....eetieieeie ettt ettt ettt et e et e st et e et e ea e eeeesse e beeseensesneesneesneenneenes
Michael Hartje, Thomas Kumm, Bernhard Schober, Uwe Schichler, Javier Torres, Peter
Werle

Topological Research on Inductive Pulsed POWer SUPPLY ....ooveeviiiiiiiiiecieeeeeeeeet e
Yongjie Feng, Ling Dai, Zhi Liang, Fuchang Lin

Simulation of Electrical Performance of Algae Contaminated Insulator .............ccooceerieiiiiinieneiieceeeee,
Shifang Yang, Haocheng Yi, Yunpeng Liu

Improvement on Dynamic Drop Test for Dynamic Hydrophobicity Measurement..............cccceeeveevereeennnne.
Qian Wang, Hao Shen, Xidong Liang, Shuming Liu, Shuqi Liu, Zhou Zuo

Simulation Study of Space Charge Behavior Characteristics in XLPE Cable Insulation Under
Alternating Current FIBIA .........oouoiiiiiieieee ettt sttt ae ettt se e besbe e eneenean
Zhe Xu, Dongxin He, Kai Yang, Weijian Xue, Qingjing Zang, Qingquan Li

The Temperature Distribution Analysis of 220kV GIS with Different Structure..........ccocooceverveeviincncnennn.
Song Wang, Junhao Li, Kai Liu, Zai Xing Peng

On-Line Monitoring, Characteristic Analysis of Converter Transformer Vibration .............cccceceverenencnene
Shuyu Wu, Fan Zhang, Shengchang Ji, Zhenyu Zhan, Wei Wang

Evaluation Method of Cable Dielectric Loss Under Oscillation Wave Voltage...........cccoeeverienveriiecieenennnnns
Suzhou Wu, Gongcheng, Yingzhang, Chao Li, Hanchao Ma, Xiaojun Zhang

Finite Element Analysis of Temperature Field, Electric Field of Oil-Paper Insulation Nonuniform
Aging of Transformer in OPETAtION.........oeuiiieiieiieriiee ettt ettt ettt e b e b e bt ettt saeesbeeseeeteenteeneeas
Lu Li, Ji Liu, Mingze Zhang, Yufei Sun, Hao Yun

Long Term DGA Trend Evaluation of Transmission Power Transformers ............ccccccevveneviereniencncncnenne.
Thathsara Herath, Zhongdong Wang, Qiang Liu, Gordon Wilson, Ruth Hooton, Shengji Tee

Research on Development, Performance of the Strain Composite Cross-Arm in 10KV Distribution

Zhou Songsong, Li Le, Gui Yuan, Li Zheyuan, Zhou Jun, Liu Hechen, Dai Xiaohan

Partial Discharge Diagnosis for GIS Equipment with Deep Decision Network.........c.ccocevevereeieniencncnenne.
Huang Zhihong, Zhang Keren, Xiao Jian, Chen Junxingxu, Huang Wei, Zhu Guangming

Study on Altitude Correction Coefficient of Pollution Flashover Voltage of UHVDC Insulators
With Different Shed SRAPES .......ccoooiiriiiiieiieeceee ettt ettt et e st e e beebeesaeeseesaeesseesseesseensens
Ruiping Huang, Jun Zhou, Liang Tian, Yueneng Xu

High Dielectric Permittivity Copolyimide Films by Constructing Polar Units ...........cccccoveevienieieeiieienenne
Yaya Tian, Liangyu Gui, Ming-Sheng Zheng, Jun-Wei Zha

Research on Insulation Aging State of XLPE Cables Under Accelerated AgIng.........ccccoceveeerieeienenenennens
Jiahe Wang, Man Ding, Jinpeng Wang, Zhenfei Chen

Development of a Spherical Transient Electric Field Measuring Instrument Based on Wireless
BTS00 T T ) USSR
Wenting Li, Zhaozhi Long, Jiawei Fan, Kangmin, Liu Shaobo, Feng Zhou



Analysis of the Relationship Between the Loss of the Three-Phase Five-Limb Transformer, GIC............... 1225
Yidan Hu, Yanping Liu, Pengfei Song, Zhaoyu Zhang, Junhao Li, Shaoxian Chu, Changchun
Zhai

A Convolutional Neural Network, Sequence-To- Sequence Model Based Energy Disaggregation
Algorithm for Non-intrusive Load MONTEOTING .......cc.evuieirieieniiienenieeieeceii ettt 1230
Wenli Lian, Tuo Wu, Ying He, Zihan Shan, Gangquan Si

Discharge Characteristics of Actual Winding Turn-To-Turn Structure Inside Transformers Under
Oscillating Switching IMPulSe VOItAZE .........coiuiiiieiiiieeiie ettt 1236
Ruochen Guo, Yuan Sun, Xuanrui Zhang, Jiushan Wu, Junhao Li

Experimental Practice Implemented to Improve Meaningfulness of Prequalification Tests for

Extruded HVDC 525KV Land, SUbMArine CabIes ...........cccviiieeiueieieieieeeceee e eeeeee e eeneeeeeeaneeeenns 1240
Shuai Hou, Yuantao Zhao, Yifan Zhang, Zewei Zhou, Guojun Yu, Mingli Fu, Baojun Hui,
Wenbo Zhu

Inverse Analysis of Optimum Permittivity Distribution for FGM Spacer in Consideration with

Multiple Objective Functions in Gaseous Insulation SYStEMS ..........ccceeevirieiienieriieciieiesieseese e eve e senens 1246
Katsumi Kato, Hiroki Kojima, Naoki Hayakawa, Hidetaka Masui, Hironori Yanase, Kenji
Okamoto, Hitoshi Okubo

Evaluation of the Grounding System of the High Voltage Laboratory: Case Study ..........ccoocvevieiveiieiennnne 1252
Paulla G S Freire, Estacio T Wanderley Neto, Credson De Salles

Modelling of Partial Discharge Behavior at DC Applied Voltage by Using ABC Model ...........c.cccveeuenennn. 1258
O. Zidane, Rainer Haller

Variation of Chemical Bonds of Oil-Paper Insulation in the Process of Thermal Aging: A
MoleCular STMULALION ... ..oeiiiiiii ettt e et e e e e e e eaae e e e eae e e e eeaeeeeeeaaeeeeenneeeenneeeenseeeeenns 1264
Jianlin Li, Taiyun Zhu, Shenglong Zhu, Jia Xie, Shaorui Qin, Han Li, Yuan Li

Effect of Thermal Aging on the Decay-Like Fracture of Silicone Rubber Composite Insulator ................... 1269
Hao Shen, Hui Liu, Yu Deng, Ran Jia, Chao Zhou, Yang Zhang, Rong Liu, Chuanbin Liu

Dynamic Analysis of DC GIL Insulator Surface Charge Accumulation Based on COMSOL,
MATLAB CO-SIMUIALION. ¢..c.couiiiiitirieieiertetee sttt sttt sttt sttt et ae e be e 1275
Baojia Deng, Shiling Zhang, Zi Zhang, Wenyan Gan, Xiaoxiao Luo

A Hybrid Analytical Model for Estimating the Shielding Effectiveness of an Irregular Cavity
Structure With APETtUIE ATTAYS .....eecvieieeieiiertiesieerteetestesttesteeseesteesaessaesseesseesesssesssesseesseanseensesssesssesseessesnses 1281
Kejian Chen, Hai Jin, Hongliang Zhang, Xiaoying Zhang, Zhengqiang Liu

