
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 979-8-3313-1545-0 

17th International Conference on 
Developments in Power System 
Protection (DPSP 24) 

Manchester, United Kingdom 
4-7 March 2024 

 

 

 

IET Conference Publications 875 



Printed from e-media with permission by: 

 

Curran Associates, Inc. 

57 Morehouse Lane 

Red Hook, NY  12571 

 

 
 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copyright© (2024) by the Institution of Engineering and Technology 

All rights reserved. 

 

Printed with permission by Curran Associates, Inc. (2025) 

  

For permission requests, please contact the Institution of Engineering and Technology 

at the address below. 

  

Institution of Engineering and Technology 

Futures Place, Kings Way 

Stevenage, Hertfordshire 

U.K. SG1 2UA 

United Kingdom 

 

 

Phone:   +44 (0)1438 313311 

 

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 



TABLE OF CONTENTS 

 

Current-Only Directional Protection of Distribution Networks Using Low-cost Communication ...................... 1 

Pannita Rajakrom, Campbell D. Booth, Qiteng Hong 

Time-Domain Fault Location Method for Medium Voltage Cables Using Sheath Currents ................................ 8 

Arman Ghaderi Baayeh, Michael Kleemann 

Development of Protection and Control System Complying with IEC 61850 ................................................... 15 

Lizhou Cheng, Wataru Yamamori, Tetsuya Miyoshi, Kenji Kondou, Takashi Kojima, Yusaku 

Sano, Nobuyasu Kamata, Kohei Kitada 

Test Bench Development for Functional Testing of DC Protection Relays ........................................................ 20 

Joachim Vermunicht, Rick Loenders, Geraint Chaffey, Willem Leterme, Dirk Van Hertem 

Impact of Weather on Cable Insulation Monitoring of the UK Railway Signalling Power 

Distribution Network .......................................................................................................................................... 28 

Guangqiao Xu, Nathan Cartlidge, Edward Martin, Daniel Denning 

Fault Detection and Location in Floating Windfarms with Fishbone Inter-Array Architecture ......................... 33 

Kristian Hansen, Amjad Mouhaidali, Guangya Yang, Martin Henriksen, Isabelle Najarre 

AI-Assisted Design Integration of MVDC Control and Protection .................................................................... 38 

Jaqueline Cabañas Ramos, Amila Kaharevic, Ilka Jahn, Ferdinanda Ponci, Antonello Monti 

Behaviour Analysis of Transmission Line Protection Functions in Grids with High Penetration of 

Renewable Sources ............................................................................................................................................. 47 

Mateo Toro-Cárdenas, Yu Yue, Ricardo Cartaxo, Rui Pestana, Xia Chao, Nuno Souza E Silva, 

Congbo Wang, Guosheng Yang 

Emergency Control Measures Against Long Term Voltage Instability ............................................................... 51 

Vassiliki Alexopoulou, Vassilis C. Nikolaidis 

Impacts of GFM Inverters on Legacy Distance Protection Relays ..................................................................... 56 

Henrik Johansson, Yifei Li, Xiongfei Wang, Nathaniel Taylor 

Rapid Inetia Emulation Control Through Supercapacitor Considering Internal Resistance ............................... 65 

Jiebei Zhu, Zhaoshun Deng 

Transient Energy Based Directional Detection for Series Compensated Parallel Lines ..................................... 71 

Jianping Wang, Youyi Li, Md Tanbhir Hoq 

Impact on Breaker Failure Protection by Using Non-Conventional Transducers ............................................... 75 

Jianping Wang, Pawel Dawidoski, Youyi Li, Hamdy Faramawy, Md Tanbhir Hoq 

Find a Better Way: National Grid Experience on Circuit Breaker Fail Replacement at Mesh Corner 

Substation ........................................................................................................................................................... 79 

Christine Liu, Andy Chapman, Nick Tart 

Recent Policy Developments in National Grid Busbar Protection Application .................................................. 86 

Arida Arifin, Thomas Charton, Nick Tart, James Watson 

Performance of Compensation Relays with Inverted Based Resources ............................................................. 91 

Md Tanbhir Hoq, Jianping Wang, Mohsen Tajdinian 



Automating Commissioning Tests, Firmware Updates and Inventory Checks Using a Device 

Management System .......................................................................................................................................... 95 

Adriano Pires, Mital Kanabar, Abraham Varghese, David Macdonald 

Contrasting the Requirements on MMC Control for Grid Code Compliance and Distance Protection ........... 101 

