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PROSPECTS FOR THE APPLICATION OF AUTONOMOUS VOLTAGE
INVERTERS IN MODERN INDUSTRY AND ENERGY

Autonomous voltageinverters have the widest possibilities and areas of
application. They are considered the best universal module for converting electricity.
In addition to the main function of converting DC toAC, inverters can inversely
perform theinverse function, ie to convert AC to DC. At zerooutput voltage, the
voltageinverter is converted intoa reversible DC-DC converter. Based on it, active
voltageand current filters, reactive power compensators, alternating voltage
regulators, direct frequency converters are performed, ie the voltageinverter link is a
sourceof new circuits.

The main areas of application of stand-aloneinverters are [1, 2]:

— power supply of AC consumers in devices in which oneof theenergy sources
is a rechargeable battery (onboard secondary power sources, backup household power
supplies, etc.), as well as backup power of responsible consumers in caseof possible
disconnection of theAC network;

— electric vehicles powered by the catenary or any sourceof direct current, in
which as traction motors it is desirable to have simple, reliableand cheap short-
circuited induction motors;

— electric drive with asynchronous and synchronous motors, in which the circuit
of theautonomous inverter serves as a sourceof regulated voltageand frequency;

—devices for obtaining alternating current of the required frequency from
sources of direct energy conversion (thermo- and photoelectric generators, fuel cells),
which produceenergy on direct current;

— electrothermia toobtain high frequency alternating current (metal melting,
heating and hardening of products).

Depending on the typeof medium frequency power supply system, the
requirements for stand-aloneinverters can differ significantly and havea significant
impact on the choiceof circuit solution, control and protection principles, methods of
regulating operating modes [3, 4].

The basis of a stand-aloneinverter is a valve switching device that can be
performed on single-phaseand three-phase circuits (circuits with zerooutput or bridge
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circuits). Transistors and thyristors are used as switches in inverters. When using
single-operation thyristors, the circuit is supplemented with elements designed for
their switching. Oneof the main elements is a capacitor. It is important to note that the
purposeof capacitors is not limited to the closureof thyristors. Capacitors arealso used
to form theoutput voltage curveof theinverter, to determine the natureof the transients
in theAC circuit and toincrease the voltageon the load [5, 6].

Single-phaseautonomous voltageinvertersis most often performed according to
the bridge scheme (Fig. 1). The load (usually active-inductive) is included in the
diagonal of the bridge formed by thyristors VS1-VS4and back-connected diodes
VD1-VDA4. Diodes are designed to pass the current of active-inductive load in
timeintervals when the current has theopposite direction for thyristors (diodes
reverse, counter, or "reactive" current).
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Fig. 1. Schemeof power circuits of single-phaseautonomous voltageinverter

The formation of theoutput voltage curveis characterized by processes
occurring in the main circuits of theinverter (with thyristors VS1-VS4, diodes VD1-
VD4and load) when setting theappropriate conduction intervals of thyristors.

Autonomous voltageinverter, as a converter of a constant input voltageintoan
alternating output voltage, receives power from a voltage sourceof non-inductive
nature. Theinput current of theinverter will be pulsed (with a current jump), which
does not allow the presencein theinput sourceof inductance. Real input voltage
sources (usually rectifiers) usually haveinductance. Toeliminateits influence, theinput
of the voltageinverter includes a filter capacitor of sufficient capacity, which is the
first featureof the voltageinverter. The second featureof the voltageinverter is that
theinput current can take negative values at a large phase shift of theoutput current of
theinverter relative to theoutput voltage. This requires the presenceof two-way
conductivity in theswitchesof theinverter valve kit, ie theswitches must be shunted by
reverse current valves.

Widely used is a dependent inverter that operates in the presencein its output
circuit of an AC voltage source, which specifies the shape, frequency and
magnitudeof the voltageof theAC voltage network formed by it. AC consumers can

261



bein this network, and the task of the dependent (from this network) inverter is to
supply it with additional active power. An exampleof the useof a dependent inverter
can beobserved in a DC power transmission system when twoAC power systems are
connected. In this case, at the transmitting end of the line, the rectifier converts
alternating voltageinto direct current, and at the receiving end — the dependent
inverter converts direct current intoalternating current, adding its activeenergy to the
power system. It is possible to change the functions of the valve transducers to
reverse to reverse the flow of active power in the DC line.

Known topologies of autonomous voltageinverters, which are used in power
supply systems using alternativeenergy sources, can be divided into single-level and
multi-level circuit variations [7]. In turn, multilevel topologies can be classified
according to the circuitry of the power part of a separate module (cell) —a module
using theimpedanceand quasi-impedance link in theinput circuit of the converter.
A featureof such inverters is theability to work in an additional mode, the so-called
"breakdown mode". This allows toincrease theinput current and voltageof theinverter
and allows to transfer maximum power from an alternative voltage source (solar
panel, wind turbine, biofuel cell) to the load.

Modern converter control algorithms are pulse width modulation (PWM) and
single modulation. It should be noted that different modulation systems cause quite
different sinusoidal indices of output voltageand current and different ripple
coefficient of input current [8].

