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Abstract — Rail transport in Poland uses direct current electric traction to power vehicles (locomotives and multiple units).
It is therefore necessary to convert the AC voltage of the power system into the DC voltage of the traction system. The
conversion of alternating voltage into direct voltage takes place in traction substations. Rectifier units installed at traction
substations are used for this purpose. As a result, electric traction should be classified as non-linear consumers. In addition,
the traction substation load changes dynamically. All this makes the electric traction a recipient generating a number of
disturbances to the network. These disturbances affect the quality of electricity in the power system from which the
traction substations are supplied, and the quality of energy in auxiliary and non-traction lines. The article presents the
results of the analysis of measurements of electricity quality indicators recorded at selected points of the traction
substation line. Parameters characterizing the quality of electricity were recorded, among others, in in the main line
supplying the traction substation, non-traction needs line and auxiliary circuits. The presented article is another in a series

of publications related to the assessment of the impact of DC electric traction on the power system.
Key words — power quality, electric traction, disturbances, voltage changes, higher harmonics, THD

JEL Classification — C80, D30, P18, Q40, Q49

INTRODUCTION

Rail transport used in Poland uses DC traction.
This requires converting the alternating voltage of the
power system into the direct voltage of the traction
network. Transformation of alternating voltage into
direct voltage takes place with the use of converters
installed at traction substations. The use of converters
causes that electric traction is classified as non-linear
consumers. This has a significantimpact on the quality
of electricity in the power system, from which the
electric traction is supplied. The use of a direct voltage
of 3.3 kV significantly reduces the power of the traction
units supplied from the substation. As a result, the
speed of the trains is limited. Analysis and assessment
of the impact of DC electric traction on the quality
parameters of the supplied electricity is also the
subject of many articles and studies [1-4]. One of the
possibilities to eliminate the unfavorable impacts is
the use of station and compensation-energy filters
[5]. A very important issue is also to determine the
range of propagation of harmonics of current and

voltage along traction lines and to supply systems
with higher voltage [6]. A very important issue is the
introduction of high-speed trains in Poland. It is related
to the design, construction and implementation of
a new 25kV alternating voltage traction power supply
system. This is to reduce energy consumption and
reduce COz emissions [7, 8]. Increasing the efficiency
of the electric traction system and improving the
quality of electric energy is significantly influenced by
the increasing use of electric energy storage [9, 10]
and braking of vehicles using energy recuperation
[11-14]. However, the use of energy recuperation
requires the use of special inverter sets [15-17] The
research presented in the article is a continuation of
the consideration of the impact of traction substations
on the power system. The publication [18] presents
an analysis of the impact of a traction station with
six-pulse converters on the power system. The main
aim of the authors was to estimate the disturbances
generated by the traction substation both to the
power system and other lines supplied from the
traction substation. This paper presents an analysis
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of disturbances caused by a traction station with
twelve-pulse converters. According to the authors, few
publications discuss the generation of disturbances by
direct current electric traction to other circuits of the
traction substation in such a wide scope. Simultaneous
registration at several measurement points allows
for the identification of sources and the degree of
disturbances caused by individual groups of consumers,
with the greatest impact of DC traction. Most
publications on the impact of electric traction mainly
analyze the impact of disturbances generated by the
substation on the power system. For example, in [19-
22] an analysis of energy quality parameters recorded
in networks supplying electric traction is presented.
Often the analysis is based mainly on model tests [9,

Traction substation
own lines

E 4

Photovoltaic installation

11, 23-27]. The article presents in a comprehensive
way (of course in the presented case of a given traction
substation) the propagation of disturbances and their
analysis on individual circuits (electric lines) of the
traction substation, including the main supply line.

1. PLACES AND METHOD OF MEASUREMENT
OF ENERGY QUALITY PARAMETERS

The results presented in the article were recorded
in the DCtraction substation circuits with twelve-pulse
converters installed. Three PQM 711 analyzers and
the Memobox 800 analyzer were used to register
electricity quality indicators. Measurements were
carried out simultaneously in four points. The places
of connecting the analyzers are shown in Figure 1.
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Fig. 1. Registration points for indicators characterizing the power quality

The measurements were carried out in accordance
with the guidelines contained in the regulation [28, 29].

