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multiple vehicles in feeder zone. This model is an
evolution and simplification of models represented earlier
[1]. The results of the work have been used during tests of
new types of trains [2].

A mathematical and computer model of traction
current harmonic distribution in traction network with
multiple vehicles in feeder zone has been established. The
traction network was represented as series-connected
multipoles, corresponded to longitudinally uniform
network areas which are modeled with MTL equations.
The model has been simplified as follows. The lines with
equal or close to each other potentials are represented as a
single line with equivalent electrical parameters. The
disturbing vehicles are modeled as sinusoidal current
sources with several set of frequencies that are represented
by current vector. Only return current harmonics with
frequencies that lie in frequency range of track circuit
receiver were considered.

The distribution of the traction return current
harmonics was computed for direct feeding traction
network 1x25 kV AC electric railway system with two-
side ESS and with 1 to 5 vehicles in feeder zone.

The maximum interference from trains is in the areas
nearest to trains and near the point of connection of return
feeder to rails (at ESS terminals). The traction harmonic
current in rails are increased with increasing of train
number in feeder zone and with decreasing of the rail-to-
earth conductivity. The interference at 25 Hz in the rails
area near the ESS for one locomotive in feeder zone don’t
exceed a limit value of 1 A even in unfavorable operation
conditions for the rail-to-earth conductivity equal 0.02
Sm/km. If number of trains are increased (from 1 to 5) the
interference at 25 Hz also increased and it values exceed
the limit current of the interference in rails at 25 Hz.
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KOpekmHo2o eubopy napamempie eikonnHoz2o BII® oOns
3abe3neueniss HeoOXIOHOI uacoeoi i yacmommuoi po3dinbHol
30aMHOCMI  CHEKMPAIbHO20 AHANIZY MA208020 CMPYMY
BIONOGIOHO 00 BUMOZ HOPMAMUGHUX OOKYMeHmie |
npogederi 0ocniodxcenus enaugy napamempie BIID na
MOYHICIb BUBHAYEHHS! OCHOGHUX NAPAMEMPI8 2APMOHIK 8
cnekmpi  cmpymy — (epeKmueHo20  3HAYEHHS  CIPYMY,
yacmomu,  mpueaiocmi). /s oyiHku  mouHocmi
BUBHAYEHHSI e(DeKMUBHO20 3HAYEHHsT Cmpymy | wacmomu
2apMOHIKU OYI0 NPOBEOeHO KOMN'tomepHe 00CHiONCeHHs 3
BUKOPUCMAHHAM ~CUHIME308AHO20 CMPYMY 3  BIOOMUMU

napamempamy 2apMoHiK, 3HAYeHHA SAKUX Oyau o0pami

8I0NOBGIOHO 00  OONYCMUMUX — 3HAYEHbL  Napamempis,
BUZHAYEHUX HOPMAmMueHUMU OOKyMeHmamu ma
cmanoapmamu.
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The problem of electromagnetic compatibility (EMC)
between railway subsystems has attracted the attention of
scientists in recent years due to the wide spread of high-
speed railways. The one of the main sources of the
electromagnetic interference (EMI) in electrified railways
is the rolling stock and the traction system as a whole. New
types of rolling stock must be tested on EMC with railway
signaling before they are accepted for operation. In
addition, monitoring of electromagnetic interference in
signal circuits should be periodically performed in
accordance with the maintenance plan. The maximum
permissible values of electromagnetic interference from
electrical equipment of rolling stock are given in standards
and regulations.

The values of the traction current harmonics, which
can cause fails in the operation of rail-way signaling
systems, can be determined by passing of a measured
signal proportional to the traction current through special
banks of selective filters with frequencies corresponding to
the frequencies of the signaling currents, as well as by
spectral analysis of the signal using the Fourier transform.
Since traction current is non-stationary, the Short-Time
Fourier transform (STFT) is used for its spectral analysis.

