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ISEA I Colloquium in honor of Professor Müller-Hellmann
Last year, July 21, we celebrated Prof. MüllerHellmann for his 30 years of dedicated teaching
service at ISEA. Indeed, following an application
of the Faculty of Electrical Engineering (nowadays called Faculty of Electrical Engineering
and Information Technology) the Rectorate of
RWTH Aachen University appointed in February
1987 Dr. Müller-Hellmann as lecturer for the
course “Elektrische Nahverkehrssysteme” (Engl.
Electrical Light-rail Systems). Already in 1994,
due to his excellent teachings, he was awarded
the title Honorary Professor and was also
appointed lecturer for the course “Elektrische
Bahnantriebe” (Engl. Electrical Railway Drives).
In addition, Prof. Müller-Hellmann also contributed since 1994 to the very successful interfaculty lecture on “Energy from Renewables”.
I was very pleased, that prof. Müller-Hellmann
continued teaching even after his retirement
as Managing Director of the German Transport
Association (VDV) in 2010.
Anyone who attended his lectures and seminars
will vow to the fact that Prof. Müller-Hellmann
is extremely dedicated to his students. Not
only provided he them with excellent teaching
materials, but also organized excursions visiting
companies and helping them making contacts
to apply for internships. His lectures are constantly updated and richly illustrate the state-ofthe-art of modern railway technology. During
his professional work, Prof. Müller-Hellmann
always closely stood at the brink of new developments and innovations. He always thought
his students and colleagues, how important it
is to question old ways and methods, based
on profound technical knowledge. His longlife experience in the transportation sector

gave him deep insight not only in the technical
concepts, but also the many social, economical,
legal and policy aspects that come with large
railway infrastructure. No doubt, giving this

on the strong and excellent teaching support
Prof. Müller-Hellmann gave the Institute over
the past 30 years. It was a great surprise to
Prof. Müller-Hellmann that Hr. Günter Elste,

experience to young engineering students is
extremely valuable. Anyone, who has attended
a presentation of Prof. Müller-Hellmann will
confirm that he has the natural talents to teach
and to motivate people.

Honorary Chairman of VDV, came all the way to
give a speech, reflecting on the many accomplishments of Prof. Müller-Hellmann. during
his work at VDV. After the discussions, the institute provided Prof. Müller-Hellmann with the
golden ISEA business card (see picture) and
the ISEA tie which, as I noticed, he has been
wearing during the past semester of teaching.

And that is exactly what he did during his
impressive Festvortrag presentation at our
Celebration Colloquium, entitled “30 Years
of Electrical Light Rail Systems – important
steps on the road to the current status quo”.
After the welcome remarks and greeting of
the audience, Prof. Sauer, Speaker for the Electrical Energy Group of our faculty, reflected

1

We wish Prof. Müller-Hellmann good health
and hope that he will continue teaching for
years to come.
Prof. Rik De Doncker
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Storage Systems I Introduction
The Department of Battery System Technology and Vehicle Integration
The ISEA department of “Battery System
Technology and Vehicle Integration”
covers research topics in the areas of
system design and layout, as well as
regarding the efficient and safe management of batteries. The battery systems
developed here are optimized for the
requirements of the particular application, for example for plug-in electric
vehicles or fully electric cars, battery
electric trains, heavy duty applications,
for aviation or for medical appli- cations.
System models are used for the design
and they are continually evolving further
and being developed for new applications as required.
In one of the departments important
areas of research, the researchers are
devoting them- selves to the management and diagnostics of batteries - both
of lithium-ion battery systems and leadacid starter batteries. The flexible battery
management system (BMS) used for this
purpose at the institute comprises, in

terms of hardware, a modular masterslave architecture, which can and is being
systemat- ically developed further in

numerous research projects, theses and
student projects. The software is correspondingly implemented modularly and
has also been customized and used for
other applications.
In the area of battery system design, the
researchers are investigating how the
wiring of individual cells affects the life of
the battery and how to connect different
types of individual cells to modules and
packs, so that different vehicle classes
can be operated with the same basis.
Several joint projects are researching
how future electrified local public
transport concepts can be implemented
as efficiently as possible. And in the area
of the thermal design of battery systems,
they are researching how cooling strategies and systems can be optimized for
particular appli- cations and the associated requirements.

