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Laboratory/Introducing Business Activity

The now named Institute for Electrical Energy
Conversion was founded in 1920. Then, the world wide
first university electrical engineering chair, founded in
1882 by Prof. Dr.phil.Dr-Ing.E.h. Erasmus Kittler, was
split in the Institute of Electrical Machines and the
High—Voltage Institute. The Institute is headed in the
present by Prof. Dr.—Ing. habil. Dr.h.c. Andreas Binder
who has now 15 scientific assistants: 14 ph.D. students
and one post—doctoral assistant. A high proportion of
the institute research projects are done in cooperation
with Industry partners, parallel to some government
founded projects. A big emphasis is put on the
experimental testing of the designed motors and drive
systems. For this purpose a lab with a total available
power supply of 1 MVA is used. The available test rigs
allow testing of machines up to 250 kW and it is as well
possible to have sinus rotating convertors up to 40
kVA / 800 Hz and high voltage testing up to 250 kVA /
6 kV. For prototyping of electrical machines up to
about 100 kW a workshop with four qualified electrical
and mechanical workers is available.

The main goal of our research activity is the
electrical machines design and optimization. Along with
the standard induction and synchronous machines, also
some special designs like motors with magnetically
levitated rotor and linear drives are studied. Nowadays,
the electrical machines cannot be optimized alone,
being fully integrated with the power electronic current
or voltage source and the mechanical system they
drive. That means that for each application the whole
drive system has to be optimized, and we cannot focus

i
Dr.-Ing. Bogdan Funieru
Institute for Electrical Energy Conversion,
Technische Universitat Darmstadt.

just on the machine. For this reason also the control of
motors by the power electronic inverter, the
mechanical connection components with or without
gearbox and also special motor designs with integrated
machine components are of great interest.
Furthermore, research on the interaction and possible
adverse effects between the drive system components
is done.

The fundamental points of your

developmental research

Because we have a very broad research area I will
split the main research directions according to the
application field:

Drive systems for electric and hybrid vehicles

For hybrid vehicles and especially electric vehicles
the autonomy is an important parameter due to the
rather slow battery charging. It is therefore important
to consider the whole vehicle including its mass and
aerodynamic performance, which together with the
efficiency of the drive system components and the
battery capacity influences the autonomy. A full
vehicle model, which uses simplified analytical models
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for the different vehicle components and is able to
apply different drive cycles to the vehicle, is used to
investigate the autonomy and performance.
Furthermore, it is possible for automotive electrical
drive systems to use distributed motors like in—wheel
motors which free a lot of space in the vehicle interior
and allow revolutionary interior configurations. For this
kind of machine which has a disk like shape, permanent
magnet motors in outer rotor and transversal flux
configuration are investigated using finite element
method.
Central drive synchronous motors with permanent
magnet and electrical rotor excitation are also at the
moment investigated with the goal of obtaining a higher
power density.

Direct drive systems

If the mechanical gearbox is omitted, the force
generated by the machine is transferred directly to the
mechanical load of the motor or the actuator. This way
the efficiency is increased and no maintenance is
necessary for the gearbox. Some successfully closed
projects in this area are: a spherical positioning system
for an infrared telescope installed on an airplane, direct
drive PM traction motor for high speed trains and linear
actuators and motors used for tractive effort boosting
for railway locomotives. An active project is concerning
direct drive wind generators for power up to 5 MW. For
this power range the removal of the gearbox is
interesting because the gearbox is expensive and
requires intensive maintenance. A low maintenance
wind generator is especially for offshore wind turbines
interesting, where the maintenance is difficult and

expensive.

High-speed bearingless magnetically levitated motor (60000 rpm)

Electrical generators for renewable energies

Along with the direct drive wind generators
mentioned earlier, the high speed wind generators
represent at the moment the backbone of the wind
energy production. Thus analytical and numerical
models for the induction generators and doubly fed
induction generators are investigated.

Of further interest are also small modular hydro
generators in Straight—Flow technology. These modular
generators can be used to harvest the energy potential
of existing dams without important investment in
infrastructure.

Hydro generators that use the tidal energy are
another interesting research area. These generators
can be installed in the shallow waters in the coast
regions that have a significant tidal stream. The
generator functions similar to wind generators, but is
driven by the flowing water. In this case the
construction needs to ensure safe functioning in a very
hostile environment as the turbine is submerged in sea
water.

