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XEIRRRE. PEIERSER L. IEEE Fellow

#&EAEA: Dr. Lee is a University Distinguished Professor Emeritus
at Virginia Tech. He is a member of the U.S. National Academy of
Engineering, U.S. National Academy of Inventors and a foreign
member of the Chinese Academy of Engineering, China. Dr. Lee
founded the Center for power electronics and led a program that encompasses

research, technology development, educational outreach, industry collaboration,
and technology transfer. To date, more than 230 companies worldwide have
benefited from this industry partnership program.

Dr. Lee has supervised to completion 90 Ph.D. and 94 M.S. students. He holds
over 100 US patents, and has published over 330 journal articles and more than
760 refereed technical papers. His research interests include high-frequency
power conversion, magnetics and EMI, distributed power systems, renewable energy,
power quality, high—density electronics packaging and integration, and modeling
and control.

Dr. Lee is a recipient of the 2015 IEEE Medal in Power Engineering “for
contributions to power electronics, especially high-frequency power conversion."
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IEEE Fellow

‘. HEAGA: Frede Blaabjerg (S°86-M88—SM’97-F°03) was with ABB-
. Scandia, Randers, Denmark, from 1987 to 1988. From 1988 to 1992,
he got the PhD degree in Electrical Engineering at Aalborg University in 1995.

He became an Assistant Professor in 1992, an Associate Professor in 1996, and a
Full Professor of power electronics and drives in 1998 at AAU Energy. From 2017
he became a Villum Investigator. He is honoris causa at University Politehnica
Timisoara (UPT), Romania in 2017 and Tallinn Technical University (TTU), Estonia
in 2018.

His current research interests include power electronics and its applications
such as in wind turbines, PV systems, reliability, harmonics and adjustable
speed drives. He has published more than 600 journal papers in the fields of
power electronics and its applications. He is the co—author of four monographs
and editor of ten books in power electronics and its applications.

He has received 38 IEEE Prize Paper Awards, the IEEE PELS Distinguished Service
Award in 2009, the EPE-PEMC Council Award in 2010, the IEEE William E. Newell
Power Electronics Award 2014, the Villum Kann Rasmussen Research Award 2014, the Global
Energy Prize in 2019 and the 2020 IEEE Edison Medal. He was the Editor—in—Chief of the IEEE
TRANSACTIONS ON POWER ELECTRONICS from 2006 to 2012. He has been Distinguished Lecturer for
the IEEE Power Electronics Society from 2005 to 2007 and for the IEEE Industry Applications
Society from 2010 to 2011 as well as 2017 to 2018. In 2019-2020 he served as a President
of IEEE Power Electronics Society. He has been Vice-President of the Danish Academy of
Technical Sciences.

He is nominated in 2014-2021 by Thomson Reuters to be between the most 250 cited

researchers in Engineering in the world.

Prof. Liuchen Chang
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4 A Liuchen Chang received B.S.B.E. from Northern Jiaotong University
in 1982, M.Sc. from China Academy of Railway Sciences in 1984, and Ph.D.

from Queen’ University in 1991. He joined the University of New Brunswick in 1992 and is

now a Professor Emeritus. He was the NSERC Chair in Environmental Design Engineering during
2001-2007, and the Principal Investigator of Canadian Wind Energy Strategic Network (WESNet)
during 2008-2014. He is a long—time volunteer for IEEE of 30 years and is the President of
the IEEE Power Electronics Society.

Dr. Chang was a recipient of CanWEA Templin Award for his contributions in the development
of wind energy technologies, Innovation Award for Excellence in Applied Research in New

Brunswick for his contributions in smart grid and renewable energy technologies, and PELS
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Sustainable Energy Systems Technical Achievement Award for his contributions in distributed
energy systems. He is a fellow of Canadian Academy of Engineering. He has published more
than 400 refereed papers in journals and conference proceedings. Dr. Chang has focused on

research, development, demonstration and deployment (RDDD) of distributed energy systems.
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FEARL., HERREELT, RIK 2006 FHAFHE, 2014 FLERFHEITES, 2016 FE Sk
FEpRENE R )5, TEEE 7§ 4R 2016 45, 2021 £ R AEB L, 2020 FEMEFRITEELEL %,
2020 EXERHEREL.

