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Dear Readers,
another exciting year is almost at an end
and there is plenty to report from the
continually growing ISEA. The topic of
electric mobility is becoming ever more
prevalent in our work. Even electronically
powered flight is no longer a utopian
dream. The “All-Electric Aircraft” workshop in November has roused considerable interest both amongst experts and
with the public. Our advantage: With the
three fields of research at ISEA, i.e. power
electronics, electrical drives and storage
systems, we are holistically working on
electromobility. The proverbial “thinking
outside the box” for separate specialist
fields is a natural part of everyday work in
the research conducted at ISEA.
I wish you a happy reading!
Rik W. De Doncker
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ISEA I Electrical Drives

Short & compact I

Electromobility is learning to fly
Professor Rik W. De Doncker is certain that
electronically powered flight is no longer
a utopian dream: “Electronically propelled
planes have existed for several years and I am
convinced, that the developers’ work will soon
no longer be classified as prototypes. If there
was no chance of success, companies such as
Airbus or Siemens would not be as intensively
occupied by this issue as they actually are.”
If electric cars are only gaining momentum
slowly, it has less to do with the technology
but has more to do with the costs, explains
the engineer from Aachen. “We have technical
solutions and we are working both intensively
and with good prospects of improving the
power density of all components. However,
for price sensitive products such as cars, highpower density solutions are only interesting if
they can be built and sold in large quantities.
Weight and volumes play a much larger role
in the building of planes. Financial aspects
are certainly also important here, but within

the scope of the overall costs they aren’t as
significant.”
The positive assessment from Professor De
Doncker and many of his colleagues was
reason enough for the Research Association
for Power Electronics and Electrical Drives
(FGLA e.V.) to organize a workshop on “AllElectric Aircraft” for the first time. Around 20
participants were expected, but in November
more than 125 international experts from
varying fields in science, economics and
administration met in Aachen.
With his opening address to this one-day
event, Professor De Doncker made it clear that
he, together with his colleague Professor Dirk
Uwe Sauer at the RWTH PGS und ISEA institutes, has substantial expertise in the field
of electric mobility. With numerous highlyqualified contributors, the fields of power
electronics, electronic drives and mobile and
stationary battery storage cover an impres-

Prof. Rik W. De Doncker has been accepted
as a member of acatech (National Academy
of Science and Engineering).
***
ISEA spin-off “ebusplan GmbH” celebrates
its 2nd anniversary

ebusplan GmbH creates customer specific
electrification concepts for local public
transport bus fleets and advises cities and
transport companies with the planning and
operation of such fleets. On 7 July 2017 this
ISEA spin-off celebrated its 2nd anniversary
and it is continuing to look optimistically to
the future. ebusplan works with consulting
engineers who are supplier independent
and offer customer specific simulations,
planning and system design of local public
transport bus fleets. The company has
developed the comprehensive planning
software ‘Electrification Planner’ specifically for this purpose. Its customers include
NVG GmbH in Würzburg, STIB-MIVG in Brussels and Movia in Copenhagen.
***

In agreement, that flying e-mobility has a big, long-term future (from left): Peter Rostek, Product Leader Novel
Energy at Airbus Defence and Space GmbH, Prof. Rik W. De Doncker, ISEA, Dr. Claus Müller, Leader of Center
of Competence „Aircraft Drives and Controls“ at Siemens AG, Prof. Rudolf Mathar, Prorector for research and
structure at RWTH Aachen University and Prof. Dirk Uwe Sauer, ISEA.
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New overload control for asynchronous
machines allows maximal thermal capacity
Electrical machines are often oversized. As
a result the overload potential is not fully
utilized. The drives group at ISEA has, therefore, developed a model predictive overload
control for asynchronous machines, which
allows for maximum thermal capacity with
the use of a real-time, spatially resolved,
thermal model. Once the testing of the
proof-of-concept has been successfully
completed, a quantitative evaluation of the
advantages in comparison to the current
state of the art within the scope of the
newly started, BMBF sponsored validation
project ‘Thermoraise’ will be carried out.
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sive range of important research topics for
the development of electrically driven vehicles
and aircrafts.
There was considerable interest for the
two presentations right at the start of the
event, in which leading experts from Airbus
and Siemens spectacularly demonstrated
that electrically propelled aircraft are now
reality. For Airbus the most potential in this
field can be seen in small aircraft, but there
is skepticism regarding the construction of
large passenger aircraft solely powered by
batteries. This is primarily due to the excessive weight of the required battery capacities
in the foreseeable future. On the other hand,
in the words of Airbus employee Peter Rostek,
all technology starts small.
Dr. Claus Müller from Siemens AG announced
the construction of small aircraft with hybrid
propulsion systems for the coming 5 years.
He considers passenger aircraft for up to 100
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passengers and short-haul flights a possibility by 2030. A sturdier backdrop for such
optimistic predictions: Siemen’s first electric
aircrafts have long since made their maiden
flights three years ago.