High—speed motors

High—speed motors can be used to reduce the mass
and volume of the drive system. Interesting
applications are compressors, and high—speed cutting.
In this area we have experience in the bearing less
motors, integrated levitated motors for mechatronic
pump systems and digital levitation control systems
with and without position sensors.

Influence of the inverter switching on electrical
machines

The fast switching of the IGBT inverters causes
dangerous high voltage peaks and damaging capacitive
bearing currents. After rigorous measuring of the
bearing currents for different motor sizes, the bearing
currents mechanism is now theoretically investigated,
using numerical and analytical investigation.
Measurements are performed on different mitigation
techniques and the influence that the chemical
composition of the bearing lubricant has on the bearing
currents is investigated.

The invertor switching also induces additional
harmonics in the stator current spectrum and for this
reason the hysteresis losses and eddy current losses
increase. In order to investigate these additional
losses, analytical models and time intensive numerical
transient FEM calculation are developed.
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High performance industry drive systems and
special machines

For the modern high performance industry motors
the highest torque density combined with an excellent
efficiency is expected. For servomotors a low torque
ripple combined with a high dynamic response is
expected. In these research directions investigations
are done in designing of high density PM motors with
water cooling and tooth coil concentrated winding, in
calculation of the additional losses in induction
machines for more exact efficiency calculation,
increase of the efficiency of the induction machines
and control methods for highly saturated PM tooth coil
synchronous motors which compensate the motor
non—-linearity.

Special machines like self-starting line operated
synchronous motors, variable impedance induction
motors optimized for high starting torque and good
efficiency at rated speed are also investigated.

How is JMAG useful for your study and

business

For our institute the electromagnetic numerical FEM
simulations are an essential part of the electrical
machines designing process, which allow detailed
investigation of the initial analytically obtained results.
For this reason we use few different software codes.
Among these codes, JMAG is the newest in our
Institute and we are still in a learning phase of the
software capabilities as until now we used mostly the
electromagnetical solvers and less the rest of the
modules. From the user interface point of view I can
only commend the JMAG Designer development team
for, in my experience, the most user friendly graphical
user interface available in an electromagnetical FEM
Program. Apart from the user interface, the program
features all the necessary electromagnetic simulation
types: static, transient and frequency domain solved
with state of the art solvers that allow multi-core and
multi-processor simulations, thus optimally using the
last types of multi—core processors.

It was thus possible that we calculated with JMAG
the losses induced in permanent magnets of a PM
direct drive wind generator supplied by an inverter with
a switching frequency of 2 kHz, which required a time
step of about 8 ps. Thus the simulation of 11 time
periods required only about a week calculation time on
a normal PC, which is acceptable for this rather
complicated problem.

It was also possible due to the fast solvers to
consider in detail the 3D effects which concern the
eddy currents in permanent magnets. The effect of the
magnet segmentation was considered with transient
3D models, and important reduction of the eddy
current losses of up to 80% was revealed.

Half segment of 1/5 of the 3D model of direct drive 5SMW wind generator,

concentrated winding g = 1/2 with 5 bandage segments in axial direction

Future view of study and business

Along with the active projects that are still running
for some years, other interesting research directions
are planned for different domains from which 1 will
mention only a few examples.

In automotive industry, along with the traction
motors for electric and hybrid vehicles also the
auxiliary electrical motors for classical combustion
engines are optimized in order to reduce the fuel
consumption. Furthermore, many components which
are now mechanical driven, like power steering and
brake systems, are replaced by electrical motors or
actuators, which allow more efficient operation. Also
the turbo compressors for small gasoline engines that
can be replaced by high—speed electrical compressors
which have the advantage that their output is not
depending on the combustion engine speed and loading,
and can therefore improve the fuel efficiency.

A second example is building of electrical motors
which due to their special design have reduced bearing
currents determined by inverter high—frequency
switching. Thus instead of trying to limit the bearing
currents with local measures, like special bearing
lubricant or insulated bearings, which are in most of the
cases increasing significantly the production costs, the
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whole machine can be designed with the purpose of
generating low bearing current.

