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Abstract—To control the angular velocity of the auxiliary
electric motors of electric locomotives, controlled converters are
used, making it possible to implement various methods for con-
trolling the electric motors of direct and alternating current. De-
pending on the technical and technological conditions, different
types of controlled converters can be used, and the strictest re-
quirements for controlled converters are imposed at railways.
Advantages of converters with resonant inverters, especially a
reliable natural turning-off of thyristors and the possibility of
obtaining a sine wave form output voltage, make it possible to
apply them in DC and AC electric drive systems in railway
transport.

Analysis of the main methods of controlling the rotational
speed of AC and DC electric drives made it possible to reveal the
advantages and disadvantages of existing control methods and to
concentrate attention on the most promising ones, which include
the control method using the pulse-width modulation and the
control method using pulse-frequency modulation.

The proposed universal method of controlling DC and AC
electric drives has the advantages of the known control methods
and it is based on the application of resonant inverters circuits.

The results of the research give grounds to assert the possibil-
ity and feasibility of controlling AC and DC electric drives by
means of circuits of resonant series inverters that allow control-
ling such basic parameters as the average value and voltage fre-
quency of the motor.

Keywords — electric motor; converter; control; resonant invert-
er.
I. INTRODUCTION

To control auxiliary electric motors of electric locomo-
tives, various controlled converters (CC) are used, making

The carried out analysis [3] shows that the main methods
for regulating the parameters of electric drives (ED) of direct
current are: a method of phase adjustment (PA) of rectified
voltage, a method of pulse-width modulation (PWM) of direct
current voltage, a method of pulse-frequency modulation
(PFM) of direct current. The main methods of adjusting the
parameters of drives of alternating current are: a method of
phase adjustment of variable voltage, a method of amplitude-
frequency adjustment (AFA) of variable voltage, a method of
phase-frequency adjustment (PFA) of variable voltage, a
method of pulse-width modulation of alternating current volt-
age.

The technical characteristics of the main types of DC and
AC controlled converters are presented in Table I, where CR -
controlled rectifier, PWC — pulse-width converter, PFC —
pulse-frequency converter, VR - voltage regulator, FC - fre-
guency converter with DC link, DFC is a direct frequency
converter.

Analyzing Table I, it can be concluded that the best meth-
od is the control method with PWM. This method makes it
possible to create the required wave form of the motor supply
voltage U to achieve high smoothness and a wide range of
angular velocity controlR.ono at constantosp and low dis-
tortion level of the power supply system.

Unfortunately, the control method with PWM has a num-
ber of disadvantages: a slight decrease in efficiency of the
frequency converter, more complex control algorithm [9, 10],
high cost of power switches (transistors), an increased level of
electromagnetic interference.

~ However, there is another method of pulse control (PFM),
fepresented in Table | by a frequency pulse DC converter

possible to implement one or another method for controllingFpC), which is more promising than the PWM method. We
the electric motors of direct and alternating current. Depenc:onsider the circuits of converters based on resonant inverters

ing on the technical and technological conditions, differengs a possible version of the technical implementation of the
types of controlled converters can be used, and the strictes§ntrol method with PFM.

requirements for controlled converters are imposed at rail-

ways.
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TABLE I. THE TECHNICAL CHARACTERISTICS OF THE MAIN TYPES OBC AND AC CONTROLLED CONVERTERS

Type Reontrol cosp Smoothness of| Form of Distortion | Electromagnetic | Complexity | Efficiency | Control
of the of angular of power regulation Unmotor Usystem interference of CC of the CC, % | method
controlled velocity supply
converter system
CR wide lowers high undesired high high low 98-99 PA
PWC wide constant high required low high low 96-97 PWM
PFC restricted increases high required| low low low 97-98 PFM
VR restricted lowers high undesired high high low 98-99 PA
FC restricted lowers high undesired low high low 96-97 AFA
FC with wide constant high required low high high 95-96 PWM
PWC
DFC wide lowers low undesired high high high 98-99 PFA
Il. CONVERTERSWITH RESONANTINVERTERS i.e. this regulation takes place under conditions close to the

. . ._automatic stabilization of the magnetic flux of the motor and
Advantages of converters with resonant inverters, espema‘i-onsequently the constant torque of the motor shaft. Let us

ly a reliable natural turning-off of thyristors and the possibility e that in other systems of frequency converters maintaining
of .obtalnlng_ a sinusoidal wave form of output voltage, aHOWa constant voltage - frequency ratio requires a special control
using them in DC and AC drive systems [3]. algorithm, often associated with a rather complex technical
To control the angular velocity of the motor in DC drives,implementation [2, 4].
various methods for regulating the voltage on the motor are v pote the advantages of converters with resonant invert-
%lplemented in particular using pulse-frequency converters [3,¢ 13]:
Such converters, built on bridge or other single-phase cir, * Reliability of power circuit, caused by the use of close to

. ST . natural series switching of thyristors.
cuits of series inverters, operate in a pulsed mode, when pulse

width remains constant and the pulse repetition frequency < Increase of the converter efficiency due to a lower volt-
changes. The disadvantage of such circuits are a relatively loage drop across the open thyristor in comparison with the tran-
output pulse repetition frequency, that does not allow achiewsistor and a favorable operation mode of the thyristors due to
ing high speed of the electric drive, as well as an unfavorablie sinusoidal wave form of the output voltage pulses.
operation mode of the thyristors due to the non-sinusoidal

