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Abstract. This paper deals with the change of the
ratio of the open circuit impedance to short-circuit
impedance of the electric traction depending on the
distance of the traction vehicle from the beginning of
the section. This ratio is calculated in order to es-
timate the traction vehicle speed and the distance at
which the track occupancy can be indicated. Therefore,
the impedance moduli and the impedance phases of the
open track circuit and the impedance of the occupied
track (short-circuit impedance) is compared at different
short-circuit distances. The impedances ratio varies
with changing weather conditions. It is different in dry
weather than in the rain. Therefore, in practical use,
the track occupancy indicator must always be updated
and the ratio must always be recalculated for the new
situation. In this paper, the impedances ratio is calcu-
lated for specific parameters measured in the section of
the track in Orlova. The distance between a reference
point (place of short circuit rails) from a measuring
point is for the impedance module ratio of F =10 about
218 m.
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1. Introduction

This paper is aimed at estimating how the parame-
ter F of railway traction is changed depending on the
length of the occupied section. F is the ratio of the in-
put impedance of the unoccupied track circuit section

(© 2018 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

to the input impedance of the occupied track parts of
the same traction section. Input impedance measure-
ments can be used for the occupancy detection of the
examined section if ratio F is large enough. This pa-
per uses data measured at the traction in Orlova as
a model example. Thus, the dependence of F(x) on
the variable z was calculated based on the results of
the measurement of the insulated section of the trac-
tion in the Orlova.

The ratio F(z) of the open-circuit input impedance
Z, to the short-circuit input impedance Zg on the
length x of the examined section was calculated.
The impedance of open-circuit Z, is defined as the
impedance of the open rail section of a length .
From the value = lp with increasing distance z (i.e.
distance from the measuring point), the open-circuit
impedance is no longer changing. We divided this con-
stant open-circuit impedance value Z,;, by the input
impedance of the short-circuit Zg¢(z) for the different
lengths x of the sections to obtain the desired depen-
dence F'(x) as a function of the variable x.

The tractions are a highly variable system from an
electrical point of view. This concerns the differences
in the track layout on different tracks and at different
locations, as well as the dependence of track parame-
ters on weather conditions. The space between the rails
is often dirty, the distance of the rails from earth is dif-
ferent. Frequently, the rails are in direct contact with
gravel, which fills the space between them. The gravel
may be streaked with vegetation that touches the rails.
When evaluating the occupancy of the section, electri-
cal parameters of the track change with the weather
conditions and the time variability of the operating
conditions must also be taken into account. There-
fore, determining the parameters of rail traction is
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a very complex task. The time-varying conditions for
alternating currents (injected into rails for track cir-
cuits protection) in practical applications require the
regular calibration of devices, the function of which is
based on the evaluation of the traction electrical pa-
rameters. In this model example we do not take in
the account the impedance between the wheels of the
traction vehicle which could increase the transverse or
longitudinal impedance of the section of railway line.

The occupancy of railroad tracks by the train wheels
and axles should be detected, for example, near the
railway crossing. Therefore, security devices must rec-
ognize if the section is occupied. It is often also re-
quired to determine the speed of an approaching ve-
hicle. The occupied section appears to us as a short-
circuit in the place where the traction vehicle is located
(the low impedance of rails short circuit through the
wheels and axles of the traction vehicle is neglected).

A category of the "Early Detection" system is appro-
priate [I] for the detection of the position and speed
of a train before railway crossing. These devices are
mounted at the crossing point only and do not use any
remote sensors. There are multiple principles in this
category - for example, radar systems using Doppler’s
principle of speed measurement, Time-Domain Reflec-
tometry [2] - transmitting impulse to track circuit and
measuring transmission delay after its reflection, and
even acoustic systems based on the horn sound anal-
ysis. A very good principle for detecting the train’s
position and speed, also included under the "Early De-
tection" category, is to measure the waveform of the
impedance of the track circuit, which is shorted by the
front and other axles of the incoming train. This prin-
ciple is already in use, but its safe use is greatly ham-
pered by the high level of interference of the measuring
signals caused by electric traction drives of trains, by
the transmission of signaling by means of track circuits
and other sources of electrical interference. However,
with the development of fast Digital Signal Processors
(DSPs), it is possible to construct a measuring device
resistant to this interference and to accurately analyze
the short-circuit impedance of the track circuit.