propulsion unit, power electronics and storage
technology, many improvements in terms
of costs, size, weight, reliability or thermal
management are still required before mass
production is possible.

The design of battery systems for electrically
powered aircraft was also one of the topics
presented and intensely discussed at this
workshop, and the development of a twoseater, hybrid-electric sports aircraft, which
can take off and land on both water and land.
In Norway, the first test flight of this aircraft
is imminent. The electrification of hydraulic
and pneumatic actuators was also explained
by United Technologies. And students from
RWTH presented their work on the development of an electrically propelled glider plane.

Professor Dirk Uwe Sauer does not just see
vast improvements for “all-electric aircraft”.
The battery specialist insists that the work
also has a positive effect on electromobility.
“Short and medium range small aircraft and
drones can already be very well realized with
the battery technology available today. Highly
efficient batteries for hybrid powertrains,
which allow electric take-offs and landings
in particular, are already available. Further
developments are being driven forward by
the quickly growing market of electromobility
on the road with the automotive industry.
Flying across the Atlantic in a large passenger
aircraft which runs purely electrically on
batteries is, however, going to remain a dream
for a long time.”

Other presentations showed that electrically
propelled aircraft can offer enormous advantages for energy efficiency and environmental
protection, but that with respect to the actual

Power Electronics I Power Train Concepts
ISEA is examining and evaluating high-efficiency drives for electric vehicles
In addition to the efficiency, aspects such as installation space, cost of
measures to prevent high-frequency interference, the machines’ bearing
current load and noise emissions are included in the overall assessment.

For electric vehicles with a traction capacity of more than 150 kW, the
use of high-voltage intermediate circuits (800 V) is being discussed for
reasons of efficiency. In this voltage range the 3 level NPC topology,
known for its industrial applications, is advantageous because it allows
for the use of 650 V power semiconductors.
This is where the BMBF funded project “High efficiency 3-level inverter
topology for high-voltage drives with cost effective semiconductors”
(H3Top) begins. Bosch, Infineon, Daimler and FTCAP are involved in this
research project alongside the ISEA.
With this project ISEA has taken on the task of building up different
power train concepts as comparable prototypes (see example in the
image) and holistically analyzing and evaluating them. The focus thereof
is the influence of the high intermediate circuit voltage and the 3-level
topology on the whole drive system of inverters and machines.
Furthermore, the effects of using fast switching semiconductor technologies is being explored. Four different inverter configurations and two
asynchronous machines (400 V and 800 V) are thereby being compared.
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Electrical Drives I Platform Concept

Short & compact II

Modular designs lead to drive diversity
The aim of the EXIST research transfer project
Torque Drive is to develop a tiered product
range of standard and replacement engines
with the help of modular segment engines and
to transfer and implement these into diverse
industrial applications under the “TorqueWerk”
label. The industry’s particular need for drive
technologies, which enable the realization
of modern manufacturing processes with
low quantities and a large variety of engine
designs and sizes, which are more efficient
and cost-effective than previously, underlies
this approach.

mally for any torque requirement. Furthermore, the engine’s power can be scaled freely.
Modular segmented engines lend themselves
to the cross-product development of drive
assemblies with targeted, tiered performance
classes. The highly efficient engine acts as
an inverter fed torque drive in the rotational
speed range of zero to 3,600 rotations per
minute. The engine torque and power range,
which is mappable through the segments, is
scalable from a few kilowatts to higher capacities.
The favored main application lies in the area
of direct drives with variable speed. The
disc-shaped base construction of the engine
perfectly accommodates for direct attachment
to applications with larger diameters.

