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ISEA/ika team wins eCarTec award

Dear Readers,

ISEA assistant Christoph Schäper and his colleague Sven Ginsberg
from the Aachen Institute for Automotive Engineering (ika) received
the eCarTec award for the development of a crash-active battery
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from the Bavarian State Government in Munich.
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And so another eventful year comes to an
end. ISEA has continued to grow, and the
importance of our research topics is growing
steadily. The number of electric vehicles is
increasing, and now more than 25% of electricity generated in Germany is from renewable sources. The following statement holds
in all cases: “power electronics, drives, and
storage inside”. We are delighted that our
work can contribute to better products and
a sustainable future. This will motivate and
inspire us in the coming year.
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Kind regards
Dirk Uwe Sauer
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Storage Systems I ISEA/ika team wins eCarTec award

Source: MunichExpo Veranstaltungs-GmbH

The appearance of eCarTec – the leading
trade fair for electric mobility – in Munich
held extra excitement for ISEA assistant Christoph Schäper this year: the energy storage

Christoph Schäper (second from left) and Sven
Ginsberg, ika (third from left) were delighted with
the award for their work.

project team was awarded the Bavarian
state award for electric mobility, known as
the eCarTec award, for its e-performance
research project (see ISEA News 1/2013). The
award, which comes with a €60,000 prize, is
awarded annually in seven categories by the
Bavarian Ministry of Economic Affairs and
Media, Energy, and Technology. For Christoph
Schäper and his colleague Sven Ginsberg
from the Aachen Institute for Automotive
Engineering (ika), the trip to Munich was well
worth it: they had the privilege of receiving
this prestigious award.
During the evening ceremony, Dr. Christian
Cornelissen from the VDE testing and certifi-

cation institute emphasized in his praise that
the development team succeeded bringing
together functionality, system integration, and
safety “under one roof“.
In implementing the ika bodywork experts‘
idea of a crash-active battery into a real system
the jury saw, as it explained in its reasoning,
a well thought-out and trendsetting battery
concept. The team impressed primarily
through the complete thematic depth in all
aspects of system development: from electronic development, algorithm development,
ageing studies, system design and cooling, to
complex structural considerations.

Storage Systems I Germany-wide monitoring for domestic PV storage
One of the most pressing problems with regards
to the supply of electricity from renewable
sources is the time shift between production and
consumption. Moreover, the high level of simultaneity of, for the most part decentralized, PV generation is increasingly leading to congestion on the
distribution network. The expansion of networks
can only partially solve such problems: a need
for temporal balancing will remain. This is where
electricity storage comes in. It not only deals with
equalization over time, but its use can also help to
limit the need for costly network expansion.
ISEA is undertaking a range of research projects
on optimal design and operation, as well as ways
to improve the grid integration of decentralized
storage systems. The effect of decentralized PV
storage systems on the supply system is being
examined, among other things.
Even though there is an increasing benefit
for owners of PV systems for consuming the
produced electrical energy on their own (feed-in
tariffs have been slashed down to 13,88 ct/kWh),
PV battery storage systems offered today are still
too expensive due to the small numbers installed
so far.

Therefore, the German Ministry for Environment launched a market introduction
program. The governmental owned bank KfW
offers loans for the investment in PV generators and storage, plus a repayment bonus of
up to 30 percent on the storage system costs.
The funding will however only be granted if
the storage system limits the power fed to the
grid to 60 percent of the rated power of the PV
systems.
We supported the Ministry with the development of key basic features of the market
incentive program. Now a scientific measurement and evaluation program was launched
to accompany the market
introduction. This program
will be conducted by ISEA.
Fundamental data will be
collected from all funded

systems. Monthly energy sums will be analyzed
for several hundred systems and the operation
of 20 systems is to be closely monitored using
measuring systems specifically developed for
this purpose.
This project will, in particular, examine the
system impact of storage on the distribution
network, the operating conditions in such
systems, the overall efficiency levels, the potential for further bi-directional network services,
and the reliability and lifetime of the battery
storage used. Further information on this
project will be available shortly on the ISEAWebsite.

