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PenbcoBsbie uenu, Kak u apyrue 371 MeHTbl
JKes1e3HO4OPOXXHONM aBTOMaTUKN, HAXO[STCS
B 30He BJ/INSIHUSI 3J1eKTPOINOABUXXHOIMO
cocTaBa 1, B YaCTHOCTHU, TAroBOIro ToKa.

C TO4YKU 3pEeHUs1 3J1eKTPOMarHUTHOMN
COBMEeCTUMOCTU —3TO 30Ha pUCKa,
TpebyoLasi CBOUX CPeACTB U3y4eHUs

u KOHTposa. Pa3paboTaHo matemaruyeckoe
onucaxHue AJss pacy€Tta BANSIHUS

rapMOHVK TAroBOro ToKa, npoTeKaloLLero

B KOHTaKTHOM rpPOBOAE CMEXHOro nyTu
ABYXIMYTHbIX y4aCTKOB, U €ro rapMOHU4Y€CKNX
COCTaB/ISIIOLMNX HA PeJIbCOBbIE Liernu.
lMoka3aHbl cxema 3amMeLLeHns1 U cucTtema
andepeHunanbHbiX ypaBHEeHUI, KOTOpbie
npu3BaHbl peLliaTb 3aga4ym obecrnevyeHus
3KCr1yaTaLuoOHHOM HaAEXHOCTU
JKes1e3HOA0POXKHOM JINHUMN.

Knto4esbie cnoBa: xesnesHasi 4opora,
3JIeKTpomMarHnuTHasi COBMeCTUMOCTb,
mMmaremMarndeckoe orvicaHve, pesibcoBas Lerib,
rapMoOHUVKa TSroBOro Toka, KOHTaKTHbIV rposoa,

CMEXHbIV MyTb.
|
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pobiiema obecrieueHus 3IeKTpoMar-

HUTHOW COBMECTUMOCTHU 3JIEKTPOTIO/ -

BUXKHOT'O COCTaBa U YCTPOWCTB XeJe3-
HOJIOPOXHOW aBTOMAaTUKU, B TOM YHUCIE
PEIBCOBBIX LEMEN, CTOUT JOCTATOYHO OCTPO
u B Poccun, u 3a pyoexxom [1—7].

ITpu pacyéTe BAMSIHNS TapMOHUK TSITOBO-
ro TOKa Ha paboTy PeJIbCOBOM LIENU OHA MPe/I-
CTaBJISIETCS] B BUJE OAHOMPOBOAHBIX B3aUMO-
CBSI3aHHBIX JIEKTPUYECKUX JIUHUN C COMPO-
TUBJIEHUEM DENbCOBBIX HUTEN Z, U Z,. DTH
JIVHUY TONBEPXKEHBl UHIYKTUBHOMY BIIUSI-
HUIO TATOBBIX TOKOB, MPOTEKAKOIINX B KOH-
TAKTHOM IIPOBOJZIE KaK paccMaTpuBaeMoro,
TaKk ¥ CMeXHOTro myTH [8§].

BenuuunHa TATOoBOro TOKa B pesibcax Jito0oin
TOYKH YYACTKA MEX]TY TATOBOU MOACTAHIIUECHA
U 3JIEKTPOBO30M MPENCTABIISIET COOON CyMMy
JIByX CJIaraeMbIX, IEPBOE U3 KOTOPBIX HE 3a-
BUCUT OT KOOPAWHATBHI KOHTPOJIUPYEMOM
TOYKMU U SIBJISIETCS] UHIYKTUPOBAHHBIM TOKOM.
Bropoe cnaraemoe onpenensieTcss KOOpaAuHa-
TOW TOYKU U YOBIBAET MO MEpEe YAAICHUS OT
2JIEKTPOBO3a [9].

