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1. Introduction

This research work was created on base of operating requirements. During work
on contact line at AC 25 kV, 50 Hz for disconnection of contact line (i.e. track closure) it is
necessary to connect this line with rail at the front and also at the end of protected work
area by two earth rods. The paper deals with analysis of influence (i.e. coupling ways) of
neighboring track contact line under these conditions which occur during the common
operation or during fault current. For this case, contact lines of both tracks can be
considered as a special case of one turn air transformer with free coupling between
primary and secondary winding [1] and [2]. Primary winding is represented by contact line
of operating track and secondary winding by contact line of track closure.

Voltage between track and contact line at section closure can occur from two
[6aSONS:

o Electrostatic field effect caused by contact line of operating track
* Magnetic field effect caused by current passing through operating track
Both of these effects occur during accidental connection of contact line but their

ualitative influence is very different and depends on used circuit diagram of contact line
ection closure.
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For electrical connection of contact line of work section closure, it is necessary to
take into consideration three circuit diagrams which arise out at section closure.

e Contact line closure is disconnected from feeder but it is not connected with rail, it
hangs as insulated line above rails, see Fig. 1.

e This contact line is connected at one end with rail, see Fig. 2.

e This contact line is connected at both ends with rail, see Fig. 3.

It is possible to think on the other circuit diagram which is represented by partial
paralleling connection of line at contact line closure at double track but this is the special
case of full paralleling [3]. The circuit diagram of contact line closure is changing
progressively during protection of work section in above mentioned three circuit diagrams
according to earth rods location by workers.

General equations (1) and (2) come from substitute circuit diagram of mentioned
situation which is valid for:

du
- dZX =2yl + 2515 (1
X
dl
- d2x =—Y2 Uy +Y;-Uyy 2)
X
where
Usy eeene voltage in point from the second track (track closure) [V],
[ PY current in the same point of the second track (track closure) [V],
| TP current in the first track (operating track) [A]
I P—— voltage in the first track (operating track) [V],
b A— mutual coupling reactance of both contact lines Z;, = jo-M,, [Q]
25 wousienss impedance of the second track, Z, =R, + jo-L, [Q],
Yio coreeen capacitive conductance between two contact lines on condition that
ohmic component is extensively low than capacitive component,
Y,, = jo-Cy;, , Cy, is capacity between contact lines  [S],
Yo wsmsenie capacitive conductance of the second track, (i.e. between line and

earth), on condition that ohmic component is extensively low than
capacitive component Y, = jo-(C,, +C,), C, is capacity between
track closure and earth [S].

Radovan Dole¢ek, Ondfej Cemy:
-130- Analysis of voltage and currend at contact line power closure



Solution of these equations:

Uy =A-e™ +B-e7 ™ 4k, .U, (3)
lox === (A& =B )k, @)
ZZV
where
AB ... integrating constants, values of which are given by boundary

conditions of electrical circuits  [-],

Voo, constant of propagate wave y =2, Y, [-],
Z &

k, ==12 and k, =—=2 _ auxiliary constant [-],

1 Z, 2 Co+C, ry [ ]

All values of electrical parameters of contact line are considered per unit of contact
line length, the best way is 1 km of length. Furthermore, it is necessary the approximate

equation for £ . For length of work section, it is used €¢* =7+a-x according to Taylor
progression with substation of original exponential function with accuracy 0.7 % in range

of exponent value from —0.045 to 0.045, see [4] .

2. Method of solution

2.1 Isolated contact line

Fig. 1 Isolated contact line
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Boundary conditions for this circuit diagram come from the fact that the current can
not pass through at the ends of isolated section and then /,, =1/,, =0. Under this
presumption and equation usage (3) with using approximate equation for £’ , we obtain:

C12
C,, +C4
Iy =0 (6)

Usy = k2U1 = U, (5)

Conclusions for isolated contact line:

e Voltage between isolated contact line and rail is given by only capacitive
distribution independently on the position at contact line.

» Resistance of this voltage source is very high (i.e. low values of capacity), so this
voltage is “soft” and under load is decreasing.

« No current passes through isolated contact line.

In operation, this mentioned voltage occurs between point of earth rod, which is
connected with rail, and contact wire during their approach.

