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Dear Readers,
Some months ago, we were pleased
to celebrate ISEA’s 50th anniversary.
Together with numerous alumni, we
took this lovely opportunity to hold a
celebratory colloquium and look back
on five decades of successful research
and teaching activities. In the process,
it became clear that our institute has
set – and continues to set – standards in
its working fields of power electronics,
electric drives, and storage system technology. Success is also apparent in the
number of research associates; today,
about 110 researchers work at ISEA,
pursuing different research projects. The
diversity of topics associated with this
becomes clear once again in this issue of
ISEA News.
I wish you a happy reading!
Rik W. De Doncker
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ISEA I Anniversary

Short & Compact I
New company: BatterieIngenieure GmbH

ISEA at 50: science and more
With over 100 alumni in attendance, ISEA celebrated its 50th anniversary with a varied celebratory colloquium held at the Quellenhof hotel. Dr.
Henning Kagermann, Professor and President of

the German National Academy of Science and
Engineering (acatech) gave a keynote address
on the topic “Smart Service World – InternetBased Services for Business”. Professor Rudolf
Mathar, Pro-Rector for research and structure,
and Professor Wilfried Mowka, Dean of the
Faculty of Electrical Engineering and Information
Technology, delivered welcome addresses. Prof.
Rik W. De Doncker presented the long history
of ISEA with his predecessors Prof. Wasserrab,
Prof. Skudelny, and Prof. Henneberger, along
with the subject-specific and personnel developments that have taken place since he took over
in 1996 and following ISEA’s expansion by Prof.
Sauer. After that, rotating talks were held on a
range of topics spanning five decades of ISEA
research and on current projects.
The retrospectives presented by ISEA Alumni
were especially interesting from a subjectspecific perspective and often very amusing.

For example, major research projects were
recalled with great engagement and attention
to detail. Some members of the current generation of ISEA associates were surprised to learn
that research on an electric bus was already
under way at ISEA 30 years ago. To amuse the
guests, many speakers looked beyond the
scientific perspective to offer glimpses of interpersonal life at ISEA as well. A number of anecdotes were offered, documented by numerous
photos and a video. By the time they were
through, it was clear to everyone that along
with research, there has always been plenty of
room for social life at ISEA over its five-decade
history.
Everyone was in a festive mood after the official celebration, when buses arrived to take
guests and employees to the social part of
the event. The next stop was the impressive
machine hall at the Energeticon venue, in
nearby Alsdorf. Along with tours of the interesting industrial museum landscape on the
former mining grounds, the focus here was
on convivial conversation over food and drink,
with an appealing musical background. Many
of the more than 200 alumni and current ISEA
associates took this as an excellent opportunity
to freshen up existing contacts and make new
ones. The majority of the group agreed that the
next anniversary celebration should be held
before another 50 years go by. Work to implement this idea is already in progress.
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The new company BatterieIngenieure
GmbH, was founded as of April 1, 2015
as spin-off of ISEA and AirEnergy GmbH
including the previous battery activities
of P3 Energy & Storage. The managing
directors are Dominik Schulte, Christoph
Schäper, and Stefan Gehrmann. BatterieIngenieure GmbH works in the areas of testing,
modeling, diagnostics, expert opinions,
development and production of small series
of battery systems. The company works
closely with ISEA if needed, so it is able to
offer customers solutions on all aspects of
batteries with the utmost in capability and
quality.

Contact:
Dominik Schulte
Tel. +49 241 9128 2017
dominik.schulte@batt-ing.de
***
BMWi and KfW support programm for PV
home storage systems will continue
The German federal government decided
on November 27th to extend its support for
battery storage systems that support the
grid for use with small and medium-sized
photovoltaic systems beyond the year 2015.
Technical requirements will be tightend to
develop the concept of unloading the grid
further. The ministry was supported in its
decision by the recommendations prepared
by ISEA as part of the scientific monitoring
program. Current developments in the area
of decentralized storage systems and the
recommendations published regarding the
continuation of the funding can be viewed
anytime at the project website, www.speichermonitoring.de. The site also offers information on how PV storage systems work,
the properties of various battery types and
system topologies, and the annual monitoring report.
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Power Electronics I Packaging
New concepts and integration of multiple functions
Growing power densities in modern power
semiconductor devices result in higher power
loss densities. One of the major challenges in
developing new packages is to achieve higher
operating temperatures and an improved
thermal conductivity. For stationary applications with exceptional requirements for switch
reliability, this has meant that press contacts
have been used for decades to provide thermal
and electrical connections between the power
semiconductor and package. Press contacts
allow for free expansion of the components
involved with different material compositions. However, installing and tensioning
these kinds of packages involves significant
constructive effort.
Commercially available press-pack packages
allow for double-sided cooling, but the contact
resistance between the pressure contacts is
greater by comparison to contacts with material bonding. For power semiconductors with
a power rating above about 5 kVA, especially
in mobile applications, this means that power

Short & Compact II
Six new electric vehicles expand clean mobility
options at ISEA

