JOYKTUBHYIO CBSI3b HA 000MX MYTSIX C IPYTHMMU.
B Beipaxkenuu (10) ciaemyeT IpUHATh KO3(D-
GULIMEeHTBI pacipeaeJeHUs TOKa B OTKIII0YA-
eMoM IpoBoje K, =0. Hanpumep, 1j1st cucre-

MBI 25 kB nmeem:
Zo = gnllsnl + gnZISrﬂ -a, K

Sop=3p ,

an

Zogn =28, K, +a,K, -a K . (12)

®opmyier (11) u (12) oTInyaroTcs OT pa-
Hee U3BECTHBIX [5] y4eTOM BIMSIHUSI HAaBEAEH -
HBIX TOKOB Ha BTOPOM IIyTU OT Harpy3Ku
Ha TIepBOM ITyTH Ha COMPOTUBIIEHUE OJHOIO
MePBOIo MyTH ABYXITYTHOM JIMHUM.

PacueTsl 1151 yKa3aHHBIX UCXOIHBIX TaH-
HBIX OBLIW IPOBEACHBI JJII CUCTEM JIEKTPO-
cHabOxeHus1 25 kB, 25 kB c YITu 25 kB ¢ OYII.
PesyabraThl NpuBeaeHbl B TA0OIULIE 2.

AHaIM3UPYs pe3yJIbTaThl paCUeTOB, BUIHO,
YTO J0JISI TOKA B IIPOBOJAX KOHTAaKTHOM CeTH
M YCWJIMBAIOIIMX ITPOBOJAX HE 3aBUCUT OT Be-
JUYUHBI MEePEeXOIHOTO CONPOTUBIECHUS
«peibc—3eMist». TOKM B pesibcax v 3KpaHUpy-
JOIIMX ITPOBOJIAX 3aBUCST OT 3HAYCHUSI Iepe-
XOIHOTO CONPOTUBICHUST. OTMETUM U TO, UTO
HaBelleHHbIC TOKM Ha BTOPOM ITyTH B SKBMBa-
JIEHTHOM KOHTaKTHOM U YCUJIMBAIOIIEM ITPO-

BOJIaX MMEIOT IIPOTHBOIIOIOKHOE HAIlpaByie-
HMUE.

Pesynbrarhl TaGIMIIBI 2 TTO3BOJISIOT YTBEP-
XKJIaTh, YTO MEPEXO] OT OOBIYHOM CUCTEMBI 25
kB k cucteme ¢ YI1 cHUXaeT conpoTuBIeHNE
OJIHOTO ITyTU ABYXITYyTHOI'O Y4aCcTKa Ha BEJIM-
yyHYy nopsiaka 26%, a x cucreme ¢ DYII —
Ha 45%.

IMepexon ot cucremnl ¢ YII k cucreme
¢ OVYII gact cHUXXeHMe CONTPOTUBIICHUS TTPU-
MepHO Ha 25%.
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ABSTRACT

The article describes a method for calculating
current distribution in wires of multiwire AC electric
traction network. Formulas for determining the
resistance of one track of a multiwire electric traction
network of a double-track line and mutual resistance
of wires of two tracks with account of induced currents
in the wires of the second track are proposed, enabling
in the calculation of modes of power supply to use the
software for a25 kV system. The resulting equations,
referring to the conditions of electric traction network
with screening and reinforcing wires provide an
opportunity to apply them in exclusion of any wire or
several wires of available multiwire complex.

ENGLISH SUMMARY

Background. To improve the efficiency of power
supply of railways, electrified by 25 kV AC system,
it has long been proposed to use a reinforcing wire
(RW), connected in parallel with overhead catenary
[1]. Prior to that, in the North-Caucasian railway in
the late 1970s an option has been implemented
with screening and reinforcing wires (SRW) [2].
It became an analogue to the system, previously
developed in Japan, where in order to reduce the
magnetic flow between catenary and rails (and thus
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induced resistance of electric traction network greatly
reduces) a coaxial cable was applied. At the same
time catenary is connected to a cable core and rails
to its sheath.