Construction and development of stationary
high-voltage battery storage

Power Electronics I InSeL Research Project
Low-interference power electronics for the mobility of tomorrow
The dominant sources of interference in
powertrain inverters for electric vehicles
are the insulated-gate bipolar transistors
(IGBTs) used. However, the switching
procedure can be influenced and controlled significantly by the IGBT’s gate
driver.

electrics”), which the companies BMW,
Bosch, Infineon, EPCOS, Lenze, the Fraunhofer Institute LBF and IISB also contributed to, the ISEA has developed a gate
driver with switch- able resistors, which
can be switched with a temporal resolution of five nanoseconds.

As a rule, voltage sources are currently
installed with a current limiting resistor
as a gate driver. Within the scope of the
BMBF funded research project “Inhärent
Störungsarme Leistungsele- ktronik”
(InSeL, “Inherent low-interference power

A simultaneous reduction of interference
emitted from switching losses is also
possible through the highly dynamic
influencing of switching characteristics.
For the optimal implementation of the
power semiconductor, the entire opera-
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ting area must be charac- terized depending on current, voltage and temperature.
At the ISEA, a specifically designed, fully
auto- mated test bench is therefore used
for the char- acterization of power semiconductors with volt- ages up to 1,000
V, currents up to 1,000 A and temperatures from -40 °C to 200 °C. A reduction of
switching losses of up to 15 % for constant emissions of interference can be
achieved with the ISEA developed gate
driver.
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JARA-ENERGY Talks I Dr. Johannes Teyssen
Innovations for the Energy Revolution: Politics, Industry and Science have been called upon
The energy supply of the future can be secured
by expanding volatile and privately operated
generation facilities based on renewable energies. At the “JARA-ENERGY Talks”, the E.ON CEO
Dr. Johannes Teyssen expressed this conviction
during a collaborative series of events orga-

companies as well as science as responsible
for their development and implementation.
Only cooperation will enable the creation of an
innovative energy system, he stated. Service
and customer orientation should absolutely be
paramount in this.

This can generally be seen across the board
among the media.
In his talk, the E.ON CEO called on politicians
to approach the energy revolution in a bold
and sustainable manner. According to him, it is
important to set further incentives for change.
These include, for example, the introduction of
a minimum price for CO2 and investment incentives for the smart grids of tomorrow. Benefits
to the customer should be at the forefront; new
business models need to be developed on this
basis. At the same time, technology companies
would have to break away from subsidies and
also take the customer’s wishes into consideration. He also stated that close cooperation
between science and industry will prove to be
indispensable for the creation of a new energy
world.

Editor:
ISEA I Institute for Power Electronics and
Electrical Drives, RWTH Aachen University
nized by the Jülich Aachen Research Alliance
(JARA), the E.ON ERC, the ISEA and the FEN in
his lecture “Innovations – the most important
energy source of the future”.
However, good ideas alone don’t lead to
change, according to the E.ON CEO. In addition
to politics, he views energy and technology

Despite large investments in the energy revolution and many advances, Dr. Teyssen has
observed a general tendency of increasing
uncertainty in large sectors of society when
it comes to the successful implementation of
the energy revolution. A focus is usually placed
on the negative, citing the reasons to expect
failure instead of the various positive aspects.

Chair for Power Electronics and
Electrical Drives
Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
Chair for Electrochemical Energy Storage
Systems
Prof. Dr. Dirk Uwe Sauer

Editorial Staff and Contact:
Dr. Ute Müller/Dr. Rolf Sweekhorst
ISEA I Institute for Power Electronics and
Electrical Drives
RWTH Aachen University
Jaegerstrasse 17/19
52066 Aachen

Events/Dates
April 2, 2019
Aachen, Germany

Battery Day NRW
http://battery-power.eu/en/battery-day-nrw

April 3 - 4, 2018
Aachen, Germany

10th Advanced Battery Power Confence
http://battery-power.eu/en/advanced-battery-power

November 28 - 29, 2019
Aachen, Germany

IRSA 2019 – International Railway Symposium Aachen
http://www.irsa.rwth-aachen.de
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Dissertations
Nils Soltau:
High-Power Medium-Voltage
DC-DC Converters: Design,
Control and Demonstration