2.2 Contact line one-sidedly connected with rail

Fig. 2 Contact line one-sidedly connected with rail
Presumption for deduction of boundary conditions:

¢ Voltage in the point of contact line connected with rail is zero.
e Current is not passing through on the opposite end of contact line which is isolated.

Under presumption that connection between contact line and rail is localized to
origin of length coordinate x and length of contact line is ¢ and then U,, =/,, =0. For

voltage and current in any location of section closure, we obtain:
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UZX:_Z2Vk1.yI1X:—j(DM12‘I1X (7)

U .
loy ==K, Z1 (0 =x)=~joCp-Ui(t-x) (8)
2v

Conclusions for line one-sidedly connected with rail:

¢ Voltage, which is induced in contact line of the second track, is directly proportional
to length of one-sided connected section and then directly proportional to current
which passes through operating contact line of the second track.

o Current, which passes through in the point of connection of the second track of
contact line with rail, is given only by mutual capacity both lines and voltage of
operating line.

In operation, this mentioned voltage occurs in the place where the worker places
the second earth rod (i.e. on the opposite end of work section closure than where earth
1od is already placed). In case of higher currents in the neighboring operating section, this
voltage can get dangerous values. Current, values of which are deduced from equation
(8), passes through earth wire of the first rod and it has not practical meaning from
viewpoint of its negligible magnitude.

2.3 Contact line two-sidedly connected with rail

Fig. 3 Contact line two-sidedly connected with rail

Boundary conditions for this case arise from the circuit diagram, so that voltage at
th ends of examined line is zero (i.e. in the place of both earth rods) and then
hy=U,, =0. By using the equations (3), (4) and usual simplification of exponential

ction, we obtain:

2-v-4
Up 2ky Uy (1-2-12) =0 (9)
2-vy-4
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7-2x
2-y-4

Conclusions for line two-sidedly connected with rail:

oy =—=joCyy Uy - kgl (10)

e Voltage is zero in the whole length of section between earth rods in the points
which are located over themselves.

e Current, which passes through this part of contact line, consists of two
components: inductive and capacitive.

¢ Inductive component depends only on k; and directly proportional to current of
operating track. It neither depends on length of section nor location of point at track
closure.

e Capacitive component depends on voltage of contact line of operating track. It is
zero in the centre of examine section (i.e. in the middle of earth rods) and
increases linear to both earth rods but with different polarity.

Inductive component is applied significantly in operation whereas capacitive
component has not impact (i.e. its values are insignificant). Inductive component can get
the high values which require very good condition of earth wire cable at earth rods. This
was confirmed by measuring [3].

3. Conclusion

Fro numerical values of equations mentioned above, it is necessary to use
numerical values of particular constant of contact line. From this reason, results from
measuring are utilized [3]. The value for impedance of one track of contact line was

measured Z, =0,222+0,485j = 0,534.65,5°Q-km™' . Reactance of mutual coupling of
both contact lines is Z,, =0,133 Q-km™". This value is given by (7) inducted voltage at
one-sidedly connected line. Measured voltage is U, =0.133V-A~".km™". Capacity of

contact line to earth was measured C, = 0.0155 uF -km™' . Capacity between contact
lines, which was calculated by roles of potentials between conductors, is
C,, =0.0136 uF km™ . It is possible to calculate other coefficients from numerical values
by their definition equations y=221.10°, Z,, =242Q-km™", k,=0.250 and
k, =0.467 .

Voltages and currents for three circuit diagrams were calculated by equations:

e Voltage for isolated contact line by (5), when the voltage in operating track i
25 kV ,is U, =11.7 kV . This value does not depend on length of section closuré
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and in its any possible place. Internal resistance of this source is given by capacity
C,, and its value is hundreds kQ which decreases with length of section.

¢ Inducted voltage for one-sidedly contact line with rail at the opened end (i.e. the
high value at this point) which is calculated by (7), is U, =0.133 V-A"km™.
Current passes through the point of connection (i.e. contact line and rail), which is
calculated by (8) at 25 kV in operating track, is /, =0.107 A-km~™" . This value is
negligible.