The ISEA electric car fleet has grown: In addition to its six existing electric vehicles, the
institute received two full electric Renault
Zoe models and one Renault Kangoo, and
two BMW i3s, one of them with the range
extender feature, in late June. The institute
leadership’s expansion of the “clean” vehicle
fleet comes in response to the significant
and ongoing increase in the number of
work-related trips taking place between the

modules are popular. In this architecture, the
chips are soldered or sintered onto a DCB

Temperature distribution calculated using FDM on
DCB (top left), pins on a diode chip printed using SLM
(right), module integration into the PCB (bottom).

substrate (copper-ceramic-copper) over their
whole bottom chip area. The top side is electrically connected via bond wires. Recently,
direct lead bonding has also come to be used

various ISEA locations and between ISEA and
lecture locations in central Aachen. The two
BMWs were leased as part of the “Renewably
Mobile” funding program operated by the
German Federal Ministry for the Environment,
Nature Conservation, Building and Nuclear
Safety (BMUB) and are part of the PREMIUM
fleet trial project.

instead, with the outer electrical terminals
being soldered directly onto the upper side of
the chip. Here as well, however, materials with
different coefficients of thermal expansion
(CTEs) have to be connected directly, which
results in varying levels of thermo-mechanical
stress and thus degradation during temperature cycles.
Exact knowledge about the temperature
distribution depending on position and its
progress over time, depending on operation, is therefore an essential basis for both
physical and empirical lifetime models. While
simulations based on the finite element
method enable an accurate calculation of the
temperature distribution depending on position and time, these simulations consume
considerable computing power and time, so
they cannot be executed in real time. With this
in mind, researchers at ISEA have developed a
model that uses the finite difference method,
followed by a model reduction technique that
reduces the resulting thermal state space

sible are also complete. Another ISEA unit,
“Network Integration and Storage System
Analysis,” works right nearby since five years,
so there is a direct connection to the ISEA
battery testing center and electronic labs.

***
New office space for the “Battery System
Technology and Vehicle Integration” unit
The “Battery System Technology and Vehicle
Integration” unit headed by Susanne Lehner
(formerly Rothgang) and Jan Becker moved
from the main ISEA location on Jägerstrasse to
the former StreetScooter building on Hüttenstrasse in the middle of the year. By now the
renovations to make the site disabled-acces-
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Alongside spacious offices, employees at the
new site also have modern meeting rooms,
a newly renovated kitchen, and an attractive
staff breakroom available for their use.
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model. This allows for fast, efficient calculation of the relevant temperature points.
As an alternative to existing package types,
ISEA is also investigating new package concepts
of which the realization is facilitated or made
possible in the first place by innovative production methods, such as the 3D printing method
known as selective laser melting (SLM).
As part of a project financed by the German
Research Foundation (DFG), ISEA has adapted
chip metallization to the point that the
Fraunhofer Institute for Laser Technology (ILT)
was ultimately able to use the SLM process to
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print a contact directly on top of the metallization of a 1200 V diode without compromising
the diode’s electrical functionality. This represents a completely new possibility in the field
of power semiconductor packaging; in particular, it allows the integration of a micro (pin
fin) heat sink directly into the electrical contact
of the chip.
Current work at the institute is dealing with the
development and characterization of package
solutions that are designed especially for the
needs of certain applications (highly integrated
applications, for example). Integrating several
functions into one overall system is growing

increasingly important in the process. This
applies all the way up to the integration of
entire circuit topologies consisting of several
power semiconductor chips into one printed
circuit board.
This research work makes an important contribution to understanding and modeling aging
processes with reference to packaging. One
important goal is to expand the usual empirical lifetime models to include physically based
models as well. In recent years, ISEA has been
able to significantly expand its experience and
expertise in this field.

Storage Systems/Electrical Drives I HV-ModAL research project
Modular system for powerful and efficient electric drives
The HV-ModAL research project is working
to develop powerful and highly efficient new
drive solutions for electric and plug-in hybrid
vehicles (cars and commercial vehicles) in
order to strengthen the German automotive
industry’s global market position in the electric vehicle segment. The innovative drive
solutions are supposed to have a modular
structure, making them suitable for a broad
a range of electric drives in different vehicle
models as possible. The vehicle power range
in question is from 50 to 250 kW, and the
researchers are also striving to increase the
electric range. Up to 125 kW of drive power
and a range of about 150 km are common
today.
In the first phase of the project, a holistic
understanding of electric drive platforms
that take the entire automotive value chain
into account is being developed under ISEA’s
leadership. Detailed and comprehensive
concept and component research is also
performed to make it possible to select the
individual components that are best coordinated to go together for a specific requirement and establish the optimum dimensions.

