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MODULATION METHODS IN ELECTROMECHANICAL DEVICES

AnHoTanusi. COBpeMEHHBIE JIEKTPOMEXAHUUYECKUE YCTPONCTBA HEMPEPHIBHOTO YIIPABIICHUS
TCXHOJIOTHYCCKUMHU IIPOLCCCAMU HCIOJIB3YIOTCA B Pa3JIMYHBIX IIPOMBINUICHHBIX IMPHUIIOKCHUAX.
Cucrema ynpapiieHHs (WJIH DJIEKTPOMEXaHUYECKOE YCTPOMCTBO), MpPUMEHseMast I YIIpaBICHUS
CKOPOCTBKO U MOMCHTOM BHGKTpOI[BI/II‘aTeHef/i NEPECMCHHOI'O TOKa IMYyTEM HU3MCHCHUSA YaCTOThI U
HaIpsDKEHUs MUTaHus, Tpeo0pasyeT NepeMEeHHBIM TOK OJHOM YacTOTHI B MIEPEMEHHBIM TOK APYTrou
4acTOThl. OCHOBHBIMU 3JIEMEHTAMHU CHCTEMBI YIIPABJICHUS SIBIISIFOTCS YCTPOWCTBO YNPABICHUS U
CHJIOBAs 4acTh. DJIEKTPOMEXAaHUYECKOE YCTPOMCTBO (MM CHCTEMa YIPaBIICHHUS ), IPUMEHIEMOE JIJIst
yYHpaBJCHUA CKOPOCTBHO U MOMCHTOM BHGKTpOI[BI/IFaTeJIeﬁ MNEPCMCHHOTI'O TOKa IIYTEM HU3MCHCHUA
HamnpsOKCHUA W 4YaCTOThbl IIUTAHHA 3J'IeKTp0060py,I[0BaHI/I$I, oOecrieynBaeT npeo6pa3013aHI/Ie
IIEPEMEHHOIO TOKa OJHOM 4YacTOTHl B IEPEMEHHBIM TOK JIpPyrom 4acrorel. IIpumepoMm Takoro
yCTpOicTBa  sIBJIsIETCSl IpeoOpa3oBaTesib YAaCTOTHI — JJIEKTPOMEXAHUMYECKOE  YCTPOICTBO,
OGCCHCHHB&IOHICC HCIIPEPBIBHOC YIIPABJICHUEC TCXHOJIOIMYCCKHM IIPOLECCOM. Kaxk npaBujIo, 9TO
YCTPOMCTBO OCYIIECTBJISIET YIPABICHHE CKOPOCTBIO W MOMEHTOM  3JIEKTPOTEXHUYECKOTO
o0opysoBaHusl (C ACHMHXPOHHBIM WU CHHXPOHHBIM JABHUrarenem). Takue yCTpOMCTBAa IIMPOKO
MPUMEHSIIOTCS B Pa3M4HbIX 0O0JacTsIX TpaHCHOpTa M MpoMblieHHOCTH. MccnenoBanue u
pa3pa60TKa TpCX(baSHBIX ABTOHOMHBIX MHBCPTOPOB HAIIPAKCHUA ABJIACTCA aKTyaHLHOﬁ 3anaqe171, n
OJIHUM M3 OCHOBHBIX 3TallOB HUX pa3pabOTKU SBISETCS MPOEKTUPOBAHUE CHUCTEM YIPaBICHUS.
Paznnunoe YIIpaBJICHUEC CHIIOBBIM npeo6pa30BaTeJIeM INPUBOAUT K PCTryJIUPOBKE BPCMCHU pa6OTLI
CHJIOBOTO TPAH3UCTOpPa B 3aBUCUMOCTH OT Kod(duimenrta 3amoaHeHus. Takoi MeTos yrpaBiIeHUs
HA3bIBACTCSI METOJIOM KPYTrOBOM MMITYJIbCHOU Moy isiiuu [1-10].

