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Abstract: This paper deals with harmonic currents generation and propagation in AC
traction system 25kV, S0Hz. With concerning to a stochastic character of harmonic currents is
used a probabilistic approach for their representation.
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1 Introduction

The Railway of SR is using two main traction systems, the DC (3kV) and
single phase AC (25kV, 50Hz). Both of them derived their power from utility
system. This paper takes interest to AC traction system.

A result distortion caused by AC locomotives in traction sector can affect
to supply voltage waveform. Voltage waveform distortion in utility system may
exercise an influence on other consumers through the common connection point
in public electricity supply. Therefore it is necessary to quantify the harmonic
current flows into the electricity supply. To eliminate of influence of excessive
voltage distortion may require a filter installation.

We take a focus to evaluate the measured data from real traffic and
describe simulation possibilities based on probabilistic techniques. The
deterministic calculation of each harmonic current consider a steady state,
therefore the resultant disturbance is steady. However, the operation of
locomotive on a traction feeder is not just steady and the part of harmonic
currents has a stochastic character.
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2 AC traction system
The power supply of AC traction system is done by the three phase utility
system 110kV, 50Hz. It can be realised by phase-fission or by staggered single-
phase junction.

2.1 Description of the measured system

Measured system is shown on Fig. 1. pj_3-50Hz110kv _ Utility system
This traction substation supplies only one 3
traction sector 22km long. The single-phase ‘}‘:P
transformer connected to utility system feed
on secondary side two rails. We have
measured the current and voltage harmonics
in three points. First was on transformers
primary side and the others on secondary
side on each rail-feeder.

We have realized the long-time j

measurement, during that was monitored

current and voltage harmonics up to 50-th

included. In traction sector were operated \I

conventional locomotives with separately } }
excited DC driving motors and impulse

control. Duration of locomotive operation in

traction sector was from 15 to 45 minutes. 1. rail-feeder 2. rail-feeder
For evaluation of harmonic current flow is a Fig. 1 Measured traction substation

worst condition of all the operating modes a

locomotive accelerating at maximum tractive effort. We assumed, that in
conditions when there are more locomotives at same traction sector, the
simultancous operation at maximum tractive effort is not so likely.

2.1.1 Measured data examples

In following we present results obtained from measured data set. At first
here are shown harmonic spectrum of current and voltage at each rail feeder and
primary side of transformer in one-day measure duration (Fig. 2 — Fig. 4). With
Figure 5 a)-d) (shown harmonic currents scatter diagram in complex plane) we
will deal in next chapter. Ratio of harmonic voltages particular in tolerance
interval at secondary side shows Tab.1. A Minimum of 95% of all values should
be within Tolerance Range. It is evident, that majority of voltage harmonics fall
in to the tolerance range, only the fifteenth and twenty-first harmonic exceeds
95% condition, and ninth harmonics is nearby the limit. Voltage harmonics at
transformer primary side are all within tolerance range.
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2 Tab.1 Harmonic Voltages
Harm. | Tolerance | % of values within
20- order | Range % [ Tolerance Range
7 UL uL2
£l THD | 0-8,00 100,00 100,00
3 2 0-2,00 | 100,00 100,00
B 3 0-5,00 | 100,00 100,00
E 4 0-1,00 100,00 100,00
'R 5 0-6,00 | 100,00 100,00
5- | I I ” | 6 0-0,50 100,00 100,00
. 7 0-5,00 | 100,00 100,00
Wi ||| oL _LI_I_II_I_LI]-l_-l_l_ll-l_ll-l,l_ 8 0-0,50 100,00 100,00
O 9 0-1.50 96,55 96,55
a) i 10 | 0-0,50 | 100,00 100,00
2~ 1 0-350 | 100,00 100,00
12 | 0-050 | 100,00 100,00
i 13 | 0-3,00 100,00 100,00
i 14 | 0-0,50 | 100,00 100,00
T 15 | 0-0,50 33,10 33,10
5 16 | 0-0,50 | 100,00 100,00
F 17 0-2,00 | 100,00 100,00
H o . 18 0-0,50 100,00 100,00
» 19 | 0-1,50 | 100,00 100,00
.- 20 | 0-0,50 | 100,00 100,00
| | n l T | 51 | 0-050 | 9241 | 9241
e MLLLLLLLLLLLL L L L 22 | 0-050 | 100,00 | 100,00
GOSN L e M R L S R i 23 0-1,50 100,00 100,00
b) i 24 | 0-050 | 100,00 | 100,00
Fig. 2 Spectrum of current harmonics: 25 | 0-150 | 100,00 | 100,00

