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Despite the many supply and logistic
problems, the move of ISEA to the new
CARL center is now planned in June.
We all have high expectations to taking
into operation the new equipment and
test facilities. In this newsletter we also
report on the unique testing equipment
that CARL offers. Being involved in many
research centers at RWTH, clearly shows
an increase of projects requiring power
electronic DC converters. Almost all
power electronic projects focus on DC/DC
converters for battery chargers, railway,
automotive and aerospace applications.
Multi-megawatt conversion and storage
systems are being investigated at our sister institute E.ON ERC|PGS for large scale
electrolyzers, DC factories and distribution
grid applications. No doubt, the EU Green
Deal has set the stage to implement CO2
neutral, more efficient energy supply and
storage systems that consume less materials.
I wish you a good read and hope that we
can meet soon in person at the new center.
Rik De Doncker & Team ISEA

CARL large-scale equipment
MCal - Battery Analysis via Microcalorimetry
Heat is generated during the charging and
discharging of electrochemical cells ("batteries"). Heat is generated in reversible and irreversible processes when there is a deviation
from the equilibrium state. The heat generation of reversible processes, such as Ohmic
resistance losses, inter- and deintercalation
processes or phase transformations, can be
determined relatively easily for lithium-ion batteries from thermal measurements and assigned to the processes. In contrast, the heat
generation of irreversible processes, i.e. especially of aging processes, are very small and
therefore difficult to identify in the sum of all
heat emissions. However, once this is achieved, a direct quantification of aging processes
is possible and the influence of operating conditions and expected lifetimes can be estimated. If one considers a typical 2035 coin cell,

it has a capacity of about 10 mAh. If this is
now operated at 3.6 V, this corresponds to an
energy of 36 mWh. At a charge/discharge efficiency of 99 %, this corresponds to an energy loss of 0.36 mWh and a thermal power of
7.2 μW (at a current of C/50, i.e. 200 μA). However, especially these small thermal currents
reveal a lot about the material properties and
electrochemical processes that take place inside the cell during charging and discharging.
By coupling high-precision calorimetry and
coulometry, it is possible to isolate the heat
of the parasitic reactions that occur. At the
CARL research center, the aging of coin and
cylindrical cells will now be studied in more
detail by coupling a microcalorimeter (TAM
IV, TA Instruments) with source meters (2602
B, KEITHLEY) and special analysis algorithms
developed by the company Cyclikal. The test

1

unit will be used to investigate side reactions
and associated life-shortening mechanisms
in electrochemical cells. In addition, possible
correlations between degradation processes
with macroscopically measurable properties such as voltage and capacitance will be
identified. For high sample throughput, the
instrument can measure four samples simultaneously under isothermal conditions; the
capacity could be expanded of up to 12 cells
as demand increases. The measurement
setup will be operational when the CARL
building is occupied. The complex method
was developed by researchers Krause1 and
Chevrier2 and is currently mastered by only a
few laboratories worldwide. This scientifically
extremely valuable methodology thus offers
ISEA the opportunity to operate a powerful
tool for quantitatively determining the course
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of aging processes using microcalorimetry in
the future.
L. J. Krause et al 2012 J. Electrochem. Soc. 159 A937
(https://iopscience.iop.org/article/10.1149/2.021207jes/
meta).
2
V. L. Chevrier et al 2021 J. Electrochem. Soc. 168 030504
(https://iopscience.iop.org/article/10.1149/1945-7111/
abe16a).
1

Microcalorimeter TAM IV (l.), SourceMeter 2602 B (r. above) and commercial and prototype
cells to be measured (r. below).

Power Electronics/Electrical Drives SkalTAB
Scalable DC-DC Converter and Drive with Variable DC-Link Voltage
The project “SkalTABs” addresses scalable
powertrain and thermal management architectures, as well as the associated hardware
components for future utility vehicles powered by fuel cells. The optimization of the system architecture is based on a holistic view
of the electrical and thermal energy flows,
aiming for the highest possible overall efficiency. By combining a high overall efficiency with the scalable approach of the fuel cell
system, a wide range of utility vehicles from
different applications and power classes are
taken into consideration. In this way, the
project helps making fuel-cell powertrains
cost-efficient and thus accessible to smaller
vehicle manufacturers in particular.
A central component for the entire powertrain management is the multiport DC/DC
converter, which regulates the energy flow
between the fuel cell, battery and drive inverter. In addition to the high efficiency, the
project addresses lifetime increase of the
components, scalability of the converter topology, loss-reduction methods for the overall system and dynamic control techniques
for the converter.
The requirements of utility vehicles demand
a significantly increased component service
life compared to passenger vehicle applications. 3D-printed high-performance coolers
and special power modules are implemen-