: » Use of a relatively simple inverter circuit (including a
)[,t\f;\i/rel (Iglim gOf the output voltage pulses and the short time 0cfontrol system) that allows approximately three times to re-

duce such an economic indicator as the converter’'s cost per 1
The application of resonant inverters in PFC allows receivkW of power in comparison with converters on IGBT-
ing across load voltage pulses close to the sinusoidal waveansistors. At the same time, according to the main technical
form that improves the operation of the circuit thyristors. Theparameters of regulation, such as the range of output frequen-
advantage of resonant inverters is also proved by the fact they variation and the smoothness of regulation, this converter is

PFC circuits based on resonant inverters have a high outptomparable with known circuits of frequency converters.
gfsqEZ\r)gy(;el;![g\i,r\gel\i/r?]riia?ilgrglse;)??ﬁ:eoL(j'lt;‘acl,lliltfsre%fureis(:(;/nggttj IS(\)/\?VE- » Improvement of power factor of the electric drive due to
associated with the frequency characteristics and load c:hara@—e presence of capacitors in the power circuit of the inverter.

teristics of the thyristors used. The results of research of the use of three-phase resonant
. I L inverters for controlling DC and AC motors make it possible
e . aRPicaon of e phase resonarce sries et propose a unversal method for conroling DC and AC
the PFC [3] lectric drlve_s. T_hls metho_d is based on the use of t_hree-phase
' resonant series inverter circuits to control such basic parame-
At present, the most developed methods are those of coters as the average value and the frequency of the output volt-
trolling AC electric drives when the angular velocity of theage.
motor is controlled by changing frequency and average value

of the supply voltage [4, 5]. The essence of this method consists in the fact that the

same power supply circuit of a three-phase resonant series
It is also possible to use a converter with a three-phase thinverter can be used to control the rotational speed of both DC

ristor resonant series inverter to adjust the angular velocity @nd AC motors [3]. We can take as an example the circuit in

an asynchronous motor [6]. The rotational speed is controlleldig. 1, which is used as a direct current converter (DCC) for

by changing the output frequency of the inverter powered bgontrolling a DC motor (DCM).

an uncontrolled rectifier. The average voltage value at the out-

put of the inverter is then proportional to the output frequency,
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In the circuit in Fig. 1, the DC load is included in the cir-is the average armature curreRgis the internal resistance of
cuit of the pulsating input current of the inverter bridge andhe PFCRais the resistance of the armature of the DC motor,
the average voltage in the load Uav (1) depends on the switcArdC is the DC motor constant.

ing frequency of the thyristor paira The required static and dynamic characteristics of a DC
electric drive with a three-phase resonant series inverter are
Uav=Kw, (1) created by means of necessary feedbacks, in particular with
respect to the current and angular velocity of the motor, and
whereK is the voltage gain of the PFC. the use of regulators in the control system with the appropriate
The task of controlling the DC motor can be completelysemngs'

solved by effecting its armature winding by an average voltage We consider then the application of the circuit in Fig. 1 as

controlled by frequencyav (2): a frequency converter for controlling an AC motor, for exam-
ple, an asynchronous motor (AM). We include the stator wind-
Q2=[Vav-lav(Rc +Ra)]C, (2)  ings of the AM (Z1, Z2, Z3) in the diagonal of the alternating

current of the inverter bridge, as shown in Fig. 2.
whereQis the rotational speed of the DC motiay

/. Vst \|/ vss \/ Vvss3
NS N
E; Cc2 I |
C3 |
'gz\vszl gz\vsz gavse

Fig. 1. Circuit of PFC with resonant inverter.

In this case, a rotating magnetic field with the switchingrotation appears, that is a side effect of the impulse regulation
frequency of the pairs of thyristowmis created in the stator Ul av.
windings. The rotational speed of the AM is controlled by
changing the output frequency of the inverdgrand the aver-
age voltage value of the stator windind%av will be propor-
tional to the output frequency, i.e. the rdtltd av kv required
to provide the constant torque of the motor shaft is automa
cally maintained.

These disadvantages can be eliminated by applying a
pulse-frequency modulation method to create the necessary
wave form, amplitude and frequency of the converter's varia-
ble output voltage. Consider the circuit in Fig. 3, consisting of
%o circuits of three-phase inverters (Fig. 1). Both circuits
operate alternatively, creating in the load Z1 a frequency-

However, such simple control algorithm has certain disadmodulated average voltage of a sinusoidal wave form. The
vantages. The first one is that the deep control of the rotation4pltage diagrams for the load in the circuit in Fig. 3 are shown
speed of the AM decreases the maximum torque developed ByFig.4.
the motor. The second drawback is due to the fact that at low
output frequency of the inverter, an irregularity of the motor
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Fig. 2. Circuit of FC with resonant inverter.
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Fig. 3. Circuit of FC with PFM.
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Fig. 4. Diagrams of FC with PFM.

IIl. CONCLUSION

The analysis of the main methods of controlling the rotaf2]
tional speed of AC and DC electric drives made it possible to
reveal advantages and disadvantages of existing control meéh-
ods and to concentrate attention on the most promising on d
which include the control method using pulse-width modula—4]
tion and the control method using pulse-frequency modula{-
tion.

The proposed universal method of controlling DC and ACd
electric drives has the advantages of the known control meth-
ods and it is based on the application of resonant invertergj
circuits.

The results of the research give grounds to assert the p(%]-
sibility and feasibility of controling AC and DC electric
drives by means of circuits of resonant series inverters théﬁ]
allow controlling such basic parameters as the average value
and the voltage frequency of the motor.
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