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today you receive the first edition of ISEA
News from the Institute for Power Electronics
and Electrical Drives (ISEA) at RWTH Aachen
University. Prepared with articles and news
concerning special events, research topics
and the results of projects, we want to keep
you updated in regular intervals about our
main research fields, i.e. Power Electronics,
Electrical Drives and Storage Systems.
In case you wish to discontinue receiving this
informative newsletter, please follow the
instructions to unsubscribe provided in this
e-mail. In case you obtained this newsletter
other than by e-mail and you are interested
having this newsletter sent to your e-mail
address, please send an informal e-mail to
newsletter@isea.rwth-aachen.de.
Furthermore, I wish you an interesting
reading
Rik W. De Doncker

Electrical Drives I Research Project
Integration is the key to low-cost drivetrains
Rising chances for E-Mobility – thanks to ODIN
Besides battery cost, the costs of for the entire
drivetrain of electric vehicles have to be reduced
significantly. Within the ODIN-project – Optimized electric Drivetrain by Integration (see
ODIN) – the consortium, comprising Bosch, CIE
Automotive, Fuchs Petrolub, GKN Driveline,
Renault, Romax Technology and ISEA, develops
a fully integrated drivetrain. It brings together
high efficiency to lower battery investment and
reduces man-ufacturing cost by utilizing synergies by fully integrating all components. The
high-speed drivetrain is based on the working
principles of switched reluctance machines, a
very robust and cost-efficient machine type.
Furthermore, the propulsion system uses one

single combined cooling and lubricating circuit
within only one powertrain housing.
Several technical challenges were encountered
when designing a drive with rotational speeds

above 20,000 rpm and a peak power of 70 kW.
For instance, the high-speed gearbox, the high
switching frequency of the converters, the
acoustic behavior of the e-machine, as well as the
integration of the complete powertrain had to be
engineered carefully. All these challenges have
been accepted as design targets by the ODINConsortium. The project is set to be completed by
mid of 2015. After two iterative prototype phases,
the complete high-speed e-powertrain will be
installed and tested in a customized Renault-Zoe.
This project is funded by the European Union
in the context of the Seventh Framework
Programme for Research.
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e performance I Power Electronics/Electrical Drives
The modular system with a distributed drivetrain
topology which is a key component of the project
e performance (funded by the German Federal
Ministry of Education and Research – BMBF – for
more information see ISEA Annual Report) challenged the research groups for Power Electronics
and Electrical Drives. The electric vehicle chosen
as a development platform in this BMBF e performance project carried Audi’s internal designation
F12 and has an overall traction power of about
220 kW distributed over two axles. The rearwheel drive was equipped with two induction
machines to demonstrate an electronic differential gearbox. The RWTH Institutes IEM and ika/fka
developed the electric machines with integrated
differential gearboxes. The controls and the
converters for the four-wheel drive of this sports
car were designed, built and tested at ISEA.
The chosen topology consists of two modular
battery packs with a nominal voltage of 144 V
and 216 V and a maximum discharge current of
up to 650 A, two HV-DC/DC-Converter to feed the

common DC-link and three drive units. The variable operating voltage is controlled by the DC/
DC converters and limited to a maximum of 400
V. In total, three propulsion units are installed, i.e.
two induction machines with integrated inverter
modules, each having a maximum power of 90
kW, as well as one permanent magnet synchronous machine with a universal inverter and a
power rating of up to 50 kW. With the DC/DC
converters in the drive train, additional degrees
of freedom concerning functionality can be
reached. The modular system allows a battery
voltage independent design of the drive train
components.
All development steps of the five power electronic components have been carried out at
ISEA, starting with the system
design and ending with the
vehicle integration. Additionally, each component was built
twice for laboratory tests and
vehicle prototype integration.

After verification tests of the first prototypes,
ten power electronic converters were assembled
in total. During the following initial operation
tests, up to three high-power test benches were
used simultaneously. For example, the DC/DC
converters were tested under full load conditions,
which corresponds to currents up to 1000 A.
In June 2012, the vehicle prototype was equipped
with the two DC/DC converters with a maximum
power of more than 220 kW and the battery
packs for first operation tests. The integration of
the rear drive module was carried out in August
followed by first driving demonstrations on the
test track at the end of August. Finally, the frontwheel drive was installed in March 2013, enabling
full dynamics of the all-wheel drive train.

e performance I Storage Systems
5200 battery cells for a sports car: The ISEA
storage system engineers developed an unusual
battery pack for a vehicle demonstrator in the
public funded BMBF research project e performance. The mechanical design of the battery
is based on the idea of a crash-worthy modular
system concept. With this idea the colleagues of
the Institute for Automotive Engineering (ika)
initiated a challenging development process
resulting in a trapezoidal battery module
design enclosing 26 small 18650-type cylindrical
battery cells with integrated liquid cooling and
protective devices to prevent overcurrent and
overheating. In total, 200 of these so-called
macrocells were integrated in two independent
battery packs with a total capacity of 38 kWh to
power a vehicle demonstrator based on an Audi
R8 assembled in collaboration with the project
partners. The battery packs were manufactured
and tested in the new ISEA facilities located at
Hüttenstrasse, Aachen.