Power-flow diagram with multiport converter and powertrain components.

ted to ensure the required service life.
To enable scalability of the DC/DC converter,
different variants of parallelization are investigated and benchmarked. One of the concepts that is being considered is using two
independent DC/DC converters, one between the fuel cell and the battery, and another between the inverter and the battery;
this concept allows that different converter
topologies are selected and gives flexibility

2

in terms of control. Another concept that is
being considered is the use of a triple active
bridge with each winding of the transformer
linked to one active part of the drive train (i.e.
fuel cell, battery and inverter + electrical machine). For the selection of the DC-DC converter an optimum is targeted, taking into
account cost, efficiency, volume, manufacturability, etc.
A simulation model at the traction system
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level is carried out with the objective of investigating efficiency-optimized control methods of the drive. In this holistic approach
a simulation model that includes the main
components of the drive train is implemented, this includes the energy storage, DC/DC
converter, inverter and electrical machine.
A constant DC link is typically used as an input to the drive inverter, but in this project, a
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joint control of the DC/DC converter and the
drive inverter is investigated. At a first stage,
conventional methods and optimized pulse patterns with constant DC link voltages
are applied to the system level simulations,
and subsequently, efficiency, THD and torque ripple are analyzed. At a second stage,
the joint control of the DC/DC converter and
the drive inverter is examined. This opens up

possibilities for new control methods for drive systems that have the potential of further
increasing the system efficiency.
Further information

Storage Systems New Research Group
"Machine learning for batteries"
Weihan Li earned his bachelor's degree
from Tongji University in 2014 and his master's degree in automotive engineering from
RWTH Aachen University in 2017. After his
research stay between 2016 and 2017 at
Massachusetts Institute of Technology,
USA, he joined ISEA and has worked as
a research associate and team leader until 2021. This was followed by his Ph.D. in
2021 at RWTH Aachen University with the
highest praise (summa cum laude).

On February 7, 2022, a new research
group "Machine learning for batteries"
started its work under the leadership of
Weihan Li. The researchers will combine
physics and machine learning in battery
modeling, diagnostics, prognostics and
system optimization. The goal is to understand and predict battery aging and
increase the safety and reliability of the
battery systems. The new research group
will become a core part of the Center for
Ageing, Reliability and Lifetime Prediction
(CARL) that will be opened in the course
of this year.

Electrical Drives FlexSBus
Flexible Rail Bus for Rural Areas
The aim of FlexSBus-LR is to develop, build
and demonstrate a flexible rail bus for rural
areas in order to reactivate rail tracks in rural
areas and make them attractive for passengers. Such vehicles are currently not available on the market and are necessary for
the gradual reactivation of unused tracks as
well as for an increased usage of auxiliary rail
tracks in the future. By providing attractive
and networked mobility solutions, rail vehicles in rural areas can counter both climate
change and the shortage of living space in
areas of high population densities. The project is funded by the German Federal Ministry for Economic Affairs and Energy (BMWi).
The main objective in FlexSBus-LR is to separate the chassis from the passenger cell
such that goods can also be transported in
the future. The main aspects of the develop-

Design concept of a flexible rail bus with lifted up passenger cell

3

ISEA News
www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives		
ment are lightweight construction, energy
efficiency, a low-emission drive system, noise reduction and cost-effectiveness over the
entire life cycle.
ISEA focuses on the integration of the drive into the chassis of the rail vehicle and
the dimensioning of the battery system. In

cooperation with the partners, the entire
drive system is integrated into the vehicle,
including the communication system. High
power and torque densities are achieved by
real-time thermal modeling which enables
thermal monitoring in the drive system. Relevant control parameters are characterized
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and the speed-torque map is determined by
measurements on a test bench. ISEA also
supports the evaluation of the electric drive
including battery system and charger and
checks the drive system against the elaborated functional requirements.
Further information