Superconductor excited direct—drive wind
generators are also of interest for output powers of
about 10 MW and higher. For this power range the
permanent magnet generators diameter and mass are
increasing, and are not economical from construction
and transportation point of view. Due to the higher
power density of superconductor excited generators it
is possible to achieve higher output powers with
smaller volumes.

In all the new studies JMAG will play an important
role, as a numerical simulation tool.

PHEIAIXIMAGZEESRTINS?
Jiansheng Huo,
Electric-Power Engineering Master Student.

During my master thesis I've used JMAG to
simulate different configurations of 5SMW PM wind
generator, with distributed and concentrated winding.
The main focus was obtaining the required power, with
a small torque ripple lower than 1% rated torque and to
investigate the losses in stator and especially in the
rotor conductive parts. The distributed winding with
the number of slots per pole and phase g = 1 has high
torque ripple, which requires skewing of the rotor for
ripple reduction, but also quite low rotor losses. For
some concentrated winding configurations, the losses
in the rotor are high and some configurations like g =
2/7 and g = 1/7 cannot be used, due to rotor
overheating which may cause irreversible
demagnetization of the PM. For other configurations
like g = 1/2, 1/5, 2/5 the rotor losses are higher than
for the distributed winding but have still an acceptable
value.

The additional losses in the rotor due to inverter
switching supply were also calculated and it was find
out that due to the high switching frequency of 2 kHz
which determines a current shape close to sinusoidal
shape the loss increase is about 10-15%. Further
calculations showed that the segmentation of the
magnets reduced the eddy current losses in the
magnets to only 20% of the losses in non—segmented
magnets if axial (20 segments) and circumferential (4
segments) segmentation is used. Some of the models
in JMAG were tested against different FEM software
codes and showed a good concordance.
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Institute for Electrical Energy Conversion,

Technische Universitat Darmstadt. Headed by Prof.
Dr.—Ing. habil. Dr. h.c. Andreas Binder.

At the Institute of Electrical Energy Conversion motor
design and optimization is the main research direction.
Classical and special machines are investigated
together with the whole drive system, so that the
application requirements are most efficiently fulfilled.
Thus also the machine control and the mechanical
components are studied.

Dr.-Ing. Bogdan Funieru graduated from “Politehnica”
University of Bucharest in 2002, and has received his
Ph.D. from the Technische Universitdt Darmstadt in
2007. Since 2007 is working as a post—doctoral
assistant at the Institute of electric Energy Conversion
in the same university. His main research interest is

numerical simulation applied to electrical machines.
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T RILFI4OVIRD LI, BITHEROKEFEN
SELRTIEIHYFEHAD., FRETHRICHE LT, 2K
BRENRFIIFEREICEEZET. BRIFHREZEETEDEH
BEHIEETIUR—REKICKEEMLET

B2

AEHTEH.ETILRA—XBEAERIZHELT-
JMAG-Designer DBSRERBNET HDHYTLI=, LM
L.SRBADT=8HIZ IMAG NETILR—RAEEIZED &
SHEMLTWAONEEZNIEEZBIEE. ETIL
RN—AHREFEFETCETCVENIEERELELE,
D1=. IMAG-Designer DILEERBNEEN. ETIL
N—RHFRIZHTIEREEDNDEITTFALTHE
L=,

SEOEHT. ETILA—IEREVNSLDIL, B
REFFFERECEZDELDTIEILEL SETEH LR
. RERELTREBELTVWBERERE. TT/ILEND
SHICETHASILT. FROBEREOEBREZS
DEIENIEZATHAENBRETEZL &
ICEAIE. IECHEHBELETIVEEZSILLHE
5hl+Td,

JMAG-Designer DEEHIZAHEEEIZRIDEREIZEDE
LT. ZTOHEEE A BECEIC, BEROBE YA
ERBTAEREREVNCEDIIENEELZDON
EVWSHHEATRTWE(IET,. SETRINELD
FEIERRIEOMERIICEMTESLZELHIN
AN ) |