Both battery systems are
linked independently through
Together with their RWTH colleagues, many ISEA researchers took the
DC/DC converters to the
opportunity to experience a hands-on feeling of the superb handling of
“their” new e performance car.
vehicle’s high-voltage system
and supervised by the ISEA
battery management system (BMS). This recent
current rating to the cycle lifetime and at the
BMS release bundles the ISEA electronics knowcorrelation between state of charge, temperahow with the latest findings in battery diagnosture and the calendar lifetime of the cells.
tics research. For the most part the diagnostic
algorithms have been specifically developed for
After successful integration of the two battery
this multi-storage topology and parameterized
packs into the vehicle in August 2012 the system
in detail to the selected battery cells.
is under test on the RWTH test-track. Thanks to
a methodical and incremental test period of
During the entire three-year project period,
the BMS system prior to the actual assembly
aging tests have been performed on these
of the packs, both battery packs operated very
battery cells. Thanks to the high number of
reliable and many hours of testing have been
available test benches in e performance, an
performed since then. At the end of the project
unprecedented large-scale measurement
all involved researchers met for a driving event
matrix, covering a wide range of state – charge
at the test-track and had the chance to experi(SOC) and temperatures was processed. A closer
ence the excellent handling characteristics of
look was taken at the effect of cycle depth and
their research vehicle (see picture).
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Interview I Professor Jayant Baliga
Red.: What does fascinate you the most about
power semiconductor devices you have been
developing for so long?
Baliga: It is amazing to me that, even after
more than 60 years of progress, it
is still possible to make orders of
magnitude improvements in power
devices by creating innovations in
device physics and semiconductor
materials.

Graphen. Are the developed technologies for
silicon almost maxed out?
Baliga: Innovative device physics, such as two
dimensional charge coupling, will allow further

Professor Jayant
Baliga teaches
and researches
as distinguished
university professor
at the Noth
Carolina State
University. By a
large extent he
was involved in the
development of the
IGBT (Insular Gate
Bipolar Transistor).

Red.: In which topics of Power Semiconductor Devices you see in future
the most potential to reach major
improvements?
Baliga: Combining MOS and Bipolar
physics in the 1980s enabled
creating a revolutionary advancement in power device performance
by creation of the IGBT. The next
major advancement will occur by
using wide band gap semiconductors for power devices.
Red.: Researchers are looking for new semiconductor materials e.g. Silicon Carbide (SiC) or

Red.: According to your Baliga’s Figure of Merit
(BFOM), diamond has a benchmark relative of
12,500 to silicon. Despite the existing problems,
do you think that semiconductors made out of
diamond will revolutionize the industrial sector?

improvements in silicon devices. I see silicon
power devices remaining the dominant technology for applications operating at less than
200 volts.

Baliga: I believe the next impact will
be achieved using silicon carbide
and gallium nitride semiconductors.
It will take a decade to solve the
materials growth and processing
technologies for diamond before
we can take advantage of its material properties and superior BFOM.
Red.: Beside the scientific topics, as
you are staying for almost 3 month
in Germany, what are the main differences you observed till now?

Baliga: I am very impressed by the
German government’s commitment
to renewable energy generation and
to technologies that enhance efficiency for power delivery and usage. When driving
around the country, I frequently observe wind and
solar farms with power transmission lines. This is
wonderful for reducing our carbon footprint.

Short & Compact
About 650 students visited the course „Grundgebiete der Elektrotechnik 2“ by Prof. De Doncker
in the summer term. Subsequent to the review
of the test exam 150 students used the opportunity to gain insight into selected research topics
in the fields of power electronics, drives and
battery technology during a guided tour at the
institute‘s main building in the Jägerstrasse.
With grilled sausages and drinks the students
also did not miss the informal conversation
with ISEA research assistants.

