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Thursday, March 17 Oral Session

01 Switching Phenomena in SF6 and Alternative Gases

09:00-10:20 E5

Chairs Hongkyu Kim (HYOSUNG, Korea)
Yasunori Tanaka (Kanazawa University, Japan)

1-0726 Research on the Evaluation Method of Eco-friendly Gas in the Application of High Voltage 
Circuit Breaker...1

Xi’an Jiaotong University, China

1-0735 Numerical Study of Ablation-dominated Arcs in Polyamide Enclosure...5

1-0560

1Esgee T echnologies Inc., USA, 2Samspra Aerospace Systems Private Limited, India, 3The University of 
Texas at Austin, USA

Post-arc Dielectric Recovery of Ultrahigh-Pressure Nitrogen Under Forced Gas Flow...9

1Islamic University of Technology, Bangladesh, 2Norwegian University of Science and Technology, 
Norway, 3SINTEF Energy Research, Norway

1-0606 Influences of DC Component of Short-circuit Current on TP KMEA Arc Model Parameters 
of 126 kV SF6 Circuit Breaker...14

1Xi’an Jiaotong University, China, 2State Grid Ningxia Electric Power Corporation Research Institute, China



Thursday, March 17 Oral Session

12 AI and IoT Application for Power Equipment Development 

13 Others

10:40-12:20 E5

Chairs Hongkyu Kim (HYOSUNG, Korea)
Erik Taylor (Siemens AG, Germany)

12-0353 Research on Intelligent Detection of Sulfur Hexafluoride Gas Leakage in Confined Spaces...18

1Guangdong Power Gird, China, 2Xi’an Jiaotong University, China

12-0421 Partial Discharge Diagnosis Based on Variational Mode Decomposition and Multiscale
Permutation Entropy...23

Xi’an Jiaotong University, China

13-0693 DC Arc Interruption Experiment using Arrangement of Polymer-Narrow Section inside
Fuse-Case Filled with Silica-Sand...28

Nagoya University, Japan

13-0715 Arrangement of Silicone Flat Plate in Silica Sand Filling Space for DC Arc Resistance Rise...34

1Nagoya University, Japan, 2Pacific Engineering Corporation, Japan

13-0584 Optimal Design of 550 kV GIL Basin-type Insulator...40

Shenyang University of Technology, China



Thursday, March 17 Oral Session

02 Switching Phenomena in Vacuum

10 Testing and Measurement Technologies in Power Equipment

13:20-15:20 E5

Chairs Jaeseop Ryu (LS ELECTRIC Co., Ltd., Korea)
Hao Sun (Xi’an Jiaotong University, China)

2-0347 Three-dimensional Reconstruction of the Excitation Temperature of Copper Atoms in 
Vacuum Arcs...45

Xi’an Jiaotong University, China

2-0614 Simplified Assessment of Generator Fault Current to properly Dimension a Generator Circuit 
Breaker...50

Siemens AG, Germany

2-0732 Excitation Temperature Features of Monovalent Cu Ion under Diffuse Mode in Vacuum Arc...53

The University of Tokyo, Japan

2-0133 Determination of Surface Temperature of Switching RMF and AMF Contacts by Optical Methods...58

1Leibniz Institute for Plasma Science and Technology, Germany, 2Siemens AG, Germany

2-0538 Analysis of Arc Behavior and Electrode Surface Temperature in Spiral Electrode of Vacuum 
Interrupter...63

Toshiba Infrastructure Systems & Solutions Corporation, Japan

10-0612 Development of Acoustic Diagnostics for Opening and Closing Operations of Gas Circuit Breakers...67

Hitachi, Ltd., Japan



Thursday, March 17 Oral Session

01 Switching Phenomena in SF6 and Alternative Gases

15:40-17:40 E5

Chairs Se Hee Lee (Kyungpook National University, Korea)
Kaveh Niayesh (Norwegian University of Science and Technology, Norway)

1-0516 Numerical Study on Decaying Arcs under Free Recovery Condition in CO2/SF6 Gas Mixture 
for Various Gas Flow Rates...72

