
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP23850-POD 
979-8-3503-1678-0 

2023 25th European Conference 
on Power Electronics and 
Applications  
(EPE'23 ECCE Europe) 

Aalborg, Denmark 
4-8 September 2023 

Pages 1-752 

1/5 



 
 
 
 
 
 
 
Copyright © 2023, European Power Electronics and Drives Association 
All Rights Reserved 
 
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version. 
 
 
IEEE Catalog Number:   CFP23850-POD 
ISBN (Print-On-Demand):  979-8-3503-1678-0 
ISBN (Online):   978-9-0758-1541-2 
 
 
 
 
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 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 
   



TABLE OF CONTENTS 
 
Fully Analytical Double 2D Model for a Capacitive Equivalent Circuit of Transformers ................................... 1 

Bastian Korthauer, Jürgen Biela 

Voltage Class Comparison of 3.3 kV SiC and 6.5 kV SiC Devices in the Application of HVDC 
Converters .......................................................................................................................................................... 12 

Lukas Bergmann, Marcus Wahle, Mark-M. Bakran 

Hierarchical Power Flow Voltage Assessment of a Multi-Microgrid in Interconnected Operation 
Mode ................................................................................................................................................................... 23 

G. David Agundis Tinajero, Juan C. Vasquez, Josep M. Guerrero 

Communication-Less Carrier Synchronization Method for Variable Frequency PWM ..................................... 29 
Yayue Cao, Miao Miao, Liujie Xiao, Tao Xu, Feng Gao, Xingjian Zhao 

A Real-Time Power Management Strategy Based on Artificial Potential Field for Residential PV 
Systems ............................................................................................................................................................... 34 

Xiangqiang Wu, Zhongting Tang, Tamas Kerekes 

A Simple Analytical Model for the Reverse-Recovery Overvoltage and Oscillation in a SiC 
MOSFET Half-Bridge Module ........................................................................................................................... 41 

Pham Ha Trieu To, Hans-Günter Eckel 

Constraints on the Controller Bandwidth of Grid-Tied Inverters ....................................................................... 47 
Francois Du Plessis, Johan Beukes 

Adaptive Configuration of Generalized Nonlinear ECM of Li-Ion Batteries Based on Impedance 
Measurements and DRT Analysis ....................................................................................................................... 55 

Jussi Sihvo, Vaclav Knap, Tomi Roinila, Daniel-Ioan Stroe 

Prediction of Voltage Stress to Ground at Synchronous Motor Terminals in Power Drive Systems .................. 62 
Christoph Fritsch, Ingo Hahn 

30 kW Three-Phase T-Type Active Front End 3D Electro-Thermal Design ....................................................... 71 
Hakan Polat, Gamze Egin Martin, Tuan Mahn Tran, Thomas Geury, Mohamed El Baghdadi, 
Omar Hegazy 

An Improved Peak Voltage Calculation Method for Compensation Components in S-S and LCC-S 
Compensated Wireless Power Transfer Systems ................................................................................................ 79 

Guangyao Yu, Pengcheng Ye, Francesca Grazian, Jianning Dong, Thiago Batista Soeiro, 
Pavol Bauer 

Planning of Community Microgrid for Improving the Resilience of System by Using HOMER Grid .............. 88 
Majid Ali, Meisam Rajabnia, Juan C. Vasquez, Josep M. Guerrero, Yajuan Guan, Abdullah M. 
Abusorrah 

Design Approaches for Nonlinear Inductors with a Stepped Air-Gap ................................................................ 94 
Jeremias Kaiser, Thomas Dürbaum 

PCB Layout Parasitics Extraction of a GaN Half-Bridge: Simulation and Experimental Validation ............... 102 
Benedikt Kohlhepp, Samuel Faber, Daniel Kübrich, Thomas Dürbaum 



Experimental Verification of Short-Circuit Detection and Thyristor-Based Circuit Shut-Off in 
Permanent Magnet Synchronous Generators ..................................................................................................... 111 

Tomoki Asai, Yukio Kaneda, Yuki Shimizu, Takumi Soda, Takuya Uchikawa, Hiroki Sugawara, 
Toshikazu Kobayashi, Yoshitaka Kawabata 

Design and Experimental Verification of Advanced Control Strategies to Provide Ancillary Services 
with a Bidirectional Vehicle-To-Grid (V2G) Inverter ........................................................................................ 119 

Matthias Luh, Thomas Blank 

Power Losses Reduction of Parallel Connected Power Electronics Devices ................................................... 128 
Zechun Dou, Essam Hussain, Bin Liu, Amir Fateh, Yongjiang Liu, Liangjie Liu, Yu Qi, 
Xingzhi Wang 

Adaptive Multi-Agent-Zonal Protection Scheme for AC Microgrids .............................................................. 135 
Jorge De La Cruz, Juan C. Vasquez, Josep M. Guerrero, Eduardo Gómez Luna, John E. 
Candelo-Becerra 

Non-Invasive Wide-Bandwidth Current Sensor for Wide-Bandgap Devices ................................................... 144 
Stefan Moser, Maurizio Incurvati, Martin Schiestl, Ronald Stärz 

Thermal Cycling Characterization of Integrated GaN Power Module ............................................................. 151 
Zhongchao Sun, Masaki Takahashi, Stig Munk-Nielsen, Asger Bjørn Jørgensen 

High Efficiency Low Voltage Isolated DC-DC Converter Based on GaN Devices for Aircraft 
Application ....................................................................................................................................................... 158 

S. Carcouet, J. Ecrabey 

Comparison of a Power Cycling Test Using Repetitive Unclamped Inductive Switching for Heat 
Generation with the DC Power Cycling Test .................................................................................................... 167 

James Abuogo, Christian Schwabe, Josef Lutz, Thomas Basler 

Impedance Analysis and Resonance Mitigation for Sample-Correction-Based Boost Power Factor 
Correction Converters ...................................................................................................................................... 175 

Tianhua Zhu, Xiongfei Wang, Fangzhou Zhao, Torrico Grover 

SVPWM-Based DC Voltage Balancing and Fault Diagnosis Method for a Cascaded H-Bridge 
Multilevel Converter ........................................................................................................................................ 181 

Dong Xie, Chunxu Lin, Hongjian Lin, Thomas Basler 

A High Power Density Three-Phase Three-Level Hybrid IGBT/SiC Interleaved Active Neutral 
Point Clamped Voltage Source Converter ........................................................................................................ 190 

Mohammad Najjar, Henning Roar Nielsen, Lars Bech Rasmussen 

Clean Switching of SiC MOSFET Half-Bridge Module with Soft-Ferrite Dual Cores .................................... 196 
Pham Ha Trieu To, Hans-Günter Eckel 

Passivity-Based Stability of LCL-Type Grid-Connected Inverter Via All-Pass Filters .................................... 206 
Jiacheng Sun, Wenli Yao, Ting Wang, Jinxin Liu, Xiaobin Zhang, Dao Zhou 

A Multi-MHz WPT System with 1 Transmitter and 6 Receivers in Three Levels............................................ 213 
Alejandro Llop, Txema Gondra, Salvador Ceballos 

Hybrid Modulation for Balancing Thermal Dissipation in Dual Active Bridge Converters ............................. 219 
Bochen Liu, Pooya Davari, Frede Blaabjerg 

LSTM Data-Driven Model of Multi-Scene Virtual Synchronous Generator .................................................... 224 
Jiangbin Tian, Guohui Zeng, Zhenhua Zhang, Yuzong Wang, Jinbin Zhao, Xiangchen Zhu 



Binary-Weighted Modular Multi-Level Digital Active Gate Driver ................................................................. 232 
Hajime Takayama, Shuhei Fukunaga, Takashi Hikihara 

Highly Efficient (99.2%), Ultra-Compact (32.3 W/cm3) Capacitively Coupled DC/DC Power 
Electronic Transformer for 380 V DC Power Supply Systems......................................................................... 240 

Keigo Arita, Yusuke Hayashi, Kazuto Takao 

A Multilevel DC-Link Converter for VSC-HVDC Application ....................................................................... 248 
Biao Zhao, Ruihang Bai, Xueyin Zhang, Yushuo Chen, Zhanqing Yu, Qiang Song, Rong Zeng 

Improvement of Surge Current Capability of 3.3 kV SBD-Embedded SiC-MOSFET Module ....................... 258 
Shigeru Okimoto, Yoichi Hironaka, Kenji Hatori, Akifumi Iijima, Kotaro Kawahara, 
Katsutoshi Sugawara, Nils Soltau 

On the Design of a Model Predictive Controller for a DC-DC Buck Converter .............................................. 265 
Marco Guerreiro, Pedro Dos Santos, Steven Liu 

The Influence of Asymmetric Printed-Circuit-Board Layout on the Reliability of Power Electronic 
Circuits ............................................................................................................................................................. 273 

Max V. Mueller, Pascal A. Schirmer, Peter Schreivogel, Marcelo Lobo Heldwein 

Impact of Power Factors on Reliability of NPC inverter-Based PV Systems .................................................. 281 
Meng Chen, Ariya Sangwongwanich, Dao Zhou, Frede Blaabjerg 

Fast and Accurate Data Sheet Based Analytical Turn-On Switching Loss Model for a SiC MOSFET 
and Schottky Diode Half-Bridge ...................................................................................................................... 288 

Anliang Hu, Jürgen Biela 

DC Link Balancing of an Auxiliary Resonant Commutated Pole Inverter ....................................................... 299 
Markus Zocher, Norbert Grass, Ralph Kennel 

Impedance Modelling and Simulation of Variable Frequency AC Three-Stage Generator for More-
Electric Aircraft ................................................................................................................................................ 306 

Zixiao Xu, Hongwei Zhao, Yang Qi, Juan C. Vasquez, Josep M. Guerrero, Weilin Li 

Faults Current Limitation in a Railway DC Substation Based on Superconducting Technology ..................... 313 
Willy Magloire Nkounga, Khaled Almaksour, Arnaud Allais, Hervé Caron, Christophe 
Saudemont, Benoit Robyns 

IGBT and Free-Wheeling Diode Behavior During the Short Circuit Type III with Varied Operation 
Conditions ........................................................................................................................................................ 321 

Xing Liu, Xupeng Li, Josef Lutz, Jan Fuhrmann, Hans-Günter Eckel, Thomas Basler 

Improved DC-Charging for Traction Drives with Hybrid Powered Dual Two-Level Inverter ......................... 331 
Kai Kuhlmann, Johannes Teigelkötter, Johannes Büdel 

Control of a 9-Phase PMSM with Stacked Polyphase Bridge Converter Including DC Source 
Impedance ........................................................................................................................................................ 339 

Thilo Bringezu, Jürgen Biela 

Composition of the Countervoltage for Power-Hardware-In-The-Loop Emulators for Three-Phase 
Machines .......................................................................................................................................................... 351 

André Haspel, Vasken Ketchedjian, Philipp Marx, Mattea Eckstein, Jörg Roth-Stielow 

Efficient Control Parameter Improvements for Inverter-Based Island Grids by Means of Eigenvalue 
Analysis ............................................................................................................................................................ 361 

Lasse Gnärig, Robin Weiß, Andreas Hoffmann, Steffen Bernet 



Investigation of Gravitational Energy Harvesters for IoT Power Supply in Freight Train Monitoring ............ 369 
Mirco Lo Monaco, Caterina Russo, Aurelio Somà 

Highly Efficient and Flexible Optimization Algorithm for Magnetic Components in Power 
Electronics with Comprehensive Thermal and Power Loss Analysis ............................................................... 377 

Sven Fießer, Ulf Schwalbe 

Convex-Optimization-Based Linear Controllers for Speed Control of Electrical Drives with Low 
Feedback Accuracy ........................................................................................................................................... 385 

Yiwei Tang, Xin Sun, Xudong Sun, Xi Xiao, Meng Zhang 

Thermal Design of a Medium Voltage Modular Multilevel Converter Cell ..................................................... 394 
Yanick Patrick Frei, Drazen Dujic 

Enhanced Power Management System Powered by Piezo Electric Energy Harvesters for Data 
Transmission Systems ...................................................................................................................................... 402 

Andreas Schorer, Mahmoud Shousha, Martin Sittner, Martin Haug 

Frequency Regulation Method of Electrolytic Hydrogen Production Load Based on Novel 
Interfacing Hybrid Rectifier with Self-Adaptive Control ................................................................................. 408 

Cheng Li, Xin Meng, Mingzhi He, Xiongzheng Wang, Haoran Yang 

Optimized Multi-Stage Constant Current Charging Strategy for Li-Ion Batteries ........................................... 414 
Muhammad Usman Tahir, Ariya Sangwongwanich, Daniel-Ioan Stroe, Frede Blaabjerg 

Power Hardware-In-The-Loop Validation of Grid-Forming Control and Current Limitation for Start 
Up of Induction Motors in Microgrids ............................................................................................................. 423 

Tobias Erckrath, Christian Bendfeld, Ron Brandl, Marco Jung 

Improvement in Output Power and Frequency Band for Magnetostrictive Vibrational Generator 
with Resonance Capacitor ................................................................................................................................ 432 

Masataka Minami, Yuki Hanai, Shin-Ichi Motegi, Masakazu Michihira 

Ground Fault Current Control Via Voltage Source Converters Using Virtual Impedances in the Zero 
Sequence ........................................................................................................................................................... 438 

Florian Mahr, Johann Jaeger 

Robust Predictive Control Strategy of 3L-NPC Wind Power Converter Against Filter Inductor 
Variations .......................................................................................................................................................... 445 

