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CONTROL OF TRACTION DRIVE WITH PMSM
FROM VIEWPOINT OF EMI

Radovan Doldéek', Ondiej Cerny?

The paper deals with the EMI problems of the irdlinal traction drive of tram wheel. The drive
utilizes permanent magnet synchronous motor (PMSMtil now the major attention has been paid
to the control methods of this drive. Nowadays wh#ese control methods are mastered
the consideration is focused particularly on irgexhce of designed converter of this drive to fiieddl-
environment in which are located other devices. e Particular working modes of drive and their
interference are demonstrated in this paper. Fg=diwill lead to next steps for reducing of this
interference which can bring about fault stateefice.
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1 Introduction

The present trend in modern traction drives lead$é¢ utilization of synchronous motors for indivad
drive. For example a few prototypes of vehicleshwiermanent magnet synchronous motors (PMSMs)
were built and tested in [1], [2], [3], [4], [5] dntwo prototypes of rail vehicles were presented on
InnoTrans fair in Berlin 2008 — Alstom AGV high sgktrain and Skoda Transportation low floor tram
15T “ForCity".

PMSMs have better mechanical and electrical adgastan comparison with other types of drive.
The torque from viewpoint of dimension and weigh dfive is the greatest advantage.
This characteristic makes possible realizationated direct drive (i.e. drive of axle or wheelsthvaut
use of any gearbox) from viewpoint of vehicle comstion. Direct drives with other motors (e.g.
asynchronous motors - ASMs) are not possible toepia vehicle because they have too big dimensions.
Applications of simple direct drive of wheel sinfglthe whole construction of low-floor vehicle from
mechanical viewpoint. This simplification of consttion leads to time and financial savings from
viewpoint of maintenance and other operating costs.
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2 Research workplace

The research workplace consists of the testinglstdmich was lent from Research institution rail ieéds
to laboratories of Jan Perner Transport Facultg dirrent testing stand contains a drive wheel (@it
conception of direct drive without gearbox). Theglest structure of drive creates conditions foodjo
drive characteristics of vehicle, see Fig.1.

A A
Fig.1: Testing stand.

PMSM prototype type SRT 225-S44 by VUES Brno hapdiés, inner rotor and liquid cooling, see
Fig.2. It is placed in silent blocks which enablds iswing in horizontal direction.
Wheel is situated on swinging arm pushed by pneigmaller. This roller makes pressure to wheel up 4
to 50 kN which represents pressure of real wheehfvehicle.

Fig. 2: Synchronous motor with permanent magnets.

The motor type MAF315S-10 by MEZ Brno-Drasov isdise loading drive for tests. This ASM is
connected with axle of endless rail of stand bytatlu The torque sensor with dimension
+1000 Nm is between clutch and endless rail. Teesling drive is fed from converter MICROMASTER
440 by Siemens. The converter is completed by Imgalconverter which enables breaking
of whole drive. The speed sensor, which gives pdggiof speed feedback for frequency converter of
loading drive, is placed on asynchronous drive. [Blagling drive operates in recuperative mode made b
feeding from the same DC intermediate circuit fothbconverters. Energy losses on breaking resistor
supposed only for emergency out of machine, se8&.Fig
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Fig. 3: Diagram of converters structure.

Originally developing converters for PMSM were dges&d and realized at Jan Perner Transport
Faculty, University of Pardubice. The converter powart type B6CI 1100-772-175F by SEMIKRON
enables tests under full-load. The converter ctgsisf three double transistors IGBT units
SKM400GB124D and has three exciters type SKHI22AesSE exciters are constructed only in
elementary connection, thus it was necessary tadjlastment of input control and output fault vottag
signals. Input circuit of converter is represeritgccapacitors with total capacity 4706 / 1200 V. This
converter was built up in switchboard for reasonsafety and electromagnetic interference. Control
system with processor TMS320C2812 by Texas Instntsnis placed on board by SKODA Electric.
More information can be found in [6], [7], [8].

3 Research work

Firstly, the major attention has been paid to adntiethods of this drive [9], [10], [11]. Nowadatfse
consideration is focused on interference of thisedto near-field environment, in which are located
other devices, and also to supply network. The mament attention is concentrated on EMC problems
[12].