a) rail-feeder 1, b) rail-feeder 2
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Fig. 3 Spectrum of voltage harmonics:
a) rail-feeder 1, b) rail-feeder 2
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Fig. 4 Spectrum of current and voltage harmonics at primary side of transformer:
a) current, b) voltage
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3 Probabilistic approach

Each probabilistic formulation requires, at first, the statistical
characterization of an input data and then evaluation of statistical features of
output variables. The statistical characterization consist from deciding which of
a system components can be kept fixed, and what are the statistical features to
characterize the random nature of the stochastic variables. For investigation of
random variables properties is necessary to obtain their characteristic function.

3.1 Stochastic character of locomotive harmonic currents

Measured data from traction substation were analysed by FFT (Fast
Fourier Transformation) and derived the current amplitudes and phases. The
scatter diagrams of third, fifth, seventh and ninth harmonic are shown in Fig. 5.
This diagrams is including one-day operation of locomotives on one rail feeder.
Only one locomotive operating at tractive sector was a rare, but not impossible
event.

The deterministic part of locomotive currents can be caused by
locomotive operation at steady speed, coasting or braking. During acceleration
time, the locomotive currents can be assumed to be random. Each locomotive is
assumed as independent harmonic source.

The scatter diagrams in Fig. 5 are shown circular loci of harmonic
currents, as were described in [1]. From the all currents of each harmonic is
needed to remove the deterministic behaviour. Each random harmonic current is
a two dimensional random vector, and can be described by the joint density
function, or the marginal density functions of its real and imaginary parts. This
probabilistic representation may be derived from measured data by means of
real and imaginary component variances and covariance. Next step is to derive
from them the marginal random variables probability density function. Thus a
two dimensional PDF is needed to represent the each harmonic.

3.2 Probabilistic model of harmonic current propagation

AC traction system components consist of traction single phase
transformer connected to utility system, overhead traction line and locomotive —
floating load point, which can be represented as a busbar with variable location
and load. All of static equipment can be modeled by standard equivalent circuits.
The locomotive load can be modeled by PDF for each of harmonic current of his
standard spectrum.

The purpose of the load flow study is to obtain the fundamental frequency
voltage magnitudes and phase angles. In calculations is the utility system
considered as infinite bus.
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The Nodal admittance matrix is used for the calculation of the system

harmonic voltage
Y, o le
Yo = [_, vy ]
21 22

The locomotive movements should be described by line relief and railway
station distance. The admitance matrix should be defined for all of train
locations. Therefore the harmonic admittance matrix is changing consecutive for
the each locomotive position. Then the deterministic current can be considered
constant, and the random part can be generated by Monte Carlo simulation. The
AC system voltage harmonics are evaluated by solving the linear equation
system for each harmonic:

I = Y{N}U("]; n>1

(n)

4 Conclusions

As result from the measured data, the voltage waveform distortion at
traction transformer primary side from chosen data set do not exceeds
tolerances. That creates a notion, that the locomotives operation in this traction
sector does not require a filter installation. Considering that the complete
analyse of measured data is time and technical difficult operation, we will take a
definite view later.

The harmonic currents generated by AC traction may be represented as
partly random and partly deterministic variables. The random variables may be
described by their PDFs. The total n-th harmonic current is composed of a
deterministic and random part.

In conclusion we wish to thank to the management of ZSR - The Division
of power and electrical engineering, ZSR VVUZ and SSE, a.s. for permission to
measurement, borrowing the measurement facilities and permission to use test
results.
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