Pedro Catalán, Yanbo Wang, Joseba Arza, Zhe Chen 

Review of Charging and Discharging Strategies for EVs Based on DR .......................................................... 453 
Zhilei Yao, Jiwei Gan 

Paralleling SMD Semiconductor Switching Cells in a Flying Capacitor Converter System ............................ 461 
Daniel Christen, Mario Schweizer, Hemant Bishnoi, Sami Pettersson, Milos Stojadinovic, F. 
Canales 

Passivity Design for LCL-Type Grid-Connected Inverter Based on PCC Voltage Feedforward 
Control .............................................................................................................................................................. 467 

Shaojie Li, Hua Lin, Xingwei Wang 

Measurement Setup and Results for the Breakdown of Transformer Oil Under Rectangular Voltage 
Pulses in the μs-Range ...................................................................................................................................... 474 

Spyridon Stathis, Juergen Biela 



Isolated and Bidirectional Three-Phase Single-Stage Quad-Active-Bridge Series-Resonant AC-DC 
Converter .......................................................................................................................................................... 485 

Damián Sal Y Rosas, Daniel Chavez, Gustavo Navarro, Marcos Lafoz 

Implementation and Operation of a Grid-Forming Fictitious Synchronous Generator Control on a 
300 kVA Power Converter Test Bench ............................................................................................................. 492 

Florian Redmann, Antonio Mielach, Alexander Ernst, Bernd Orlik, Holger Raffel 

Storage-Less PV Grid Forming Inverter with Inertial Reserve for the Low Inertia Applications .................... 501 
Zoran Miletic, Werner Tremmel, Anja Banjac, Johannes Stöckl, Andres Tarraso 

Passivity Improvement of the Grid Connected VSI Using Active Damping and Investigation of 
Inaccuracy of the Direct Discrete Plant Model ................................................................................................. 509 

Gyanendra Kumar Sah, Michael Schütt, Hans-Günter Eckel 

Influence of the rds,on Temperature Dependency of SiC MOSFETs on the Optimal Switching Cell 
Mechanical Layout ........................................................................................................................................... 519 

Georgios Papadopoulos, Jürgen Biela 

Variable Switching Frequency and Duty Cycle Control Strategy for the Single Active Bridge ....................... 530 
Alexis A. Gómez, Alberto Rodríguez, Marta M. Hernando, Aitor Vázquez, Joan Giles, Javier 
Sebastián 

A Comparative Study of Different PLL Techniques for Synchronization of Grid-Connected 
Converters Under Unbalanced and Distorted Grid Conditions ........................................................................ 538 

Bassem Saleh, Mahyar Garmabad, Thomas Wohlfahrt, Imer Paloja, Faical Turki 

Analysis on the Impact of Current Ripples in Fuel Cell Electric Heavy-Duty Trucks ..................................... 548 
Yavuz Gürlek, Oliver Joos, Charlotte Lang, Martin Ackerl, Roland Dold, Thomas Basler, 
Martin Neuburger 

Model-Free Adaptive Control Algorithm for VSG-Controlled Inverter-Interfaced Distribution 
Generators ........................................................................................................................................................ 556 

Bingchen Jiang, Josep M. Guerrero, Saeed Golestan, Shuting Li, Juan C. Vasquez, 
Muhyaddin J. M. Rawa, Sultan Alghamdi 

Packaging of 20 kV Double-Side Cooled Silicon Carbide Diode Module with Electrical Insulation 
Enhanced by a Polymer-Nanoparticle Coating ................................................................................................. 562 

Zichen Zhang, Carl Nicholas, Arriola Emmanuel, Khai D. T. Ngo, Guo-Quan Lu, Justin 
Lynch, Nick Yun, Adam Morgan, Woongje Sung 

An Improved Approach for Litz Wire Loss Calculation Based on Segmented Equivalent Circuit .................. 568 
Yueyin Wang, Wu Chen, Zhan Shen, Jianxi Lan 

Construction of LVDC Demonstration Site for Verification of Performance and Safety Function of 
Component in LVDC System ........................................................................................................................... 575 

Jung-Sik Choi, Byoung-Sun Ko, Dea-Seak Cha, Mina Kim, Seung-Yeol Oh 

A Combined-Compensation Control on Harmonic Resonance for Grid-Connected Converters ...................... 581 
Kei Sekiguchi, Koji Maki, Takahiro Ishiguro 

Research on EMI Suppression Method of Switching Power Supply Based on Piezoelectric Ceramic 
Impedance Resonance Design .......................................................................................................................... 590 

Mengxia Zhou, Bin Cheng, Wei Yan, Yang Zhao, Jiayu Zhang 



Reduced 8-Branch Modular Multilevel Matrix Converter with an Operating Point Optimised 
Control Strategy in a Branch Failure Event ...................................................................................................... 596 

Rebecca Himker, Axel Mertens 

Function and Performance of Multi-Terminal Hybrid UHVDC System .......................................................... 605 
Weihuang Huang, Guiyuan Li, Hong Rao, Yan Li 

Dead Time Volt-Second Compensation of Converters Enabled by 10 kV SiC MOSFETs ............................... 614 
Morten Rahr Nielsen, Mathias Kirkeby, Hongbo Zhao, Jannick Kjær Jørgensen, Michael 
Møller Bech, Stig Munk-Nielsen 

Power Stacked Structure: Multi-Phase Interleaved Resonant Converter Based on Y-Connection 
Transformer ...................................................................................................................................................... 622 

Zhe Shi, Pooya Davari, Yu Tang, Yushuo Pei, Yingjun Guo, Hexu Sun 

Deadbeat Predictive Current Control for Non-Salient PMAC Machine Drives at Very Low 
Switching-To-Fundamental Frequency Ratios ................................................................................................. 630 

Jiayue Zhou, Xudong Sun, Meng Zhang, Xi Xiao 

The Trade-Off of Switching Losses and EMI Generation for SiC MOSFET with Common Source 
and Kelvin Source Configurations ................................................................................................................... 638 

Peng Xue, Pooya Davari 

A Four-Quadrant Buck-Boost Partial Power DC/DC Converter for Battery Energy Storage System .............. 646 
Xingao Tao, Feng Wang, Fang Zhuo 

Potential for New Energy Management by Variable Distribution Voltage Based on Electricity 
Consumption Within Consumers ...................................................................................................................... 655 

Rin Chishiki, Hitoshi Haga, Kenji Arimatsu, Yoichi Ito 

Comparison of SS and SP Circuit Topologies for Wireless Power Transfer Systems Capable of Bi-
Directional Power Transmission ....................................................................................................................... 663 

Hiroki Sugihara, Yuki Shimizu, Yoshitaka Kawabata 

Analytical Estimation of Parasitic Ringing Overvoltage in Fast Switching Half-Bridges ............................... 671 
Philipp Czerwenka, Jannik Maier, Tobias Wolfer, Gernot Schullerus, Eckhard Hennig 

Robust Optimized Pulse Patterns for Salient Permanent Magnet Synchronous Machines ............................... 678 
Orcun Karaca, Ioannis Tsoumas 

System Characteristics of Grid-Forming and Grid-Following Converter Systems .......................................... 687 
Julian Struwe, Holger Wrede, Hendrik Vennegeerts 

Minimization of Parasitic Capacitance for Proper Function of 3 Level ANPC with GaN Switches ................ 696 
Qian Li, Günter Schröder 

Online Measurement Method of Electrochemical Impedance of Electric Vehicle Battery Based on 
Three-Phase Motor Drive Inverter ................................................................................................................... 703 

Boyang Li, Hongyan Qu, Min Zhou, Dong Jiang 

Reduce Order Modeling of the Modular Multilevel DC/DC Converter (M2DC) for HVDC Grid .................. 709 
Ghazala Shafique, Johan Boukhenfouf, François Gruson, Shabab Samimi, Philippe Delarue, 
Philippe Le Moigne, Frederic Colas, Michael Merlin, Xavier Guillaud 

Modeling of Litz-Wire Losses in High-Power Medium-Frequency Transformers ........................................... 717 
Thomas B. Gradinger, Marko Mogorovic 



Analysis of Inhomogeneous Temperature Distribution in Power Modules for Different Cooling 
Systems and the Influence on Lifetime Consumption ...................................................................................... 727 

Michael Gleissner, Mark-M. Bakran 

Demonstration of a Medium-Voltage DC-Chopper Enabled by 10 kV SiC MOSFETs ................................... 736 
Zhixing Yan, Gao Liu, Dipen Narendra Dalal, Jonas Jacobsen, Rui Wang, Michael Møller 
Bech, Bjørn Rannestad, Hongbo Zhao, Stig Munk-Nielsen 

Online Threshold Voltage Monitoring at SiC Power Devices During Power Cycling Test and 
Possible Consequences ..................................................................................................................................... 743 

Patrick Heimler, Mohamed Alaluss, Christian Schwabe, Xing Liu, Josef Lutz, Thomas Basler 

Analytical Comparison of Bi-Directional Dual Active Bridge and CLLLC-Converter for Coupling 
of HV-Battery to LV-Electrolyzer/Fuel Cell ..................................................................................................... 753 

Joshua Zahm, Marko Scherf, Marco Schilling, Tobias Reimann 

High Bandwidth PWM-Based Amplifier for Non-Linear Hybrid Filter in Electric Vehicle DC Grids ............ 761 
Sebastian Raab, Martin Hofmann, Henning Kasten, Ansgar Ackva 

Temperature Distribution of 10 kV and 15 kV SiC-MOSFETs with Large Edge Area .................................... 770 
Masaki Takahashi, Zhongchao Sun, Jannick Kjær Jørgensen, Szymon Michal Beczkowski, Stig 
Munk-Nielsen, Asger Bjørn Jørgensen 

Application and Control Strategy of a Novel Three-Port Converter for Renewable Hybrid Energy 
Storage System ................................................................................................................................................. 778 

Jinxin Liu, Da Kang, Yingnan Ren, Wenli Yao, Xiaobing Zhang 

On the Sensorless PMSM Rotor Position Estimation Enhancement: Application of ADALINE-PLL ............ 784 
Amirhossein Malekipour, Adrien Corne, Lauric Garbuio, Pierre Granjon, Laurent Gerbaud 

Design and Optimization of an Integrated Modular Motor Drive for Low Voltage High Power 
Permanent Magnet Synchronous Motor ........................................................................................................... 792 

Alexandre Siccardi, Charles Joubert, Christian Martin, Ali Makki 

Stand-Alone Offshore Wind Energy and Water Electrolysis: A Study on Optimal Electrolyzer 
Sizing ................................................................................................................................................................ 802 

Thibaut Runser, Sebastian Arend, Rik W. De Doncker 

Lithium-Ion Battery SOH Estimation with Varying Amount of Battery Operation Data .................................. 811 
Xingjun Li, Dan Yu, Søren Byg Vilsen, Daniel-Ioan Store 

Optimized Pulse Patterns for Anisotropic Synchronous Machines with Improved Current and 
Torque Properties .............................................................................................................................................. 819 

Eleftherios Kontodinas, Petros Karamanakos, Andreas Kraemer, Sebastian Wendel 

Modular Multilevel DC Converter : Impact of the Control on the Design and Efficiency ............................... 827 
Johan Boukhenfouf, Pierre Vermeersch, Francois Gruson, Philippe Delarue, Philippe 
Lemoigne, Frédéric Colas, Xavier Guillaud 

Analytical Model for 3D Geometry, Radius and DC Resistance of Arbitrary Litz Wire .................................. 835 
Qingchao Meng, Jürgen Biela 

Sensitivity Analysis of Model-Based Sensorless Control of Electrically Excited Synchronous 
Machines Considering Nonlinear Flux Linkages ............................................................................................. 846 

Yuebin Pang, Jovan Knezevic, Daniel Glose, Christoph Hackl 



Discrete-Time Cascaded-Control Design of Photovoltaic Systems for GMPPT and Power 
Curtailment Operations .................................................................................................................................... 853 

Muhammad Saad Saleem, Gyanendra Kumar Sah, Hans-Günter Eckel 

A 2N+1 MMPC Scheme Without Arm Current Sensors for Medium Voltage MMCs ..................................... 864 
Rupam Chaki, Anubrata Dey 

Hydro-Noise Measurements for Pressurizable Underwater Power Converters ................................................ 873 
Martin Schubert, Jan Fuhrmann, Max Hieke, Matthias Witte, Hans-Günter Eckel 

Dynamic Mission Profile Emulation for Short-Term Reliability Test of Submodule in Modular 
Multilevel Converter ........................................................................................................................................ 880 

Enyi Li, Ke Ma, Yalin Zhang 

Optimized Stationary Operating Regime and Common-Mode Voltage Design for Modular 
Multilevel Converters in Drive Applications at High Frequency ..................................................................... 888 

Qiuye Gui, Hendrik Fehr, Albrecht Gensior 

Model Predictive Control Based Full Operation Modes of Dual Active Bridge Converters to 
Minimize Current Stress ................................................................................................................................... 898 

Dehao Kong, Zhongchen Pei, Xiaonan Gao, Di Zhu, Marcelo Heldwein, Ralph Kennel 

Adaptive Control of a Synchronous Reluctance Traction Drive for Electric Vehicles ..................................... 904 
Hristo Milushev, Nikolay Djagarov, Julia Djagarova, Dimitar Tsvetanov, Frede Blaabjerg 

Long-Term Testing Results of a High-Performance 450 V Polymer Aluminum Electrolytic 
Capacitor ........................................................................................................................................................... 911 

Shova Neupane, Oluwatoyin Esther Olawale, Vadzim Adashkevich, William Greenbank, 
Luciana Tavares, Thomas Ebel 