But the STFT spectral analyzing techniques have some
constraints. One limitation is due to the uncertainty
principle, which postulates that the product of time and
frequency resolutions cannot be less than a certain limit.

Another constraint of STFT is related to the side-lobe
levels of the window in the frequency domain, which leads
to a decrease in the measured values of the RMS current of
the harmonics and in some cases can even to hide the weak
harmonics against the background of strong harmonics. To
improve the accuracy of the spectral analysis of the
traction current, it is necessary to correctly choose the
parameters of the windowed FFT.

In the work the correct choosing of the windowed FFT
parameters to achieve the necessary time and frequency
resolution of the traction current spectral analysis in
accordance with the requirements of regulatory documents
has been briefly overviewed and investigations of the
influence of FFT parameters on the accuracy of the
determination of harmonics parameters (such as effective
current, frequency, duration) have been carried out.

To assess the accuracy of determining the RMS
current and frequency of the harmonics, a computer study
was performed using a synthesized current with known
harmonics parameters, the values of which were chosen in
accordance with the permissible values of the parameters
determined by regulatory documents and standards.
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Dynamic range of the traction current harmonics is
defined as ratio of the main harmonic level (for AC TC it
is 50 Hz harmonic) to the level of the weakest harmonic.
As a result, the dynamic range for AC TC with RMS
current 200 A is 46 dB for frequency band 21-29 Hz, 55
dB for frequency bands 408-432, 468-492, 568-592, 708-
732, 768-792 Hz, and 60 dB for frequency bands 4462-
4538, 4962-5038, 5462-5538 Hz. It is obvious that the
dynamic range of harmonics in these frequency bands
reaches higher values when the traction current gets higher
values.

The obtained values of the dynamic range have
sufficiently high values, and they should be taken into
account when selecting the window type.

The requirement that the duration of the harmonics
defined by the standard cannot exceed 0.3 s, together with
the restriction on the values of the frequency and time
resolutions, should also be taken into account when
selecting the window type, especially in the frequency
range from 19 Hz to 58 Hz, which contains very closely
spaced harmonics, which are specified by the standard.

For the spectral analysis of traction current, four types
of windows were selected: rectangular, Hann, Hamming
and Blackman windows with duration of 0.3 and 1 s. For a
sampling frequency of 27500 Hz and a window length of
0.3 s, the frequency resolution is 0.27 Hz for a rectangular
window, 0.54 Hz for Hann and Hamming windows and
0.81 Hz for Blackman's window, which is consistent with
the requirements of the specifications.

The results of spectral analysis of traction current
showed that the frequency resolution of harmonics, and
accordingly the relative error in determination the
frequency and the RMS value of harmonics is lower for
high frequencies in spectrum.

The type of windows used has a slight effect on the
accuracy of determining the frequency of harmonics. The
relative error of the effective value of the harmonic current
was higher for a rectangular window, and relative error
decreased in the row from the rectangular window to the
Blackman window. The values of the relative error of the
RMS current for several frequencies of the harmonics did
not meet the requirements necessary for the practical use of
the method, and this is due to spectrum leakage and
scalloping.

For windows with a length of 1 s, the frequency
resolution of the traction current was higher. than for
windows with a length of 0.3 s, and the relative error of the
RMS current and frequencies of the harmonics were much
lower, but even in this case, the relative error was high for
individual frequencies .

Since traction current has a wide frequency range, a
method using variable window length and sampling
frequency for different frequency bands of the spectrum is
perspective for using.
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YIOCKOHAJIEHHS TEXHOJIOI'TI
IMACAKUPCHKHUX MEPEBE3EHB HA
MEPEXI 3AJI3HUIIb YKPATHU B YMOBAX
IHTET'PAIIII IO €C