The combination of a highly modern synchronous reluctance machine with a modular platform concept facilitates an almost entirely
flexible development of machines, despite the
use of identical parts. Integration into existing
systems or machines can also be realized
comparatively easily. Because the magnet-free
synchronous reluctance machine comprises a
rotor and one or more stator segments (see
fig.), the installation space can be used opti-

The Torque Drive project is supported by the
Federal Ministry for Economic Affairs and
Energy and the European Social Fund within
the scope of the EXIST program. The ISEA
spin-off TorqueWerk (https://torquewerk.de)
is currently looking for interested parties, for
whom further sample applications can be
designed, manufactured and put into operation with the scope of current funding.

Storage Systems I Research Project
Increased profitability and higher energy density
During the successfully completed joint
project Batteries2020, which was funded by
the European Union, ISEA worked together
with eight academic and industrial partners
under the leadership of the Spanish company
IK4-Ikerlan on the further development of
lithium-ion batteries for electric vehicles.

The aim was to make progress in terms of
efficiency and power density. Three aspects
were therefore investigated: new materials at the positive electrode, utilization as
stationary storage after use in the vehicle
in the so-called “Second Life” and recycling
possibilities.
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HybridRail – Hybrid Electric Drivetrain for
Railway Applications
Together with the RWTH’s Institute for
Machine Elements and Machine Design
(IME) and within the scope of the Federal
Ministry of Education and Research funded
“HybridRail” project, the ISEA is developing
a new drive for diesel trains to improve the
efficiency of diesel powered regional trains
and to prevent emissions in train stations or
tunnel sections. The drive comprises a split
transmission, a diesel engine, two electric
engines and an energy storage system. The
concept allows trains to start-up without
running the combustion engine. On route
the combustion engine can be operated as
far as possible at its optimal operating point.
Additional efficiency gains can be achieved
through recuperation.
***
Seven new charging stations at ISEA
Since the start of June, seven new charging
points for electric cars have graced the
parking spaces in front of the ISEA building.
Here, the ISEA electric fleet of more than ten
vehicles can be “refueled” with a charging

capacity of up to 22 kilowatts. An intelligent
load management system is currently being
developed at ISEA specifically for the operation of the new charging points. The charging
points are of course also available to visitors
who arrive with electric cars.
***
Celebratory colloquium for Prof. MüllerHellmann
In celebration of his more than 30 years of
teaching at ISEA, a celebratory colloquium
took place in July to honor Prof. Adolf MüllerHellmann. More details in the next issue.
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simple measurement of external parameters such as voltage and current. The timeconsuming recording of internal measurement values for selected aging conditions
was carried out at regular intervals. This was

the only way it was possible to identify and
quantify the most important aging processes.
It was shown that the loss of active lithium
at the anode contributes significantly to the
aging process. Over time, more and more
lithium is bound to the surface layer of
the graphite and is no longer available for
energy storage. The battery loses capacity
and its resistance increases. But this effect
is not just influenced by the anode and the
electrolytes. It can also be shown that certain
components emitted from the cathode accelerate the formation of the anodic surface at
a later time. Therefore the composition of
the cathode also has a significant influence
on aging.
The better understanding of aging processes
in batteries, which was achieved in this
project contributes not only the development of better batteries, but it also allows
significantly more precise prognoses of their
performance over their lifespan. Batteries
can now be used even more purposefully,
even after use in a vehicle.