Storage Systems Gas Analysis
Understanding Gassing and Electrolyte degradation
The publicly funded research project BatGasMod aims to improve the understanding
of electrolyte degradation and associated
gassing. The three partners (MEET, IAMAEW of KIT, and ISEA) bring together their
respective research capabilities. At ISEA, the
focus is on the ageing of the batteries and
the link between the electrical properties of
the cells, and the analysis of gasses formed
during formation and operation. Thus cells
with different electrolyte compositions are
aged under different conditions. Furthermore, the formation-cycles of cells used at ISEA
are also performed in-house. The gasses

formed during the formation and operation
of the cells are analysed using gas-chromatography mass-spectroscopy. This gives
insights to the reactions between electrolyte
components and other materials within the
battery cell. Different approaches are being
investigated to compare quantitatively the
gassing behaviour of different cells; Volume
measurements are non-destructive, but also
measure other effects such as the formation
of passivation layers. Thus ISEA also works
on a method to quantify gasses during
post-mortem-analysis of the cell. The gas
analysis complements the post-mortem stu-

dies of the cells. The results will contribute to
the development of an ageing model, which
will improve lifetime prediction.

Power Electronics Green Hydrogen
Next-Generation Electrochemical Hydrogen Production
Hydrogen plays a key role in the transformation of the energy system toward a carbon-neutral future. The “Zukunftscluster Wasserstoff”
(cluster for future hydrogen technologies) has
been founded to escort hydrogen technologies from R&D into practical applications.
The cluster bundles the competences of
numerous partners in science, industry and
society in the framework of eleven research
projects that address the complete life cycle
of hydrogen, from its generation, storage and
transport until its usage. This way, the Aachen
region becomes the “innovation valley” of
market-ready hydrogen technologies.
One of the eleven research projects is the
project HyInnoLyze that focuses on water
electrolysis for green hydrogen generation.
The Forschungszentrum Jülich (Jülich research center), Siemens, New Power Pack
GmbH and ISEA investigate water electrolysis holistically. The main research topics are

the dynamics of water electrolysis in future
energy systems under fluctuating electricity
generation, the use of intermediate storage
systems, novel and cost-effective electrode
coating materials as well as corrosion and
aging mechanisms.

In the scope of the project, ISEA will develop
advanced power-electronic converters that
are tailored to the needs of water electrolysis.
A strictly modular design as “power-electronic building blocks” in units of 10 kW to 20
kW enables power ratings beyond 100 kW.
A particular challenge is the minimization of
ripple currents that can degrade the efficien-
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cy of the electrolysis process. The use of wide-bandgap power semiconductor devices
directly addresses this challenge and furthermore enables highly dynamic controllability,
high efficiency and long lifetime.
By close cooperation between the project
partners, we address water electrolysis holistically, with special emphasis on the numerous interfaces between electrochemistry, power electronics and the system level.
Further information
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Circular Economy

What is the life cycle of batteries?

Schematic life cycle of a battery

Batteries go through a life cycle of production, operation and recycling, which is
often described like this: first life, the battery is installed in an electric vehicle and
operated for years. Over the course of its
lifetime, however, less and less energy can
be stored in the battery and the vehicle can
drive fewer and fewer kilometers. Then the
batteries could be removed from the vehicle
and used in the second life in a stationary
application such as a home storage system
to store solar energy. If the battery can no
longer meet the second life requirement either, it is sent for recycling.
In the context of the circular economy, ISEA
is focusing on two topics. On the one hand,

algorithms for condition assessment and
lifetime prediction are being developed in
order to be able to operate the battery safely for as long as possible and to replace it
only when the end of life has been reached.
The algorithms use operational data such
as battery current, voltage, temperature,
and impedance to estimate the battery's
condition and remaining life. This information is used to make decisions between
reuse, remanufacturing and recycling of the
components. On the other hand, it explores
the minimization of material use through the
multiple use of battery storage and optimized operating strategies. In the case of an
electric vehicle, for example, it can additi-
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onally contribute to stabilizing the energy
system during its idle time or trade energy
on the power exchanges. When considering that vehicles are stationary around 95%
of the time, the potential for this quickly becomes clear. At the end of 2021, 40 GWh of
vehicle batteries were already registered in
Germany, which is roughly equivalent to the
storage capacity of all national pumped-hydro storage power plants. The aforementioned competencies will be deepened in
the future in the interdisciplinary Center for
Ageing, Reliability and Lifetime Prediction of
Electrochemical and Power Electronic Systems (CARL).
Further information
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Obituary
Dr. Friedhelm Schöpe
We mourn the death of Dr. Friedhelm Schöpe,
who passed away on March 9, 2022, at the
age of 57 after a long and serious illness.
Dr. Schöpe joined our institute in 1989 and
received his PhD in 1994 in the research area
of battery management under Prof. Skudelny. In April 1994 he took over the position of
senior engineer. During the difficult time after
the sudden death of Prof. Skudelny and the
vacancy of the institute management, Dr.
Schöpe ensured the smooth continued operation of ISEA with extraordinary commitment
and leadership.