Dr. Dushan Boroyevich

£E#ERTHIKY. IBEE Fellow

& A /. Dushan Boroyevich received the Dipl.Ing. degree from the
University of Belgrade, Belgrade, Serbia (formerly Yugoslavia), in 1976, the
M.S. degree from the University of Novi Sad, Novi Sad, Serbia, in 1982, and

the Ph.D. degree from Virginia Polytechnic Institute and State University
(Virginia Tech), Blacksburg, VA, USA, in 1986.

From 1986 to 1990, he was an Assistant Professor with and the Director of the Power and
Industrial Electronics Research Program, Institute for Power and Electronic Engineering,
University of Novi Sad, where he later became the Acting Head of the institute. He then
joined the Bradley Department of Electrical and Computer Engineering, Virginia Tech, as an
Associate Professor. He is currently the American Electric Power Professor with the same
department, where he is also the Director Emeritus of the Center for Power Electronics
Systems. His research interests include multiphase power conversion, electronic power
distribution systems, power electronics systems modeling and control, and the integrated
design of power converters.

Dr. Boroyevich was the President of the IEEE Power Electronics Society from 2011 to 2012.
He is a member of the U.S. National Academy of Engineering. He was a recipient of the IEEE
William E. Newell Power Electronics Technical Field Award and IEEE Power Electronics

Society’s Harry A. Owen Distinguished Service Award.
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Prof. Hirofumi Akagi

REI A

IEEE Fellow

#¥4E A A Hirofumi Akagi received his Ph. D. degree in electrical
engineering from the Tokyo Institute of Technology, Tokyo, Japan, in 1979.

Since 2000, he has been Professor, currently Distinguished Professor, in the
department of electrical and electronic engineering at the Tokyo Institute
of Technology. Prior to it, he was Professor at Okayama University, Okayama, Japan, from
1991 to 1999, and Assistant and then Associate Professor at Nagaoka University of Technology,
Nagaoka, Japan from April 1979 to 1991.

His research interests include power conversion systems and their applications to industry,
transportation, and utility. He has authored and coauthored about 140 IEEE Transactions
papers, and three invited papers in the Proceedings of the IEEE.

Dr. Akagi was elevated to the grade of the IEEE Fellow in 1996. He has received six IEEE
Transactions Prize Paper Awards, and 15 IEEE Industry Applications Society Committee Prize
Paper Awards. In addition, he is the recipient of the 2001 IEEE Power Electronics Society
William E. Newell Award, the 2004 IEEE Industry Applications Society Outstanding Achievement
Award, the 2008 IEEE Richard H. Kaufmann Award, the 2012 IEEE Power & Energy Society Nari
Hingorani Custom Power Award, and the 2018 IEEE Medal in Power Engineering.

Dr. Akagi served as the President of the IEEE Power Electronics Society from 2007 to 2008
for two years, and the IEEE Division II Director from 2015 to 2016 for two years.
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4 AfGA: Dr. Kondo received the B.S., M.S., and Ph.D. degrees from Osaka
University, JAPAN.

In 1985, he joined Mitsubishi Electric Corporation. In her LSI R&D Laboratory,

he had been engaged in the design of large-scale chips for digital
communication.
In 2003, he moved to the Optical and High-frequency Device Works, where he had been worked
on high-speed Optical Transceiver development.
Since 2009, he has been working at Power Device Works for the development of DIPIPMT™,
Industrial modules, and high-voltage modules including silicon IGBT and SiC MOSFET.
He is currently the Senior Technical Advisor at Power Device Works, Mitsubishi Electric

Corporation.
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W EM: Small-signal modelling, stability analysis, and control of wireless power transfer
system