Y4uThIBasi UHAYKTUBHOE BIUSIHUE TATOBBIX
TOKOB, MPOTEKAIOIINX B KOHTAKTHOM MPOBO-
JIe pacCMaTPUBAEMOr0 U CMEXHOTO MYTH,
BEJMYMHY TOKA B PEJbCaxX U HAIMPSXKEHUE
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Puc. 1. Cxema 3ameLLieHUs1 a1eMeHTa dx pesibCOBOW JIMHNU NPy y4ETe BJINSHUSI TATOBOro TOKa B KOHTaKTHOM
npoBoAe CMEXHOro MnyTu.

OTHOCHUTEJIbHO 3€MJIU B JII000I TOUKE MEXITY
3JIEKTPOBO30M U TSTOBOM ITOICTAHIIME MOX-
HO HalTH peleHueM auddepeHaabHbIX
ypaBHeHuii cornacHo [10, 11]. ITpu cocraBne-
HUU CXeMbI 3aMeLleHsT 111 i dhepeHIallb-
HBIX YPaBHEHU JIOITOJIHUTEJIBHO YYUThIBACT -
CS U BIAMSIHUE BBICOKOBOJILTHOM JIMHUU
aliekTponepenay [12—14].

B ycroBusix aKCIUTyaTalu moe3aHast 00-
CTAaHOBKAa Ha ydyacTKaxX MEXHIY TSITOBbIMU
MOACTAHIIUSIMU OIIpeaessieTcsl rpauKkoM
JIBVKEHUSI ITOE3/I0B U PErJIaMeHTOM OOCITYKM -
BaHUs YCTPOMCTB IIEPCOHAIOM, TEMU TEXHO-
JIOTUYECKMMU «OKHAMU», KOTJa JIBMXKCHUE
3JICKTPOMOABIKHOIO COCTaBa 110 OJHOMY U3
IyTeil He Tpou3BoAUTCs. B Takoii cutyarmu
MOXET MPOSIBUTHCS Melllalollee BIAUSHUE
TSIFOBOI'0 TOKA, IIPOTEKAIOIIETO B KOHTAKTHOM
IIPOBOJIE CMEXKHOTO ITyTH, BEIPAXKEHHOE JIOXK -
HOI 3aHATOCTBIO PEJILCOBOM LIETIU ITPU OTCYT-
CTBUH ITOE3/1a.

OTciofa BO3HUKAET MOTPEOHOCTD MPOU3-
BECTHU OLICHKY CTEIIEHU BJIMSHUS TSTOBOIO
TOKa B KOHTAKTHOM IIPOBOJIE CMEXKHOT'O ITyTH
6e3 y4€Ta IIpoLIeCCOB B KOHTAKTHOM IIPOBOJIE
paccMaTpUBaeMOro ITyTH, Ha KOTOPOM Ioe31a
OTCYTCTBYIOT, B COOTBETCTBMHU C pUC. 1.

O0603HaYeHMSI B IESMOHCTPUPYEMOI CXeMe:

2,, Z,— YAEJIbHbIE CONIPOTUBJIEHMS OIMHOY~
HBIX PEJIbCOB;

2, — COIPOTUBJIEHUE B3aUMHOMN MHIYKTUB-
HOCTHU PEJIbCOBBIX HUTEIA;

Zenpi1? Znpiz — COTIPOTHUBIICHYST B3aUMHOI
MHIYKTUBHOCTU KOHTAKTHOTO ITPOBOJIA U Ka-
JKJIOM PeJIbCOBOI HUTH;

2., — YIAEIbHOE CONPOTUBJIEHNE KOHTAKT-
HOTO IIPOBOJIA;
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& §,— YAeIbHbIE TIPOBOAMMOCTH 3a3eMJIe-
HUSI PEIbCOBBIX HUTEIH;

g,,— YAeJIbHas NPOBOJAMMOCTb BEPXHETO
cJ10s1 OaJlIacTa M Imant;