Research on Key Technology of Turn to Turn Insulation Test of Iron Core Reactor by High
FreqUEnCy MEthOd........cviiiiiiiiieiecie ettt ettt e s saesaeesbeesbeesseesbeessassaesaesaessesnsesssessnanns 1287
Shouming Wang, Ji Liu, Mingze Zhang, Kunhan Wang

The Influence of Dielectric Constant Characteristics of AC High Gradient Resistor on Potential
DISEIIDULION. ...ttt ettt sttt et et s a b sae e et et se bt saeeae et et e ae et enes 1292
Zixin Ma, Chonghao Fang, Lin Shen, Pengfei Li, Zhe Chen, Jie Guo

Differential Lightning Protection Assessment of Transmission Lines .........c.cceceeveevienenenenencnicenienenenenane 1298
Jiangong Ma, Bo Zhang, Hao Fu, Lifu Wang, Jian Wang

Effect of Epoxy Material Itself on Characteristics, Properties of Its Fluorinated Surface Layer ................... 1305
Bo Niu, Feiyue Ma, Zhonghua Xiang, Xuguang Liu, Zhenlian An



Excellent Varistor Calcium Copper Titanate Composites Tailored by Interface Engineering....................... 1310
Zhuang Tang, Pengkang Xie, Zhiyao Fu, Kai Ning

Partial Discharge Characteristics of NANO-TIO, Modified OIP Bushing Capacitor Core Based on
EQUal Margin DESIZN.......cccviiieiieiiieiieieetestesttesteeteebeestesseesseesseesseessesssesseesseesseesseessesssesssessesssesssesssesssesseenns 1314
Daosheng Liu, Xingrong Chen, Tengxiao Niu, Yahui Zhao

Study on the Structure, Mechanical, Electrical Properties of B-Crystal Blended Polypropylene................... 1318
Kaiwen Huang, Man Xu Zhigang Xue, Wei Zhang, Yunshun Peng, Liyuan Zhang

The Electrical Properties Along the Radial Distribution of 500kV DC Cable Insulation ...........ccccceevenuennene 1324
Wenpeng Li, Jinghui Gao, Lisheng Zhong, Fei Li, Yinge Li, Zhuoyuan Shen, Xin Chen, Chong
Zhang, Hongda Yan

Flashover Voltage Estimation of Cone-Type GIS Spacer with Permittivity Graded Materials

(e -FGM) by Volume-Time Theory in Consideration with Conductor Surface Roughness in

S GAS ...ttt ettt b bbb bbbt bbb bt bbbt b bbbt beee 1329
Naoki Hayakawa, Yusaku Miyazaki, Hiroki Kojima, Katsumi Kato, Hitoshi Okubo, Kazuo
Adachi, Kenji Okamoto

The Voltage Endurance Characteristics of HVDC Cable Insulation SHCes ..........ccccvenenineniinnceiiincncnennns 1334
Fei Li, Lisheng Zhong, Jinghui Gao, Rui Sui, Wenpeng Li, Hong Zhang

Research on Calculation Methods of Harmonic Parameters of XLPE HVDC Cable..........ccccccovvvvvveeiinnennne. 1338
Xiao Du, Xuezhong Liu, Yuhang Liu, Zhiyu Yan, Hongmiao Yu, Yan Yan

Research on the Selection of Anti-Galloping Interphase SPacers ..........ccevverierierieie et 1342
Hui Liu, Chao Zhou, Zixin Zhao, Qinghe Shen, Jinxia Yao, Rong Liu, Yang Zhang, Ran Jia,
Hao Shen

Application of SiC-Filled Permittivity, Conductivity Graded Material (¢/c-FGM) in HVDC GIS
Rachmawati, Hiroki Kojima, Katsumi Kato, Nabila Zebouchi, Naoki Hayakawa

Combining Multi-Type Power Optimization to Improve the Consumption of Renewable Energy................ 1353
Wanli Ma, Zihang Zhang, Peng Zhang Xuan Wang, Chengxiang Chen, Hongfei Zhao, Zheng
Zong, Jinhua Dong

Influence of Lighting Rod Flange Connection Parameters on Bolt Fatigue Performance,

IMPTOVEMENE IMEASUIES .....eeruvieiuiieiiieeiie ettt ettt et ettt e b et et e e b et et e s bt e ebte e bt e ebteebaeensteebeeesaeebaeenseenns 1359
Mingguan Zhao, Xinsheng Dong, Jian Wang, Yang Yang, Meng Li, Wenbing Zhuang, Xiaojun
Zhang

Beam Structure Capacitive Electric Field SenSOr.........ciivviiiiiiiiiciieiieieceeseee ettt 1367

Changbao Xu, Mingyong Xin, Jipu Gao, Yu Wang, Bing Tian, Zhong Liu, Peng Li, Qiancheng
Lv, Zhifei Han

Design of a Miniaturized Bounded Wave Simulator for Broadband, Intensive Electric Fields ..................... 1372
Zhifei Han, Jun Hu, Fen Xue, Shanxiang Wang, Jinliang He, Zhong Liu, Peng Li, Bing Tian,
Zhiming Wang, Qiancheng Lv, Bofeng Luo

Research on Short-Time Withstand Current Test Technology of Main-branch of 500kV Mechanical
DIC CHICUIE BTEAKET .....ceueeuieiitieteeieei ettt b e et b ettt besb e b et et e e e naenbe e 1377
Fan Guangwei, Liu Ping, Liu Pu, Huang Shi, Wang Peiren, Du Juncen



Study on the Temperature Distribution of Composite Insulator of UHV-DC Line Considering Solar
RAGIALION <.ttt sttt ettt b e et b e bt et et et ettt b e e bt eae et et ae e b 1382
Longlong Li, Xiaoying Zhang, Hai Jin, Hongliang Zhang, Kejian Chen, Kun Li

Research on Bus Electrodynamic Force of 750KV Micro-Loss Economical Fault Current Limiter
Under Power Frequency SROTt-CITCUIL.........c.iiiiriiiriiiie ettt ettt ste et eae s seeesreeseesbeessesssesseesseennas 1387
Shaogui Ai, Dongyang Hou, Yiping Fan, Feiyue Ma, Kui Ma, Jun Zou

Research on Transformer Electrodynamic Force of 750KV Microloss Economical Fault Current
Limiter Under Power Frequency Short-CirCUIt ..........ooouieiiiiiiieiieieeieee ettt 1393
Shaogui Ai, Dongyang Hou, Yongning Huang, Hui Ni, Xiuguang Li, Jun Zou

AC Breakdown Performance of Natural Esters Combined with Different Biodegradable
Antioxidants Under Accelerated Thermal AZEING .........cccvecvirierierieiieieeie ettt ese e 1398
Wei Peng, Mingxiang Xiong, Xianqgin Deng, Zhiyan Peng, Wu Lu, Wenbin Zhao, Hao Zhang

Research on Partial Discharge Simulation Device, Evaluation Method Based on GIS...........ccooiiienenne. 1403
Chunhui Gu, Jian Fang, Yong Wang, Wenxiong Mo

Characterization of Polypropylene/Titatium Dioxide Composites Used for 3D Printing of Dielectric
Functionally Graded INSUIALOTS .........c.eecuieiirieiiesiieteie ettt ettt seeaesseesneesseesseenseenseenseas 1409
Hao-Yang Yin, Wen-Dong Li, Yu-Cheng Zhang, Chao Wang, Zhi-Hui Jiang, Guan-Jun Zhang

