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IMPLEMENTATION OF THE RAILWAY TRACTION SUBSTATION IN
THE SMART GRID CONCEPT

V.P. Nerubatskyi, PhD (Tech.), D.A. Hordiienko, Postgraduate,
Ukrainian State University of Railway Transport (Kharkiv)

Smart power supply networks use information and communication networks,
technologies to collect information and control energy production and energy
consumption, which allows to automatically increase efficiency, reliability, economic
benefit, as well as sustainability of electricity production and distribution [1, 2]. Smart
Grid is an automated system that independently monitors and distributes electricity
flows to achieve maximum energy efficiency. Therefore, it is promising to use the
Smart Grid concept in railway traction networks.

Practically all elements of the network contain a semiconductor converter as a
matching device [3, 4]. The role of semiconductor converters in the Smart Grid is not
limited to their main functions — the generation of voltages or currents and the
stabilization of electrical energy parameters. Converters manage the change in the
configuration of the electrical network and optimize the operation of the network in
various modes, including those caused by these changes.

If consider the Smart Grid as part of the alternative of a single energy system, it is
possible to distinguish several basic levels of its organization. The first level is related
to the preservation of the existing structure of the network during the transmission of
electrical energy on alternating current. The second level determines the connection
between networks, whose parameters of electric energy may differ. The third level is
formed by distributed generation objects at the stage of distribution and consumption
of electricity - power plants based on alternative energy sources, "active" and "passive"
consumers, as well as electricity storage devices connected to the network. According
to the selected levels, the role of power electronics devices in the organization of the
Smart Grid is determined.

Railway traction substations are quite powerful consumers of electricity, and the
need to improve the energy efficiency of these systems is a priority task. This can be
achieved with the combined use of alternative power sources, powerful electricity
storage and semiconductor converters: power active filters, active rectifiers, storage
charge regulators, etc. [5, 6]. At the same time, power active filters ensure high quality
of electricity transmitted from alternative sources, as well as compensation of reactive
power and higher harmonics of the railway traction substation.

In order to confirm the energy-saving effect of the use of the wind generator and
the power active filter, the analysis of the quality indicators of the electricity consumed
by the DC traction substation, a simulation simulation was carried out in the Matlab
program. The model consists of a six-pulse diode rectifier, a power active filter, a wind
generator with its rectifier (Fig. 1). The control system of the power active filter is built
on the basis of pgr-theory of instantaneous power.
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Fig. 1. A model of a six-pulse diode rectifier with a wind generator
The use of a power active filter in a traction substation will allow to reduce the
coefficient of harmonic distortion of the input current from 37.05 % to 2.15 %. At the
same time, due to the decrease in the content of higher harmonics of the input current,
the rms value of the current decreases from 2138 A to 2019 A, which, accordingly,
leads to a decrease in the total power consumption.
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