Deadtime Optimization Eliminating Snap-Off of 3.3kV SiC MOSFET Bodydiodes ....................................... 917 
Andreas März, Stefan Schönewolf, Andreas Nagel, Michael Rauh, Mark-M. Bakran 

Design and Modeling of a 100W 1MHz GaN-Based Single-Switch Resonant Converter for High 
Power Density Inherent PFC LED Driver ........................................................................................................ 924 

Loris Pace, Matthieu Beley, Mohamed El Khattabi, Arnaud Bréard 

Reducing Harmonic Distortion in Ship Power Systems: An Evaluation of Three Shunt Active 
Power Filter Control Strategies ........................................................................................................................ 933 

Dimitar Tsvetanov, Nikolay Djagarov, Julia Djagarova, Hristo Milushev, Josep M. Guerrero 

Real-Time Parameter Estimations of DC-AC Converters Using a Kalman Filter Approach ........................... 943 
Yuan Huang, Matthew Armstrong, Shafiq Odhano, Mohamed Ahmeid 

Model Predictive Control of Hybrid Distribution Transformer Based on Back-To-Back Converter 
for Power Quality Management at Grid Edge .................................................................................................. 951 

Zhongchen Pei, Dehao Kong, Dongbo Guo, Di Zhu, Xinming Shao, Chuang Liu 

Advanced Magnetic Energy Harvester for Charging Drones from Overhead Powerlines ............................... 958 
Viet Duong Hoang, Emad Ebeid 

Comprehensive Comparison of Efficiency in the Three-Phase Active Rectifier and TNPC with SiC 
MOSFET for the Electric Vehicle Charger ....................................................................................................... 967 

Xinyue Li, Lin Ma 

Electric Vehicle Thermal Management System Modeling with Informed Neural Networks ........................... 975 
Ekin Alp Bicer, Pascal A. Schirmer, Peter Schreivogel, Gabriele Schrag 



Secondary-Side Power Control Method of Power Superposition Using Single-Phase Transformer 
for Power Supply of Position Sensor in Permanent Magnet Synchronous Motor ............................................ 983 

Takeshi Kiribuchi, Yukinori Inoue, Shigeo Morimoto 

Bipolar Output Voltage Control Strategy for Three-Level Neutral-Point Clamped Converter for 
Low-Voltage DC Distribution System .............................................................................................................. 990 

Mina Kim, Hwa-Pyeong Park, Byoung-Sun Ko, Dae-Seak Cha, Jung-Sik Choi, Seung-Yeol Oh 

Performance Evaluation of Position Sensorless Control System with Initial Speed Estimator for 
Overall Speed Startup ....................................................................................................................................... 996 

Rongjiao Hao, Shinji Doki, Kazuki Asahina, Akira Ide 

Data-Driven Online Stability Diagnostics for Parallel Grid-Connected Converters in Weak Grid ................ 1006 
Caiyun Qin, Hui Xu, Feng Gao 

Switching Loss Reduction for an Active Buffer DAB AC-DC Converter ...................................................... 1014 
Sindisiwe Malanda, Kain Arai, Shohei Komeda, Hiroyasu Kifune, Shunsuke Takuma, Yoshiya 
Ohnuma 

Common-Mode Current Suppression Study for Railway Vehicle Traction System Through Scale-
Down Experimental System ........................................................................................................................... 1021 

Takahiro Hasegawa, Keiichiro Kondo, Tadahiko Chida, Kazuma Okuda, Takeshi Shinomiya 

Improvement Method of Voltage Sharing Performance for Series-Connected GaN Devices Based 
on an Active Surge Absorber Circuit .............................................................................................................. 1028 

Yuki Itogawa, Shigeki Harada, Takahiro Urakabe, Hideaki Fujita 

An Efficient Method for Steady-State Analysis of Switching Power Converters with Non-Linear 
Inductors ......................................................................................................................................................... 1037 

M. Plesnik, T. Rahimi, M. Asgarimoghaddam, M. Nakhla, X. Wang, R. Achar 

Improving the Dynamic Performance of Light-Load Regenerative Brake Control for DC Electrified 
Railways with Load Power Estimation by the Disturbance Observer ............................................................ 1045 

Ikumi Wakayama, Keiichiro Kondo 

An Active Control Method After Switch Short-Circuit Fault for Open-End Winding Motor System 
with Isolated Supply ....................................................................................................................................... 1054 

Xiangwen Sun, Zicheng Liu, Dong Jiang, Ronghai Qu, Hongyang Liu, Guang Yang 

Using the Flux Increment Over a Pulse-Width Modulation Period for Anisotropy-Based Self-
Sensing Control .............................................................................................................................................. 1061 

Niklas Himker, Axel Mertens 

Investigation of Acceleration Factors of the HV-H3TRB Test on 3.3kV SiC SBDs ...................................... 1069 
Kenji Hatori, Kohei Ebihara, Kazufumi Ishimoto, Ryo Tsuda, Nils Soltau, Shiori Idaka, Eugen 
Wiesner, Stefan Schönewolf, Oskar Schuster, Michael Hanf 

Analysis of Passive and Active EMI Filters for On-Board Chargers in Electric Vehicles .............................. 1078 
Patrick Körner, Philip Brockerhoff, Felix Müller 

Analysis of Efficiency Characteristics in ZVS Region of DC-DC Converter Using Wide 
Bandgap(WBG) Switching Devices ............................................................................................................... 1086 

Bongwoo Kwak, Myungbok Kim 

Capacitor Current Reduction in Dual Three-Phase PMSM Drive System by Model Predictive 
Control Considering Dead Time ..................................................................................................................... 1092 

Ryosuke Sakauchi, Shinji Doki, Koji Imai, Kosuke Kondo, Yasuaki Aoki 



Boosting Efficiency in Resonant Converters by the Use of a New Advanced Power MOSFET 
Technology ...................................................................................................................................................... 1100 

Ralf Siemieniec, Simone Mazzer, Gerhard Noebauer, Cesar Braz, David Laforet, Elias Pree, 
Alessandro Ferrara 

Sensorless Control Techniques for Variable Magnetomotive Force Motors Using Magnetic Flux 
Estimation ........................................................................................................................................................ 1111 

Manato Ishimizu, Sari Maekawa 

Model Predictive Direct Voltage Control for Grid-Tied Inverter Systems ...................................................... 1119 
Lars Hagemann, Julius Kleutgens, Benedict Mortimer, Rik W. De Doncker 

Evaluation on Stability of DC-DC Transformer Mode Operation in Interconnected DC Grid ....................... 1126 
Yangxin Zou, Jianjun Ma, Miao Zhu, Yijia Chen 

Parallelization of High Efficiency Sine-Out Drives for Motor Drive Applications ......................................... 1134 
Nicklas Christensen, Radu Lazar 

Improved Analytical Core Temperature Prediction Based on Estimation of the Non-Uniform Flux 
Distribution ...................................................................................................................................................... 1141 

Lucia Clavero, Alberto Delgado, Pedro Alou, Miroljub Bakic, Thiwanka Wijekoon 

A Novel Asymmetrical Bidirectional DAB Converter Applied to Offshore Wind Power System .................. 1149 
Hanbing Xiao, Jianjun Ma, Miao Zhu, Yijia Chen 

A Low-Noise Switching Method with Variable Frequencies and Phase Shifts Which Takes into 
Consideration Measurement Conditions in DC-DC Converters ...................................................................... 1156 

Retsu Sugawara, Keji Wada 

Adaptive Control as a Hierarchical System ..................................................................................................... 1163 
Hussein Abubakr, Abderezak Lashab, Saeed Golestan, Abdullah M. Abusorrah, Muhyaddin J. 
H. Rawa, Mohammad Yaqoob, Juan C. Vasquez, Josep M. Guerrero 

Power Electronic Solutions to Compensate the Power Pulsation in Single-Phase Grid Connected 
High-Power Medium Voltage Converters ........................................................................................................ 1172 

Stefan Schönewolf, Mark-M. Bakran 

Sensor Faults Detection in DC Microgrids Based on Unknown Input Observer............................................. 1181 
Sen Tan, Jorge De La Cruz, Juan C. Vasquez, Josep M. Guerrero 

In-Depth Study of the Parasitic Capacitances of a Half-Bridge Circuit .......................................................... 1189 
Samuel Faber, Benedikt Kohlhepp, Julian Dobusch, Jeremias Kaiser, Thomas Dürbaum 

Multi-Time Scale Fault Characteristics of HVDC-Connected Offshore Wind Farm and the 
Coordination with Different Protection Schemes: A Review .......................................................................... 1197 

Guoqing Gao, Frede Blaabjerg, Yanbo Wang 

On the Impact of DC Magnetization on Core Losses: A Model Based on Extensive Experimental 
Results from the MagNet Database ................................................................................................................ 1208 

Asier Arruti, Iosu Aizpuru, Mikel Mazuela 

Efficiency Enhancement of a Dual Active Bridge Converter by Utilizing Complete Zero Voltage 
Switching ........................................................................................................................................................ 1216 

Morteza Mahdavifard, S. Ali Khajehoddin 



Eddy Currents in Rectangular Conductors: Analytical 2D Loss Model in the Context of Magnetic 
Component Design ......................................................................................................................................... 1223 

Thomas Ewald, Jürgen Biela 

Comparison Study on Parametric Fault Diagnosis Using BPNN, SVM and SDAE for DC-DC 
Converters in Aircraft ..................................................................................................................................... 1232 

Ting Wang, Jiacheng Sun, Wenli Yao, Xiaobin Zhang, Weilin Li, Yufeng Wang 

Fast Modelling, Sizing and Mapping Techniques for Permanent Magnet and Externally Excited 
Axial Flux Machines ...................................................................................................................................... 1241 

Lukas Kirzinger, Martin Bruell, Dieter Gerling 

Evaluation of a Low-Cost Wide Bandwidth Current Shunt for Characterization of Wide Bandgap 
Semiconductor Devices .................................................................................................................................. 1249 

Philipp Ziegler, Jörg Haarer, Philipp Marx, Mattea Eckstein, André Haspel, Jörg Roth-
Stielow 

A Feasible Region Analysis and Design Method for Virtual Inertia and Damping in Virtual DC 
Machine Control Strategy ............................................................................................................................... 1258 

Lizheng Sun, Feng Wang, Ziyi Xu, Fang Zhuo 

Benefits of Saturated Powder Core Inductors in LCL Filters of Three-Phase Voltage Source 
Inverters .......................................................................................................................................................... 1266 

Marius Kaufmann-Bühler, Hayrettin Özeloglu, Eric Eichstädt, Sibylle Dieckerhoff 

Methods to Reduce the Errors in the D- And q-Inductance Estimation of a SynRM by Considering 
the Residual Magnetism ................................................................................................................................. 1276 

Vasken Ketchedjian, André Haspel, Philipp Marx, Jörg Roth-Stielow 

Investigation of the Stabilizing Impact of Grid-Forming Controls for LCL-Connected Converters .............. 1285 
Yahya Lamrani, Frédéric Colas, Thierry Van Cutsem, Carmen Cardozo, Thibault Prevost, 
Xavier Guillaud 

SiC Power TrenchMOS Transistor Under Harsh Repetitive Switching Conditions ....................................... 1293 
Juraj Marek, Michal Minárik, Matej Matúš, Jozef Kozárik, Lubica Stuchlíková 

Frequency Optimisation for DC/DC Converters in DC-Connected Offshore Wind Turbines ........................ 1301 
Victor Timmers, Agustí Egea-àlvarez, Aris Gkountaras 

Effect of the Forward and Reverse Conduction Resistance of SiC MOSFET on the Harmonic 
Voltage of the Full-Bridge Inverters of Wireless Power Systems for Electric Vehicles and Its 
Suppression Method ....................................................................................................................................... 1309 

Tatsuya Yanagi, Ken Nakahara, Osamu Shimizu, Hiroshi Fujimoto 

The Voltage Control and the Detuned Design for Handshaking of an Inductive Power Transfer 
System with Adjacent Units ........................................................................................................................... 1317 

Shuxin Chen, Yaohua Li, Junming Zeng, Yi Tang 

Design and Experimental Verification of SP-Type Resonant Wireless Power Transfer System 
Capable for Bidirectional Power Transmission .............................................................................................. 1324 

Kohei Sugiyama, Morito Ota, Yuki Shimizu, Yoshitaka Kawabata 

Modeling of Novel Dual Three Phase PMSM with Pseudo-Triple Winding Structure and Its Current 
Vector Control ................................................................................................................................................ 1332 

Kohei Aiba, Shinji Doki, Hidenori Kato, Koji Isogai 



Comparative Analysis of Series Connected MOSFETs with Single Switch for ZVS Turn on 
Converter Topology ........................................................................................................................................ 1340 

Pooja Sinha, Sachin Yadav, Zian Qin, Pavol Bauer 

Design of Bypass Switches for HV/MV Hybrid Transformer Auxiliary Converters...................................... 1347 
Adrian Wiemer, Juergen Biela 

Modeling and Power Transfer Characteristics of MMC-H Based Solid State Transformer with Sine-
Square Wave Modulation ............................................................................................................................... 1357 

Yihao Du, Wenqi Lin, Shibo Lian, Yihui Zhao, Xiaojie Fu, Yujia Guo, Jianyu Pan 

Critical Short Circuit Ratio of an EV Charging System ................................................................................. 1364 
Lu Wang, Zian Qin, Junjie Xiao, Pavol Bauer 

Switching Losses Estimation for a Push-Pull Converter Based on Analytical Models Considering 
Parasitic Elements .......................................................................................................................................... 1372 

Borja Alberdi, Mikel Mazuela, Jon San-Sebastian, Roberto Sánchez 

Direct Model Predictive Control with Constrained Power Losses for Grid-Tied Converters with 
LCL Filters ..................................................................................................................................................... 1380 