Estimation of State of Charge of Lithium Battery Based on Electrochemical Impedance
SPECITOSCOPY +uvveeureeurrerireerittesteeattesteesuteesseessseessseessseessseessseessseessseessseessseessseensseesseessseessseensseesnsesnsseensseennee 1414
Wenjie Fan, Xinzhe Li, Ming Dong, L Kun, Yingan Zhi, Likun Meng

Micro-Cantilever Electric Field Sensors Based on Piezoelectric-Piezoresistive Coupling ...........cccecueeuenne 1419
Zhifei Han, Fen Xue, Jun Hu, Jinliang He

Partial Discharge Statistical Characteristics of Oil-Paper Insulation Under High Frequency Stress.............. 1425
Xiaonan Li, Yan Yang, Kai Liu, Zihao Wu, Tong Liu, Minghui Zhu, Guangning Wu

Study of Controlled Switching with Pre-Insertion Resistor During Energization of AC Filters.................... 1431
Lei Chen, Xiaohui Chen, Ying Wei

Research on Electromagnetic Transient Response of Photovoltaic System When Lightning Strikes
THE BAIth ..ottt sttt et b ettt naen 1437
Chenglong Jia, Wenbin Zhao, Yuan Gao, Feng Li, Min Tang, Zhong Tang

Dielectric Properties Improvement of Polypropylene by Silane Grafting Modification for HVDC
CabIe INSULATION .....euttiiiietirietct ettt ettt sttt sttt st b et eb e st b e st ebe e be e 1442
Shixun Hu, Linzhen Fan, Wei Wang, Qi Li, Jinliang He

Research on Vibration Law of Converter Transformer Oil Tank Surface.............oooovvveeeiiiieiiiinicieeeeeneeen, 1446
Ningchuan Liang, Jiantao Sun

Optimal Scheduling with Dynamic Characteristics of Network for Electric Thermal Integrated
ENOIZY SYSTEIM. ...ttt ettt s b e b e bt et e et e s et e s hte s bt et e en bt ea b e ea e e ebeenbeebeenbeentesaeesaeenae 1450
Jiandong Duan, Bo Qin, Siyu Tu, Fan Liu

Detection of SFs Decomposition Components SO,F,, SOF, Based on Mid-Infrared Laser

PhotOACOUSHIC SPECIIOSCOPY ..vvevrerieniietieieeteetiestteteeseeteetesseesseeseesseenseassesssesseenseesseensesnsesssesseesseenseensennsens 1457
Chao Bian, Feng Dai, Jun Cheng, Xuan Chen, Qiang Gan, Zhengdong Zhang, Tingyue Tan,
Bin Yang, Cong Wang, Guanglu Cui, Pengfei Zhang, Bin Sun



High Voltage Dielectric Response Characteristics of Oil-Paper Insulation with Different Moisture
COMEETIE ...ttt ettt sttt ettt et be st b e eb e eat et et e bt sh e bt euteas et et e bt sa e bt eue e st e e et ennenaeebeeaeen 1462
Zheng Jian, Jian Hao, Xiaodong Shen, Qiang Liu, Yu Shang, Yong Liang

Research on Absorption Spectrum Characteristics of Transformer Oil ...........cccoeevvviirienieneeneeeeieeeee, 1467
Xiaohui He, Qiaogen Zhang, Chong Guo, Rui Zhang, Xingwang Wu

Space Charge Dynamic Characteristics of Epoxy Material Under Extreme Conditions...........cccccoveveeeennee. 1472
Kun Li, Hongliang Zhang, Hai Jin, Ping Zhang, Longlong Li, Zhengqiang Liu, Xinhe Shen

Repetitive Microsecond Pulse Flashover Characteristics of Switch Stage Insulators in SFe ......cccccevenennen. 1477
Tianyu Lin, Xi Chen, Meiyan Wang, Zhilong Fan, Feng Wang, Feng Xue, Lanjun Yang

Adsorption Properties of SO>F, on a-Al,O3(0 0 0 1) Surface: A Dft Study......ccceeveeiiiiiiieeeeeeeee 1483
Yichun Bai, Guofang Gao, Gang Wei, Zhengqin Cao, Qilin Yi

Ramp Sinusoidal Breakdown of Epoxy Resin Under High Voltage Waveforms at Different
FrOQUEIICIES ... oottt ettt ettt st e et e et e e st e eab e et s e sbe e beesseessesseesseeseesseesseesseessasssessaenseensesssesseesseenseenns 1487
Weichuan Zhao, Tianming Luo, Mohamad Ghaffarian Niasar

Investigation on Enhancement of Flashover Voltage of High Temperature Vulcanized Silicone
Rubber by Micron CompoSite COALING........ccueruiruiiieuieieierte ettt et eeteteste e ettt eseeaeeteeessesteebesseeneesesesseseeanes 1493
Jingrui Zhang, Didi Liu, Manging Zhao, Dai Wan, Bo Zhang, Yang Wang, Yan Du

Multi-Physical Field Simulation, Optimization of Integrated Voltage Self-sharing Interrupter .................... 1498
Cheng Xian, Li Xin, Ge Guowei, Du Shuai, Qin Cong

VOLUME 3

Effect of Transformer Oil, Membrance of Extrinsic F-P Optical Fiber Sensor for PD Induced
Acoustic Emission Detection, Signal SCAlING .........ccuerieriiiiiiiiiieieiee ettt 1503
Hong Zhao, Weichao Zhang, Qichao Chen, Jixian Qiao

Research on Insulation Failure Characteristics of Encapsulated Insulating Resin Under Impulse
ELEOLTIC ..ttt ettt ettt b e bbbt e h ettt bbbt bt et es et et besaeebeeae s 1507
Xinyu Tang, Wenxia Sima, Yazhou Chen, Potao Sun, Jianwei Xu, Yuhang Huang

Dielectric Strength, Conductivity Improvements of Voltage-Stabilizer Modified EPDM Materials
Used for Cable AccesSOry INSULAION ........ccveiieiiieiiiiii ettt ettt steeae e e st e saeesbeesbeessesssessaesseennas 1512
Hong Zhao, Zhongyuan Li, Weifeng Sun, Chunyang Li, Junqi Chen

Influence of Gas Flow on Surface Discharge Development Under AC Voltage.........cccoveeveenerieneeneeneenne. 1521
Yan Du, Qing Zhu, Chong Li, Jingrui Zhang, Didi Liu, Manging Zhao

Improving the Insulation Performance of Epoxy Resin After Damp by POSS Modification ............c.ccc.c..... 1525
Chao Gong, Yushun Zhao, Ziyang Zhang, Song Zhang, Lijian Ding, Hongda Zhang

Qian Liu, Bin Du, Yushun Zhao, Yuxiang Mai, Nanging Chen

Effect of Hydrolyzable Chlorine Content on Dielectric Properties of epoxy/Al,Os Composite
Hygrothermal AGINE.......c.eiuiiiiiiieiiet ettt b et ettt b e sbe bt et e et et e e bt sbeeb e e st enbeneentenbenaeas 1534
Yufan Xu, Yushun Zhao, Minghao Wei, Cheng Yan, Song Zhang, Kun Wang



Calculating Algorithm for the Interface Charge Density of Oil-Pressboard Insulation Considering
the Scale-effect Under DC VOItaZe ........oeiiiiieiiieiieie ettt ettt ettt st ee e enteeneeenee 1538
Chunjia Gao, Congcong Chen, Haozhi Shi, Qing Yuan, Bo Qi, Chengrong Li, Meng Huang

