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80% power generation from renewable
energies with around 20% more electricity demand, i.e. 15 million electric
vehicles, which corresponds to a new
registration rate of more than 80% these are the goals of the new German
Federal government for 2030. Finally.
We have been demonstrating the need
for these targets for years, and for even
longer. Hundreds of co-workers at ISEA
have been researching technologies to
ensure that these goals are reached.
In particular, the areas of power electronics, drives and energy storage are
now ready for mass production. Mission
accomplished? Certainly not. Increasing
efficiencies, lowering the environmental
footprint, replacing and avoiding critical
materials, increasing and predicting reliability and lifetime, lowering costs - the
list of tasks is long and we will continue
to make significant contributions.
Despite Corona, we wish you and all of
you a blessed Christmas. Next Christmas we will report from our new research building CARL.
Best wishes and stay healthy,
Dirk Uwe Sauer & the team of ISEA
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Power Electronics Prototyping
CARL Equipment ProtoP
Since issue 02/2021, we have been introducing you new major equipment of our
new "Center for Ageing, Reliability and
Lifetime Prediction of Electrochemical and
Power Electronic Systems (CARL)" and
the scientific opportunities it offers. CARL
will be an open research center where we
want to research and develop together with
companies and academic partners. We
are also looking forward to welcoming scientists who would like to join us in taking
advantage of the opportunities CARL offers
during research stays. Therefore, this series
is also intended to be a stimulus and motivation for joint research projects and scientific investigations. We look forward to your
ideas, suggestions and requests for collaborative research.
In the area of power electronics, a semi-automatic prototype production for power
electronic modules is set up in a clean room
in CARL. The prototype manufacturing will
enable the fabrication of power electronics
modules, logic device integration, and system-level integration. The equipment is all
semi-automatic and enables the manufacturing of power modules and systems with
high reproducibility and reliability. It allows
recording of process parameters while being flexible enough to cover a wide range
of process techniques for research purposes. The clean room guarantees high-quality manufacturing of the power electronics
modules.
Since much research will be carried out on
intelligent detection and monitoring of aging
effects of semiconductor, prototype packages with specific defects will also be pro-

duced. The goal is to verify the developed
sensors and algorithms using experimental
measurements. This laboratory-scale prototype fabrication will enable research into
fatigue mechanisms of the material structures of power electronics modules using
specially developed prototypes. It also enables the fabrication of newly developed,
highly integrated power modules with a reliability-oriented design, as well as initial interconnect quality tests. The manufactured
power modules form the basis for analysis
of degradation mechanisms and failures,
power cycling tests, tests over mission profiles, and parameterization of lifetime models and verification of lifetime predictions.
The semi-automated production line allows
e.g. soldering under different conditions.
The soldering furnace masters conventional vacuum soldering for void-free joining of
different metals. But soldering under atmosphere is also possible, for example under
100 % nitrogen atmosphere, forming gas,
formic acid or even 100 % hydrogen atmosphere.
Also located in the clean room is a flip-chip
bonder that enables soldering and silver
sintering of semiconductors on substrates
at a temperature of up to 400 °C and a
force of up to 1 kN. This device also enables handling of flip-chip components and
guarantees a placement accuracy of less
than 1 micron, allowing highly integrated
modules to be built.
A wire bonder enables bonding with all
currently available technologies for power
electronic modules. This includes thick wire
bonding of aluminum wires and ribbons as

Integrated power module

well as copper wires and ribbons. The wire
bonder also handles thin wires for contacting logic circuits. A pull and shear tester can
be used to check the quality after various
process steps.
For the soldering of already encapsulated
components, a vapor phase soldering oven
will be installed, which can apply a vacuum
during the soldering process to enable voidfree soldering of all components, even on
printed circuit boards. In order to achieve
reproducible results even with simple electronic components, an automatic placement
machine is installed. There is also a semi-automatic stencil printer for reproducible paste
application, an automatic dispensing system for various pastes, adhesives or other
materials, a manual precision placer and a
rework station for BGA components.