Electrical Drives I Component Integration
High system power density thanks to EMiLE
True to the motto “Fit & Forget”, the aim of
the BMBF funded flagship project “ElektroMaschinen integrierte LeistungsElektronik”
(EMiLE, “Electrical machine integrated power
electronics”) was to develop a cost effective
and easily scalable drive concept for industry
and vehicle drive systems. ISEA successfully
realized this ambitious project together with
its partners AixControl, Bosch, Fraunhofer
IISB, Infineon Technologies, Lenze, Siemens,
TDK-EPC Corporation, Volkswagen and ZF
Friedrichshafen in a consortium of business
and research.

inverters and intermediate circuit, ISEA took in
EMiLE a daring approach: the complete integration of all the components in a single housing
(see fig.). This aims to create a cheaper product
through the omission of many interfaces and a

Short & compact III
Prof. Dirk Uwe Sauer has been appointed
as the new chairman of the board of the
academies project “Energy Systems of the
Future” (ESYS) since July 2017

Source: acatech/Gastmann

ISEA’s tasks primarily included post-mortem
analyses of old batteries (see figure) alongside aging tests. With the accelerated aging
experiments, it should be possible to ascertain whether and under what conditions new
materials lead to improvements in performance and lifespan. The post-mortem analysis allows for a significantly deeper insight
into the degradation mechanisms than the
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The ESYS umbrella brings together experts
from science and operations research from
acatech - National Academy of Science
and Engineering, the German National
Academy of Sciences and the Union of
the German Academies of Sciences and
Humanities, to answer pressing questions
on the future of energy. The project is led
by a board of five directors and is chaired
by Prof. Sauer.
The ESYS academies project creates courses
of actions and advises politicians and other
socially relevant groups on changes to
energy systems. Academy participants and
other national and international experts
develop responses in interdisciplinary work
groups, which are subsequently published
in the series of publications for sciencebased policy advice. Acatech has taken the
lead for the joint “Energy Systems of the
Future” initiative.
***
Dr. Andreas Hofmann has been awarded
the Friedrich Wilhelm Award for his PhD
thesis “Direct Instantaneous Force Control
– Key to Low-Noise Switched Reluctance
Traction Drives”. The prize is aimed at
students and junior researchers and is
awarded by the Friedrich Wilhelm Foundation’s board of trustees for outstanding
academic achievements.

Rather than the modular design of traditional
drive systems with separate engine, gears,
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12 single stator teeth, new concepts for boosting
efficiency were investigated through partial shutdown of machine phases. In addition, shutdown
of phases provided a high system availability in
cases of partial defects. The close integration
of the power electronics and the time sensitive
communication between all FPGA-controlled

space saving drive system with a higher system
power density.
But the integration of all components is not
the only priority in this project. With a 12-phase
permanent magnet synchronous machine, in
combination with a full-bridge converter on all

single-phase inverters and the central control
system was particularly challenging. Here, the
ISEA could bring in its expertise in the area of drive
control, implement new concepts for multi-phase
machine control and contribute to the successful
launch of a prototype vehicle drive system which
meets the requirements of a VW eGolf.

Storage Systems I Storage Monitoring
ISEA analyses market and technological developments of solar energy storage systems
systems for three years in a research project for
the Federal Ministry for Economic Affairs and
Energy. On the basis of installation data, which
is collected anonymously within the scope
of the KfW research funding for PV storage
systems, a precise picture of current market and
technological development can be drawn. So,
amongst other things, it could be understood
that the retail prices of home storage systems
have dropped by around 50 % in this time
period. Furthermore, with the monthly meter
registrations of over 2,000 households with
PV storage systems, statements can be made
about the achievable personal consumption
rates and self-sufficiency level in the field and

Decentralized solar energy storage systems
for the increase of local, private consumption
are in great demand. In the first half of 2017,
more than half of all new PV systems below
30 kWp were fitted with a storage system, in
some federal states it was in fact more than
two thirds. At the end of June 2017, there was
already a total of 70,000 storage systems with
an overall capacity of circa 475 MWh installed in
the German distribution grid. As such, Germany
is the international market leader for home
storage systems.
The ISEA has been analyzing the market and
technological developments of these storage

Ausgezeichnet

Quelle: Markus Bollen

Prof. Dirk Uwe Sauer (center) was presented
with the EBUS-Award for his long-standing

Michael Laumen (front row, second from left)
has received the 2017 Otto-Junker Prize for
outstanding academic achievements. The award
is given every year to RWTH students from the
Faculty of Electrical Engineering and Information Technology and the Division of Materials Science and Engineering of the Faculty
of Georesources and Materials Engineering.
Laumen had already received the RWTH’s
Springorium Commemorative Coin last year.