3.1 EMI measurement

The circuit boards, antennas and other conductweponents all radiate or reflective RF energy. Re
energy from a radiating or reflective object candoeipled into a field probing antenna by inductive,
coupling, capacitive coupling or by free-space pgagiion [13], [14], [15]. The first two coupling
methods, also known as reactive or evanescent iogyug@xist only for a distance of a few wavelengths
from the object surface. Conversely, free-spac@amation exists over very large distances. Thege ar
three area of propagation relative to a radiatingefiective object [16]:

e The area nearest the radiating object is the raactr evanescent near-field area.
This area includes both propagating and reactiveerggn The evanescent energy
component decays very rapidly with distance andcoaspletely decayed at a distance of several
wavelengths away from the object surface. Properti8eparate E-field and H-field
measurements are required to determine the powaersitde and field impedance,
the power density decays very rapidly with distaribes area is where near-field circuit board
and cable EMI emission measurements are generaliigm

» The second area is the radiating near-field or riglearea which starts approximately one
wavelength away from the radiating object. Thisaacensists of propagating energy with a
relatively constant power density. Properties: didfiand H-field measurements are directly
interrelated by the impedance of free space (@j7the power density remains relatively
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constant with distance, this area is where neéd-iatenna measurements and chamber imaging
measurements are typically made.

 The area furthest from the radiating object is Enaunhofer or far-field area. The transition
distance R for the far-field area is generally estatice where the phase curvature
of the phase front is 22.5 degrees or

2D?
R== (1)

where D is largest dimension of radiating objéas wavelength. Properties: E-field and H-field
measurements are directly interrelated by the irapeel of free space (31Y), the power density
decays according to the inverse square law, thieisirea for far-field testing.

While approximate distance limits between regions shown, the actual transition between the
regions is quite gradual. Phase coherent measutenwna phasefront in either a propagating
near-field or far-field area can be converted iato angle domain far-field equivalent by a Fourier
transform based algorithm.

To find source of the emission at circuit leveltbé object, near-field probes were used. A typical
EMI antenna is physically too large to make thesasnrements. The HZ530 probes set can be used to
locate and qualify EMI sources, as well as evallai® problems at the breadboard and prototype level
They enable the user to evaluate radiated fieldpanform shield effectiveness comparisons. Medani
screening performance and immunity tests on cadobelscomponents are easily performed. The probes
with a built-in pre-amplifier covering the frequgnange from 100 kHz to 1 GHz. One main object for
interference was converter SEMICRON with IGBT elatse The measuring of converter control signals
and their spectra is shown on Fig. 4 and Fig. ® Mleasuring was done for levels, see Tab. 1.

L L
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Fig. 4: Converter control signals.

.\

Fig. 5: Spectra of control signals.
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Tab. 1. Parameters and their values for measynmggsre § is effective current of motor andbJis DC
circuit voltage of converter.

Paramete Value
r
lef1 6.12 A (4.2%)
Upc1 559 V
lefo 97.6 A (80%)
Upc> 498 V
lef3 122 A (100
%)
Upcs 477V

Firstly, it was necessary to confirm that measuringh frequency range
up to 1 GHz is not suitable, because radiatinggnat high frequencies is negligible, see Fig.6.
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Fig.6: Values of electromagnetic energy.

From this reason, the area with frequency ranga 160 kHz - 10 MHz was chosen. The results of
measuring for three levels are demonstrated orv Fithe red color represents measuring No.1, green
color represents measuring No.2, violet color repnés measuring No.3 and black color is curve of
radiating background when the testing stand arml@saverters are switched off.

FREQUENCY [MHz]

Fig. 7: Values of electromagnetic energy.

4 Conclusion

The results from the measuring confirm that inceeatsmotor current (i.e. motor power) leads to ¢age
of radiating energy from converter. The other EMéasuring according to different methods will
continue in order that it would be possible to diéscbehavior of the whole traction drive very d¢allg

at all operating modes. The specification of radgaenergy can bring better shielding solution oé t
drive and can prevent the interference from raaliati
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