The sensitivity of the methods comparing the
changes in the impedance to the occupied and unoc-
cupied track can be judged by the waveform of the
impedances ratio F'(x) measured on the open track Z,
and the impedance on the short-circuited track Zg.
According to this ratio, we can deduce the place of the
short-circuit and ultimately the speed of the approach-
ing vehicle. Obviously, at a certain critical distance
li;, the ratio is so small that we will not register the
arriving vehicle. The dependence of the ratio F'(z) on
the distances x from the measuring point can be de-
scribed by the analytical function and implemented in
the DITO (Device for Indicating of the Track Occu-
pancy) device for detecting track occupancy. Both the
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modulus ratio F(z) and its phase can be evaluated.
The second reason for detection of the open-circuit to
short-circuit impedance ratio F(z) are frequent time
changes of both impedances, caused in particular by
changes in the conductivity of the subsoil and track
sleepers [3]. While the open-circuit impedance fluctu-
ates greatly with the conductivity of the subsoil, the
short circuit impedance varies relatively little. How-
ever, it is possible to create a calibration curve for
the simulation of the position and speed of the vehi-
cle on the track circuit due to changes in the module
and phase of the impedance ratio F(z). Calibration is
performed on the basis of the measurement of an un-
occupied section, i.e., when there is no vehicle on the
track.

We used the parameter values from Tab. [1|for all the
calculations in this paper based on the impedances of
the traction circuits measured on the track in Orlova
[3]. In the calculations, we replaced the measured sec-
tion using a II two-port network. From the impedance
of open-circuit Z, and impedance of short-circuit Zg
(measured on the isolated section of the railway line),
the transmission matrix cascading coefficients Eq.
and the traction parameters were first calculated.

Tab. 1: Open-circuit and short-circuit impedance.

Impedance Z
open-circuit

[ D) | Zg ()
74.76 13.25

Impedance Z g4
short-circuit

7 (02) | Zs (@
75.86 0.85

fo (°)
5.7

fs (°)
47.6

Per-unit-length parameters of the II element [3] are
calculated from the elements of the cascade coefficient
matrix on the basis of Eq. and Eq. and are
presented in Tab. 2] Here, for comparison, the mea-
surements at the frequency of 275 Hz are also given.

Tab. 2: Per-unit-length parameters of II element.

f R G L C
(Hz) | (@km™Y) | (Skm™?!) | (Hkm™?!) | (F-km™1!)
75 1.05e+-00 1.40e-01 2.61e-03 3.68e-05
275 1.56e+-00 1.51e-01 2.06e-03 6.46e-06

The parameters of different types of tracks vary con-
siderably, as can be seen in the literature [3], [4], [5],
[6], [7], [8] and [9]. We further used the parameters

212



ELECTRICAL TRACTION, AND ITS SECURITY

VOLUME: 16 | NUMBER: 2 | 2018 | JUNE

from Tab. [2] to create a sample model case for a par-
ticular railway track. For this model case, we have
found out the ratio of the open-circuit and short-circuit
impedance measured at the input of the track circuit

Eq. .

2.  Determining Open-Circuit

Impedance

As stated in the introduction, the DITO settings for
modified traffic conditions are corrected (re-calibrated)
at predetermined intervals based on the measurements.
The calibration is performed when the section is not oc-
cupied. The question is, how long the distance of the
section of railway line from the source can be measured
to obtain the input impedance of an open circuit using
alternating current with a frequency of 75 Hz or 275 Hz.
Thus, at what shortest distance ly the input impedance
changes minimal (with a required tolerance), for exam-
ple, when the rail circuit is powered by a 5A current
source. The power supply is carried out at the mea-
suring point between the two rails of the same track as
shown in Fig.

