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ENERGY EFFICIENT MODULATION ALGORITHM OF FOUR-
QUADRANT CONVERTER WITH POWER FACTOR
CORRECTION

PhD, associate professor V.P. Nerubatskyi, postgraduate D.A. Hordiienko,
Department of Electrical Energetics, Electrical Engineering and
Electromechanics, Ukrainian State University of Railway Transport,
Kharkiv

One of the important areas of research of semiconductor converters is the
determination of their efficiency and components of power losses, as well as the
study of ways to improve energy efficiency [1]. Diode and thyristor four-zone
rectifiers cause a significant emission of higher current harmonics and
implement a rather low power factor [2]. It is promising to use active four-
quadrant rectifiers with power factor correction [3]. The advantages of such
converters include: ensuring the shape of the consumed current close to a
sinusoid; implementation of a power factor close to unity; ensuring a low level of
emission of higher current harmonics into the power supply network;
implementation of two-way transmission of electric energy; ensuring regulation
and stabilization of the voltage in the direct current circuit.

The report considers the use of an active four-quadrant rectifier with power
factor correction in the traction power supply system. The principle of forming a
sinusoidal input current in a four-quadrant converter with the proposed hysteresis
control system is presented, as well as the results of research on a simulation
model in the Matlab software environment are presented. An improved
hysteresis modulation algorithm in an active four-quadrant converter has been
synthesized, which makes it possible to reduce the number of switching of power
switches and thereby reduce dynamic losses in the converter.

References: 1. Plakhtii O., Nerubatskyi V., Mykhalkiv S., Hordiienko D., Shelest D., Khomenko I.
Research of energy characteristics of three-phase voltage source inverters with modified pulse width
modulation. 2021 IEEE 2nd KhPI Week on Advanced Technology (KhPIWeek). 2021. P. 422-427.
DOI: 10.1109/KhPIWeek53812.2021.9570071. 2. Zare F., Soltani H, Kumar D., DavariP.,
Delpino H., Blaabjerg F. Harmonic Emissions of Three-Phase Diode Rectifiers in Distribution
Networks. IEEE Access. 2017. Vol.5. P.2819-2833. DOLI: 10.1109/ACCESS.2017.2669578.
3. Plakhtii O. A., Nerubatskyi V. P., Kavun V. Ye., Hordiienko D. A. Active single-phase four-
quadrant rectifier with improved hysteresis modulation algorithm. Scientific Naukovyi Visnyk
Natsionalnoho Hirnychoho Universytetu. 2019. No. 5 (173). P. 93-98. DOI: 10.29202/nvngu/2019-
5/16.
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