X—PacCTOsIHUE OT KOHIIA PeIbCOBOM JIM-
HUU, I1Ie TMoAKII0oUeHa Harpy3Ka;

I,., I,, —COOTBETCTBEHHO TOKH B TIEPBOii
U BTOpOI pe)IbCOBI)IX HUTSX C MOJIOXUTEIb-
HBIM HaIlpaBJIeHUEM OT MUTAIIIEr0 KOHIIa
K Harpyske;

U - U — HaNpsKEHUS TIEPBOI U BTOPO
DPEeJIbCOBBIX HI/ITeI?'I OTHOCHUTEIBLHO 3 MJIM C TT0-
JIOXKUTEJbHBIM HampaBiIeHHUEM OT PEIbCOB
K 3eMJie;

I',m1 —TOK, MPOTEKAIOIIUif B KOHTAKTHOM
MPOBOJIE CMEKHOTO IMYyTH C MOJOKUTEIbHBIM
HarpaBJeHUEM OT TSTOBOI ITOACTAHIIMU.

IunddepeHunanbHble YpaBHEHUS s
HanpsIXXeHU U TOKOB PeIbCOBON JMHUU

HUMCIOT BUI:
dU
dx _ZII +z 12x+zxnp111xnl 5 (1)
dlx =(g +g12)UIx _g12U2x; (2)
X
du. . . .
2 = ZZI2x + zmle + zxnplZIxnl; (3)
dx
- (gz +g12)U2x _gIZle 4
dx

ITpoBOAMMOCTb «KOHTaKTHBII MPOBOJ
CMEXXHOTO MYTH — 3eMJIsI» TPUHUMAETCS PaB-
di
HOI1 HYJTIO, TO ECThb d;’” =0.

B pesynbraTe pemieHust cucteMbl gudde-
peHLMaNbHbIX ypaBHeHUI (1)—(4) moayumnm:
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U,, = P(Ashy,x + Achy,x)+

+O(A;shy,x + A,chy,X); (%)
U, = M(Alsh}/lx + Aychy,x) +
& t8n
+M( Ashy,x + A,chy,x); (6)
& t8n,

1, = Achy,x + Ayshy,x + A,chy,x +

I;cnl (z2zxnp11 B zmzxanZ) .

+A,shy,x + > ; @)
Zn X%
I, = M(Achy,x + A,shy,x)+
+N(A,chy,x + Ashy,x) -
Iknl(zmzlcnpll - zlzxanZ)
2 ; (®)
Zm - ZIZ2
TIe
P g +8,01+M)
: 88 T 88 t8:8nm ’
& +8,(I+N)
-7 )
88+ 88188

M= 7’12 —(2,8 + 281 — Zu8i) .
2,81 T 2,810 — %81

722 —(28 + 28 —2.81) .
281 + 2,81 — %80

Y, — KO3(OGULMEHT PacIpOCTPaHEHU
BOJIHBI 3€MJISTHOTO TpaKTa IBYXIIPOBOIHOM
PETbCOBOM JIMHUM:

1 1,
N= 2a+ 4a b; )

Y,— KO3(OGULMEHT pacIpOCTPaHEHU
BOJIHBI (pa30BOTO TpakKTa ABYXIPOBOAHON
PeJIbCOBOI TUHUM:

_ a ! a’
A PR
Te a =z7,(8,78,)+2,8,%8,)-22,8,»
b=(z,22)(88,%88,,85,)-

JlanHbIe BBIpAasKEHUS MCITOJIB3YIOTCS IS
MaTeMaTHIeCKOTO OITMCAaHMUs pabOTHI PEJIbCO-
BOM 1IETIM C YIETOM BIIMSTHUSI TSITOBOTO TOKA,
ITPOTEKAIOIIETO B KOHTAKTHOM ITPOBOJIE CMEK-
HOTO MYTHU ABYXITYTHBIX YIaCTKOB, M €TO Tap-
MOHWYECKUX COCTABJISIONINX.