=

]

Oscilloscope

Amplifier

Power Supply

Signal Generator

Fig. 1: Block diagram for measuring traction parameters.

The two-port networks are the passive and longitudi-
nally symmetrical ones. Thus, in the case of the railway
traction, the image parameters of uniformly distributed
line can be used to calculate the input impedance. The
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open-circuit impedance is calculated from the input
voltage and current ratios Eq. , Eq. and Eq. @

Uip=Usy COSh(lx)» (4)

U
I,y = =2 sinh(yz) =
e °
h
= D0 o) = 0 v,
Z

—U

Ly=——"¥ —
=0 tanh(yz)’

(6)
where:

e U, is the open-circuit voltage at the input at the
point of measurement, i.e., at the beginning of the
test section,

o U, is the voltage at the end of the unoccupied
section (at a distance of x = ),

o Z, is the

Z
Zy, =¥

e 7 is the propagation constant v = Z - Y,

image (characteristic) impedance

e 1 is the distance from the measuring point (the
beginning of the section).

First of all, we are interested in the constant open-
circuit impedance value Z, for = ly, where [y is the
limiting (critical) length of the segment. At distance
lp the open-circuit impedance at the input is no longer
changing with an increasing x-coordinate. The open-
circuit impedance values Z,, are then crucial for deter-
mining the ratio F(z). From the calculated waveform
of the open-circuit impedance module values Z, are
visible in Fig. |2 up to 600 m in length and in Fig. [3|up
to 3000 m (for 75 Hz). It is clear that if the measured
section is longer than 2500 m, we can expect a constant
(steady) input impedance value of the unoccupied sec-
tion (open circuit).

1000

800 b

modulus ()
Iy (o2}
o o
o o

Open-circuit impedance
N
o
o
:
.

200 300 400 600

Measured section length (m)

0 100 500

Fig. 2: Dependency of the unoccupied module Z on the length
of the measured section.

The impedance module sharply decreases - see Fig.
It settles at the value 4. For small values of x, the graph
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is drawn with a high input value of the open-circuit
impedance module. The situation is more clearly seen
from the graph for the distances from 500 m to 3000 m,
see Fig. Bl Figure [4] shows more complicated depen-
dence of the phase input impedance of the unoccupied
section.
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Fig. 3: Detail of the module Z for distance from 500 m.
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Fig. 4: Dependence of the Z; phase of the unoccupied section

on the length of the measured section.

The shape of the curve shows a capacitive character
at first, which is logical for short parallel conductors
with a low transverse conductivity. At about 1500 m,
the circuit is in resonance, and the character of the
circuit is further changed to inductive. The induc-
tive nature of the current loops, which are closed over
the transverse conduction between the rails, is already
clearly applied here.

The DITO device will "calibrate" the new parame-
ters at intervals when the section is unoccupied. Thus,
a constant open-circuit impedance value is considered
when calculating the ratio F(z). This impedance value
is measured when the instrument is calibrated. When
the length of the measured section increases, it does
not change much. In the example modeled here we
chose Z, = (3.42 4 0.745) Q2 (designated for 3000 m).

3. Determining the Impedance

of the Occupied Circuit

In the case of the presence of a traction vehicle in
the measured section, the rails of the occupied tracks
are shunt (are replaced by short-circuiting). The in-
put impedance of the measured section decreases with
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the vehicle approaching to the measuring point. The
short-circuit input impedance is again calculated from
the ratio of short-circuit voltage to the short-circuit

current Eq. , Eq. and Eq. @[)
Uyg = Z,I5gsinh(yz) =

=Z

Z, ﬁéx) sinh(yz) =
— 7,15 tanh(y2),
1,5 = Iyg cosh(yx),
Zg = Z,tanh(yz),

where:

e I, is the input short-circuit current at the mea-
suring point, i.e., at the beginning of the test sec-
tion under investigation,

e I, is the current in the place of the short-circuit.