Xiaoxiao Liu, Paul Judge, Willem Leterme, Geraint Chaffey, Dirk Van Hertem 

Evaluation of Travelling Wave Protection Performance in Converter-Dominated Networks .......................... 107 

Di Liu, Qiteng Hong, Adam Dysko, Mohseen Mohemmed, Campbell Booth 

Ultra-High Speed Transmission Line Protection Performance in Time Domain Due to Several 

Contingency Situations ...................................................................................................................................... 115 

Rodolfo C. Bernardino, Gustavo S. Salge, Cristiano M. Martins, Paulo S. Pereira, Gustavo E. 

Lourenço, Paulo S. P. Junior 

Distance Element Polarizing Logic for Systems with Low Inertia ................................................................... 122 

Bogdan Kasztenny, Mangapathirao V. Mynam 

Power-Swing Detection Logic for Systems with Low Inertia .......................................................................... 132 

Bogdan Kasztenny, Michael West, Mangapathirao V. Mynam 

New Time Domain Distance Protection for Renewable Connected and Series Compensated 

Transmission Lines ........................................................................................................................................... 142 

O. D. Naidu, Marcin Krakowski, Sinisa Zubic 

Current-Only Fault Passage Indicator for High Impedance Grounded Networks ............................................ 150 

Sinisa Zubic, Zoran Gajic 

Hybrid Travelling Wave and ANN for Fault Location in Branched Distribution Network .............................. 155 

Hayder K. Jahanger, Omar Kherif, Stephen Robson, Manu Haddad 

Assessing the Performance of an Enhanced Distance Relay in Converter-Dominated Network ..................... 162 

Venkatesh Chakrapani, Ilia Voloh, Patricia Horton, Simon Swain 

Distance Protection in a Six-Terminal Transmission Line: Application Review .............................................. 168 

Leonardo Torelli, Patricia Horton, Philip Newman 

Investigation of SRF-PLL Sensitivity to Voltage Waveform Distortions Due to Harmonics ........................... 178 

Jieyu Yao, Paul Judge, Sasa Z. Djokic 

Standardisation of a Merged Process and Station Bus Network ....................................................................... 184 

Jennifer K. Mackenzie, Catherine J. Edwards, Daniel Lafferty 

A Practical Methodology for Fault Location in Transmission Lines Without Line Parameter 

Settings and Data Synchronization ................................................................................................................... 187 

Penta Rithisha, O. D. Naidu, Vedanta Pradhan, Nandiraju Venkata Srikanth 

A Combination Approach for Fault Location in MV Distribution Networks ................................................... 194 

Thanina Benferhat, Alexandre Bach, Trung Dung Le, Marc Petit, Giovanni Manassero Jr 

A Novel Real Time Laboratory Test Equipment for a Network of Travelling Wave Fault Location 

Devices ............................................................................................................................................................. 198 

Tony Yip, Phil Gale, Anding Wang, Robin Bjäråker, Anders Moberg, Hans Nyström 

Performance Analysis of DC Circuit Breakers for Future HVDC Grids in GB ............................................... 206 

Asif Khan, Suresh Rangasamy, Wasim Ahmad, Colin Foote, Benjamin Marshall 



Diagnostic Tool to Monitor Performance of Inverter-Based Resource During Network Faults ....................... 214 

Mahesh Raju Badugu, Gopal Gajjar, Shreevardhan A. Soman 

Understanding the Impacts of Networks and Parallel Redundancy Protocol for Process Bus 

Applications...................................................................................................................................................... 221 

Mauricio Silveira, Andrew Rash, David Dolezilek, Arun Shrestha 

Dependability and Performance Analysis of Redundant DSAS Architectures Using FEH and MRM............. 228 

Rizwan R. Syed, Hans K. Høidalen 

Impact of a Power Converter Virtual Impedance Based Fast Fault Current Injection Control 

Strategy on Distance Protection ....................................................................................................................... 235 

Chenqi Wu, Xiaoxiao Liu, Paul D. Judge 

Impact of Grid Connection Requirements on Protection Systems in Offshore Wind Farms ............................ 241 

Alexander Tsylin, Seyed Ali Hosseini Anaraki 

Protection System Design and Configuration for Extreme Weather and Emergency Grid Operating 

States ................................................................................................................................................................ 247 

Sean McGuinness 

Optimizing Underfrequency Load Shedding Strategies in Converter-Dominated Networks ........................... 257 