Mattia Rossi, Petros Karamanakos, Arto Sankala 

An Optimizing Method of Complex PI Controller for Permanent Magnet Synchronous Motor in 
Magnetic Saturation........................................................................................................................................ 1389 

Chengyong Lin, Wenxi Yao, Zhihao Song 

Comprehensive Study on the Grid Fault Behavior of Grid-Forming Control for Modular Multilevel 
Converters ...................................................................................................................................................... 1394 

Andres Paez, Christian Neumann, Hans-Günter Eckel 

Novel Control Strategy for a Bidirectional LCLC Converter with Resonant Boost Charging for 
Wide Varying Input Flow Battery ................................................................................................................... 1405 

Nagesha Chitpadi, N Lakshminarasamma 

Modulation Method to Reduce DC-Bus Harmonics Current in Two-Motor Drive System............................ 1413 
Teruya Sato, Hitoshi Haga 

Comparative Evaluation of Grid Connected Current Source and Voltage Source Inverters for Wind 
Turbines .......................................................................................................................................................... 1421 

Junye Chen, Michael Schütt, Hans-Günter Eckel 

Distributed Predictive Control for Capacitor Voltage Balancing in a Cascaded H-Bridge Based 
STATCOM ...................................................................................................................................................... 1429 

Alex Navas-Fonseca, Claudio Burgos-Mellado, Yeiner Arias-Esquivel, Anant Kumar Verma, 
Andrés Mora, Diego Munoz-Carpintero, Roberto Cárdenas 

Modeling and Analysis of High Gain Pole Point Inductor-Based Series Resonant Dual Active 
Bridge Converter ............................................................................................................................................ 1437 

R Nitheesh, Ashwini Kumar Dubey, N Lakshminarasamma, B Arun Karuppaswamy 

A High Voltage Pulse Generator for Ozofractionation Based PFAS Treatment in Industrial Waste ............... 1445 
Chinara Kuldip, N. Lakshminarasamma 

A Novel UPQC Configuration with Integrated Battery Energy Storage and Solar PV .................................. 1453 
Rajarshi Basu, Mahesh Kumar Mishra 



Exploring the Potential of EV Motor Winding in LCL Filter Design for On-Board Chargers ....................... 1462 
Muhammad Talib Faiz, Junwei Liu, Leung Ka Hei, Muhammad Mansoor Khan, K. H. Loo 

Real-Time Simulation and Sensitivity Analysis About the Effect of a Solid-State Circuit Breaker 
with Current Limiter and Active Damping on MVDC Grid Inductance ........................................................ 1471 

Alessio Clerici, Riccardo Chiumeo, Diego Raggini, Alessandro Veroni 

A Voltage-Following Strategy Used in Programmable Electronic Loads with Shared DC Bus ..................... 1479 
Chia-Chou Chang, Tzu-Hsuan Ho, Ming-Yuan Xie, Yaow-Ming Chen 

Modeling and Small-Signal Linearization of Three-Phase Rotating Transformation Using 
Exponential Matrix: Summary, Verification, and Discussion ......................................................................... 1489 

Houkai Zhang, Guochun Xiao, Zhiren Liu 

A Port-Hamiltonian Droop Control for Grid-Forming Inverters .................................................................... 1495 
Alejandro Garcés-Ruíz, Manuel Bravo-López, Pedro Rodriguez 

General Analytical Model for SiC MOSFETs Turn-Off Loss Considering No Miller Plateau ....................... 1501 
Shijie Song, Han Peng, Xinbo Chen, Xin Hao 

Double Closed-Loop Self-Regulating Active Gate Driver with High-Bandwidth Peak Voltage 
Sampling Circuit ............................................................................................................................................. 1509 

Xinbo Chen, Han Peng, Shijie Song 

Analytical Derivation of Output Distortions Harmonics Caused by Voltage Source Inverter Non-
Linearities in PMSM Drives ........................................................................................................................... 1515 

Antoine Sabrié, Alexandre Battiston, Fabien Vidal-Naquet, Jean-Yves Gauthier, Xuefang Lin-
Shi 

Limitations and Comparisons of Small Signal Modelling Techniques in Converter Dominated 
Medium Voltage Networks ............................................................................................................................. 1524 

Sophie Coffey, Sam Harrison, Agustí Egea-àlvarez, Cornel Brozio 

Time-Domain Analysis of Full-Bridge Series-Resonant Converter and Boundary Conditions for 
DCM Operation .............................................................................................................................................. 1532 

Theofilos Papadopoulos, Dimitrios Kontos, Antonios Antonopoulos 

Comparison of Two Flywheel Concepts for the Support of Microgrids ......................................................... 1542 
Hendrik Fehr, Albrecht Gensior, Tobias Heidrich, Andreas Möckel 

48 V Current Source Inverter with Bidirectional GaN eHEMT Switches for Low Inductance 
Machine Drives .............................................................................................................................................. 1550 

Benjamin H. Zacher, Andreas Bauer, Kai Franck, Christian Schumann 

Continuous Sinusoidal Output Voltage Generation with a Single Phase Cascaded H-Bridge 
Converter ........................................................................................................................................................ 1559 

Tobias Merz, Nikolas Menger, Fabian Sommer, Rüdiger Schwendemann, Marc Hiller 

Experimental Study on DC Pulse Discharge Preheating of Lithium Ion Batteries at Low 
Temperature Over a Wide Frequency Range .................................................................................................. 1567 

Chengwei Luo, Pengjie Gong, Wenguang Luo, Hongtao Ye, Shu Liu, Furong Liu, Changjun 
Xie 

Development and Analysis of an IPMSM Fea-Based Model for Electric Vehicle Application ...................... 1576 
Alexandre Bitencourt, Bruno Borba, Bruno França, Daniel Dias 



DC-Side Impedance Modeling and Stability Assessment in Grid-Forming Modular Multilevel 
Converters ...................................................................................................................................................... 1586 

Mehrdad Nahalparvari, Mohsen Asoodar, Staffan Norrga, Hans-Peter Nee 

Flexible Load Emulation Using a Rapid Control Prototyping System and Power Electronics for 
Automotive Power IC Reliability Investigations ............................................................................................ 1595 

Alexander Ulbing, Andreas Warmuth, Markus Sievers 

Ripple Cancellation of PWM Power Converters by Magnetically Integrated Filter Technology ................... 1603 
Peter Zacharias, Christian Nöding, Alejandro Aganza Torres 

EMI Reduction in an Interleaved Buck Converter Through Spread Spectrum Frequency Modulation ......... 1613 
Emmanuel Stok, Marald Otten, Henk Huisman, Yusuf Kösesoy 

Switching a eMode GaN HEMT Under Conditions of an Inverter Module for Electrical Vehicles 
(EV) ................................................................................................................................................................ 1624 

Dominik Nehmer, Maximilian Hepp, Wolfgang Wondrak, Mark-M. Bakran 

Model Approach for Simulation of the Large Signal Performance of Inductive Components Using a 
N87 Core ........................................................................................................................................................ 1632 

Peter Zacharias 

Impedance-Based Stability Analysis of Droop-Controlled AC Microgrids with the Generalized 
Nyquist Criterion ............................................................................................................................................ 1642 

Robin Strunk, Axel Mertens 

gG and aR Fuse DC Arcing Model for Converter Sizing ............................................................................... 1652 
F. Reymond-Laruina, N. Barnel, D. Hadbi, P. Egrot, L. Queval, M. Petit 

Comparative Thermal Analysis of Cooling Methods for Dual Inverter Applications in Electric 
Vehicles .......................................................................................................................................................... 1661 

Gamze Egin Martin, Farzad Hosseinabadi, Sajib Chakraborty, Mohamed El Baghdadi, 
Claudio Romano, Maurizio Tranchero, Omar Hegazy 

Comparative Study of Voltage Regulation in Distribution Grid Based on Power Electronic Devices 
Connected on the LV Side of the MV/LV Transformer .................................................................................. 1667 

Sabine Vieira Reinert Frello, David Frey, Yvon Besanger, Nouredine Hadjsaid, Michel 
Cordonnier, Guillaume Langlet, Leonard Bacaud 

Modelling of Large Volume Expansion of Silicon Batteries Using an Optimum Incremental 
Potential Theorem .......................................................................................................................................... 1676 

Hamzeh Beiranvand, Jan Dittmann, Jan-Ole Stern, Sandra Hansen, Rainer Adelung, Stephan 
Wulfinghoff 

Active Thermal Control of a DC-DC Converter Using Dynamic Gate-Drive for Reliability 
Improvement .................................................................................................................................................. 1684 

Farzad Hosseinabadi, Olcay Bay, Sachin Kumar Bhoi, Sajib Chakraborty, Mohamed El 
Baghdadi, Omar Hegazy 

A Simple Two-Zone Overmodulation Implementation for Three-Phase Two-Level Inverters ....................... 1692 
K Gopikrishnan, Sumit Pramanick 

Inverter Design for Future Electrified Aircraft Propulsion Systems Under Consideration of Wear-
Out Failure and Random Failure .................................................................................................................... 1700 

Yongtao Cao, Leon Fauth, Ralf Johannes Keuter, Ariya Sangwongwanich, Mateja Novak, 
Frede Blaabjerg, Bernd Ponick, Axel Mertens 



Impact of Pole-To-Pole DC Voltage on Energy Requirement of FB YY-MMC ............................................. 1710 
Sohrab Mohtat, Massimo Bongiorno, Mebtu Beza, Jan R. Svensson 

A Five-Phase Induction Motor Drive with a GaN-Based Open-End Winding Multilevel Inverter ................ 1718 
S. Foti, G. Rizzoli, M. Mengoni, L. Vancini, A. Testa 

Losses Analysis of MMC in Medium Frequency Medium Voltage DAB Converter for Charging 
Station ............................................................................................................................................................. 1727 

Sattar Bazyar, Jun-Hyung Jung, Rui Li, Hamzeh Beiranvand, Marco Liserre 

Robust Direct Model Predictive Control with Reduced Computational Effort for Medium-Voltage 
Grid-Connected Converters with LCL Filters ................................................................................................ 1736 

Andrei Tregubov, Petros Karamanakos, Ludovico Ortombina 

Coordinated Full-Bridge Inverter PWM Control Strategy for Improved Energy Efficiency ......................... 1744 
Jordan Fontaine, Baptiste Trajin, Paul-étienne Vidal 

Comparative Analysis of Coil Parameters for the Optimization of Coupling Factor ..................................... 1752 
Tania Gomez, Hassan Pervaiz, Camilo A. Cortes, Wilmar Martinez 

Functionality, Losses, and Lifetime Comparison of Hydropower Generator Excitation System 
Converters ...................................................................................................................................................... 1760 

Chengjun Tang, Torbjörn Thiringer 

Applying a Fast Analytic Calculation Method in CM Domain for Touch Currents to a Two-Stage 
Charging Infrastructure................................................................................................................................... 1767 

Christian Stutz, Sebastian Nielebock, Martin März 

Efficiency-Driven Parameter Selection for Dual Active Bridge Converters .................................................. 1777 
Ahmed Meligy, Rafael Coelho-Medeiros, Ilknur Colak, Seddik Bacha 

Control Strategy for DAB Using SPS for Integration of Modular Batteries in EV ........................................ 1785 
Alberto Cárcamo, Aitor Vázquez, Alberto Rodríguez, Diego G. Lamar, Marta M. Hernando, 
Alexis A. Gómez, Daniel Remón 

Optimization of Control Parameters of Modular-Multilevel Converters in HVDC Transmission 
Applications.................................................................................................................................................... 1793 

Ivan Braz Scarpa Pereira, Rodrigo Teixeira Pinto, Epameinondas Kontos, Asimenia 
Korompili, Antonello Monti 

Power Oscillation Damping from VSC-HVDC Connected Offshore Wind Farms Using DC Link 
Braking Chopper ............................................................................................................................................ 1804 

Minxiao Wang, Alvaro Jose Hernandez Manchola, Alexander Raab, Gert Mehlmann, 
Matthias Luther 

Comparison of Increasing Efficiency in DAB Converters Using EPS, DPS and TPS with 
Evolutionary Algorithms ................................................................................................................................ 1812 

Akiner Esturk, Erdem Akboy 

Open-Circuit Voltage Characterization of Microporous Silicon Anodes for Lithium-Ion Batteries ............... 1820 
Hamzeh Beiranvand, Sahil Shingote, Ashwin Shejwalkar, Jan-Ole Stern, Monja Gronenberg, 
Rainer Adelung, Stephan Wulfinghoff 

Implementation of Active Damping Control Methodology on Modular Multilevel 
Converter(MMC)-Based Arbitrary Wave Shape Generator Used for High Voltage Testing .......................... 1828 

Xiaochuan Zhou, Dhanashree Ashok Ganeshpure, Thiago Batista Soeiro, Mohamad 
Ghaffarian Niasar, Yang Wu, Peter Vaessen 



Dual Active Bridge Converter with Variable Switching Frequency Modulation to Maintain ZVS ................ 1837 
Dingsihao Lyu, Coen Straathof, Thiago Batista Soeiro, Zian Qin, Pavol Bauer 

High-Power Converter Systems for Hydrogen Production ............................................................................ 1843 
Martin Geske, Hani Sebastian Hildebrandt, Kamran Jalili, Christian Keller 

Direct Measurement Based Behavior Modeling for Ultra-Low Inductance Silicon Carbide Power 
Modules .......................................................................................................................................................... 1853 