Jst pebCOBOM JIMHUM C TTapaMeTpaMu
2,=Z,= 7, pellIeHNe CHUCTEMBI nuddepeHIn-
aJTbHBIX ypaBHeHUI (1)—(4) OyneT UMeTh BUIIL:

N:

b, (10)
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U,, = P(Ashy,x + A,chy,x)+

+Q(A;shy,x + A,chy,X); (1)
U, = M(Alshnx + A,chy,x) +
& +8n
& t8&n

I, = Achy,x+ Ayshy,x + A,chy,x +
Ixnl(zpzm;pll _zzmzxnplz); (13)
Z,~%,
I, = M(Achy,x + A,shy,x)+ N(A,chy,x +
[lcnl(zmz)cnpll - zpzlmpIZ)
o

+A,shy,x +

+A,shy,x) - (14)

Ipu xopoiteit N30JSUN PETbCOBBIX HU-
Teil TIPOBOAUMOCTE OTHOTO PeJibca IO OTHO-
IIEHUIO K 3eMJIE g, U TIPOBOIUMOCTb MEXIY
penbcaMu g,, paBHbl Hymo. [IpoBoaumocThb
JpYroii pejbCOBOI HUTH g ONpeleseTcs
MPOBOJIMMOCTBIO OMOP KOHTAKTHOW CETH.
Takast cuTyaumsi XxapakTepHa JIJisi 3UMHETO
BpeMeHU roaa. B ¢BsI3u ¢ TeM, 4TO OMopsI
KOHTAKTHOW CETH JOJIKHbBI ObITh MTOIKITFOUCHBI
K PEJIbCOBOM HUTU Ha PaBHBIX PACCTOSTHUSIX
JIPYT OT Apyra, MpOBOAMMOCTh 3TUX OMOP
MOXHO CYMTaTh PaCHPENENEHHOM, T.€. g, =g, .

C yu€tom z,= z,= %, YPaBHeHHMSI (1H—(4)
MPUMYT BUIL:

dUu : j 1
Wlxzzpllx + 2 Lo+ 2 L ; ()
di,
£ _g. 16

o (16)
duU. ; ; -
szzzplh +zm[1x +zxnp121'm1; (17)
di -

d;,'x =ganU2x . (18)

Pemenue ypaBuenmii (15)—(18):

le =X Al (zm _z_l’) - Irml(zpzmp12 - zlcnpll ) +
z, z, (19)

+ 21 (A, shy, x + Achy, x)+ A,;

on

U,. =22 (Ashy, x+ Achy, x); (20)

['lx _ _szl - IlcnlzxanZ ’ (21)
Z,

I, = A + Achy, x + Ashy, x, (22)
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rae vy, — Koa(GUIMeHT pacnpocTpaHeHHs
BOJIHBI IBYXITPOBOAHOM PEJIbCOBOW JTUHUU
MpU XOPOLIEH U3OJSLIMU PEIbCOBBIX HUTEN,

7/01'1 = \/ gonzp °

U3 ypasnenuii (16), (21) ouesudno, umo npu
g,=8,,~0mok, npomekarouuii ¢ nepeom penvce,
seasiemcs HeusmeHHoiM. M amom pe3yromam
8N0HE OMBeHaem 3a0AHHbIM YCA08UAM 3A0aUl.
Iloomeepxucoaemcs deilcmeeHnocms npeono-
JNCEHHO20 MamemMamu4ecko2o annapama 04s
pacuéma eausHUs 2APMOHUK MA208020 MOKA HA
peavcosvle yenu.
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CIRCUIT

ABSTRACT

Track circuits, as well as other elements of railway
automation, are in the zone of influence of electric
rolling stock and, in particular, of traction current. In
terms of electromagnetic compatibility this is an area
of risk that requires specific tools of study and
control. Mathematical description has been

harmonics, contact wire, adjacent track.