The permissible values of indicators characterizing
the quality of electricity in public networks in Poland
are specified in Regulation ... [29]. The Polish normative
act was based on the European standard [28]. The
permissible values of power quality indicators depend
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on the network voltage level. PKP Energetyka, as
a company dealing mainly with supplying power to
DCtraction, also has a license to sell electricity on the
energy market in Poland. Therefore, it is important
to determine the magnitude of disturbances generated
by the traction substation to the network from which
other consumers are supplied. According to [29, 28],



transEngin

2023, Volume 5 Issue 4

the quality of energy is assessed after a weekly
measurement time. In addition, the parameters
characterizing, for example, the voltage value are the
average for a 10-minute period. In the case of a rapidly
changing load on the traction substation resulting,
for example, from the start-up of trains, fast-changing
disturbances (e.g. voltage fluctuations and dips) are
generated. The use of short measurement intervals (for
example, 5 seconds) allows for a better assessment of
the disturbances arising at that time. The measurement
cycle covered a period of one week. Electricity quality
parameters were also recorded in short measurement
intervals. The measurement intervals adopted in this
way made it possible to assess the impact of dynamic
load changes on the parameters characterizing the
voltage quality, e.g. in the line supplying the traction
substation, non-traction needs lines and substation
auxiliary circuits. The traction substation is powered
from the main supply point by two lines with a voltage
of Un=15kV.

At the traction substation, the measurements were
made at the following points: Point A - line supplying
the traction substation with rated voltage Un=15kV,
Point B - Point C - non-traction needs line with supply
voltage Un=15kV, Point D - traction substation auxiliary
circuits with voltage Un= 0.4kV. In the case of receivers
with significant power, dynamically changing load or
non-linear nature, the parameters of the supply line
are very important. The most important parameter
is the value of the short-circuit power in relation to
the power of the installed receivers. The short-circuit
power at the Main Supply Point (MSP) of the traction
substation is Scc=497 MVA (at the level of U=15kV).
The substation is powered by a 500m long Al cable
line. The resistance of the primary supply line is
R=0.037 O3, and the reactance X1=0.221 Q2. The rectifier

Fig. 2. Connecting PQM analyzers to measurement circuits

units are powered by three-winding transformers
with the power of S=4.5MVA. The rated rectified
current (direct current) is Ibocv=1700A and voltage
Ubcn=3300V.

Voltage and current transformers installed at the
traction substation were used to record the electric
power quality parameters (using PQM analyzers).
Figure 2 shows how PQM analyzers are connected
to the measurement circuits.

In the regulation on power quality parameters [29],
the permissible ranges of voltage changes are given as
a percentage of the rated voltage. Therefore, changes in
voltages and currents were expressed as percentages,
referring them to nominal values at the measurement
points where the registration was made.

2. LINE SUPPLYING TRACTION SUBSTATION

Rail transport requires a reliable power supply.
For this reason, traction substations are powered by
independent power lines. In the case of the friction
substation presented in the article, these are two lines
with a rated voltage of Un=15kV. DC electric traction,
due to the converters used in traction substations, is
one of the largest non-linear consumers supplied
from the power system. The currents drawn by the
substation are distorted currents. Figure 3 shows the
course of currents recorded in the line supplying the
traction substation (point A- Figure 1).

The size of the current distortion in the line supplying
the traction substation is affected by: mainly the load
of the rectifier units from which the DC traction is
supplied and non-linear receivers supplied from the
non-traction lines and substation auxiliaries circuits.
Figure 4 shows the share of individual harmonics in
the spectral distribution of the current recorded in
one of the phases.

-
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Fig. 3. Waveforms of currents recorded in the line supplying the traction substation
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Fig. 4. Waveforms of currents recorded in the line supplying the traction substation

In the spectral distribution of higher current harmonics,
there are mainly odd harmonics. The values presented
in Figure 4 have been referred to the first harmonic
(according to the formula 1), whose value is 100%.

|

2 x100[%)]

I (1)