The researchers’ work focuses, among other
things, on IGBT power modules for high drive
power of up to 250 kW and high voltages of
up to 900 V, modular multi-level DC-to-DC
converters, batteries with built-in DC-toDC converters, and system components

for batteries rated for more than 600 V. To
describe and define these components and
then align them optimally to fit together, a
flexible system simulation model is being
developed for various vehicle platforms
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across partners, with ISEA taking the lead.
This model maps out all of the relevant
connections between the individual components with appropriate accuracy.
To review the theoretical results, optimized
components and architectures are set up
and tested as demonstrators by way of
example. To this end, a high-power battery
pack with a built-in DC-to-DC converter is
being developed at ISEA. A modular new
BMS concept is being worked out and tested
in real-world situations for this. In addition, a
high-energy pack with an external DC-to-DC
converter is being measured. Both battery
packs are connected to an SiC-based DC-toDC converter developed at ISEA to raise
the battery voltage and connected to a DC
link. The researchers hope that wiring the
individual components together to form a
demonstrator system will yield new insights
into the optimum operation of the innovative system, which comprises hybrid storage,
converters, and an electric engine. Furthermore, the 800 V/250 kW combination of electric engine and frequency converter from
project partner AVL is to undergo measurements and characterization on the test
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bench. The results will be used to validate
the simulation model in individual configurations.
About half of the 7.5 million euros in total
costs for the project, which is scheduled to
run for three years (2015–2017), are funded
by the German Federal Ministry of Education
and Research (BMBF). Along with ISEA, the
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project partners include automakers BMW
and Daimler, automotive system supplier
Robert Bosch, drive system developer AVL,
the Fraunhofer Institute for Integrated
Systems and Device Technology, Leibniz
Universität Hannover, Universität der
Bundeswehr (Munich), and semiconductor
producer Infineon Technologies, who is also
heading the project.

Prof. Dr. rer. nat. Dirk Uwe Sauer was
elected to serve as a member of the
German National Academy of Science and
Engineering (acatech).
Georges Engelmann received an
Outstanding Presentation Award at the
2015 Applied Power Electronics Conference
(APEC).
Rizqy Averous received a Best Paper Award
at the 6th International Symposium on
Power Electronics for Distributed Generation Systems (PEDG2015).

Storage Systems I IRES conference
Industry meeting point for business and science
The International Renewable Energy Storage
(IRES) conference series has become the
largest scientific event focusing on solutions
to urgent problems having to do with energy
storage, especially with an eye to expanding
a sustainable energy supply based on renewable energies. Inaugurated by Dr. Hermann
Scheer and organized by Eurosolar, the 9th
IRES conference featured 80 subject-specific
oral presentations and 120 poster presentations. This year’s event, like those of past
years, was a success.

Awards and distinctions

To further boost the event’s attractiveness, the
conference was held in the venue of the Düsseldorf Trade Fair for the first time, in cooperation
with – and at the same time as – another event,
the Energy Storage Conference & Exhibition. The
trade fair exhibition, which featured over 100
exhibitors, delivered particular added value.
Combining a trade fair and conferences has
created the world’s most important industry
meeting point for the research and business
sectors in the field of energy storage, especially for stationary applications.

Tobias Lange received a Best Paper Award
at ICEMS 2014 (17th International Conference on Electrical Machines and Systems).
***

Melchior Moos and Johannes Sieg (front
row, left and second from left), two graduates of the master’s degree program at
ISEA, received this year’s Otto Junker Award
for academic excellence from RWTH Aachen
University.
***

Source: Eurosolar

The following ISEA graduates received the
Springorum Commemorative Medal from
RWTH Aachen University for completing
their Master thesis with highest distinction
this year:
Christoph Henrik van der Broeck, M. Sc.
Johannes Burkard, M. Sc.
Kai-Philipp Kairies, M. Sc.
Julian Lange, M. Sc.
Melchior Moos, M. Sc.
Johannes Alfred Sieg, M. Sc.
Thomas Pütz, M. Sc.
Daniel Scharfenstein, M. Sc.
Jakob Teichrib, M. Sc.
Professor Dirk Uwe Sauer opens the well-attended IRES Conference in Düsseldorf.
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Traditionally, subjects from the fields of electrical, thermal, and chemical energy storage
are presented and discussed at IRES. In addition, flexibility and interconnectivity among
the various energy fields are increasingly in
the focus of the discussion.
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The IRES conference will be held jointly with
Energy Storage in Düsseldorf again from
March 15 through 17, 2016. Over 210 papers
from about 30 countries have been submitted,
clearly illustrating the event’s continued
appeal. This excellent response has allowed
the scientific steering committee, headed by

scientific conference chair Professor Dirk Uwe
Sauer, to put together an attractive program of
oral and poster presentations once again. As
a new feature, the event will also include one
day conducted in German, featuring presentations specifically aimed at practitioners at local
government agencies and municipal utilities.

Electrical Drives I Modular drivetrain
More stability for multiple drives
The MAs:Stab research project, a subproject of
the “Drive Technologies for Electric Mobility”
(German acronym: ATEM) research initiative
launched by the German Federal Ministry for
Economic Affairs and Energy (BMWi), is helping
to accelerate the spread of vehicles with electrified drivetrains. The focus of this research
project is on the technological evolution and
refinement of the electric drivetrain. The goal
is to further enhance the efficiency, performance capacity, driving
dynamics, and safety of
electric vehicles.

for the prototype of a two-engine single-wheel
drive. Based on this drive control system, the
system behavior is being optimized and possible
control systems that have been optimized from
the standpoint of driving dynamics (dynamic
torque distribution) for the dual drive are being
developed. These driving dynamics controls will
then be demonstrated and evaluated on a test
track using the StreetScooter technology platform (see illustration below).

