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PaccmoTpeHbl BOnpochkl
8/1eKTPOMarHUTHOW COBMeCTUMOCTHU
YCTPOWCTB TAroBOIro 3/;1eKTPOCHabXeHus
C peJibCOBbIMMU LiernsiMu rnpui r OﬂOﬂ'e'ﬂHle
SIBJICHUSIX HQ KOHTaKTHOM ripoBoge.
MNMpuBoasaTcs pacyeTHblie COOTHOLLIEHUS
A9 onpegenieHnss 3Ha4eHUsl TOKOB
nogmMmarHn4ymBaHuvusi gpoccesib-
TpaHcOPMaTOpPOB NPU 3J1IEKTPUYECKOM
Ayre, BO3HUKaloLL e BcsiegCTBue
o6pa3oBaHna Haslean Ha KOHTaKTHOM
npoBoge, a TakXke aHaJIn3upyloTcs
npUYnHbI JIOXKHOM 3aHATOCTU pesibCoBbIX
ueneu Ha cTaHUuu.

KnroyeBsie cnoBa: anekTpoMarHuTHasi
COBMEeCTVIMOCTb, JIOXKHasl 3aHSATOCTb,
pesibcoBasi Lernb, 3J1eKTpu4eckas ayra,
KO3 OUUNEHT aCUMMETPUN, TSrOBbIV
TOK, KOHTaKTHbIV MpoBoA, YAe/IbHOe
corpoTuBsieHne peJsibCoB.

® MUPT CIMOPTA, Tom 15, N2 1, C. 40-46 (2017)

BOTNPOCHI TEGP

AHanNu3 aneKTpoMarHUTHOM
COBMECTUMOCTMU PEJibCOBbIX
Leriem u TAroeBoro
3J1IeKTPOCHa0XeHuns

3enxosuu FOpuii Hocughosun — 3acayscenivlii
usobpemamens Poccuu, kanouoam mexHu4ecKux
Hayk, doyenm Mockogckoeo eocyoapcmeeHHoeo
yHugepcumema nymeii cooouenusi (MUHUT), Mockea,
Poccus.

Heanenxo Anexcanop Asexcanoposus — Ha4anbHUK
mexHu4ecKoeo omoena denapmamernma 6e30nacHocmu
dsuncenus OAO «PXKIl», Mockea, Poccus.

