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YAOCKOHAJIEHHSA IHTEJIEKTYAJIBHUX
TEXHOJIOT'TH PO3®OPMYBAHHSI-
OOPMYBAHH/ 3AJI3BHUYHUX COCTABIB

VY nomoBimi mpencTaBieHi pe3yNbTaTH OCHIIHKEHb 1
pO3pO0OK, MIPU3HAYECHUX TSI CTBOPEHHS 1HTEIEKTYaIbHOT
iHdopmariiftHOT TexHoJOTii po3dopMyBaHHI-POPMYBAHHS
P® OGaratorpynaux ckinaniB. OCHOBHUM 3aBJaHHSM, SKE
3a0e3rneuye po3poOKy IHTENEKTYalbHOI CHCTEMH, €
crBopenHss basm 3Hanp 1wabmnoniB (B3uI) [2], sxi
ONUCYIOTH ONTHMaNbHI mporecu P® cocraBiB neBHOI
CTpyKTypu. Ha OCHOBI 3icTaBIeHHS CTPYKTYp IESKOTO
BXITHOTO B TPAaHCHOPTHY CHCTEMYy 0araTorpymHoro
cocraBy 3 mabsonamu b3HIIl BUOMpaeThcs panioHaibHA
Mojens mporecy P®D, 6e3 BUKOHAHHS OIEpaiiii MOBHOTO
nepebopy BapiaHTIB.

YV I0TOBiIi pO3MIISIIAETHCSI MOKIIMBICTh BUKOPHUCTAHHS
mabnoHiB (opmyBaHHs coctaBy. lllabioH dopmMyBaHHS
cocraBy [2] - me CTpyKTypa Y3araibHEHOTO OINCY
YIOPSIKOBAaHUX JIaHWX, [0 KOAYIOTH iH(pOpMAIIo Mpo
HOMEpH TPYIl BaroHiB, 3a JOMOMOIOI0 SKOTO OJHO3HA4YHO
BCTAHOBJIOETbCS ~ CIMCOK  IIOCJTIJIOBHOCTI  €TamiB IO
MIepeMIlIEHHIO BaroHiB Ha BUALIEHI A po3(opMyBaHHs-
¢dopmysanns (P®) musaxy. [labiaoH nmosermnrye po3yMiHHS
NpUHLOUIIB (OpMyBaHHS 1 po3(opMyBaHHS COCTaBiB, a
TAKOXX  CHUCTEMAaTH3y€  QJITOPHUTMH IIMX  IPOIIECIB.
IarenexryamsHa TexHomoris P® no3Bomnse yHUKHYTH
nepepaxyHKy cXeM COPTYBAaHHS JUIS MOAIOHUX COCTaBiB, a
TaKOX JUIA COCTaBiB SIKi  BIAPI3HSIIOTBCS  JTIHCHUMH
HoMepamu rpym (JJHI)[1], ane nmpu npomy 306iraroTscs 3a
CKOpOYeHNMH JoTivHIMH HoMepamu Tpym (CJIHD)[2].

Y jonoBinl mpexactaBieHa  0a3oBa  CTPYKTypa
IHTEeJIeKTyaNnbHOI iH(pOopManiifHol TexHoJorii GpopMyBaHHS
0araTorpyIrHux COCTaBiB JIOITOBHEHb JETAJIBHOI MOJEILIIO
mpoliecy MOMmMyKy mmabioHiB B 0a3i 3HaHb. CuHCTeMy
MOITYKY MIA0JNIOHIB JO3BOJIAE MPAIIOBATH HE TUIBKHA 3
JeKiTbKOMa BaroHiB abo TpymamMu BaroHiB, a BH3HAYATH
YeproBiCTh COCTaBiB Ha OJHOMY HAmIpsAMi CIiTyBaHHS.
Takox 3aBmskm 30epiranHio B B3HII € MoXIHMBICTH
BIZICTeXKYBaTH XPOHOJIOTIIO TIEPEMIIICHHS BaroHy B
coctaBi 1 Mk coctaBamu. [lomyk mabyioHy GopMyBaHHS
COCTaBYy BHUKOHYEThCS mUIsIXoM mopiBHsHHS CJIHT
BXiiHOTO cocTtaBy 3 Oesmiuuro CJIHT, siki 30epiraroThcs B
B3ulll, a Takox UIAXOM HOro TEPETBOPEHHS 10
pauioHansHOrO  BHAY. IleperBopeHHs 1m1abloHY B
pamionansHui BUn - 1e neperBopenHs CJIHIT B moriusi
HomepH rpyn (JIHI)[1] 3 ypaxyBaHHSM KUIBKOCTI BaroHiB
y crpykrypi JIHI. OcoONUBICTIO ILBOTO aITrOPUTMY