Abstract. Modern electromechanical devices for continuous process control are used in a
variety of industrial applications. A control system or electromechanical device used to control the
speed and torque of AC motors by varying the frequency and supply voltage converts alternating
current of one frequency to alternating current of another frequency. The control device and the power
section are the main elements of the control system. An electromechanical device or control system
applied to control the speed and torque of alternating current motors by changing the supply voltage
and frequency of electrical equipment ensures the conversion of one frequency alternating current
into another frequency alternating current. An example of such a device is a frequency converter, that
is, an electromechanical device for ensuring continuous control of the process. Usually, this unit has
speed and torque control of electrotechnical equipment (with asynchronous or synchronous motor).
Such devices are widely used in various fields of transport and industry. The research and
development of three-phase autonomous voltage inverters is an urgent issue, and one of the main
stages of their development is the design of control systems. The different control of the power
converter leads to the adjustment of the time of the power transistor according to the ratio of its duty
cycle. Such a control method is the circular-pulse modulation method [1-10].
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The main elements of the electromechanical device or control system are the power unit
(electric power converter) and the control unit (controller). Modern frequency converters have a
modular architecture, which affects the expansion of the device's capabilities, and also in most cases
allows the installation of additional interface modules of input-output channels. The control is
performed by the software in the system control unit (microcontroller), which controls the main
parameters (speed or torque) [1-6]. The efficiency of the control system and the power unit is directly
affected by the modulation method. The growth of research in the field of modulation is characterized
by the extensive development of power-electrical converters, determining economic efficiency and
productivity. The main goal of the modulation method is to achieve the best form of signals (voltages
and currents) with minimal losses. Other additional control issues such as DC voltage rectification,
reduction of input current ripple, reduction of voltage rise rate can be solved by applying proper
modulation method. Modulation methods can be divided into 4 main groups: circular-pulse modulation;
field-vector modulation; harmonic modulation; variable frequency switching methods.Research and
development of three-phase autonomous voltage inverters are extremely relevant. Control system
design is one of main stages of development of an autonomous voltage inverter. Any control of a power
converter ultimately comes down to regulating the on-state time of the power transistor in relation to
the period of its operation (pulse-width modulation method. Considering the trend towards building
digital (digital-analog) control systems for power converters, a large number have been developed for
the class of three-phase inverters control methods. When implementing them to solve practical problems
that require the generation of output voltage with increased frequencies (1-2 kHz), the control system
must be developed on its own due to the lack of ready-made integrated solutions in the form of three-
phase pulse-width modulation controllers. [8-10].

Disadvantages of such converters: imbalance of capacitors that create asymmetry in the
device, this problem is solved by changing the modulation method; uneven distribution of losses -
depending on the operating mode, the losses due to switching of external and central switches differ.
The shown converter output can be scaled to achieve more than three signal levels, by dividing the
voltage of the DC bridge by more than two values through the capacitors. Each of the split voltages
can be connected to a load using a wide variety of switches and limiting diodes. The advantages of
multi-level converters with increased power: the quality of electrical energy, the rate of voltage
increase and the cost of the associated electromagnetic barriers are low. The dependence of the phase
voltage of the converter is shown in figure 1 [2-5].
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Figure 1. Phase voltage of three-level converter with neutral point
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Any control of the power converter ultimately leads to the adjustment of the period of the
power transistor in the open state relative to the period of the operating mode. As is known, such a
control method is called en-circular-pulse modulation. The construction of control systems with
power schemes is covered by a wide class of integrated controllers produced in the industry without
causing difficulties. In this case, taking into account the tendency to build digital (digital-analog)
control systems with power converters, many control methods of the class of three-phase inverters
have been developed. However, in order to solve practical problems, in their implementation, which
require the formation of output voltage with increased frequencies (1-2Hz.), the control system is
implemented as three-phase circular pulse modulation controllers. An autonomous voltage inverter is
a static converter that converts a constant voltage into an alternating voltage by means of
semiconductor switches. With the development of microprocessor technology, vector circular-pulse
modulation algorithms have found wide application. Due to the fully digital design of the pulse
shaping system, the comparison is carried out in digital comparators, a triangular digital opening is
used as a two-way opening at the interval of ©/24, and this is provided by a reverse counter (figure
2). In the implementation of this type of vector circular pulse modulation, they passivate each phase
control twice in the n-difference period of the output frequency during the (n/3) intervals, that is,
there is no switching of the power switches with the modulation frequency. In this case, according to
the control algorithm, either the upper or lower phase switch is open. The other two phases are
controlled by extending the duration of the pulses according to the sinusoidal law through modulation.
Thus, the average switching frequency of each power switch is 1.5 times lower than that of classical
circular-pulse modulation, which reduces switching losses accordingly.
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Figure 2. Reference sinusoidal functions and opening signal

For each phase of the output voltage, there is a period equal to (n/6) in the binary period of
the output frequency, and the voltage of this phase is maximal according to the module. The three-
phase autonomous voltage inverter digital-analog control system developed by the vector circular
pulse modulation method has the necessary speed to stabilize and shape the high-frequency (1-2kHz)
output voltage, improved mass-size indicators, and can be used for various three-phase autonomous
voltage inverters with symmetrical loads can.The main elements of the electromechanical device or
control system are the power unit (electric power converter) and the control unit (controller). Modern
frequency converters have a modular architecture, which affects the expansion of the device's
capabilities, and also in most cases allows the installation of additional interface modules of input-
output channels.

The power unit (electric power converter) and the control device (controller) are the main
elements of the control system or electromechanical device. A frequency converter is an example of
such devices, that is, an electromechanical device that provides process control. The software is
executed in the control unit (microcontroller) of the control system, which controls the main
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parameters.In order to check the speed of the system, a sinusoidal signal of different frequency is
transmitted to the input of the autonomous digital converter, and oscillograms are extracted from the
output of the inverter. From the presented oscillograms, it is confirmed that the control system has
stability and good dynamic characteristics.
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