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Parameterization of physical and chemical models
After extensive research work, scientists at ISEA have succeeded in
developing a method for parameterization of a physical and chemical
model for lithium-ion batteries. Amongst others, the models will be
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Charging strategies for commercial vehicle fleets
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Editorial
Dear Readers,
At ISEA, from March till June we will have
organized in particular on three conferences in which we play a major role in
terms of defining the content and organizing the event. The International Renewable Energy Storage Conference (IRES) and
Energy Storage conferences, combined in a
single location for the first time, were held
in Düsseldorf in early March, along with
a trade fair featuring about 100 exhibitors. In late April, we will be welcoming
researchers from the industrial and
research sectors who work with battery
technology to Battery Day NRW and the
Advanced Battery Power conference at
Aachen’s Eurogress venue and to our facilities here at the Institute as well. Then, in
late June, the International IEEE Symposium on Power Electronics for Distributed
Generation Systems (PEDG) will be held at
the Hotel Quellenhof, also in Aachen. All
of these will be outstanding opportunities
to dialogue with others on current issues
in research and science while also visiting
Aachen, which is always worth a trip.
Warm wishes,
Dirk Uwe Sauer

Storage Systems I Testing infrastructure
New HiL test bench supports development of new battery management systems
The Electrochemical Energy Conversion and
Storage System Technology department at
ISEA has been actively researching the further
development and evolution of battery management systems for several years now. The group’s
work focuses especially on enhancing reliability
and cost-effectiveness and on trying out innovative concepts and diagnostic methods.
As part of the DriveBattery2015 collaborative project, which is being supported by the

German Federal Ministry for Economic Affairs
and Energy (BMWi), the institute has now
commissioned a hardware-in-the-loop (HiL; see
photo, p. 2) test bench for battery management
systems (BMS). Battery management systems
are used within battery packs for monitoring
and diagnosis of battery cells. These tasks are
hugely important to the safety and reliability
of the overall storage system, especially when
lithium-ion battery cells are used. That means
there is good reason to test these kinds of
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systems extensively even before they have
completed the development phase.
The new HiL test bench is the largest of its
kind at any higher education institution in
Germany. It enables true-to-life tests of both
hardware and software for a BMS. To this
end, the test bench can emulate a complete
battery pack with up to 128 cells. Thanks to
its powerful integrated real-time computer,
impedance-based battery models developed

Power Electronics
Storage Systems
Electrical Drives

ISEA News

Institut für Stromrichtertechnik und Elektrische
Antriebe

www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives

at the Institute can be used to calculate, in
real time, the voltage responses of all cells
to any load profile given by specific application. In the process, the cell emulation hardware of the test bench provides the BMS with
the individual cell voltages calculated based on the model. Further
components of the test bench
enable emulation of temperature and electricity sensors at the
signal level as well as emulation of
battery contactors and disconnectors. Naturally, these components
can also be integrated into the
test bench environment if they are
present in real form for the test. It
is also possible to perform restbus
simulation of the necessary CAN
signals. Finally, the BMS is operated in a test bench environment
that is a precise reproduction of the
conditions in the real battery pack.
Unlike in operation with real
battery cells, however, fault conditions such as overloading, deep
discharge, or cell short-circuits can
be simulated repeatedly – and,
above all, without risk. Reproducibility of experiments also poses no problems.
If, for example, an error in the software has
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been identified and resolved, the success
of the action can be checked directly by
repeating the test. If real cells are used, this
kind of repetition is hardly possible with sufficient accuracy.

The balancing performed by the BMS can
also be tested with the new test bench. The

battery models used during this process can
be parameterized flexibly to almost any cell
type. Through statistical variation in the model
parameters, this makes it possible to simulate
inhomogeneities in cell behavior. These are
very important in a real battery pack,
since, for example, when battery
cells are switched in series, the
“weakest” cell determines the performance of the overall system. In that
case, balancing serves to balance out
differences in voltage or load condition between individual cells. Using
the HiL at ISEA, these kinds of effects
can be tested against the background of the uneven cell. Setting
up these kinds of tests involving real
cells would require that each individual cell be pre-aged in a laborious
process.
Summarizing, the HiL test bench
can be used to test almost all of
the functions of a BMS in a way
that is true to life, safe and reliable,
and, above all, cost-effective even
before the development process
is completed. This is a very important contribution to enhance safety
and reliability of newly developed battery
managemet systems.

