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Dear Readers,
Far-reaching steps were resolved at the
World Climate Summit in Paris designed
to facilitate the protection of the climate
and the transition to sustainable energies.
At the same time, the manipulation of
exhaust emission values of passenger cars
has shown that the electrification of the
transport sector is an inevitable necessity.
ISEA has been committed to these issues
for over 50 years and we are proud that our
work has contributed to the fact that there
are viable alternatives for energy supplies
and mobility. Our highlights in 2016 were
the opening of eLab, the launch of M5BAT,
the approval of the CARL research building
and welcoming Professor Egbert Figgemeier to our team. More about this in our
newsletter.
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Kind regards,
Dirk Uwe Sauer
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ISEA I Storage systems

Short & compact I

Modular battery storage system M5BAT put into operation

BMWi joint project MAs:Stab completed
successfully

Following a full year of construction, the M5BAT
(Modular Multi-Megawatt Multi-Technology
Medium-Voltage Battery Storage System)
modular large-scale battery storage system
was put into operation in Aachen. Dirk Uwe
Sauer, professor at ISEA and at the Institute for
Power Generation and Storage Systems (PGS)
of the E.ON Energy Research Center (E.ON ERC),
as well as director of the project and M5BAT
operations, was convinced that with the operation of 25,000 battery cells in six strings, valuable information could be collected on ageing,
reliability, and service life. “At the same time,
we want to use intelligent battery management to show how overall operations can be
optimized with a hybrid system using different
technologies.”

The closing event for the project “Modular
drive train: More stability for multiple
drives” (MAs:Stab) took place on January 20,
2016. An efficiency-optimized asynchronous
machine
has
been developed
at ISEA within
the framework of
this project, with
which a torque
deviation of less
than 2 percent
and dynamics of
100 Nm/100ms
have been achieved. The sponsors of the
project as well as affiliated partners were
present at the test track - in the freezing
cold - to witness the Streetscooter C16 test
vehicle (see image) demonstrate its driving
abilities within the framework of the project
and to test the torque vectoring function
developed by partner FEV to increase agility
and stability in actual operation.

The fully-automated operation will be monitored and operated via a remote control
system from Uniper SE in Düsseldorf. For this
purpose, the battery storage system will be
used in various markets for research purposes,
for example to provide primary control power.
Eckhardt Rümmler, Uniper’s Chief Operating

Officer, is convinced that M5BAT will provide
important findings in the short-term regarding
the development of business models based on
decentralized storage systems. “Energy storage
systems are important if energy transformation
is to be a success. They contribute greater flexibility and stability to energy systems. They are
thus essential for a low-carbon energy supply
based on renewable energies.”
The unique feature of M5BAT is the fact that
it has five different battery technologies,
explained Professor Rik W. De Doncker, Director
of E.ON ERC and head of ISEA: “The commissioning of the M5BAT battery storage system
is a milestone in RWTH Aachen University’s
energy storage research. With the start of the
operation, interesting new findings regarding
the economic and technical characteristics
of battery storage systems are expected. We
plan to use these research results to improve
economic feasibility and, so, sustainably
promote the introduction of battery storage
systems onto the market.”

***

Source: Uniper SE

HI MS Professorship

Collectively put the system into operation (from left to right): Prof. Ernst Schmachtenberg, RWTH Aachen,
Volker Wachenfeld, SMA Solar Technologies, Dr. Rainer Bußar, Exide Technologies, Prof. Dirk Uwe Sauer,
PGS at E.ON ERC, Eckhardt Rümmler, Uniper SE and Prof. Rik W. De Doncker, Director of E.ON ERC.
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Early 2015, the Helmholtz Institute Münster
“Ionics in Energy Storage” (HI MS) went
into operation at
the locations in
Jülich, Münster
and
Aachen.
A very important structural
measure is the
creation of the
new professorship for “Ageing
processes and lifetime prognosis of
batteries”, which is thematically related to
and located at ISEA. We are very pleased
that Professor Egbert Figgemeier has
accepted this position, which he assumed
on June 1, 2016. Our next newsletter will
contain a detailed introduction.
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ISEA I Research infrastructure
Electromobility lab „eLab“ supports medium-sized businesses
The electromobility lab (eLab, see photo) was
built on the RWTH Aachen campus Melaten
in order to meet the increasing demand for
research in the field of electromobility. The
construction and setup was substantially
funded by the EU. Here, eLab is working in
collaboration with the “NRW central laboratory for the development and integration of
components and concepts of battery packs
for electric mobility” (in short: NRW Central
Lab for Battery Technology). The aim of both
projects is to provide support to mediumsized companies in North Rhine-Westphalia.
They can rent the newly created infrastructure and benefit from the know-how of the
university.
eLab focuses on all components of drive
trains for electric vehicles that can be developed here and manufactured as prototypes.
Taking part in the project from the ISEA side
is the research group for battery storage
technology led by Professor Sauer and the
power electronics group, which operates an
end-of-line test bench, under leadership of
Professor De Doncker. With the aid of the
end-of-line test bench, different load conditions can be emulated for the converter as
they occur during regular operation of the
vehicle in order to validate functionality of the