Aachen. According to the motto “reconciliation of economy and ecology”, technical visitors and citizens of Aachen were able to get
information on this topic and test some electrical vehicles for free. The technical conference First Day for Production of Electric Cars
took place at the same time, where experts
and manager could exchange their experience and expertise on production of electric
vehicles.
***

***
This year’s Day of Electric Mobility took place
on Wednesday, 12th June at the Eurogress in

Beginning of July, the eNOVA – Strategy Board
for Electric Mobility partner meeting was held
at ISEA. Industry representatives of the key
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sectors automotive, batteries, semiconductor
components and lightweight construction
had had the chance to look into ISEA‘s main
research areas. Laboratory equipment for
post-mortem analysis, electrical drives test
benches, the PV container, the PE-test box,
battery test benches and various exhibits of
the projects e performance, SmartWheels and
Hi-Level were some of the interesting stops
of the meeting program at the locations
Jägerstrasse and Hüttenstrasse. During the
partner meeting, discussions on the status of
current sponsoring programs as well as developments of medium- and long-term subjects
were focused.
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Storage Systems I Research Project
MEET Hi-EnD: Higher Energy Density for the Battery of the Future
Energy sources with high energy density are
essential for the success of electromobility.
Vehicle batteries must not be too heavy and
they should be small in volume. In the project
MEET Hi-EnD, ISEA researches fundamentals
for innovative storage technologies with an
energy density that cannot be obtained with
currently available lithium batteries. MEET
Hi-End is one of four projects within the BMBF
initiative “Excellent Battery”. It involves 24
research associates of the project partners
located at University of Münster (WWU),
Forschungszentrum Jülich and RWTH Aachen
University. With the manufacturer ECC Repenning GmbH, Geesthacht, a partner for the fast

transfer of research results into products is
involved in the project. The goal of this 3 year
project is the development of new promising
battery materials and components for lithiumion batteries including knowledge transfer into
the cell production. Focus is set on cells with a
much higher energy density, especially lithiumair technology.
ISEA supports the material development of
the partners through various modeling and
characterization methods for whole cells and
cell components. Battery models simulate the
impact of changes in cell design and material
parameters on the cell performance. From the

simulation of microscopic processes a prediction for the change of macroscopic quantities
can be given. Based on these findings, both the
development process and the design of highenergy cells can be optimized.
The parameterization of the models and especially the development of simplified parameterization methods is a major challenge. We use
post-mortem methods performed in our laboratory for the investigation of aging processes. In
parallel, other cooperating institutes of RWTH
work on in-situ measurements using transmission electron microscopy (TEM), to obtain
further insight on atomic level.

Storage Systems I Introduced
Section Modeling, Analytics and Lifetime Prediction
The field of working of the section “Modeling,
Analytics and Lifetime Prediction” is the basic
understanding of application relevant battery
technologies and its transfer into models for the
dynamic electrical and thermal behavior or lifetime prediction. Today, tools for optimal system
design, precise models or efficient algorithms
for state determination for development engineers cannot be delivered without basic understanding of the battery construction and physical and chemical
processes.
The aim of our work is to derive
from detailed chemical and physical knowledge the systemic understanding and tools needed by engineers. Therefore, our research and
development is oriented towards
the questions of engineers and
considers the micro and nano
scale of batteries. We aim at understanding and correlating, e.g. ageing
processes with the operating condi-

tions, or diffusion characteristics of particles
with the electrical current-voltage behavior. We
can investigate new materials provided by cooperation partners from external research groups
or industry. However, the development of such
materials is very seldom part of our work.
Our main technologies are lithium-ion batteries,
lead-acid batteries and supercaps, but also fuel

Disassembly of a lithium-ion battery
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cells, redox-flow batteries, NiCd and NiMH
batteries as well as metal-air batteries.

Modeling
Two different modeling approaches are used,
on the one hand impedance-based modeling for
the precise simulation of the dynamic currentvoltage behavior and on the other
hand physic-chemical modeling
for the precise representation and
for understanding different occurring processes including ageing
in cells. Combined with thermal
models, spatially-resolved models
are possible that can describe the
interaction between current and
temperature distribution in cells or
complete packs. With such models
it is possible to design the mechanical construction and cooling
system of packs and to develop
operating strategies for optimal
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operation. With our extensive test equipment,
the electrical models can be parameterized
from charge/discharge curves and impedance

Equipment

CELL

Raman / IR spectroscopy under
argon atmosphere
Atomic Force Microscope (AFM)
under argon atmosphere
eTEM

in situ cell

Inductively coupled Plasma (ICP)

spectroscopy, for standard conditions or even
extreme temperatures and pressure if needed.
With our analytical equipment, geometric and
material-specific
for
ELECTRODE ELECTROLYTE parameters
models and with
SEI,
impurities
carbon content
different methods
we can measure
SEI
thermal characteristics of materials,
particle size, SEI
material compounds
impurities,
impurities,
or cells.
metals

metals

Ion chromatograph (IC) with
parallel high pressure liquid
chromatography (HPLC)

sulfation

impurities, sulfate
concentration

Thermogravimetric analysis
(TGA-DSC)

impurities,
organic
components

X-Ray diffractometry (XRD)

composition
(phase analysis)

Gas chromatography with mass
spectroscopy (GC-MS)

Another focus of the
section is lifetime
prediction, based on
a variety of accelerated ageing tests,
performed on our
several hundred testbenches, combined
with chemical and
physical investigation in post-mortem
analyses.

