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ADAPTIVE MULTI-PHASE CONTROL SYSTEM OF THE RECTIFIER-IN-
VERTER CONVERTER OF ELECTRIC ROLLING STOCK

Volodymyr Nerubatskyi, Denys Hordiienko""

Ukrainian State University of Railway Transport, Ukraine

Abstract

Keywords: control system,
electric rolling stock, electro-
magnetic compatibility,
power factor, rectifier-in-
verter converter, traction
electric motor.

An analysis of the influence of the quality of electrical energy on
the reliability and service life of railway devices and other objects
was carried out. The shortcomings of the operation mode of thy-
ristor rectifiers in static converters of single-phase alternating
current electric locomotives have been determined. Simulation of
different control modes of the rectifier-inverter converter of the

electric locomotive was carried out. An adaptive multi-phase con-
trol system of the rectifier-inverter converter is presented using
a diode arm connected in parallel with the rectified current cir-

cuit.

Introduction

The issues of increasing the reliability and effi-
ciency of technical means of electric rolling stock
have always been relevant and have received spe-
cial attention in numerous scientific studies. A
large number of works [1, 2] are dedicated to the
study of electromagnetic compatibility of the "elec-
tric locomotive — contact network" system.

However, there remains the problem of ensuring
electromagnetic compatibility, since during the op-
eration of some signaling, centralization and block-
ing systems using rail circuits, both a traction cur-
rent with a strength of hundreds of amperes and a
weak current of the above systems simultaneously
flow along the rails. Thus, higher voltage harmon-
ics generated by the electric locomotive lead to the
appearance of additional losses in the windings of
auxiliary machines of the electric locomotive,
which reduces their operational resource [3, 4].

The priority tasks were the development and im-
plementation of more advanced technologies aimed
at increasing the reliability of electrical equipment
of traction rolling stock [5, 6]. In this strategy, the
question of improving the quality of electric power
in the power supply system takes first place, since
the operational resource of the technical means of
the entire railway industry directly depends on the
quality of electric energy. In connection with the
growing freight traffic and passenger traffic of AC
mainline railways, the quality of electrical energy
1s being increasingly stricter.

Relevance of research

Distortion of the sinusoidal form of the voltage in
the contact network affects both the operating

characteristics of electric locomotives and the trac-
tion power supply system [7, 8]. Thus, higher volt-
age harmonics generated by an electric locomotive
lead to the appearance of additional losses in the
windings of auxiliary machines of electric locomo-
tives, which reduces their operational resource.

The influence of non-sinusoidal voltage on induc-
tion and electronic devices for accounting for elec-
tricity consumed by an electric locomotive leads to
an increase in the error of the measurement results
of these devices [9, 10]. Harmonics disrupt the reli-
ability of protection devices and worsen their oper-
ational characteristics. In this case, the most com-
mon are false alarms, which are most likely in the
operation of protection systems based on resistance
measurements.

The low quality of electricity leads to a reduction
in the service life of the insulation of electric ma-
chines and devices, low reliability of the operation
of signaling, centralization and blocking devices,
automatic locomotive signaling, to failures in the
operation of the control systems of electric locomo-
tive converters, relay protection, automation,
telemechanics, communication and computing
equipment [11, 12].

Thanks to the use of thyristor rectifiers in static
converters of single-phase alternating current elec-
tric locomotives, it is possible to control collector
traction electric motors by smoothly adjusting the
voltage on them [25, 26]. This is done by changing
the opening moments of the corresponding arms of
the rectifier-inverter converter of the electric loco-
motive within the period of the supply voltage.
However, the operation of such electric locomo-
tives, along with the advantages of the power cir-
cuits of thyristor converters, also revealed a
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number of their shortcomings in comparison with
electric locomotives equipped with semiconductor
heterogeneous diodes.

Losses of failure of technical means from non-ful-
fillment of electromagnetic compatibility require-
ments are quite significant due to the railway net-
work. This determines the relevance and economic
significance of this problem.

The main material of the study

According to the standard mode of operation of
the control system on modern alternating current
electric locomotives, switching in all rectifier in-
verter converters occurs simultaneously. At the
moment of starting commutation, part of the wind-
ings of the traction transformer of each section of
the electric locomotive starts to work as a short cir-
cuit. The simultaneous start of switching of all con-
verters causes a sharp decrease in the voltage on
the current receiver.

The power of the electric locomotive in the hourly
and long-term modes is slightly lower than with
the typical control method, and there is a slight de-
crease 1n the speed of the electric locomotive. In ad-
dition, the constancy of the angle shift by 89° does
not give the full effect of reducing high-frequency
voltage fluctuations of the catenary network due to
changes in the inductance and capacity of the trac-
tion network, which can lead to periodic disruption
of the performance of the electric locomotive. In an
ideal case, the value of the delay of the pulses
should be equal to the half-period of the self-oscil-
lations of the voltage in the traction network. Due
to the difference in the parameters of the traction
network and the variable distance of the electric lo-
comotive from the busbars of the traction substa-
tions, the frequency of free fluctuations of the volt-
age on the current receivers of the electric locomo-
tive changes. In this connection, only partial damp-
ing of free voltage fluctuations occurs.