#EEA: A Prof. Minfan Fu, ShanghaiTech University; A. Prof. Kerui Li, The Hong Kong
Polytechnic University

WA A: In order to cope with the challenges caused by the high penetration of renewables,
the concepts of grid-to-vehicle (G2V) and vehicle-to—grid (V2G) were proposed. Wireless
power transfer is one of the key technologies that facilitate the implementation of these
concepts, cut off the last cord, and improve the intelligence of movable objects. Recently,
an increasing number of electric vehicles are adopting wireless power transfer for
connecting with the power grid. As a result, the wireless power transfer system shall
interact with the power grid. The interaction raises new challenges to the stability of the
power grid, wireless power transfer system, as well as the electrical system of the vehicle

As a consequence, advanced modelling techniques, analysis tools, and control methods will
be required to tackle these challenges.

This presentation will start with an overview of the key dimensions of wireless power
transfer systems (topologies, modulation strategies, and control methods) along with the
advantages and trade—offs of various solutions. Furthermore, we will introduce advanced
modelling methods that can characterize the dynamics of the wireless power transfer in
various time/frequency scales. Next, based on the advanced model, some instability factors
of existing wireless power transfer systems are discussed and analyzed. Moreover, control
solutions for system stabilization are presented with theoretical analysis and experimental
verification. Finally, conclusions are drawn and prospects are provided for future research
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and development of wireless power conversion technologies.

W E/: Power electronics converters for open-winding motor drives

B A: Prof. Dong Jiang, Huazhong University of Science and Technology

WA/~ This tutorial gives an introduction on the recent technologies in the power
electronics converters for open—-winding motor drive

Compared with traditional three—phase AC motors with Y-connected windings, the open-winding
structure has many potential advantages such as wide speed operation range, fast dynamic
response, more control freedoms, and strong fault-tolerant capability. Therefore, the
topology and control of power electronic converter for open—-winding motor drive has
important theoretical research value and engineering practice significance.

Three major types of open—-winding motor are used as examples to study: reluctance motor,
multiphase open—winding AC machine and active magnetic bearings (AMB). They share the
similarity of open—-winding structure, but are for different performance and targets.
Systematic study of these kinds of open—-winding motor drive has been done in recent years.
In this tutorial, the optimization progress of the open—-winding reluctance motor drive is
introduced step by step. Further, several novel technologies of multiphase open-winding AC
motor drive are introduced. A novel kind of multiphase open—-winding motor drive: series-—
winding motor drive (SWMD) is introduced, which is able to be applied in normal AC motor
and increase the voltage utilization range significantly. Moreover, a Re-configurable open-—
winding multiphase drive is introduced, which is able to reconfigured the circuit for the
faulty phase and maximize the torque output capability of the post—fault drive system.
Open—-winding power electronics controller is one of the most important part in the active
magnetic bearing system. This presentation introduces progress in the power electronics
controller for AMB system. One progress is the topologies for multi-axis AMB, to reduce the
power electronics devices and power losses by device sharing principle. The other progress
is the fault-tolerant AMB drive, to re-—construct the levitation force after failure of
power electronics device and improve the reliability.

This tutorial gives a road map for research and application of power electronics converters

in the area of open—winding motor drive.

PEE F M Distributed consensus robust predictive control of power converters for microgrids
B A: Prof. Zhenbin Zhang, Shandong University; Dr. Yu Li, Shandong University; Dr.

Oluleke Babayomi, Shandong University

WA A Microgrids, which consist of distributed energy resources (DERs), distribution
lines, and consumer loads, represent a promising solution for the integration of sustainable
energy sources with the utility grid. Through advanced control techniques such as model
predictive control MPC), microgrids can intelligently and optimally monitor and manage
load demand scheduling to maintain a balance between generation and demand. Thus, they can
also improve reliability, resilience and optimal dispatch of DERs.

This tutorial aims to provide a comprehensive overview of recent advances in the application
of MPC to sustainable energy conversion in microgrids. It will begin with an introduction
to MPC for renewable energy systems, with particular emphasis on parameter—independent MPC.