With proper operational
management, storage systems
permit a temporal balance
between consumption and
production while at the same
time reducing peak feeding-in.
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Electrical Drives/Power Electronics I EMiLE research project
Cost savings through integration
In order to prevail on the marketplace, electric
vehicles must become more powerful, more
reliable and cheaper. The EMiLE (Elektro-Motor
integrierte Leistungs-Elektronik) research
project, funded by the Germany Ministry of
Education and Research (BMBF) to the tune
of approx. 10 million, is pursuing this goal. To
achieve the aforementioned goals, the power
electronics of an electric vehicle are to be
directly integrated into the electric machine. It
is anticipated that efficiency and power density
will increase, errors will be easier to detect and
series production will be much cheaper.
Together with industry partners AixControl
GmbH, Infineon Technologies AG, Lenze SE,
Robert Bosch GmbH, Siemens AG, TDK-EPC
Corporation, Volkswagen AG, the Fraunhofer
Institute IISB, and ZF Friedrichshafen AG, ISEA
is researching the technologies necessary for
this to happen. The EMiLE project’s foundations,
in terms of strategy and content, were developed in close coordination with Working Group
1 of the National Platform for Electric Mobility
(NPE).

Short & Compact
A prestigious award
In mid-September, Prof. Rik W De Doncker
(pictured left) was awarded the IEEE William E.
Newell Power Electronics Award (see info here)
for his outstanding contribution to the advancement of power electronics. The award was
presented by IEEE President, Dr. Peter Staecker
(right), on the occasion of the “Energy Conversion Congress” in
Denver. In his speech,
Prof. De Doncker
expressed his thanks
to the world’s largest
association of electrical engineering and computer science engineers, and noted that the prize represented
an incentive for him and his team to intensify

Placing the power electronics in the vicinity of
the stator windings of the main motor provides
many advantages. Inverters that power the elec-

sources of electromagnetic interference are
eliminated, as the vehicle’s motor cables – which
are burdened by interference currents – can be
avoided. At the same time, however, the thermal
and mechanical requirements placed on the
power electronics are increased.
The EMiLE project goes one step further. The
partners plan to directly integrate the power
electronics into the propulsion drive. The
number of individual interfaces and components
can thus be further reduced. Moreover, the use
of pre-assembled individual systems simplifies
the production process. In addition, benefits in
terms of fault monitoring and control, redundancy, functional safety, and system efficiency
can be expected.

tric motor can be integrated via a limited number
of interfaces. Benefits are created in terms of
space, weight, and overall cost compared with
separate systems. In addition, the potential

research on environmentally friendly energy. He
said that power electronics is a key technology
on the way to a sustainable, CO2-neutral society.
.
***
A promising programme
The international Advanced Battery Power
symposium will be held from March 24th to
26th, 2014 in Münster. The focus is on the entire
battery value chain: from cell chemistry and
battery management through to production
and use in vehicles and stationary storages
systems. The number of abstracts submitted
(over 150) promises for an interesting program
of lectures and the latest results from research
in this area. More information is available at
www.battery-power.eu.
***
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Thanks to EMiLE, the system power density of
the inverter and e-machine is expected to grow
by up to 50%– while ensuring 40%lower system
costs compared to separate subsystems. And
not only in the automotive sector that innovative solution is expected to be implemented, but
also in industrial drive applications.

ISEA at Productronica
In November, ISEA presented current research
topics at the Productronica event in Munich in
the scop of the
special show
“Battery Storage
System Technology”. Together
with industry
partners, the
Institute demonstrated the entire chain of
battery development from material issues
through to the system issues from research
and industry perspectives. New contacts were
made, and existing partnerships strengthened.
The level of awareness of the Institute continues
to grow thanks in part to its presence at such
events.
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Storage Systems I Helmholtz Institute with ISEA involvement
New research center brings together expertise in electrolyte research
The Münster-based Helmholtz Institute (HI MS)
centre, set up by the Helmholtz Association
senate and with a focus on “Ionics in Energy
Storage”, has strengthened the position of ISEA
in the field of battery research.
The main focus of the new institute will be
studies on electrolytes in different types of
batteries. The exploration of this key compo-

nent of energy storage complements the Helmholtz Association’s strategy of further strengthening Germany as a place of research.
In addition to the University of Münster, the
Forschungszentrum Jülich and the RWTH
Aachen – including the ISEA – are involved in
the newly founded institute. Strategic partnerships between these research institutions will

Source: WWU/MEET

Bundling competencies:
(from left to right):
Dr. Hans Peter Buchkremer,
Prof. Dr. Dirk Uwe Sauer,
Prof. Dr. Martin Winter,
designated director of
HI MS,
Prof. Dr. Stefan Joos,
Prof. Dr. Ursula Nelles,
Prof. Dr. Harald Bolt,
Prof. Dr. Bart Jan Ravoo.