After his work in Aachen, his professional path
led him to Switzerland, where he worked for
Bombardier, Hilti and Siemens and earned an
MBA in Sankt Gallen. The last years he was
active in the patent field and was admitted as
a European patent attorney in 2019.
In his private life, his entire commitment was
to his two children, to whom he was a loving and great father. He enjoyed spending his
free time doing sports and loved hiking and
ski touring. Another great passion was flying.
He will be greatly missed by his former colleagues.

Events Dates
27.04.2022
online

JARA ENERGY Talk: Bart Biebuyck
https://www.isea.rwth-aachen.de/cms/
ISEA/Die-Organisationseinheit/Aktuelle-Veranstaltungen/~usnwx/JARA-ENERGY-Talk-Bart-Biebuyck/

20.09. - 22.09.2022
Düsseldorf / online

IRES 2022
https://www.eurosolar.de/en/ires/
ires-conference-2022-2/

28.09. - 29.09.2022
Aachen

Seminar „Lithium-Ion Batteries for
Electromobility - from the Cell to the
Application”
https://www.hdt.de/lithium-ionen-batterien-fuer-die-elektromobilitaet-von-der-zelle-zur-anwendung-h010011568

Editor:
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Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
Chair for Electrochemical Energy
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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
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Dissertations
Jan Gottschlich
Auxiliary power supply concepts for medium voltage
DC-DC converters

In the course of the increasing use of renewable energy sources, medium voltage
DC grids represent an efficient and flexible alternative to present AC technology for
power distribution. In this scenario power
electronic converters take the place of
transformers. This thesis deals with blackstart capabale systems for supplying such
DC-DC converters with the auxiliary energy
required for operation. Concepts for a reliaJan Gottschlich worked from 2011 to 2017
as a research associate in the research
group “Power Electronics”. Currently, he
works at Hanning &
Kahl in the R&D Signalling division.

Philipp Hollstegge
Vector space decomposed
current injection to mitigate
tonal noise components in
asymmetrical six phase permanent magnet machines

ble and flexible auxiliary power supply from
several grids are presented. Two novel converter topologies, an NPC series resonant
converter and a two-stage converter, are
being examined in detail for the supply from
medium-voltage DC grids. Special aspects
of the implementation such as start-up circuits, gate drivers and magnetic components are also considered. The approaches
presented are verified on prototypes.
The dissertation is volume 156 of the Aachener Beiträge des ISEA and is available
online at https://publications.rwth-aachen.
de/record/837249/files/837249.pdf

Although the noise emission of electric drive
trains is lower in comparison to combustion
engine drives, the noise spectrum is dominated by a few tonal components. This
thesis contributes to the understanding on
how to mitigate the noise-critical breathing
mode, at the beginning of the field weakening region, for a six-phase PMSM with
30° electrically shifted winding sets. By the
application of Vector Space Decomposition

the electrical currents are transformed and
controlled in vector subspaces. This enables a decoupled control of the current harmonics from the fundamental component
which can subsequently be elaborated for
tonal noise reduction. An analytical comparison between the three-phase PMSM
and the asymmetrical six-phase machine
regarding the effect of current harmonics
on the noise-critical breathing force-mode is presented. FEM simulations are perPhilipp Hollstegge
formed to determine the optimal current
graduated with a Masexcitation which are further verified on an
ter's degree from ISEA
electrical machine acoustic test bench. An
in 2015 and worked
until 2018 as a doctoral injection of current harmonics resulting in a
reduction of 22 dB in the relevant order is
student for the Mercemeasured. Furthermore, the potential of the
des-Benz AG in the
Advanced Development proposed control is compared in a skewed
Department E-Motor
and unskewed rotor setup.
System. Since 2018
he is employed as a
development engineer
working in the same
team.
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The dissertation is volume 157 of the Aachener Beiträge des ISEA and is available
online at https://publications.rwth-aachen.
de/record/836059/files/836059.pdf
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Dissertations
Florian Ringbeck
Optimized Charging of Lithium-Ion Batteries with Physico-Chemical Models

For the usability of lithium-ion batteries in
many applications, their fast charging capability plays an important role. However, a
too high charging current can permanently
damage the battery and pose a safety risk.
Therefore, charging patterns with an optimal current are required for many applications.
Physico-chemical battery models, sometimes also called electrochemical battery
Florian Ringbeck as
a research assistant
from 2014-2016 and as
a chief engineer from
2017 in the research
area "Battery System
Design and Vehicle Integration". Since 2022
he is Executive chief
engineer at the chair
for Electrochemical
Energy Conversion and
Storage Systems.