the resulting direct effects of taxes and levies.
Finally, high-resolution measurements (T=1 s)
were taken on up to 32 privately operated PV
storage systems to test their performance and
the circuit feedback of these systems under realistic conditions. The continually growing data
basis of storage system monitoring is unique
worldwide and offers an outstanding basis for
further research approaches of various types.
The research project’s current findings were
summarized in a comprehensive annual report
at the end of July 2017, which can be downloaded for free at the following address www.
speichermonitoring.de.
***

Prof. Dirk Uwe Sauer (second from the right)
has received the RWTH “Famos für Familie”
award together with five of his colleagues,
for the family friendly management of staff,
sustainable leadership, excellent work life
balance and creativity in the work place. The
improved compatibility of work, study and
family is an important issue for RWTH Aachen,
which is certified as a family friendly university.

research into the use of battery technology for
mobile applications. The prize was awarded
by Secretary of State Rainer Bomba (Federal
Ministry of Transport and Digital Infrastructure)
and Secretary of State Rita Schwarzelühr-Sutter
(Federal Ministry for the Environment, Nature
Conservation, Building and Nuclear Safety).
***
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JARA-ENERGY Talks I Prof. Dr. Michael Weinhold
The role of energy storage systems in the energy system of the future
As part of the “JARA-ENERGY Talks”, a joint
series of events from the Jülich Aachen
Research Alliance (JARA), Institute for Power
Electronics and Electrical Drives (ISEA), the
E.ON Energy Research Centers (E.ON ERC),
and the Flexible Electrical Networks (FEN)
Research Campus, Prof. Dr. Michael Weinhold,
CTO of Siemens’ Energy Management Division,

gave a lecture on “The Role of Energy Storage
Systems in the Energy System of the Future” in
mid-November.
In his lecture the renowned scientist and
manager clearly explained the challenges transport and distribution grids face considering
increasingly volatile and decentralized power
generation with wind turbines and photovoltaic
systems, plus the role energy storage systems
already play today and the roles they could play
in the future.

In Weinhold’s opinion, German electricity
supply is characterized primarily by considerable complexity in terms of generation. This
complexity is undoubtedly going to increase
further. For example, generation is being
relocated away from the centers of consumption to large solar and wind power stations
primarily because of the large areas required,
while simultaneously the number of small,
decentralized generating plants, which are
not operated in conjunction with local storage
systems, is increasing rapidly. Subsequently,
the transmission grids - particularly from
north to south - need to be expanded and the
distribution grids need to be strengthened. In
Weinhold’s words: “The world of energy as we
know it is changing massively and at speed.”
Dr. Weinhold is convinced that storage systems
of varying forms will play a prominent role in
the future supply of energy. For Weinhold,
four types of storage system are paramount
in this regard: Pumped-storage power plants,
chemical storage (particularly in the form
of hydrogen), battery storage and thermal
storage. The storage of electrical energy with
pumped-storage power plants is indeed fully
developed and plays an important role today,
but Weinhold does not see considerable potential for the further expansion. Thermal storage
is currently more significant at local levels in

Events/Dates
February 15, 2018
6.30 pm, RWTH Aachen
Super C

JARA-ENERGY Talks: Innovation – the most important energy source of
the future, Talk by Dr. Johannes Teyssen, Chief Executive E.ON SE

March 13 - 15, 2018
Düsseldorf, Germany

International Renewable Energy Storage Conference (IRES)
https://www.energy-storage-online.de

April 9, 2018
Münster, Germany

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

April 10 - 11, 2018
Münster, Germany

10th Advanced Battery Power Confence
http://battery-power.eu/en/advanced-battery-power
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the decoupling of power and heat consumption. In terms of batteries, Weinhold still sees
lithium-ion (Li-Ion) technology being advantageous for a long time. The automobile industry
is the primary driving force in this regard. There
is an impressive market trend here, which will
continue further with increasing numbers of
hybrid and fully-electric vehicles.
For Weinhold, the future lies in “agile” supply
grids, which include renewable energy generation and highly flexible, conventional power
stations alongside flexible loads, smart-grid
technologies and energy storage systems of
varying types. In terms of grid stabilization, he
sees li-ion batteries at an advantage over the
largely exhausted potentials of pump-storage
in the medium term. For large quantities of
energy “it’s more a question of hydrogen”.
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Electrical Drives, RWTH Aachen University
Chair for Power Electronics and
Electrical Drives
Prof. Dr. ir. Dr. h. c. Rik W. De Doncker
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Selection of Recent Publications I Storage Systems
M. Lewerenz
A. Warnecke
D. U. Sauer