thus be further intensified in the area of battery
research.
Capacity building in the area of battery research
has been carried out on a work-sharing basis
for several years, with additional or complementary focuses and with close cooperation
between the participating research institutions.
Existing focuses and work already performed
by the various sites will be optimally used and
linked. The new HI MS will also strengthen the
traditionally strong cooperation between the
Forschungszentrum Jülich and RWTH Aachen
within the scope of JARA Energy.
Professor Dirk Uwe Sauer is involved in the
implementation of new battery concepts in
applications and acts as a spokesman for the
Aachen part of the HI MS. ISEA will establish
a new W2 professorship in connection with
the partnership, who will concentrate on the
complex issues surrounding battery ageing and
modeling, with a special focus on the influence
of the electrolyte.

Power Electronics I HI-LEVEL research project
Compact drive inverters thanks to high-current PCB technology
A novel design concept for the propulsion
drive electronics of electric vehicles is being
developed within the HI-LEVEL project (highcurrent PCB as an integration platform for
power electronics for electric vehicles). The
entire design is compact, so that it can be
mounted directly on the electric motor.
Electric vehicles require a variety of power
electronic components. The drive inverter is
very important in this respect as it helps to
convert high-voltage direct current into a
frequency-controlled AC voltage to control the
motor. If such inverters are to be integrated
with the motor itself in a single housing,

they must be particularly compact in design.
Electrical reliability, energy efficiency, and
durability are just as important as the desire
to keep the manufacturing costs as low as
possible.
The drive inverter design concept, which was
developed for this project, is based on highcurrent PCB technology. The power semiconductors (IGBTs, diodes) are mounted using
silver-base contacting paste directly onto a
copper core. Contact with the semiconductor
upper side are made via a copper circuit
board layer using embedding technology.
The control electronics can be placed in close
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proximity on the board, giving full integration
of all active components in a single module.
The technologies developed in the course of
the project are exemplarily demonstrated in
an inverter with 50 kW peak power and significantly lower construction height compare
to a conventionally designed inverter. The
HI-LEVEL consortium represents the entire
value chain: from component and material
suppliers though to electric vehicle manufacturers. The demonstration unit developed by
ISEA is thus of high relevance for production
techniques and high-volume and manufacturing relevance.
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Featured I The Electrical Drives research group
Electric drives are among the core components in plant engineering and future mobility.
Within the ISEA “Electrical Drives” research
group, specifications, design, modeling and, in
particular, research and construction of innovative drive systems are at the forefront of a wide
range of tasks. Newly developed systems can
be thoroughly tested thanks to the renovated
and new test facilities at the Institute.
The ongoing development of design tools
permits the rapid and efficient initial design
of electric drives, including feasibility studies
for given specifications. The precise modeling
of drive trains takes into account the motor
models and, specifically, the characteristics of
the power electronics and control functions,
as there are significant interactions between
them. As early as the detailed design phase,
aspects such as magnetic utilization, thermal
stress and cooling, dynamic behavior, and
required load cycles are examined in detail.

Design
DC HV Link
Battery

Designing drive controllers and inverters for
induction machines is a key activity of this
research group. Dynamic and energy-efficient
control methods and a high power density
for the electronic systems stand particularly
in the foreground. The development results,
including their thermal behavior and saturation effects, can be simulated and measured
on test stands using accurate motor and
converter models.
A comprehensive tool chain consisting of
finite element models, Matlab/SimulinkTM,
and SPEEDTM Design Tools , enables an exact
replica of drives with respect to power density,
dynamic control, and efficiency, as well as
acoustic prediction and optimization.
In order to verify laboratory samples of the
designed drives, an extensive infrastructure of
control systems, drive inverters, measurement
instrumentation and test stands is available.
Depending on the given
application, microprocessors, digital signal processors, and FPGA systems
are used for controlling lab
inverters for rotating-field
and reluctance drives.

System Simulation
Battery

Realization

The
integration
of
advanced drive systems is
one of ISEA’s core competencies. In addition to
setting up demonstra-

Torque in Nm

Source: M. Christoph, T. Lange

On-Board
Charger

Measurement
Speed in rpm

ISEA development process for
electrical drive systems

Events/Dates
17.-18.02.2014

Electric buses – a future market!?, Berlin, more info here

25.-26.03.2014

Advanced Battery Power symposium 2014, Münster, www.battery-power.eu

06.-07.05.2014
		

Electric & Electronic Systems in Hybrid and Electric Vehicles and
Electrical Energy Management, Bamberg, more info at www.eehe.de
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tion units for laboratory use, the focus in this
respect is on the development of drives for
field tests, as carried out in recent years for
various research vehicles.
Final commissioning and gauging permits the
adjustment of the designed drive system to
the given specification.