Thomas Bank
Performance and aging
analysis of high-power lithium titanate oxide cells for
low-voltage vehicle applications

Partial electrification of vehicles with conventional combustion engines is an effective method to enhance efficiency and reduce CO2 emissions. One way of adding
a so-called mild hybridization to existing
vehicle architectures is to use a 48V lithium-ion battery. A promising anode material
for such a battery is lithium titanate oxide (LTO), which possesses among other
things a high-power capability, inherent
safety and excellent lifetime performance.

Thomas Bank graduated with a Master's
degree from ISEA in
2017 and works for
BMW Group in the
Quality management
and supplier network
Lithium-ion cells and
modules division.
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models, allow deep insights into lithium-ion
batteries’ internal states and processes.
Therefore, they can be a valuable tool to
analyze existing charging schemes and
develop new charging methods. However,
due to the complexity of such models, and
the high computing demand, they are typically not used today in onboard applications. The task of this thesis is to overcome
these problems. It includes modelling work,
parameter estimation from lab experiments,
control algorithms for advanced charging
schemes, and experimental validation. It
uses such battery models to analyze existing pulse charging regimes and develop a
model-based charging controller for determining the optimal charging current. The
goal is to charge the batteries as fast as
possible under given environmental conditions with a minimal impact on safety and
cycle life.
The dissertation is volume 159 of the Aachener Beiträge des ISEA and is available
online at https://publications.rwth-aachen.
de/record/836057/files/836057.pdf

Extensive scientific studies on mass-produced LTO-based cells are rare, resulting
in a lack of essential information on performance and aging behavior. Based on characteristic 48V battery operating conditions
this thesis addresses this knowledge gap.
It assesses the suitability of an LTO-based
cell type for low voltage vehicle systems by
reporting essential performance and aging
characteristics. The investigated LTO-based cells show excellent power capability
and cycle stability, even at high ambient
temperatures and high current rates, and
meet the vehicle relevant lifetime requirements of 200,000 km. The calendar aging
behavior is strongly dependent on temperature and state of charge.
The dissertation is volume 160 of the Aachener Beiträge des ISEA and is available
online at https://publications.rwth-aachen.
de/record/835197/files/835197.pdf
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Dissertations
Philipp Schröer
Development of an adaptive
power prediction function
for car batteries with lithium-titanate-oxide anode as a
basis for safe energy supply
in vehicles

High-performance batteries play a major
role for the reliability and safety of the energy supply in modern micro and mild hybrid
vehicles. This dissertation presents a new
algorithm for online power prediction of
lithium-ion cells with lithium titanate oxide
anode (LTO). It describes the steps from the
definition of a battery model by means of an
equivalent circuit diagram to implementation on the basis of polynomial characteristic
Philipp Schröer worked from 2013 to 2020
as a research associate in the research
group “Battery System
Design and Vehicle
Integration”. Currently,
he works as at Bosch
GmbH.

Muhammad Ali Khan Virdag
The DC Circuit-Breaker for
Low-Voltage Grids: Design,
Implementation and Analysis
of DC Circuit-Breaker with
Countercurrent Injection
Principle

maps. In order to track changing battery
behavior over the cell’s service life, an essential part of this work deals with an adaptive algorithm for adjusting the equivalent
circuit diagram’s parameters. In continuous
operation, the algorithm is able to trace the
performance of a battery cell over its lifetime and to steadily predict the its behavior
for a specific load profile. The algorithm is
validated utilizing real driving profiles applied to aged batteries. Therefore, calendric
and cyclic battery aging tests were carried
out for about two years and up to 100,000
equivalent full cycles.
The dissertation is volume 162 of the Aachener Beiträge des ISEA and is available
online at https://publications.rwth-aachen.
de/record/835784/files/835784.pdf

To cope with fast-rising fault current in DC
systems, a circuit-breaker has to interrupt
the fault in a very short duration of time.
One method to have minimum arcing during
turn-off process is to artificially create zero
crossing in the DC fault current using power-electronic circuitry, which is investigated in this thesis. A prototype of hybrid DC
circuit-breaker topology based on counter-current injection principle to perform
zero current switching (ZCS) is developed
and analyzed. The topology allows use of
a mechanical circuit-breaker assisted with
a power electronic based auxiliary circuit

for fast switching of DC fault currents at
minimal arcing. By using thyristors instead
of mechanical circuit-breakers to enforce
switching at zero current crossing, the work
focuses on the modeling of different circuit
elements for a DC circuit-breaker to interrupt fault currents up to 100 A with prospective fault current up to 10kA in 380VDC
grids. The prototype was tested with different types of loads and corresponding
behavior was analyzed. A test bench was
built to test the developed DC circuit-breaker prototype, with a current of up to 100 A
and a source voltage of 380VDC.