Introduction of capacity difference analysis (CDA) for analyzing lateral lithium-ion flow to determine the state of covering
layer evolution
Journal of Power Sources 354, 157-166
In this contribution a simple in-situ method named capacity difference analysis (CDA) is introduced to characterize lateral
flow of lithium-ions within the anode of lithium-ion-batteries. This approach is developed by evaluating a large number of
calendaric and cyclic aging tests performed on lithium iron phosphate cells. The results indicate an indirect correlation to
the growth of the often observed cover layer on the anode.

A. Gitis
D. U. Sauer

The propagation of horizontally polarized shear waves in plates bordered with viscous liquid
Ultrasonics 71, 264-270
Z Requirements for ultrasonic horizontally polarized shear waves based viscosity sensors and their applicability for in-line
measurement are presented and discussed. The dispersion relations are found and the linking equation among propagation
velocity as well as attenuation coefficient are obtained. The results reveal that sensors using non-piezoelectric plates have
application-oriented advantages.

A. Marongiu
D. U. Sauer

On-board aging estimation using half-cell voltage curves for LiFePO4 cathode-based lithium-ion batteries
International Journal of Automotive Technology 17 (3), 465-472
This publication deals with the on-board determination of the actual capacity of a lithium iron phosphate cathode-based
lithium-ion battery for electric vehicle applications. This novel approach relies on determining the underlying physical aging
mechanisms by extracting and evaluating the single electrode voltage curves. The proposed algorithm is validated and an
approach for implementation is discussed.

B. Lunz, P. Stöcker,
S. Eckstein, A. Nebel,
S. Samadi, B. Erlach,
M. Fischedick, ...

Scenario-based comparative assessment of potential future electricity systems–A new methodological approach using
Germany in 2050 as an example
Applied Energy 171, 555-580
Eight published, representative scenarios were selected from the literature to cover the range of possible future developments
of the residual load (load minus fluctuating generation). Using a new method, a cost-effective portfolio of flexibility technologies was derived for each scenario, covering the residual load at any hour of the year.

G. Merei,
J. Moshövel
D. Magnor
D. U. Sauer

Optimization of self-consumption and techno-economic analysis of PV-battery systems in commercial applications
Applied Energy 168, 171-178
The paper presents optimization results of a self-consumption scenario for a supermarket in Aachen, Germany, based on
real measurement data for the load profile and solar radiation. The results show that PV self-consumption can reduce the
electricity costs in such a case. Applying an additional battery can lead to a further reduction of electricity costs, assuming that
the battery costs fall below 200 EUR/kWh in the future.

J. Kabzinski
H. Budde-Meiwes
C. Rahe
D. U. Sauer

Method for Optical Analysis of Surface Structures of Lead-Acid Battery Electrodes Using a Confocal Laser Scanning
Microscope
Journal of The Electrochemical Society 163 (6), A995-A1000
A method for analysing lead-acid battery electrodes using confocal laser scanning microscopy has been developed and applied.
Process parameters for washing (duration) and drying (duration and temperature) have been determined for a simple and
reliable sample preparation technique. The method provides a clear view on crystal structures at electrode surfaces.

A. Farmann
W. Waag
D. U. Sauer

Application-specific electrical characterization of high power batteries with lithium titanate anodes for electric vehicles
Energy 112, 294-306
This study deals with extensive electrochemical testing on high power lithium titanate based batteries in varying operating
conditions. By following this approach over the battery lifetime, the dependencies of the impedance and the available power
on temperature, state-of-charge can be assessed. Furthermore, a reduced order equivalent circuit model considering the
nonlinearity of the charge transfer resistance is parameterized.
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Selection of Recent Publications I Power Electronics/Electrical Drives
J. Gottschlich
R. W. De Doncker

A Programmable Gate Driver for Power Semiconductor Switching Loss Characterization
11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
This paper presents a programmable gate driver unit for power semiconductors such as IGBTs and MOSFETs. The driver allows
to adjust the gate voltage and gate resistance for turn-on and turn-off of the power semiconductor independently. It can
be controlled remotely and is therefore suitable for automated switching loss characterization in double pulse experiments.