converter prior to installation. The test bench
also enables testing of short-circuit resistance
and the performance of an insulation test.
The “NRW Central Lab for Battery Technology”
pursues the same targets that the eLab does
and offers researchers and SMEs access to an

on the battery cells, thermal characterizations can be performed at the beginning of
pack development. Interesting aspects here
are, e.g. thermal resistance of battery cells,
thermal capacity or also, for safety considerations, the energy released in the event of a
thermal runaway.
Extensive and versatile equipment was
acquired for the mechanical construction of
prototypes. For instance, housing components can be manufactured with a plastic 3D
printer (plastic laser sintering system) of the
type “EOS Formiga P110”. This device enables
the fast manufacture and testing of designs
created on a personal computer. If a design
tests positively in the first tests, the printed
parts can be duplicated quickly and costeffectively with an existing vacuum casting
system.

extensive machine and device park as well as
closed development compartments for the
development of battery systems. Here, the
entire development process of a battery pack
can be performed, from the selection of the
individual battery cell to testing the finished
prototype.
With a newly created calorimeter, which
enables adiabatic, as well as isothermal tests

A second 3D printer for the printout of
aluminum and stainless steel alloys can be
used to build complex cooling structures
that cannot be manufactured with a milling
machine in this manner. This enables the
implementation of innovative cooling
concepts for future battery systems and
power electronics.

Storage systems I Study
Flexibility technologies stabilize the energy supply
There are several sensible options available
to provide a stable energy supply system
in the era of renewable energies. Nearly no
technology is without alternatives, and virtually any one can be replaced at a justifiable
added cost. Identifying innovative technologies and assessing their potential in the future
energy system was the aim of an ad-hoc work
group within the framework of the academy

project “Energy systems of the future” (ESYS).
The project is funded by the German Federal
Ministry of Education and Research (BMBF)
and supported by the three scientific academies acatech (German Academy of technical
sciences), Academies of Sciences Leopoldina
and the Union of the German Academies of
Sciences. For the ad-hoc working group, headed
by Prof. Peter Elsner (Fraunhofer ICT), Prof.
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Manfred Fischedick (Wuppertal Institute) and
Prof. Dirk Uwe Sauer, a total of 11 work groups
were formed with more than 100 experts from
the industrial and scientific communities, to
analyze and quantify the technical potential
for all relevant technologies for the offsetting
of fluctuating power generation from windpower and photovoltaic systems as well as the
expected cost development up to 2050.

Power Electronics
Storage Systems
Electrical Drives

ISEA News

www.isea.rwth-aachen.de

News from the Institute for Power Electronics and Electrical Drives

At ISEA, Benedikt Lunz, Philipp Stöcker and
Dirk Uwe Sauer developed an innovative tool,
to compute the most cost-effective fleet of
flexibility technologies for the German energy
supply. In doing so, the various scenarios in
terms of energy consumption and the installed
capacity of wind and PV systems are taken
into consideration under the given framework
conditions. Flexibility of several technologies
were taken into consideration, e.g. conventional power stations of all kinds, demandside management in households and industry,
power-to-heat- and power-to-gas technologies or grid expansion. Framework conditions
are e.g. costs for CO2 emissions, maximum
permitted CO2 emissions in the electricity
sector or also the acceptance of technologies
within society. For instance, it can be examined
in which manner CO2 sequestration, the import
of power from solar power stations in Northern
Africa or the foregoing of a more extensive
transmission network expansion changes the
overall composition. The objective is the respective minimization of overall costs under the
given framework conditions.
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With the analysis tool, scenarios can also be
performed for other countries and regions once
the required basic data has been acquired. The
unique characteristic of the tool is that the analyses, incl. a detailed full-year time series analysis, can be calculated within about 15 minutes.
This enables the analysis of the sensitivity of
the results of a large number of variations of
assumed parameters or framework conditions.

composition of the power system (without the
depiction of the PV and wind energy systems)
with emission reduction targets of 80 percent,
90 percent and 100 percent in comparison to
1990, each for one system variant with the
specification of the key framework conditions.
The share of variable renewable energies (VRE)
in the overall generation of power is indicated
behind the scenario number. The differences
in the installed overall total output are a result
of the different power needs in the various
scenarios. The technologies shown are necessary, despite the high share of variable generation of wind energy and PV systems, to be able
overbridge all consumption peaks and the
periods of hardly any wind and sun.