Influence of Oil-Pressboard Combination on Electric Field Distribution of Main Insulation
Structure on Valve-side Winding of HVDC Converter Transformer.............coccoeevevienieniieciiecieeieseesieeie e 1543
Xiying Wang, Zhidong Cheng, Li Cheng, Qiling Guo, Ruijin Liao

Application of PD Detection Technology in Withstand Voltage Test for Power Cable Lines....................... 1548
Chen Min, Huang Jiasheng, Zhou Zhipeng, Lu Jingjing, Xie Yanting, Liu Yingying

Detection Scheme of Commutation Failure Based on Temporal Features of Thyristor Valve in the
(01N 7 11 O ) i v 11 SRR 1554
Shanshan Yin, Xiaohua Li, Zexiang Cai, Shuyong Li

Cumulative Damage Calculation, Life Prediction of Switching Device MOSFET for Charging Pile............ 1560
Xi Chen, Xiulan Liu, Yuan Jin, Lin Cheng, Jiangang Dai, Lingyu Zhu, Zhanlei Liu,
Shengchang Ji

Simulation of the Electric Field of Human Body Surface When the +1100 kV Line is Installed in
Parallel with the 1000 KV AC LINE ..cc.eoueiuiiieiiiiniinienieeieeeet ettt ettt ettt sa e s s 1565
Cao Songyuan, Wang Jian, Dong Guolun, Yan Bo, Fang Dengzhou, Sun Keer

The Influence of Adjacent Lines on the Surface Electric Field of Outage Maintenance Personnel............... 1571
Xia Lingzhi, Cheng Dengfeng, Cheng Yang, Ding Zhiyuan, Sun Keer

Research on Spectral Recognition Method of Tree Species in Transmission Corridor.........cceceeveveevienennenne. 1576
Li Jieshan, Wang Ning, Wang Chaoshuo, Yao Libin, Yang Chenguang, Yan Xianglong

Intelligent Recognition of Insulator Video Stream Based on Embedded Edge Computing ...........ccccceeenee. 1584
Yuntao Sun, Yong Zhang, Suhong Chen, Yufeng Chen, Kaixuan Sun

Influence of Aging on Prebreakdown Characteristics of Ester Liquids with Experimental, Statistical
F N 21 3£ TSRS PRRSRORN 1590
T. Jayasree, U. Mohan Rao, 1. Fofana, S. Brettschneider, E. M. Rodriguez Celis, P. Picher

A Degradation Detection Case of Polarization-Depolarization Current on 110kV Submarine Cables.......... 1595
Shihu Yu, Xin Yu, Xiangyang Peng, Cuiru Yang, Ji Wu, Jixiang Wang, Kai Zhou

Simulation of Electric Field, Space Charge of Typical Particle Defects of HVDC Cable............cccceeuenenee. 1600
Ashfaque A Bhatti, Lei Dong, Lijun Li, Xiaosheng Peng, Bryan Malpartida, Mingzhong Xu,
Fanwu Chu, Hongyu Wang

Research, Protection of Stray Current in Grounding System of HV XLPE Cable Along Subway ................ 1604
Bo Wang, Lingwen Meng, Quanwei Hu, Chao Zuo, Yunfei Chen, Yue Li, Yuging Chang

A New Single-Phase Multi-winding Low-frequency Converter Transformer Model Based on the
DESIZN PATAIMETETS ...ttt ettt ettt ettt e et eae e e bt e b e e be e bt e et e seesatesaeenbeenteenteeneeas 1609
Binyang Zou, Bo Yue, Ke Wang, Xuan Li, He Zhang, Gang Li, Wenxia Sima, Ming Yang

Current Field Distribution Calculation for Water-Blocking Cushion Layer of HV XLPE Cable................... 1614
Wenjie Li, Yang Zhao, Xianbo Deng, Songhua Liu, Benhong Ouyang, Wenbin Rao, Rong Xia,
Ying Liu, Qing Liu, Yunjie Zhou, Tianyu Yang, Hongliang Liu, Zhigang Ren, Libin Hu, Ruoxi
Liu



PD Characteristic, Motion Behaviours of Free Metallic Particles in Transformer Oil with
Paper-Covered EIECIIOARS .......coiuiiiieiieiieeteet ettt sttt ettt st e bt e b e ae e s seesaeesaeeseeneeenseeneenneens 1619
Yuhang Yao, Suyi Xia, Cheng Pan, Ju Tang, Xinyu Luo

Experimental Research on Erosion Detection Method of High Voltage Cable Cushion Layer ..................... 1624
Xin Zhang, Guowen Hao, Bingiang Xia, Hui Yu, Lijun Xu, Zhao Han, Wenjie Li, Benhong
Ouyang, Rong Xia

Impact of Base Oil Composition, Additives on Gassing Characteristics of Oil-Paper Insulation.................. 1628
Huijuan Wang, Hua Chen, Shengtao Li, Huimin Yu, Shujie Ma, Yu Zhang, Hai Zhang

Surface Charge Accumulation Under Nanosecond Pulse Discharge, Its Effect on the Breakdown
Voltage 0f the Gas SWILCR........ociiiiiiciicececee ettt ettt beebeesaesreesaeesseesseenseensens 1632
Lipeng Zhong, Yongchao Deng, Zhigiang Chen, Wei Jia, Fan Guo

Effect of Light Stabilizer Injection Technology on Insulation Properties of the Thermal-Oxidative
ALEA XLPE CabIe ...ttt ettt e a e et b e bt ettt st s at e sh e bt ettt et 1637
Yaping Wu, Kai Zhou, Shiyu Li, Jianbo Xiang, Qingwen Xu

Research on the Thermal Field Distribution of the Currentcarrying Fittings with Different Heat
DiSSIPALION STIUCTUIE ....ecuvieiiieiieeitestieit ettt eteette st te bt eteeteeeesseesseesseenseesseassesssesseenseenseensesnsesseesseenseenseensennsens 1642
Shoufeng Jin, Shifeng Shi, Guohua Yang, Wenhao Wang, Ronggang Gao, Zongren Peng

Experimental Research on the Arcing Characteristics of C4F7N/CO3 Gas MiXtures.........ccoceeeereereenienenennens 1647
Lei Han, Xin Lin, Jia Zhang, Jianyuan Xu, Yu Song, Ding Feng

Micro Electric-Field Sensor Based on Converse Piezoelectric Effect.........cooovvieiiiiiiiiiinieeeeeeeee 1651
Mingyong Xin, Changbao Xu, Jianyang Zhu, Peng Li, Bing Tian, Zhong Liu, Zhifei Han

Simulation Research on Commutation Failure in Fault Removal ............coooviiiiiiiiiiiiieieeee e 1656
Jingyi Zhang, Xiaohua Li, Yulin Wang, Jun Zhao, Shuyong Li

Simulation on Arcing Process Considering Continuous Motion of Non-Return Valve for
Auto-expansion Circuit BreakKers ..........ccoooiiiiiiiiiiiiee ettt sttt enee 1661
Kai Zhu, Wenbing Zhang, Zhanfeng Ma, Xu Jiang, Jia Wu

Influence of Thermal Aging on the Physical Characteristics of Liquid Silicone Rubber............cccccocevenenen. 1667
Qian Wang, Sen Xu, Xidong Liang, Shuming Liu, Shuqi Liu, Zhou Zuo

Partial Discharge Diagnosis Based on TMR Magnetic Field Sensor ...........cccceiieiiriiiiiienienieeeieeeeee 1671
Shi Pan, Jun Hu, Ran Bi, Haoyu Ma, Jinliang He, Zhong Liu, Peng Li, Bing Tian, Zhiming
Wang, Qiancheng Lv, Bofeng Luo