As the first step, the requirements that apply
to the necessary drivetrain components have
been defined, and an overall concept has been
developed. The desired dynamic torque allocation means that there are strict requirements
with regard to torque accuracy and dynamics
for the electric drive. And that in turn requires
highly accurate, detailed machine models and
control algorithms.
With all of this in mind,
the project focuses in
particular on modeling
the asynchronous traction drive. Over the
course of extensive and
detailed testing, the
researchers also aim
to study how manufacturing tolerances affect
the machine parameters.
Their findings will then
be used toward developing the drive control
system.

The MAs:Stab project is
developing a scalable
drivetrain with a modular
structure. To that end, the
researchers are especially
studying the requirements
that apply to the dynamics
of machine control.
Driving dynamics are
being studied depending
on the operating point

Storage Systems I Battery conference
A diverse program and fruitful discussion
The international Advanced Battery Power
conference was held again in April 2015, as has
been the case for many years now, this time at

the Eurogress venue in Aachen. The event organizers included ISEA and longstanding partners
Haus der Technik and the Münster Electrochem-
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ical Energy Technology (MEET) battery research
center (Prof. Martin Winter). The conference,
which is held in Münster and Aachen in alter-
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nate years, has become the most important
event for battery researchers in Germany.
Above all, it is a place where the latest research
results are presented and discussed.
Industry and research institutes alike make use
of the opportunity for oral and poster presentations of their latest findings. 200 abstracts
and more than 400 participants are attesting
the quality of the conference and the excellent reputation the event has built over the
years. The many exhibitors that showcase the
latest products or research accomplishments
also contribute to the event’s quality. Special
thanks go out once again to the scientific advisory board of the conference, which is highly
engaged in reviewing the submissions, thereby
guaranteeing a high-quality program.

December 2015, No. 2/2015

The three-track presentation program offered
opportunities for presentation and discussion of the latest research findings on various
subject areas: new battery materials, battery
cell production, modeling, theory and basics,
lifespan aspects, aging processes and safety,
diagnostics and management strategies, 12-volt
and 48-volt vehicle electrical systems, batteries
in electric and hybrid vehicles, stationary
battery systems, and additional battery technologies existing alongside – and after – lithiumion batteries.
One very important part of the conference every
year is its extensive poster sessions, for which
the organizers schedule large blocks of time
that do not conflict with oral presentations. It is
a pleasure to observe the motivated, extensive,

and dedicated discussions sparked by these
posters. This dialogue represents the core of
the event’s value.
The program is currently being developed for
the next conference. Over 200 abstracts have
been submitted once again. As a result, we
expect the next event, which is to be held in
Münster on April 26 and 27, to feature a highly
exciting, up-to-date scientific and research
program once again. New technologies and
initiatives that have been announced by various
companies will surely be the subject of extensive discussion. Plus, on April 25, we will also
be taking a detailed look at the research and
industrial landscape surrounding batteries
in the state of North Rhine-Westphalia at the
Battery Day NRW event.

The plenary sessions offered an overview of
important subject areas in battery research and
development. Speakers from GS Yuasa, BASF,
BMW, and Roland Berger explained the current
state of affairs in material development, cell
products, and applications in vehicles. Supplemented by presentations given by Prof. Delacourt, Dr. Wohlfahrt-Mehrens, and Prof. Winter
on the status of technology in the area of physically based modeling of lithium-ion batteries,
an analysis of the path from material research
to commercial cells, and a look ahead at postlithium-ion battery technologies, the event
yielded an outstanding overview of where the
technology currently stands and what else
should be expected from battery technology in
the near future.

Storage Systems I Research project
DriveBattery2015: More safety and efficiency, lower costs
The Battery Storage System Technology and
Vehicle Integration unit at ISEA has been
actively researching the further development and refinement of battery management
systems for several years now. The unit’s work
in this field focuses in particular on boosting
safety and cost-effectiveness and on testing

innovative concepts and diagnostic methods.
As part of the DriveBattery2015 joint project
funded by the Federal Ministry for Economic
Affairs and Energy (BMWi), ISEA is researching
subjects including “value-added systems” based
on customary cell controllers with passive cell
voltage equalization. These kinds of systems
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can be used to achieve additional benefits
without added expense and effort focused on
hardware.
The first measurement method that has been
implemented on the microcontroller is electrochemical impedance spectroscopy. In this
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arrangement, the balancing units that are
present on the electronic modules, anyway
consisting of a transistor and resistor, are used.
A special measurements and analysis procedure makes it possible to analyze the voltage
responses given by individual cells and the
associated wiring. The voltage response casued
by the current amplitude delivers information
on the impedance. This information is typically
presented in graphic form using a Nyquist plot.
Each point on the diagram level represents
the impedance at a specific frequency (see
chart). The figure shows a quite good aggrement among the measurement done with a
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Comparison of actual cell measurement between EIS
meter (Digatron) and self-developed pEIS BMS.

full scale laboratory impedeance spectroscops
(“EISmeter”) and the impedance measurement
from the BMS using only existing hardware
elements. It is also known from the literature
that the impedance of battery cells also depends
on temperature. This fact can be used to determine the internal temperatures of each individual cell via a battery management system
(BMS), without external sensors. This method
makes it possible to lower costs in addition to
achieving significantly greater safety. And that
means that in addition to boosting system efficiency, two other core goals of DriveBattery2015
have been achieved.