The illustration depicts an exemplary results
chart of the ESYS study. It depicts the necessary

The results of the study were presented to the
public on December 10. Extensive documenta-

tion of the results of the study can be found
under http://www.acatech.de/flexibilitaetskonzepte-2050. In addition to a statement
containing the key results in a format that is
also comprehensible to non-specialists, an
analysis report that also describes the developed systematics and a series of brief technology descriptions were published, in which
the results of the expert groups are introduced.
Special focus was placed on depicting the
systematics as well as all of the used input data
fully and transparently.
The study received much praise in the press
and is also being discussed with representatives of federal ministries and representatives
of German Parliament.

Power electronics I Direct current networks
DC-DC converter couples direct current networks of various voltage levels
The use of direct current networks offers
numerous benefits in comparison to alternating voltage networks. In addition to the
reduced use of filters and the associated material costs, the transfer efficiency between direct

voltage producers and consumers increases.
This is particularly relevant in terms of the
constantly increasing share of renewable energies, such as photovoltaic and battery systems
as these energy producers and storage systems
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predominantly represent direct current (DC)
sources. At the same time, the expansion of
renewable energies leads to strongly decentralized power generation, also at the low-voltage
level, whereby the power flow between the
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various provider network levels shifts from the
conventional top-down structure to a horizontal
or even bottom-up structure. It is only the DC
network technology that enables a simple
connection between medium-voltage and lowvoltage networks and an uncomplicated control
of the load flow.
Within the framework of the Research Campus
“Forschungscampus Flexible Electrical Networks
(FEN)”, ISEA is developing an innovative multiport DC-DC converter to couple direct current
networks with various other voltage levels.
The converter is designed to accommodate a
maximum capacity of 150 kW and serves as a
connection between a 5-kV-DC medium-voltage
network, a 380-V-DC low-voltage network and
a 760-V-DC low-voltage network. The topology
used is a three-phase multi-port-dual-active
bridge with three ports, a so-called three-phase
triple-active-bridge converter. Besides galvanic
separation and bidirectional power flow, the
triple active bridge converter enables the
precise control of the power flow between the
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various networks, particularly also between the
two low-voltage networks. This way, the two
low-voltage networks for instance can also work
in isolated operation if the medium-voltage

Short & compact II
Power and Energy Student Summit of the
IEEE in Aachen
On 19 and 20 January, the IEEE (Institute of
Electrical and Electronics Engineers) Student
Branch Aachen hosted the Power and
Energy Student Summit. Under the auspices
of the Power Electronic Society of the IEEE,
students and young PhD students took this
opportunity to introduce their topics from
the fields of renewable energies, future electrical grids and battery storage. There was
a lively exchange of ideas during the extensive framework program. The organizers of
the event would like to thank the sponsors
Bosch, Infineon, Digsilent and TenneT for
their support.

Multi-Port-MV/LV-DC-DC-converters for future direct
current networks.

network fails. The use of innovative 10-kV-SiCMOSFETs can realize a switching frequency of
20 kHz and therefore a compact structure can
be realized. Results of the study were presented
by Dipl.-Ing. Neubert at the 2016 IEEE ECCE
Congress, Milwaukee, USA.

***
ISEA graduate receives DRIVE-E study prize
for his master’s thesis
Daniel Szepanski (2nd from right) was
awarded the DRIVE-E study award 2016 of the
Federal Ministry of Education and Research
(BMBF) and Fraunhofer Institute in Braunschweig. The 6,000 euro prize was given to

Electrical drives I Research project
Electrification alternatives for heavy-duty trucks

The objective of the project “BOB-LKW” involves
the examination of three electrification alternatives for heavy-duty, long-distance trucks:
battery-operated, overhead-line operation
and fuel-cell-operated options. In the case of a
battery-operated truck, the energy required for
the drive and the auxiliary users are provided

from the traction battery. In the case of a fuelcell-operated truck, a fuel cell provides the
energy. With trucks operated via overhead
lines, the required energy is provided during
the drive on the motorway from the overhead
line. Once the motorway is exited, fuel needs
can be covered by means of a smaller traction
battery.