Capital cost savings involve in such cases the
gradual expanding capacity of power supply system
[3]. In the first phase electrification is focused on
extension of the distance between substations.
Depending on the traffic growth the order of the next
phase of ampilification (RWor SRW) and its completion
date are determined [4].

Objective. The objective of the authors is to
present a method for calculating current distribution
in wires of multiwire AC electric traction network.

Methods. The authors use mathematical
methods and analysis.

Results. For calculation of modes of operation
within RW or SRW systems it is sufficient to determine
electric traction network resistance of their power
systems. The task may be performed using software.

In a system with SRW location of wires of
circuit overhead catenary (K and T) is ordinary and
corresponds to the used 25 kV system. Location of
other wires with distances between them, adopted
in the project, is shown in Pic. 1.
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Pic. 1. Location of wires on a double-track line.
Keys: ¥,, ¥, - reinforcing wires of the first and the second tracks; 3,, 3, — screening wires of the first and the
second tracks; KI,, KI1,— contact wires of the first and the second tracks; HT ,, HT , — suspension wires of
the first and the second tracks; P, P, — single rails of the first track; P,, P, — single rails of the second track;

n,, 1, — equivalent wires of the first and the second tracks; P

»» Ps,— €quivalent rails of the first and second

tracks; P, — equivalent rail of both tracks.

A screening wire (3) on one insulator is
suspended to traverses from a land side of bearng
supports (closer to them), while the reinforcing
wire (¥Y) is suspended on a garland of three or four
insulators at the minimum permissible distance
in terms of isolation.Screening wire is connected
in parallel to the rails through zero points of track
impedance bonds through two inductive bonds to
the third inductive bond or through the ground if
individual ground wires are used. The reinforcing
wire is connected with catenary in three points on
suspension points on one constant tension section.

To determine the values of the currents flowing
through the wires of electric traction network, we
introduce the expression for the voltage drops with
account for directions of currents.

AU =Z, I 1+ Zn]leyl ansll + annZI 2t
+any21y2 anaZI 2 anapiap ; (1)
AU Z“,ylln, + Zy]Iy] Zylallal + ZnZlenl +
+ZylyZIy2 ZylaZIaz _Zylaplap ; (2)
AU nlslInl Zy]allyl +Z, I analinZ

Zy2311y2 + ZalaZI + Zalsplap ; (3)
AU = ann21 + Zn2y11 Zn2311 + anl +
+Zn2y2ly2 _Zn232132 _Zn23p13p ; (4)
AU anyZInl +Zyly21yl Zy231131 + ZnZyZInz
+Zy21y2 Zy232132 Zyzaplap ; (5)
AU anaZI 1 ZylaZIyl +ZalaZI 1 Zn2321n2

Zy2321y2 +Z, I +Z323p13p ; (6)

i,+2,.1,-2 .1

ylap Tyl =slap al n2sp n2 -

AU, =-Z,.1.,-Z

ap =nlap nl

Zy X+ 2 1, +Z, 0

y2ap y2 T Sa2sp a2 T Soaplap?

where AU,,AU,,AU,,AU, AU , AU ,,AU,

o s B y2 929

(7)
are

voltage drops across 1km of the length of respective
contours which are: equivalent wire of the first track —
ground, reinforcing wire of the first track — ground,
screening wire of the first track — ground, equivalent
wire of the second track — ground, reinforcing wire of
the second track — ground, screening wire of the
second track — ground, equivalent rail — ground, V;

L, Ly, 1, L,, I, —currents in respective

L, lyl’ 10 n2s

wires, A;
Zz..Z.,.2.,2.,2,2, Z

n> £y S50 En2o y22 =92> Zoap

contours of respective wire-ground, Ohm / km;

Methods for calculating resistance of contours wire-
ground and mutual resistances between them, indicated
with double suffix number, are described in [5].

To determine the currents in these wires it is
necessary to formulate and solve a system of equations
with seven indeterminates.

Voltage drops in parallel wires are equal.
Consequently, it can be written as:

AU, =AU, AU _AU AU —AU AU

— resistance of

=AU,

Equating the right sides of these expressions and
grouping similar terms, four equations are obtained. For
the fifth equation we assume that the load of catenary and
reinforcing wire of the first track is equal to one (1, =1).
In this case, for separate power supply of tracks we have:
L, +1,=1.