ISEA I IEEE International Symposium
The role of power electronics in the German energy transition
The German energy transition toward increasingly renewable, decentralized power generation will be impossible without the consistent
further development of power electronics.
Against this background, about 150 wellknown experts from all over the world met
in Aachen this past summer for the 6th International Symposium on Power Electronics for
Distributed Generation Systems (PEDG2015)
of the IEEE Power Electronics Society (PELS)
in order to learn about and discuss current
developments while attending technical talks
and presentations. The event focused on the
subjects of theory, analysis, design, testing,
and use of power electronics components. The
overarching themes of the event, which was
organized with substantial participation from
ISEA and the E.ON Energy Research Center at
RWTH Aachen University, were:
• Power Electronics in Distribution Systems,
• Power Electronics for Sustainable Sources,
• P ower Electronics for Energy Storage
Systems (Stationary and Mobile).
Over the course of 30 sessions, 110 scientific papers on various subject areas were
presented and technical developments were
analyzed and discussed with an eye to their
importance for obtaining decentralized

energy from renewable sources, all with a
focus on these topics. Keynote addresses
and technical contributions from representatives of sponsors Siemens AG, Fuji Electric,

Viessmann, E.ON, and Westnetz completed
the ambitious and informative program. For
more information on sessions and presentation
topics, please visit http://www.pedg2015.org.

The members of the organizing team are pleased at the event’s success.
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ISEA I Storage Systems
Construction of the world’s first modular large-scale battery storage system begins

Source: Martin Lux

is handling the conversion of the building and
the integration into trading schemes. The
innovative storage system is scheduled for
completion in mid-2016.

Source: E.ON SE

There are good reasons why the little prefix
“multi” appears not once, but twice, in the
name of this large-scale battery storage
system, Modular Multimegawatt, Multitechnology Medium-Voltage Battery Storage
System (M5BAT): The system is not only
among the largest of its kind, with a rated
power output of five megawatts, but also
combines various battery technologies.
Thanks to the system’s configuration, whose
scale is found nowhere else in the world, the
Aachen-based system can be used to perform
experiments for different storage-related
purposes. The lithium-ion batteries there are
used for short-term storage, while the leadacid ones are especially suitable for short to
medium discharge times.

The large-scale battery storage system is being built in
a former office building on Hüttenstraße in Aachen.

“Large-scale battery storage systems are
of special interest to us due to their flexible potential uses,” said Bernhard Reutersberg, Chief Markets Officer within the E.ON
Work on the large-scale storage system has
Board of Management, where his responsibeen under way since mid-August at the site,
bilities include technology and innovation,
located in a former office building on Aachen’s
explaining his group’s financial involvement
Hüttenstraße. About 20,000 battery cells and
in the project at the official event marking the
all other necessary components are being
start of construction. The research performed
installed over two floors and on the building’s
using M5BAT could supply important findroof, occupying about 500 m2 in floor space
ings for the entire energy sector as it moves
in all. The assembly and installation activities
toward low-CO2 power generation. Alongare being coordinated by ISEA and the E.ON
side technical aspects, the financial side also
Energy Research Center, manufacturers Exide
plays an important role in the case of M5BAT.
Technologies and SMA Solar Technology are
One of the main factors in that regard, says
supplying the technical components, and E.ON
Professor Rik W. De Doncker, Chair for Power
Electronics and Electrical
Drives at ISEA, is “to find
the optimum cost for this
kind of storage system.”
Professor Dirk Uwe
Sauer, Chair for Electrochemical Energy Conversion and Storage System
Technology at ISEA, sees
potential for reducing
costs in “involving control
technology.” He also says
The city of Aachen, the university, and the business sector were all prominently
there
are plans to use
represented at the official start of construction work: (from left) Prof. Dirk Uwe
the storage system “for
Sauer (ISEA), Björn Jansen, mayor of Aachen, Dr. K. Peter Röttgen (Head of E.ON
the electricity balancing
Innovation Center Energy Storage, Prof. Rik W. De Doncker (ISEA and E.ON Energy
Research Center) and Prof. Malte Brettel (Vice-Rector of RWTH Aachen University).
market on a targeted
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basis,” adding that it might even be possible
to generate earnings that way. The studies in
question will be performed by the Institute
PGS at E.ON ERC and the Institute for Electrical Power Systems and Economics (IAEW)
at RWTH Aachen University in cooperation
with the E.ON trading floor. After successful
testing, these kinds of large-scale battery
storage systems could be used in a commercial project of E.ON as early as within the next
five years, said Peter Röttgen, head of the
E.ON Innovation Center Energy Storage.
M5BAT is receiving 6.7 million euros total
in funding as part of the Energy Storage
Research Initiative of the German Federal
Ministry for Economic Affairs and Energy. In
addition, partners do invest approximately the
same amount of money.