Power Electronics I Research project
Smaller, more efficient chargers thanks to air-cooling
As part of the Luftstrom research project, which
is being supported by the German Federal
Ministry of Education and Research (BMBF),
ISEA has taken on the task of developing an
air-cooled bidirectional charger for electric
vehicles. The goal is to accomplish this with
as little installation space as possible while
also enhancing the reliability of the overall
system. The connection with the power supply
grid is to take place via a standard household
power outlet. In addition, the vehicle battery
is supposed to be used to stabilize the supply

network by providing control energy reserve by
charging and discharging at specific times. As
part of this project, ISEA is developing a functional laboratory prototype that makes do with
a smaller installation volume than conventional
water-cooled chargers while at the same time
being distinguished by high efficiency.
To reduce installation space, the team is using
fast-switching power electronic devices. These
kinds of devices make it possible to achieve
significantly higher switching frequencies than
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silicon-based semiconductors such as those
customarily used in today’s commercially available devices. It is planned that by using higher
switching frequencies the installation volume
of the passive components can be reduced. This
applies in particular to the network filter and
high-frequency transformer. However, operation of these components at high frequencies
can cause problems, due to various parasitic
effects. Accordingly, optimum design of these
components is a central aspect of the research
being done for this project. Further subjects
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of investigation include the electromagnetic
compatibility (EMC) of the converter and
specific driver circuits.
In the Luftstrom overall project, which has
been launched in January 2015, the project partners are studying
various aspects in
the area of power
electronics for electric and hybrid vehicles. The project
has two aims. First,
it is hoped that
adjusting the struc-
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ture and connection technologies will raise
the maximum permissible chip temperature, with the goal of increasing the power
density. Second, fast-switching components, based on wide-bandgap materials,
are being used to test innovative switching
topologies in order
to improve the
efficiency of the
power electronics.
Both aspects make
investigating aircooled power electronics especially
interesting.

Storage Systems I Battery development
Parameterization of physical and chemical models
mortem analysis is necessary. To do this,
After extensive research work, researchers
batteries are opened in a controlled atmoat ISEA have succeeded in developing a
method of parameterizing a
physical and chemical model for
lithium-ion batteries. Physical
and chemical models depict the
processes taking place within the
cell, such as processes of diffusion
and reaction kinetics, and they
are parameterized using material
properties. These kinds of models
unlock a better understanding of
the internal processes that take
place inside a battery, and they
can also be used to optimize mateOpening the cell and ...
rials. A battery’s internal condition is tremendously important in
terms of its aging in particular. A
physical and chemical model can
be used, for example, to predict
the local potential of the anode
and use it for direct detection of
lithium plating.
To achieve reliable results with
these kinds of models, accurate
determination of the model
parameters based on a post-

Short & Compact I
Project on storage systems in island
power grids launched
February 1 marked the launch of the TILOS
(Technology Innovation for the Local Scale,
Optimum Integration of Battery Energy
Storage; coordinator Prof. John Kaldellis,
(SEALAB)) collaborative project. Within the
scope of the EU’s Horizon 2020 framework
program, the project involves ISEA and 14
other partners, including SMA, Younicos,
E.ON and FIAMM, and aims to study and
demonstrate the optimum integration of
storage systems into an intelligent island
power grid with a high proportion of renewable energies. The demonstration phase is
being implemented on the Greek island of
Tilos. The project has a scope of 14 million
euros and a term of four years.
***
City issues building permit for
M5BAT battery storage facility

On December 9, 2014, the City of Aachen
issued the building permit for the M5BAT
battery storage facility. As part of the
project, a former administrative building
on Hüttenstrasse is being converted. The
first stage in the project will be to overhaul
the structure and equip the facility with the
necessary technical building equipment
(especially fire prevention and protection, ventilation and alarm technology)
and install the electrical equipment. The
steps needed to obtain the building permit
included developing of a special safety and
fire prevention and protection concept. The
new concept is now to be implemented
within the scope of the construction work
by the end of 2015. For further information,
please visit www.m5bat.de.

