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Abstract - The article presents the analysis of
resolution bandwidth changes while registering a
magnetic component of low frequency electromagnetic
disturbances emitted by the electric traction vehies

equipped with power electronic drive systems. The
analysis was undertaken for comparison between
laboratory tests and those implemented in real
conditions. Conclusions are presented regarding the
validity of the correction coefficients use for the
disturbances results measured with other than the
recommended resolution bandwidth.

. INTRODUCTION

State-of-the-art traction vehicles with electriavds
are equipped with power electronics control systeiitis
electric motors. Power electronics systems, usethén
main circuits of vehicles, enable smooth formatiahn
traction characteristics depending on the set matiele.

Structures of today's converter systems includei-sem

conducting elements, such as: IGBT transistors 5O G

a vehicle should speed up or slow down using 1/Bsof
maximum tractive effort in the given range of spéeld
The speed cannot be too high, so as to enableotinect
pantograph-catenary cooperation (it concerns tovort
vehicles), or too low, in order to enable electiiaking.
Distance between a measuring antenna and a vehicle
under test (DUT) should be 10 m. During the
measurement of magnetic component of electromagneti
field (CISPR A, B, 9 kHz - 30 MHz) the loop antenna
should be placed at a height above the rail lewehe
range of 1 -2 m.
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thyristors. Systems of this type, apart from many

advantages, also have a number of side effectsy-ahe

Fig. 1. Measurement stand during EMC research.

sources of radiated [1, 2, 3, 4, 5] and conducted

electromagnetic disturbances [4, 5, 6, 7, 8]. lthas
necessary to ensure vehicle operation by verifigagh
emissions against limits suitable for railway tract
applications. It is governed by the relevant stadd,
which define the emission limits for electric thiact
vehicles [9, 10].

.  ASPECTS OF EMC MEASUREMENT IN
ELECTRIC TRACTION

Due to the nature of electrified railway operatitive
EMC - compliance tests of traction vehicles covesiow
moving and stationary tests" [9, 10]. While rumiat
low speed, an urban vehicle should ride with spmelb-
25 km/h, while a long-distance vehicle with speéd®
60 km/h.
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While running, the applied power electronics system
(DC/DC converters and inverters) shape the output
voltage (or current - in current inverters). Thapiple of
operation of both AC and DC drive systems involfaes
switching of semiconductors, which entails generatf
disturbances. Fast-changing waveforms of curremt an
voltage in impulse systems are the sources of
disturbances generated by traction vehicles. Thuss
recommended [9] to conduct a study of prototypetiva
vehicles, stating the limits and requirements fboe t
measurement in the frequency ranges of 9 kHz — 2 GH
[9, 10]. Study of electromagnetic disturbances eiois
should be based on the CISPR recommendations -
standard [11]Due to the character of the measurement
(examination of a moving source of noise emissiona-

In front of the measurement position,vehicle in motion), requirements imposed by standar



[9] differ from the parameters defined by standards [13]. Whereas CF2 is used for incoherent signals
[10, 11]. In standard [9], measurement bands are generated by the power electronics systems in dignam
divided into sub-ranges, defining also the set-upfa  states (transient), e.g. gas lamps DC and corathalige
spectrum analyser or EMI receiver [12]. [13].
The measurement described in [2], confirms thal bot
.  PROBLEMS OF RESOLUTON BANDWIDTH broadband and narrowband disturbances occur in the
RECALCULATION electric traction systems. During the compliance
measurements, when a vehicle passes the antera, th