Quelle: RWTH

Source: www.focus.de

Up to now, the topic of the transportation of
goods has predominantly involved the electrification of lighter weight commercial vehicles
and the occasional delivery truck up to 12 tons
for innercity transportation. On the other hand,
semi-trailer tractor units (12 to 40 t) yield the
largest driving performance in the transportation of goods. As a consequence of stricter
regulations to achieve climate goals, the electrification of these heavy-duty trucks is becoming
an ever-more significant factor.

the ISEA electrical engineering graduate
for his thesis on the functional integration
of power electronics in electric propulsion
engines. Up to now, external converters are
installed for this purpose. Szepanski wrote
his these at ISEA under the supervision of
Professor De Doncker. With the DRIVE-E
study award, the Federal Ministry of Education and Research (BMBF) and Fraunhofer
Institute distinguish outstanding papers in
the field of electromobility.

Overhead-line-operated trucks in the ENUBA 2 project.
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To examine the technical feasibility of these
concepts, system models of the trucks are to
be made and the components designed in
dependence with the respective power and
energy needs. For each electrification concept,
the lifecycle costs and the environmental
effects are also to be examined systematically.

December 2016

Then the concepts are to be compared and the
benefits and opportunities identified.

Awards and distinctions

The BOB truck project is running until mid-2018
and is funded by the Karl-Vossloh foundation.

Best Paper and Best Exhibition awards for
ISEA employees

Storage systems I Research project
Assessment of electrochemical energy storages
The ESPEN project, conducted in collaboration with leading German research institutes
in the field of battery storage was concluded
in November 2015. The partners involved in
the project were the Energy Research Centre
of Lower Saxony (EFZN), the Fraunhofer Institutes ISE and IWES, the Technical University of
Munich, Otto von Guericke University Magdeburg as well as ZSW Ulm.
The objective of the project was to assess the
application potential and development need
of electrochemical energy storage in order
for it to make an optimum contribution to the
energy storage of the future. For this purpose,
select energy storages were characterized and
relevant parameters identified and defined for
lifecycle cost analysis.
With the aid of a procedure developed within
the framework of the project, lifecycle costs
could be determined for various application

At the end of last year, Nils Soltau, Shen Zhan
and Professor Rik W. De Doncker received
the Best Paper Award at the 4th International
Conference on Renewable Energy Research
and Application (ICRERA) in Palermo on
Sicily for their work on the topic „Design of
Series Inductances for High-Power DC-DC
Converters“.

profiles, which enabled the comparison of
battery storages against established technologies such as pumped-storage power plants.
In particular, this involved the analysis and
assessment of the use of battery storages for
the avoidance of grid expansion measures in
distribution grids as well as for the provision of
primary regulating power.
As a central result, it could be shown that electrochemical storages are generally suitable
for yielding primary regulating power and are
already on the threshold to commercial operation. The restricted market and uncertainties in
terms of potential changes to prequalification
conditions however harbor certain risks.
Parts of the project results have been published
within the framework of the VDE study “Battery
storages in low-voltage and medium-voltage
levels”.

Power electronics I Electromobility

Eyke Liegmann, Anna Ramones and Sascha
Rauchholz (see photo) were honored with
the Best Exhibition Award at PESS 2016 (the
7th IEEE Power and Energy Student Summit,
2016; cf. Short & compact II on page 5) in
Aachen for the presentation of their „AudioModulated Solid-State Tesla Coil“.
***
Otto Junker Award for Daniel Szepanski
ISEA student Daniel Szepanski (2nd from
left, in the front) along with two other
RWTH graduates received the Otto Junker
award 2016. The award is granted every year
for outstanding academic achievements for
students.