¢ Voltage for two-sidedly contact line with rail is calculated by (9) and (10). Voltage in

any possible place of operating contact line is zero. Induced component of current
passing thought in the point of connection of contact line closure with rail by (10) is

I, =0.250 A- A~" . The capacity component of this current is 0.053 A-km™").
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Resumé
NAPETOVA A PROUDOVA ANALYZA PRI VYLUCE STOPY TROLEJOVEHO VEDENI

Radovan DOLECEK, Ondfej CERNY

Clanek se zabyva problematikou elektromagnetického rugeni (EMI) u trak&niho systému 25
, 50 Hz. Tento obor v soucasnosti stéle vice nabyva na vyznamu a s tim i souvisejici disledky
o jednotliva provozovana zafizeni u Ceskych drah. SloZité drazni systémy jak z hlediska
frastruktury tak z hlediska provozovanych dopravnich prostfedk( nuti provozovatele vénovat
ostateGnou pozornost pravé EMI. Pozornost je soustfedéna na oblast vazeb mezi dvéma
usednimi stopami, z nichZ jedna je vyluce. Za této situace vznikaji tfi rozdilna schémata pro
jisténi Useku pfi praci na trolejovém vedeni. Jedna se o tyto pfipady: vedeni izolované, vedeni
nostranné spojené s kolejnici a vedeni oboustrané spojené s kolejnici. Pro uvedené pfipady je
rovedena analyza, ktera byla vyvolana na zakladé provoznich pozadavk(. Z vysledk( analyzy jsou
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provedeny zaveéry, které jsou zobecnény pro snadné vyuziti. V zavéru jsou podrobné uvedeny
jednotlivé situace z hlediska elektrickych veli¢in, kterych mohou nabyvat tyto zmifované pfipady
zapojeni. Clanek spada do &asti zabyvajici se vyzkumem v uvedené oblasti EMI a miZe tvoiit
zaklad pro dalsi feSeni problematiky u trakéniho systému 25 kV, 50 Hz.

Summary
ANALYSIS OF VOLTAGE AND CURRENT AT CONTACT LINE POWER CLOSURE

Radovan DOLECEK, Ondrej CERNY

The paper represents a part of research work on the field of elektromagnetic interference
(EMI). Nowdays the railway techniques is very complicated and sophisticated both from viewpoint
of railway infrastructure and from viewpoint of transport means. This research work was created on
base of operating requirements. During work on contact line at AC 25 kV, 50 Hz for disconnection
of contact line (i.e. track closure), it is necessary to connect this line with rail at the front and also at
the end of protected work area by two earth rods. The paper deals with analysis of influence (i.e.
coupling ways) of neighboring track contact line under these conditions which occur during the
common operation or during fault current. The analysis is focused on the three circuit diagrams
which arise out at section closure: isolated contact line, contact line one-sidedly connected with ralil,
contact line two-sidedly connected with rail. Generalize findings are mentioned in the conclusion of
this paper. This work can be used as one part of background for research work on the field of
traction system.

Zusammenfassung
ANALYSE DER SPANNUNG BEI ELEKTRISCHER FAHRLEITUNGSSPERRE

Radovan DOLECEK, Ondrej CERNY

Der Artikel befasst sich mit der Problematik der EMI beim Fahrsystem AC 25 kV, 50 Hz.
Diese Thematik wurde durch die Forderung der elektrischen Sicherheit bei Arbeiten an gesperrter
Fahrleitung zweiglessiger Strecke entwickelt. Die Analyse gibt Information iber die Spannung auf
der elektrisch gesperrten Fahrleitung im Falle, daR die Fahrleitung des anderen Gleises unter
Fahrspannung liegt. Es sind drei Teilschemen analysiert, uzw. abgeschalteter Fahrleitungabschnitt,
einseitig mit Schiene verbundener Fahrleitungabschnitt and endlich zweiseitig mit Schiene
verbundener Fahrleitungabschnitt. Fir diese Teilschemen sind Spannung- und Stromwerte
rechnerisch abgeleitet und mit Messergebnissen verglichen. Diese Thematik passt zu der
allgemeingultigen Studie tUber elektromagnetische Vertraglichkeit, namentlich tber EMI.
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