Thus, for the most effective reduction of distor-
tions in the shape of the supply voltage curve, it is
desirable to introduce an adjustable delay exactly
on the half-period of free oscillation, taking into ac-
count the variable distributed parameters of the
catenary network. In this regard, it is proposed to
use simultaneous commutation with shunting of
the rectified current circuit of the electric locomo-
tive with a discharge diode arm with the develop-
ment of an adaptive multi-phase corner control sys-
tem. It is proposed to delay the control of the con-
verter shoulders, which is equal to the half-period
of the own oscillations of the voltage of the traction
network. This will increase the power factor of the
electric locomotive from 0.84 to 0.88.

Intrinsic voltage fluctuations of the traction net-
work are determined through spectral analysis,

which allows characterizing the frequency compo-
sition of the measured signal. The Fourier trans-
form is a mathematical basis that relates a tem-
poral signal to its representation in the frequency
domain. The time-continuous Fourier transform of
a signal identifies the frequencies and amplitudes
of those complex sinusoids (exponentials) into
which some arbitrary oscillations are decomposed.

Spectral analysis of the catenary voltage is sup-
posed to be carried out taking into account DSP
(digital signal processor) controllers, which provide
fast Fourier transformation. The catenary voltage
through the voltage sensor type LV 100 is supplied
to the input of the voltage sensor matching unit
with the DSP. The latter, according to the given al-
gorithm, carries out a spectral analysis of the har-
monic oscillations of the power supply network, se-
lects the harmonic with the largest amplitude and
calculates the change in the delay angle of the in-
clusion of the arms of the rectifier-inverter con-
verter with pulses with phase p. According to the
signals of the control unit of the rectifier-inverter
converter, the control pulses are alternated and
distributed with converters and their shoulders.

The structural diagram of the implementation of
multi-phase control of the arms of the rectifier-in-
verter converter is shown in Fig. 1.

1o the shoulders of the
rectifier-inverter converter

D3P
(digital
signal

processor)

Galvanic
isolation
and ouput
swirches

Voltage
sensor

Agreemenl

hlock

1

/

Power
supply

The control unii of the
rectiffer-inverter converier
Half-cycle control unil and
traction recovery signals

T

From winding
one's own needs

decoupling
and level
conversion

Figure 1. Structural diagram of the implementa-
tion of multi-phase control of the arms of the rec-
tifier-inverter converter

The created adaptive multi-phase control system
of the rectifier-inverter converter of the electric lo-
comotive will allow, regardless of the location of the
electric locomotive on the feeder zone (changes in
the catenary network parameters), to maximally
perform the function of significantly reducing the
harmonics corresponding to the frequencies of
these oscillations, and to reduce the distortion co-
efficient of the sinusoidality of the voltage curve,
that is, the electric energy in contact network.

In order for the external characteristics of the rec-
tifier-inverter converter in the sections of the elec-
tric locomotive to be the same, it is suggested to al-
ternate the deviation of the angle for each



CEYTTOO-2024

adjustable section in different half-periods. Dia-
grams of the voltage on the traction electric motors
and in the contact network with the proposed algo-
rithms of the rectifier-inverter converter are shown
in Fig. 2, 3.
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Figure 2. Diagram of voltage on traction electric
motors of different sections with the proposed al-
gorithms of operation of the rectifier-inverter
converter
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Figure 3. Diagram of the voltage in the contact
network with the proposed algorithms of the rec-

tifier-inverter converter

When using the presented control algorithms, can
expect a significant reduction in voltage fluctua-
tions and distortions in the catenary network.

For the following control algorithms, the external
characteristics of the converter were calculated:

1. Typical voltage regulation algorithm.

2. Algorithm of the converting unit with multi-
phase control by sections.

3. Algorithm of the converting unit with the in-
clusion of a discharge diode in the rectified current
circuit.

4. Algorithm with different phase control by sec-
tions, as well as with the inclusion of a discharge
diode in the rectified current circuit.

In Fig. 4 shows the comparative external charac-
teristics of the converter of three control algo-
rithms.

Up ¥
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Figure 4. Comparative external characteristics
of the converter under different control modes of
the rectifier-inverter converter of the electric lo-
comotive: 7 — typical work algorithm; 2— pro-
posed algorithm 1; 3— proposed algorithm 2; 4—

proposed algorithm 3

When the electric locomotive is operating, the
proposed control algorithm 2 is the most accepta-
ble. Since in this case, despite the decrease in ex-
ternal characteristics (slightly compared to the
characteristics of the third algorithm), the operat-
ing conditions of the electric locomotive in terms of
voltage quality in the contact network, its elec-
tronic equipment and electrical equipment, and
other equipment located in the immediate vicinity
of the rail significantly improve way.

Conclusion

The use of the proposed control algorithms to-
gether with the adaptive system will allow to sig-
nificantly improve the characteristics of the voltage
in the catenary network, and, therefore, to reduce
the negative impact on the operation of the electric
locomotive. Improving the quality of electricity will
make it possible to extend the service life of the in-
sulation of electric machines and devices, the reli-
ability of signaling, centralization and blocking de-
vices, automatic locomotive signaling, control sys-
tems for electric locomotive converters, relay pro-
tection, automation, telemechanics, communica-
tion and computer equipment.
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