The assessment of the quality of electricity supplied

ih=
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by the supplier takes place at PCC. This is the
connection point of the traction substation with the
power system (Point A in Figure 1). The permissible
values of the parameters characterizing the quality
of the supply voltage are given in the Regulation ...
[29]. Figure 5 shows the voltage Waveforms recorded
in the PCC and the spectral distribution of the voltage
in one of the phases.
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Fig. 5. Voltage waveforms and spectrum of voltage harmonics recorded at point A
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Fig. 6. Changes in the harmonic distortion factor THDy recorded in phases L1, L2, L3
In the spectral distribution of higher voltage harmonics, The voltage distortion in the PCCis affected by both

there are mainly odd harmonics. The values presented  traction substation loads and other non-linear receivers
in Figure 5 were related to the first harmonic (according  supplied from the power system. Changes in the

to the formula 2), whose value is 100%. harmonic distortion factor THD have a typical course
h for changes in the power system load - Figure 6.

u,=—x100[%] (2)  However, there are additional, rapid changes resulting

Uy from the variable (large) load of the traction station.
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Fig. 8. RMS voltage changes recorded during the measurement week

Changes in THDU in individual phases have very
similar values and course of changes during the
measurements. The correlation coefficients between
changes in THD in individual phases are: rmpuuie =
0.989, rmputais = 0.975, rmpusts = 0.976, respectively.
Figure 7 shows the changes in the harmonic distortion
factor of the THDI current recorded in the PCC.
Correlation coefficients between changes in THD
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current in individual phases are respectively: rmpiie =
0.959, rrHpizz = 0.923, rvpisu = 0.918.

Figure 8 shows changes in the average RMS voltage
recorded during the week in the line supplying the
traction substation. Correlation coefficients of voltage
changes in individual line phases are respectively
ruue = 0.996, ruwaiz =0.995, rusu = 0.997.
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Based on the analysis of changes in voltages,
currents and strain coefficients THDU and THDI, it
was assumed in the further part of the article to
consider disturbances in the phase with the highest
values. In the case of measurements of electricity
quality indicators in accordance with [], the values in
the adopted measurement interval are averaged. For
RMS voltage, the interval is 10 minutes. In the case of

109

voltage disturbances lasting from milliseconds to tens
of seconds, analyzing changes in a long measurement
interval, significant cases affecting the correct operation
of electrical devices can be omitted. Figure 9 shows
the changes in the effective (a), maximum (b) and
minimum values recorded during the week at the
adopted 10-minute measurement intervals.
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Fig. 9. Changes in RMS (a), maximum (b) and minimum (c) values recorded during the week at the adopted

10-minute measurement intervals

As a result of changes in the traction station load,
a number of voltage dips and swells were recorded
in the power supply network. These disorders have
a very violent course. Figure 10 shows an example of
a disturbance in the voltage supplying the traction
substation. Figure 10 shows the supply voltage dip in
the L2 phase and the voltage increase in the remaining
phases. The disturbance time is approx. 1 second.
After this time, the supply voltage values return to
the state before the disturbance occurred.

Figure 11 shows the RMS voltage disturbance

recorded in the L3 phase. After the initial voltage dip to
approx. 45% Un, there is a rapid increase in the voltage
value to 180% Un. Voltage changes are oscillatory and
last about 2 seconds.

The light flickering phenomenon generated by
lighting receivers is caused by rapid voltage changes.
Figure 12 shows the changes in the short-term Ps
and long-term Pr.of the flicker indicator recorded during
the week of measurements in the line supplying the
traction substation.

35



Power quality in the circuits of traction substation

U [kV] ne |[A]

Time [s]

Fig. 10. Changes RMS values of voltages and currents recorded in the line supplying the traction substation
e e T T e e R '“fllﬂ\l

168,

10 15 2 09 o5 10 5 Time [s]
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Fig. 12. Changes in the short-term P and long-term Py of the flicker indicator recorded during the week of
measurements in the line supplying the traction substation
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In the case of recorded such high values of the long-
term light flicker index P, one can expect annoying
flickering of light. This flicker may occur for a short
period of time. It depends on the number and time
of occurrence of voltage fluctuations in the supply
network.

3. POWER SUPPLY FOR RECTIFIER UNITS

Twelve-pulse pre-converters are installed at the
traction substation. They are powered by traction
transformers. Traction vehicles are the main load of
the substation. They are characterized by high unit
powers and dynamically changing power consumption,
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especially at start-up. The need to convert AC voltage
to DC causes the converters used for this purpose to
distort the currents. On the impedance of the supply
network, distorted currents cause distorted voltage
drops, which in turn leads to distortion of the supply
voltage in the PCC. Figure 13 shows the waveforms of
voltages and currents recorded in the circuits supplying
the rectifier units.

