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Abstract. The paper deals with the significant results of
the experimental research of current harmonic spectrum of
traction drive with permanent magnet synchronous motor.
The experiments were done on a special workplace with
a real traction drive for wheel vehicles. Current harmonic
spectrum was analyzed by a specialized device on the base
of central measuring station. The knowledge of current
marked subharmonic components of stator winding is the
most significant finding of experiments. The frequencies of
these components are given by multiples of frequency of
mechanical speeds. The subharmonic components also
pass to input DC current of drive. This fact is important in
particular from the point of view of legislative require-
ments to electromagnetic compatibility of drive with rail-
way interlocking devices.
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1. Introduction

Engineering development of power semi-conductor
converters has brought new conceptions of electric traction
drives providing to drive systems high quality from point
of view of traction, dynamic and also energy site. Concur-
rently the problems of side noise effects of power semi-
conductor converters have been opened due to this devel-
opment. These effects are interrelated with high dv/dt and
di/dt of power semi-conductor elements used in these con-
verters. The magnitude and type of drive noise effects
depend on a lot of effects. It concerns in particular the
whole conception of vehicle traction circuits, power con-
verter construction, assembly of electro-equipment of vehi-
cles, traction circuit parameters (R, L, C), distribution of
traction circuit parameters, switching properties of semi-
conductor elements, PWM frequency, algorithm of PWM
generation and magnitudes of blanking times of converters,
converter input filter parameters, motor construction, in-
stantaneous speed, mode and torque of motor. The input

current harmonic spectrums of driving wheel vehicles are
analyzed for the reason of possibility of parasitic effect of
railway interlocking devices by operation of traction cir-
cuits. Particularly the harmonic components with frequen-
cies used in interlocking devices are necessary to reduce in
input current of vehicle during operation of traction cir-
cuits. Under conditions in the Czech Republic it is in par-
ticular frequencies 50 Hz, 75 Hz and 275 Hz. The stan-
dards specify the limits of effective values of harmonic
components at the defined frequencies. The value limits of
magnitudes of harmonic components at traction circuit
input are in range up tens to hundreds mA [1 - 6]. The
valid legislation is topical in particular for railway opera-
tion. The detail comparison has not any sense in this case
because the results quantitatively different are expected for
vehicle for heavy railway operation. The potential sources
of technical problems at future power traction slow-speed
drives with permanent magnet synchronous motor (PMSM)
are shown in particular qualitatively in this paper. The
other detailed information sources about problems of
power converter and their electromagnetic compatibility
(EMC) are in [7 - 15].

The problems of interference effects of traction drives
are intensely monitored by manufacturer of rail engineer-
ing. The Jan Perner Transport Faculty co-operates with
SKODA group in this field. In recent time, the first rail
vehicle with low-speed traction PMSM (tram 15T), which
was manufactured and operated in the Czech Republic, was
put into service by this company. The manufacturer is not
monitoring the problems of interference effects only from
point of view of urban mass transportation vehicles but
also particularly from point of view of perspectives of
usage of these drives at power railway vehicles where the
problems of interference effects are monitored more
strictly.

2. Traction Drive with PMSM

Traction drives with PMSM are utilized most often
for an individual drive of wheels or axels of rail vehicle.
The three-phase bridge inverter with six power switched
elements (in most cases IGBT) and six reverse diodes are
used in majority of applications for motor feeding. The
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inverter input circuit has voltage character and is created
by LC-network. These days at the Department of Electrical
and Electronic Engineering and Signalling in Transport in
the Jan Perner Transport Faculty (JPTF), University of
Pardubice the experimental researches of special charac-
teristics of traction drives with PMSM from point of view
of interference effects in low-frequency area are per-
formed. Some of selected significant results of these works
are presented in following parts of this paper. For experi-
mental research of traction drives with PMSM, the JPTF is
equipped with the special workplace with traction PMSM:
nominal power of 58 kW, nominal speed of 650 rpm,
nominal torque of 852 Nm, nominal phase current of
122 A, system of 3x368 V, nominal frequency of 238 Hz,
number of poles 44, the other data is in [16].

The main circuit diagram of this workplace is shown
in Fig. 1. During the research works many measurings
were done. Their aim was to map out harmonic spectrum
of stator phase currents and currents in inverter input filter
choke at traction motor with PMSM, further to find the
significant properties of frequency spectrums and compre-
hend effects of various conditions of drive operation -
motor/generator mode, load magnitude, various parameters
of inverter input filter, inverter blanking time, softening
DC source of inverter by series front-end resistance and
effect of rotation direction. The traction drive located on
experimental workplace of the JPTF was fed thought diode
rectifier from network 3x400V, see Fig. 1. It represents the
input voltage of traction inverter (560 V DC). Traction
network of real operations of urban mass transportation has
nominal voltage of 600 V DC (at new operations 750 V
DC). Traction network is always very soft, that is why the
authenticity of measurings is not affected by feeding circuit
solution on the experimental workplace in the laboratory of
the JPTF.
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Fig. 1. The power circuit diagram of the experimental

workplace.

3. The Results of the Experiments

The waveform currents in phases of traction motor
and the current in input DC circuit of drive i.e. filter choke

current were scanned and consequently evaluated during
the measuring. The currents were scanned by galvanically
separated probes (100 kHz) working on the principle of
Hall Effect. The record and data evaluation are done by
a special device with software developed by Skoda Elec-
tric. All measurings were done and evaluated by a specific
device developed on the base of central measuring station
(Compact RIO by National Instruments). This measuring
device is utilized at measurings of rail vehicles of urban
mass transportation and railway. The PWM inverter
switching frequencies are 5 kHz. The majority of the
measurings were done on a slow ramp. The ramp was rep-
resented by a frequency ramp of converter of a load asyn-
chronous motor. The PMSM was operating with torque
feedback control. The analysis of measured waveform is
based on 3D graphs with time axis, frequency axis of
harmonic component and axis of effective values of corre-
sponding harmonic component of current in mA, respec-
tively in A.