Thermal modeling and characterization of drive inverters
Within the framework of the project by the
Federal Ministry of Education and Research
(BMBF) “Integrated monitoring and test environment for power electronics (InTeLekt)”,
ISEA is pursuing the objective of depicting
electrical and thermal load spectra, which act

on power electronics during the operation
of an electric vehicle, by means of a numeric
simulation environment and experimental
test environment. The purpose of this simulation environment is to assess new power
modules and to develop algorithms for
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thermal regulations that reduce the thermomechanical stress of the modules.
The core of the simulation environment is
a thermal modeling framework in MATLAB
that makes it possible to establish thermal
3D state-space models for power modules.
In doing so, the power module is divided into
small cells which is described by a thermal
equivalent circuit diagram, which consists of
a thermal capacity, thermal resistances to the
neighboring cells and a loss source. A convection model and a transport model enable
the compact depiction of heat dissipation by
means of a cooling medium.
The thermal model can be coupled to a power
dissipation model, which calculates losses in

December 2016

the power semiconductors on the basis of the
electric module loads. The transient temperature distribution in the module can be determined via the coupling of the electrical and
thermal model (see illustration).

The described electro-thermal model can be
integrated in vehicle simulations for more

detailed examinations. Here, various drive
profiles, vehicle and driver models, drive units
and control algorithms can be coupled with
the electro-thermal model to, for instance,
examine the effects of various operating strategies on the thermal load of the converter.
A test bench for the load emulation of the
traction converters was built to validate the
thermal modeling framework. This enables
the operation of 3-phase converters without
machines for typical electrical and thermal
load situations as they occur in real-life situations in electric vehicle drives. For the characterization of the thermal models, the load
emulation test bench can be used to examine
various power modules thermographically.

Storage systems I Fundamentals
Storage guideline “GRIDSTOR” published – ISEA is involved
The “GRIDSTORE” project was successfully
concluded with the publication of a “recommended practice” guideline on the safety, operation and performance of network-coupled
energy storage systems. ISEA is involved in the
cooperation project coordinated by the Dutch
company DNV GL and has contributed to the
project with its storage expertise from, among
other things, the large-scale battery storage
project M5BAT.
GRIDSTOR is a guideline for energy storage
systems and deals with issues such as safety,

design and economic viability. In doing so,
GRIDSTOR focuses on existing standards and
covers a broad range of various storage technologies.
Extensive and explicit definitions of relevant
parameters, concepts and processes serve to
unify and promote understanding between
the various stakeholders. The guideline takes
recent international standardization activities
into consideration and is based on globally
recognized engineering practices such as IEC,
ISO and IEEE standards.

Due to the large number of currently planned
storage systems and the existing standardization gaps in the field of system and component
level of energy storage systems, the guideline
is being published at exactly the right time
in order to make a decisive contribution to
the successful introduction of energy storage
systems.

The document can be downloaded for free here.

Storage systems/Power electronics I Research infrastructure
Research center CARL conducts research into the lifetime of batteries and power electronics
A center is being created at RWTH Aachen
University for the fundamental research into
the ageing processes of battery materials and

power electronics systems which is scheduled
to be completed by 2020. The Research Council
has granted funding for the “Center for Ageing,
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Reliability and Lifetime Prediction of Electrochemical and Power Electronic Systems” (CARL)
amounting to nearly 60 million euros from the
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German Federal Government and the State of
North Rhine-Westphalia. CARL is an interdisciplinary research institute, at which employees
under ten central professorships and some 20
further departments and institutes of RWTH
Aachen University and the Research Center
Jülich will be able to conduct ground-breaking
research. This will include scientists from the
fields of chemistry, physics, mathematics,
computer sciences, materials sciences, mechanical engineering and electrical engineering.
“Battery ageing and lifetime prediction of
power electronic systems are topics that ISEA
has been researching since the 1980s,” says
Professor Rik W. De Doncker. “With CARL
however, this will be the first ever holistic
approach in Germany.” The entire process
chain, from manufacture to application is
focused on as well as the lifecycles of all materials and components.
“We want to understand how energy storages
work down to atomic and crystal levels and how
they react to different demands,” says Professor
Dirk Uwe Sauer on the fundamental principle of
CARL. “Similar for instance is also the question
concerning the connections for power semiconductors, such as those used in electric vehicles
or wind power stations. Only once we know the
physical-chemical processes, will we be able to
produce systems that work without overcapacities or redundancies.” Professor Sauer is the
spokesperson of the project and, based on his
many years of experience, extending back to
his doctoral studies and various projects over
the past 13 years at ISEA, has contributed decisively to its development.
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At CARL, two perspectives are observed: the
end-user on the one hand, and the developer
of machines and materials for the manufacture
of batteries and power electronics on the other.
“With our research results, we contribute to
facilitating development cycles and, ultimately,
to saving money by enabling the optimum
configuration of systems,” says Sauer. Because
the issue of lifetime is essential for matters
pertaining to economic viability. For instance,
for a car manufacturer, it is important to be
able to accurately define depreciation periods,
warranty services and reliability as an element
of functional security.

also include a computer-tomography scanner,
with which unprecedented resolutions will be
achieved, structures of various materials will
be able to be examined and analyzed down to
their atomic resolution.