RFT =E1T)
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SRR ISR DB AT B LT SEE (BT A5
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ZO—AFTHREICE, V) —REOBEHHBEHIK
Y, HeEENRLTHERINBEITEIENSSE
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BAL D, BOEFEEENERK T LMLIh
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FoTOEY . BRAEKICHN TR, FRRRITES
SRR CHIBAZORAEICLYEY  RE/ MERRE
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X, BMELITBENLTRREL T TR, EHBEERN
BEL-EAREKRTHIENADLMET, 2D,
EWFAEMCIEIERTEHRLEYEBEREEET ILE
LT. EEORREBRTCEETAEGYEEA B
ROBRICVDELGFEREETIVICRRTES LS54
HWEODEW I aL—avHiENARETT,
F-ERFRFTME. BRI —RADAEERDHD
BEEREETTOT, FHAFICRBENRELIZGS
IX. ZDEREZBRZICHML T, WERFIRIZEE
[CRBETIDELHYET, D= REDE L
MEBRTEREEONATE T TIXERE THLT. FD
RWREBRBICOMTHIEDTEEE DR HER
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ZDEIB—RE/ToIaL—Iav el
T.FF=BILFEAZRSHERELE T, TIE. BEFEAD
EWFRFEMIE LI aL—avEfiBDTLL
Sh, RETTIXZFDERIZODVTEZTLEET,

0 3. BT RIS FEA BAEHH

FEA (&, BITICHELYMHECEEELEERD
REIZAEDE THRELEZY., EESN-NBEMHEFIC
EHEICRTHIENTEET, —HlEL T, BLsFHE
IFIEBIHEFEET M, FEA (X, ERICAEINT
WR-—WERBEORAINEZZFDEEANTEHIENH
EFT, COEBBEEITOTERTERICRMSO
51z, AALE-RA0RBENSVNITE. ERRICK
UELMERABONEZEIZHRYET, SOITHIED &
SHEABRRIEL. ERBINICKVEZEHFRTLIL
NTEFET, RBWETHNIL, BREINICKYER
PEERDT, BBINICEYVEBESTMNARFVET,
SHICCOBRESTEHMAMBITTHEAT M AN
[IRBREEEZET HBEICEELEREZETILE
THIENTEET,

FEA ZH AL-EIHEROFTFMESHTIL, BIZE
BWICELPBREEHEIRITHEITTHS BEIZIKAE
NTELRVESBRNIREEZAIRIETEET HIAE
MEREESHDIAVI—ERHILET. BELEZES
EEAERTETLSH . BENOHKBEIAEE
TWEWAERERTSEE, EWR FEA DEKRHIA
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HIEHAEEICRYET,

CO&LSICFEA X MERZOBVERENSZD
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HAELL, E—2F L VRTLERICEENRA
TLESCELWNBESINET, BHFRIFEMEL T, B/
BWICEDE—IDHEE~ADHEEHERELT. TOXE
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FEA [ZKBEHTIE. LEROISLGAUN—2FED
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PR ERIEEICLES , D22l —2a>rTIE
EHMEERICELHOBHBERZROEHELEFRTS
CENTEET - FEA DM THIEVLDTEED
X. B ORI IREDIREZAEICLET
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50 f ﬂ \'\ ' ; /\.\ 180
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X 2

TR KA - 8.9%

B AE 9.7%
3 O—ARNWADHESHDOREEL

4—2. REISORADZEHEBLEFHKETTM
REROEEFICHBINIRBINSURE, S
VAL DRNABEONEIEHEINS/ARN—(
RNDKRKEFRD=. FSURERDERIZIFZEREE
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FYBIEL, P RBIERDEEIZZEN LKL SKE
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WICEMNBABEMAHYET, D=0, FSURDE
BETIE. FSURRKE T THS, ERBITEREE
OFMETVET  FICBHFMICKETIRETE
BEEZRBLACENEELRYETOT, ERLER
ERMTEMENADLELELGYET . £ RARTHDIZ
WRLIL, REFHKERELTEELEWLERRIZH
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ELFET, DD, MREBRORBREOAIZLSIE
KNHORBELYISIRETT (K4, BHEXDH T
RBENBBINIEL, ChERRRLTIEENTE
RIELHLIE. SOICHR#RMEERLGYET, EHA
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Zlzaq) . a7 ERGEDREEZRLET . 2D
&£51Z FEA ZF->TI3aL—avad bl 812,
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BLTHRETCAENT ENTEET,

...... BB
- EEREX

4 ERESTCRBINSURAOBIR(E) E
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' 1.700E+03
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H6 EXROKRKREICETHIRENT

5 %0

SETIE. ERFREEMO-DICFIETESV I
L—aV il T, FEA 8B LELT .