Storage Systems Battery Diagnostics
Development, Analysis, and Validation of BMS Algorithms Using a Model-in-theloop Toolchain
In order to enable the safe operation and
the use of the total capacity and performance of a battery system, the battery
state needs to be determined in a battery
management system (BMS) based on measured values. The diagnostic algorithms
developed in research and industry for this

purpose have to be extensively tested and
evaluated. However, they are usually only
validated for specific applications and environmental conditions (e.g., at a specific
load profile and temperature range). Therefore, a Model-in-the-Loop toolchain was
developed at the institute, allowing a sys-
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tematic evaluation of BMS algorithms and
a benchmark of different algorithms under
the same but freely definable conditions
for different applications and system designs. This MATLAB/SIMULINK toolchain,
which combines ISEA in-house know-how
and tools, includes a simulation of the en-
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tire signal path across the BMS hardware
and software. The general structure of the
toolchain is shown in the figure. The starting point is an application-dependent load
profile. Here, actual load profiles (e.g., of the
institute vehicles) and simulated or synthetic profiles can be used. A precise reference
model simulates the behavior of the battery system based on a complex electrical
equivalent circuit model at cell level, whereby both the models parameterized at ISEA
and models from industry can be used. The
electrical, thermal, and aging-specific behavior is simulated using the ISEAFrame.
On the one hand, the BMS model maps the
behavior of the battery pack's electronics to

ensure that the algorithms are tested under
real conditions. On the other hand, it simulates the state determination using various
diagnostic algorithms. It is modular in design, allowing easy exchange and benchmarking of the individual algorithms. For
this purpose, the evaluation compares the
estimated states with the reference values
and calculates characteristic values such
as the mean square error and the mean
deviation. In addition, the time series of the
signals are exported for further processing.
Interfaces to the ISEA Hardware-in-theLoop test bench also allow the algorithms
to be tested on the BMS hardware and to
be compared with the results from the Sim-
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Model-in-the-Loop Toolchain

ulink environment so that a holistic comparison of the BMS algorithms is possible. The
toolchain is already being successfully used
and further developed as part of several research projects.

Storage Systems Detect Plating
Detect lithium plating at an early stage
Lithium plating is still a risk for short circuits,
especially during fast charging at cold temperatures. Irreversible plating also leads to a
significant loss of capacity due to the loss of
cyclable lithium.
To detect plating at an early stage via electrical
characteristics during charging, new methods are being developed in the InOPlaBat
project (funded by the BMBF) to see and understand lithium plating. The aim is to detect
lithium plating in model cells with spatial and
temporal resolution and transfer the knowledge gained to the battery via modeling. To
record the structure of electrode materials
and their changes, in particular, the plating of
lithium on the anode during charging, across
scales from nanometre to centimeter dimensions, various optical, electron microscopic
(FIB, SEM and TEM), and X-ray (micro-CT,
nano-CT) methods are used in combination
with spectroscopic techniques (NMR, EPR,

SEM and Lasermicroscope image of a platet anode

EIS). To investigate electrode materials in a
pre-set state, test cells are also being developed for the methods mentioned above,
which allow the materials to cycle in the devices and thus change the state of charge.
To understand the processes taking place
and their fundamental causes, the measure-

ments are closely linked with coupled atomistic simulations and macroscopic modeling.
The modeling at the macroscopic level then
provides a transfer path to commercial cells
and thus represents a direct link to the electrical measurements.

Electrical Drives AI-based Modeling and Control
AI Methods for Optimized Control of Electric Traction Drives
The research focus of the project KIRA (“AI
methods for optimized control of electric
traction drives”) addresses the comprehensive optimization of the operation of electric
traction drives by using methods based on
artificial intelligence (AI). It focuses on the
important market of (partially) autonomous

vehicles with an emphasis on intelligent,
future-proof drive solutions. The German
Federal Ministry for Economy and Energy
(BMWi) funds the project.
The objective is to investigate optimization
methods of novel control concepts and to

3

prove adapted modeling approaches to address the main key aspects of electric drivetrains: Improving efficiency, power density
and torque accuracy while reducing noise
emissions. This is achieved by a closely linked strategy across all relevant drive
levels (vehicle, powertrain and subcompo-
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nents). The developed methods and results
are verified on a demonstrator.
ISEA's objectives in the project KIRA are
divided into two parts. On the one hand,
simplified AI-based acoustic modeling of
electric machines will enable the control of
acoustic emissions. Here, AI-based models offer the opportunity to represent the
complex multiphysical correlations from
excitation to radiation of acoustic emissions
in a simplified way. On the other hand, the
thermal behavior of electrical machines is to
be modeled. Again, AI-based approaches
offer the capability to significantly reduce
the computing intensity of the models without negatively impacting accuracy. Furthermore, overload control will be implemented
to significantly increase the maximum feasible output of electric machines.