Except of 3D spectrum maps it is possible to obtain
the results in other forms (e.g. frequency spectrums for
sampling window) from measuring device. The 3D spec-
trum maps always provide very comprehensive image of
the whole situation and it is possible to study them deeply
by usage of relevant software. Unfortunately during con-
version of spectrum maps from special software to standard
software of MS Office the partial loss of resolution arises.
From the reason of whole comprehensiveness of descrip-
tion of the problem we decided to present the results of
measurings just in form of 3D spectrum maps even if the
accuracy was lost partly.
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Fig. 2. The spectrum map of phase current of traction motor

for T=20% and filter parameters L =5.7 mH,
C=47mF

The overall view of frequency spectrum of current in
phase of PMSM is shown in Fig. 2. The spectrum map,
Fig. 2, was measured with the load torque (T) of the trac-
tion motor 20 % of nominal values. The fundamental har-
monic component of current, whose value is increasing on
the ramp up to nominal value (238 Hz), is the most notice-
able in Fig. 2 and then the frequency is again decreasing on
the ramp. The representation of frequencies related to the
PWM frequency of inverter (5 kHz) is evident from the
spectrum map. The frequencies given by the sum and dif-
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ference of PWM frequency 5 kHz and double of frequency
of fundamental harmonic of current and further by sum and
difference of frequency 5 kHz and quadruple of value of
frequency of fundamental harmonic are represented par-
ticularly. The current spectrum in this area is obviously
related to the method of PWM generation with variable
relative time of switch of inverter transistors in one period
of fundamental harmonic.
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Fig. 3. The spectrum map of current of inverter input filter
choke for T =20 % and filter parameters L =5.7 mH,
C =4.7 mF — detail to 305 Hz.
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The spectrum map of current of inverter input filter
choke for T=70% and filter parameters L =1 mH,
C =4.7 mF — detail to 305 Hz.
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Fig. 5. The spectrum of harmonics of inductive voltage at the
beginning running out of motor

Further the 3, 5™ and 7™ harmonic values are pre-
sented in the current spectrum. The high effective values of
the subharmonic components are also obvious from the
spectrum map.

The spectrum maps, which are in Fig. 3 and Fig. 2,
were received at the same experiment. The detail for com-
ponents with frequencies up to 305 Hz is shown in Fig. 3.
From Fig. 3 it is evident that the component with frequency
given by the phase fundamental harmonic of motor passes
to input current in minimal range with exception of sur-
roundings of filter resonance frequency approx. 30 Hz. The
subharmonic components, whose effective values are again
emphasized in vicinity of filter resonance frequency, are
marked. The current spectrum map of input filter choke
measured at low inductance of filter choke of 1 mH is in
Fig. 4. Further the motor load was increased to nominal
torque of 70 %. It is obvious that the subharmonic compo-
nents are not increased any more by filter resonance fre-
quency, which has value of 73.5 Hz now, but they still
assume significant effective values. The existence of har-
monic components with frequency of 100 Hz and 300 Hz
is given by operation of input diode rectifier, Fig. 1. It is
obvious from comparison of Fig. 3 and Fig. 4 that the filter
with higher inductivity (Fig. 3) reduces harmonic compo-
nents generated by inverter and operation of input diode
rectifier. The components with frequency higher than value
of resonant frequency of filter are reduced significantly. At
the mentioned comparison it is necessary to respect that
Fig. 4 was measured at higher motor load.

4. Conclusion

Nowadays the PMSM motors are used in rail vehicles
in particular for urban mass transportation systems. The
very real assumptions to PMSM motor usage at railway
vehicles, where the very strict legislation focused on EMC
of vehicles and interlocking devices is valid, exist in con-
sideration of their favorable properties. The presentation of
existence of current significant subharmonics components
in context with prospects of traction gearless drives with
multi-poles PMSM is the aim of this presented paper. The
subharmonic components of input currents are not possible
to eliminate practically by input inverter filter because they
have very low frequencies (tens of Hz), which are more-
over variable depending on vehicle speed. The detail of
harmonic spectrum of inductive voltage of traction motor,
which was measured at free running out, at practically
constant frequency (235 Hz) and at speed in monitored
interval, is in Fig. 5. The frequencies of significant har-
monic components of inductive voltage correspond with
frequencies of current subharmonic components were
found out by analysis of measured waveforms. It shows
that the cause of generation of current subharmonic com-
ponents is probably by disturbing components of motor
magnetic flux. The elimination of problem in this case is
related to the problems of traction motor construction.

The problem of current subharmonic components at
drives with high-speed motors with gearboxes was not
studied explicitly at the JPTF. According to available data
it is possible to state that the situation at usage of low-
speed drives from point of view of interference effects is



RADIOENGINEERING, VOL. 20, NO. 2, JUNE 2011

515

less favorable. In the case of problem solution by analytical
way, the results of experiments indicate that this solution
by available means would be very difficult task. Except
experiments done at the JPTF, which are presented in this
paper, the staff of the JPTF had possibility to participate
the similar measurings at tram 15T in Prague tram system.
The construction of motors and power part of converters is
very similar to devices in the laboratory of the JPTF. The
results of experiments are to a large extent different al-
though the analytical description of both drives is analogi-
cal. However it is not allowed to publish the results of
measurings in real vehicle at real service.

The other researches in this area both on experimental
level and on drive mathematical model level, which is
being finished at these days, will proceed at the JPTF.
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