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2. Improvement of VAR Compensation Devices and their Control Methods

Pedepar:

1.V npuceprauii nokazaHo MOKJIMBICTb 3HVMKEHHS BCTAHOBJIEHOI IIOTY>KHOCTi aBTOHOMHOTI'O iHBEPTOpA HAIPYIH, Ha
0a3i SIKOro BUKOHaHa aKTUBHA YAaCTHHA ri6pUIHOTO KOMIIEHCATOPA PEAaKTUBHOI NOTY>KHOCTI, 32 paXyHOK
PO3pOOJIEHHS] HOBUX METOJIMK PO3PaxyHKy EMHOCTI 6aTapei KoHJieHcaTopiB. [Ipu IbOMY IIOTY>KHICTh aKTUBHOI
YaCTUHY CKJagae He 6inbiie 20 % Bif NOTY>KHOCTI KOMIIEHCATOopa B Lislomy. Po3po6s1eHo Niixoau 10 BUSHAUYEHHS
€MHOCTEN CTYIIEHIB, 1[0 JO3BOJISIOTh 3HAYHO CKOPOTUTH KiJIbKiCTh KOH/IEHCATOPIB y CKIaAi 6aTapei. 3 MeTom0
VHUKHEHHSI IPO0JIeM, 1110 BUHMKAIOTh IIPY poOOTi 6aTapei KOHIEeHCATOPiB B yMOBAaxX HECHHYCOiTHOI HaIIpyTH,
PO3p06JIEHO CUCTEMU KEPYBAHHS, 10 JO3BOJISIIOTh THYYKO 00UPaTH PeXXUM poOOTH ribpuiHOro KomneHcaropa: 1)
BMKOHAHHS 3aBJJaHHS KOMIIEHCAllil peaKTUBHOI NOTY>KHOCTI, IPU [IbOMY CTPyM KOMIIEHCATOPa HOCUTb CUHYCOIIHMM
XapakTep, OTXKe, 3a0e3Me4yeThCs «i30sLisi» 6aTapei KOHEHCATOPIB BiJ BULIUX FAPMOHIK; 2) B 06MeXeHOMY 00cs3i

IOATKOBO BUKOHYIOTHCS PYHKIIii aKTUBHOTO QiNbTPy IJ1s1 KOMIIEHCALlli HEAKTUBHUX CKJIa[0BUX, IIPU LIbOMY HE



IOTIyCKA€ThCSl BUHUKHEHHS IEPEeHAaIpYT Ta [IePEBUIIEHHS JOyCTUMUX CTPYMIB Ha 6aTapei KOHAEHCaTOPiB.
[IpoBeseHO aHai3 po60TH AKTUBHOTO (QiNbTPY 3 3alIPONIOHOBAHMMU CUCTEMAMU YIIPABJIiHHS NIPY YOTUPU- Ta
TPUIIPOBiIHOMY MiAKJIIOUEHH] IO MEPEXi, SKUM NiATBepauB iX epeKTUBHICTb. PO3p06JI€HO cuCcTeMU KEPYBaHHS 17151
TpaHC(POPMATOPHOrO HiJK/II0YEHHS riOpUIHOro KOMIIEHCATOPa O MEPEXi, IO [103BOJI€ BUKOPUCTOBYBATU
CTaHJAPTHI TPUBUBIHI 6aTapei y ckiai KomneHcaTopa. Po3pobieHo cucteMy KepyBaHHS 1151 1BOPA3HOTO
TpaHCHOPMATOPHOTO MiAKIIOYEHHS], 110 J03BOJISE MOJIIMIIUTY TeXHIKO-€KOHOMIYHI Ta Maco-TabapuTHi MOKa3HUKU
npucTtpolo. Po3pobsieHo croci6 crabdinizauii Hanpyry JaHKY IOCTIMHOTO CTPYMY, 1O JO3BOJISIE 3MEHIINTH 4ac
IEePEexiIHOro NpoLecy NpU CTPUOKONOAIOHIN 3MiHi IOTY>)KHOCTI HABaHTa)KEHHS 10 ABOX [1€PiofiB HAIIPYTU MEPEXI i
MiHiMi3yBaTH €MHICTb KOHAEHCATOPIB JIAHKYU NIOCTIHHOIO CTPYMY aKTUBHOTO KOMIlIeHcaTopa. Kpim Toro
3alpOIIOHOBAHO aJANTUBHY MOAU(IKOBaHY CUCTEMY YIIPABJIiHHS PETYJISTOPOM, SIKA IEPEPAXOBYE BEJIMUNHY
iHOYKTUBHOCTI iHTep(eCHOro PiNnbTpy y peXKUMi peasibHOro 4acy, TUM CaMUM MiATPUMYIOUY IIOCTIMHY CEPEIHIO
4aCTOTYy [lepeMUKaHHS KJII04iB iHBepTopa. EQeKTUBHICTL POOOTH 3aIIPONIOHOBAHUX AJITOPUTMIB IT€PEBIPEHO Ta

IIOBEJEHO 32 JOIIOMOrOK0 MaTeEMaTUYHOTO Ta iMiTalliiHOrO MOZIE/IIOBAaHHS Ta Ha €eKCIIEpUMEHTAIbHOMY 3PasKy.

2. The dissertation shows the possibility of reducing the rated power of the voltage source inverter (VSI), on the
basis of which the active part of the hybrid VAR compensator is made, due to the development of new methods for
calculating the capacitance of the capacitor bank. The power of the active part is not more than 20 % of the power
of the compensator as a whole. Approaches to determining the capacitance of stages have been developed, which
allow to significantly reduce the number of capacitors in the capacitor bank. To avoid problems arising during the
operation of the capacitor bank in non-sinusoidal voltage, control systems have been developed allowing for
flexible configuration of operating mode: between fundamental reactive power compensation only (the
compensator current is sinusoidal, therefore, provides «insulation» of capacitor bank from higher harmonics) and
limitedly non-active power compensation, including distortion power (overvoltages and exceeding the permissible
currents of the capacitor bank are not allowed). An analysis of the operation of the hybrid VAR compensator with
the proposed control systems with four- and three-wire connection to the grid confirmed their effectiveness.
Control systems for the transformer connection of a hybrid VAR compensator to the grid have been developed,
which allows the use of standard three-pin batteries. A control system for two-phase transformer connection has
been developed, which allows to improve the technical-economic and mass-dimensional parameters of the device.
A method for stabilizing the DC link voltage has been developed, which makes it possible to reduce the time of the
transient process during a sudden change in the load power up to 2 voltage periods and to minimize the
capacitance of the DC link capacitors of the active compensator. In addition, an adaptive regulator control system
is proposed to ensure a constant switching frequency of the inverter keys, which recalculates the value of the
interface filter inductance in real time, thereby adapting to its changes. The efficiency of the proposed algorithms
is tested and proved by mathematical and simulation modeling, and on an experimental sample.
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