Kanazawa University, Japan

1-0692 Temperature Measurement of SF6 Arcs in Thermal Interruption Region Around Current 
Zero in Gas Circuit Breakers Using Optical Emission Spectroscopy...78

1Hitachi, Ltd., Japan, 2Kanazawa University, Japan, 3Daido University, Japan

1-0514 Numerical Simulation on Decaying Arcs in Molecular Gas Flow including C, F and O...83

1Kanazawa University, Japan, 2Saitama University, Japan, 3The University of Tokyo, Japan

1-0487 Dielectric Breakdown Properties for High Temperature HFO−1234yf/CO2 Gas Mixture 
with Consideration of Predominant Molecular Products at 300−3000 K...88

1Nagoya University, Japan, 2Mitsubishi Electric Corporation, Japan

1-0414 Hybrid Thermofluid Modeling with LTE and Non-LTE Assumption for Decaying Molecular 
Gas Arcs...93

1Kanazawa University, Japan, 2Toshiba Energy Systems Solutions, Japan

1-0408 Study on Discharge Decomposition Characteristics of Environmental Protection Insulating 
Medium CF3I...99

1Shenyang University of Technology, China, 2Wuhan Institute of Electrical Technology, China
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08 Fundamental Physics and Electrical Insulation Technologies 
(including insulation materials & components)

09:00-10:20 E6

Chair Kyo-Beum Lee (Ajou University, Korea)

8-0704 Influence of Barrier along Insulator Surface on Current Characteristics in Vacuum Surface 
Discharge under Standard Lightning Impulse Voltage Application...104

1Kanazawa University, Japan, 2Hitachi Industrial Equipment Systems Co., Ltd., Japan

8-0557 Analytical Study on Electron Avalanche in Two Different Temperature and Pressure Regions 
for High-temperature SF6 Gas...108

1Hitachi, Ltd., Japan, 2Nagoya University, Japan, 3Daido University, Japan

8-0541 The Analysis of the Dielectric Breakdown Characteristics of Epoxy Resin for the Compact 
of High Voltage Apparatus...112

Hanyang University, Korea

8-0710 Discharge Propagation in Localized High-temperature SF6 Gas with Breakdown Voltage 
Measurement...117

1Hitachi, Ltd., Japan, 2Nagoya University, Japan, 3Daido University, Japan



Thursday, March 17 Oral Session

04 DC and Semi-conductor Switching Technologies

08 Fundamental Physics and Electrical Insulation Technologies 
(including insulation materials & components)

10:40-12:20 E6

Chair Younghoon Cho (Konkuk University, Korea)

4-0553 Evaluation of Black-box Arc Model for DC Circuit Breaker and Comparative Analysis 
of Arc Characteristic Parameters...121

Hanyang University, Korea

8-0206 Simulation of Cathode Spot Evolution during Vacuum Arc Extinction...127

Xi’an Jiaotong University, China

8-0701 Comparsion of CO2 Nozzle Arc Simulation During Current Zero Period Based on the Non-CE
and LTE Models...131

1Xi’an Jiaotong University, China, 2State Grid Gansu Electric Power Company, China

8-0638 Examination of Dielectric Strength of Aluminum Cast Electrodes in Low Pressure SF6 Gas...135

1Hitachi, Ltd., Japan, 2Hitachi Industrial Equipment Systems Co., Ltd, Japan

4-0135 Performance Demonstration of HVDC Circuit Breakers...139

1KEMA Labs, Netherlands, 2DNV Energy Systems Canada Inc., Canada



Thursday, March 17 Oral Session

03 Switching Phenomena in Air (low-voltage circuit breakers and relays)

04 DC and Semi-conductor Switching Technologies

13:20-15:20 E6

Chairs Bang Wook Lee (Hanyang University, Korea)
Nadew Adisu Belda (KEMA Labs, Netherlands)

3-0446 Arc Voltage Behavior during Arc Motion and Splitting Process...N/A

1Université de Toulouse, France, 2Hager SAS, France

3-0521 Study of Arc Motion and Switching Performance in DC Magnetic Contactors...153