Overview KIRA project

Storage Systems Storage Monitoring BW
Market development of PV battery storage systems: prices and technology
ISEA conducts the scientific accompanying research for the 2021 funding program
Grid-Serving PV Storage Systems of the
Ministry of the Environment in Baden-Württemberg under the name Storage Monitoring BW 2.0. The research activities focus on
the market and technology development of
PV battery storage in Baden-Württemberg
as well as the impact analysis of the funding program. Due to the great interest and
the numerous applications, the funding program was closed only a few weeks after its
start. After this short runtime, the funding of
around 10 million euros had already been
exhausted. Applicants register their funded storage systems as part of the application process on the project website www.
speichermonitoring-bw.de, which collects
valuable statistical data for research. Most
of the registered storage systems are home
storage systems with battery energies below 10 kilowatt-hours and with connected
PV powers up to 10 kilowatts. Nevertheless, some large industrial storage systems
with battery energies of several 100 kilowatt-hours and PV systems of several 100
kilowatts are also registered. Lithium-ion
batteries are installed in almost all storage

System prices inclusive power electronics and 19 % VAT

systems. Alternative technologies such as
lead-acid, redox-flow, or saltwater batteries
have no significant commercial importance
in the residential and commercial battery
storage market. In addition to the technical characteristics of the storage systems,
statistical economic parameters are also
surveyed. The prices of storage systems in-
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cluding power electronics and value-added
tax currently average around 1,050 euros
per kilowatt-hour, although the distribution
certainly covers a wide range from around
500 to 2,000 euros per kilowatt-hour.
These large price differences are due on the
one hand to different manufacturers and
different functions of the storage systems,
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such as the ability to provide an uninterruptible power supply. On the other hand,
there is also a tendency for larger storage
systems to have lower specific prices than

smaller storage systems due to economies
of scale. In particular, the commercial storage systems under consideration benefit
from this effect. The detailed final report
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will be published in spring 2022 and will be
available for free download on the project
website.

Power Electronics Highly Integrated DC-DC Converter
On-board Charger for Catenary-Powered Trucks
To reduce the CO2 emissions of longhaul freight traffic, the transition from conventional combustion engines to electrical drives is inevitable. Overhead lines for
trucks are an effective option to accelerate
the electrification of freight transportation
on highways. In 2018, Dr. Ivan Mareev from
ISEA demonstrated in his dissertation that
catenary-powered trucks can underbid
the primary energy consumption of diesel
trucks by a factor of 2.5 on average, while
achieving approximately equal life-cycle
costs, with potential cost reductions in the
future.
In the scope of the publicly funded project
ConverT, a modular, highly integrated, 200
kW rated power-electronic charger for catenary-powered trucks was developed and
built for the first time. Following the concept
of “power-electronic building blocks”, the

200 kW battery charger, active frontends (left)
and transformers (right)

charger consists of two 100 kW rated units
that can be connected either in series or
in parallel at the input side. This provides
an additional level of flexibility to configure
the charger for 600 V or 1.2 kV catenary
voltage. Moreover, the charger is fully bidirectional, opening up new potentials for

parking trucks to act as battery storage on
the public electricity grid.
The compact volume of 31 liters was
achieved by the following innovative approaches: the use of power-electronic devices made of silicon carbide enabled the
use of a high switching frequency of 50 kHz.
In cooperation with IQ evolution GmbH, extremely compact, 3D-printed water coolers
made of stainless steel could reduce the
volume of the active frontend down to eight
liters. The software running on the converter implements highly dynamic closed-loop
controls, efficient modulation strategies and
allows to remote control the charger via a
CAN interface. A peak efficiency of 98.6 %
has been measured.
Alongside with ISEA, Futavis GmbH, PEM
of RWTH Aachen University and Siemens
are involved in the project ConverT.

ISEA Lecture series „Electrical Energy from Renewable Sources“
Prof. Müller-Hellmann retired
In the winter semester 1993/94, the lecture
series "Electrical Energy from Renewable
Sources" was introduced in our faculty in
the awareness that renewable energies will
play an important role. Prof. Haubrich, Prof.
Henneberger, Prof. Skudelny and Prof.
Müller-Hellmann established the lecture and
since then it has been offered continuously
for almost 30 years now. Contents are the
various renewable power generation technologies, power grids and markets, storage
and power electronics. While new lecturers
have taken over topics again and again with
the change and expansion of chairs, one
has left his mark on the event over 28 years:
Prof. Müller-Hellmann. He had the special
role of presenting the urgency of the topic
to the students directly in the first lecture
with an overview of the global energy and