Ali Shahabi, Xuning Zhang, Andy Lemmon, Kevin Speer 

Design and Comparative Analysis of Discrete-Time Current Control Algorithms for Permanent 
Magnet Synchronous Machines ...................................................................................................................... 1859 

Tobias Schillinger, Tobias Zaiczek, Thomas Schuhmann, Matthias Franke 

Virtual Impedance Control for Load Sharing and Bus Voltage Quality Improvement ................................... 1869 
Junjie Xiao, Lu Wang, Zian Qin, Pavol Bauer 

Improving Steinmetz Parameters for Iron Loss Characterization with a Magnetic Measurement Kit ........... 1877 
Xiaobing Shen, Hans Wouters, Wilmar Martinez 

Machine Learning Model for High-Frequency Magnetic Loss Predictions Based on Loss Map by a 
Measurement Kit ............................................................................................................................................ 1885 

Xiaobing Shen, Wilmar Martinez 

Health Monitoring Framework for Electric Vehicle Drive Train in Digital Twin ........................................... 1893 
Varaha Satya Bharath Kurukuru, Mohammed Ali Khan, Rupam Singh 

Field-Data Based Lab Testing of a Wind-Energy Power Converter System: Insights into Cabinet 
and IGBT-Module Microclimates ................................................................................................................... 1903 

Christian Zorn, Jan-Hendrik Peters, Michael Hanf, Johannes Adler, Wilfried Holzke, Karoline 
Pelka, Christian Broer, Sören Fröhling, Benedikt Kostka, Johannes Wenzel, Axel Mertens, 
Kirsten Dehning, Stefan Zimmermann, Katharina Fischer, Nando Kaminski 

Self-Oscillating Drive Circuit Using Cascode-Connected Normally-On Device and Normally-Off 
Device for Self-Powered Active Bridges ........................................................................................................ 1913 

Yoshihiro Miwa, Hiroyuki Shoji, Junichi Sakano 

A Resonant Converter with a Novel PCB-Made High-Frequency Toroidal Coreless Transformer ................ 1922 
Simone Daniele, Danilo Santoro, Nicola Delmonte, Paolo Cova 

Data-Driven Methods for Robust Battery Capacity Estimation Based on Electrochemical 
Impedance Spectroscopy ................................................................................................................................ 1930 

Zhansheng Ning, Prasanth Venugopal, Gert Rietveld, Thiago Batista Soeiro 

Load Profile Based Reliability Assessment of IGBT Module in Full-Bridge DC/DC Converter for 
Fast Charging of EVs ..................................................................................................................................... 1938 

Faezeh Kardan, Miad Ahmadi, Aditya Shekhar, Pavol Bauer 

Comprehensive Multi-Stage Filter Design of an Active Three-Phase Two-Level Rectifier for 
Aircraft Application ........................................................................................................................................ 1946 

Robin Weiß, Sebastian Rode, Normann Schwingal, Steffen Bernet 

Evaluation of Reconfigurable Isolated Bidirectional DC/DC Converters for an EV Charging 
System with Bipolar DC-Link ........................................................................................................................ 1957 

Kaushik Naresh Kumar, Rafal Miskiewicz, Przemyslaw Trochimiuk, Jacek Rabkowski, 
Dimosthenis Peftitsis 



A Model-Based Approach for Prognostics of Power Semiconductor Modules .............................................. 1966 
Aleksi Vulli, Gerd Schlottig, Michal Orkisz, Marcin Firla, Enea Bianda 

An EV Drivetrain Integrated Auxiliary Battery Charger Using a Dual Wound Three Phase 
Synchronous Machine .................................................................................................................................... 1976 

Sukhjit S Ghumman, Chatumal Perera, Caniggia Viana, Peter W Lehn 

Review of Advances in Cooling Schemes for Yokeless and Segmented Armature (YASA) Axial 
Flux Motors .................................................................................................................................................... 1984 

Gokhan Cakal, Bulent Sarlioglu 

Estimation of Leakage Inductance in High-Frequency Three-Winding Transformers for Electric 
Vehicle On-Board Chargers ............................................................................................................................ 1992 

Ioannis Kougioulis, Amedeo Vannini, Anirban Pal, Patrick Wheeler, Md Rishad Ahmed 

Fast Switching of GaN Transistors Using a Boosted Gate Voltage ................................................................ 2003 
E. Shelton, D. Rogers, P. Palmer 

Power Control and Voltage Balancing Strategies for a Five-Level T-Type Inverter ....................................... 2013 
Kévin Acadine, Augustin Mpanda Mabwe, Ahmed El Hajjaji 

Bidirectional Hybrid Insolated DC Transformer for Interconnection of MVDC and HVDC Systems .......... 2022 
Xiaodong Zhao, Binbin Li, Guihong Zhang, Xiangcheng Zhang, Shibin Wang, Dianguo Xu 

Analysis and Optimization of Current Stress for Single-Stage DAB DC/AC Converter in Micro-
Inverter Application ........................................................................................................................................ 2031 

Zhiyuan Wang, Binbin Li, Yingzong Jiao, Ruitie Li, Dianguo Xu 

Generic Semi-Physical SiC MOSFET Model for the Simulation of Switching Processes ............................. 2037 
Patrick Hofstetter, Viktor Hofmann, Mark-M. Bakran 

Active Power Decoupling Control Using the Power Phasor Concept ............................................................ 2045 
Caniggia Viana, Chatumal Perera, Mehanathan Pathmanathan, Peter W. Lehn 

Optimal Installation and System-Level Control Strategy of SAPF Based on Extended-Range 
Compensation of Multi-Bus Harmonic Sources in Distribution Networks .................................................... 2053 

Zebin Yang, Hao Yi, Yihong You, Fang Zhuo, Cao Zhan, Shuaibin Shi 

A Half-Turn Winding Layout in Planar Transformers .................................................................................... 2062 
Chao Liu, Pinhe Wang, Zhe Zhang, Jiasheng Huang, M. A. E. Andersen, T.-G. Zsurzsan, 
Ziwei Ouyang 

Solid Electrolyte Interface Layer Growth - Crack Formation Coupled Model for Lithium-Ion 
Battery Capacity Fade Prediction ................................................................................................................... 2068 

Wendi Guo, Yaqi Li, Zhongchao Sun, Søren Byg Vilsen, Daniel Ioan Stroe 

Optimization and Analysis of a 50 KW Photovoltaic Power Plant with Examination of Partial 
Shading Conditions ........................................................................................................................................ 2076 

Maryam Sepehrinour, Hamed Karimi, Alireza Siadatan 

Charging Pricing Incentives-Enabled Coordinated Dispatching for Improved Overall Benefits of 
Electric Vehicles and Islanded Photovoltaic Charging Stations ..................................................................... 2085 

Wenjin Yang, Hengzhao Yang 

Vibration Reduction Method by Instantaneous Current Control in 120-Degree Conduction Mode of 
Compressor Motor .......................................................................................................................................... 2092 

Yusuke Omi, Takumi Yasuda, Takahiro Kumagai, Hiroki Watanabe, Jun-Ichi Itoh 



Discrete-Time Domain Modeling of a High-Power Medium-Voltage Resonant Converter ........................... 2101 
Amir Hossein Mahdizadeh, Mohsen Soltani, Amin Hajizadeh 

Coupling Capacitance Characteristics and Design Optimization Method of CT-Type Isolated Power 
Supply for High-Voltage SiC Devices ............................................................................................................ 2107 

Haibo Tang, Xiaojie Fu, Yihui Zhao, Yihao Du, Yujia Guo, Jianyu Pan 

Design of a Non-Destructive Device Test Platform Capable of Double-Pulse Tests and Short-
Circuit Tests with Fast Overcurrent Protection for Wide Band-Gap Devices .................................................. 2113 

Zhebie Lu, Francesco Iannuzzo 

Cooperative Operation of Renewable-Integrated Multi-Energy Microgrids Under Dynamic Rolling 
Horizon Strategy ............................................................................................................................................. 2120 

Li Zhengmao, Jorma Kyyrä, Xu Yan, Zhao Tianyang, Wang Yunqi 

Elimination of Back-EMF Induced DC-Link Voltage Ripple in WECS with Permanent Magnet 
Synchronous Generators ................................................................................................................................. 2129 

Ioannis Tsoumas, Lennart Harnefors 

Closed-Loop Impedance Modeling and Analysis of Three-Phase Active Rectifier Below 150 kHz 
Frequency Range ............................................................................................................................................ 2136 

Zhongting Tang, Flemming Johansen, Pooya Davari 

Semiconductor Devices Condition Monitoring Using Harmonics in Inverter Control Variables ................... 2145 
Shuyu Ou, Ariya Sangwongwanich, Subham Sahoo, Frede Blaabjerg 

Discontinuous Pulse Width Modulation for Improving Reliability of NPC Inverter Operated at 
High Modulation Index .................................................................................................................................. 2153 

Jae-Heon Choi, Ui-Min Choi 

Discontinuous PWM for Improving Reliability and Efficiency of Single-Phase Five-Level T-Type 
NPC Inverter with Reduced Harmonic Distortion .......................................................................................... 2162 

Taerim Ryu, Ui-Min Choi 

Effect of Dynamic Gate Control Driver on SiC MOSFET Power Module Performance in WLTC ............... 2171 
Michael J. Frank, Mark-M. Bakran 

Mixed Grid-Forming and Grid-Following Inverters with Secondary Control Providing Fast Voltage 
and Frequency Support ................................................................................................................................... 2181 

Liang Huang, Chao Wu, Dao Zhou, Frede Blaabjerg 

Comparison Between DC Voltage Droop Schemes and Grid-Following & Grid-Forming Control in 
AC Systems in View of Interoperability of MTDC Grids .............................................................................. 2191 

Kosei Shinoda, Mohamed Elsodany, Juan-Carlos Gonzalez, Jing Dai, Abdelkrim Benchaib, 
Seddik Bacha 

Experimental Verification of the AC Resistance Effect in Insulated Metal Substrate Based Power 
Converters ...................................................................................................................................................... 2200 

Iosu Aizpuru, Miguel Lajas, Asier Arruti, Eneko Agirrezabala, José Miguel Sanz-Alcaine, 
Francisco Jose Perez-Cebolla, Mikel Mazuela 

Improvement of Phase-Voltage Measurement with Voltage-To-Frequency Converters Via Residual-
Voltage Sensing .............................................................................................................................................. 2208 

Tim Lange, Anne Von Hoegen, Nina Hartgenbusch, Georg Tobias Götz, Rik W. De Doncker 

Current Sharing Dynamics During IGBT ZVS Turn-On in a Hybrid Si IGBT/SiC MOSFET Switch .......... 2217 
Marco Andrade, Bernardo Cougo, Lenin M F Morais 



Layout Design Principle for Optimization of Transient Current Distribution Among Paralleled SiC 
MOSFETs in Multichip Modules ................................................................................................................... 2226 

Man Zhang, Helong Li, Zhiqing Yang, Shuang Zhao, Xiongfei Wang, Lijian Ding 

Extraction of Flux Angle Using Intermodulation Saliency for Encoderless Torque Control of 
Induction Motors ............................................................................................................................................ 2232 

E. Rodriguez Montero, M. Vogelsberger, T. Wolbank 

Controller Stability and Low-Frequency Interaction Analysis of Railway Train-Network Systems .............. 2239 
Rui Kong, Subham Sahoo, Frede Blaabjerg, Xiaoqin Lyu, Xiaoru Wang 

Junction Temperature Calculation on Power Modules, Based on the Transient Thermal Impedance 
for Mission Profile Evaluation in the EV Traction Inverter............................................................................ 2248 

Emanuela Privitera, Marco Papaserio, Daniela Grazia Cavallaro 

Probabilistic Mapping of Stability and Reliability in Microgrids – a Bayesian Interpretation ....................... 2256 
Yubo Song, Subham Sahoo, Yongheng Yang, Frede Blaabjerg 

Improving Power Cycle Lifetime of SiC Power Modules with Double-Bonded Wire: Experimental 
and Simulation Analysis ................................................................................................................................. 2264 

Enyao Xiang, Haoze Luo, Huan Yang, Xiangning He, Naoto Fujishima, Haruhiko Nishio, 
Hitoshi Sumida 

A High Frequency Magnetic Test Bench with Fast Isothermal Measurements for Large Cores .................... 2273 
Anartz Agote, Asier Arruti, Iosu Aizpuru 

Bidirectional Frequency Control and Inertia Provision with Grid Interties and HVDC Links ....................... 2282 
Mario Schweizer 

Comparison of Modular Multilevel Converter and Neutral Point Clamped Converter Topologies for 
MVDC Applications ....................................................................................................................................... 2291 

Adriana Campos, Juan Paez, Piotr Dworakowski 

A Comprehensive Review on Partial Power Processing-Based Voltage Regulator Modules for 48-V 
Bus-Based Data Centers ................................................................................................................................. 2300 

Yinxiao Zhu, Yongheng Yang, Frede Blaabjerg 

Design and Implementation of Grid-Forming Control Strategies for Parallel Converters in an 
Islanded Microgrid Setup ............................................................................................................................... 2309 

Christina Bischoff, Dominik Schulz, Stefan Mersche, Lukas Stefanski, Marc Hiller 

A New SiC Power Module Assembly Based on Silver Sintering Bonding .................................................... 2318 
Lisheng Wang, Zhouqiao Lei, Ruizhi Liang, Gert Rietveld, Raymond J. E. Hueting 

Design and Implementation of a High-Power, Discrete IGBT-Based Electric Drive for Rapid 
Accelerations .................................................................................................................................................. 2326 