Influence of Low Frequency Dielectric Relaxation on Electric Field Distribution of Epoxy
IMPIEegnated PaAPET.......cc.ooiiiiiiiiiiiiei ettt ettt bbbttt ae e 1677
Zhengqgiang Liu, Hongliang Zhang, Xiaohong Hao, Hai Jin, Kun Li, Lu Guo

Enabling a LIPP System for Space Charge Measurements Under the Influence of Temperature
GIAGIEIES ..ottt sttt s h bbbt et e a e b sh e bt e at s e e et e bt bt bt ea e st e et e b sae b eae s 1683
Felix M Klichowski, Felix Rosch, Ronald Plath

Discussion on Pollution Accumulation Characteristics of Insulator on Top of EMU Based on Multi
28 TS] L6 1101 o) 1TSS 1689
Rui Zhang, Ting Chen, Guanglin Bai, Tao Wang, Lujia Wang, Janwen Zhang

Measurement, Analysis of Partial Discharge of Bubble Defects in GIS Basin Insulator............ccccceceveneenee. 1695
Tao Wang, Heng Ti, Mingming Chen, Rui Zhang, Guanglin Bai, Jianwen Zhang



Space Charge, Trap Characteristics of High Voltage Power Module Packaging Insulation Based on
SIMUItANEOUS MEASUTEIMNENL. ... .cueeuieitiiintiriertietteteetetent ettt ettt et et ettt eae st et esae st ebesaeese et enaenaenaenneeee 1701
Mingyu Zhou, Haitian Wang, Yalin Wang, Wenyi Li, Jiandong Wu, Tao Han, Yi Yin

The Space Charge Behaviour in LDPE Under AC Field with Frequency from 1 mHz to 1 kHz................... 1706
Fanfan Yang, Jiandong Wu, Huaibei Su, Yi Yin

Novel Approach for Insulation Condition Assessment of High Voltage Substation Equipment at 1

Diego M Robalino, Vince Oppedisano, Kenneth Petroff

Research on Detection Technology of Bubble Size Distribution in Transformer Oil Based on MIE
SCAMETING TREOTY ...eevvieeiiitieiiieciiete ettt ettt et e et esttesteesteesseesseesaesssesseessaesseassesseesssesssenseessenssesssenseessennss 1717
Xiaohui He, Qiaogen Zhang, Rui Zhang, Chong Guo, Xingwang Wu

Field Measurement, Analysis on Wind-Induced Vibration Response of Single Column Lightning
RO ettt ettt bbbt bttt b et ettt st et ettt et benaen 1721
Xinsheng Dong, Hui Wang, Kezhu Guo, Jiangong Ma, Wei Liu, Mingguan Zhao

Analysis of Moisture Diffusion of Oil-Impregnated Bushing Under Axial Non-uniform Distribution
Based on FEM, FicK'S SECONA LAW ..........ooiiiiiiiieiiie et etee e e e eeaae e e eenneeeeenneeeeens 1728
Xianhao Fan, Kuo Jiang, Jiefeng Liu Qingyin Wang, Yiyi Zhang

Discharge Characteristics, Harmfulness of Millimetre Metal Particles on the 1100 kV Insulator
Xing Li, Yuan Xu, Weidong Liu, Ke Zhao

Modeling of Hybrid DC Fuse Based on Piecewise Fitting.........cccoeoieriieiirieiieiieeee e 1737
Shaopeng Liu, Feng Ji, Siguang Li, Wen Sun

Simulation, Analysis of Polypropylene Dielectric Constant Based on Molecular Simulation Method.......... 1743
Sijia Lao, Huiwen He, Lei Wang, Ting Yin

The Influence of Impulse Polarity on the Degradation of VariStors...........ccecveriieeeeienienieneee e 1747
Yuji Zhang, Xueling Yao, Mingjie Ma

Research on the Propagation Characteristics of Ultrasonic Signals Generated by Partial Discharge
in GIS Under Different STrUCTUIES ........c..oiuiitiiiiieieieese sttt sttt e et sae e sbe e 1752
Zhimin Wu, Chenglong Jia, Wenbin Zhao, Wu Lu, Yuan Gao, Feng Li

Review of Transmission Line Protection in AC/DC Hybrid SyStem ..........cccoeeiieieriieiiinienieseeieeieee e 1757
Jiandong Duan, Zhenghao Qi, Hao Li, Zainan Li

Disc-Type Motor Control Based on Current PrediCtion ............ccvecvieciiiierieniieiieieeieeeesieee e 1763
Jing Zhu, Jian Luo, Zhihui Jin, Chun Chen

Research on Overvoltage, Electromagnetic Disturbance Characteristic of AIS Isolating Switch.................. 1769
Huang Xingming, Min Yongzhi, Yuan Jiaxin, Cheng Lin, Yin Shan

Research on the Power Frequency Breakdown Characteristics of a New Eco-Friendly Gas

Insulating Medium HFO-1336MZZ(E).........cceoitiiiieiieieeiesiesieee ettt ettt seesesee e e sneeseenes 1774
Long Li, Pu Han, Qiang Yao, Baojia Deng, Ying Zhang, Song Xiao, Yi Li, Chao Lin, Yijiang
Chen

Study on Pollution Accumulation of Different String Insulators in the UHVDC Transmission Line............ 1778

Tian Liang, Huang Ruiping, Zhou Jun



Improvement of Energy Storage Density of P(VDF-TrFE-CFE) Composites by Filling with Two
Dimensional Bnns NaNOSHEELS ..........ccueueriiririiiriiieictene sttt sttt ettt st st sae e 1782
Yanan Shang, Yu Feng, Changhai Zhang, Tiandong Zhang, Qingguo Chi

Recognition of Partial Discharge of XLPE Cable Based on ReSNets ........cccccvevvieiieierieniiieeiece e 1787
Zhe Zhao, Changhai Sun, Shuchun Zhao, Jiliang Han, Junxiang Ma, Jiaxun He

Research on the Temperature Rise Characteristics of Converter Transformer Valve-Side Bushing,
the Prediction Model of Full State INAeX.........ccviiiiiiiiiiie ettt 1792
Mu Lin, Kai Liu, Zhen Ding, Hao Tang, Yan Yang, Guang Ning Wu

Numerical Simulation of Space Charge in XLPE DC Cable Under Temperature Gradient.............c.cccc...... 1798
Chi Chen, Jiaxing Li, Ni Zhao, Chuang Wang, Deyi Wang, Guoging Yang

Nonlinear Characteristics of High-Voltage Frequency Domain Spectroscopy of 500 kV Submarine
Xize Dai, Zheng Jian, Jian Hao, Qingsong Liu, Ruijin Liao

Research on Mechanical Properties of Cable Terminals for High Speed Trains at Extreme
TEIMPEIATUTE. ......veeeitte ettt ettt ettt ettt ettt et s bt ettt s bt e eabe e e bt e e bt e e baeeabee e beeenbteeabbeensteeabbeenseeenbaeensaesnbaeanseeans 1807
Chao Wu, Xunzhi Ye, Xia Wang

Analysis on the Locomotion of Cable Tunnel Inspection Quadruped Robot Based on Deep

ReIN{OrcemMEnt LEAINIINE .......coueeitieiieiieieeiteet ettt sttt ettt e s b e b et e bt et s et saeesbe e bt e bt enteeneesaeens 1813
Chenbin Wu, Yunjie Zhou, Yi Zhang, Hai Li, Xiaodi Wang, Zhigiang Li, Yiqing Xu, Penghui
Ni

