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Most traction electric rolling stock in Ukraine is morally and technically obsolete,
and therefore needs modernization [1]. In particular, diode and thyristor four-zone
rectifiers, which are used on electric rolling stock AC, cause significant emissions of
higher current harmonics and realize a fairly low power factor, which is in the range
from 0.65 to 0.85, which significantly reduces energy efficiency as the electric rolling
stock and the entire traction power supply system. In turn, the presence in the traction
network of a significant reactive power component leads to the need to use expensive
reactive power compensators, made by passive or active topology [2].

The use of active four-quadrant rectifiers with power factor correction, known as
4QS converters, is promising on electric rolling stock [3]. Unlike traditional thyristor
rectifiers, 4QS converters have a number of significant advantages: they provide a form
of current consumption close to a sinusoid, realize a power factor close to one, provide
a low level of emission of higher harmonics of the current consumed into the power
supply, implement two-way transmission of electricity, and also provide voltage
regulation and stabilization in the DC circuit [4]. The power circuit of the traction
electric drive of the electric rolling stock of alternating current with the 4QS-converter
which supplies the independent voltage inverter and the traction asynchronous motor
is given in fig. 1.

The active four-quadrant rectifier consists of a choke L1, which acts as a buffer
reactor to increase the output voltage, IGBT transistors VT1...VT4, a capacitive filter
C1, designed to reduce the amplitude of the output voltage ripple and a notch filter C2-
L2 used for output harmonic voltage of 100 Hz.
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Figure 1. Power scheme of traction electric drive of alternating current
rolling stock with 4QS-converter

The most widespread in 4QS-converters are control systems based on pulse-width
modulation and hysteresis modulation [5]. Each of these systems has its advantages
and disadvantages. The advantage of control systems built on the basis of pulse-width
modulation is the ability to set a constant modulation frequency, but there are
disadvantages, namely reducing the range of output voltage regulation, and
deteriorating power quality. The advantage of hysteresis control systems is their
relative simplicity and the ability to implement a fairly high quality of electricity. The
disadvantage of existing hysteresis control systems is the presence of a high and at the
same time variable frequency switching of power switches, which causes high dynamic
losses in the converter. The switching frequency of the 4QS-converter with a hysteresis
control system depends on many factors: the value of the input inductance of the
converter, the load current and the setpoint of the hysteresis.
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