When building power supply systems with renewableenergy sources as a
sourceof direct current, converters with an impedance link in theinput circuit deserve
special attention. This typeof inverter is a two-level voltage converter with a DC
circuit at theinput, consisting of a connected X-configuration of two capacitors and
chokes. In Fig. 2 shows a block diagram of az-inverter.
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Fig. 2. Block diagram of thez-inverter
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The link of energy storage consists of two series-connected inductors (L1 and
L2) and two parallel capacitors (C1 and C2). A diode rectifier, a solarpanel or a
fuelcellcanbe used as a DCpowersource. This topology includes six semiconductor
powers witches (IGBT or MOSFET). The peculiarity of such a converter is that the
impedance link allowsto use the mode of operation ofpowerswitches — the mode of
"breakdown".

The advantage of this mode isto increase the inputcurrent and voltage of the
inverter, which istakenfromthe DCsource without installing additionalconverters
atthe input ofthe circuit. It allowsto transferthe maximumpower ofthe solarpanelto the
load, which, inturn, allowsto rationallyuse the area ofthe solarpanel.
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OI'JIAT CTAHY EJIEKTPO®IKAIIIL 3AJI3HUIIL YKPATHU
HOCTIMHAM TA 3SMIHHUM CTPYMOM

3rimHO 3 iH(pOpMAIli€ro, PO3MIIICHO Ha calTi MiHicTepcTBa iH(ppacTpyKTypH
VYkpaiau, B Hammiid KkpaiHi 3apa3 enekTpudikoBano 9926 KiIOMETpiB 3asTi3HUIIb.
3arajgpHa TMPOTSKHICTD 3AII3HUIE YKpaiHM Ha TaHUM MOMEHT (6e3 ypaxyBaHHS
okynoBanux Teputopiii Kpumy i JJon6acy) ckinagae 19790 kinometpi. Takum 4rHOM,
B HaIIiil KpaiHi enekTprdikoBaHO MaibKe MOJIOBHHA BCIX 3aii3HHYHMX JiHiK e myxe
XOPOIINH TTOKa3HUK — [0 HHOMY MM 3HAXOAWMOCS Ha PiBHI OUTBIIIOCTI €BPOTEHCHKAX
KpaiH.

I'onoBHOIO TIEpeBaroro eNeKTPUYHOT TATH Ha 3aJIi3HUIIX € Te, 110 BOHa Habararo
JIemIeBIIe, HK TEIUIOBO3HA. Pi3HUIT CTaHOBUTSH, SIK MiHIMYM, MIBTOpa-IBa pasu, M0
3aJIeXKUTH BiJl BAPTOCTI MaNyBa B KOHKPETHiH KpaiHi, a TAKOXX TEXHIYHOTO PiBHS IMapKy
TernoBo3iB. EnekTpoBo3u, Sk MpaBuUiIo, PO3BUBAIOTH 3HAYHO OUIBIIY LIBUJKICTB, HIXK
TEIJIOBO3H, TOMY BCi IIBAAKICHI 1 BUCOKOIIBUIKICHI 3aJTi3HUIII CBITY eJIEKTPH(IKOBaHI.
KpiMm TOTO, €IeKTPOBO3KM MOKYTh BECTH OLIBII BaXKKI MOT3/IM 1 MPOCTIIE B TEXHITHOMY
o0CITyroByBaHHi, HiX TemIoBo3u. CepemTHbOCTATUCTUYHUN ENEKTPOBO3 3HAYHO
MOTYXKHIIIE ~ CEPEeAHbOCTATHCTHYHOIO  TEIUIOBO3a —  IOTYXKHICTH  CYYacHHX
eIIEKTPOBO3iB cKiaaace Bix 4475 mo 7350 kBT., a TemoBo3iB — Bix 2940 mo 4475 kBT.

Xoua Ha IMOYaTKy I[bOTO CTOJIITTS B CBiTi OYJIO €NeKTpU(IKOBAHO JIHIIE OJIH3HKO
25% zamisumup (32 ganmmu pobotu  mpodecopa A.B.  KortembHukoBa
«Enexkrpudikaniss 3amizHUIB»), 10 eNeKTPU(IKOBAaHUX 3aTI3HHULSX HEPEBO3UIIOCS
6inbiue 50 % Bcix BaHTaXIB, IO BIMPABISIOTECS 3ATI3HUYHAM TPAHCIIOPTOM B CBITI.
B Vkpaini 3apa3 3a J0OOMOTOI0 ENEKTPHYHOI TATH MepeBO3nUThes O1m3bko 80% BCix
BaHTaXIB.

3 iHmoro Ooky, enexTpudikauis HOTpeOye NOCHTh 3HAYHHMX (PiHAHCOBUX
IHBECTHIIIH - elIeKTpHuDiKaIlifo OAHOTO KITOMETpa 3ai3HHUII B €BPOIIi OIIHIOOTE B 2 -
3 minbitonu gonapis CIIIA (B 3aeXHOCTI Bi poLy CTPYMY i HalIpyTH).
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