... geometric measurement for model parameterization
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sphere, the geometric data are determined,
and samples are taken for further measurement (see photos). This makes it possible,
for example, to use mercury porosimetry
to determine the porosity and particle radii
of the active material. Current and voltage
measurements yield data on the conductivity
of the materials used. Electrochemical half
cell measurements on lab cells can be used
to measure OCV curves, the diffusion coefficients, and the reaction kinetics of the individual electrodes.
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Researchers at ISEA have shown that the
physical and chemical model parameterized
in this way can produce a good simulation
of the current/voltage behavior of the cells
under consideration for various currents and
temperatures, both for short-term pulses
and for complete discharges. The model can
even predict the cell’s decay behavior in a
constant voltage phase, an issue for many
models. This significantly facilitates both
the optimization of operating strategies and
material development.

Electrical Drives I Research project
Development of an innovative range extender module
Together with the innovative firms ENGIRO
GmbH,
AixControl
GmbH and ISAR Getriebetechnik KG, ISEA is
developing an integrated
high-speed
range extender module
based on a Wankel
engine and a switched
reluctance machine as
part of a collaborative
project. The project title is HiREX (Highly Integrated High-Speed Range Extender Module).
It is funded by the German Federal Ministry
for Economic Affairs and Energy (BMWi). All
of the alliance partners and the sponsor met
at ISEA in Aachen in mid-January for the official kickoff.
The innovative module that the project aims
to develop is supposed to achieve both higher
operating speed and consistent integration
of all sub-components. The ultimate goal is
to enhance the power density of the overall
system. The key question from a technical
development standpoint is whether, and
if so how, a range extender module that is
competitive in terms of cost and installation
space can be developed despite the increased
work and expense involved in production and

mechanical losses.
The approach being
taken in the project
opens up the possibility of leveraging
technological innovation to make German
companies independent of rare earth
metals.
Electric
vehicles
equipped with a range extender offer not
only an increased range, but also the possibility of driving locally without any emissions
at all. Especially for local traffic and deliveries
in city center areas, this is becoming increasingly important as emission regulations are
tightened. This means that in addition to the
passenger car market, delivery vehicles and
buses also play an important role with regard
to target applications.
One partner from the industrial sector has
been brought in for the development of each
of the individual sub-components. The goal
is to develop an optimally calibrated overall
system through interdisciplinary cooperation on specific assigned tasks between the
participating companies and engineering
researchers at ISEA.
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Short & Compact II
Advanced Battery Power conference in Aachen