pore size,
pore volume

UV-VIS

Active and Lock-In
Thermography

impurities,
organic
components

composition

Mercury Porosimetry

Laser Flash Analyser (LFA)

Analytics and
Lifetime Prediction

concentration
heat capacity

heat capacity

thermal
diffusivity

Electrical conductivity

electrical
conductivity

Digital optical microscope

3D-survey

material determination

Laser scanning microscope
under argon atmosphere

3D-survey

porosity, sulfation,
3D-survey

During post-mortem
analysis cells are
opened and taken
apart so that the
change by ageing
of different parts

electrical
conductivity

Events/Dates
24.-25.09.2013
		

Energy storages for board grids, hybrid vehicles and drivetrains,		
seminar at ISEA, Jägerstrasse 17/19, Aachen

12.-15.11.2013

ISEA booth at Exhibition „Electrical Energy Storage“, München

18.-20.11.2013
		

8th International Renewable Energy Storage Conference (IRES 2013),
Berlin

25.-26.03.2014

Kraftwerk Batterie 2014, Münster, Call for Papers: www.battery-power.eu
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of the cell can be identified. This includes
changes of the chemical composition of electrode material or electrolyte and changes in
morphology like porosity or crystal structure
of active material and ageing processes such
as growing of solid-electrolyte interface in lithium-ion batteries or grid corrosion in lead-acid
batteries. For the analysis, a large number of
modern analysis methods is available at our
lab (see table).
The section has so far been led by
Dr.-Ing. Julia Kowal and will be led by
Heide Budde-Meiwes from October 2013.
Madeleine Ecker will continue as deputy head
of this section.
Contakt: batteries_mal@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 Contakt:
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
Mail: newsletter@isea.rwth-aachen.de
Url: www.isea.rwth-aachen.de

Power Electronics
Storage Systems
Electrical Drives

ISEA News

Institut für Stromrichtertechnik und Elektrische
Antriebe

www.isea.rwth-aachen.de

Publications at Institute for Power Electronics and Electrical Drives

October 1, 2013, No. 1/2013

ISEA I Publications
Martin Kiel:
Impedance Spectroscopy on
Batteries with Special Focus on
Battery Sensors in Field Operation

Jochen Gerschler:
Spatially resolved modeling of
lithium-ion battery systems with
special emphasis on aging

On April, 4st Dipl.-Ing. Martin Kiel successfully
passed his PhD exam on the topic Impedance
Spectroscopy on Batteries with Special Focus
on Battery Sensors in Field Operation.
The electrochemical impedance spectroscopy continuously gains value in the field of
modeling of electrochemical storage systems,
e.g. batteries and fuel cells. The findings on
this non-invasive measurement method are
important for the battery diagnostics to determine the state of the storage. Because of the
large cost for the data acquirement system,
the use in on-board-diagnostic systems has not
yet been established. Therefore this dissertation investigates rectangle current excitation
signals for the impedance spectroscopy on
batteries. Aspects of digital signal processing
as well as the influence of non-linearities due
to the current dependency within the battery
have been analyzed. Based on simulation- and

On 15 June 2012, Dipl.-Ing. Jochen Gerschler
successfully completed his doctoral examination in Aachen with the topic “Spatially resolved
modeling of lithium-ion battery systems with
special emphasis on aging”.
Dr. Jochen Gerschler is
responsible as project
manager cell delevopment
within Robert Bosch Battery
Systems GmbH. His focus
is on development of next
generation PHEV systems.
Between 2005 and 2011 he
worked at ISEA as a research
associate and team leader.

In the work a novel approach of a spatially
resolved lifetime model for lithium-ion systems
is developed, which provides information on
the electrical and thermal behavior at any given
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measurement results Martin Kiel discussed,
how well excitation signals can be used in low
cost sensors to determine the battery impedance.
Dr. Martin Kiel’s work
focusses electrochemical
energy storage systems
within the technologydevelopment and energy
efficiency group at Leopold
Kostal GmbH. Before,
he worked at ISEA as a
reserach associate between
August 2006 and July 2011.

Since June 2013, the circa 230 pages dissertation is available under ISBN 978-3-8440-1973-5
(Aachener Beiträge des ISEA).

time point and provides also detailed lifetime
prognosis depending on operating scenario and
cooling strategy. The model shows the influence of thermal and electrical inhomogeneities
within the active material and the resulting
effects on cellular aging. This is demonstrated
on the example of different cylindrical lithiumion high-performance cells of various capacity
classes under different cooling strategies.
With modular design and a comprehensive
approach the proposed model enables to study
the behavior of various lithium-ion technology
and cell geometries as well as the adaptation to
other current and future storage technologies.
The 350-page dissertation is available under
ISBN 978-3-8440-1307-8 since October 2012 by
Shaker Verlag (Aachener Beiträge des ISEA).
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