Ce Zheng, Kevin W. Jones, Yimai Dong, Ashok Gopalakrishnan, Sandro G. Aquiles-Perez, 

Christopher T. Culpepper 

Open-Source Software for a Fast and Flexible Implementation of an Automated IEC 61850 

Engineering Process ......................................................................................................................................... 264 

Fred Steinhauser 

Enhancing Fault Location on Transmission Lines by Combining Traveling Wave-Based Functions 

Available in Real Devices ................................................................................................................................. 268 

Felipe V. Lopes, Amauri M. Britto, Raphael L. A. Reis, Kleber M. Silva, Eduardo P. Ribeiro, 

Caio M. Moraes, Marco A. M. Rodrigues, Rodrigo L. Agostinho 

Systems Interconnection and Voltage Stability Protection Schemes Increase Power Transfer Limits 

and Prevent Regional Blackouts at Panama's Transmission System ................................................................ 274 

Alonso Castillo, Javier Echeverria, Aaron Esparza, Ulises Torres, Jean León Eternod 

The Optimum Mother Wavelet for Travelling Wave Fault Locators ................................................................ 286 

Mahmood Parsi, Peter Crossley 

Protection of Systems Containing IBR from Asymetrical Ground Faults Using Zero Sequence 

Current .............................................................................................................................................................. 292 

Jason Pannell, Ramakrishna Gokaraju 

Protection of Harmonic Filter Banks ................................................................................................................ 302 

Zoran Gajic 

Transient Current Curves Characteristics Based MMC-HVDC Line Breakage Protection.............................. 313 

Zainan Li, Ke Jia, Tianshu Bi, Zihan Li, Zigao Xu, Hao Liu, Cheng Wang 

Utilizing High-Quality Waveform Data to Detect and Diagnose Protection Misoperations and 

Anomalies ......................................................................................................................................................... 318 

Jeffrey A. Wischkaemper, Carl L. Benner, B. Don Russell, Karthick Manivannan 

Evaluation of a Transient Current Protection Algorithm Based on Kalman Filter Residual ............................ 325 

Daniel T. Dantas, Giovanni Manassero Junior, Jésus A. Oliveira Neto 



Machine Learning-Based Anomaly Detection Methods to Enhance Cyber Capability for Electricity 

Network Protection and Control ....................................................................................................................... 330 

Zhiyu Liao, Haiyu Li, James Yu, Zhirun Hu, Lara Cardoso Figueiredo, Thomas Charton, 

Ibukunolu Oladunjoye 

Impact of Converter Equivalent Impedance on Distance Protection with the MHO Characteristic ................. 336 

Shuxiu Cao, Qiteng Hong, Di Liu, Liang Ji, Campbell Booth 

Application of Distance Protection to Offshore Windfarm with External Disturbance .................................... 343 

Tim Waugh, Fei Song, Rob Leone 

Design Considerations of Implementing Process Bus and PTP Along an IEC 61850-Based Main 

Line Traction Power System............................................................................................................................. 349 

Robert Sully, Laura Townsend, Sagar Dayabhai 

Coordination of Requirements Related to the Insertion of Renewable Energy Sources................................... 356 

Volker Leitloff 

Modified Empirical Arc Model for Simulating HVdc Open Conductor Faults ................................................ 361 

Manoja K. Perera, Athula D. Rajapakse, Aniruddha M. Gole 

Practical Defence Strategy Against Generic Self-Learned GOOSE Attack ...................................................... 369 

Conor Shore, Daniel T. Dantas, Haiyu Li 

Comprehensive Monitoring for Digital Secondary Systems ............................................................................ 379 

Adilson Kotryk, Eduardo Goncalves, Ricardo Abboud, Mauricio Silveira, Paulo Lima, 

Vinicius Ferrari 

New Multi-Ended Fault-locating Method Utilizing Incremental Sequence Quantities .................................... 387 

Arun Shrestha, Sathish Kumar Mutha 

Effects of System Stray Capacitances on Overcurrent and Directional Traveling Wave Protections 

Applied to Lines Near Inverter-Based Resources ............................................................................................. 394 

Felipe V. Lopes, Moisés J. B. B. Davi, Mário Oleskovicz 

Voltage Transformer Failure During Routine Switching in Drill Site .............................................................. 401 

George Fotiou, Abdulrahman Alsuhaibani, Mohammad Zubair 

Author Index 

 