Since the mode without load on the second track is
considered( 1, =0) , then the sixth equation is

i,+ iyz =0.
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Table 1

Coefficients of the current distribution by wires when there is a load on one track

Znep:Do Znep:0
K, 10,570+0,018|=0,570 [0,569+j0,018|=0,569
K, 10,430-j0,018=0,430 [0,431-j0,018|=0,431
K, 10,330+0,044=0,333 [0,277+j0,059|=0,284
K, |-0,036-0,016|=0,040 [-0,037-j0,016|=0,040
K, 10,036+0,016|=0,040 [0,037+0,016|=0,040
K, |0,166-j0,007|=0,166 [0,113+j0,008|=0,114
K, 10,504-j0,037|=0,506 [0,359+j0,012|=0,359

Type of the seventh equation depends on the taken
value of transient resistance between rail and ground.
The authors propose to consider two extreme cases:
Z,,=0 and Z,,=x. Obviously, two systems of

equations should be solved, and an arithmetic mean of
two obtained values will be taken for the resulting
resistance of electric traction network.

Z.., =® means that a rail is insulated from the

ground and the entire traction current returns along the
rails and screening wires. The seventh equation will be:
L,+1, +lgp =1,

When Znep = 0, ground serves as a return wire for
traction current. Current in rails and screening wires
appears due to EMF induction caused by current in other
wires. Corresponding current, forexample, in equivalent
rail of two tracks is:

_ anaplnl JrZylaplyl Zalaplal +Z

= Z

Lop

i,+Z, 0,-Z, 1

Lndop n2 T Eyaoply2 T Lodopla2

System of equations when Z,,, =% takes a form:

(;nl anyl) L (anyl -Zy.) iyf (anal';ylal) ial+
+ (Zn]nZ_Zrﬁyl) i"2+ (anyZ_Zylyi) iyz'

) (anafgylﬁ) L (anap_zylap) iap:();
B (Zulol_zulap) i,,l' (Z,m‘zybp) iy1+ (Zol -Zalap) igl‘

- (Zrﬁal _anap) inz_ (Zy23|_zy23])) iy2+

(2 Z) 1 * (2,0,2,) 1 =05
o Zy B Zo)L - B Zio) 1,
(z“2 Z o) 1+ (Zr2,)] I
B (Zn232-zy232) 132' (anp-ZyZap) l,p=0;
- (anafgnlep) im' (ZylaZ-Zylap) iyl+ (Zslaz-galap) i,,'

- (ZnZaz-ansp) ],.,2— (Zyzaz';yzap) iy2+
(Z32 ZaZap) 132+ (Zabp_gsp) 13p=0;
l+l +0+0+0+0+0=1;
0+0+0+1,,+1,,+0+0=0;
040+, +0+0+i,,+i,,=1.

(8)

When Z,., =0 only last equation will change:
_anapinl ZylapIyl +Z313p131 ZnZapinz -
Zyzgply2 + Z323p132 + Zaplgp 0.

Solving these systems of equations, we obtain
the current distribution by wires of electric traction
network with a separate power supply of tracks,
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provided that only one (the first) track is loaded. The
coefficients of the current distribution of the first track
through wires are:

i I i,
Kn] :iil’ Ky] ='Ll; IS3| =71’
1 1 1
i i i i,
anziizy L(yz:iLz, L(gzz -27K3p= ip
1 1 1 1

The results of calculation of the coefficients of the
current distribution for distances between wires
shown in Pic. 1 when suspension is [T6CM-95 + M®-
100, rails are P-65 and y, = 0,01 Ohm/m are shown

in Table 1.

To determine total resistance of electric traction
network, we will use voltage drop in the contour
«equivalent wire — rail»:

AU=AU, +AU, . (9)

We will substitute right sides of expressions (1)
and (7) in this equation. Method of superposition is
used. Obviously, when there is no load on the first
track and it is present on the second track currents
are distributed by wires in accordance with the
coefficients in Table 1, but numbers of tracks must be
transposed. Moreover, the coefficients will be valid for
the case when there is load on both tracks. Therefore,
it can be written:

i =K 0 +K 0 0, =K,i+K, i,
I, =K, +K,L;  1,=K,I +K,iy;
=K, 0 +K,b; 1, =K,i +K i

L,=K, L[ +K_I,.