High-Power Medium-Voltage DC-DC
Converters:
Design, Control and Demonstration
Nils Soltau

Marco Stieneker:
Analysis of Medium-Voltage
Direct-Current Collector Grids
in Offshore Wind Parks

In direct-current (dc) networks, dc-dc
converters are used to step up or step down dc
voltages and are therefore considered as the
equivalent of the transformer in the classical
alternating-current (ac) system. This dissertation is dedicated to the implementation of a
medium-voltage high-power dc-dc converter.
After modeling the converter, a fast current
controller is demonstrated that sets a reference current within one third of a switching
period. Moreover, a balancing control scheme
is developed which increases the utilization
of the converter. To increase the converter
efficiency, an auxiliary circuit is designed for a
medium-voltage high-power application. The
prototype demonstrates a compact design
and an amortization in less than one year for
a wind application. The medium-frequency
transformer is a key component in the dc-dc
converter. The high power density and the
requirements on the stray inductance make its
design challenging. Therefore, especially the
core losses under the influence of power electronics and the design of the stray inductance
are analyzed. Moreover, a 2.2 MVA transformer

Despite the fact that offshore wind parks
transmit their power to the on-shore ac grid via
high-voltage direct-current (HVDC) converter
stations and the fact that the ac output of
speed-variable generators in wind turbines are
first converted to dc, the energy delivered by
Dr. Marco Stieneker
is with thyssenkrupp
Industrial Solutions AG.

Analysis of Medium-Voltage
Direct-Current Collector Grids in
Offshore Wind Parks
Marco Stieneker

He was 2010 - 2018 as
research associate and
chief engineer with PGS
at E.ON ERC.

Dr. Nils Soltau joined
Mitsubishi Electric Europe
B.V. as an Application
Engineer for mediumvoltage semiconductors.
He was 2010 - 2017 as
research associate and
chief engineer with PGS
at E.ON ERC.

operated at 1 kHz is constructed. It demonstrates a ten-fold power density compared to
a 50 Hz transformer. Finally, the dissertation
presents the construction and the setup of a
high-power medium-voltage demonstrator of
the converter. The demonstrator is rated for 5
kV dc-link voltage and a power of 5 MW. From
the commissioning, valuable experience on
an industrial construction of the converter are
concluded, as well as future research topics.
This dissertation is available both in the electronic as well as in the printed version via the
e-mail address pgs-office@eonerc.rwth-aachen.de.

Therefore, medium-voltage dc collector grids
offer many advantages with respect to efficiency, reliability, installation and maintenance costs. This thesis investigates design
approaches for dc collector grids in offshore
wind parks with and without internal voltage
step-up converters. The required dc-dc
converters are discussed in detail but also
the investment and operational costs of the
electrical infrastructure. At the end, the investigated dc collector grid is compared with an
established ac collector grid approach.
This dissertation is available both in the electronic as well as in the printed version via the
e-mail address pgs-office@eonerc.rwth-aachen.de.

each wind turbine is still collected by a mediumvoltage ac collector grid. This approach requires
a two-fold electrical energy conversion in the
wind turbine, i.e. rectification to dc, followed by
an inversion back to fixed frequency ac.
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Dissertations
Tobias Diekhans:
Wireless Charging of Electric
Vehicles – a Pareto-Based
Comparison of Power Electronic
Topologies

In this dissertation, contactless inductive
charging systems for electric vehicles are
investigated. The most promising power electronic topologies are holistically designed and
systematically compared with each other using
the methodological approach of multi-objective
optimization.
Dr. Tobias Diekhans
works at Robert Bosch
GmbH since 2011; from
2011 to 2014 as an external
ISEA PhD student and
subsequently as a research
engineer in the field of
power electronics.

operation under the conditions of a varying
magnetic coupling factor or in partial load.
With this approach a better tolerance against
misalignments of the vehicle on the charging
pad can be achieved, for instance.
The topology is implemented as hardware
prototype with an output power of 3 kW. At
a coil-to-coil distance of 100 mm an efficiency
of 95.8 % is measured across the inverter,
charging coils and rectifier.
This dissertation was published by Shaker
Verlag as vol. 87 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-5048-6 .