a yJacTKax 3KeJIe3HBIX JTOPOT IIPH 3JIeK-
TPOTSITe TIEPEMEHHOI0 TOKa HabJrona-
I0TCS CJTydaM JIOXKHOM 3aHSITOCTU Pellb-
COBBIX IIeTICH TIpY 00JIeACHEHNN KOHTAaKTHOTO
mpoBoaa. Kak mpaBwmiio, OHM UMEIOT MECTO Ha
CTAHIIMSIX ¥ OYCHB PEIKO Ha ITeperoHax.
JloxxHasi 3aHSITOCTh HACTYTIAET M3-3a BO3/IEH-
CTBUSI TSITOBOTO TOKA Ha armapaTypy peIbCOBBIX
eI ¥ TIPOSIBIISICTCST TIPY TIPUOIVKEHUH T10-
e37a K BXOTHOMY CHTHAJy CTaHIINM, KOTOa
BHE3AITHO pa3pellarolidii CUTHAI BXOITHOTO
cBeTohopa TepeKphIBAETCS Ha 3amperiaoniee
TOKa3aHNe Mepe/l BCTYTUIEHUEM MOe3/1a Ha yCTa-
HOBJICHHBIN IIJISI HETO MapIIpyT ABIDKCHUS IT0
CTaHINK. B pe3yssraTe 3TOro MalHICT MOXKET
npoexarhb 3arpelapliee moka3aHue BXOAHOTO
cBetodopa, YTo KBaTUOHUIMpPYyeTCs KaK Hapy-
IICHUE ITPaBIIT 0€30TTaCHOCTY ABYDKEHUS 1 9KC-
TUTyaTalluy XeJIe3HOI0POKHOTO TpaHCIIopTa.
ITpoBeném moapoOHBIN aHATU3 MPUYUH
BO3HMKHOBEHMSI TAKMX COOEB B pabOTE YCTPOICTB
CLB B mepron To0IETHBIX SIBICHNN Ha KOH-
TakTHOM mipoBozae. Ha puc. 1 npencrasieHa
CXeMa TATOBOTO 3JIEKTPOCHAOXKEHUS 2JIEKTPO-
BO3a, BKJTIOYAIOIIAs B CcOS TSITOBYIO TTOICTAH-
mro TII, permscoBbie tien 1PLI-3PLI ¢ mpoc-
cenb-TpanchopmaTopamMu AT, K BTOpUIHEIM
00MOTKaM KOTOPBIX ITOIKITIOUACTCS alllapaTypa
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KOHTaKTHbIV NpoBoA
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nTaroiero Konna AITK penbcoBoit ienu u am- nm
naparypa peneitHoro konua APK. Ha puc. 1 5 o ; 3
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ITpu obpazoBaHUM HaeA Ha KOHTAKTHOM
MPOBOJIE MEXIY JbDKel maHTorpada 3J1eKTpo-
BO3a M KOHTAKTHBIM IIPOBOJIOM BO3HUKACT
aneKkTprudeckas ayra [1]. Jlng aHanm3a ycnoBuii
BO3HMKHOBEHMSI TyTU MOXKET OBITh HCITOJIb30Ba-
Ha 3JIEKTpUUECKast CXeMa 3aMeILeHNs TITOBOTO
3JICKTPOCHAOXKEHMS 3JIEKTPOBO3a B BUIIE, TIPE/I-
CTaBJICHHOM Ha puc. 2, Tne L — 5KBUBajieHTHas
WHIYKTUBHOCTH TpaHchOpMaTopa TSATOBOM
noacranuu TT1 1 TpancdopmaTopa 371eKTpo-
Bo3a. CompoTHBIIEHNEe KOHTAKTHOTO IPOBOIA
U peibCOB OOpaTHOM TSITOBOM CETU MOXKHO
CUMTAThb AKTMBHOM BEJIMYMHOMU F, TaK KaK HX
WHIYKTABHOCTH BO MHOTO Pa3 MEHBIIIC BeJTUIU-
Hol L. [MepeximoyareneM I1 0yneT tMMTHPOBATh-
CsI TIPOLIECC BCTYIUICHHUS 3JICKTPOBO3a Ha yJac-
TOK C HaJIeIbI0 Ha KOHTAaKTHOM TIPOBOJIE U, CJIe-
JOBATEJIbHO, TIEPEXOMHBII ITPOIIECC, BHI3BIBAIO-
IMHA 3aXKUTaHUE BJIEKTPUUYECKOU NIyrH,
HamnpscKeHUe Ha KOTOpoil 06o3HaueHo U.

Ha puc. 3 mokazaHa npuOImkKeHHas Kycod-
HO-JIMHEIHAS alIPOKCUMALINS XapaKTePUCTUKI
3JICKTpUYecKoii myTu. J1o Tex mop, moka Hampsi-
JKeHUe MeXIy rpaduToBO BCTABKOM M0OJI03a
TOKOIIPUEMHHUKA 3JICKTPOB0O3a M KOHTAKTHBIM
NPOBO/IOM HE JIOCTUTHET BeMYKHbI U, iyra He
TOPUT U 3NIEKTPUUYECKasI LIS IIPY BKIIOUEHHOM
pyounsHUKe I (prc. 2) pazopsaHa. [1pu 1moBsI-
IIEHUU HAMPsDKEHUs Ha Jiyre 10 3HayeHus U,
JyTra 3aXUTaeTcs M Ha Hell yCTaHaBIMBACTCS
Hanpspkenne U, CHUXeHUe HalpsKeHUs CO
3HayeHusa U | 10 Uznpoylcxo/:[m He MTHOBEHHO,
OIIHaKO TPU HM3KOK yactore ucrounuka U ,
paBHoii 50 i1, ¥ mpu ynpomgHHOM paccMOTpe-
HUM 3a7a4u 0e3 y4éTa MHEePLIMOHHOCTU AYT'U
MOXHO 3THIM BpEMEHEM IPeHeOpeyb ¥ CINTATh,
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Puc. 2.