Resolution bandwidth of the receiver (BW) used inSignals generated by vehicle’s drive systems are of
the measurements in the frequency range 9 — 150 kHgroadband character for each BW. It emerges froen th
according to standards [10, 11] should be 200 Hilew fact that during a moving test, a vehicle acceteair
according to standard [9] - 1 kHZThis divergence decelerates. Power electronic drive systems opémnade
derives from measurement conditions: the vehicle is transient state. Their disturbances have continuous
moving and a measurement at 200 Hz bandwidth SPectrum of frequency. Other power electronic syste
would not be sufficiently fast, and would also beitne- ~ Not related to the drive (e.g. converters for bgite
consuming Standard [9] recommends splitting CISPR Acharging and supply of auxiliary devices), regassllef
[11] frequency range into two sub-ranges: 9 - 5@ ladd vehlcle_'s motion dynamics are in the ste_ady ste_fte 0
59-150 kHz (BW 1000 Hz, sweeping time 300 ms foroperation. The frequency spectrum of the disturbaris
each sub-range - this would be sufficient for theving ~ discrete, thus, depending on the BW, disturbaneesbe
sources). If a BW, different than recommended byrarrowband or broadband. o
standard [11], is used during measurements, thedtses  In the measurement described in [2] narrowband
should be properly corrected. Whilst BW recalcolafi S|g_nals were recordefipr sometime befqre and after the
according to standard [10], correction should beies train passes the measurement ppiritowever the
out on the basis that the noise is impulsive in naturdroadbandwere seen only when the train was passing
(Annex B, B.5), while according to standard [9]n the  through the antenna p05|t|c(nhap'ter 4.3.2.1.4 General
basisthat the noise is a broad band white nofg@nex ~Comments 9 kHz to 150 kHZ)uring measurements of
B, B.2). Lack of straight clarification regardingiet @n electric vehicle both cases appear - the traintbas
character of a waveform to be assumed while reaccelerate to the required speed, before it reatfies
calculating the measured values and lack of pdigibf ~ a@ntenna position. Specific approaches regardinalieg
measuring the signal in time domain poses a prablem Of the results (with CF1, CF2 or no CF applicatidead
the signal is narrowband, its magnitude will nott0 further doubts. It is due to the fact that teagkation of
practically depend on the BW selection, when aaigm the peak values registered at certain BW into wlue
broadband, depending on the character of a sighel, corresponding to another BW depends on the level of
peak values depend on the BW (the so-called cobeyen coherence of the measured signal. Additionallymiy
With two extreme cases the broadband signal may keecur that during the measurement with BW 1000 Hz,
coherent (fundamental frequency plus harmonics) anglisturbances in specific frequency ranges wouldsdsn
incoherent (random frequency spectral componeats), @S & harrowband and for the same ranges with BW

appropriate BW correction coefficient can be intrioed 200 Hz - as a broadband. . _
[13]: Standard [9] allows conducting the equivalent "slow

moving test", by measuring the emission at the

BW, . "stationary test" in which the vehicle operateshwit
CF1=20log——=*- 1) proper tractive effort but against mechanical bsake
actual Unfortunately not always this kind of operation da@
or applied [9] (i. e. if some additional electricalraiits
CF2=10log BWierer @ operate during electrodynamic braking). If thisttes

possible there is no problem of a moving sourcehef
noise and BW 1000 Hz does not have to be applied in
CISPR A frequency range. In practice, the equivalen
"slow moving tests" are not undertaken; therefappr
recalculations have to be applied. It means that
) appropriate correction of the measured noise values
applied BW [13]. consists in deducting from the obtained noise carapts

. CF1 is applied fpr coherent signals i”C'L!‘?"”g ! e ul an appropriate value calculated using formula)1, e.
signals from devices generating repetitive S|gnals1ior BWeer = 200 Hz, BWew = 1000 Hz
re - ’ ctual - ’

generated by syvitc_hable chargers, commutatorstiogni CF1 = -13.97 dB, CF2 = -6.98 dB. The difference
systems operating in steady states and fluoresaents

actual
where: CF - correction factor for broadband sigif@is1

coherent, CF2 incoherent), BW - reference BW
approved for a specific frequency range [3], BW -
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between these values is around 7 dB, and is canasilde
enough to determine whether rolling stock fulfiisits

[9]. Thus, it is important to be aware of the seuaf

emission while the correction of BW has to be aglilt

will allow for classification of the examined disbance
as completely or partially coherent or incohersirice in
real conditions the character of a source doedhaet to
be unequivocal.

IV. LABORATORY RESEARCH

Fig. 2, 4 show the specific ambient and drive r®ise
measured with different BWs. The noise values far t
frequency ranges, where the ambient is almost en th
same level that the drive's noise, were excludenh fthe
study. Fig. 3, 5 indicate that the usage of cadivac
factors does not lead to the proper results. Duéh¢o
nature of a waveform which is not always broadband,
application of correction coefficients is a veryugh
estimate. Therefore, one should introduce a caorect
factor of a value between -13.97 dB and

The measurements were implemented in laboratoryf-98 dB, which has to be added to the values medsu
conditions, where the sources of electromagneti®vith the 1000 Hz BW to obtain reference values

disturbances were the laboratory drive systemsgiyo
states were included):

series motor with a chopper,

squirrel cage motor with a voltage source
inverter.