The key contribution is the proposal of a power
electronic topology with dual-side power
control, enabling an efficiency-optimized

Heide Budde-Meiwes:
Dynamic Charge Acceptance of
Lead-Acid Batteries for MicroHybrid Automotive Applications

In micro-hybrid vehicles, the lead-acid battery is
a crucial component for improved fuel economy
by using stop/start function of the engine and
regenerative braking. The lead-acid battery has
a limited dynamic charge acceptance (DCA) and
therefore, it can use only a small part of more
than 150 A (provided by the alternator du ring
regenerative braking) which reduces fuel efficiency. Therefore, it is important to establish
test methods and a mechanistic model for DCA
under realistic vehicle usage conditions .

active masses and by electrical tests on cells
and single electrodes.

Within this work, the causes of the limited DCA
are analysed. From the findings, a model for
describing DCA and an accelerated measurement method to derive DCA as it is under real
world conditions were developed. The proposed
test method is now published as EN standard
(EN 50342-6). This is the first time that a validated measurement method for DCA is established, that even can be performed in a relatively short time. The electrochemical reasons
for the limited DCA were analysed by applying
postmortem-analysis on the morphology of the

The focus of this work was on enhanced flooded
batteries (EFB), which satisfy the durability
requirements of many micro-hybrid vehicles at
significantly lower cost than absorbent glass
mat (AGM) batteries, but present some additional complexity for the measurement and
understanding of DCA.
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Dr. Heide Budde-Meiwes
worked from 2008 to 2014
as a research assistant and
chief engineer at ISEA.
Today she works for Robert
Bosch Battery Systems
GmbH.

This dissertation was published by Shaker
Verlag as vol. 84 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4733-2.
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Dissertations
Madeleine Ecker:
Lithium Plating in Lithium-Ion
Batteries – An Experimental and
Simulation Approach

The lifetime and safety of lithium-ion batteries
is a key requirement for successful market introduction of electro mobility as well as for the
application in stationary use. Lithium-plating
is an important effect in lithium-ion batteries,
leading both to ageing as well as safety risks.
The aim of this thesis is to achieve a better
understanding of lithium plating using an
experimental as well as a simulation approach.
Experiments were performed on various types
of lithium-ion batteries using changing operation conditions to gain knowledge of different
influence factors on lithium-plating. Postmortem analysis was conducted on selected
cells in order to examine the deposition process
of metallic lithium.

parameterised physico-chemical model can be
to design charging strategies as well as battery
materials to prevent lithium plating.
Dr. Madeleine Ecker
worked from 2009 to 2017
as a research assistant and
chief engineer at ISEA.
Today she works at
Deutsche Accumotive
GmbH & Co. KG.

This dissertation was published by Shaker
Verlag as vol. 80 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4525-3.

Furthermore, a physico-chemical model was
developed and parameterised to simulate
lithium-plating and a validation is given by
comparison with experimental data. The results
illustrate impressively, how helpful a carefully

Benedikt Lunz:
Deutschlands Stromversorgung
im Jahr 2050

This thesis presents a comparative assessment
of a range of possibilities for German electricity systems in 2050 from a techno-economic
perspective.
The assessment starts with a comprehensive
scenario analysis of future electricity system
Dr. Benedikt Lunz was
a scientific assistant at
ISEA until 2015.
Presently he works as
a product manager
at Valeo Siemens
eAutomotive Germany
GmbH in Erlangen.

at lowest possible cost and under consideration
of societal boundaries.
In total around 450 possible system variants are
evaluated. The developed method can rapidly
illustrate the influence of manifold parameter
changes on future electricity system setups
with low economic costs.
This dissertation was published by Shaker
Verlag as vol. 82 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4627-4.

designs. Based on that residual load calculations are performed. Their results are one input
variable for a problem-specific heuristic optimization routine. By this routine a set of different
sources of system flexibility is determined
which can complement the fluctuating supply
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Dissertations
Stefan Engel:
Thyristor-Based High-Power
On-Load Tap Changers – Control
under Harsh Load Conditions

Stefan Engel successfully defended his PhD thesis
on November 24th, 2016. In his thesis, he investigates fully electronic thyristor-based on-load tap
changers that are capable of switching extremely
fast and exhibit virtually no wear due to switching
Dr. Stefan Engel was with
ISEA from 2008 to 2017. In
2013, he became chief
engineer for the power
electronics and electrical
drives groups. Since
December 2017, he has
been working for SMA Solar
Technology AG.