Electric Field Prediction, Optimization of 12 kV Switchgear Contact BoX .........cccceeviiiiiiinienieieieeeee 1818

Zhiwen Bian, Shaomei Shi, Yanxue Guo, Yihong Lin, Yong Huang, Shengwen Shu

Experimental Study on Temperature Rise of 40.5 Kv Switchgear with Heater Installed............cccccccccenenen. 1823
Yong Huang, Shengwen Shu, Shaomei Shi, Zhiwen Bian, Dengfeng Wei, Yihong Lin

Identification Method of Turn-To-Turn Short Circuit Fault in Low Voltage Winding of 220KV
TTANSTOTIMET ...ttt sttt ettt sbe ettt et et et e bt sbeeb e et easennetenbenaeen 1829
Jiexin Shen, Lei Liu, Dingqian Yang

Research on Application of Distributed FBG in On-Line Temperature Sensing of Power
TTANSTOTIMIET ...ttt b et ea et b e bt e b e e bt es et et e e b e sb e ebeebees b et e benbesaeebeenean 1837
Chengjun Wang, Ning Ding, Jiangyang Zhan, Haibao Mu, Guanjun Zhang, Ping Qian

Application, Research of Resistive Superconducting Fault Current Limiter in 60kV HVDC System........... 1843
Bodun Hou, Baoge Zhang, Rui Sun

Study of Hierarchical Support Technique for Managing Assets - Development of Support Program
for Substation EQUIPIMENT........ccviiiiiiiitee ettt e e st e st et e e bt enteessessaessaenseenseensesnnessnenns 1849
Tsuguhiro Takahashi

Study on Partial Discharge Pulse Propagation Characteristics, Clustering Analysis of Cable....................... 1855
Bingiang Xia, Zhao Han, Ming Chen, Wenjie Li, Benhong Ouyang, Senxuan Zhou, Zihao
Chen, Xiaoyun Guo

An Algorithm for Anomaly Detection of On-Line Monitoring Data of Dissolved Gas in
Transformer Oil Based on Rule EXtraction .........cccccuevierininininieieienentenesceiceeetetestesie e 1860
Wenjun Liu, Chenxi Guo, Yuanfu Xu, Qiang Han, Ming Dong



Operation, Monitoring Technology of Ultra-High Voltage Transformer Equipment ..............cccocvvveneennenne. 1865
Peng Li, Jianyi Wang, Chao Wu, Shugi Zhang, Huanchao Cheng

Stability Study of Wind, De-Icing Resistant Anti-Icing COAtINGS.........cceruerrerieienieierie et 1870
Zhu Siguo, Tan Yanjun, Zhang Xueqin

A Semi-Resolved Algorithm for Euler-Lagrangian Model of Charged Particulate Flows Under
Slightly Non-uniformed Electrical Field ...........cccooiiiiiiiiieeeee e 1876
Li Yang, Xi Yang, Lijuan Zhu, Yezhi Wu

Numerical Simulation of Surface Discharge in Oil Paper Insulation Based on Finite Element
Method, CellUlar AULOMALA ........cccveiiiiieiieeeee ettt e eeee e e et e e et e e e eesaeeeeeteeesesseessenareeseseeesansresesnnnns 1883
Jianning Chen, Yuanxiang Zhou, Yunxiao Zhang, Xin Huang, Ling Zhang

Influences of Low Temperature on Velocity of Positive Streamer Under Uniform Field of Air Gap............ 1888
Jinggang Guo, Xiujiang Zuo, Bo Li, Wenxi Tang, Yansong Wu, Hongwei Mei, Liming Wang

Influences of Low Temperature on Luminous Characteristics of Positive Streamer in Air........cccccccevevuenen. 1893
Shizeng Liu, Yigang Ma, Wenxi Tang, Yansong Wu, Hongwei Mei, Liming Wang

Transformer Internal Electromagnetic Field Distribution, Its Internal Sensor Arrangement Scheme............ 1898
Xing Chen Tian, Jiangtao Li

Simulation of Space Charge Characteristics of Epoxy Resin Under Pulse Voltage...........cccoeevvevevienieenennen. 1904
Yuming Shao, Youping Tu, Geng Chen, Shaocong Wu

Time Transition of Gas Conductivity, Charge Behavior in SFs-Epoxy Composite Insulation System
Under DC Partial DISCRAIZE ........coueiieieieiee ettt ettt ettt st be et ene et e seseeseeenes 1910
Ryuichi Nakane, Hiroki Kojima, Naoki Hayakawa

Thermally Conductive Polymer Composites for High Voltage Insulation............ccceeeveninencnncesiencncnennn. 1915
Pengli Li, Xingyi Huang
Investigation on Loss Reduction Strategies of Single-Core HVAC Submarine Cables...........ccccccererenurnene 1923

Xing Xu, Fanbo Meng, Ashish Paramane, Xiangrong Chen, Lifeng Qiu, Wenjun Zhou

Finite Element Analysis of Electrical Stresses in the Insulation System of Rotating Machines Fed
DY StAtiC CONVEITETS ...uveeuvieiieeieeiiestieteeteeteeetesttestteseeseeseesaesseesseesseanseansesssesssenseenseesseensesnsesssesseesseanseensennsens 1928
Reza Sargazi, Peter Werle, Asghar Akbari

ICLightning Stroke Identification for Transmission Line Based on the Joint Criterion: The Polarity
of Transients, Wavelet Transform ENergy..........ccocoiiiiiiiiiiieeee ettt 1934
Ruolan Wang, Jiangtao Li, Zheng Zhao, Xingchen Tian, Jiabao Mei, Kaihong Xu

Study on the Parameter Evaluation of Dielectric Relaxation, Electric Conduction for the Thermal
Aged XLPE Cables by DCIC-Q(T) Method .......cc.cooiiiiiiiiiiiiee ettt 1939
Qihang Jiang, Bingrong Huang, Weiwang Wang, Xinyuan Li, Shengtao Li, Yongjie Nie

Modelling of Initial Streamer Discharge Voltage of C4F7N/CO, Mixed Gas Considering Electrode
SUITACE ROUGNNESS ...ttt ettt sttt et e et e e sb e esbestaesbe e beesseessesseesseesssenseessenssesssenseesseenss 1945
Yu Zheng, Tengda Shen, Tianpeng You, Wenjun Zhou

DC Electric Fields in HVDC Stations ......c..coeeirerieierienienieniinenteeeeteteste sttt eeeeeesaesae st saeeeeeeesenseseeenes 1949
Yury Solovyev, Liliana Arevalo



Moisture Dependent Surface Charge Behavior of Fluorinated Oil-Impregnated Paper Under the

Harmonic Superimposed DC VOITAZES. .......oouiiiuiiiiiiiee ettt ettt st se et eneeeneen 1954
Wenbo Zhu, Mingli Fu, Baojun Hui, Shuai Hou, Yifan Zhang, Bin Feng, Jun Chen, Le Gu,
Huihong Huang

Study on the Partial Discharge Recognition for Special-Shaped Voltage Method............ccccoecvvvvevienieennnnen. 1959

Yasen Wu, Wen Cao, Wei Shen, Qianwen Song, Changjiang Chen, Yan Du, Yang Wang

A Parallel Galerkin’s Moment Based Method for Finding Resistance of HVDC Grounding
ELECIIOME. ...ttt sttt ettt e bt ettt et et b e ae ettt ne b 1965
Ashiq Muhammed, Ankit Srivastava, Bidhan Biswas