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

Direct Instantaneous Torque and Force Control: A Novel Control Approach for Switched Reluctance Machines
IEEE International Electric Machines & Drives Conference (IEMDC), Coeur d’Alene, USA, 2015
Two of the main issues of a switched reluctance machine are torque ripple and acoustic noise. However, conventional control
schemes only address one of these two issues at a time. This paper unifies the approaches of direct instantaneous torque
control (DITC) and direct instantaneous force control (DIFC) and, therefore, is able to simultaneously reduce the torque ripple
and the acoustic noise.

G. Engelmann
T. Senoner
H. van Hoek
R. W. De Doncker

A Systematic Comparison of Various Thermal Interface Materials for Applications with Surface-Mounted (DirectFETTM)
MOSFETs
The 11th international conference on power electronics and drive systems (PEDS), Sydney, Australia, 2015
Increasing power densities of power electronics require increased cooling effort. Particularly, the power flow through a given
surface has to be increased. For this purpose, a systematic comparison of the thermal resistance of a wide selection of thermal
interface materials (TIM) is investigated in this work. In contrast to the ideal testing conditions used for the determination of
the datasheet values, a realistic setup is used here.

J. Gottschlich
M. Schäfer
M. Neubert
R. W. De Doncker

A Galvanically Isolated Gate Driver with Low Coupling Capacitance for Medium Voltage SiC MOSFETs
18th European Conference on Power Electronics and Applications (EPE’16 ECCE Europe), Karlsruhe, Germany, 2016
This paper presents a galvanically isolated gate driver system for medium voltage SiC-MOSFETs. A low common mode coupling
capacity of 1 pF and good electrical insulation of the gate driver power supply are achieved by using a current-loop AC-bus
power supply. The power semiconductor is protected against unintentional self-turn-on by a low resistance gate path that is
active while the gate driver is not powered.

F. Qi
A. Stippich
S. Koschik
R. W. De Doncker

Model Predictive Overload Control of Induction Motors
IEEE International Electric Machines Drives Conference (IEMDC 2015), Coeur d‘Alene, Idaho, USA, 2015
This paper presents a model predictive overload control algorithm for induction motors. Unlike conventional control strategies,
the current limit of the motor is calculated dynamically based on the hot-spot temperature, which is estimated by an online
thermal model. This overload strategy allows better utilization of the electrical motor and guaranteed peak-torque production
inside the prediction horizon of the control.

M. Schubert
D. Scharfenstein
R. W. De Doncker

On the Torque Accuracy of Stator Flux Observer based Induction Machine Control
IEEE 7th International Symposium on Sensorless Control for Electrical Drives (SLED 2016), Nadi, Fiji, 2016
Field oriented torque control of induction machine drives is subject to considerable parameter dependency. By the choice of
a suitable reference system together with a flux linkage observer, the influence of parameter variations on the torque can be
reduced to a minimum. In this paper, the influence of the induction machine parameters and measurement deviations on
the torque accuracy of a direct stator field oriented controller is investigated. Analytical error functions are derived for each
parameter. Experimental results show a torque deviation of less than 2 % for a very wide range of operation.

H. van Hoek
K. Jacobs
M. Neubert
R. W. De Doncker

Enhanced operating strategy for a three-phase dual-active-bridge converter including frequency variation
The 11th IEEE International Conference on Power Electronics and Drive Systems (PEDS 2015), Sydney, Australia, 2015
An advanced operation mode strategy for a three-phase dual-active-bridge converter is presented in this paper. This strategy
features different operation modes and a variation of the switching frequency in certain operating ranges, which allows for
an efficiency boost by up to 1 %. The paper shows that the proposed frequency variation does not influence the design of the
converter.
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