On April 28 and 29, the international battery
segment will come together in Aachen for
the Advanced Battery Power conference.
In over 60 presentations and about 130
posters, current findings from research
and industrial activities will be presented.
The first day will also feature a joint session
with the BMBF’s i-WING conference (part of
the side program to promote material innovation for industry and society) in Dresden.
Highly regarded speakers will present in
both Dresden and Aachen, with a video link
alternating between them. For further information, please visit www.battery-power.eu.
***
ISEA location on Hüttenstrasse grows
ISEA is growing. A few weeks ago, the
entire Battery Systems Technology and
Vehicle Integration department moved to
a building complex near the testing center
and the interim site of the NRW Central
Lab for Battery Pack Design. The brightly
lit new space on Hüttenstrasse will now
also accommodate Battery Management
Systems Development, including the HiL
test bench and electronics lab. Visitors are
welcome!
***
ISEA colloquium with Dr.-Ing. Jürgen Reinert
As part of the “ISEA Colloquium” presentation series, guests from the research sector
and industry talk
about technical
subjects from
ISEA’s areas of
research. At the
January colloquium, Dr.-Ing. Jürgen Reinert
(CTO SMA) addressed the current situation
in the solar industry and showcased future
developments in the solar energy supply
segment. During the subsequemt refreshment period, additional questions were
discussed.
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Storage Systems I Research projects
Charging strategies for commercial vehicle fleets
For electric vehicles to be used in commercial vehicle fleets, there has to be a charging
infrastructure that meets the requirements
of the installed power and operational safety
and reliability. In addition, optimized charging
algorithms are absolutely essential to achieve
maximum battery life spans, and thus to the costeffectiveness of the vehicles used.
The ISEA and PGS institutes have been commissioned to perform academic research in support
of two projects under the leadership of Professor
Sauer for two years. In the “GO ELK” project (the
German acronym for “small commercial electric
vehicle fleets”), the driving and charge data of 20
electric vehicles in all are being analyzed across
the first phase of the project. The results will be
used to develop and
implement optimized
charging strategies
in the second phase.
In addition, battery
cells are being aged
in terms of calendar
and cycle lifetime at
the ISEA test center.
Once this stage is
complete, it will be
possible to study
the influence of
optimized charging
strategies on battery
aging based on real
operation data and
compare it with lab
results.

Short & Compact III
Construction starts for eLab
Construction work for the eLab electric
mobility lab on the RWTH Aachen Univer-

of a plant fleet, and some as part of a municipal
commercial car sharing program. A detailed analysis of the aging of the battery packs will take
place once the second phase is complete.
© LP 12 Architekten

Experience from the real-world use of vehicles
and studies of the technology involved in the
battery packs are part of the focus of this project,
as is the optimization of use and charging strategies and thus improvement of the cost-effectiveness of electric vehicles.

The use of electric vehicles in the delivery operations of Deutsche Post is being supported and
monitored from a research standpoint by ISEA
and PGS as part of the “CO2-Free Deliveries in
Bonn” project supported by the German Federal
Environment
Ministry (BMU). A
simulation of electric vehicle range
is being developed for delivery
operations, taking
various factors that
affect the battery
into account, such
as aging condition,
additional
loading, ambient
temperature and
driving style. Other
factors
being
studied include the
influence of large
vehicle numbers on
the design of the
Some of the tests are being performed on open
The influence of
charging infrastrucbattery packs.
different charging
ture and appropriate
strategies will be
charging strategies.
determined via regular measurements of the
Beyond extending the life span, one goal of the
aging condition of the vehicles. Twenty massproject is to study how undesired effects on the
produced vehicles from various manufacturers
electrical grid can be reduced through intelligent
have been purchased to this end. The vehicles are
management of charging processes. Implemenin daily use in the showcase regions of Bavaria,
tation of this kind of control can take place on
Berlin, and Lower Saxony, with some being used
the vehicle and infrastructure side, depending on
by an outpatient healthcare service, some as part
technical feasibility.
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sity campus is now under way (investment
volume, including facilities: approximately
eight million euros). The electro mobility lab
will develop and produce prototype electrical components, e.g. in the area of battery
cell production, battery system technology,
power electronics, control and electric
motors. Another synergetic component of
the eLab is the NRW Central Lab for Battery
System Technology (Prof. Sauer, about 2.5
million euros investment), which focuses on
battery system technology and on development and construction of battery packs.
***
A visit to Aurubis
ISEA sent an eight-person group to visit
Aurubis AG, a producer of semi-finished
copper products, in the city of Stolberg. The
various alloys used for electronic components and foils used as preliminary products
for battery production were particular items
of interest for the visitors from ISEA. Along
with the introduction of the corporate group
as the largest producer of rolled products, the
size of the plant, the scope of its production
activities and the energy consumption level
were especially impressive to the visitors. The
group had many questions for the copper
specialists during their tour of the grounds.
***
Dr.-Ing. Wladislaw Waag
To mark the 2014 Electrical Engineering and
Information Technology
Day event at Faculty 6
of RWTH Aachen University, Dr.-Ing. Wladislaw
Waag was granted the
ABB Award in recognition of his outstanding
dissertation in the field of energy technology.
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Electrical Drives I Testing infrastructure
Versatile test benches with wide power spectrum and variable speeds
Within the Electric Drives research group,
various functional test benches to test and
measure electric motors and their converters
cover a power spectrum ranging from 1.5 to
120 kW and speeds of as much as 25,000 rpm.