climate facts. Always up to date with the
latest facts and with his enthusiasm, Prof.
Müller-Hellmann has conveyed the central
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importance of this topic to many generations of students. Now, many years after
his official retirement, Prof. Müller-Hellmann
has handed over the lecture and what could
better describe the vision and impact than
the new German government's target of
80% share of renewable energy in electricity generation by 2030. Also on behalf of all
students, we thank Prof. Müller-Hellmann
very much for his farsightedness and vision,
which has inspired us all for a long time.
Due to the great importance of the event, it
has now been expanded to a two-semester
event and is now offered in English under
"Future Energy Systems - Part I: Power
Generation from Renewable Energies, Part
II: Sector Coupling" under further coordination by Prof. Sauer at ISEA.
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ISEA Conference
IRSA 2021
For the third time, the Research Center
Railways (RCR) has organized the "International Railway Symposium Aachen" (IRSA).
RCR was founded in 2017 by the institutes
ISEA, VIA and IFS. The virtual institute pursues the goal of uniting all specialist disciplines of rail transport. These include rail
vehicle technology, rail infrastructure and its
operation, as well as drive technology and
energy supply for rail vehicles In 2020, the
IRT and ISB institutes have also been accepted as associate members, expanding
the research focus to include urban mobility, electromobility, assistance systems and
sensor technology, and networked information and communication technology.
The event, which was last held in November
2019 with 250 participants at the Eurogress
Aachen, was this time held as a hybrid conference under tightened security conditions
due to the pandemic. A total of 80 participants attended the 2G+ event on-site on
the 6th floor of the SuperC building. Anoth-

er 80 participants were connected online.
The conference was opened on Nov. 22 in
the Ford Room of the SuperC by Prof. De
Doncker and Rector, Prof. Rüdiger. NRW
State Secretary Hendrik Schulte was invited
as guest speaker. His welcoming address
was followed by four keynotes. Carlo Borghini, head ofShift2Rail Joint Undertaking,
presented the EU's next rail research program. Mesela Nhlapo, head of the African
Rail Industry Association, promoted investment in rail transport in her home country of
South Africa. Dr. Volker Kefer, President of
the Association of German Engineers (VDI)
and former long-serving member of the
Board of Management of Deutsche Bahn,
gave advice on how to achieve the German
government's goals for a shift to rail. Last
but not least, Dr. Ansgar Brockmeyer, vice
president and sales manager of this year's
main sponsor Stadler, gave an insight into
modern energy supply for electric drives. A
total of 44 technical and scientific presen-

© Peter Winandy

tations were given. The thematic focus was
on digitalization. Parallel to the conference,
an exhibition was held in the virtual foyer of
the online conference environment, where
the sponsors and media partners presented themselves to the trade audience. The
event was rounded off by a conference dinner in Forum M. Further information can be
found at: http://www.irsa.rwth-aachen.de.

Spin-Off Safion
Another ISEA Spin-Off enters the world market
Safion GmbH, an ISEA startup founded in
2019, is growing steadily, launching series
production and selling its solutions internationally. This year, the number of employees
has already doubled and new office space
has been occupied.
Safion provides extremely fast, reliable and
cost-effective battery diagnostic systems to
ensure the performance, lifetime and safety of battery cells and battery systems. The
company has scalable technology that is
applied along the entire battery value chain.
After more than 10 years of research and
development at ISEA, the founding team
has developed a novel method for the analysis and evaluation of lithium-ion batteries
that combines real-time electrochemical
impedance spectroscopy with advanced
evaluation and assessment algorithms. The

current product range includes stand-alone
as well as fully integratable systems for quality assurance, characterization, onboard
diagnosis and second-life qualification. Safion's customers include Tier 1 suppliers

Founder of Safion GmbH (f.l.): Hendrik Zappen,
Dr.-Ing. Alexander Gitis, Dr.-Ing. Hendrik Wienhausen, Georg Fuchs
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and OEMs in the automotive, aviation and
consumer electronics sectors, as well as
cell manufacturers and renowned research
institutions. In addition, Safion entered into
a strategic partnership with Aachen-based
company Digatron in July this year to further
expand its international sales activities.

Safion GmbH
Tempelhoferstr. 12
52068 Aachen
Tel.: 0241 475 921 24
Email: info@safion.de
Web: www.safion.de
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Events Dates
Editor:
30 Oktober 2021 13 February 2022
Aachen

150-year exhibition of RWTH with contributions
from ISEA

17 January 2022
5 p.m.
online

JARA ENERGY Talk: "The European Green Deal and
how Horizon Europe supports it"
Mark Van Stiphout, Deputy Head of Unit Research Innovation Competitiveness and Digitalisation at DG Energy,
European Commission

https://www.isea.rwth-aachen.de/go/id/rptbn?#aaaaaaaaaarptvz
https://www.centre-charlemagne.eu/museum/aktuelle-ausstellung/

https://www.jara.org/en/jara/events/detail/jara-energy-talks-the-european-green-deal