Hyundai Electric and Energy Systems Co., Ltd., Korea

3-0690 A Novel Method for Determining the Electrode Temperature Effect on Post-Arc Breakdown 
Characteristics...157

1China Southern Power Grid, China, 2Xi’an Jiaotong University, China

3-0517 Comparison of Ablation Characteristics of Polymer-Ablated Arc with Wear Polymer Material...161

1Kanazawa University, Japan, 2Seiko Electric Co., Ltd., Japan

3-0653 Switching Performance and Capability of Multiple Breaks within Electromechanical Relays 
Used for Power Backup Application...166

Harbin Institute of Technology, China

4-0298 On Current Commutation in an Enhanced Active Resonant Breaker with Fast Mechanical 
Switch...N/A

1KTH Royal Institute of Technology, Sweden, 2ABB Corporate Research, Sweden



Wednesday, March 16 Poster Session 1

01 Switching Phenomena in SF6 and Alternative Gases

03 Switching Phenomena in Air (low-voltage circuit breakers and relays)

04 DC and Semi-conductor Switching Technologies

06 Lifetime Management of Power Equipment

08 Fundamental Physics and Electrical Insulation Technologies 
(including insulation materials & components)

09:00-10:00  Lobby (3F)

Chair Se Hee Lee (Kyungpook National University, Korea)

1-0390 Modelling of Nozzle Ablation and Geometric Change in Gas Circuit Breaker...N/A

Hyosung Corporation, Korea

1-0424 Evaluation of Interruption Performance Index of High Voltage Circuit Breakers Using 
Numerical Simulation and Data Analysis Technique...186

1-0450

1-0460

1-0622

1-0664

Hyosung Corporation, Korea

Plasma Arc Simulation of High Voltage Circuit Breaker with a Hybrid 2D/3D Model...190

Hyundai Electric and Energy Systems Co., Ltd., Korea

Electromagnetic Transient Program Modeling for Switching Over-voltage Analysis in Shunt 
Reactor...194

Korea Power Electric Corporation Research Institute, Korea

Measurement of Disconnector Switching Surge Propagation Characteristics along Control 
Cables in GIS Substations...N/A

Korea Electric Power Corporation, Korea

Three-dimensional Simulation of Hot Gas in Cooling Chamber and Tank of High-Voltage 
Circuit Breaker for Alternative Gas...201

LS ELECTRIC Co., Ltd., Korea
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3-0523 Air Arc Simulation in Low Voltage Electrodes

LS ELECTRIC Co., Ltd., Korea

4-0734 Arc Extinction Structure of Air Circuit Breaker for Improvement of Direct Current Breaking 
Performance

LS ELECTRIC Co., Ltd, Korea

6-0115 A Study on the Accelerated Life Models for Lifetime Prediction of the GIS Based 
on Insulation Spacer

1Korea Electrical Industry Technology Research Association, Korea, 2Taihan Electric Wire Co., Ltd., Korea, 
3EPLUS Electric Co., Ltd., Korea

6-0634 An Analysis of Partial Discharge Characteristics due to Transformer Bushing Failure

1Korea Electric Power Research Institute, Korea, 2SMND, Korea

8-0139 A Study of Insulation Design on Extra High Voltage Spacer of Eco-friendly Material 
with Built in E-CVT

8-0144

8-0283

8-0322

8-0374

TAIHAN WIRE Co., Ltd., Korea

Insulation Design of 25.8kV Class Gas Insulated Switchgear in Dry Air

LS ELECTRIC Co., Ltd., Korea

Experimental Investigation on Impulse Breakdown Characteristics of Multiple Sphere-
Plane Electrode Vacuum Gaps in Parallel

Xi’an Jiaotong University, China

Evaluation of Performance of 3D Printed Miniature GIS Spacer according to FGM 
Electrical Design and Designed Composition Using Meta-Heuristic of NSGA-II