Editor:
ISEA I Institute for Power Electronics and
Electrical Drives, RWTH Aachen University
Chair for Power Electronics and
Electrical Drives
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Prof. Dr. Dirk Uwe Sauer
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ISEA I Colloquia
Prof. Dr. Martin Winter
(MEET, WWU Münster)
Material research on rechargeable batteries: inventive or innovative?
• S
 tudies on various materials viewed as offering bright
prospects for lithium-ion, lithium-sulfur and lithium-air systems;
• Discussion of cell chemistry based on magnesium and sodium:
an overview;
• The goal of this presentation is to gain a realistic assessment
regarding the future prospects of what have been called “nextgeneration” cell technologies, and thus the “battery roadmap.”
The special significance of inactive materials for the realization
of practical cell chemistry concepts is especially emphasized in
the process.

Chemist Martin Winter has been working and doing research in the field of
electrochemical energy storage and energy conversion for over 20 years.
His focus is on the development of new materials, components and cell
designs for super capacitors and lithium-ion batteries. Winter currently
holds a professorship in “Applied Materials Science for Electrochemical
Energy Storage and Conversion” at the Institute of Physical Chemistry at
the University of Münster (WWU Münster). This position developed out of
an endowed professorship funded by Volkswagen AG, Evonik Industries
AG, and Rockwood Lithium GmbH from 2008 to 2012.
Currently he is also the founding director of the Helmholtz Institut
“Ionics in Energy Storage” (HI MS) located in Münster, Jülich and Aachen.
Martin Winter has been award with numerous honorable international
awards for his scientific work. Among many other positions he is the
presentative of the German academic scientists in the governmental
National Platform Electromobility.

January 14, 2016, 6:00 p.m., Super C,
Templergraben 57, 52062 Aachen

Dipl.-Ing. Peter Wambsganß
(Director of Business Development, WiTricity Corporation)
The Future of Wireless Power • Status and Outlook
• Areas of application of contactless energy transmission;
• Challenges and limits in application;
• Requirements for power electronics;
• Future development potential.
Peter Wambsganß has more than 20 years of experience working
in the areas of research, technology and product development,
commercialization and business development as well as power
electronics, battery charging technology, and wireless power
transmission. He previously served as the head of the Laboratory &
Information Technology Department at the Fraunhofer Institute for
Biomedical Engineering (IBMT).
As a co-founder and CTO of RRC Power Solutions, he led RRC’s
development of advanced power supply and battery charging solutions
as well as wireless energy transfer systems.

January 28, 2016, 6:00 p.m., ISEA Library,
Jägerstrasse 17/19, 52066 Aachen (1st floor)
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Events/Dates
March 15 -17, 2016
Düsseldorf; Germany

IRES & Energy Storage Conference
http://www.eurosolar.de/en/ and http://www.energy-storage-online.com

April 25, 2016
April 26 - 27, 2016
Münster, Germany

Battery Day NRW
Advanced Battery Power Confence
http://battery-power.eu/en

June 8 - 9, 2016
Wiesloch/Heidelberg, Germany

Electric & Electronic Systems in Hybrid and Electric Vehicles and Electrical Energy Management
(eehe)
www.eehe.de/de/en/home.html and http://www.hdt-essen.de/eehe-Electric_Electronic_Systems_
Hybrid_Energy_Management__conference_W-H010-05-366-6/

September 17 - 28, 2016
ISEA, Aachen, Germany

Seminar: Batterien für Bordnetze, Hybrid- und Elektrofahrzeuge
http://www.hdt-essen.de/Batterien-Akku-Lithium-Ionen-KFZ_Seminar_W-H010-09-698-6

Dissertation
Thorsten Baumhöfer:
Statistische Betrachtung
experimenteller
Alterungsuntersuchungen an
Lithium-Ionen Batterien

Thorsten Baumhöfer successfully finished his
dissertation on parameter variance and uncertainties in experimental studies of aging in lithium-ion batteries on December 5, 2014, when he
completed the doctoral examination.
Dr. Thorsten Baumhöfer
worked at ISEA as a
research associate and
chief engineer from
2009 to mid-2015.
He now works at Robert
Bosch GmbH.

Experimental aging studies are necessary for
optimum system design and configuration as
well as fundamental studies for a better understanding of the effects of aging. In the process, a
statistical consideration of the results is necessary
because, on the one hand, any and all measurements carry some uncertainty, and on the other,
the behavior of test specimens also follows a
statistical distribution due to fluctuations in the
production process.
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This dissertation examines the fundamental
dimensions of measurement uncertainty and
its sources. In the continuation, which looks at
individual measurement values, error propagation in the various methods and the influence of
conditioning are investigated. Finally, methods
of statistical experiment design and empirical
modeling for optimum information acquisition
during studies of aging are proposed. In summary,
it is possible to use the methods presented here
to make statements backed by a firm statistical
basis and maximize the information gleaned from
studies of aging. Thus, it is possible to determine
and model the properties of the overall set of one
type of lithium-ion battery. The goal of doing this
is to prevent across-the-board excessive dimensioning when designing battery systems.