Figure 14 shows the current waveform and the
spectrum of current harmonics for one phase. Values of
higher harmonic currents are expressed as a percentage.
The first harmonic current of ihi=100% was taken as
the reference value.
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Fig. 13. Changes waveforms of voltages and currents recorded in the circuits supplying the rectifier units
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Fig. 14. Voltage waveforms and spectrum of voltage harmonics recorded at point A
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Shown in Figure 14 show increased values of
harmonics characteristic of twelve-pulse converters,
i.e.: ih11, ih13, ih23, ih2s, ih3s, ih37, ih47, Thao.

Voltage disturbances are also caused by the
dynamically changing load of the traction substation.
Changes in the effective value of the current (Imin, Imax,
Imean) recorded during the week (a) and during one

300

1[a]
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day of measurements (b) are presented in Figure 15.

In order to assess the impact of dynamic changes
in traction substation load, measurements were made
at measurement intervals of 5 seconds. Figure 16
shows the changes in the RMS current and voltage
values recorded at 5-second measurement intervals
in phase L1.
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Dynamic changes in the currents drawn by traction
locomotives are the main source of voltage fluctuations
in the substation supply line. Especially during the
start-up of trains, the destruction is greatest.

4. LINE OF NON-TRACTION NEEDS

The proper functioning of rail transport requires
electricity to be supplied to both the electric traction
and facilities related to, among others, with the
operation of trains. Non-traction needs lines are used
for this. The power devices at railway stations and non-
traction power devices located along the railway route.

PKP Energetyka, responsible for the supply of
electricity to traction substations, holds concessions for
the distribution, transmission and trading of electricity.
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Thanks to the concession issued by the Energy
Regulatory Office, it is possible to sell electricity to
individual consumers [30]. This allows to supply power
to recipients located close to these lines, which are
the only source of electricity.

Receivers of very different nature and power are
supplied from the non-traction needs line. Some of
them are receivers sensitive to power supply voltage
disturbances, others, e.g. non-linear or with dynamically
changing load, affect the quality of power in the power
line. Figure 17 presents waveforms (oscillograms) of
currents recorded in non-traction power lines. The
distortion of the current curves from the sinusoidal
waveform is visible.
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Fig. 17. Waveforms of currents recorded in line of non-traction needs
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Due to the fact that the energy is sold to commercial
customers on the free energy market, the supplier
should, to a greater extent than in the own needs
circuits, ensure appropriate parameters of the supply
voltage. In the analyzed case, the traction substation
(Figure 1 - point A - Ur=15kV) is the power distribution
point for: traction vehicles, receivers installed on the
traction substation and receivers supplied from non-
traction needs lines. Therefore, the quality of voltage
at the power distribution point is affected by: traction
vehicles (mainly), consumers supplied from non-
traction power lines and changes in the power system
from which the traction substation is supplied.

Figure 18 shows the changes of the harmonic
distortion coefficient THDu and THDimeasured during
the week in the line of non-traction needs.

Changes in the harmonic distortion factor of the
THDU voltage are similar to typical changes characteristic
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for the power system. Current distortion factor THDI
depends on the degree of non-linearity of the load.
The correlation between the waveforms is low and is:
rrupu_thor 11 = 0.363

Figure 19 shows the spectrum of voltage and
current harmonics registered in the non-traction needs
line (for the point where the current reached its
maximum value). The first harmonic of the voltage
u1=100% and the current i1=100% was taken as
reference values.

The amplitudes of individual harmonics of voltages
un and currents in are much more closely correlated.
The correlation coefficient is runjn = 0.981. On the basis
of the analysis of the measurement data, it was found
that the distortion of currents in non-traction power
lines was greatly affected by the distortion of the voltage
supplying the traction substation. The distortion of the
substation supply voltage depends on the traction load.
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Figure 20 presents the changes of the current and
the harmonic distortion factor THDU registered in the
traction supply line (a) and the non-traction line (a).
Measurements were made at 5-second measurement
intervals.

