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Improving the energy efficiency of the traction
power supply system of electric rolling stock with

alternative energy sources
Volodymyr Nerubatskyi, Denys Hordiienko

Ukrainian State University of Railway Transport
Kharkiv, Ukraine

I. INTRODUCTION

Traction power supply systems are subject to strong fluctuations from the movement of
electric rolling stock. These conditions create problems in the construction of reliable power supply
systems and productivity of rolling stock, which depends on the power supplied by the system [1,
2].

II. ANALYSIS OF RESEARCH AND PUBLICATIONS

In [3] the total electricity consumption of traction rolling stock is presented. As the railway
transport system is one of the largest energy-intensive consumers in electric power systems, there is
a need to increase its energy efficiency.

In [4, 5] it was shown that the use of energy-intensive energy storage devices in power supply
systems will not only reduce the total amount of electricity consumed from the network, but also
significantly reduce energy losses during its transmission and consumption.

III. PRESENTING MAIN MATERIAL

Distributed traction power supply system with alternative energy sources helps to smooth
power fluctuations by increasing the voltage during its drawdown [6, 7]. Photovoltaic systems
transmit the required power during operation in steady state, but during transients and instantaneous
provision of peak power is relatively slow [8, 9]. Therefore, the photovoltaic system must be
combined with energy storage systems to improve performance during transient and instantaneous
peak power requirements for electric rolling stock, as well as to recover energy through
regenerative braking.

Accumulation of recovery energy is used to reduce energy consumption from the electrical
network by other rolling stock plying nearby [10]. In the absence of other available trains, the
excess energy is usually dissipated as heat by a battery of resistors. The energy storage can be used
to store energy and then return it to the traction power supply system if there is sufficient electrical
load.

Energy storage systems are part of an integrated traction power supply and distribution
system and interact with other devices in the network. Many of these devices work non-linearly,
which complicates the modes of operation without the use of control systems. The control logic of
the energy storage system can use external factors to optimize performance. The decision on when
and what level to charge or discharge can be based on such factors as the current state of charge,
speed of rolling stock, loading of the adjacent substation, the presence of other energy storage in
traction power systems, hourly schedule (time of day, train schedule).

In fig. 1 shows a traction power supply system with photovoltaic cells. The energy storage is
used to reduce the level of voltage fluctuations of the traction power supply system, as the rolling
stock is usually designed to operate in a given voltage range. If the voltage is outside this range, it
may adversely affect the operation of the rolling stock.
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Fig. 1 — Traction power supply system with photovoltaic cells

The voltage drop is caused by a short-term overload of the power system, usually due to too
many trains operating in the immediate vicinity, or due to the simultaneous acceleration of several
trains in one area. If the voltage is outside this range, it may adversely affect the operation of the
rolling stock. Energy storage devices can be used with traction power substations to help reduce
excessive voltage dips. Overvoltage conditions are caused by regenerative braking of trains in
places where the electrical load is insufficient to absorb the energy produced by trains.
Accumulation of energy can provide mitigation of such overvoltage conditions. The energy storage
is used to store energy in order to reduce short-term fluctuations in power consumption from the
power supply system.

IV. CONCLUSIONS

The proposed control system for energy storage devices and output voltage regulators of
traction substations provides the necessary conditions for energy storage and minimizes losses of
regenerative energy in traction power supply systems.
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