YTO Cpa3sy Mocje 3aKUTaHus IyTH Ha Hel ycTa-
Hap/mBaetcd Hanpspkenue U, Hanpsokenue Ha
JyTe U2 0OCTaéTCcsT HEeM3MEHHBIM, BITJIOTh IO MO-
MEHTa, KOTJa TOK B IIETTN ITPOXOIUT Yepe3 HyJIb
u ayra racHeT. Eciii 3a Havaso oTcuéra BpeMeH!
BBIOpPATh MOMEHT 3aXKMTaHUSI IyTH, TO TIEPEXOI-
HBII IIPOLECC B IJEKTPUUYECKON LIEMU CXEMBI
(puc. 2) OymeT XapaKTepru30BaThCs CICAYIOITMMKI
TapaMeTpaMu:

U, = U, Sin(ot+a,)-U, (1)

.U,
rae o, =arcsin(—).
Um
B atom ciyuae Tok repexogHoro mpoiecca
IUTS i >0 MOXXET OBITB IPENCTABIICH B BUIIE:
sin(wt + o, — ) — U '
m _ -2 1_ _;
e F4me), @
e 7 -sin(a, — @)

i=

e ¢ = arctg(wl/r), 2=(oL)’ +r’ t=L/r.
Ha puc. 4 npeacraBieHsl rpauKy 3aBU-
CUMOCTH Hanpskenus U M ToKa i, a Takxe
HarnpsbkeHust Ha nyre U = iUz. Kak BunHoO 13
rpacduka, yCTAaHOBUBIIMICS PEXUM TOKa
i B uHTepBasie BpeMeHu ot 0 1o 1 onpenenseT-
Cs1 UBMEHSIOLIMMCS BO BpEeMEHM HaTPSIKeHU -
em U_, KoTtopoe He pocturaer 3HaueHus U,
1 OTMMCHIBaeTCs ypaBHeHHEM (2). IHTepBabl
rmoracaHus Ayrd Mexay Tokamu 1-2 m 3—4
3aBUCSIT OT [TAPAMETPOB JIEKTPUIYECKOM Lien
U MOTYT OBbITh CBEIEHBI K HYJIIO, TO €CTh 3JIEK-
TpUYECKasi yra MOXET rOpeTh HEMpPepPhIBHO.
YcinoBueM HeNmpepbIBHOTO TOPEHUSI B 3TOM
Cly4ae sIBJISIETCSI COOTHOIIIEHME MEX/Iy HaIlpsi-
XeHusamu B Touke 1 (puc. 4) xorna U,> U,
YTO, B CBOIO OYepelb, 3aBUCUT OT aMILJIUTYI -
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Puc. 3.

HOTO 3HayeHus U Ha KOHTaKTHOM MNPOBOJIE
1 UHAYKTUBHOCTHU L.

IIpu mocTaTouyHO OOJBIIMX 3HAYCHUSIX L
u U, jmyra MOXeT ropeThb HelpepbiBHO. PaccmoT-
PUM YCIIOBHSI, TIPH KOTOPBIX 3TO OYIET MPOMC-
XOJIUTh.

Ecminpu i = Onanpsikenue U= |U | > |-U |,
TO Jyra TOpUT Oe3 TIepPephIBOB, a TOUKK | 1 2, 3
1 4 COOTBETCTBEHHO CIMBAIOTCS B ONHY. B aTOM
clyJyae yCTAaHOBMBIIMICS PEXUM HACTYIIUT,
KOI/Ia yTOJI 0., ©BMEHUTCS U TIPUMET HEKOTOPOE
HauOOJIbILIEE 3HAYECHHE O, .