up to 12,500 rpm and a maximum torque of
600 Nm. In addition, a high-speed test bench
can be used to test machines with power
currently amounting to as much as 90 kW (can
be expanded to a maximum of 120 kW) and
maximum speed of 25,000 rpm.

Two 20-kW test benches are designed for
To evaluate control algorithms and for
detailed testing of electric motors with up to
machine modeling purposes, smaller hard12,000 rpm and 50 Nm of torque. A double-axle
ware-in-the-loop test benches rated for 1.5 kW
test bench with a ground-level test bed and
and 6,000 rpm are used. A characteristic test
two 60-kW load machines can be operated
bench to characat a maximum
terize machine
speed of 6,000
The test bench infrastructure of the ISEA research
parameters
rpm. This test
group Electric Drives offers outstanding options for
(for example of
bench, which can
• Commissioning of electric motors and converters
Switched relucbe retooled by
• Vibration analysis and acoustic measurement
tance machines)
way of a gearbox
• Efficiency measurement
is also available.
and reduction
• Testing of controls and algorithms
Researchers can
gear of 4:1 for
use this bench to
direct drives with
take highly accunominal torque
rate measurements of current, rotor angle,
of up to 1200 Nm per load machine, enables
torque, and temperature for precise determivarious test setups, including direct tests on
nation of characteristic machine parameters.
electric drives that are installed in vehicles
(where applicable, including the mechanical
Each test bench is fed by a DC-to-DC converter
differential).
with variable output voltage to feed the
inverter of the drive under test. ISEA’s own
Furthermore, two test benches were develdrive inverters can be used to test and
oped in-house by the ISEA Electric Drives
measure machines with as many as six phases.
Group. One test bench includes a 120-kW load
Freely programmable DSP- and FPGA-based
machine, which is used for tests at speeds of
control platforms from
AixControl and dSpace
offer a way to develop
and test researchers’
own controls and algorithms quickly.

The 90 kW load machine
and gear box for the
high-speed 25,000 rpm
test bench
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In addition to centralized water cooling for the
facility, the machines can also be cooled using
mobile conditioning units. These units can be
used to set the machines that are to be tested
to specific temperatures for a detailed emulation of real-world operating conditions.
Precision digital oscilloscopes, current
probes, power meters, logic analyzers, torque
and speed measuring shafts, vibration and
acoustic measurement equipment, rotor
telemetry and thermal imaging cameras are
used for measuring and monitoring drives.
The measurement data are automatically
recorded using data loggers and analyzed and
interpreted using software developed at ISEA
specifically for this purpose. This ensures fast,
comprehensive evaluation of the measurement results.

Editor:
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 Storage Systems
Prof. Dr. Dirk Uwe Sauer
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Dr. Ute Müller/Dr. Rolf Sweekhorst
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Electrical Drives
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Jägerstrasse 17 - 19
52066 Aachen
Tel. : +49 241 80 99597
Fax: +49 241 80 92203
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Events/Dates
April 22-23, 2015
Bad Boll, Germany

Electric & Electronic Systems in Hybrid and Electrical Vehicles and Electrical Energy Management
(EEHE), www.eehe.de/en/home.html

April 27, 2015
Eurogress, Aachen, Germany

Battery Day NRW

April 28-29, 2015
Eurogress, Aachen, Germany

Advanced Battery Power
http://www.battery-power.eu/en/

June 2, 2015
Frankfurt, Germany

PV-Nutzen Expert Workshop
www.pv-nutzen.rwth-aachen.de; registration: jmo@isea.rwth-aachen.de