It will then provide a detailed overview of the various MPC applications for hierarchical
control of microgrids. Subsequently, it will present the recent advances in the distributed
consensus predictive control of power converters cluster in hybrid ac/dc microgrids. Finally,
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it will expatiate recently proposed techniques for the model-free predictive control of
power converters with measurement noise suppression for grid-connected ac/dc power
converters in microgrids.

At the end of the tutorial, participants will be familiar with methods for distributed
consensus—based robust/model-free predictive control microgrid systems. The target
participants include researchers in the fields of power systems and power electronics,
graduate and undergraduate students, and industry professionals who want to keep updated

with the latest trends in advanced control of grid-connected sustainable systems.

W E M Switched capacitor multilevel inverters (scmli)

B A: Prof. Adrian Ioinovici, Nanjing University of Aeronautics and Astronautics NUAA;
Prof. Jia Yao, Nanjing University of Aeronautics and Astronautics NUAA

WA A: The SCMLIs proved to be the best choice in the electrical systems supplied by
renewable energy. The tutorial will firstly discuss the inverters with no common ground
between the input voltage and the load, with and without output bridge, and with and without
continuous input current. Then, the common ground ( CG) SCMLI will be the main subject, as
they are the best fitted for photovoltaics used as energy source. The limits of the available
CG-SCMLI for answering the practical challenges imposed by the PV cells will allow a "QUO
VADIS" (where will go) discussion, with an outlook to foreseeable breakthrough solutions

in the near future

PEBE F . Stray Capacitance in Magnetic Components: Impacts, Principle and Reducing
Technology

B A: A. Prof. Ziwei Ouyang, Technical University of Denmark; A. Prof. Zhan Shen, Southeast
University; A. Prof. Hongbo Zhao, Aalborg University

WA A Stray resistance (AC resistance), Stray inductance (Leakage inductance) and Stray
Capacitance are three fundamental parasitic parameters in magnetic components. Historically,
the stray resistance and inductance in magnetic components have been discussed for decades,
however, the stray capacitance is addressing more attention due to the fast switching
behaviors and high-frequency application of wide—bandgap power devices.

In the first part of this tutorial, we will present a systematic review on the negative
impacts in power electronic systems contributed by stray capacitance. Then, the basic
principle of analytically modeling the stray capacitance in inductors and transformers will
be introduced, by evaluating the model assumptions and implementing the methods with
practical case studies. Both physics—-based and behavioral-based modeling methods for
magnetic components will be introduced. Lastly, several solutions for reducing the stray
capacitance in magnetic will be shared.

According to this tutorial, the fundamental knowledge of stray capacitance in magnetic

components for researchers and engineers is aimed to be developed.

PEME ER: The Evolution of Integration Technology for Wide Bandgap Devices

PEBE A: Senior scientist Lincoln Xue, Oak Ridge Nationa Laboratory; Sr. Director of AE
Xiucheng Huang, Navitas Semiconductor; A. Prof. Helen Cui, University of Tennessee Knoxville
WA A: Wide bandgap devices are faster, smaller devices. Their implementation involves
multiple challenges, such as 1) being sensitive to inductive parasitics that generate high
oscillations; 2) faster dv/dt and di/dt which generates more EMI; 3) smaller chip area
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inducing higher heat flux. Functional integration technology can address those challenges.
Depending on the applications, integration can most effectively occur at chip level or
package level of the semiconductor device. Functions integrated have been reported include
gate driving, level-shifting, sensing, protection, biasing, signaling, control, EMI
filtering, heat sinking, etc. Integrated components range from discrete components such as
semiconductor dice, capacitors, inductors, to distributed structure for similar electrical
purposes and/or additional thermomechanical functions. As a result of integration,
parasitics can be minimized, with improved EMI and thermal performance. Functional
integration also reduces cost and improves system density.