Optimisation of Built-In UHF Conical Monopole Antenna Sensors for Partial Discharge Detection
in High Voltage SWItCRZEAL .......coiiiiiiiiiiriiect ettt ettt et 1971
Yunpeng Di, Yanchao Wang, Yincheng Gao, Penglei Xu, Yunpeng Di

Effect of Nanofiller Content on DC Conductivity, Breakdown Strength of PP/MgO
INANOCOIMPOSIEES ...vievvieerierereeierterteerteesteestteessaeessseessaeesseasseeesssesssessseensesansseenssssnsssensesssssensesssssesssessnseesnsees 1977
Qinrong Li, Daomin Min, Wei Shen, Mengyao Han, Shengtao Li

Three-Dimensional Finite Element Modelling of Electrical Field Intensity Induced in Human Body
with Pacemaker Implanted During Transient Processes in Power Network............coccooviiiiniiiieiiniieeeeee 1982
Bingjie Wu, Wu Lu, Ranran Ding, Wenbin Zhao

Mechanisms Behind the Transition of Streamer Propagation Mode in Natural Ester Around the
Acceleration Voltage Under Lightning Impulse VOItages..........cccevieriieiieiieienieiieneeie e 1986
Zhiyan Peng, Wu Lu, Feng Li, Wenbin Zhao, Hao Zhang

Influence of Zinc Oxide Nanoparticles on Dielectric Performance of Natural Ester Oil ..........cc.cccooveneennene. 1991
K. N. Koutras, 1. A. Naxakis, E. C. Pyrgioti, V. P. Charalampakos, G. D. Peppas

Physical Parameters Calculation of C4F7N/CO2 MIXEUIE ....cc.eiueiuirieiiniiniinienieeiieeeeesie e 1997
Yang Meng, Zhichuang Li, Weidong Ding, Zhongbo Zheng

Study on External Insulation Durability Test of Composite Cross Arm Insulator ............cccceeceeeerieneenenee. 2002
Xuechun Han, Jing Nan, Feng Huo, Hengdong Song

Study About Anti-Icing Effect of Weatherproof Super-hydrophobic Coating on Wind Turbine................... 2008
Hang Yang, Qin Hu, Xingliang Jiang, Lichun Shu, Xin Yang

Transient Enclosure Voltage Measurement, Analysis of 1100kV Disconnector Bus-Charging

CUITENt SWILCRING TESES ....eutitiitieiieiieee ettt ettt ettt ettt b e e st ese et e teebe et e ebeeneente s esesaesaeeneenean 2014
Chen Liu, Qiang Li, Ni Yuan, Meng Shen, Chungiang Su, Hao Sun, Yuhong Zheng, Tao Jia,
Weidong Ding

Effect of Modified Silicone Rubber on Discharge of SR/XLPE Composite Interface...........cccccvevevecrrenennne 2019

Jiarui Han, Yifan Hao, Guangzhi Guo, Junbo Deng, Guanjun Zhang

Simulation Analysis of Electric Field Distribution for Terminal Ball in 750kV Substation ............cc.ccc.c...... 2023
Zhao Yalin, Wu Jian, Geng Mingxin, Yang Bin, Shen Chen, Lei Meng, Tian Xin

Switching Test of 35KV Bridging Regulation Vacuum On-Load Tap Changer.........c.ccoceceverienveniencnennnn. 2028
Yan Li, Peter A. A. F. Wouters, Suoyi Li, Mao Li

Research on Linearity Measurement Method of Impulse Current Measuring Devices..........c.cceovereererenenne. 2032
Zhaozhi Long, Wentingli, Fengzhou, Yi Liu, Jiawei Fan, Kangmin Hu, Wenxin Peng



Diagnostic Method for Partial Discharge in Transformer Based on Multiple Information,
ADPPLICAION ANALYSIS ..ottt ettt ettt et ettt e st e et et e st e e s ee e st e s b e e beebeebeeneesaeesaeene e et enteenaeeneens 2038
Jie Yang, Jiang Nan, Shanglin Lv, Yanhui Shi, Yang Yang

Effect of Micro-Nano Particles Co Doping in Epoxy on Surface Flashover.........c.ccccoccevievieeiiciinieneenen, 2042
Xiang Gao, Bo Zhang, Jin Huang, Huan Niu, Mingru Li, Shengtaoli

VLF Monitored Withstand Test for Distribution Cables.............oiiiiiiiiiiiiiiiiiiieeieeeeee e 2046
Hao Ma, Yuan Tian, Gerhard Reimann, Markus Baur

Fault Diagnosis Model of DGA in Transformer, Reactor Oil Based on Time Series Feature
AANALYSIS ...vvieviiieitieiteeie ettt et e st e et et e et e et e et et e et e e b e e bt arteeRee st e teenbeesbe et b e esbe st e beenbeenaeeraeeseeereenseenseenseenrens 2052
Zhong Qiang Zhan, Wentao Chen, Duo Hu Gong, Tong Li, Chong Wang

The Microstructure Study on the High-Flexible Conductors for Charging Pile Cable Applications ............. 2058
Jing Chen, Huaqiang Li, Jing Xu, Chongjun Tian, Lisheng Zhong, Jinghui Gao

Diagnosis, Analysis of High-Frequency PD Detection in Cable Equipment.............ccccccevvereerieeeieneeneenneenn, 2062
Yuging Chang, Quanwei Hu, Yunfei Chen, Zhanpeng Wei, Wenting Wei, Wen Li

Study on the Characteristics of Bird Streamer Flashover Discharge Under DC Voltage..........ccccccovevueeennee. 2067
Wang Shenghui, Dong Xinghao, Guo Fengtian, Wang Ximing

Application of Finite Element Method to Compare the Installation Requirements in a Buried Cable
According to IECO0287 Standards...........ccueeverierieniieiieeieeee ettt etesteesee e essesaessaesseesseenseenseenseessesseens 2073
Sandy J M Balla, Jeremiah J Walker, Isaac K Kyere

PD Characteristics of Epoxy Surface Triggered by Metal Particle Under AC Superimposed
Lightning IMPulse N SFe6 GaS .......eeiiiiiiiiietieiieee ettt ettt sttt ettt et be bt ebe st enae e e besbesaeeneenean 2078
Cong He, Haotian Wang, Ting Shu, Yidan Hu, Zhaoyu Zhang, Xuan Meng, Junhao Li

Research on Corona Discharge Characteristics of DC Overhead Lines with Burr Defect Based on
Experiment, Numerical SIMUIALION ......cc.ceviriiiiiriniiirieeieeet ettt sttt s 2082
Shenghui Wang, Tingyue Jiang, Xinghao Dong, Leilei Niu, Likun Ding, Kai She

Study on Dielectric, Discharge Characteristics of nano-Al,O3; Modified Insulating Paperboard
Under AC-DC Combined VOITAZE ......c.ecveiieriieiiiiicie ettt ettt ete st steesteeaeesaesseesseesseesseessesssesssesseesseensas 2090
Zhihua Liu, Zewei Bu, Simeng Li, Shengchang Ji

First Principle Study of Charge Transport Properties in Silicone Rubber Based on Classical Marcus
11T ) 2RSS 2095
Guangzhi Guo, Jiarui Han, Xi Chen, Junbo Deng, Guanjun Zhang

Guo Zhanpeng, Liu Hechen, Li Le, Wu Xuan, Sun Yu

Study on the Conduction Characteristics of SFs Gas Gap Under Capillary Pulse Plasma Injection.............. 2106
Hao Sun, Xuandong Liu, Ming Chen