Stefan Engel has been head of the “Power
Electronics and Electrical Drives” research group
since October 2013. Stefan Koschik and Tobias
Lange remain team leaders of the Electric Drives
research group.
Contact: sen@isea.rwth-aachen.de
tla@isea.rwth-aachen.de
sko@isea.rwth-aachen.de

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. Dirk Uwe Sauer

Editorial Staff and Contact:
Hannes Nordmann/Dr. Rolf Sweekhorst
ISEA I Institute for Power Electronics and
Electrical Drives
RWTH Aachen University
Jägerstraße 17 - 19
52066 Aachen
Tel. : +49 241 80 96956
Fax: +49 241 80 92203
Email: newsletter@isea.rwth-aachen.de
Url: www.isea.rwth-aachen.de
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ISEA I Current publications
Michael Bragard:
The Integrated Emitter Turn-Off
Thyristor – An Innovative MOSGated High-Power Device

On June 6, 2012, Michael Bragard successfully
completed his doctoral examination entitled
„The Integrated Emitter Turn-Off Thyristor - An
Innovative MOS-Gated High-Power Device“ in
Aachen.
Dr. Michael Bragard
is a team leader at
Delta Energy Systems
GmbH in Soest, in the
hardware development
of inverter systems for
wind turbines. He worked
at ISEA until 2011 as head
of the Power Electronics
group.

In his thesis, a new component concept with a
driver stage is introduced, called an “Integrated
Emitter Turn-Off Thyristor” (IETO) and is a further
development of the known ETO concept. The
ETO structure enables the good switching characteristics of a MOSFET to be combined with
the good conductivity of a bipolar thyristor. This
novel integration is made possible by the use of
a special pressure contact housing, of which the
mechanical, electrical, and thermal properties
are analyzed in detail in the study. Thanks to inte-

Thomas Plum:
Design and Realization
of High-Power MOS
Turn-Off Thyristors

On 6 June 2012 Thomas Plum completed his
thesis entitled “Design and Realization of High
-Power MOS Turn-Off Thyristors” in Aachen.
In the thesis, the MOS turn-off thyristor (MTO)
is investigated as a possible future component
for power electronic converters in the severalmegawatt power class. Compared with existing
high-power devices, such as the gate-commutated thyristor (GCT), the MTO has a simpler gate
drive circuit. The use of the direct chip-on-wafer
semiconductor bonding is examined as a key
technology in this work. For the optimum design
of a MTO structure, a semiconductors based
physic model is presented, of which the quantitative significance is demonstrated by means of
finite element simulations. With the knowledge
gained, a process flow is demonstrated which
allows the realization of large-scale semicon-
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gration, the leakage inductance drops considerably over the commutation path. The conduction
losses are revealed as being higher compared
to the commercial IGCT. However, it was shown
that the increase in losses attributable to the
additional cathode MOSFET’s is only about three
percent if suitable dimensioning is done.
Verification was carried out by electrical,
thermal, and mechanical measurements on
prototypes which rely on commercial GCT
wafers. These wafers are specified to have a
maximum cut-off current of 520A for a conventional GCT control system. However, a cut-off
current of 1600A was achieved using the IETO
concept. The prototypes are equipped with
short-circuit detection, and a driver stage which
is decoupled from the pressure contact housing;
the driver stage fails 90%less than commercial
IGCTs, while the number of components has
been reduced by half.
The approximately 170-page dissertation has
been published by Shaker-Verlag as Volume
62 of ISEA‘s Aachen contributions and is available under ISBN 978-3-8440-1152-4 (2. Edition
published at E.ON ERC ISBN 978-3-942789-07-3).

ductor elements with MOS structures by direct
semiconductor bonding of MOSFET chips onto
semiconductor wafers.
Dr. Thomas Plum is a
project manager in the
Corporate Research
department at Robert
Bosch GmbH and works
in the field of power
electronics. From 2003 to
2008 he was a research
associate in the components division at ISEA.

The 130-page dissertation has been published
by Shaker-Verlag as Volume 66 of ISEA’s Aachen
contributions and is available under ISBN 978-38440-1884-4.
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