HanpsokeHue ucTouyHMKa, TIPU KOTOPOM
M3MEHSIETCS ITOJIIPHOCTD TOKA IyTH, TAKKE YBe-
JIMYUTCS 0 HEKOTOpOro 3HayeHust U > |—U 1|~

Benmmumna o, MOXer OBITh OIpelesecHa U3
VCIIOBUSI, UTO BPEMST MEXKITy MOMEHTAMU 3aXKH-
TaHUs OYyTW U TIPOXOXICHUS TOKa Yepe3 HyJIb
paBHO TIOJIOBMHE Tieproga w. B 3ToM ciydae
OyIeM UMETb:

U sin(e, —@+7)— o
- z ——2(l—-e @7)=0
(i ; , ()
e Tesin(a,, — @)

OTKYy/IA:

a,=¢p— arcsin M

4)

U, oro(l+e o)

[Tpu cyiecTByONIMX 3HAUYEHUSIX UHIYKTUB-
HOCTHU L ¥ HanpsiKeHUSI KOHTAKTHOM CETH TSTO-
BOTO JIEKTPOCHAOXKEHUS Tyra FOPUT HETIPEPhIB-
Ho. OnHaKo Mpoliecc HEMPEPHIBHOTO TOPEHUS
HE MOXET BbI3bIBaTh COOM B paboTEe YCTPOUCTB
CIIb, Tak KaK TOK i HE COIEePKUT ITOCTOSTHHOM

0, U

Puc. 4.
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COCTaBJISIIONICH, a OT BBICIINX TAPMOHUIECKIX
COCTABJISTIOIINX 3TOTO TOKA MMEETCSI JOCTAaTOUHO
HanexXHas 3allliTa, OCHOBaHHAsI Ha TIpUMEHe-
HUHM CUHXPOHHBIX (Pa30UyBCTBUTEIBHBIX TIPH-
émunkoB tuna JCIII [2], B KOTOPBIX ITyTeBBIE
¥ MECTHBIC IIeTIM ITMTAIOTCS OT pa3HbIX U He3a-
BUCHMBIX NICTOYHUKOB ITUTAHMS.

B 10 3Xe BpemsI citemyeT OTMETHUTD, UTO 3JICK-
TpUUYECKasl IyTa COMTPOBOXKIACTCS MOIITHBIM Te-
IUIOBBIM TIPOLIECCOM, KOTOPBI BHIOpAaChIBAacT
B OKPYXAIOIIYIO CPeIy OIPOMHOE KOJIMYECTBO
Teruta. Bermensiemast aieKTpuaecKasi MOITHOCTD
B cpenHeM cocTapiseT oT 50 1o 100 kBA. Takas
SHEPrus CII0COOHA MTHOBCHHO PaCTUIaBUTh JIEMT
B OKPECTHOCTH I10J103a TOKOITPUEMHHKA 1 BOC-
CTaHOBUTH KOHTAKT B CUCTEME SJICKTPOCHA0XKe-
HMS 3JIEKTPOBO3a, TO €CTh ITOTACUTD SJICKTpHUIC-
ckyro ayry. ITocye moracanmst Iy ¥ OCTHIBAHMS
5JIEMEHTOB TOKOCHhEMA 3IEKTPOBO3a IIPU €O
HeTIPEePhIBHOM ABMXKEHUU ITPOUCXOINUT CHOBA
Hae3[ Ha HaJleIb KOHTAKTHOTO TIPOBOIA 1 3aXKH1-
raHue 3JIEKTpUIecKoit ayru. Takum o6pa3om, BO
BpeMsI IBIKCHMS 2JIEKTPOBO3a MIPOUCXOMISIT
MePUOINYECKOE BKITIOUCHNE W BBIKIIOUCHIE
3JIEKTPUYECKOU IYTU U CBSI3AHHBIA C 3TUMU
SIBJICHUSIMH TIPOIIeCC KOMMYTAIIAY TIEpEeMEHHO-
IO TOKa C HAKOITUTEJISIMU SHEPTUH.

M3BecTHO, YTO MpY BKIIOYCHUHN CHHYCOM-
JATbHOTO HATIPSDKEHUS B 3JICKTPUICCKOM TICTIH,
copepKalieli ”HIYKTUBHOCTh L M aKTUBHOE
COTIPOTUBIICHHME ' (pHC. 2), 00pa3yeTcs Iepexo-
HBI ITpo1Iecc, IPU KOTOPOM TOK i OyIEeT comep-
XKaTh BBIHYXKIEHHYIO i, 1 CBOOOIHYIO COCTaBJIsA-
OIIYIO /!
i=i+i. (5)

[Tpu 3TOM i, OTIPENENSIETCA U3 BHIPAKEHUA:

i = ﬂsin(a)t +y—9), 6)
Z

L
re z=(@L) +r7, gp=2=
p

A cBOOOJHAS COCTABIISIONIAs TOKA i MOXeT

OBITH pacCurTaHa IO BHIPAXKEHUIO:
t

U, . -
[, =——"tesin(y —g@)ee 7, (7
<
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rae t = L/r, y— TeKylee 3HaueHue (hasbl CUHY-
COUIATbHOIO TOKA.