Waqas Ali, Kedar Joshi, Ara Bissal, Martin März 

Simulation Analysis of the 5-Leg Inverter for a Fault-Tolerant Dual-Motor Drive System ........................... 2334 
Mustapha Al Sakka, Thomas Geury, Mohamed El Baghdadi, Miguel Dhaens, Monzer Al 
Sakka, Omar Hegazy 

Modelling and Stability Analysis of 100kW Modular Dual Active Bridge Converter for Robotic 
Arm-Based Charging Systems ........................................................................................................................ 2344 

Ramy Kotb, Haaris Rasool, Sajib Chakraborty, Omar Hegazy 



A High-Bandwidth and Low-Inductive Sensor for Measuring the Commutation Current of WBG 
Devices ........................................................................................................................................................... 2353 

Severin Klever, Rik W. De Doncker 

Influence of Parasitics of Components and Circuit on Switching Losses of Power SiC and GaN 
Transistors in Power Converter Applications ................................................................................................. 2361 

Pawel Górecki, Krzysztof Górecki, Kalina Detka, Vincenzo D’Alessandro 

Investigation on the Thermal Stability of Silicon-Carbide MOSFETs Operating in Controlled 
Shoot-Through Mode ..................................................................................................................................... 2368 

Alessandro Soldati, Vishal Shivaji Undre, Roberto Menozzi 

A New Hybrid-Modular Multi-Level Inverter with Fault-Tolerant Capability............................................... 2375 
Babak Rooholahi, Saeed Peyghami, Amir Sajjad Bahman 

An Iterative Learning Based Compensation in Model Predictive Control for DC/DC Boost 
Converter ........................................................................................................................................................ 2384 

Yuan Li, Subham Sahoo, Zhihao Lin, Yichao Zhang, Tomislav Dragicevic, Frede Blaabjerg 

A High Output Voltage Range DC-DC Converter with Solid-State Change-Over Switch ............................. 2391 
Siegmar Unterweger, Martin Schulz, Thomas Brückner 

Optimisation of Magnetic Loss Trade-Offs in High-Frequency Litz Wire Transformers ............................... 2399 
Hans Wouters, Xiaobing Shen, Hassan Pervaiz, Wilmar Martinez 

A Multi-Level Pseudo Single Active Bridge (PSAB) DC-DC Converter for Offshore DC Wind 
Turbines .......................................................................................................................................................... 2410 

Babak Khanzadeh, Torbjörn Thiringer 

Modeling and Optimization for DAB Converter Using SiC MOSFETs in Series Connection 
Considering Magnetizing Inductance and Voltage Ratio ................................................................................ 2418 

Runtian Chen, Yibo Deng, Chushan Li, Haoze Luo, Wuhua Li, Xiangning He 

A Data-Driven Thermal Digital Twin of a 3-Phase Inverter Using Hi-Fidelity Multi-Physics 
Modelling ....................................................................................................................................................... 2426 

Sachin Kumar Bhoi, Mohamed Amine Frikha, Gamze Egin Martin, Farzad Hosseinabadi, 
Sajib Chakraborty, Mohamed El Baghdadi, Omar Hegazy 

Design and Comparison of Input Filter Configurations for SiC-MOSFET-Based Automotive DC-
AC Inverters ................................................................................................................................................... 2434 

Mohammad Ali, Benjamin Knebusch, Lennart Juenemann, Jens Friebe, Axel Mertens 

Modeling and Validation of Grid-To-Vehicle (G2V) and Vehicle-To-Grid (V2G) Operation with 
Combo CCS Type 2 Connector for Medium Duty Electric Vehicle Applications .......................................... 2444 

Shahid Jaman, Oscar Hernandez Garcia, Mohamed Abdel-Monem, Thomas Geury, Omar 
Hegazy 

Performance Analysis of a New High Step-Up Boost-Buck-Boost Interleaved Converter for Bipolar 
LVDC Applications ........................................................................................................................................ 2452 

Babak Rooholahi, Yam Siwakoti, Frede Blaabjerg, Hans-Günter Eckel 

Temperature Monitoring of Multi-Chip SiC MOSFET Modules: On-Chip RTDs Vs. VSD(T)....................... 2462 
Nick Baker, Andy Lemmon, Francesco Iannuzzo, Szymon Beczkowski, John Austin, Lauren 
Ostrander 



A Charging Current Ripple Suppression Strategy for Three-Phase Power Conversion System Based 
on DC-Side Harmonic Current Compensation ............................................................................................... 2471 

Yiran Chen, Min Chen, Haoqing Cai, Changsheng Hu 

System Modelling and Reliability Study of the Tri-Port SST Featuring Energy Storage and 
Distributed Redundancy for Data Centers ...................................................................................................... 2479 

Daniel Siemaszko, Marko Mogorovic 

Analysis of Using MMC Topologies for the Direct Integration of Renewable Generation with 
Modular Electrolyzers .................................................................................................................................... 2486 

Eduardo Rausell, Gustavo Navarro, Marcos Lafoz, Santiago Arnaltes, José Luis Rodríguez, 
Marcos Blanco, Jorge Nájera 

Ceramic Baseplate-Less 10 kV SiC MOSFET Power Module with Integrated Liquid Cooling .................... 2494 
Asger Bjørn Jørgensen, Szymon Beczkowski, Benjamin Futtrup Kjærsgaard, Thore Stig 
Aunsborg, Stig Munk-Nielsen, Hongbo Zhao 

A Model Predictive Control Approach for Lithium-Ion Capacitor Optimal Charging ................................... 2500 
Pankaj Saha, Mahdi Soltani, Stig Munk-Nielsen, Daniel-Ioan Stroe 

Systematic Derivation and Experimental Verification of a Compact Loss Model for Soft-Switching 
Half-Bridges ................................................................................................................................................... 2508 

Tianxiao Chen, Pedro A. M. Bezerra, Zhengyan He, Gengqi Li, Eckart Hoene 

The Fast Direct Power Control Strategy of Dual Active Bridge Converter for Energy Storage 
System in DC Microgrid ................................................................................................................................ 2517 

Zhongxiu Xiao, Wanjun Lei, Yilin Yin, Wei Mu 

Optimized Pulse Patterns for Synchronous Machines with Non-Sinusoidal Back-EMF ............................... 2526 
Eleftherios Kontodinas, Petros Karamanakos, Andreas Kraemer, Sebastian Wendel 

Non-Coherent Power Combining for Self-Tuning Omnidirectional Wireless Power Transfer ...................... 2535 
Yining Liu, Nam Ha-Van, Prasad Jayathurathnage, Jorma Kyyrä, Sergei A. Tretyakov 

Improved Performance of Kalman Filter for Junction Temperature Estimation with Autocovariance 
Least-Squares Method .................................................................................................................................... 2543 

Diego Velazco, Maxime Valle, François Wallart, Guy Clerc, Emmanuel Boutleux 

Saturation Characteristics Analysis of Marx Circuits Based on Avalanche Transistors ................................. 2552 
Han Chen, Lin Liang, Ziyang Zhang 

Design and Analysis of a Voltage Ride-Through Testing Solution Based on a Novel Medium-
Voltage OLTC Auto-Transformer ................................................................................................................... 2559 

Ramón López-Erauskin, Manex Barrenetxea, Enrique Sagredo-Blanco, José María Canales, 
Fernando Santodomingo Llamas, José Duarte 

Application of the Double Source Switching Test to GaN HEMTs ................................................................ 2568 
Tamiris Grossl Bade, Maroun Alam, Hervé Morel, Dominique Planson 

An Optimized Third-Harmonic Injection Reduces DC-Link Voltage Ripple in Cascaded H-Bridge 
Converters Up to 50% for All Power Factors ................................................................................................. 2575 

Roland Unruh, Joachim Böcker, Frank Schafmeister 

Protection of Multi-Terminal VSC HVDC Hybrid Transmission Line .......................................................... 2585 
J. Sahebkar Farkhani, Ö. Celik, K. Ma, Z. Chen, C. L. Bak 



Instantaneous Flux and Current Control for Three-Phase Multi-Active-Bridge DC-DC Converters ............. 2592 
André Thönnessen, Carsten Fronczek, Rik W. De Doncker 

Dead Time Constraints in Gallium Nitride Devices for Inverter Applications ............................................... 2600 
Vincenzo Barba, Salvatore Musumeci, Fausto Stella, Marco Palma 

Experimental Evaluation of a Monolithic Gallium Nitride Devices Solution for Flyback Converter 
Devoted to Auxiliary Power Supply ............................................................................................................... 2608 

S. Musumeci, V. Barba, M. Pastorelli, F. Scrimizzi, F. Cammarata, G. Longo, S. Rizzo 

High-Power Rectifier Technologies for Hydrogen Electrolysis ..................................................................... 2616 
Zhiyu Cao, Peter Wallmeier 

Resonant Gate Drive Circuit for Parallel Connected MOSFETs .................................................................... 2624 
Helong Li, Ramkrishan Maheshwari, Langlang Yu, Prashant Surana, Thomas Ebel 

Linear Active Disturbance Rejection Control of an LLC Converter for On-Board Chargers ......................... 2630 
Ebru Avci, Andreas Greifelt, Hannes Börngen, Eyke Aufderheide, Ralph Kennel, Dieter 
Gerling 

Single Equivalent PV Inverter Model for PV Farms with Substantial Parameter Disparities Using 
WD Agg Approach ......................................................................................................................................... 2639 

Navid Shabanikia, S. Ali Khajehoddin 

Static and Dynamic Characterization of a 1.2 kV SiC MOSFET in Third Quadrant ..................................... 2648 
Matthieu Masson, Marc Cousineau, Nicolas Rouger, Frédéric Richardeau 

A Comparative Study of Three-Phase Inverter Topologies for Common Mode Voltage Reduction in 
Photovoltaic Applications ............................................................................................................................... 2656 

Jamil Hassan, Victor Minambres-Marcos, Fermin Barrero-Gonzalez, Anas Abdullah Alvi, 
Mariusz Malinowski, Luis Martinez-Caballero 

Improved Performance of Wind Turbines Using a Hybrid MPPT Strategy ................................................... 2664 
Hércules Araújo Oliveira, David Howe Wood, José Gomes De Matos, Luiz Antonio De Souza 
Ribeiro, Osvaldo Ronald Saavedra, Alyston Claydson Verissimo Do Nascimento 

A Novel Single-Phase Common-Grounded Rectifier Without Electrolytic Capacitor ................................... 2673 
Yuhao Yuan, Weimin Wu, Koutroulis Eftychios, Ning Gao, Henry Chung, Frede Blaabjerg, 
Lixun Zhu, Min Huang 

Stability Analysis of Grid-Forming Inverter Considering Different Operating Points ................................... 2680 
Yi Xiao, Zhe Zhang, Hao Luo, Yinxiao Zhu, Yongheng Yang, Marta Molinas, Dehong Xu 

Impacts of High-Frequency Harmonics of Input Current on a Multi-String Full-Bridge Solar 
Inverter ........................................................................................................................................................... 2689 

Behzad Soleymani, Suzan Eren 

Output Current Control of Three-Phase Secondary-Resonant SAB DC-DC Converter for Variation 
of Output Voltage............................................................................................................................................ 2695 

Taisei Kato, Kohei Budo, Takaharu Takeshita 

Comparison Between the ETT and LTT Technologies for Electronic OLTC Transformer 
Applications.................................................................................................................................................... 2703 

Juergen Schiele, Jens Przybilla, Manex Barrenetxea, Ramon Lopez-Erauskin 



Faster than Real-Time Electro-Thermal-Aging Emulation of Multiple Batteries Within a Modular 
Multilevel Converter ....................................................................................................................................... 2711 

Lars Leister, Niklas Katzenburg, Kai Kuhlmann, Lukas Stefanski, Marc Hiller 

Performance Assessment of the Adjustable Hybrid Switch Converter for E-Mobility Applications .............. 2720 
Tanya Thekemuriyil, Munaf T. A. Rahimo, Renato Amaral Minamisawa, Silvia Mastellone 

Experimental Validation of an Isolated Resonant Converter for Auxiliary Systems in a Train ...................... 2728 
J. Giles, A. Rodríguez, M. M. Hernando, J. Sebastián, B. Zelaa, J. Aguirre, A. Castro, J. M. 
Bermejo, D. Ortega 

Event-Triggered Gate Drive for a 1.7 kV Si-SiC Hybrid Switch with IGBT-Like Short-Circuit 
Robustness ...................................................................................................................................................... 2736 

Felix Kayser, Hans-Günter Eckel 

A Development of Short-Time Initial Rotor Position Estimation Technique Based on the Magnetic 
Saturation and Saliency .................................................................................................................................. 2745 

Hiroaki Sato, Shigehisa Aoyagi, Hirokazu Matsui, Shun Taniguchi, Shunsuke Ohara 

Real-Time Capable Oversampling Model of a Fast-Switching Dual Active Bridge Converter with 
High PWM Resolution ................................................................................................................................... 2753 

Axel Kiffe, Thorben Hoffstadt 

A Review of Recent Requirements for Inverter-Based Resources and Grid-Forming Technologies ............. 2764 
Hao Luo, Yi Xiao, Yinxiao Zhu, Yongheng Yang, Nick Peter Papanikolaou, Marta Molinas 

Energy-Based and Non-Energy-Based Control Strategies for Modular Multilevel Converters with 
Embedded Energy Storage ............................................................................................................................. 2773 

Hind Bekkouri, Abdelkrim Benchaib, Florent Morel, Pierre Rault, Juan-Carlos Gonzalez-
Torres, Florian Errigo 

Reliability Study on Front-End Capacitors in Boost PFC Architectures ........................................................ 2783 
Alex Musetti, Hossein Sadegh Lafmejani, Alessandro Soldati 

