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APPLICATION OF ENERGY STORAGES
ON SUBURBAN ELECTRIC ROLLING STOCK

Nerubatskyi V. P., Hordiienko D. A.
Ukrainian State University of Railway Transport
(Ukraine)

Introduction. The use of energy storage both on the railway network and in electric
rolling stock is an effective way to save energy resources and protect the environment [1]. The
need for such a device is especially felt in suburban railway transport, where acceleration and
braking modes are often switched.

Relevance of the research. The most common types of drives are [2, 3]:

— electrochemical, based on the following types of batteries. They provide long-term
storage of accumulated energy and have acceptable weight, size and cost indicators. But, the
process of charging them is quite complex and lengthy;

— capacitor, based on supercapacitors — ionistors. Such drives have good weight, size and
power characteristics. However, they have a fairly high cost;

—mechanical, based on rotating flywheels. Their main advantage is their high power
density, with small weight and size parameters. The main disadvantage is the high energy
leakage during long-term storage;

— pneumatic, based on compressed air cylinders, a compressor and an air motor.

The storage of inertial electromechanical energy storage is a promising energy saving
technology [4]. Such energy storage makes it possible to utilize the galvanized energy of
transport vehicles, and then use it for high-speed trains, ensuring a very effective energy-saving
system.

Formulation of the problem. An important problem when operating a system with an
energy storage device is the need to ensure a controlled flow of power between the traction
electric motor and the inertial energy storage device at counter-changing speeds of
electromechanical devices in the generator and motor modes of their operation.

Research of the results. An inverted DC electric machine with a semiconductor switch
and excitation from permanent magnets is adopted as an electromechanical energy conversion
system. A rotating inductor is an alternating-pole magnetic system.

To make the device compact, the electromechanical energy converter is placed inside a
cylindrical rotor. The storage device stores energy when the electromechanical energy
conversion system operates in engine mode and the rotor speed increases. And it produces
energy when the system switches to generator mode and the rotor speed decreases.

The inertial energy storage device considered in this work assumes its operation when
operating in the "braking — parking — acceleration" cycle. To do this, in the traction drive system
of an electric rolling stock with a storage device, it is necessary to use a DC-DC converter that is
capable of providing a voltage difference at the terminals of the traction motors and the storage
device in order to maintain the power current of the circuit (Figure 1).
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Figure 1 — Schematic diagram of connecting a drive with a DC-DC converter

383



Cyuacni inpopmayitini ma innosayini mexnonoeii na mpancnopmi (MINTT — 2024), 29-31 mpaeus 2024 poky

In Figure 2 shows a diagram of the placement of equipment on electric rolling stock.
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Figure 2 — Layout of traction equipment on electric rolling stock

A special feature of this electric train scheme is that its traction electric drive system
provides an energy storage device, which must store kinetic energy in braking mode in order to
subsequently release it through the traction circuit when the train accelerates.

The traction drive, consisting of two identical traction units, receives power through
protection equipment from one of the two pantographs. The traction unit contains two circuits
connected in parallel - traction and storage. Each of the converters of these circuits has a direct
connection to the traction network through an input filter. This electric drive circuit makes it
possible to use current coming from both the contact network and the energy storage device for
traction. During recuperation, braking energy can be returned to the contact network and at the
same time stored in an accumulator. The distribution of the flow of electrical energy to the drive
and storage occurs due to the parallel connection of a traction inverter and a reversible converter,
which ensures two-way current flow. This can be realized by a special control system, which will
eliminate the flow of energy from the contact network to the storage device during recovery, and
its outflow from the storage device to the contact network in traction mode.

Conclusion. The considered storage device utilizes about 60 % of the braking energy of
electric rolling stock. Up to 47 % of this energy is reused during train acceleration. As a result,
up to 28 % of energy is saved in each "braking — parking — acceleration" cycle. This percentage
depends on the parameters of the energy storage device itself, its interaction with the traction
drive, as well as the utilization factor.
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