YuuteiBasi, 4TO IIPOLIECC KOMMYTALIUU 3JI€K-
TPUUECKON LIeNU MPOUCXOAUT MEePUOINIYECKU
C HEKOTOPBIM IepuoaoM T, KOTOpPhIii, B CBOIO
ouepe/ib, 3aBUCUT OT psifia TAKUX (PaKTOPOB, KaK
TOJIIIMHA JIbJla HA KOHTAKTHOM IIPOBOJIE, CKO-
POCTB IBIKEHMS SJIEKTPOBO3a, TTOTPEOISIEMBIIA
3JIEKTPOBO30M TOK U JIp., TO B [IEPEMEHHOM TSI~
TOBOM TOKE 3JIEKTPOB03a 00pa3yeTcsl HEKOTOPOe
cpenHee 3HaYeHME MOCTOSIHHOM COCTABJISIIOLIEN
TOKa:

15,
e I i, (0. ®)

Cpennee sHauenue I, ,TIPeICTaBJIsIeT co0oit
TTOCTOSTHHBIH TOK, KOTOPBIH MPOTEKaeT B 00pat-
HOIf TSATOBOM CETU HapaBHE C MEPeMEHHBIM
TSITOBBIM TOKOM /,. OTOT TOK /, IPOXOLNT 4epe3
TSTOBBIE 0OMOTKM JIpOCCeib-TpaHC(HOpMaTopoB
AT (puc. 1) ¥ npu HaAATUYUU ACUMMETPUU
B PEJIbCOBOI JTMHUM HaMarHUYMBAeT MarHMT-
HYI0 CHCTEMY JIpoccelib-TpaHc(opmaropa, He
MMEIOLIYI0 BO3AYLIHOTO 3a3opa [3, 4]. B atom
cJTydae IpOMCXOIUT CMEIIeHHe paboveii TOYK!
anekTpoMaruuTHoi cucteMbl AT, u cucrema
BXOJIUT B HACBIILIEHUE, TO €CTh MHIYKITUS TIe-
pecTaéT M3MEHSThCS MO/ ICHCTBUEM CUTHAIb-
HOTO TOKa PeJIbCOBOM IIeTU, KOTOPHI TOXe
MPOTeKaeT yepe3 0OMOTKY IpOCCeTb-TpaHC-
(opmaropa, HO UMeEET YacTOTy, OTJINYHYIO OT
YacTOTHI TATOBOTO TOKa. B pe3ynbrate mpoiiec-
ca ipoccelib-TpaHcopmarop He HaBoauT DJ1C
OT CUTHAJIbHOTO TOKA B JOIOJHUTEIBHYIO 00-
MOTKY, TJIe TTOJKJTIOUEHA arlrapaTypa peJibcOBOM
LIETTH, ¥ HaTIPSDKEHME Ha IyTeBBIX peJie MajaeT
JI0 HaIpsLKeHUsT OTITYCKaHMS sIKopsl pelie [5].
DTO MPUBOIUT K JIOXHOM 3aHATOCTH PETbCOBOI
meru. Heobxommumo Takske 3aMeTUTh, YTO MaK-
CUMAaJIbHOE 3HAYEHUE i, TOKa MEPEXOIHOTO
Tpoliecca MOXeT COCTaBJISITh YABOEHHOE 3Ha-
YEHHME aMILUIATYbl BBIHYXKIEHHOTO ToKa [°
(puc. 5).

B skcmryatupyeMbIx ceifyac pebCOBBIX
LIeTISIX TIPU 3JIEKTPOTSTe MePeMEHHOr0 ToKa
ACUMMETpPHSI PEJIbCOBOI JIMHUM OLIEHWBAETCS
110 TIEPEMEHHOMY TSTOBOMY TOKY, IPOTEKalo-
IeMy 4epe3 TSITOBYI0 OOMOTKY JIPOCCEINb-
TpaHcdopmaropa. YcTaHOBJIEHHbIE HOPMbI Ha
ACMMMETPMIO IT0 TIEPEMEHHOMY TSITOBOMY TOKY

Puc. 5.