Background. The problem of electromagnetic
compatibility of electric rolling stock and railway
automation devices including track circuits is quite
acute in Russia and abroad [1-7].

When calculating the influence of traction current
harmonics on operation of the track circuit, itis usually
represented as a single-wire power interconnected
lines with resistance track lines z, and z,. These lines
are subject to induction influence of traction currents
flowing in the contact wire both of considered and
adjacent tracks [8].

The value of traction current in rails at any point
ofthe section between traction substation and electric
locomotive is the sum of two components, the first of
which does not depend on coordinates of the
controlled point and is the induced current. The
second term is determined by the coordinate point
and decreases as the distance from the electric
locomotive grows [9].

Given the inductive influence of traction currents,
flowing in the contact wire of considered and adjacent
track, the amount of current in rails and voltage to
ground at any point between the electric locomotive
and the traction substation can be found via solution
of differential equations according to [10, 11]. In
drawing up the equivalent circuit for differential
equations the impact of high-voltage power line is
further considered [12-14].

In operation conditions train situation in the
sections between traction substations is determined

CALCULATION OF TRACTION CURRENT HARMONICS’ INFLUENCE ON TRACK

Antonov, Anton A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Bakin, Mikhail E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

developed to calculate the influence of harmonics of
traction current, flowing in the contact wire of
adjacent track of double-track sections, and of its
harmonic components, on track circuits. Equivalent
circuit and system of differential equations are
shown, which are designed to solve problems to
ensure operational reliability of a railway line.

Keywords: railway, electromagnetic compatibility, mathematical description, track circuit, traction current

by the schedule of movement of trains, by
regulations on equipment maintenance by
personnel, and by those technological «windows»
(time intervals) when the motion of electric rolling
stock on one track is not performed. In such a
situation disturbing influence of traction current,
flowing in the contact wire of an adjacent track, may
appear which is expressed as a false occupation of
track circuit when there is no train.

Objective. The objective of the authors is to
consider a method of calculation of traction current
harmonics’ influence on track circuit.

Methods. The authors use general scientific
methods, engineering and algebraic calculations,
tools of electrical engineering.

Results. Hence there is a need to assess the
degree of general influence of traction current in
the contact wire of an adjacent track without taking
into account processes in the contact wire of a
considered track with no trains on it (as shown in
Pic. 1).

Designations demonstrated in the circuit:

z,, z,are specific resistances of single rails;

z Is resistance of mutual inductance of rails;

Z,11 Zowri2 @r€ resistances of mutual inductance
of contact wire and each rail;

z_.. Is specific resistance of contact wire;

g,, g, are specific earthing conductivities of rails;

g,, is specific conductivity of the upper layer of
ballast and sleepers;

Contact wire of adjacent

fcw-' : L track
f —
z dx . . . . .
Zwr 1 2y db Iy, +dl, I First rail
S A ) = - S
L:rix+d L".'fx Z, 120K Une ﬁﬂ‘ el ‘ Ground
. =t & zdr L
L]
dzx"‘d{-f’x \ - dv ) Uy, H g4dx Second rail
-7
-—— '.—l —— -
!3‘,1.' +d‘5}_ !.":r
dx x .

Pic. 1. Equivalent circuit of element dx of a rail line, taking into account the influence of traction current in the
contact wire of an adjacent track.
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X is a distance from the end of the rail line, where
the load is connected;

i 1o fZX are respectively currents in the first and

second rail lines with the positive direction from the
supply end to the load;

U,

1x

with respect to ground with positive direction from
rails to the ground;

fcwl is current flowing in the contact wire of an

U. ,x arevoltages of firstand second rail lines

adjacent track with positive direction from traction
substation.