B ymoBax inTerparmis Ykpainu no €C BaXIHBUM €
HEOOXiTHICTh (HOPMYBAaHHS €IVMHUX CTAHIAPTIB OpraHizamii
3aJi3HUYHUX  IAaCaXHPCBKUX  IIEPEeBE3CHb, a CcaMe
BIPOBADKEHHS IIBUAKICHOTO TACAKUPCHKOTO PYXy MiX
OCHOBHUMH MIiCTaMH 3 HaHOUIBIIMMHU NacaXXUPOIIOTOKaMH.
Jyxe BurigHe reorpagiuHe MOJOXKEHHs HAIIOi Jep)KaBU
CITy’)KHUTH OCHOBOIO JJIs 301JbLICHHS Maca)kKUPOIMOTOKIB Yy
HanpsiMKy €Bpona-Asis. SIKImo BpaxyBaTH, IO dYepes
HAIly  KpaiHy  HPOXOAWTh  JEKUTbKA  BaKIHUBHX
MDKHApOJHUAX TPAaHCIIOPTHUX KOPHIOPH, TO BIAIOBigHI
YMOBH Ha/Ial0Th MOJXXJIMBICTB T ABUIITUTH
KOHKYPEHTOCIIPOMOJKHICTh ~ 3ali3HUYHOTO  TPAHCIIOPTY.
Mepexa MapIIpyTiB MIBHAKICHUX TOi3AiB B YKpaiHi Mae
myke mupokmid cmekrtp. Hapasi o0’egmano KwmiB 3
HaOUIBIIUMH TIPOMHUCIIOBUMHE Ta KYJIBTYPHUMH IICHTPAMU
Vkpainu. ToMy BaKJIMBUM KPOKOM IOJAIBILIOTO PO3BUTKY
€ BIPOBA/PKCHHS MLIBHIKICHOTO pyXy Ha BCIH Mepexi
3aIi3HULb Ta 3’ €IHAHHS IIBUAKICHUX JIIHIA MiX A3i€cl0 Ta

€Bpororo.
Buxoasun 3 1bOTO, OCHOBHOIO  33Jayelo €
(dbopmyBaHHS MIPOTIO3HUILis 1010 BIPOBAIXKEHHS

LIBUIKICHOTO PYyXy Ha Mepexi 3aji3HHIb YKpaiHd, 3
ypaxyBaHHSIM CBITOBOTO JOCBily Ta Cy4YaCHHUX YMOB
(YHKIIOHYBaHHS 3aJTi3HHYHOTO TPAaHCHOPTY. Bu3HaueHHs
HamnpsIMKiB BHCOKONIBHJIKICHUX MaricTpajied, a TaKoxX
MOPSAOK  BIPOBAKEHHS INBHAKICHOTO pPyXy Ha HHX
MMOBUHHO 3AIMCHIOBATHCS 3 ypaxXyBaHHAM: BHTpaT Ha
OyIiBHHLTBO MEpEXi BUCOKOIIBUAKICHUX JIHIH; PO3BUTKY
TYPUCTHYHHUX HANPSIMKIB, HEJOINYIIEHHS TPaHCIOPTHOTO
po3'eTHAHHS OCHOBHHX MICT 1 HOTipPIIEHHS TPAHCHIOPTHOTO
CHOJIyYEeHHS 3 IHIIMMU CYCiTHIMU KpaiHaMH; MOKJIMBOCTI 1
JIOLUIBHOCTI (DyHKIIOHYBaHHSI JEHHUX MOI3/IB HA Mepexi
Vkpainun. ToOToO TOBMHHA BHPILIYBaTUCS 3amada
MiHIMi3aIlii BUTpaT Ha OYIiBHUIITBO Ta Yacy JIOCTaBKH
MacaXupiB MK OCHOBHMMH MicTaMHu. BIpoBaKeHHs
BHCOKOIIBUIKICHIX MaricTpajeil B KpaiHi Oyjae BHUTiTHUM
He Tinmbku YKpaiHi, ame i €Bpomi, Ta Oyae MOTYXHUM
IMITYJIbCOM JIUISI PO3BUTKY HAIOI KpaiHU.
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