00€eCIeYnBalOT YCTOMUMBYIO pabOTy PETBCOBBIX
LIeTie i B yCIIOBUSIX 9KCTUTyaTalluK ITPU OTCYTCT-
BUU HAJIEJIX HA KOHTAaKTHOM TipoBojie. O6esne-
HEHME KOHTAaKTHOTO MTPOBOJA MPUBOIUT K U3-
MEHEHUIO COCTaBa TSITOBOTO TOKA, B KOTOPOM
TIOSIBISIETCST HAPSIAY C MMEPEMEHHBIM TOKOM
yacTtoTtoit 50 [i1 u mocTossHHEIN TOK. [Ipmuem
ACUMMETPUSI 1O TMOCTOSTHHOMY TOKY MOXET
VMETh COBEPILIEHHO NPYTUe 3HAYEHMUSI 110 CPaB-
HEHUIO C KOHTPOJUPYEMbIMU 3HAYCHUSIMU Ha
TIEPEMEHHOM TOKE. DTO OOBSICHSIETCS TEM, UTO,
HaTmpuMep, Mpyu MPOAOJbHON aCUMMETPUU
PENIbCOBOI JIMHUU YIAEIbHOE COMPOTUBICHNE
penbcoB Ha yactote 50 [11 B 6—8 pa3 Bhiilie, 4eM
yIeIbHOE COTPOTUBIEHUE HA TTOCTOSTHHOM
Toke. CiemyeT K TOMY Ke OTMETUTh, YTO KOH-
TPOJTUPOBATH ACUMMETPUIO TIO TIOCTOSTHHOMY
TOKY MCIIOJIb3YeMbIMU B IKCITTyaTal[uu U3Me-
pUTETHbHBIMU TIPUOOPAMK HE TIPEICTABIISIETCS
BO3MOXKHBIM, JIa ¥ cCaMa MpoIieypa U3MEepeHUsT
ACUMMETPUU TI0 TIOCTOSTHHOMY TOKY HE TIpe[-
YCMOTpeHa B rpauke TeXHOIOTUIECKOTO 00-
CITy>KUBaHUSI PEIbCOBBIX 1IETIEH.
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ANALYSIS OF ELECTROMAGNETIC COMPATIBILITY OF TRACK CIRCUITS AND

TRACTION POWER SUPPLY

Zenkovich, Yuril., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Ivanenko, Alexander A., JSC Russian Railways, Moscow, Russia.

ABSTRACT

The issues of electromagnetic compatibility of
traction power supply devices with track circuits are
considered in case ice phenomena on the contact
wire. The calculated ratios for determining the value

of the bias currents of the choke-transformers in the
electric arc, which arises from the formation of ice
on the contact wire, as well as the reasons for false
occupation of track circuits at the station are
analyzed.

Keywords: electromagnetic compatibility, track circuit, electric arc, asymmetry coefficient, traction current,

contact wire, resistivity of rails.

Background. On sections of railways with AC
electric traction, there are cases of false occupation
of track circuits when icing of the contact wire. As a
rule, they take place at stations and very rarely on
hauls.

False occupation occurs because of the influence
of traction current on the equipment of track circuits
and manifests itself when the train approaches the
station input signal, when suddenly the permissive
signal of the entrance traffic light overlaps the
prohibitory indication before the train enters the
destination route established for it. As a result, the
driver can pass the prohibitive indication of the
entrance traffic light, which is qualified by an event
associated with violation of safety rules for movement
and operation of the railway transport.

Objective. The objective of the authors is to
analyze electromagnetic compatibility of track circuits
and traction power supply.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical apparatus.