EPLUS Electric Co., Ltd., Korea

A Comparative Study on the Partial Discharge Characteristics of Dry-air and SF6

ILJIN ELECTRIC, Korea
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8-0379 Effect of Bio-based Epoxy Resins on the Thermal, Mechanical Properties and Their 
Applicability to Gas Insulated Switchgear Spacer Materials...271

1EPLUS Electric Co., Ltd., Korea, 2Dongwoo Electric Co., Ltd., Korea, 3Sungkyunkwan University, Korea

8-0383 Injection Molding Analysis of the Bio Epoxy based Spacer for Gas Insulated Switchgear...275
Sungkyunkwan 

University, Korea

8-0395 The Effect of Surface Roughness on Breakdown in Eco-friendly Gas...279

Hyosung Corporation, Korea

8-0451 Characteristics of SF6 Alternative Gas for GIS Application in KEPCO...282

Korea Electric Power Corporation, Korea

8-0490 Site Test of Fluoro-based 362kV Eco GIB...286

Korea Electric Power Research Institute, Korea

8-0544 Simulation of Space Charge Accumulation and Transient Electric Field within Polymeric 

8-0556

8-0669

8-0686

Dielectric under Polarity Reversal...290

Hanyang University, Korea

Comparative Analysis of Partial Discharge Characteristics of an Eco-Friendly Insulation Gas...294

1Korea Maritime and Ocean University, Korea, 2Silla University, Korea

A Study on the Properties of the Eco-friendly Epoxy Composite Materials with Epoxidized 
Soybean Oil(ESO) Added...298

DONGWOO ELECTRIC Corp., Korea

Simulation Non-Equilibrium Arc Plasma in SF6 Circuit Breaker Based on Lattice Boltzmann 
Method...303

Beihang University, China



Thursday, March 17 Poster Session 2

02 Switching Phenomena in Vacuum

09 Digital Simulation and Optimal Design Technologies for Power Equipment

10 Testing and Measurement Technologies in Power Equipment

11 Electrical Actuators and Operating Mechanism for Power Equipment

12 AI and IoT Application for Power Equipment Development

13 Others

15:30-16:30 Lobby (3F)

Chair Hongkyu Kim (HYOSUNG, Korea)

2-0244 The Influence of the Dispersion in Pre-arcing Time of Vacuum Circuit Breakers 
on the Controlled Switching of Capacitor Banks...206

1Xi’an Jiaotong University, China, 2Xi’an High Voltage Apparatus Research Institute Co., Ltd., China

2-0246 The Step Effect and Hysteresis Effect of Field Emission of Graphene 

2-0343

2-0387

2-0434

in the Direction Normal to the Graphene Plane...N/A

Xi’an Jiaotong University, China

Vacuum Arc Spectroscopy Diagnosis and Particle Distribution Study in the Near-cathode/Near 
Anode Region...216

Xi’an 
Jiaotong University, China

The Influence of Anode Material on the Anode Spot Formation in High Current Vacuum Arcs...222

1Xi’an University of Technology, China, 2Xi’an Jiaotong University, China

Distribution of Dynamic Prestrike Electric Field Strength when Switching on Inrush Current in 
40.5kV VIs...229

China Electric Power Research Institute, China
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9-0185 Research on 110kV Oil Impregnated Paper Capacitance Graded Transformer Bushings 
Based on the Design Principle of Equal Capacitance and Steps Technology...N/A

1Guangzhou Power Supply Bureau Co., Ltd., China, 2Wuhan University of Technology, China

9-0321 Design of Shield Ring for UHV-class Gas-insulated Switchgear Spacer with Built-in 
Rogowski Coil Based on Electromagnetic Interference Analysis...312

1University of Tsukuba, Japan, 2Korea Electrotechnology Research Institute, Korea, 3Korea Electronics 
Technology Institute, Korea

9-0399 Research on the Simplified Physical Arc Model of High-voltage Self-blast Circuit Breakers...317

LS ELECTRIC Co., Ltd., Korea

9-0403 Thermal Behavior Simulation by Internal Arc Energy in Switchgear...321

LS ELECTRIC Co., Ltd., Korea

9-0436 Application of Lattice Boltzmann Method to SF6 Circuit-Breaker Arcing Process Simulation...326