This tutorial will start with fundamental discussion of wide bandgap devices, parasitics,
and decoupling, laying the groundwork for the need for integration. Following on in Part
2, the WBG integration effort in the past decade will be reviewed, including some pioneering
work the tutors have participated in at CPES, Virginia Tech such as GaN multi-chip module,
stacked-die Cascode power module, etc. As the extension and commercialization of the
reviewed technology in Part 2, Part 3 of this tutorial will show Navitas’ s unique monolithic
and co—packaged GaN integration concept and products, as well as a few application examples
and design considerations. Part 4 will discuss the EMI filter integration effort at the
power module level, represented by the work developed at University of Tennessee, Knoxville,
to address mostly radiated frequency emission due to fast switching. The last Part (5) of
this tutorial will focus on high-power WBG integration, mostly with SiC devices, focusing
on thermal improvement with organic substrate and advanced heatsink design using artificial
intelligent algorithm, represented by the work developed in Oak Ridge National Laboratory.
Integration technology for wide bandgap devices have been researched and developed since
early days of the WBG era and spanned across both academic and industrial effort. This
session aims to provide the audience an enjoyable journey of the evolution of WBG integration
technology, covering the motivations, fundamental analysis, research outcomes, off-the-
shelf products, application examples, and potential future research directions. The session
will leverage the tutors’ concentrated hands—on experience in the WBG packaging and
application as the earliest researchers in the field since 2010, as well as their diverse
perspective from academia, industry, and national laboratories. The session will review
both the state—of-the-art solutions and the R&D projects the tutors have conducted. At the
end of the session, the audience will be equipped with both the fundamentals and frontiers
of WBG integration technologies, what are available from the marketplace, how to use them,
as well as potential future development.

W EM: Grid-Forming Converters: Principles and Practices

B A: Prof. Xiongfei Wang, KTH Royal Institute of Technology

WA A: The grid—forming (GFM) technology is emerging as a promising approach for massive
integration of inverter—-based resources (IBRs) into electrical grids. Being controlled as
a voltage source behind an impedance, GFM-IBRs can provide adequate services to enhance the
reliability and resilience of the power network, and they also feature higher stability
robustness against grid strength variations than conventional IBRs. In recent years, there
is a growing consensus on the need of GFM-IBRs in the future power electronic dominated
power systems. Many research and development (R&D) efforts have been initiated, by

governments, power system operators, energy developers, and vendors of IBRS, on the
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technical specifications/grid codes, hardware and control solutions for GFM-IBRs.

This tutorial intends to cover both the basics and advances in GFM-IBRs that can fit the
requirements of the evolving technical specifications/grid codes. The tutorial will start
with the basic principles and typical control architectures of GFM-IBRs, which will be
followed by the small-signal modelling and stability analysis of GFM-IBRs under various
conditions. Then, the dynamics analysis of GFM-IBRs under large grid disturbances, e.g.,
grid faults and phase jumps, will be performed, covering the transient stability analysis,
current limitation strategies, as well as anti—-islanding detection methods. In the end,
perspectives on the prospects and challenges with the grid integration of GFM-IBRs will be

shared.

%#Eﬁjiiﬂ: Advanced Modulation, Control, and Structure of Isolated dc—dc Converter Systems
for dc Power Conversion

W A: Prof. Yunwei Li, University of Alberta; A. prof. Sun Kai, Tsinghua University; Prof.

Wensheng Song, Southwest Jiaotong University; Postdoc Nie Hou, University of Alberta;

Postdoc Yue Zhang, Southeast University

WA A: With the appeal of carbon neutrality, the development of renewable energy sources
has steadily increased over recent years. Among the renewable energy sources, PV energy has
become one of the most important energy sources, especially for the residential PV grid-
tied system, the railway electrification system, and the electric vehicles charger system.