June 22-25, 2015
Quellenhof, Aachen, Germany

PEDG2015 • The 6th International Symposium on Power Electronics for Distributed
Generation Systems, www.pedg2015.org

September 22-23, 2015
ISEA, Aachen, Germany

Energiespeicher für Bordnetze, Hybridfahrzeuge und Antriebssysteme
Anforderungen, Technologien, Praxiserfahrungen (in German; mit Laborführung und Besichtigung des Batterieprüfzentrum des ISEA), www.hdt-essen.de

Dissertation
Tilman Sanders:
Spatially Resolved Electrical
In-Situ Measurement
Techniques for Fuel Cells

Tilman Sanders passed the doctoral examination on his dissertation Spatially Resolved
Electrical In-Situ Measurement Techniques
for Fuel Cells on July 17, 2014. In his thesis,
Sanders presents various measurement techniques for spatially resolved measurement of
fuel cells.
Dr. Tilman Sanders
works for the
Dortmund-based
pump manufacturer
Wilo SE.
He worked as a
research associate
at ISEA from 2007
to 2012.

The techniques covered include methods of
measuring temperature in low-temperature
and high-temperature fuel cells as well as for
measurements of differential pressure and
spatially resolved electrical distribution. With
the latter, electrochemical impedance spectroscopy on individual cell segments is also possible.
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The experimental studies have been additionally
supplemented by neutron and synchrotron radiography. This has made it possible to determine
the effects of water distribution on operating
conditions and local and global power parameters.
This work also presents a likewise spatially
resolved simulation model of a direct methanol
fuel cell (DMFC). The model makes it possible to
recreate performance.
One especially interesting phenomenon that
has been observed is the “bifunctional regime,”
in which part of the DMFC is in normal fuel cell
operation, but another is in electrolysis operating condition. This produces a circular current
that cannot be observed when the overall cell
is considered, but has a critical influence on the
achievable life span.
The dissertation has been published by Shaker
Verlag as volume 73 of Aachener Beiträge des
ISEA and is available under ISBN 978-3-84403121-8.
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Selection of Recent Publications
M. Bösing
A. Hofmann
R. W. De Doncker

Universal Acoustic Modeling Framework for Electrical Drives
7th IET International Conference on Power Electronics, Machines and Drives (PEMD 2014), Manchester, UK, 2014
This paper presents a universal framework for efficient, high-quality acoustic modeling of electrical drives with arbitrary
machine types. Based on generic input parameters and via automated offline finite-element simulations, which have to be
carried out only once for a given motor design, the framework generates an electro-magnetic machine model, force model
and transfer functions for different vibration modes. The generated models and transfer functions are then used in a second,
extremely fast simulation for detailed analysis of the acoustic impact of different control and modulation strategies.
An enhanced version of the article is going to be published in the “IET Journal of Power Electronics” on the demand of the
conference organizers.

C. Fleischer
W. Waag
Z. Bai
D. U. Sauer

On-line Self-Learning Time Forward Voltage Prognosis for Lithium-Ion Batteries Using Adaptive Neuro-fuzzy Inference
System
Journal of Power Sources 243 (2013), 728-749
This paper describes a new approach which can be used for state-of-available-power estimation with respect to lowest/highest
cell voltage using an adaptive neuro-fuzzy inference system (ANFIS). It combines the strength of Fuzzy Inference, namely the
ability of human knowledge modeling, and Neural Networks, the capability of learning, into one framework to integrate a trainable system that adapts to the aging process of a battery pack. To overcome overfitting, network faults or wrongly learning
behavior, a novel feature grid filter was proposed. For the near future the ANFIS predicts precisely the lowest/highest terminal
voltage for the battery model.

E. Gerovasili
J. F. May
D. U. Sauer

Experimental Evaluation of the Performance of the Sodium Metal Chloride Battery Below Usual Operating Temperatures
Journal of Power Sources 251 (2014), 137-144
NaNiCl2-(ZEBRA) batteries typically operate at temperatures around 300°C. This paper deals with the power performance
and the efficiency at different current rates and cycle profiles at an operation temperature of 240°C. Part of the experimental
analysis is also the charging times at different temperatures. The overall objective is the increase of the efficiency due to lower
heat losses at lower temperatures vs. the losses in power performance and efficiencies.