Results. We will conduct a detailed analysis of
the causes of such failures in the operation of the
signaling devices in the period of glacial phenomena
on the contact wire. Pic. 1 shows the scheme of
traction power supply of an electric locomotive
including a traction substation TS, track circuits
1TC-3TC with choke-transformers ChT, to the
secondary windings of which the equipment of the
feeding end EFE of the track circuit and the equipment
ofthe relay end ERE are connected. Pic. 1 also shows
the scheme of current collection of an electric
locomotive with electric locomotive traction equipment

the conditions for appearance of the arc, an electric
circuit for replacing the traction power supply of an
electric locomotive in the form shown in Pic. 2 can be
used, where L is the equivalent inductance of the
transformer of the traction substation TS and the
electric locomotive transformer. Resistance of the
contact wire and rails of the reverse traction network
can be considered as an active value of r, since their
inductance is many times less than the value L. The
switch S will simulate the process of the electric
locomotive entering the area with ice on the contact
wire and, therefore, the transient process that causes
the ignition of the electric arc, the voltage at which is
denoted by U.

Pic. 3 shows an approximate piecewise linear
approximation of the electric arc characteristic. As
long as the voltage between the graphite insert of the
current collector of the electric locomotive and the
contactwire does not reach the value U,, the arc does
not burn and the electric circuit with the cut-off switch
S (Pic. 2) is broken. When the arc voltage rises to U,,
the arc is ignited and the voltage U, is set on it. The
decrease in voltage from the value U, to U, does not
occurimmediately, however, at a low frequency of the
source U, equal to 50 Hz and with a simplified
consideration of the problem without taking into
account the inertia of the arc, this time can be
neglected and it is assumed that immediately after
ignition of the arc, the voltage U, is set on it. The
voltage on the arc U, remains unchanged, until the
momentwhen the currentin the circuit passes through
zero and the arc goes out. If the timing of the arc
ignition is selected as the time reference point, the
transient process in the electrical circuit of the scheme

(ELTE) and traction currentsiy, i.,, i, flowing through ~ (Pic. 2) will be characterized by the following
the contact wire and along the rails, and i,.= i, +i,,. parameters:
Inthe formation of ice on the contact wire between  U_, = U, - Sin(ot+a, )-U,, (1)
the pantograph slide of the electric locomotive and U,
the contact wire, an electric arc arises [1]. Toanalyze ~ where a, = afcsm(y) :
TS_| Contact wire - 3
e —
- W <>
- ELTE
T ir 3'{ 'lo Yew
Pic. 1. Electric locomotive
|
71 — *
= e [JgggE]  t H [3E 3]~
S -
P ChT chT gl i ChT  ChT
EFE ERE EFE ERE
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In this case, the current of the transient for i>0
can be represented as:
U sin(wt + o, — @) — U, ‘%
i=—%| -——2(l-e") (2)
Z e -sin(e, - @) 4 ’

where ¢ = arctg(olL/r), z=J(@L) +r’  t=L/r.

Pic. 4 shows the graphs of dependence of voltage
U, andthe currenti, as well as the voltage across the
arc U = +U,. As can be seen from the graph, the
steady-state current mode i in the time interval from
0 to 1 is determined by the time-varying voltage U ,,,
which does not reach the value U, and is described
by the equation (2). The intervals of arc extinction
between currents 1-2 and 3-4 depend on the
parameters of the electrical circuit and can be
reduced to zero, that is, the electric arc can burn
continuously. The condition for continuous combustion
in this case is the relationship between the voltages
atpoint 1(Pic. 4) when U,> U, which in turn depends
on the amplitude value U, on the contact wire and the
inductance L.

For sufficiently large values of L and U, the arc
can burn continuously. Let’s consider the conditions
under which this will occur.

If, for i = 0, the voltage U= |U,| > |-U,|, then the
arc burns without interruptions, and points 1and 2, 3
and 4 respectively merge into one. In this case, the
steady-state mode will occur when the angle o,
changes and takes a certain largest value o .

The voltage of the source, at which the polarity of
the arc current changes, will also increase to a certain
value U > |-U,|.