28 March 2022
Münster

Battery Day NRW

29 - 30 March 2022
Münster

International Specialist Conference Advanced Battery Power

29 - 30 March 2022
Münster

Vehicle2Grid

https://battery-power.eu/en/battery-day-nrw/

https://battery-power.eu/en/advanced-battery-power/

https://www.vehicle-2-grid.eu/

ISEA I Institute for Power Electronics
and Electrical Drives
RWTH Aachen University
Chair for Power Electronics and
Electrical Drives
Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
Chair for Electrochemical Energy
Conversion and Storage Systems
Prof. Dr. rer. nat. Dirk Uwe Sauer
Chair for Ageing and Lifetime Prediction
of Batteries
Prof. Dr. rer. nat. Egbert Figgemeier
Editorial Staff & Contact:
Dr. Ute Müller
ISEA I RWTH Aachen
Jägerstraße 17/19
52066 Aachen
Tel. : +49 241 80 99597
Mail: newsletter@isea.rwth-aachen.de
URL: www.isea.rwth-aachen.de

Next Pages: Dissertations
Steffen Beushausen
Zhiqing Yang
Alexander Stippich
Vivien Grau

Philipp Joebges

7

Nurhan Rizqy Averous

ISEA News
www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives		

No. 3/2021

Dissertations
Zhiqing Yang
On the Stability of ThreePhase Grid-Tied Photovoltaic
Inverter Systems: Modeling,
Investigation, and Stability-Enhanced Operation

Environmental concerns with greenhouse
gas emissions and liberalized electricity
markets have been driving the proliferation
of renewable energy generations. With increasing penetrations of photovoltaic (PV)
and wind generations, the conventional
power grids dominated by large machines
are evolving towards purely power-electronic-based generator systems. However,
interactions among power electronic conZhiqing Yang worked
from 2017 to 2021 as
a research associate
in the research group
“Power Generation
and Storage Systems”
at E.ON ERC. Currently, he works as an
Application Engineer
at Sungrow Power
Supply.

Steffen Beushausen
A GaN-Based SwitchedMode Gate-Drive Unit for
Medium-Voltage IGBTs

The presented work focused on the improvement of insulated-gate bipolar transistor (IGBT) characteristics in MV converter
applications. A gallium nitride (GaN)-based
switched-mode gate-drive unit (SMGDU)
for MV-IGBTs was developed to optimize
the dynamic behavior of the IGBT according to its application. The gate-drive unit
(GDU) consists of a power stage with GaN
high-electron-mobility transistors (HEMTs)
in half-bridge configuration forming a buck

Steffen Beushausen
worked from 2016 to 2021
as a research associate
and group leader in the
research group “Power
Generation and Storage
Systems” at E.ON ERC.
Currently, he works as a
Development Engineer at
Robert Bosch GmbH.
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verters, loads, and the grid bring new challenges to the stability of converter-based
power systems. This work investigates the
harmonic stability issue of three-phase gridtied PV inverter systems, aiming to provide
a comprehensive framework to model and
study the complete system dynamics and
to identify the reason of resonances. Control strategies are prosed to enhance the
stability for converter-based power systems.
The dissertation is volume 90 of the E.ON
Energy Research Center Series and is available online at https://publications.rwthaachen.de/record/818957/files/818957.
pdf

converter with the gate-emitter capacitance
of the IGBT as the output capacitance. It
is able to switch with a frequency of up to
30 MHz to control the switching behavior
of the IGBT during switching transients
through a dynamic gate-current and -voltage adjustment. Due to the short actuation
times in the range of 1 μs to 2 μs, a purely
analog implementation was chosen for the
closed-loop transient controller.
In conclusion, it has been found that the
proposed SMGDU is able to dynamically control the switching transients of MVIGBTs, in particular to reduce peak power
stress and switching losses.
The dissertation is volume 92 of the E.ON
Energy Research Center Series and is available online at https://publications.rwth-aachen.de/record/825197/files/825197.pdf
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Dissertations
Philipp Joebges
Distributed Real-Time Simulation of Modular Bidirectional DC-DC Converters: for
Control-Hardware-in-theLoop

Modern power-electronics provides a key
enabling technology for the sustainable and
intelligent distribution of electrical energy.
Highly efficient, reliable, and fault-tolerant,
modular scalable dc-dc converters form
the core element. Such converters must
operate reliably under all conditions within
the entire system.
The requirements that are imposed on
these converters can be ensured using
control-hardware-in-the-loop (CHiL) as a
methodology, enabled by real-time simulaPhilipp Joebges
worked from 2016 to
2021 as a research
associate and chief engineer in the research
group “Power Generation and Storage
Systems” at E.ON ERC.
Currently, he works as
at AixControl, Aachen.