A loop receiving antenna was placed in a 1 m distan
from the EUT (equipment under test). This distance
depended on:

the room limitations, since the measurements
took place in a closed laboratory, instead of the
outdoor measurement site,

considerably smaller power of laboratory
systems in comparison to the real systems.

Agilent MXA N9020A spectrum analyser was used as &

measurement receiver. The measurements we

implemented by a peak detector (max hold) in the
CISPR A frequency range. Sweeping time was se

automatically by the analyser, so as at specifttinggs,
i.a. BW and span, it was sufficient for registratiof
reliable values of disturbances. Number of perfatme
measurement cycles at a set sweeping time we
conditioned by the steady, unchangeable charadter o
waveform envelope obtainment. All the data were
measured with the same conditions; therefore tipdieap
method does not provide inaccuracy. The resultthef
registration are shown in fig. 2 5. Different values of
ambient noise while measuring a system with a chopp
and an inverter are caused by a different place c
measurements fig. 2, 3).
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measured with the 200 Hz BW.
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%0 The described method is time consuming, but itdetad
65f ~ i analyses of correction coefficient application ey
60 during normative measurements [9]. Fig. 6 and 7
§N55 \ i compare the values of an ambient noise and chopper
£50\) f‘\/\fm . S tram’'s emissions registered with compliance todstech
%45 U \,, {\,n“n”,\,\ T~— [9], using -6.98 dB correction factor and time aam$ng
£ i W\vmﬂﬂnlmn T~ method sustaining BW 200 Hz. Fig. 8, 9 show theesam
8 ”UHH i case for inverter tram respectively.
351 [—H (BW=1000 Hz) “”I . ‘
30l | (BWo1000 FRGF L | 12X BW 200Hz
H (BW=1000 Hz)-CF2 | ’,:“50 T T T —2 x BW 1kHz - CF2
25 59 180 o ] —2xBW 1kHz - CH1]
frequency [kHz] 840 T [ |
Fig. 5. Chopper - series DC motor. CISPR A freqyenc ESO, Wﬁ‘g‘;‘ﬂ[{q‘mu e
range. Emission measured with different BWs with 5 l\‘ I “ ‘
correction factors application (yellow - BW 1000 Hz ~ £2% ! ””“"|<‘4\»|\.|“““ i "\‘ Jﬂ y\[ﬂ"ﬂ\"ml‘l’I‘N'W“l“\l“'(;fﬂ‘\W\ "‘ Ll N‘\ ‘HHUH ]. lu‘
with CF2 application, cyan - BW 1000 Hz with CF1 10/ -+ Al i !m\i\“l&‘r.'“‘M.u'“‘} i ““W;w
application). © L l
o .
V. IN-SITU MEASUREMENTS 9 213 frequency [kHz] 150

In order to compare laboratory measurements witth re Fig. 7. Chopper tram. CISPR A frequency range.
conditions, the measurement of two trams were Emission measured with 12 x BW 200Hz, 2 x BW

conducted: 1000Hz - CF2, 2 x BW 1000 Hz - CF1.
« tram equipped with 8 series DC motors of 41.5 kW 40—~ —12 x BW 200Hz
supplied with an IGBT chopper ("chopper tram"). 4 39 ‘ I ] —2 x BW 1kHz - CF2
« tram equipped with 4 three phase squirrel cag& M.,J‘ o | —2xBW 1kHz- CF1
. . 204 i l I"' T f tT-——r-—"—""""~"~"~"~t~
motors of 104 kW supplied with an IGBT voltage < "“;\1 \l“‘ I ‘\"'F“'"w ‘ Al
source inverter (“inverter tram"). T 10F- “f}\)‘\”‘ e “(,,‘ “ ‘wl ‘luw ‘ e J
‘év’ ol LT i n '1\ "“ il W!‘!W f ‘1\ w g‘\‘,f\l“\ “ \‘
Two kinds of measurements in a CISPR A frequencyg Y ‘ WN il {IM “I‘M |I
range were done: Q-0 -y VT “W“ g ‘“
« two tram rides, according to standard [9] .20,,,3,,:# ,,,,,, l ,,,,,,,,,,,,,,,, |-y
(9 - 59 kHz, 59 - 150 kHz, sweeping time 300 ms, 9 21 30 59 150
BW 1000 Hz) + correction factors (CF1, CF2) _ frequency [kHz]
application Fig. 8. Inverter tram. CISPR A frequency range.