The use of short measurement intervals (5 seconds)
allowed for a more accurate estimation of disturbances
related to the dynamically changing substation load.
Dynamic load changes result mainly from the start-
up and acceleration of the traction units. The value
of the current drawn at the moment of starting the
train (Fig. 20.a) is about 18-20 times higher than the
current value of the receivers supplied from the non-

traction lines (Fig. 20.b). With such a large change in
the current of the deformed traction train, a change
in the deformation of the supply voltage waveform
is visible (Fig. 20.b). In the analyzed case, the correlation
coefficient for the waveforms in Figure 19a is:
rmu=0.915, and that of the waveforms in Figure 20.b
is: rmru=0.119. It can therefore be concluded that at
the level of voltage Un=15kV supplying the substation,
the impact of non-traction consumers on the distortion
of the voltage waveform (curve) can be neglected.
Such a conclusion cannot be formulated in an obvious
way in the case of the impact of non-traction receivers
at the voltage level of Un=0.4kV.
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Fig. 20. Changes of the current and the harmonic distortion factor THDU registered in the traction supply

line (b) and the non-traction line (b)
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Disturbances arising in the substation supply line
directly affect the quality of electricity in non-traction
needs circuits. Voltage dips are one of the most
common disturbances in the power system, and their
elimination is very difficult, especially with high power
of interfering receivers and irregular nature of load
changes.

Figure 21 shows the course of the voltage and
current during the disturbance registered in the L3
phase. The duration of the voltage dip is less than 0.5
seconds. As the voltage decreases, the current
decreases as well. On this basis, it can be concluded
that the cause of this disturbance is not the recipients
of power supply from the non-traction needs line.

Another example of RMS voltage and current
changes recorded during a disturbance in the L1 phase

is shown in Figure 22.

The cause of the voltage dip in the non-traction
demand line is a disturbance that occurred in the
substation supply line or on the DC side of the electric
traction.

Figure 21 and Figure 22 show disturbances only
in the selected phase of the non-traction needs line.
Such presented disturbances increase the readability
of the drawings presented in the article. Of course, very
often disturbances occur simultaneously in all phases
of the line. Such a case is presented in Figure 23.

The analysis of current and voltage waveforms
presented in Figures 21, 22, 23 shows that the cause
of the disturbance is in the power system. This is
evidenced by the fact that as the voltage decreases,
the current decreases as well.
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Fig. 21. Voltages and currents waveforms recorded in line of non-traction needs — phase L3
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0,00

Fig. 24. Place and method of connecting the power quality analyzer Memobox 800

5. INTERNAL TRACTION SUBSTATION NETWORKS

The internal circuits of the traction substation are
powered by a 15/0.4 kV auxiliary transformer. As a rule,
two auxiliary transformers are used, one of which is
redundant. These transformers supply the auxiliary
circuits that have a very large impact on the operation of
the traction substation. These include protection, control
and signaling circuits. Especially the use of modern
protections, control devices, data transmission devices
requires the appropriate quality of the supply voltage.

In order to assess the quality of electric energy,

indicators characterizing voltage quality were recorded.
The measurements were carried out at the voltage
level of Un=0.4kV.

Figure 24 shows the place and method of connecting
the power quality analyzer Memobox 800 (Figure 1
—Point D).

Changes in the voltage in the auxiliary circuits are
closely related to the changes in the voltage in the
substation supply line. Figure 25 shows the voltage
waveforms measured at the same time in the
substation's auxiliary circuits and the substation's
supply line.
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Fig. 25. Changes in RMS voltage recorded during the week in the substation circuits and the traction substation

power supply line

107
106.5

106

[%]

105.5

U_15kV

105
104.5

104 j’)’
103.5 A&

103
97.5 28 98,5 29

99,5 100

100.5 101
U_0.4kV [%]

Fig. 26. Correlation between RMS voltage recorded during the week in the substation circuits and the traction

substation power supply line

The correlation coefficient determining the
dependence of changes between the voltages Uisky
and Uoakv is ruap=0.996 — Figure 26.

The distortion of the voltage curve in the auxiliary
circuits depends on the distortion of the voltage
supplying the traction substation (voltage at the
connection point of the auxiliary transformer). Figure

21

27 presents changes in the THDU coefficient registered
during the week in the substation supply line and
auxiliary circuits.