Investigation on Surface Charge Accumulation Characteristics of C4F7N/CO> Mixture Under
DIETETENE ...ttt ettt sttt sttt eaen 2113
Junhong Chen, Junhao Dong, Jinshu Li, Junbo Deng, Guan-Jun Zhang

Short Circuit Protection of High-Voltage High-power Three-level Inverter System ...........cccceceveienenennne. 2117
Li Yang, Liu Jian



DC Flashover Performance of Surface Fluorinated Alumina/epoxy Resin Composite with Real
SPACET FOIMUIALION ...ttt ettt ettt e e et e et e s st et e et e enteenseeseesneenseeneenees 2124
Feiyue Ma, Zhonghua Xiang, Ying Wei, Wenbo Huang, Zhenlian An

The Thermal Decomposition Characteristics of HFO1234ze(E) Gas for MV Equipment..............ccceveenneene. 2130
Long Li, Zhen Li, Ke Li, Qiang Yao, Song Xiao, Yi Li, Chao Lin, Haoying Wu

Study on the Influence of Pollution Level on Temperature Rise of Composite Insulators..............cccceeneenee. 2134
Ruzhang Dai, Bing Zhang, Jipeng Li, Jian Zhao, Houxu Li, Yujiao Zhang

Test, Operation Analysis of Natural Ester Retrofilled 110KV Mobile Transformer..........c..cccceceecverienenennene 2140
Weiping Zhang, Ruifeng Wang, Kevin J Rapp, Lingfeng Wei, Yunpeng Liu

LLIDICS .ttt st h ettt et bt e ae ettt ettt be e ae e et et et et enes 2145
Bin Yang, Wen Han, Yujia Wang, Lyu Wang, Shuhong Wang, Mingxin Geng, Xiaochun Bai,
Jian Wu

Space Charge Distribution Characteristics of Polyimide (PI) Films Modified by nano-Al>O3/SiOs.............. 2150

Daosheng Liu, Chunhua Zhou, Wei Zhong, Liang Zhang

Analysis of Internal Electrothermal Performance of Varistor Under Impulse Current ...........ccceeerenenenne. 2155
Yuji Zhang, Xueling Yao, Mingjie Ma

Research on “8”-Shaped Magnetic Core Current Transformer Based on Magnetic Field
CANCEIIALION ...ttt b et a et b e bbbt eh bt et b e bt e bbbt et et b st beeae s 2160
Xiaojun Tang, Jiaqi Chen, Zhongda Xu, Ling Yan

Partial Discharge Pattern Classification of Composite Insulators by Electromagnetic Spectrum,
Stacked AUtOENCOAET NEEWOTK ........coveuiriiieiiiiiieiiriite ettt ettt ettt as 2166
Cheng Chen, Shengwen Shu, Yifei Dong, Jian Wang, Ming Jin

An Innovative Solver for Electric Field Computing in Three-Phase Power Systems ............ccoecvevvecirriennnnne 2172
Adolfo Parellada, Ricardo R. Diaz, José N. Silva

Failure Analysis for Water-Blocking Cushion Layer Erosion of HV XLPE Cable..........c.ccccceceeiineienennnne. 2178
Qing Liu, Wenjie Li, Zhenpeng Zhang, Yuli Wang, Yang Zhao, Ying Liu, Benhong Ouyang,
Wenbin Rao, Yunjie Zhou, Tianyu Yang, Hongliang Liu, Libin Hu, Ruoxi Liu, Zhigang Ren

Adsorption Characteristics of Moisture in Insulating Paper, Its Influence on Charge Transport................... 2182
Haoxiang Zhao, Ning Ding, Huanmin Yao, Daning Zhang, Haibao Mu, Guanjun Zhang

Surface Charge Inversion Algorithm of Non-Invasive Surface Potential Measurement.............c.ccceveruennene. 2186
Lu Fan, Mingyu Zhou, Yifan Rui, Yi Yin, Yalin Wang

Beneficial Electrode Arrangement for Electroaerodynamic PropulSion............cccoeveeiiiiiiiinieniesieieeeeeene 2190
Sahar Estahbanati, Uwe Schichler

Role of Energy, Gas Pressure on Phase Evolution of Nano-Alumina in Wire Explosion Process................. 2196
Prem Ranjan, Ramanujam Sarathi, Hisayuki Suematsu, Jun Jiang, Lujia Chen

Study on Space Charge Characteristics in XLPE/EPDM Composite Under DC Superimposed
IMPULISE VOILAZE ...ttt ettt et e e e st et e et e ea e eeeessee st e st eneeeneesneesneenneenes 2200
Cui Bonan, Liu Shuai, Jiang Quanxu, Xia Wang

Risk Assessment of Ferroresonance in Distribution NetWork ..........ccoocviiiiiiiiiiiiiieiiicceieeees e 2205
Jinggang Yang, Xinyao Si, Guangqing Zhang, Yuxiao Chen



Electric Field Simulation, Partial Discharge Test of 10 KV Cable Terminations with Hole Defects ............ 2210
Chao Wang, Chunfang Wu, Weiyang Zhen, Tao Huang, Jiapeng Xiao, Yun Chen, Yanwen
Chen, Yanpeng Hao, Licheng Li

Successive Electromagnetic Transient Diagnosis Using Unsupervised Circulation-Learning
N1 B2 117 O TSP SRRUPTRUSTRPRPNt 2215
Han Zhang, Xuan Li, Bo Yue, Simin Zhang, He Zhang, Wenxia Sima, Ming Yang

Accurately Measuring the Structure Parameters of Insulators in Real Time by Using Structured
Light TIIIMINATION. 1. ettt ettt ettt et e sae et e et eat e e s ee et e e be e seenseemseemeesseesneanseenseenseensenneens 2220
Jian Wang, Ziliang Zheng, Meng Li, Ming Jin, Kai Liu

A Case Analysis on Suspension Discharge Defect of 220KV GIS Disconnecting Switch ........c.cccceeevenenne. 2226
Bo Zhou, Jun Gao, Hongquan Yang, Yufei Hu, Chuan Cai, Jun Liu, Chao Guo

Simulation Analysis for Partial Deformation of Transformer Winding, Distortion of Magnetic
Leakage Distribution Considering Asymmetric Mechanical Constraint .............c.coccevereeerienienenese e 2230
Hujun Shang, Quan Zhou, Xi Ouyang, Junfeng Dai, Jiajia Zheng

Research, Application of the Phase-Checking Method Based on the Leakage Current Signal of
Metal Zine OXIAE ATTESLET ... ..c.couiiiiuiriiieiirieeeee ettt ettt st sttt se et se b saeseenesaens 2236
Bo Zhou, Peng Cheng, Yanging Liu, Xinchun Yang, Heng Zhao, Xin Liu, Qihang Wang

The Evaluation of the Buffer Layer Chemical Corrosion for HV XLPE Insulated Cable with
Corrugated Aluminium Sheath StrUCLUIE ........cvioiiiiieiieiececeeee e sre e eaeeeesrne e 2240
Lei Jiang, Xiyuan Zhao, Zhigang Ren, Yekun Men, Jinghui Gao, Lisheng Zhong

Defect Analysis of Abnormal Growth of Hydrogen in 220kV Transformer Bushing Oil.............ccccccoeenne. 2246
Shuo Jiang, Dan Zhou, Zhiqin Ma, Xian Yang, Linglong Cai, Yuhui Jin, Xiang Shu

The Influence of Temperature on Surface Discharge Characters of Oil-Pressboard Insulation...................... 2249
Gao Bo, Yu Rui, Zhou Peng, Zhuang Xin, Liu Cheng, Hu Guangcai

Author Index