Nurhan Rizqy Averous
Analysis of the Application
of a Grid Emulator to Conduct Grid Compliance Tests
for Multi-Megawatt Wind
Turbines: A Contribution
towards Ground Testing of
Wind Turbines

In the context of the ground testing to
streamline the deployment process of wind
turbines, this thesis presents a comprehensive analysis on the application of a grid emulator to conduct grid compliance tests of
wind turbines (WT). The focus of the thesis
lies on the flicker measurements caused by
the output power fluctuations of WTs, mainly due to the wind turbulence and the tower
shadowing effect, as well as the low-voltage
ride-through (LVRT) tests. Firstly, the design
Rizqy Averous worked
from 2011 to 2020 as a
research associate and
chief engineer in the
research group “Power
Generation and Storage
Systems” at E.ON ERC.
Currently, he works as
a Development Engineer at elexon charging
GmbH.
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tion models and high-performance simulation hardware.
In this thesis, a distributed real-time-capable modeling method is developed by
the example of modular high-power dc-dc
converters. The thesis shows that significant performance gains can be achieved
by optimizing the execution of the model. In
particular, the thesis focuses on the decoupled parallel modeling and its influence on
the numerical stability and accuracy in simulation. A distributed CHiL setup is used to
validate the proposed control of a modular
dc-dc converter.
Finally, the results of the real-time modeling
and the performance of the developed control are discussed based on measurement
results of two high-power converter setups.
The dissertation is volume 94 of the E.ON
Energy Research Center Series and is available online at https://publications.rwthaachen.de/record/834674/files/834674.
pdf

requirements are derived based on the behavior of the device under test (DUT) and
the regulatory frameworks. Afterwards, the
application of a multi-megawatt grid emulator employing interleaved multi-megawatt
converters is analyzed. The results show
that the grid emulator concept fulfills the
derived design criteria in terms of the voltage quality and dynamic. The stability limit
of the coupled system between the grid
emulator and DUT can be well predicted
by only considering the passive elements
of the DUT. Hence, with the presented grid
emulator, LVRT tests and flicker measurements can be conducted on a wind turbine
test bench with a good accuracy.
The dissertation is volume 95 of the E.ON
Energy Research Center Series and is available online at https://publications.rwthaachen.de/record/826185/files/826185.
pdf
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Dissertations
Alexander Stippich
Exploiting the Full Potential
of Silicon Carbide Devices
via Optimized Highly Integrated Power Modules

The superior electrical characteristics of
silicon carbide (SiC) semiconductor enable
converter operation with higher current
densities, faster switching transients and
increased switching frequencies. However,
the fast switching of the SiC power devices
amplifies the effect of power module parasitics on the electrical switching behavior.
Parasitic inductances and capacitances of
the module and the devices can lead to
Alexander Stippich
worked from 2015
to 2020 as a research associate in
the research group
“power electronics”.
Currently, he is Chief
Engineer at ISEA.

Vivien Grau
Development of a Test
Bench to Investigate the Impact of Steep Voltage Slopes
on the Lifetime of Insulation
Systems for Coil Windings

Wide-bandgap semiconductor power devices offer considerable advantages compared to the corresponding silicon-based
devices. Their fast switching behavior results in low switching energies, allowing
higher switching frequencies, which in turn
enables a more compact design of the
passive components and thus higher power densities. However, the highly dynamic
switching transients increase the stress
on insulation systems of electrical components. This stress often leads to accelerated
Vivien Grau works
since 2016 as a
research associate
at ISEA. Since 2020,
she is group leader
in the research
group “Electrical
Drives”.
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strong over-voltages, voltage ringing and
leakage currents. This limits the safe operating area of the devices. Optimizing for
best electrical properties usually opposes
good thermal characteristics and, thus, limits the current capabilities of power modules and converters. Therefore, it is necessary to optimally combine electrical and
thermal properties to utilize the full benefits
of SiC devices in power converters and applications. Hence, this work demonstrates
how design concepts and methods that
address combined electrothermal behavior
can realize power modules with higher integration and device utilization than existing
technologies.
The dissertation is volume 155 of the
Aachener Beiträge des ISEA and is available online at https://publications.rwthaachen.de/record/825198/files/825198.
pdf

aging and premature failure of the insulation
systems. To fully exploit the potential of the
fast-switching wide-bandgap semiconductor it is crucial to investigate the causes of
the stress inflicted by steep voltage slopes.
For this purpose, this thesis develops and
evaluates a highly flexible test bench with
multi-physical measurement diagnostics. The functionality of the test bench is
demonstrated by preliminary investigations.
Furthermore, a design of experiments with
associated analysis methods is proposed
to decouple interdependent input parameters such as the voltage slope and the voltage overshoot and to obtain the maximum
information content from a minimum number of test runs.
The dissertation is volume 158 of the
Aachener Beiträge des ISEA and is available online at https://publications.rwthaachen.de/record/833974/files/833974.
pdf
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N. Hartgenbusch, A. Thünen, R. W. De Doncker