Differential equations for voltages and currents
of the rail line have a form:

dzilcx =(&+ &)U, — U5, ; (2)
dZ:x =00+ 20+ Zir Lo S (%)
%:(‘g2 +8.)0,, - 8,0, . @

Conductivity “contact wire of an adjacent track—

di
ground” is taken equal to zero, i.e., ?“W' =0,
As a result of solving a system of differential
equations (1)—(4) we get:
qu = P(Asshy,x + A,chy,x) + Q(Asshy,x + A,chy,x) ; (5)
MY P8 g sty x + Achyx)+

U,
8+ 8n

53

N8, (A;shy,x + A,chy,x);
& +8n

= Achy,x + A,shy,x + A,chy,x +

+A,shy,x + 1,,(2,2 cwrll -z zcwrlZ)
p
2 -22,

(6)

(7)
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1, = M(Achyx+ A,shy,x)+ N(Achy,x +

+A45h72x)_ Icw](zmzzcwrll _lecwrn) R (8)
m %%

where

P=y & +8,(1+ M) “Q=y & +8,(1+N)

8.8+ 880+ 88, 188, +88n+ &8

712 —(2.8 + 2181 — Zu1) |
281 T 20812 ~ %81

M=

—(2,8 +28, —%.81) |
Zn81 2812 ~ 081

v, is coefficient of propagation of earth wave path in
two-wire rail line:

! la2 -b;
2 4

v, is coefficient of propagation of phase wave path in
two-wire rail line:

10_ 102_[, ;
2 4

where a=z,(9,+9,,)* 2(9,+9,,)-22,9 .,
b=(2,%-2,2,)09,0,%9,9,,*9,9 ,,)-

These expressions are used for mathematical
description of track circuit operation, taking into
account the influence of traction current flowing in the
contact wire of the adjacent track of double-track
sections, and its harmonic components.

For rail lines with parameters z, = z,= z : solution
of differential equations ( 1)—(4) will look like:

U,, = P(Ashy,x + A,chy,x) + Q(Ashy,x + A,chy,x) : (11)

N=L

(9)

7= (10)

U, = %(A shy,x + Achy x)+
2
N1+ 085 g g vt A chy ) (12)
& t+8n
I, = Achy,x+ Ayshy,x + Achy,x +
Icwl(zpzcwrll ~ ZyZowria) . (13)

+A,shy,x + 5
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1, = M(Achy,x+ A,shy,x)+ N(Achy,x +
Icwl (Zmzcwrll - sznwrll)

-2

+A,shy,x)— (14)

In case of good insulation of rail lines conductivity
of one rail relative to ground g, and conductivity
between rails g, ,are equal to zero. The conductivity
ofanother rail line g is determined by conductivity
of contact network supports. This situation is typical
for the winter season. Due to the fact that contact
network supports must be connected to rail line at
equal distances from each other, the conductivity
of these supports can be regarded as distributed,
ie.g,=g,.

Givenz =z,= z, equa tions(1)—(4) will take a form:

du, . : .
dxlx = zpllx + ZmIZx + cwrlllcwl ; (15)
di,

X 0 . 1
o (16)
du. . . .

d):x =z,0, + 2.0 + 2010 (17)
di
2 =g,U,.. (18)
dx
Solution of equations (15)—(18) is:
2
: Z 2,3
U1x=x Al(zm_i)_lcwl( = = _zcwrll) +
Zm Zm
+z—'”(A25hyanx + Aychy,x)+ Ag; (19)
sz = }/A(AZShyanx + Aychy,,x) ; (20)
. -z, A -1
[1x — zp 1 twlznwrlz ; (21)
2
ju = A + Achy,x+ Ashy,x (22)

wherey, is coefficient of propagation of wave of two-
wire rail line with good insulation of rails, ¥ o, = /&%, -

Conclusion. From equations (16), (21) it is
obvious thatifg,=g,,= 0, then the current flowing in
the first rail is constant. This result fully meets the
given conditions of the task. It confirms the validity of
the proposed mathematical apparatus for calculation
of traction current harmonics influence on track
circuits.
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