The funding will be put to use for three large
laboratory areas, which represent the actual
heart of CARL. The first area will be dedicated
to test benches for load simulations and environmental simulations. For instance, this
involves electrical, mechanical, chemical or
climatic influences on materials and systems of
batteries and power electronic systems. Here,
ageing processes will be run and analyzed
in fast motion in order to conduct detailed
research into their causes.

Construction works for CARL will begin in
2017 at the Melaten Campus in the western
part of Aachen. Construction costs for the
building will amount to about 43 million euros.
16 million euros are planned to go towards
large machinery and basic equipment. The 150
members of staff are scheduled to move in the
CARL building in mid-2020.

The second lab area will be for the construction of prototypes. Here, the performance of
entire systems or individual components will
be examined in order to be able to rule out any
material or design errors at an early stage, for
instance.
The third lab area will be strictly dedicated to
physical-electrochemical analysis. With the aid
of an analysis chain for structural and material
examinations, which among other things, will

The insights gained from all laboratory areas
will ultimately be combined to create models
for simulations to infer lifetime predictions
for the most various areas of applications
and usage profiles. At the same time, this will
achieve an acceleration of innovation cycles
in the new development of materials and
systems.
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Events/Dates
March 28, 2017
Aachen, Germany

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

March 29 - 30, 2017
Aachen, Germany

Advanced Battery Power Confence
http://battery-power.eu/en/advanced-battery-power/
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Dissertations
Ghada Merei:
Optimization of off-grid hybrid
PV-wind-diesel power supplies
with multi-technology battery
systems taking into account
battery aging

Ghada Merei
Optimization of off-grid hybrid PV-wind-diesel
power supplies with multi-technology battery
systems taking into account battery aging

Within the framework of her dissertation,
Ghada Merei has developed an optimization tool that computes optimum ecological
and economical designs for off-grid systems.
Various energy sources (sun, wind, diesel
generators) as well as various battery storage
technologies (lithium-ion, lead-acid batteries
and redox-flow batteries) can be selected in
the optimization tool. The tool ultimately optiDr. Ghada Merei worked
as a research associate at
ISEA from 2008 to 2015.
She is currently employed
at Younicos AG as a Senior
Engineer for Battery
Systems.

which enables the optimum design for application areas around the world.
This is implemented by means of the universal
generic energy management system (EMS)
developed in the dissertation. With this, the
energy flows between the system components
are controlled and it is ensured that the load
is covered at all times. In addition, the EMS
manages the charge and discharge strategy
for various battery technologies that are used
in the system.
The user of the tool can define the system
components, the weather data, the load profile
and the costs of the individual components in
accordance with his needs and can therefore
generate an individually optimized ecological
and economic design.

Aachener Beiträge des ISEA Band 76

Mareike Schenk:
Simulative Untersuchung der
Wicklungsverluste in Geschalteten
Reluktanzmaschinen

mizes the size of the component as well as the
operative strategy. Plus, various types of input
data (weather data, load profiles, investment,
operating and replacement costs) can be used,

The dissertation has been published by Shaker
Verlag as volume 68 of Aachener Beiträge des
ISEA and is available under ISBN 978-3-84404148-4.

Winding losses are very relevant in switched
reluctance machines. However, their prediction
is difficult due to non-linear effects.

very elaborate steps from the creation of the
model to the analysis of the results. The simulation with FEM in this work was automated so
that the work for the user was reduced from a
period of several days to just a few minutes. The
second method examines the loss-superposition approach based on FEM calculations, with
which losses are defined for each frequency
component. Here the winding resistance is
analyzed on the basis of its dependency on
frequency, position and current. Due to the
inadequacies of the classic superposition procedure, the procedure was modified so that the
saturation effects in the switched reluctance
machine could be better depicted.

Dr. Mareike Schenk has
been with ISEA as a
research associate in the
Electric Drives group since
January 2011.

This paper discusses two different methods
for determining winding losses in switched
reluctance machines, which can be used during
the design phase of the inverter fed machine
design without much effort. The first method
makes use of the finite element method (FEM),
which consists of several individual and often
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The dissertation has been published by Shaker
Verlag as volume 78 of Aachener Beiträge des
ISEA and is available under ISBN 978-3-84404282-5.
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