The correlation coefficient determining the
dependence of changes between the THDU at the
level of Un=15kV and the THDU at the level of

n=0.4kV is rrpu=0.933 - Figure 28.
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Fig. 27. Changes in THDU recorded during the week in the substation circuits and the traction substation
power supply line
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Fig. 28. Correlation between THDU recorded during the week in the substation circuits and the traction
substation power supply line

On the basis of the analysis of changes in electricity  non-traction lines and auxiliary circuits are caused by
quality parameters, it can be concluded that both the DC traction power supply system and the
disturbances in lines supplying traction substations,  power system.
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Based on the analysis of the measurements, it was
found, based on the standard [19] and the Regulation
on customer service standards in force in Poland
[20], that the parameters characterizing the quality
of electricity did not exceed the acceptable levels -
Figure 29.

The substation in which the tests were carried out

has a 6 kWp photovoltaic installation installed. 12 Risen
500Wp modules installed. The inclination angle of the
modules is 15° and the azimuth of the installation is
127°. The inverter used in the installation - Fronius
Symo 6.0-3-M.

Figure 30 shows the arrangement of photovoltaic
panels on the roof of the traction substation.

Fig. 29. Graphical summary of the measured energy quality indicators in the electrical network of the
substation's own needs
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Fig. 30. Arrangement of photovoltaic panels on the roof of the traction substation
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Powered from the photovoltaic installation are
receivers connected to the traction substation's own
needs network (400/230V). When the photovoltaic
installation produces energy, there is a visible reduction
in the current value in the line supplied from the
auxiliaries transformer - Figure 31. Of course, the
amount of energy produced by the photovoltaic
installation depends on weather conditions.

Installing a photovoltaic installation reduces energy
consumption by devices powered from non-traction
power lines and affects the quality parameters of
electricity.

In the case of connecting solar systems to low-
voltage networks, there is often an increase in voltage.
A similar phenomenon occurs in the analyzed case.
During the operation of the photovoltaic installation,

250,

an increase in voltage was recorded - Figure 31, Figure
32. The increase in the voltage value is small, because
all the energy produced is consumed by the receivers.

If several photovoltaic installations are connected
to the low-voltage line, excessive voltage increase may
lead to incorrect operation or damage to the receivers.
This phenomenon is intensified in the case of low
consumption of energy produced by photovoltaic
installations (low auto-consumption).

6. DISCUSSION

Electric traction is one of the largest consumers
supplied from the power system. Due to the safety
of train traffic, the traction substation supplying energy
to vehicles requires power from two independent
power lines.
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Fig. 31. Changes in RMS voltage and current recorded during the week in the substation circuits
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Traction substations are a source of disturbances
affecting the quality of energy in the power system
from which they are supplied. One of the disturbances
is the change in the voltage supplying the traction
substation. These changes are characterized by very
variable dynamics. Particularly during the start-up of
large traction units, the RMS value of the voltage
changes visibly. Figure 33 shows the changes in RMS
voltage and RMS current recorded in the substation
supply line during the start-up of the electric traction
unit. Point L (Imean LoW) - Figure 33, applies to the case
when the energy is taken only by receivers supplied
from the auxiliaries and non-traction lines. The
recorded current value is approx. 10A (Low). Point H
(Imean High) was determined for the highest current
value of 132 A (high), which is related to the energy
consumption of the traction train. There is a visible
decrease in the effective value of the voltage supplying
the substation. Due to the rectifier devices used to
convert alternating voltage into direct current, electric
traction generates disturbances (collects distorted
currents) affecting the voltage distortion in the power
system. These disturbances are propagated to other
lines, including lines supplying non-traction consumers.

Figure 34 shows the spectrum of harmonic current
and voltage waveforms recorded at Point L and Point
H (markings in Figure 33).

For the case, Point L, the spectrum of voltage and
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current harmonics are characteristic of typical
waveforms recorded in the power system. The value
of the deformation of the voltage curve supplying
the traction substation is mainly determined by the
nature of the receivers (degree of non-linearity)
supplied from the power system, from which the
electric traction is also supplied.