The dissertation has been published by Shaker
Verlag as volume 74 of Aachener Beiträge des
ISEA and is available under ISBN 978-3-84403423-3.
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Selection of Recent Publications
D. Andre
C. Appel
T. Soczka-Guth
D. U. Sauer

Advanced Mathematical Methods of SOC and SOH Estimation for Lithium-Ion Batteries
Journal of Power Sources, 224 (2013), 20-27
Two novel methods to estimate SOC and SOH of a lithium-ion battery are presented. A dual filter consisting of an interaction
of a standard Kalman filter and an Unscented Kalman filter is used. In addition, a support vector machine (SVM) algorithm is
coupled with the dual filter. The estimation error appears to be below 1%.

M. Biskoping
M. Rosekeit
R. W. De Doncker

Active EMI-Filter using the Gate-Drivers Power Supply
11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
Power electronic circuits suffer from Electromagnetic Interference (EMI) which is caused by the rapid switching of the power
semiconductors. Using passive EMI filters is a common strategy to reduce interference with connected circuits or the utility
grid. Advanced strategies use active EMI filters which compensate the EMI influence by inducing an opposed EMI signal which
results in cancellation of the original EMI.
This paper presents a new approach of an active EMI filter, which directly uses the gate control signals of the drivers of the
power semiconductors to generate the opposed EMI. It is shown that the approach is capable of actively reducing the emission
that is caused by common mode voltages of the semiconductor bridges.
A significant advantage of the proposed method is its easy implementation. No additional active components are required,
as the output signal of the driver is directly used. Additionally, the presented concept uses only small inductive and capacitive components, so that significant space is saved compared to conventional common mode filter stages. Furthermore, the
concept is robust because it does not rely on measured disturbances as most other active EMI rejection strategies do.
The proposed concept is verified by measurements on a downscaled full bridge inverter.

M. Conrad
R. W. De Doncker

Avoiding Reverse Recovery Effects in Super Junction MOSFET based Half Bridges
The 6th International Symposium On Power Electronics For Distributed Generation Systems (PEDG 2015),
Aachen, Germany, 2015
For applications with a dc-link voltage in the range of 400 V and high switching frequencies, Super Junction MOSFETs are
superior to standard MOSFETs due to their low on-state resistance. However, they suffer from an extensive reverse recovery
effect of their intrinsic body diode. This limits their usage in hard-switching half-bridge configurations. This paper analyzes a
modified half-bridge based on Super Junction MOSFETs, which offers significantly reduced reverse recovery losses while maintaining current conduction in reverse direction through the Super Junction MOSFET. Hence, the application of Super Junction
MOSFETs in hard switched topologies becomes possible.

J. Gottschlich
M. Kaymak
M. Christoph
R. W. De Doncker

A Flexible Test Bench for Power Semiconductor Switching Loss Measurements
11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
In this paper a flexible double pulse test bench topology for switching loss characterization of power semiconductors is
presented. It allows the characterization of switching losses for conventional power semiconductors such as IGBTs and
power MOSFETs, but also for modern fast switching wide bandgap devices. Contrary to alternative test bench topologies,
test voltage and current can be adjusted independently and without any changes to the test setup from zero to up to 1 kV
and 1 kA, respectively. A modular design simplifies the adaption to different test scenarios and enables the usage of widely
available off-the-shelf active and passive components. The topology features low energy stored in the dc link inductor and
the high voltage capacitor, thus improving safety in case of a device failure.
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M. Harries
A. Hofmann
R. W. De Doncker

Acoustics of a 6-Phase Transversal Flux Outer Rotor Switched Reluctance Drive
11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
The aim of this paper is to prove that transversal-flux switched reluctance drives exhibit great vibro-acoustic benefits
compared to conventional radial-flux reluctance machines. The principle of modal superposition was used to simulate run-up
spectrograms for both a transversal-flux machine and a radialflux benchmark. Modal transfer functions were determined by
structural finite-element simulation. The modal excitations stem from the simulated magnetic forces during the run-ups. The
comparison of the two machine types highlights the acoustic benefits of the transversal-flux machine. These advances make
it a cost-efficient and at the same time acoustically acceptable alternative to the customary permanent-magnet or induction
machines in today’s electric-vehicle market.

A. Hofmann
A. Klein-Hessling
R. W. De Doncker

Measuring SRM Profiles Including Radial Force on a Standard Drives Test Bench
IEEE International Electric Machines Drives Conference (IEMDC 2015), Coeur d‘Alene, Idaho, USA, 2015
Switched reluctance machines (SRMs) exhibit highly nonlinear characteristics which must be known to accurately model
and control this machine type. These profiles are typically derived by finite-element analysis or measured on dedicated test
benches. This paper proposes a measurement procedure that requires only standard laboratory equipment. Moreover, a
method is presented that allows the reconstruction of the radial force characteristic, which has never been mentioned before
in literature.