Ambient noise measured with 12 x BW 200Hz, 2 x BW
1000 Hz - CF2, 2 x BW 1000 Hz - CF1.
| —12 x BW 200Hz

‘ —2 x BW 1KHz - CF2
T EERREEEEEEE —2 x BW 1KHz - CF1
|

» twelve tram rides - to be fast enough (for moving
sources measurements) BW 200 Hz and sweeping
time 300 ms were applied [9], the CISPR A sub g,
range was divided into twelve sub ranges: ¥
9 - 21 kHz, 21 - 33 kHz, 33 - 45 kHz, (...), 3 Uw
141 - 153 kHz. No correction factor is needed. -

|
I i Ll | \‘ [ \\ \ |
Y“‘\"\\I o l‘ il U | i N \\ﬂ H L e |
v3 i i i i \ oW
L ] —12 x BW 200Hz £ "‘%W 1‘ IJ‘M' NMW f ‘Hw““‘l LA
30 a9 ; B 225 i L1 | \ imr it "
T et I A {11l it
$ 20 ‘v‘| R — 2 x BW 1kHz - CF1 @ T wq‘r w ” WI
n | | | 15 | LI L B B [
A\ 104 Y — 1 1 |
g 0 H‘M“‘\ ! ‘\‘ HJn j hl 9 230 59frequency [kHz] 150
e I M| M MM m |1J|\‘|1"““W”-p w H MNM W‘ d ﬂ J[N m n Fig. 9. Inverter tram. CISPR A frequency range.
< '10 - b ‘ u\“ i \‘ ik Emission measured with 12 x BW 200Hz, 2 x BW
g _20,,,;,T ,,,,,, DR | LU - N 1000Hz - CF2, 2 x BW 1000 Hz - CF1.
9 2130 59 150 Analysis of the results (fig. 6 - 9) shows disadages of

frequency [kHz] . .. . L
Fig. 6. Chopper tram. CISPR A frequency range. the correction coefficients usage. The noises ethikty

Ambient noise measured with 12 x BW 200Hz, 2xBV\fhe trams supplied with different power electronics
1000 Hz - CF2. 2 x BW 1000 Hz - CF1. devices and having different motors are dissimilar.
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Comparably to the laboratory research neither Céil n
CF2 correction factor are thoroughly appropriafdter a
short glance at fig. 7, 9 it seems that the apftinaof
CF2 is relevant only for an inverter tram. The Hert
analysis exposes, that both correction factorspaoper
neither to the inverter nor chopper tram noisesth#
chopper tram noise is considered, the applicatfoGF2

is valid only for ranges between 9 - 21 kHz. Inecabthe
21 - 30 kHz interval, the best results are achielgd
applying an approximate -12 dB correction. In other
frequency ranges, almost no correction factor shda
applied (about -1 dB, -2 dB). As far as the invettam is  [4]
concerned, there are several frequencies in wigtter
narrowband emission appears and practically no
corrections have to be applied. In both cases th ]
application of CF1 (-13.97 dB) is definitely tootemsive.

The results of measurements conducted in conformity
with recommendations of standard [9], which will
undergo CF1 or CF2, will not be correct. Either the
chopper or inverter tram noise is underestimate@Hfi

or CF2 is used. In both cases a lower error isexelu, 6]
whether CF2 is used (so the signhals are incohereut)
because of some narrowband noises presence, ah exac
calculation has to be forbidden. The examined clei
might be wrongfully classified as fulfilling theitzria of

the standard. It would be helpful if the standaatifies

the limits for BW 1000 Hz, without the necessity Of[7]
recalculation of the measured values. It would learc

and unambiguous, and would not lead to any contsyye
which can largely occur in EMC study anyway.

(2]

(3]

VI.  CONCLUSIONS

Correcting the results obtained by the measurerhgnt
other, than the one recommended for a given freguen
range, BW is not a trivial issue. Depending on the
character of disturbances, one should apply theection
coefficient. Depending on the examined system,ltesf [9]
the measurements of electric vehicles in the CISPR
frequency range, conducted in conformity with[lo]
recommendation of standard [9] should undergo &irth
analysis. Application of simple calculations is ther
unambiguous nor valid. The simplified method of BRS
A frequency range measurement is relatively fadiat,
the correction factor usage is practically almost
impossible. The limit specified by standard [9] shibbe [12]
form differently - with no need of correction facto
applications. To specify different limits for the
CISPR A frequency range for the railway purposhs, t
further analysis of moving sources' electromagnetic
phenomena is required. [13]

(8]

[11]
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