The increase in energy consumption by the traction
substation related to the movement of trains causes
an increase in the current value in the supply line-
Point H (Figure 33). This current, in addition to a high
RMS value, is characterized by a sinusoidal distortion.
There are characteristic current harmonics, i.e. 11, 13;
23, 25; 35, 37, generated by rectifier units operating in
a twelve-pulse system (Figure 34.b-red). The distortion
of the current curve has a visible effect on the distortion
of the supply voltage. increase). There are harmonic
voltages of the orders: 11, 13; 23, 25; 35, 37. (Figure
34.a-ed.). Figure 35 shows the changes in RMS value
of voltage and currents measured in the traction
substation supply line (a), the rectifier unit supply
line (b) and the non-traction needs line (c).

Analyzing the impact of the DCtraction system on
the quality of energy in the auxiliary and non-traction
circuits, it was found that changes in the RMS voltage
in the auxiliary and non-traction circuits depend mainly
on the value of the power consumed by the traction
vehicles - Figure 35.b.
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Fig. 33. Changes in RMS current and voltage value measured in the line supplying the traction substation
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Fig. 35. Changes in RMS value of voltage and currents measured in the traction substation supply line (a),
the rectifier unit supply line (b) and the non-traction needs line (c)

CONCLUSIONS

The collected measurement data, selected fragments
of which have been presented in the article, will be
helpful in model research involving the assessment
of the impact of traction substation power supply
conditions on the magnitude of disturbances generated
by DC electric traction. As the analysis presented in
the article shows, the quality of electric energy in the
traction substation circuits is a superposition of
disturbances: generated by the power system from
which the substation is supplied, receivers powered
from non-traction needs circuits and mainly by traction
vehicles. Due to the safety of traction vehicles (trains),
it is not possible to supply power to individual traction
substation lines only. This means that only tests
(measurements) in real conditions, with the use of
recording power quality parameters in several points
at the same time, allow for the identification and
assessment of emerging disturbances. The value of the
short-circuit power of the supply network in relation
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to the rated power of the traction substation has
a decisive influence on the magnitude of disturbances.
Knowing the actual parameters of the traction
substation power supply network (supply voltage value,
supply network impedance, transformer parameters at
the Main Supply Point) and power parameters of the
traction substation, a computer model can be
developed. After performing the model (computer)
tests, the correctness of the proposed model can be
verified with the real substation power supply system.

JAKOSC ENERGII ELEKTRYCZNEJ W OBWODACH
PODSTACI TRAKCYJNEJ PRADU STALEGO

Transport kolejowy w Polsce wykorzystuje do zasilania
pojazddw (lokomotyw i zespotdw trakeyjnych) trakgje elektryczng
pradu statego. Konieczne jest zatem przeksztalcenie napiecia
przemiennego systemu elektroenergetycznego na napiecie state
systemu trakcyjnego. Zamiana napiecia przemiennego na napiecie
state odbywa sie w podstacjach trakcyjnych. Wykorzystywane
do tego celu sg zespoty prostownikowe zainstalowane na
podstadach trakcyjnych. Sprawia to, Ze trakdje elekiryczng zaliczy¢
nalezy do obiorcdw o charakterze nieliniowym. Dodatkowo
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obdigzenie podstadji trakcyjnej zmienia sie w sposdb dynamiczny.
Wszystko to powoduje, ze trakcja elektryczna jest odbiorcg
generujgcym do sieci szereg zaburzen. Zaburzenia te wptywajg
na jakosci energii elektrycznej systemu elektroenergetycznego,
z ktdrego zasilane s3 podstacje trakcyjne oraz jakos¢ energii
w liniach potrzeb wiasnych i potrzeb nietrakcyjnych. Artykut
przestawia wyniki analizy pomiaréw wskaznikow jakosci energii
elektryznej zarejestrowanych w wybranych punktach linii podstadii
trakoyjnych. Parametry charakteryzujgce jakos¢ energii elektrycznej
zarejestrowano m.in. w gldwnej linii zasilajacej podstadie trakcyjng,
linii potrzeb nietrakcyjnych oraz obwodach potrzeb wiasnych.
Prezentowany artykut jest jednym z cyklu publikacji zwigzanych
z oceng oddzialywania trakdji elektrycznej pradu statego na system
elektroenergetyczny.

Stowa kluczowe: jakosc energii elektrycznej, trakcja elektryczna,
zakléeenia, zmiany napiecia, wyzsze harmoniczne, THD
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