I. Laresgoiti
S. Käbitz
M. Ecker
D. U. Sauer

Modeling Mechanical Degradation in Lithium-Ion Batteries During Cycling: Solid Electrolyte Interphase Fracture
Journal of Power Sources, 300 (2015), 112-122
During cycling, mechanical stresses can occur in the composite electrode, inside the active material, but also in the solid electrolyte interphase layer. A mechanical model is proposed based on a system made of a spherical graphite particle surrounded
by the solid electrolyte interphase layer. During lithium intercalation or de-intercalation, stresses in the graphite are produced,
governed by the diffusion induced stress phenomena and in the solid electrolyte interphase, driven by the graphite expansion.
The stresses in both materials were simulated and a sensitivity analysis was performed to clarify the influence of principal
parameters on both processes. Finally, assuming that the solid electrolyte interphase is the weakest material and therefore
more prone to fracture than graphite, the experimental capacity fade during cycling was modeled based on its break and
repair effect rather than on the fracture of the active material. The model results were compared against cycle life aging
experimental data, reproducing accurately the influence of the depth of discharge as well as the average state of charge on
the capacity fade.
http://www.sciencedirect.com/science/article/pii/S0378775315302949

G. Piłatowicz
A. Marongiu
J. Drillkens
P. Sinhuber
D. U. Sauer

A Critical Overview of Definitions and Determination Techniques of the Internal Resistance Using Lithium-Ion, Lead-Acid,
Nickel Metal-Hydride Batteries and Electrochemical Double-Layer Capacitors as Examples
Journal of Power Sources, 296 (2015), 365-376
This presented paper focuses on an application-oriented separation between various electrochemical storage systems internal
resistance (Ri) definitions and highlights the differences between them. The investigation is based on 4 different technologies:
lead-acid, lithium-ion and nickel metal-hydride batteries as well as electrochemical double-layer capacitors. The target of this
work is not to provide a standardized definition of Ri but to give researchers, engineers and manufacturers a possibility to
understand what the term Ri means in their own field of application.

S. Rothgang
M. Rogge
J. Becker
D. U. Sauer

Battery Design for Successful Electrification in Public Transport
Energies 8 (2015), 6715-6737
Public transport is an especially promising sector for full electric vehicles due to the high amount of cycles and predictable
workload leading to a high amount of different vehicle concepts. In this work, the battery design process is analyzed in detail,
based on two systems developed by the research projects Smart Wheels/econnect and SEB eÖPNV.
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M. Schubert
R. W. De Doncker

Redundancy of Angular Speed Sensors in a Double Induction Machine Rear Drive for EV
11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
In this paper, a stable approach for the control of two independent single wheel drives at the rear axle of an electric vehicle
with a single angular speed sensors, e.g. in case of a sensor fault, is investigated. At low and zero speed the speed sensor
information of only one single wheel drive and the overall vehicle physics is used. Based on a detailed mechanical drive train
model, the influence of the induction machine control strategy and the different road surfaces on the drive dynamics and the
resulting torsional vibrations are investigated.

P. Schülting
M. Rosekeit
S. Garikoitz
M. Biskoping
R. W. De Doncker

Potential of Using GaN Devices Within Air Cooled Bidirectional Battery Chargers for Electric Vehicles
International Conference on Power Electronics and Drive Systems (PEDS 2015), Aachen, Germany, 2015
This paper deals with the advantages of GaN devices for bidirectional battery chargers for plug-in hybrid electric vehicles and
electric vehicles that are connected to the singlephase European ac grid. Compared to a charger with silicon devices a higher
power density can be realized because of the lower switching losses of GaN devices that enable higher switching frequencies. A
state-of-the-art battery charging systems will be described and the differences and advantages of fast switching GaN devices
compared to standard silicon ones will be pointed out. An overview of the different components of the battery charger and
their design aspects are presented in this paper.

W. Waag
C. Fleischer
D. U. Sauer

Adaptive On-Line Prediction of the Available Power of Lithium-Ion Batteries
Journal of Power Sources 242 (2013), 548-559
An on-line prediction tool for low-cost microcontrollers of the available power of lithium-ion batteries in all temperature ranges
is presented. It is based on a nonlinear battery model that includes for the first time the current dependency of the battery
resistance.

W. Waag
S. Käbitz
D. U. Sauer

Experimental Investigation of the Lithium-Ion Battery Impedance Characteristic at Various Conditions and Aging States
and its Influence on the Application
Applied Energy 102 (2013), 885-897
This paper analyzes the dependencies of the battery impedance on State-of-Charge (SoC), temperature and current. These
dependencies are investigated over the battery lifetime for a 40 Ah lithium-ion cell manufactured by Kokam using electrochemical impedance spectroscopy (EIS) and current-pulse technique.

D. Zafirakis
C. Elmasides
D. U. Sauer
M. Leuthold
G. Merei
J. K. Kaldellis
G. Vokas
K. J. Chalvatzis

The Multiple Role of Energy Storage in the Industrial Sector: Evidence from a Greek Industrial Facility.
Energy Procedia 46 (2014), 178 – 185
According to Directive 2012/27/EU concerning energy efficiency, emphasis should be given on the promotion of best energy
practices in the industrial sector. Acknowledging this, the objective of the current study is to demonstrate the multiple role of
industrial energy storage. More precisely, load management and arbitrage strategies are investigated through the development of a simulation algorithm. Considering also the characteristics of the Greek electricity market, results obtained from
the application of the proposed algorithm to a Greek industrial facility designate the need for revising current electricity price
rates and/or developing novel financial tools for the support of industrial energy storage.
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