A Review of Current Sensors in Power Electronics: Fundamentals, Measurement Techniques and 
Components to Measure the Fast Transients of Wide Bandgap Devices ........................................................ 2791 

H. Lutzen, J. Müller, N. Kaminski 

Optimal Inverter Control for Grid Voltage Unbalance Mitigation .................................................................. 2802 
Werner De Wet, Johan Beukes, Francois Du Plessis 

Analysis of Miller Region Sustained Oscillations During Turn-On of High-Side 10kV SiC 
MOSFET ........................................................................................................................................................ 2810 

Benjamin Futtrup Kjærsgaard, Asger Bjørn Jørgensen, Thore Stig Aunsborg, Jannick Kjær 
Jørgensen, Gao Liu, Hongbo Zhao, Stig Munk-Nielsen, Bjørn Rannestad 

Prediction of Electromagnetic Radiation Emission from Telecommunication Power Supply ........................ 2818 
Weixin Wang, Junping He, Tao Yang, Lingling Cao 

Hybrid Implementation of Cascade Control for GaN-Based Modular Multilevel Converter for Low-
Voltage Grid ................................................................................................................................................... 2827 

Philip Kiehnle, Niklas Katzenburg, Lukas Stefanski, Marc Hiller 

Battery Inverter System for Stationary, 1500 V Hybrid Battery Storage Applications .................................. 2837 
Robert Kragl, Cornelius Armbruster, Stefan Reichert, Stephan Liese, Akshay Mahajan 



Enhanced Efficiency of MV Hybrid MMC Under Extended Modulation Using Si/SiC Devices .................. 2843 
Rajat Shahane, Nallamatti Poornachandra Rao, Anshuman Shukla 

Modulation Methods for Loss and Harmonic Distortion Minimization of a Current Source Rectifier .......... 2852 
Kubilay Sahin, Sébastien Mariéthoz 

dV/dt Immunity of Half Bridges Based on 650V Enhancement Mode GaN HEMTs .................................... 2860 
Franco Fiori, Marcus Nübling, Frank Klotz 

Decoupled Control Structure of a Modular Solid State Transformer ............................................................. 2868 
Nikolas Menger, Tobias Merz, Georg Zieglmaier, Rüdiger Schwendemann, Marc Hiller 

Dynamic Converter Control Role Configuration in Grid of Grids ................................................................. 2876 
Josep Arévalo-Soler, Mehrdad Nahalparvari, Eduardo Prieto-Araujo, Oriol Gomis-Bellmunt, 
Staffan Norrga 

A Robust and Effective Control Method for the Cascaded Buck-Boost Converter Using a Single 
Controller ....................................................................................................................................................... 2885 

Eric Fritze, Bogdan-Adrian Mirea, Klaus F. Hoffmann, Oliver Woywode 

Virtual Power-Based Technique for Enhancing the Large Voltage Disturbance Stability of HV Grid-
Forming Converters ........................................................................................................................................ 2895 

Yorgo Laba, Antoine Bruyère, Frédéric Colas, Xavier Guillaud 

Digital Control Implementation for a Rapid Control Prototyping of a 200kW Hybrid Interleaved 
ANPC Active Rectifier ................................................................................................................................... 2903 

Mohammad Najjar, Flemming Johansen, Henning Roar Nielsen, Lars Bech Rasmussen 

A Reconfigurable Series-Resonant DAB Converter ....................................................................................... 2909 
M. Yaqoob, Majid Ali, Wang Shuqin, Grover Torrico 

Analysis of Material Mixtures for the Characteristics of a Field Coupled Current Controlled 
Adjustable Inductance .................................................................................................................................... 2914 

Guido Schierle, Michael Meissner, Hendrik Saß, Klaus F. Hoffmann 

Parallel Hybrid Converter-Based Adjustable Speed Drives Using Third Harmonic Voltage Injection 
Technique ....................................................................................................................................................... 2924 

Nageswara Rao Karaka, Ibhan Chand Rath, Anshuman Shukla 

Adaptive Droop Based Bidirectional V2G Charging Station for Grid Frequency Regulation and 
Improved Power Quality ................................................................................................................................ 2932 

Rohan Madnani, Rajarshi Basu, Mahesh Kumar Mishra 

Model Predictive Control of Modular Multilevel Converter with High Number of Submodules .................. 2941 
Hussein Kadhum, Watson Alan, Beeond M. Saleh, Rivera Marco, Zanchetta Pericle, Wheeler 
Patrick 

Identification of Rotor and Stator Flux Linkage Maps of Squirrel Cage Induction Motors Based on 
Identification of Rotor Time Constant Maps .................................................................................................. 2951 

Johannes Stoß, Akif Karayel, Leonard Geier, Andreas Liske, Marc Hiller 

Experimental Demonstration of the Transformer Interwinding Capacitance Voltage Waveform in an 
Isolated Full-Bridge Forward Converter ........................................................................................................ 2962 

Claus S. Kjeldsen, Christian Østergaard 



A Floquet Theory-Based Time-Domain Stability Analysis Method for Unbalanced Three-Phase 
Off-Grid Inverter ............................................................................................................................................ 2970 

Hong Li, Jinchang Pan, Minbo Wei, Zexi Zhou, Zhong Li 

Thermal Stress Balancing for Lifetime Improvement of H6 Solar Inverter ................................................... 2978 
Abhishek Chanekar, Nachiketa Deshmukh, Akash Gangwar, Sandeep Anand 

Power Loop Inductance Optimization Strategy for Eliminating Turn-Off Switching Surge for GaN-
HEMT Switching Device ............................................................................................................................... 2987 

Kazuhiro Umetani, Kento Tanohara, Koki Abe, Masataka Ishihara, Eiji Hiraki 

Full-SiC Single-Chip High-Side and Low-Side Dual-MOSFET for Ultimate Power Vertical 
Integration – Basic Concept and Technology ................................................................................................. 2996 

Ralph Makhoul, Nour Beydoun, Abdelhakim Bourennane, Luong Viêt Phung, Mihai Lazar, 
Frédéric Richardeau, Philippe Godignon, Dominique Planson, Hervé Morel, David Bourrier 

A Study on Simplification of Commutation Methods for Three-Phase Direct Matrix Converters ................. 3005 
Jun Xie, Martin Suberski, Dustin Henneberg, Uwe Rädel, Jürgen Petzoldt 

Driving Cycle Power Loss Analysis of SiC-MOSFET and Si-IGBT Traction Inverters for Electric 
Vehicles .......................................................................................................................................................... 3012 

Michael Schlüter, Marius Gentejohann, Sibylle Dieckerhoff 

Mitigating Inter-Chip Oscillation of Paralleled SiC MOSFETs ..................................................................... 3023 
Florian Sawallich, Hans-Günter Eckel 

Series/Parallel Connection Method of DC-DC Transformer for Scalable Power Converter Systems 
Using USPM................................................................................................................................................... 3034 

Takumi Iwamoto, Koki Yamanokuchi, Hiroki Watanabe, Jun-Ichi Itoh 

Reduction of Circulating Bearing Currents in Dependence of Nanocrystalline Common-Mode 
Current Ring Cores ......................................................................................................................................... 3044 

Martin Weicker, Hans-Joachim Pöss 

New Methodology for Defining Integration Limits Used for Switching Energy Computation in 
Power Devices ................................................................................................................................................ 3052 

Joao Oliveira, Bernardo Cougo, Fabio Coccetti, Stéphane Azzopardi, Hervé Morel 

Operation Management of More-Electric Aircraft Using Two-Stage Stochastic Model Predictive 
Control ............................................................................................................................................................ 3060 

Xin Wang, Najmeh Bazmohammadi, Jason Atkin, Serhiy Bozhko, Juan C. Vasquez, Josep M. 
Guerrero 

An Improved Reduced Parallel Modular Multilevel Converter with Sensorless Capacitor Voltage 
Balancing ........................................................................................................................................................ 3068 

Mostafa Abarzadeh, Masoud Afsharikhamaneh, Simon Caron, Saeed Peyghami, Kamal Al-
Haddad 

Immune Neuro-Fuzzy Network Based System for Collision Free Motion Control of Unmanned 
Electrical Vehicles .......................................................................................................................................... 3076 

Anna Beinarovica, Mikhail Gorobetz, Leonids Ribickis 

Design and Implementation of the Space Vector Modulation for a Hexaphase Indirect Matrix 
Converter ........................................................................................................................................................ 3086 

Chabi S. Sanni, Augustin Mpanda Mabwe, Ahmed El Hajjaji 



Investigation of Reconfigurable Battery Efficiency for an Application in an Electrical Sailplane ................. 3096 
Nina Sorokina, Tobias Högerl, Bliemetsrieder Wolfgang, Luca Hein, Thomas Weyh, Manuel 
Kuder 

The Power Supply for IH Corresponding to Various Conditions ................................................................... 3104 
Sachio Kubota 

Coupled PFC Inductor for 22 kW On-Board Charger Using PCB Technology ............................................... 3112 
Stefan Hoffmann, Eckart Hoene 

Dual Gate ClampDRIVE SiC FET Based Traction Inverter Design Demonstration ...................................... 3123 
Shusun Qu, Anup Bhalla 

Fully Automated Wide Temperature Range Semiconductor Characterization ............................................... 3129 
S. R. Frank, J. Hansel, J. Bitterle, R. Schwendemann, M. Hiller 

Sensorless State of Temperature Estimation for Smart Battery Based on Electrochemical 
Impedance ...................................................................................................................................................... 3138 

Yusheng Zheng, Nicolai André Weinreich, Abhijit Kulkarni, Yunhong Che, Hoda Sorouri, Xin 
Sui, Remus Teodorescu 

Loss Measurement of Low RDS Devices Through Thermal Modelling - The Advantage of Not 
Turning it Fully on .......................................................................................................................................... 3146 

José Miguel Sanz-Alcaine, Francisco Jose Perez-Cebolla, Carlos Bernal-Ruiz, Asier Arruti, 
Iosu Aizpuru, Juan Sanchez 

Functional Features of Isolated AC/DC Converter Interface in Future Low-Voltage DC Microgrids............ 3153 
Vladan Ž. Lazarevic, Markus Abplanalp, Francisco Canales, Mario Schweizer, Antonello 
Antoniazzi, Luca Ghezzi 

A Phase Detection Method Using Power Handling Capability in Resonant Converters ................................ 3161 
Faheem Ahmad, Asger Bjørn Jørgensen, Stig Munk-Nielsen, Szymon Michal Beczkowski 

Stability Limits and Improved Robustness of Grid-Forming Converters with External Inertia-
Emulation Loop .............................................................................................................................................. 3167 

Paul Imgart, Massimo Bongiorno, Jan R. Svensson, Mebtu Beza 

A New ZVT Snubber Cell for PWM-CCM Boost Converters ....................................................................... 3175 
Haci Bodur, Suat Yildirmaz 

A Common Ground (CG) Switched Capacitor Multilevel Inverter (SCMLI) with an Additional 
Charge Pump Cell Fitted for Photovoltaics - Supplied Energy Systems ........................................................ 3181 

Jiandong Zhang, Xueyong Li, Jia Yao, Qinsong Qian, Adrian Ioinovici 

Modeling Inrush Currents in Medium-Voltage Grids ..................................................................................... 3189 
Lars Hagemann, Katharina Hetzenecker, Julius Kleutgens, Rik W. De Doncker 

Multi-Parameter Analysis and Measurement of Resonances in Grid-Connected Converters with 
LCL Filters ..................................................................................................................................................... 3197 

Dominik Schulz, Andreas Liske, Marc Hiller 

Investigation into Current Sharing of Parallel SiC MOSFET Modules Using a Gate-Driver with 
Sub-Nanosecond Time-Skew Capability ........................................................................................................ 3206 

Sebastian Neira, Ross Mathieson, Mason Parker, Paul D. Judge, Stephen J. Finney 



Design Optimization of a Three-Level Neutral-Point-Clamped Traction Inverter for Electric 
Vehicles Based on Switching-Cell Arrays ...................................................................................................... 3214 

Roya Rafiezadeh, Sergio Busquets-Monge, Salvador Alepuz, Gabriel Garcia-Rojas, Germán 
Fañanás Puigjaner 

Investigation on Single and Split Output Gate Configurations Influence on the GaN-HEMTs 
Switching Behaviours ..................................................................................................................................... 3222 

Xuyang Lu, Arnaud Videt, Nadir Idir, Vlad Marsic, Petar Igic, Soroush Faramehr 

Implementation of New Cooling Configurations in Electric Motors Via CFD and CHT Modeling .............. 3231 
Marco Minazzato, Giacomo Persico, Alessandro Castagnini, Giulio Secondo 

Data-Driven Component Cost Models for Power-Electronic Converters ....................................................... 3238 
Carsten Fronczek, Niklas Fritz, Rik W. De Doncker 

Analysis of Fault-Tolerant and Fully Redundant HV/LV DC-DC Converters for Battery Electric 
Vehicles .......................................................................................................................................................... 3247 

Aswathy M. Prince, Ayman Ayad 

An Intelligent Hybrid Fractional Order Controller for DC–DC Buck Converters Feeding Constant 
Power Loads ................................................................................................................................................... 3256 

Hoda Sorouri, Soroush Oshnoei, Arman Oshnoei, Remus Teodorescu, Frede Blaabjerg 

Applying DBFC with Integrated Optimized Pulsed Pattern to Maximize Voltage Utilization with 
Low Distortion in Automotive Traction Drives .............................................................................................. 3263 

Michael Saur, Maximilian Hepp, Martin Silva, Wolfgang Wondrak 

Single-Stage Single-Switch Curved Air Gap Power Factor Correction Integrated Flyback 
Transformer Design for Lighting Equipment Power Applications ................................................................. 3272 