Muhammad Ali Khan Virdag worked from
2015 to 2021 as an external doctoral student
for the Hager Group as part of the Flexible
Electrical Networks (FEN) research campus. He currently works as a development
engineer at Siemens AG | Modis GmbH.

The dissertation is volume 96 of the E.ON
ERC series and is available online at https://publications.rwth-aachen.de/record/837768/files/837768.pdf
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Dissertations
Ala Qawasmi
Fault Current Interruption
Analysis and Development
of a Power Semiconductor
Switch for a Medium-Voltage
DC Hybrid Circuit Breaker

This thesis analyzes fault currents in MVDC
distribution networks and the contribution
of the different grid components to these
fault currents. It investigates different circuit breaker technologies and their capability to interrupt fault currents. The hybrid
circuit breaker (HCB) technology promises
fast fault current interruption besides low
conduction loss during normal operation.
The thesis proposes a new power semiAla Qawasmi worked
from 2016 to 2020 as
a research associate
in the research group
“Power Generation and
Storage Systems“ at
E.ON Energy Research
Center

conductor switch specially designed for the
HCB. The switch is based on the gate turnoff thyristor. It employs the thyristors' high
current interruption capability while using
a small package and a reduced number of
components to guarantee high reliability.
The thesis presents a multi-physics design
approach of the switch, and investigates
its mechanical, electrical and thermal limitations. Besides, the dissertation describes
the structure of the low power devices,
required for the switch and HCB function,
and their operation. Experimental tests
demonstrate the switch's operation and
performance and validate its application in
the HCB. In conclusion, the performance,
limitations, and improvement opportunities
of the power semiconductor switch are indicated.
The dissertation is volume 98 of the E.ON
ERC series and is available online at https://publications.rwth-aachen.de/record/836768/files/836768.pdf

Yohan Fajar Sidik
Modeling, Control, and Dynamic Stability Analysis of
Two-Stage CD Collector Grid
in Offshore Wind Park Cluster

The standard solution for long submarine
transmission of offshore wind parks uses
high voltage direct current (HVDC). However, the existing collector grid connecting
the offshore wind park and the HVDC is based on medium voltage alternating current.
The system efficiency can be further increased by using medium voltage direct current
as the collector grid. The most promising
configuration is a two-stage dc collector
grid, with step-up converters. This work in-

vestigates the dynamic system stability of
the two-stage dc collector grid. A complete
circuit based on component models is built
to conduct simulations in the time domain
under various operating conditions. In addition, frequency-domain simulations by means of impedance-based analysis are developed for analyzing the system stability.
The time domain and frequency domain simulations assess the system stability under
various operating conditions. Both simulation results are compared to get insights
into the dynamic behaviour of the offshore
wind park based. The agreements between
both approaches show that the impedance-based analysis can be used to analyze
the stability of a two-stage dc collector grid
for a large wind park.

Yohan Fajar Sidik was
a visiting researcher
at the Institute for
Power Generation and
Storage Systems at the
E.ON Energy Research
Center. He currently
The dissertation is volume 107 of the
works as a lecturer at
Gadjah Mada University E.ON ERC series and is available online
at https://publications.rwth-aachen.de/rein Indonesia.

cord/842606/files/842606.pdf
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Selection of Recent Publications Power Electronics/Electrical Drives
N. Fritz, D. Bündgen, I. Austrup, R. W. De Doncker
A Simple, Decoupled Control Concept for a Modular DC-DC Converter in ISOP, IPOP, and Back-to-Back Connection, IEEE

22nd Workshop on Control and Modelling of Power Electronics (COMPEL), 2021, DOI: 10.1109/COMPEL52922.2021.9646022
The modularization of dc-dc converters as “power-electronics building blocks” is a most relevant trend in power electronics that albeit
causes problems in the control system. We identify a suboptimal choice of state variables as the cause of these problems and propose
a decoupled, cooperative control method by use of a coordinate transformation.
https://ieeexplore.ieee.org/document/9646022