9-0458

9-0488

9-0494

Beihang University, China

Modeling of Ablation-controlled Arc Plasma in a CO2 Mixture Circuit Breaker...331

Korea Electrotechnology Research Institute, Korea

Optimization of a Magnetic Contactor using Strategy-selecting Hybrid Optimization 
Algorithm...335

1Seoul National University, Korea, 2Sungkyunkwan University, Korea

System Simulation of High-Voltage Circuit Breaker using Multi Object Optimization...339

1Hyundai Electric and Energy Systems Co., Ltd., Korea, 2Hyundai Electric Switzerland Ltd., Switzerland

9-0504 Study on Insulation Property of Bushing in Dry Air...343
ENTEC 

Electric & Electronic, Korea
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9-0590 Fault Protection Strategy for Multi-Terminal HVDC System by Use of DC Circuit Breaker...348

1Korea Electric Power Research Institute, Korea, 2Hanyang University, Korea

9-0593 Optimal Shape Design for Mitigating the Electric Field of 170kV GIS Spacer Built-in NCIT...352

Konkuk University, Korea

9-0625 Simulation of Current Transformer Saturation by Decaying DC Component of Fault Current...N/A

Korea Electric Power Corporation, Korea

10-0143 Construction of the Interoperability Test-bed for IEC 61850 Based Digital Substation...359

KEPCO Research Institute, Korea

10-0222  Development of the Testing Automation System for verifying interoperability of Digital
Substation...363

KEPCO Research Institute, Korea

10-0333 Mechanical Feature Extraction of High Voltage Circuit Breaker Based on Machine Vision...367

1State Grid Shaanxi Electric Power Research Institute, China, 2Xi’an Jiaotong University, China, 
3State Grid Xi’an New Area Power Supply Company, China

10-0341  Detection of Mechanical Defects of High Voltage Circuit Breaker Based on Improved Edge
Detection and Deep Learning Algorithms...372

1Xi’an Jiaotong University, China, 2State Grid Shaanxi Electric Power Research Institute, China

11-0228 Optimal Design of Uni-Directional Linear Solenoid...376

ENTEC Electric & Electronic, Korea

11-0506 Co-simulation for Dynamic Characteristics Analysis of the Ultra-high Voltage Circuit Breaker...380

Hyundai Electric and Energy Systems Co., Ltd., Korea

12-0254 Intelligent Diagnosis of GIS Partial Discharge via Stacked Autoencoder and Transfer Learning...384

Xi’an Jiaotong University, China
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12-0278  High Voltage Circuit Breaker Fault Diagnosis Multi-channel Integrated Convolutional
Neural Network...388

Xi’an Jiaotong University, China

13-0352  Prediction of Temperature Rise of Eco-friendly GIS with Electromagnetic-thermal Coupled
Analysis...393

LS ELECTRIC Co., Ltd., Korea

13-0428 Plan for Developing Modular Green Substation...397

Korea Electric Power Research Institute, Korea

13-0432 Circuit Breaker Diagnostic System Using Digital Substation IED...401

VITZRO EM Co., Ltd., Korea

13-0438 A Study on a CB for Large-capacity Reactive Power Compensation Facilities of HVDC...406

Korea Electric Power Research Institute, Korea

13-0547  Dielectric Breakdown Characteristics of Oil Impregnated Pressboard according to
Frequency Change under AC-DC Combined Voltage...410

1Hanyang University, Korea, 2Electronic Engineering, Korea

13-0571  Research on the Measurement Method of Conducted Emissions of Surge for the Protection
of Substation Facilities by Switching Surge...414

Korea Electric Power Corporation, Korea

Additional Paper

2-0409 A Study of Electrostatic Induced Voltage between the Contacts in Vacuum 
Interrupter of 25.8kV MV VCB 226
Myeong-Seob Choi Jeong-Hoon Kim, Chan-Sol Park, Heung-Ryeol Koh, Young-Il Kim
Entec Electric & Electronic Co., Ltd., Korea