Optimized Pulse Patterns for Salient Synchronous Machines
IEEJ Journal of Industry Applications, Vol. 10, 2021, pp. 740-747

The application of synchronous optimal pulse width modulation is a suitable strategy when the switching frequency is relatively
low with respect to the fundamental frequency. In contrast to state-of-the-art considerations, this publication formulates the underlying optimization problem for a salient synchronous machine and performs a sensitivity analysis of the optimization results on
the additionally required parameters.
https://doi.org/10.1541/ieejjia.21001231
V. Grau, A. Hendrik Wienhausen, M. Kossek, R. W. De Doncker

GaN-Based Full-Bridge Converter with Digitally Adjustable Voltage Slopes for Characterization of Inter-Winding Insulation
Properties of Magnetic High-Frequency Power Components
IEEE Transactions on Industry Applications, Vol. 57, 2021, pp. 6288 - 6294

The fast switching transients of wide bandgap power semiconductors bring many advantages, but also lead to premature aging
of insulation systems. We introduce a GaN-based voltage slope generator that allows an in-depth investigation of these aging
effects.
https://doi.org/10.1109/TIA.2021.3112508
J. Henn, C. Luedecke, M. Laumen, S. Beushausen, S. Kalker, C. van der Broeck, G. Engelmann, R. W. De Doncker
Intelligent Gate Drivers for Future Power Converters
IEEE Transactions on Power Electronics, Vol. 37, 2021, pp. 3484 - 3503

With the growing requirements on power electronic converters, it is no longer sufficient to make design decisions at the topology
level. Rather, smart drivers can help optimize power density, switching performance, safety, and lifetime. This paper provides a
broad overview of the literature landscape and ISEA's contributions to it.
https://doi.org/10.1109/TPEL.2021.3112337
S. Quabeck, W. Shangguan, D. Scharfenstein, R. W. De Doncker

Detection of Broken Rotor Bars in Induction Machines using Machine Learning Methods
IEEJ Journal of Industry Applications, Vol. 10, 2021, pp. 3688-693

Classic fault detection methods for broken rotor bars suffer from strongly reduced accuracy in partial load operating points. By
combining these methods with machine learning, the accuracy can be increased and fault severity can be classified.
https://doi.org/10.1541/ieejjia.21000651
D. Pham, L. V. Pugazhenthi, G. T. Götz, R. W. De Doncker

Optimization of Single Pulse Control based on Design of Experiments for Switched Reluctance Machines
IEEJ Journal of Industry Applications, Vol. 10, 2021, pp. 748-754

This paper proposes an algorithm based on design of experiments that allows the calculation of optimal control parameters for
switched reluctance machines for specified torque demands over a wide operating point range. In parallel, the total machine
losses are minimized due to consideration of finite-element analyses that calculate both iron and copper losses in the designed
experiments.
https://doi.org/10.1541/ieejjia.21001256
R. Loewenherz, S. Koschik, M. Kruse, R. De Doncker

Transformations of Reference Frames and Model Development for Multi-Phase Machines
IEEJ Journal of Industry Applications, Vol. 10, 2021, pp. 779-784

Multi-phase machines offer advantages in many applications but are more complex than three-phase machines in regards of modelling and control. This work presents a general set of transformations into stationary and rotating reference frames for symmetrical multi-phase machines of any type, as well as a generic approach for developing detailed electrical models of such machines.
http://dx.doi.org/10.1541/ieejjia.21001412
C. H. van der Broeck, S. Kalker, R. W. De Doncker

Intelligent Monitoring and Maintenance Technology for Next Generation Power Electronic Systems
IEEE Journal of Emerging and Selected Topics in Power Electronics, 2021, pp. 1-1

Power electronic systems are increasingly used in applications that have higher safety and reliability requirements. This paper explores how smart monitoring and maintenance technologies can play a key role in realizing highly reliable operation of converters
over a long lifetime with minimal environmental footprint.
https://doi.org/10.1109/JESTPE.2021.3119590
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G. Angenendt, M. Merten, S. Zurmühlen, D. U. Sauer

Evaluation of the effects of frequency restoration reserves market participation with photovoltaic battery energy storage
systems and power-to-heat coupling
Applied Energy, Vol. 260, 2020, 114186

Integrated homes that combine a PV home storage system with power-to-heat coupling can contribute to providing control reserve. Our results show that participation in the German frequency restoration reserve market could reduce the annual costs for
heat and electricity of integrated homes by up to 14.5%.