C. Lüdecke, M. Laumen, R. W. De Doncker
Balancing Unequal Temperature Distributions of Parallel-Connected SiC MOSFETs using an Intelligent Gate Driver, IEEE 8th

Workshop on Wide Bandgap Power Devices and Applications (WiPDA), 2021, DOI:10.1109/WiPDA49284.2021.9645080
The parallel connection of SiC MOSFETs leads to different losses in the individual MOSFETs. In this paper we show a gate driver that
allows to distribute the losses evenly.
https://ieeexplore.ieee.org/document/9645080

V. Grau, M. Reisner, S. Quabeck, R. W. De Doncker
SiC-Based dv/dt Generator for Insulation Testing with Fast and Adjustable Switching Transients, IEEE 8th Workshop on Wide

Bandgap Power Devices and Applications (WiPDA), 2021, DOI: 10.1109/WiPDA49284.2021.9645138
For a fundamental investigation of the impact of fast-switching WBG power semiconductors on insulation materials, an appropriate test
unit is essential. Here we present voltage slope generator which can generate extremely steep voltage slopes and adjust the slope steepness over a wide range.
https://ieeexplore.ieee.org/document/9645138

S. Quabeck, L. Braun, N. Fritz, S. Klever, R. W. De Doncker
A Machine Integrated Rogowski Coil for Bearing Current Measurement, IEEE 13th International Symposium on Diagnostics

for Electrical Machines, Power Electronics and Drives (SDEMPED), 2021, DOI: 10.1109/SDEPED51010.2021.9605538
Traditional bearing current measurement methods influence the impedance of the parasitic current path and thereby the bearing current
itself. Here we develop a machine-integrated rogowski coil for bearing current measurement without retroactive effect in the bearing
current.
https://ieeexplore.ieee.org/document/9605538

D. Bündgen, A. Thönnessen, N. Fritz, T. Kamp, R. W. De Doncker
Highly Integrated 200 kW SiC Three-Phase Dual-Active-Bridge Converter with 3D-Printed Fluid Coolers, IEEE 8th Work-

shop on Wide Bandgap Power Devices and Applications (WiPDA), 2021, DOI: 10.1109/WiPDA49284.2021.9645076
In this paper, a highly integrated charger for overhead trucks is presented. The charger is based on two parallel dual-active-bridge converters with an output power of 100 kW each. With the help of advanced SiC semiconductors and 3D-printed heat sinks, a high power
density of 6.48 kW/l is achieved.
https://doi.org/10.1109/WiPDA49284.2021.9645076

X. Yu, S. Quabeck, S. Schüller , R. W. De Doncker
Modelling of Broken Rotor Bars and Eccentricity Faults in Squirrel Cage Induction Machines, IEEE 13th International

Symposium on Diagnostics for Electrical Machines, Power Electronics and Drives (SDEMPED), 2021, DOI:10.1109/SDEMPED51010.2021.9605495
For the construction of model-based condition monitoring for induction machines, a model with suitable accuracy and acceptable run
time is required. Here, we present a model, which replicates the asymmetrical states caused by simultaneous broken rotor bars and
eccentricity faults.
https://ieeexplore.ieee.org/document/9605495

S. Kalker, C. H. Van Der Broeck, R. W. De Doncker
Online Junction-Temperature Extraction Method for SiC MOSFETs Utilizing Turn-on Delay, IEEE 8th Workshop on Wide Band-

gap Power Devices and Applications (WiPDA), 2021, DOI: 10.1109/WiPDA49284.2021.9645104
To estimate the state of health as well as the remaining useful lifetime of future power modules, highly accurate and high-bandwidth
junction temperature information of the semiconductors must be available. This paper presents a method for determining the junction
temperature of SiC MOSFETs, measuring a unique turn-on delay with linear temperature dependence as well as low sensitivity to the
device current.
https://doi.org/10.1109/WiPDA49284.2021.9645104
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Selection of Recent Publications Storage Systems
T. Nemeth, P. A. Schröer, M. L. U. Kuipers, D. U. Sauer

Lithium titanate oxide battery cells for high-power automotive applications - Electro-thermal properties, aging behavior and
cost considerations, Journal of energy storage, vol. 31, 2020, 101656, DOI:10.1016/j.est.2020.101656
This paper presents various applications for high performance batteries in electrified vehicles. The electrical and thermal properties are
presented and the aging behavior is investigated with life tests under high current cycle conditions. Finally, cost considerations for lithium
titanate oxide-based battery cells are presented.
https://www.sciencedirect.com/science/article/abs/pii/S2352152X20314936?via%3Dihub