Wai Keung Mo, Kasper M. Paasch, Thomas Ebel 

An Open-Circuit Fault Diagnosis for Interleaved Boost Converter with Coupled Inductors in Fuel 
Cell Application .............................................................................................................................................. 3282 

Meryem Benzine, Issam Salhi, Arnaud Gaillard, Fei Gao 

Positioning and Control of Power-Flow Controllers in Meshed MVDC Grids .............................................. 3290 
Sreedhar Kammana, Christopher Dahmen, Thomas Brückner 

Loadability of Converter-Fed Induction Machine .......................................................................................... 3301 
Hannu Kärkkäinen, Pia Lindh, Lassi Aarniovuori, Matias Tiihonen, Markku Niemelä 

An Active Gate Driver for Iteratively Optimizing the Switching Characteristics of SiC MOSFETs ............. 3309 
Johannes Kuhn, Tobias Zekorn, Kenny Vohl, Ralf Wunderlich, Stefan Heinen 

Current Limitation for Angle Control of Grid-Side Converters ..................................................................... 3317 
Magdalena Gierschner, Hans-Günter Eckel 

Bidirectional Energy Transfer for Heterogeneous Modular Batteries in Electric Vehicle 
Applications.................................................................................................................................................... 3324 

Nima Tashakor, Pouyan Pourhadi, Mohammad Hamed Samimi, Mahdi Bayati, Stefan Goetz 

High Step-Down DC-DC Converter and Results for 48-To-5 V and 400-To-48 V Implementation .............. 3333 
Robert Stala, Szymon Folmer 

Method for Creating Fast Controlled Transitions Within Multilevel Converter-Based DC Grids .................. 3340 
Tuan Minh Nguyen, José-Luis Marqués-Lopez, Claus Hillermeier 



Highly Integrated Electric Drive Based-On Smart DC Batteries Topology and Control ............................... 3350 
Nima Tashakor, Masoud Amirrezai, Davood Keshavarzi, Stefan Goetz 

Nine-Level Inverter Based on NPC Topology for High Frequency Operation ............................................... 3360 
Robert Stala 

Why Midpoint Balancing of an NPC is Still a Challenge in Medium-Voltage Applications ......................... 3367 
Jakub Kucka, Martin Neumann 

Concept Validation of Digital Twin-Based Power Losses Estimation Method for Traction Inverter 
Applications.................................................................................................................................................... 3375 

Mohamed Amine Frikha, Sachin Kumar Bhoi, Sajib Chakraborty, Niels Divens, Reginald 
Diltoer, Mohamed El Baghdadi, Omar Hegazy 

Ultra-Wide Voltage Gain Hybrid Modulated CLLC Converter for Electric Vehicle ...................................... 3383 
Akshay Mahajan, Christof Wittwer, Yam Siwakoti 

Neural Network Controller Based on Direct and Indirect Model Predictive for Modular Multilevel 
Converters ...................................................................................................................................................... 3390 

Niloufar Yousefi, Javad Ebrahimi, Alireza Bakhshai 

Reinforcement Learning-Based Control of a Buck Converter: A Comparative Study of DQN and 
DDPG Algorithms .......................................................................................................................................... 3398 

Shima Shahnooshi, Parisa Ranjbaran, Javad Ebrahimi, Alireza Bakhshai, Praveen Jain 

Deep-Learning-Based Fast System-Level Harmonic Control Strategy for Multi-Bus Voltages 
Detected APF in Distribution Systems ........................................................................................................... 3407 

Zebin Yang, Hao Yi, Xian Wu, Fang Zhuo, Lingyu Zhu, Qing Wang 

Thermal Characterization of Packaged SiC Devices for High-Temperature Applications ............................. 3416 
Varaha Satya Bharath Kurukuru, Md Nazmul Hasan, Roberto Petrella 

Optimization of Temperature Sensor Placement in Multi-Chip Power Modules Using Frequency 
Domain Analysis ............................................................................................................................................ 3427 

Usama Azhar, Alireza Aghdaei, Rik W. De Doncker 

Long Term Evaluation of a Pantile-Based Maximum Power Point Tracking DC-DC Power 
Converter for Solar Roof Tiles ....................................................................................................................... 3434 

Tobias Zekorn, Léon Weihs, Kenny Vohl, Michael Hanhart, Leo Rolff, Ralf Wunderlich, Stefan 
Heinen 

Analysis of Potential Lifetime Extension Through Dynamic Battery Reconfiguration ................................. 3442 
Albert Škegro, Changfu Zou, Torsten Wik 

Exploring the Effectiveness of Different State Spaces and Reward Functions in Reinforcement 
Learning-Based Control of a DC/DC Buck Converter ................................................................................... 3453 

Parisa Ranjbaran, Shima Shahnooshi, Javad Ebrahimi, Alireza Bakhshai, Praveen Jain 

Extended Linear Modulation Based Full Bridge Modular Multilevel Converter for Adjustable 
Speed Drives ................................................................................................................................................... 3463 

Nageswara Rao Karaka, Poornachandra Rao Nallamatti, Anshuman Shukla 

Optimal Design of a Coupled Inductor for ZVS DCDC ................................................................................ 3470 
Lukas Keuck, Martin Dierkes, Mathias Weber 



Rule-Based Bottom-Up Medium Voltage AC Microgrid Black Start Through Battery Energy 
Storage System with Transformer Inrush Current Management .................................................................... 3476 

César Augusto Santana Castelo Branco, Luiz Antônio De Souza Ribeiro, José Gomes De 
Matos, Hércules Araújo Oliveira, Lucas De Paula Assunção Pinheiro 

An Enhanced Current Controller for Grid-Connected Inverters Based on Capacitor Current 
Feedback Active Damping and Capacitor Voltage Decoupling ...................................................................... 3485 

Amiron Wolff Dos Santos Serra, Luiz Antonio De Souza Ribeiro, José Gomes De Matos 

A Comparative Study of Current Control Strategies for Modular Multilevel Converters .............................. 3494 
Homa Sheikhi Jouybary, Davood Arab Khaburi, Ahmed El Hajjaji, Augustin Mpanda Mabwe 

Model Predictive Control of a Double Input Bidirectional Boost DC-DC Converter .................................... 3503 
Alessandro Benevieri, Andrea Formentini, Mario Marchesoni, Massimiliano Passalacqua, 
Luis Vaccaro 

Features Extraction for Battery SOH Estimation from Battery Pulsed Charging Operation .......................... 3512 
Siyu Jin, Xinming Yu, Xin Sui, Wendi Guo, Maitane Berecibar, Daniel-Ioan Stroe 

Real-Time Simulation of Medium-Voltage Dual-Active Bridge Converters for High-Fidelity 
Controller Testing ........................................................................................................................................... 3519 

Raphael Mencher, Marija Stevic, Jan Mathé, Daniel Von Den Hoff, Ravinder Venugopal, Rik 
W. De Doncker 

V/f Controlled Virtual PM Machine for Grid-Connected Inverter ................................................................. 3527 
Kodai Nishikawa, Hiroki Watanabe, Jun-Ichi Itoh 

Analytical and Experimental Efficiency Evaluation of a Voltage Balancer Based Three-Phase 
Unfolding EV Powertrain ............................................................................................................................... 3534 

Mohammad Saleh Khan, Soumya Shubhra Nag, Anandarup Das 

A Novel Scheme for the Realisation of a 3.6kW High Current Phase-Shift Full Bridge Converter 
with a Current Doubler and Voltage Mode Control ........................................................................................ 3540 

Deepshikha Basu, Ritesh Kumar Keshri 

Design Consideration and Demonstration of Dual-Active Bridge Converter Using 13-KV SiC-
MOSFETs Packaged in TO-268 ..................................................................................................................... 3547 

Yonghyun Cho, Cheng Huang, Tomoyuki Mannen, Takanori Isobe 

A Study of Incremental Capacity Analysis Discrete Wavelet Transform-Based Feature Extraction 
with Stochastic Analysis ................................................................................................................................. 3558 

Jaeyeong Kim, Salah Eddine Ezahedi, Jonghoon Kim 

A Modified Control Strategy of Neutral-Point Clamped Converter-Fed PMSM Drives with Engergy 
Storage Systems ............................................................................................................................................. 3565 

Jun Xie, Martin Suberski, Dustin Henneberg, Jürgen Petzoldt, Ying Li, Alan Watson, Yales 
Romulo De Novaes 

A High Power Density SiC MOSFET Inverter Design and Thermal Validation for EV Traction 
Application ..................................................................................................................................................... 3572 

Kaushik Mirdoddi, K Gopikrishnan, Abhrodip Chaudhury, Soumya Shubhra Nag, Sumit 
Pramanick, Anandarup Das, Mike Morianz, Gerald Weis, Thomas Koeck, Stahr Johannes, 
Guenther Maier 

Enhancing Primary Frequency Control in Microgrids Through Self-Smoothing Photovoltaic 
Systems ........................................................................................................................................................... 3581 

Nida Riaz, Lasse Peltonen, Sami Repo, Pertti Järventausta 



Design and Implementation of an LLC Half-Bridge Resonant Converter for Isolated Gate-Driver 
Power Supply ................................................................................................................................................. 3591 

Dario Cucuccio, Ivan Massimiani, Gennaro Macina, Salvatore Campailla, Giacomo Scelba 

Power Losses Analysis in Frequency Domain of IPMSM Drive Fed by Cascaded H-Bridges 
Multilevel Inverter .......................................................................................................................................... 3602 

Claudio Nevoloso, Antonino Oscar Di Tommaso, Rosario Miceli, Gioacchino Scaglione, 
Salvatore De Caro, Salvatore Foti, Antonio Testa 

A Simple DC-Link Voltage Balancing Strategy for NPC Three-Level Inverters ........................................... 3610 
S. Foti, H. H. Khan, A. Testa, A. Oscar Di Tommaso, R. Miceli, C. Nevoloso 

Efficiency Assessment of an Open-End Winding Inverter Exploiting a Mixed Si/GaN Technology ............. 3618 
G. Baia, S. De Caro, S. Foti, H. H. Khan, A. Testa 

Model Predictive Control for a Modular Multiport Solid-State Transformer ................................................. 3627 
Tiago Oliveira, André Mendes, Luís Caseiro 

Ultrafast Feature Extraction for Lithium-Ion Battery Health Assessment ...................................................... 3634 
Xin Sui, Shan He, Remus Teodorescu 

Design and Implementation of a Half Bridge CLLLC Converter with Phase Shift Control for E-
Bike Battery Charger ...................................................................................................................................... 3642 

Md. Nazmul Hasan, Michael Rindler, Franz Vollmaier, Herbert Hackl, Roberto Petrella 

Losses Evaluation in Current Source Inverter Topologies for Automotive Traction Applications ................. 3649 
Gaetano Turrisi, Luigi Danilo Tornello, Giacomo Scelba, Mario Cacciato, Giuseppe 
Scarcella 

Thermal Analysis of Aluminum Electrolytic Capacitors Considering the Insulation Resistance ................... 3660 
Bo Yao, Xing Wei, Yichi Zhang, Qian Wang, Haoran Wang, Huai Wang 

An Active Snubber Based Soft-Switching Totem-Pole Boost PFC ................................................................ 3666 
Douglas Pappis, Sven Wessel, Kai-Manuel Kracht, Denis Wichmann, Norbert Hees 

Application Readiness Map for WBG-Semiconductor-Based Applications ................................................... 3675 
Markus Thoben, Martin Pfost 

Looking Beyond Energy Efficiency - Environmental Aspects and Impacts of WBG Devices and 
Applications Over Their Life Cycle ............................................................................................................... 3682 

S. Glaser, P. Feuchter, A. Díaz 

Measurement of WBG-Based Power Supplies ............................................................................................... 3693 
Hongkeng Zhu, Armin Jafari, Katharina Machtinger, Markus Makoschitz, Elison Matioli 

Switching Losses in Power Devices: From Dynamic on Resistance to Output Capacitance 
Hysteresis ....................................................................................................................................................... 3700 

Elison Matioli, Hongkeng Zhu, Nirmana Perera, Mohammad Samizadeh Nikoo, Armin Jafari, 
Remco Van Erp 

Identifying the Potential of SiC Technology for PV Inverters ........................................................................ 3707 
T. Eskilson, A. Jehle, P. Schmidt, M. Makoschitz, F. Baumgartner 

Energy Saving Potential of WBG-Commercial Power Converters in Different Applications ........................ 3714 
Lucas B. Spejo, Erik Nonis, Nicola Schulz, Renato A. Minamisawa 



Policy Measures to Drive WBG for End Use Equipment ............................................................................... 3722 
Bjarke Spliid Hansen 

Reliability of WBG, Results of a Pre-Scoping Study ..................................................................................... 3729 
Kaichen Zhang, Francesco Iannuzzo, Christian Holm Christiansen 

Power-To-X: Optimizing X for a Sustainable Society.................................................................................... 3736 
Adrian Timbus 

Energy Islands – the Key to Harvest Huge Amounts of Wind Power ............................................................ 3737 
Hanne Storm Edlefsen 

LMNO; High-Voltage Spinel as Li-Ion Battery Cathode. Status and Battery Properties ............................... 3738 
Søren Dahl 

Power Electronics in Electric Vehicles: It’s Not Only About Cost ................................................................. 3739 
Kunal Goray 

Advanced SiC Power Modules for E-Mobility............................................................................................... 3740 
Fabio Carastro 

Net-Zero-CO2 by 2050 is NOT Enough! ........................................................................................................ 3741 
Johann W. Kolar 

Author Index 
 