S. Koschik
F. Bauer
R. W. De Doncker

Offline Extraction of Induction Machine Parameters for Control Strategy Synthesis
International Power Electronics Conference (IPEC-Hiroshima 2014 – ECCE-ASIA), 3898-3904, Hiroshima, Japan, 2014
An offline algorithm for induction machine parameter determination from power and torque measurements over several
torque-slip curves is presented. Based on a parameter sensitivity function, the algorithm fits the measured data of torque,
stator voltage amplitude and power factor to the parameters of an equivalent circuit of the induction machine. The equivalent
circuit takes main inductance saturation, iron losses and skin effect of the rotor into account. The approach is experimentally
verified.

C. Loef
R. W. De Doncker
(RWTH)
B. Ackermann
(Philips Research,
Eindhoven)

On High Frequency High Voltage Generators With Planar Transformers
29th Applied Power Electronics Conference, Fort Worth, Texas, USA, 2015
To generate high dc voltages, transformers are used to step-up a given voltage to a higher voltage level. To achieve a compact
design, a high operating frequency is desired. Thus, high frequency core materials like standard ferrite can be used. Due to the
high operating frequencies skin and proximity losses occur in the windings. Using an FEM analysis to optimize the winding
layout the losses have been reduced. The proximity-loses could be reduced by using an interleaved disc-winding structure. A
validation has been performed on a transformer with a transmission capacity of 50 kW with a power density of 40 kW / liter.

8

Power Electronics
Storage Systems
Electrical Drives

ISEA News

Institut für Stromrichtertechnik und Elektrische
Antriebe

www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives

April 2015, No. 1/2015

G. Merei
S. Adler
D. Magnor
M. Leuthold
D. U. Sauer

Multi-physics Model for a Vanadium Redox Flow Battery
Energy Procedia 46 (2014), 194-203
Energy storage system has become essential to compensate the fluctuation in the renewable energy production. However,
the all vanadium redox-flow battery (VRB) is a promising and attractive candidate due to its long lifetime and the possibility
of independent scale-up of nominal power and nominal energy. The present paper presents a VRB model accounting for the
electrochemical reactions, pump losses, temperature changes within the VRB and aging prediction. The model is applicable
for a wide range of different VRBs with different nominal power ratings, nominal capacities and different vanadium and
sulfuric acid concentrations. The modeling results are discussed and proven to be consistent with current research in this field.

M. Neubert
S. Koschik
R. W. De Doncker

Performance Comparison of Inverter and Drive Configurations With Open-End and Star-Connected Windings
International Power Electronics Conference (IPEC-Hiroshima 2014 – ECCE-ASIA), 3145-3152, Hiroshima, Japan, 2014
This paper compares different machine configurations and inverter configurations based on the B6C and H-bridge topology.
The simulation focuses on efficiency, THD (total harmonic distortion) and torque ripple. It is found that the H-bridge offers
highest efficiency but suffers from high circulating currents. To address this issue, different zero common-mode modulation
strategies are evaluated.

M. Reichert
D. Andre
A. Rösmann
P. Janssen
H. G. Bremes
D. U. Sauer et.al.

Influence of Relaxation Time on the Lifetime of Commercial Lithium-Ion Cells
Journal of Power Sources 239 (2013), 45-53
The impact of relaxation periods in open circuit conditions on improvements in the capacity of commercial NMC/LCO und LFP
cells was investigated. The results show that the duration of the longest relaxation period is defining the degree of capacity
relaxation rather than the sum of all relaxation times. However, the relaxation effects are quite small and are in the order of
some one-tenth of a percent.