The value of o can be determined from the
condition that the time between the moments of
ignition of the arc and the passage of the current
through zero is equal to half the period . In this case
we will have:

ﬂ[sin(ac —p+m)—e o sin(a, - (0)} =

K

_ﬂ(l_e_ﬁ)=0, (3)
r

hence:

.= p—arcsin| Yrz:0=¢ ™D |

— (4)
U, -r-(I+e ©)

With the existing values of the inductance L and
the voltage of the traction power grid, the arc burns
continuously. However, the process of continuous
combustion cannot cause a malfunction in the
operation of the signaling devices, since the current
i does not contain a constant component, and from
the higher harmonic components of this current there
is a sufficiently reliable protection based on the use
of synchronous phase-sensitive receivers of the DSSh
type [2], in which the track and local circuits are
powered by different and independent power sources.

At the same time, it should be noted that the
electric arc is accompanied by a powerful thermal
process, which emits a huge amount of heat into the
environment. The electric power output is on average
from 50 to 100 kVA. Such energy is able to
instantaneously melt ice in the vicinity of the current
collector’s panel and restore contact in the electric
locomotive power system, that is, to extinguish the
electric arc. After the extinction of the arc and the
cooling of the elements of the electric locomotive’s

s Y
(o _:”. 6
Ua | (o) lu
! L ]
- AR W |
Pic. 2.
i
-U ‘ ‘ ‘ ‘ u
—U; ‘-Ul I‘Jz l‘Jl
Pic. 3.

current collector, when it moves continuously, there
is again run-over the ice on the contact wire and the
ignition of the electric arc. Thus, during the movement
of an electric locomotive, periodic switching-on and
switching-off of the electric arc and the process of
commutation of the alternating current with energy
storage devices connected with these phenomena
occur.

It is known that when sinusoidal voltage is
switched on in an electrical circuit containing
inductance L and the active resistance r (Pic. 2), a
transient process is formed at which the current i will
contain the forced i,and the free component i :
i=iti,. (5)

At the same time i is determined from the
expression:

(6)

. U, .
i :781n(a)t+|//—¢),

L
where z=+/(oL) +r*, 1gp= wT :
And the free current component i, can be
calculated by the expression:
1

U, . -
l,r=—7“~sm(t//—¢)~e o5 (7)

where t© = L/r, y — current value of the sinusoidal
current phase.

Given that the process of commutation of an
electrical circuit occurs periodically with a certain
period T, which in turn depends on a number of factors
such as the thickness of the ice on the contact wire,
the speed of the electric locomotive, the current
consumed by the electric locomotive, etc., thenin the
alternating traction current of the electric locomotive
a certain average value of the constant component of
the current is formed:

17
e ! i, (tydr. (8)

The average value | is a direct current that flows
in the reverse traction network on a par with the
variable traction current i.. This current |, passes
through the traction windings of the choke-
transformers ChT (see Pic. 1) and, in the presence of
asymmetry in the track circuit, magnetizes the
magnetic system of the choke-transformer, which
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Pic. 4.
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does not have an air gap [3, 4]. In this case, the
working point of the ChT electromagnetic system
shifts, and the system enters saturation, that is, the
induction ceases to change under the influence of the
signal current of the track circuit, which also flows
through the winding of the choke-transformer, but has
a frequency different from the frequency of the
traction current. As a result of the process, the choke-
transformer does not direct the EMF from the signal
current to the additional winding where the track
circuit equipment is connected, and the voltage on
the track relays drops to the relay armature release
voltage [5]. This leads to a false occupation of the
track circuit. It should also be noted that the maximum
value i of the transient current can be twice the
amplitude of the forced current I (Pic. 5).
Conclusion. In the currently operated track
circuits with AC traction, the asymmetry of the track
circuit is estimated from the variable traction current
flowing through the traction winding of the choke-
transformer. The established norms for asymmetry in
variable traction current ensure stable operation of
track circuits under operating conditions in the
absence of ice on the contact wire. Icing of the contact
wire leads to a change in the composition of the
traction current, which appears along with alternating
currentof 50 Hzand direct current. And the asymmetry
with respect to direct current can have completely
different values in comparison with the controlled
values on alternating current. This is because, for
example, with longitudinal asymmetry of the track
circuit, the specific resistance of the rails at a

frequency of 50 Hz is 6-8 times higher than the
resistivity at direct current. It should also be noted that
it is not possible to control the asymmetry in direct
current by the measuring instruments used in
operation, and the procedure for measuring the
asymmetry in direct current is not provided for in the
schedule of technological maintenance of track
circuits.
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