FEA (. YERZOESVNEREZE DT TEL,
BAEVWFRFHAEEROFMONERREICLET,
DIEMS FEA [F, EHABRRICITGEVFLMEEEZD
RMTELUIaL—avEffiFEVNAET,

FEDEHRICEIMELTIE. FNEFNDOHRR
BIZHEWT.FEA OFAMEZRELCIEITSILE
HELTBYET . FEA DENLRFIAZELT. 2hE
TORFETAERIZIEHELFHFLWMT M@ EERFIC
T4—RIN LTV EREENIE, XEBEL
i&-ANGN J |

(AR [T

(%1) BET 21— —HEHELTE. IMAG 21 —HF—%
2011 DFEEEHDOFIZ JohnDeere HMOLITHKREFTELN
lElectric Drives for Off~Road Mobile Equipment A& YET .
(%2) BB 21 —F—HEHELTE. IMAG 21 —HF—%
2010 DFEFEEMORIKRARHBAR AE NT—D AT LR
M HFEETALV [ PB(Isolated Phase Bus)iEfiifid KUE L
SEEEDD 3 ROBUABNICLIBHHTBRRFINHYE
ERS

L2 OBBEEMNE, - —ERYAMBHELTEYE
T HESNDAITIFA—H —RHmXECDHRESEYLVLE
FOT, A—H—2EH/FITITERESLY,

JMAGA—H—2EHKR #HL A+E
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L.JMAG D#EEEZDFENA. BITETILDERAE
FEECHBNLET FUO ORISR ALEEL,
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BAEPCANEBERESZAGVETDISE(E. COHEE
DEREHELELEA REFIRITLUTORYTY,

1. [RET40TONTAIDBEREHEIERTT
%
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BERAE T EHREETHELLZWNEIZHR
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REL-BLNEEEIRELZTEL-ER. TOHEE
5 EMOTEEHEEZETLET . ChICKY. EE
KEICETIETOHMEEBLET (K 3), EXE
BERW-FEEFHOLSIC, BERENAREL
BEICBEWLIESWD, PSR T IRLIEE DE
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1. [RETF4OTRNTAIDVIIL/A—a b A—)L]
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SERTMITTIE A-OEDFEREHBELET, b,
JMAG [IZIZ A-dE 1 E A-QE 2 BB Y., ZLDEE
A-¢3% 2 OANHEDERFIAELET, REFIEIE
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1. [RET4DTOIRFAIDICCGIERTT 5.
2. [fREIDIA-¢ % 2(HE2R)1%:8IRT D,

FEAE—4 2 X% (SIBC)
ARBEERTCRRENEEARDOREEIN
BMGE . REAYVABETRERERBELELSET
BEHEREAKRELAG>TLENET, SIBC I, EiK
RELFIZERDSRNDIIBHEETVET . Ch

[S&Y., FHEREZ/NES(TEE O ERE O EHE
MATRETY  BXREFIBETLL T DORYTY,

1. [BERXHHEITIV—TRyIADISIBC ZEAYT 5]
FrvIRVIREERYT %,

N—FOx7DEERENEFIATS
A H ) JL/\—& GPU(Graphic Processing Units) &
FRALTERILZRSHZZBNALET,

H’F) L —

WHILSA—IE, B D7 (CPU) Fi=lE<P I
NBESESEEERLEFRYET, IMAG [TEF A
EE (SMP) £ EIATEY B (DMP) D ZD D5V )L
N—ZFFH>TWFET, BRERZETIECPUIZK>TEt
ERENKRESEBYFTOT. ELELDIFVIL
N—FBRTBZOHEN—FI7BREICECTEIR
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1. [REATF4DTONRT4ID[V IV —arbtO—)L]
RTT 5,
2. [GPUZEFIATBIFTuvIRyIREEIRT 5,

CPU:Intel Xeon5670
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1CPU 1CPU+GPU 2CPU 2CPU+GPU

5 BERAYREITIZEITS GPU FEAICKHEMERER

(*1) http://www jmag-international.com/jp/products/specification.html
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