Substituting these expressions in formulas( 1) and
(7), after transformation instead of (9) we will obtain

AU = a, K, +a K, -a K, +a,K, + i
+
+a,K ,-a,K ,-a K

Ly T pfsp

+a,K,+a,K ,-a K, +a,K, +

+a,K  -a K, —a K )i, (10)
where a,, =(Z", ~Zoi): a,=(Zuy =2, )5
3, =(Zus~Zn)s 80 =(Zuwo ~Zo )
3,=(Zun -2y ) 30=(Za=Zoy);

4, = (anp - ZSP)'

Expression in brackets when we use 1, can be
called total resistance of one track of a double-track
section with separate feeding of tracks and it can
be denoted as Z,. Expression in second brackets



Table 2

Resistance of one track of a system with SRW and mutual resistance of two tracks

Electric traction | Transient Z,, Ohm/km |Z,|,0hm/ |Z . Ohm/km ||Z |, Ohm/km

network resistance km

25 kv Z o p=® 0,214+j0,449 0,498 0,055+j0,175 0,184
Z,.,=0 0,189+j0,405 0,447 0,030+j0,131 0,134
Zcp 0,201+j0,427 0,4725 0,042+j0,153 0,159

25kVwithRW | Z =0 0,141+j0,348 0,375 0,054+j0,155 0,164
z =0 0,115+j0,300 0,321 0,028+j0,106 0,110
z, 0,128+j0,324 0,348 0,041+j0,131 0,137

25 KV with SRW |Z,_ = 0,121+j0,242 | 0,271 0,031+j0,063 | 0,070
Z,.,=0 0,107+j0,228 0,252 0,017+j0,049 0,052
z, 0,114+j0,235 0,2615 0,024+j0,056 0,061

represents mutual resistance of two tracks. It can be
denoted as Z,,,, . Then

AU=1Z,+1, Z

Zosnn .

Knowing coefficients of current distribution by
wires and values of wires’ resistance and mutual
induction between wires, Z, and Z,,,. can be

calculated.

The proposed methods for determining current
distribution over wires and resistance of power supply
system with SRW can be used also in case of exclusion
ofany wire or of several wires from a multiwire electric
traction network. In order to proceed with that
operation it is sufficient to remove within the system
of equations (8) the columns with currents in the wires
excluded on the first and second tracks and lines that
take into account their inductive relation on both
tracks with other wires. In the expression ( 10) we will
take coefficients of current distribution coefficients in
the deenergized wire as K, =0 . For example, for a

25 kV system, we have:

Zo =gnlI$nl +§nZISn2 _gapK

op

(11)

Zygnn =2, K, +a,K,  -a K . (12)

Conclusions. Equations (11) and (12) differ
from previously known [5] as they take into account
the influence that the currents at the second track
induced by the load at the first track produce on the
resistance of one first track of a double-track section.

Calculations for the specified source data were
performed for power supply systems of 25 kV, 25 kV
with RW and 25 kV with SBRW. The results are shown
in Table 2.

Analyzing the results of the calculations, it is
clear that the portion of current in wires of overhead
catenary and in reinforcing wires is independent of
the transient resistance «rail — ground». Currents
in rails and screening wires depend on the value of
transient resistance. It should be noted also that
the induced currents at the second track in the
equivalent contact wire and in the reinforcing wire
have the opposite direction.

The results in Table 2 allow declaring that the
transition from a conventional 25 kV system to a
system with RW reduces the resistance of one track
ofa double-track section by about 26%, and transition
to the system with SRW reduces the resistance by
about 45%.

Transition from a system with RW to a system with
SRW will decrease resistance by about 25%.

Keywords: railway, multiwire electric traction network, AC, resistance of wires, current distribution,

calculation methods, mathematical apparatus.
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