MOUIYKYy € Te M0 KpiM TNOBHHX 30iriB BiH Oyne
BpaxOBYBaTH HEBENWKI BIIMIHHOCTI B CTPYKTYpi COCTaBY
Binm 30epexenoro mabnmony B b3HIIl abo reHepyBaTu
HOBHH m1a0sI0H KOMOiHyr0uH icHytodi B b3HIII mabmonn.

Y nmomoBiji 3anpoOHOBaHNN 1HHOBAIIMHUHN MiIXiT 10
BHpIIICHHS MPOOJEeMH BIIOCKOHAJCHHS TEXHOJOTIH 1
3ac00iB  (OpMyBaHHS MHOTOTPYIHHX COCTaBiB Ha
COpPTYBAIBHUX CTaHIIAX. Y JOCHIIKEHHI 3ampOIIOHOBaHI
CTpYKTypa 1 Mozesi IHTeJIeKTyalbHOi iH(popMariiHol
TEXHOJIOTI], sIKa BUKOPUCTOBYE /11 (POPMYBAaHHS COCTaBIB
BeCh JOCBiJ peamizamii nux mnporeciB. MOXIHMBICTD
Hepexoy BiJl OKpeMOro 3aBjiaHHs ()OPMYBaHHS COCTaBY
TEXHIYHO 3MIHCHIOETHCS 3a PaxyHOK BCTAHOBJICHHS i
3B'I3Ky 3 paHillle BUKOHAHHUMH PO3PAXyHKaMH IUISIXOM
CTBOpEeHHsI 0a3 maHux i 0a3 3HAaHp IIA0JIOHIB CTPYKTYp
COCTaBiB i palioHaIbHUX mpotienyp PO.
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DISTRIBUTION OF THE TRACTION
CURRENT HARMONICS IN RAILS

B pobomi pospobneno mamemamuuyny Mmooens
PO3NOOINY 2APMOHIK MsA208020 CIPYMY 8 MA206Il MepeiCt
npu OeKiIbKOX MPpAHCROPMHUX 3acobax y ¢hioepHiti 30Hi.
L5 modenwv s615€ co0O0I0 €6oNOYII0 | CNPOUJeHHS MOOeel,
npeocmagnenux pawniwe. Poboma euxonana 3 memoio
00Ka3y eNeKmpoOMAcHIMHOL CYMICHOCMI HOBUX N0i30i8,

OoCHaujenux eneKmpoOHHUMU cmamuiyHumMu
nepemaeopiogavamu 3 icHy1ouUMU JTHIAMU
elexkmponocmavanua i Oyia  eukopucmauma npu - ix
B8UNPOOYBAHHSX.

Keywords: traction current harmonics, modelling,
electromagnetic compatibility.

To ensure the electromagnetic compatibility (EMC) of
new types of rolling stock with signaling and radio
communication systems, they are subjected to an
acceptance procedure that includes the EMC tests in
accordance with FEuropean and national regulatory
standards and norms.

The aim of the work is to establish mathematical and
computer model for distribution of traction current
harmonics in AC direct feeding traction network with
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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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DETERMINATION OF TRACTION CURRENT
HARMONICS PARAMETERS BY FFT

Y pobomi Oano kopomkuil 02150 NONONHCEHL UOOO
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.

Keywords: traction current harmonics, fast Fourier
transform, electromagnetic compatibility.

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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