The graphical dependencies of the short-circuit
impedance Zg on the vehicle’s distance from the mea-
sured point (from the beginning of the section) are,
at 75 Hz, shown in Fig. 5] for the module and Fig. [6] for
the phase.

4
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Fig. 5: Dependence of the Zg5 module on the vehicle’s distance
from the measuring point.
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Short-circuit impedance
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Fig. 6: Dependence of the Zg phase on the vehicle’s distance

from the measuring point.

4.  Calculate the Ratio F(x)

Ratio F(z) expresses the proportion of constant open-
circuit input impedance (it will be measured on an un-
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occupied track at defined intervals, always for the same
length of the segment) to the variable short-circuit
impedance Eq. . The graphical representation of
ratio F(x) is shown in Fig. |5 (for the module) and
Fig. [6] (for the phase).

F(z) = 505(5”) = ! (10)

Zo(lk)  tanh(yz) tanh(ylk)

The tanh value for the positive argument ranges from
0 to 1. It can be said that when the argument of ratio
F(x) is equal to 2.5 the tanh value is very close to
1, with the argument, equal to 0. It needs not being
considered in this case. Therefore, the lower limit of
this ratio may theoretically be 1, but practically it is
greater.

The relationship can also be adjusted to Eq. :

1
E) = tanh(yz) tanh(ylk) B
_ cosh(y(lx + x)) + cosh(y(lx — x)) (11)
cosh(y(lx + z)) — cosh(y(lx — x))"

The module values F(z) in relation to the short-
circuit distance are shown in Fig. [f] and Fig. [7] and the
ratio phase values F(z) in Fig.

Based on the automatic measurement of the open-
circuit impedance at regular intervals on an unoccu-
pied track, parameters R, L, C, G are recalculated
and the instrument calibrated for changed conditions,
e.g. weather.
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Fig. 7: Dependence of the module ratio F(z) on distance x of
the vehicle from the measuring point.
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Fig. 8: Module ratio F(z) - detail from 50 m to 500 m.
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Fig. 9: Module ratio F(z) - detail from 500 m to 3000 m.
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Fig. 10: Dependence of the phase ratio F(x) on the vehicle’s

distance from the measured site.

The ratio of module F(z) at the selected reference
value Z, = (3.42+0.74j) 2 reaches a value of about 10
in about 218 m. This ratio, at first glance, decreases by
1.595 at 1.5 km, 1.34 at 1.9 km, 1.013 at 4.66 km, but
then again slightly increases from 29.7 km. It stabi-
lizes at value 1.034. The limit distance [y at which the
DITO device is still able to register the short-circuiting
of the rails on the basis of the module’s values F () oc-
curs at the ratio Fi(x) > 1.3 (at 75 Hz). In this model
example this value is achieved in distance [; = 2000 m.
At a greater distance where the ratio F'(x) and the in-
put impedance do not change during the short-circuit.
Thus, ratio F(x) < 1.3 cannot be used for the speed
estimate and for the track occupancy indication. In
this case, it is possible to use the relatively significant
change in the phase of the ratio F(x).

5. Conclusion

Ensuring the safety of train crossings is currently an in-
creasingly difficult challenge. Early closure of a cross-
ing through signaling or gates also brings security risks
from undisciplined drivers and often disproportionately
hinders transport. The optimum time-to-lock setting
by signaling or barrier requires a reliable positioning
and speed system of the train approaching the cross-
ing. One of the principles that can be used to locate
the train and determine its speed is to measure the
waveform of the impedance of the track circuit short-
circuited by the approaching train.
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In order to prepare the design of the equipment for
this activity, we prepared a methodology for analyzing
the changes in the impedances ratios of the occupied
and unoccupied section. From these backgrounds, de-
signers of the occupancy indication section judge how
to set the input of this device so that it can function
properly. The results of this paper may be helpful in
doing so.
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