https://www.researchgate.net/publication/337888917_Evaluation_of_the_effects_of_frequency_restoration_reserves_market_participation_with_photovoltaic_battery_energy_
storage_systems_and_power-_to-heat_coupling

P. A. Schröer, E. Khoshbakht, T. Nemeth, M. L. U. Kuipers, H. Zappen, D. U. Sauer

Adaptive modeling in the frequency and time domain of high-power lithium titanate oxide cells in battery management
systems
Journal of Energy Storage, Vol. 32, 2020, 101966

The battery management system monitors the internal states of the battery, such as State of Charge or State of Power. How the
challenges of today's applications can be implemented on the cheapest possible hardware in the automotive standard is investigated here. An approach from simple mathematical equations with a dynamic adaptation of the aging effects is presented.
https://www.researchgate.net/publication/344721857_Adaptive_modeling_in_the_frequency_and_time_domain_of_high-power_lithium_titanate_oxide_cells_in_battery_management_systems

W. Li, D. Cao, D. Jöst, F. Ringbeck, M. L. U. Kuipers, F. Frie, D. U. Sauer

Parameter sensitivity analysis of electrochemical model-based battery management systems for lithium-ion batteries
Applied Energy, Vol. 269, 2020, 115104

Accurate identification of the physical parameters of a lithium-ion electrochemical model is of critical importance for next-generation battery management systems. The complexity of the model increases the difficulty of the identification process. The goal here
is to analyze the parameter sensitivity of the model during charging and real driving cycles.
https://www.researchgate.net/publication/341423919_Parameter_sensitivity_analysis_of_electrochemical_model-based_battery_management_systems_for_lithium-ion_batteries

C. Hecht, S. Das, C. Bussar, D. U. Sauer

Representative, empirical, real-world charging station usage characteristics and data in Germany
eTransportation, Vol. 6, 2020, 100079

The availability of charging infrastructure is crucial for the acceptance of electric mobility. In our paper, we have shown that before
Corona, utilisation was on average low at 15% to 20% and thus mostly not economical for operators. We also show that utilisation
strongly depends on the day of the week, time of day and installation location and that charging hotspots can arise.
https://www.researchgate.net/publication/343864191_Representative_empirical_real-world_charging_station_usage_characteristics_and_data_in_Germany

T. Bank, J. Feldmann, S. Klamor, S. Bihn, D. U. Sauer

Extensive aging analysis of high-power lithium titanate oxide batteries: Impact of the passive electrode effect
Journal of Power Sources, Vol. 473, 2020, 228566

This study measures the application-relevant lifetime performance of 33 modern high-power LTO|NMC cells under cyclic, calendar,
and drive-cyclic aging conditions. Frequent check-ups reveal cell performance in terms of capacity loss and internal resistance
rise, which enables the identification of critical operating conditions.
https://www.researchgate.net/publication/343213884_Extensive_aging_analysis_of_high-power_lithium_titanate_oxide_batteries_Impact_of_the_passive_electrode_effect

W. Li, H. Cui, T. Nemeth, J. Jansen, C. Ünlübayir, Z. Wei, X. Feng, X. Han, M. Ouyang, H. Dai, X. Wei, D. U. Sauer

Cloud-based health-conscious energy management of hybrid battery systems in electric vehicles with deep reinforcement
learning
Applied Energy, Vol. 293 (39), 2021, 116977

A hybrid battery system with a high-energy and high-performance battery pack can be used as the energy source to meet battery-electric vehicles' energy and power requirements. In this paper, a cloud-based multi-criteria energy management strategy is
investigated to enhance electrical and thermal safety.
https://www.researchgate.net/publication/351097212_Cloud-based_health-conscious_energy_management_of_hybrid_battery_systems_in_electric_vehicles_with_deep_reinforcement_learning

A. Chahbaz, F. Meishner, W. Li, C. Ünlübayir, D. U. Sauer

Non-Invasive Identification of Calendar and Cyclic Ageing Mechanisms for Lithium-Titanate-Oxide Batteries
Energy Storage Materials, Vol. 42 (6), 2021, 794-805

In this publication ageing mechanisms of lithium-titanate-oxide batteries are analysed. The shift in incremental capacity is used
to identify degradation causes and assign them to their original source. Our results show a multi-stage ageing mechanism with
stagewise increasing degradation gradient, depending on the ageing-governing electrode.
https://www.researchgate.net/publication/354055300_Non-Invasive_Identification_of_Calendar_and_Cyclic_Ageing_Mechanisms_for_Lithium-Titanate-Oxide_Batteries
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