actions. For the control of the commutation
process a robust control is developed. The new
control scheme uses separate gate trigger signals
for each thyristor of a bidirectional thyristor pair.
Thereby, a safe commutation at highly disturbed
load currents is achieved. Undesired short-circuits

Hauke van Hoek:
Design and Operation Considerations of Three-phase Dual
Active Bridge Converters for
Low-power Applications with Wide
Voltage Ranges

Three-phase dual active bridge (3ph-DAB) DC/DC
converters offer a flexible solution for the interconnection in DC power supply systems or DC
grids. However, the topology is known to suffer
from reduced overall efficiency with the standard
operating scheme when used for wide operating
ranges. In this thesis, a novel parallel-phase operation is proposed, which can be used to substantially enhance the efficiency in the problematic
operating ranges.

from tap to tap during commutation are avoided
effectively.
A detailed simulation model of transformer and
tap changer is synthesized to comprehensively
test the developed control under highly disturbed
load conditions. The model is verified using a lowpower experimental setup of a 9-step on-load
tap changer prototype. Basic switching tests
are performed on a 27-step on-load tap changer
prototype with a nominal regulating range of
±7600 V and a current capability of 950 A.
This dissertation was published by Shaker
Verlag as vol. 85 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4986-2.

power of 3 kW. A combination of different operation modes as well as variation of the switching
frequency is analyzed along with the impact on
the converter design. Ultimately, it is shown with
measurements of a prototype how the overall
efficiency for wide voltage and power ranges can
be substantially increased.
This dissertation was published by Shaker
Verlag as vol. 86 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-5011-0.

Dr. Hauke van Hoek worked
at ISEA from 2009 to 2017 as
group leader and later
as chief engineer. Currently
he is senior manager in
corporate research for
power electronics and
electrical machines at
Robert Bosch GmbH.

The analysis is carried out on the basis of a DC/
DC converter for an electric vehicle with a rated
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Dissertations
Yu Wang:
Development of Dynamic
Models with Spatial Resolution
for Electrochemical Energy
Converters as Basis for Control
and Management Strategies

Within this thesis a tool which allows
combining the analysis of the impact of the
system management and load profile on the
internal parameters inside electrochemical gas
or fluid cells such as distribution of potential,
Dr. Wang worked as a
research assistant at ISEA
from 2009 to 2014.

batteries (VRFBs). The thesis concentrates on
implementation and validation of the models.
The developed models offer the opportunity to
optimize flow fields or control strategies in the
future.
This dissertation was published by Shaker
Verlag as vol. 79 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4303-7.

current density and concentration of reactant has been developed. The focus is on high
temperature proton exchange membrane fuel
cells (HT-PEMFCs) and all-vanadium redox-flow

Dominik Schulte:
Modellierung und experimentelle
Validierung der Alterung von
Blei-Säure Batterien durch
inhomogene Stromverteilung
und Säureschichtung

The ageing behavior of lead-acid batteries is
complex and is strongly influenced by inhomogeneities. In almost all application a reduction
of inhomogeneity can significantly increase
lifetime.
To get a better understanding of the inhomogeneous acid stratification and the current
distribution within the cell and their interaction, a novel in-situ measurement method
was developed. On the one hand this method
allows to measure the spatial difference in
acid density and on the other hand an insight
into the potential distribution on the negative
electrode is gained. The potential measurement enables to quantify the current distribution and reactivity of certain electrode areas.
The results of this measurement allow a well
formed description of various influencing
factors in the buildup of the acid stratification
and the increase in ageing caused by the inhomogeneous usage of the active material.
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A simulation model was developed based on
the finding of the in-situ measurement, which
takes the influence of inhomogeneities into
special consideration.
Dr. Dominik Schulte war
bis 2012 als wissenschaftlicher Mitarbeiter am ISEA
tätig.
Er ist Mitgründer und
Geschäftsführer der Firma
BatterieIngenieure GmbH,
Aachen.

This dissertation was published by Shaker
Verlag as vol. 77 of Aachener Beiträge des ISEA
and is available under ISBN 978-3-8440-4216-0.
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