M. Rosekeit
P. Joebges
M. Lelie
D. U. Sauer
R. W. De Doncker

Undersampling Control of a Bidirectional Cascaded Buck+Boost Dc-Dc Converter
International Power Electronics Conference (IPEC-Hiroshima 2014 – ECCE-ASIA), 2729-2736, Hiroshima, Japan, 2014
Design of a dead-beat current control for a bidirectional cascaded buck+boost dc-dc converter with a switching frequency of
100 kHz and a control frequency of 10 kHz. A model based predictor of the inductor current is introduced to compensate the
misalignment between update of the PWM and the current sampling. Effects of measurement noise and quantized PWM are
analyzed. Furthermore to protect the battery of negative currents a switching strategy for discontinuous inductor current is
presented.

J. Schmalstieg
S. Käbitz
M. Ecker
D. U. Sauer

A Holistic Aging Model for Li(NiMnCo)O2 Based 18650 Lithium-Ion Batteries
Journal of Power Sources, 257 (2014), 325 - 334
This paper illustrates the parameterization of a holistic aging model from accelerated aging tests, including a verification from
realistic driving profiles. More than 60 cells are tested to analyze different impact factors on calendar and cycle aging. From
the measured capacity loss and resistance increase physical based functions are obtained, giving a mathematical description
of aging. To calculate the aging stress factors, an impedance based electric-thermal model is coupled to the aging model.
Various drive cycles and battery management strategies can be tested and optimized using the lifetime prognosis of this tool.

C. H. van der Broeck
S. A. Richter
J. von Bloh
R. W. De Doncker

Discrete Time Modeling, Implementation and Design of Current Controllers
IEEE Energy Conversion Congress and Exposition (ECCE 2014), Pittsburgh, Pennsylvania, USA, 2014
This work addresses discrete time modeling, implementation and design options for the current control of three phase grid
tied PWM converters. Based on an accurate discrete time model of the PWM converter, closed loop current control is reviewed
from the perspective of the synchronous and stationary reference frame. Then, implementation options for the synchronous
frame proportional integral (SFPI) regulator and the proportional resonant (PR) regulator are discussed leading to the formulation of a general controller framework based on space vector resonators: the Resonant Space Vector (RSV) regulator. It can

9

Power Electronics
Storage Systems
Electrical Drives

ISEA News

Institut für Stromrichtertechnik und Elektrische
Antriebe

www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives

April 2015, No. 1/2015

embody multiple SFPI regulators on different frequencies and allows a consistent design of state feedback controllers as well
as an efficient implementation. For this control framework an insightful design procedure based on the root locus method for
complex system models is introduced. Finally, the performance of the presented control design and implementation concepts
is demonstrated experimentally.

C. H. van der Broeck
S. A. Richter
J. von Bloh
R. W. De Doncker

Unified Control of a Buck Converter for Wide Load Range Applications
29th Applied Power Electronics Conference, Fort Worth, Texas, USA, 2015
This publication presents a new discrete time state feedback controller, which allows high bandwidth voltage control of a
buck converter for any load condition in discontinuous conduction mode (DCM), continuous conduction mode (CCM) as well
as in the boundary region. This makes the buck converter applicable for a wide range of applications. For the control design
process two large signal models, which represent the buck converter’s discrete time dynamics in CCM and DCM, are developed. A simple PI regulator is used for the voltage control of the converter. The operation mode is detected and the voltage
controller is connected in cascade to a current controller in CCM or to a nonlinear state feedback decoupling structure in DCM.
In this work, the modeling and design of the proposed control topology are introduced and its performance is demonstrated
in simulation and experiment.

W. Waag
C. Fleischer
D. U. Sauer

On-line Estimation of Lithium-Ion Battery Impedance Parameters Using a Novel Varied-Parameters Approach
Journal of Power Sources 237 (2013), 260-269
In this paper a novel technique for on-line estimation of impedance parameters of a battery equivalent circuit model (ECM)
is presented. The basic idea is that the change of the battery voltage under load is predicted using the ECM with different
parameter sets during a short time period. An intelligent strategy for building parameter sets is implemented for a fast and
efficient convergence and accurate parameter estimation with minimum computational cost on a standard automotive
microcontroller.
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