P. A. Dechent S. Greenbank, F. Hildenbrand, S. Jbabdi, D. U. Sauer, D. A. Howey
Estimation of Li-Ion Degradation Test Sample Sizes Required to Understand Cell-to-Cell Variability, Batteries & supercaps,

2021, doi.org/10.1002/batt.202100148
Intrinsic variability between lithium-ion cells, caused by manufacturing differences, occurs throughout life. Researchers need to know the
minimum number of cells they should test to give an accurate representation of population variability. In this paper, empirical capacity
versus time ageing models were fitted to various degradation datasets for commercially available cells assuming the model parameters
could be drawn from a larger population distribution.
https://publications.rwth-aachen.de/record/828521/files/828521.pdf

J. Sieg, A. U. Schmid, L. Rau, A. Geisterkamp, M. Storch, B. Spier, K. P. Birke, D. U. Sauer
Fast-charging capability of lithium-ion cells: Influence of electrode aging and electrolyte consumption, Applied energy, vol.

305, 2022, 117747, DOI:10.1016/j.apenergy.2021.117747
Fast-Charging capability in electric vehicles is a key-feature for consumers. To provide this capability also for degraded battery packs in
some years from now, it is important to understand which degradation modes of the battery influence the fast charging capability. This
paper identifies electolyte consumption as one of the main issues to be considered.
https://www.sciencedirect.com/science/article/abs/pii/S0306261921010928?via%3Dihub

B. J. Mortimer, A. D. Bach, C. Hecht, D. U. Sauer, R. W. De Doncker
Public Charging Infrastructure in Germany — A Utilization and Profitability Analysis, Journal of modern power systems and

clean energy, 2021, pp. 1-10, 101656, DOI:10.1016/j.est.2020.101656
Electric vehicles require adequate public charging infrastructure. To make a charging station worthwhile, a sufficient utilization is decisive.
This paper gives an overview of the utilization across the public charging infrastructure in Germany. It is shown that in 2019/2020, the
average utilization in Germany was rather low, albeit with striking regional differences.
https://ieeexplore.ieee.org/abstract/document/9582841

D. Wasylowski, N. Kisseler, H. Ditler, M. Sonnet, G. Fuchs, F. Ringbeck, D. U Sauer
Spatially resolving lithium-ion battery aging by open-hardware scanning acoustic imaging, Journal of power sources, vol.

521(5), 2021, 230825, DOI:10.1016/j.jpowsour.2021.230825
The internal mechanical state of a lithium-ion battery is often neglected, but it provides important information about the performance
and lifetime of the battery. This paper presents a method for measuring the internal mechanical state of lithium-ion cells with high spatial
resolution using acoustic imaging.
https://www.researchgate.net/publication/357226088_Spatially_resolving_lithium-ion_battery_aging_by_open-hardware_scanning_acoustic_imaging

D. M. Brieske, A. Hassan, A. Warnecke, D. U Sauer
Modeling of the temporal evolution of polysulfide chains within the lithium-sulfur battery, Energy storage materials, vol. 47(3),

2022, pp. 249-261, DOI:10.1016/j.ensm.2022.02.007
This paper presents a model for calculating the formation of poly-sulfide chains in the lithium-sulfur battery. The model uses reaction
mechanisms based on the Butler-Volmer equation and the Nernst potential. Future applications of the model could be in BMS algorithms.
https://www.sciencedirect.com/science/article/abs/pii/S2405829722000769?via%3Dihub

A. Epp, D. U Sauer

Multiperspective Optimization of Cell and Module Dimensioning for Different Lithium-Ion Cell Formats on Geometric and
Generic Assumptions, Energy technology, 2022, vol. 10(3), 2020, doi.org/10.1002/ente.202100874
In this work, we present a holistic cell-module optimization based on geometric and generic assumptions. The presented model takes into
account various factors such as cell format-dependent geometries and their boundaries, cell size-specific cell-to-cell stacking distances,
as well as module geometries and voltage requirements.
https://www.researchgate.net/publication/357467514_Multiperspective_Optimization_of_Cell_and_Module_Dimensioning_for_Different_Lithium-Ion_Cell_Formats_on_Geometric_and_Generic_Assumptions
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