Then, because of some advantages such as low cost, high-power quality, and high reliability,

the dc power system becomes a promising candidate to transfer and manage the power flow,

which stimulates the study of the dc—-dc converters. Among various dc—-dc converters, the
isolated dc—dc converter, such as voltage-fed dual-active—bridge (VF-DAB) dc-dc converter,

current—fed DAB (CF-DAB) dc—-dc converter and LC-based resonant dc—-dc converter, attracts
more attentions due to merits like soft—switching capability, galvanic isolation, and high—
power density.

In this tutorial, we introduce and describe the latest advanced modulation, control, and
structure of the isolated dc—dc converter for dc power systems. The VF-DAB dc—-dc converter,

the CF-DAB dc—-dc converter, and the LC-based resonant dc—dc converter will be mainly covered,
and combining the application for PV dc system, energy storage system, EV dc charger, the
converter system with these converters will also be discussed, as well as the advanced
controls.

Following a general introduction to the dc power system, the tutorial will elaborate on the
most promising isolated dc—dc converters including the VF-DAB dc—dc converter, the CF-DAB
dc—dc converter, and the LC-based resonant dc—dc converter. It will start with a
comprehensive comparison between these isolated dc—dc converters, where the advantages and
disadvantages are clearly underlined.

Moreover, the advanced modulation and control of the VF-DAB dc-dc converter will be
presented for dealing with the challenges such as efficiency issues and load change. The
unified analysis of the phase—-shift modulation method for this converter will be discussed

Then, the different efficiency—optimized schemes will be discussed for this converter, and
after comparison, the recommendation of the modulation method will be provided. Besides,

the modeling methods of the VF-DAB dc—-dc converter will be demonstrated, and the first-
order characteristic will be verified for this converter. Then, advanced controls for the
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VF-DAB dc—-dc converter will be discussed and compared, and the general control structure
for boosting the dynamic response will be provided. Furthermore, isolated dc—dc converters
with first-order peculiarity will be reviewed, and the unified fast—dynamic control scheme
will be analyzed for these converters.

In addition, a comprehensive structure comparison of CF-DAB converters for different
voltage—-level and power—level applications, including single—-phase structure, three—phase
structure, multi-level structure, single-fed structure, and multi—-fed structure. Further,
advanced modulation schemes and control strategies will be presented to boost the efficiency
and dynamic performance of the CF-DAB converters. First, some new structures of CF-DAB
converters are presented based on the single—fed and multi-fed recombination, which makes
the utilization of the CF-DAB converters more flexible. Second, the modeling approaches and
the parameter compensation methods are systematically presented to explain and resolve the
transformer saturation issue and voltage spike pro under dynamic conditions. Third, the new
control improvement methods are introduced to enable fast response and fault-tolerant
capability of the CF-DAB converters.

Meanwhile, a comprehensive steady-state analysis of the LLC dc—dc converter and CLLC dc-dc
converter is presented. To further explore the performance of the LLC and CLLC dc-dc
converters, a series of works are conducted and introduced. First, different dynamic current
control methods and state trajectory models are illustrated to analyze the transient process
in the resonant tank. Then, some constant current control methods are presented, with
improved dynamic performance. Second, battery charging methods for CLLC converters are
systematically presented. Third, a comprehensive steady-state analysis for the LLC and CLLC
converters is presented, considering the gate drive delay, power loss, and voltage ripple

Some hybrid compensation schemes are introduced to minimize the resonant—frequency variation
due to the gate drive delay.

The last section of the tutorial will focus on the controls and structures for the DAB-
based converter systems in specific applications such as PV, energy storage systems, and
EV chargers. Firstly, the PV-battery integrated converter system will be discussed, which
can reduce the costs of the PV-battery system significantly. Then, the high robustness
control method will be presented for maintaining the total dc—1link voltage when the working
condition of the PV, the output voltage of the battery, and the power requirement of the
consumer are changed. In addition, a DAB-based high-power dc EV charger system will be
discussed and compared with other converters for a wide voltage range ability. Furthermore,
based on the transient analysis of the converter system, a linear current—control-based
technique will be presented for realizing the charging requirement without any voltage and

current overshoots.
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