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Y aucepramiiiHiii poOOTI TMOCTaBi€HAa W BHpIlleHAa akTyajlbHa 3aJaya
3MEHIICHHS TOMWIOK CHMETPYBaHHS CTPyMIB 3BOPOTHOI Ta  HYJIbOBOI
MOCJIITOBHOCTEH 1 KOMIIEHCAIllT BUIIIMX TAPMOHIK B HECUMETPUYHUX HECHUHYCOITHUX
peXKIMax pO3MOAUTBHAX SJICKTPUIHIX MEPEK.

HaykoBa HOBH3HA OTPHMMAaHHUX Pe3YJbTATIB 1 MOJOXKEHb, IO BUHOCATHCS
Ha 3aXHUCT, TIOJSITa€ Yy BIOCKOHAJICHHI CHCTEMH KEPYBaHHS CTaTUIHUMHU
KOMITCHCATOPaMHU PEAKTHUBHOI MOTYKHOCTI B PO3MOAUTHPHUX EIEKTPUIHUX MEpPEKax
NUIIXOM (OPMYBaHHS MHUTTEBUX CHHYCOIHUX CTPYMIB 3BOPOTHOI Ta HYJIBOBOI
MOCJI1IOBHOCTEM.

B po60Ti oTprMaHo Taki HayKOB1 pe3yiIbTaTH:

1. Brepiie oOrpyHTOBaHO METOJ MPSIMOTO KEPYBaHHS CTPYMOM CTaTHYHOTO
CUHXPOHHOTO KOMIIEHcatopa 3 (OPMYBaHHSIM HECHHYCOITHMX CHTHAJIB, IO
JIOPIBHIOIOTH PI3HUIII CTPYMIB HaBaHTaXEHHs (a3 Ta iX OCHOBHUX TapMOHIK, i
CHUHYCOIJTHUX HECUMETPUYHUX CUTHAIIB, BIJAMOBIAHO, JJIsI KOMIIGHCAIl BHUIIUX
TapMOHIK 1 CHUMETPYBAaHHS CTPYMIB HaBAaHTAXEHHS, IO JO3BOJISIE 3a0€3MEUUTH
PO3AUICHHS  KOHTYpIB  KepyBaHHS  (IITPYBaHHSIM  BHUIUX TapMOHIK Ta
CUMETPYBAHHAM HETIHIHHUX HECUMETPUYHUX HABAHTAKCHb.

2.  VYIOCKOHAJEHO METOJ  KEpPyBaHHS CTAaTUYHUMU  TUPUCTOPHUMU
KOMITGHCATOpaMH 3  BHKOPHCTAHHSIM  yMOBHHMX IIOTY)KHOCTEH  3BOPOTHOL
MOCTIOBHOCTI 1 BIAMOBIAHUX CTPYyMIB B cuctemi dq-KOOpAWHAT, 110 3a0e3rnedye
I IBUITIICHHS iX TOYHOCTI Ta MIBUAKOIIT 32 HASBHOCTI HECUMETPUYHHUX CITOXKHUBAYIB.

3. JlictaB mOmAmBIIOTO PO3BUTKY METOJ KEPYBaHHS CTaTUYHUMHU

CHUHXPOHHHMH KOMIICHCATOpaMHXd 3 BHKOPHCTAHHAM MHUTTEBUX CHMCTPUYHHX



CTpyMIB 3BOpPOTHOI Ta HYJIbOBOi MOCTIAOBHOCTEH, IO 3abe3nedye 3MEHIICHHS
JMHAMIYHUX TIOMUJIOK CUMETPYBaHHS CTPYMiB HaBaHTa)KCHHS.

I[IpakTHyHe 3HA4YEeHHS1 OTPUMMAHHUX pe3yJabTATiB pPOOOTH TMOJATAE: Y
po3pobiti cucteM mpsmoro kepyBauHHs cTpymMoM CTATKOM pist mokpamieHHS
AKOCTI CHMETPYBAaHHS HABaHTA)XEHb Ta KOMIIEHCAIli BMIIMX TapMOHIK. IX
BIIPOBA/PKCHHSI  CIIPUSITUME  TOKPALIEHHIO SIKOCTI  €JEeKTPOEHEprii, 30Kpema
3MEHIICHHIO HECUHYCOITHOCTI Ta HECUMETPIi HAIIPYTH B PO3MOAUTEHAX MEPEKaX.

Ha ocHOBI1 aHami3y jiTepaTypHUX JHKEpeN IIpoaHaIi30BaHO CydacHi 3acodu Ta
MPUCTPOI AUHAMIYHOI KOMIIEHCAIIl pEaKTUBHOI MOTYKHOCTI Ta IiIBUIIEHHS SKOCTI
€JIEKTPUYHOI €HEPrii B pO3NOJAUIbHUX Mepexkax. [IpeacraBieHi npuHuunu poOOTH
CTK ta CTATKOM Ta ix mnopiBHsUIbHA XapakTepuctuka. Hemomikom MmeTomiB
KepyBaHHS CTAaTMYHUMHU KOMIIEHCATOpaMH, SIKi OCHOBaHI Ha MHUTTEBUX CTpyMax
3BOPOTHOI MOCJIOBHOCTI, € T€, 110 BOHU HE 3a0€3Meuyl0Th BUCOKOI IIBUJKOIII Ta
XapaKTepU3yIOThCSl 3HAUHUM MEPEPEeryNiOBaHHSAM IpU HAaKUAAX HABAHTAKEHb.
HenonikoM MeTOAiB KepyBaHHA CTaTUYHUMHU KOMIIEHCATOpaMH, SIKI OCHOBaHI Ha
TEOpii MUTTEBOT MOTYKHOCTI, € T€, 110 BMICT BUIIMX TAPMOHIK MIiCJIsI KOMIICHCAIIT €
CYTTEBUM.

[IpoananizoBaHO MOKJIMBOCTI BHUMIPIOBAHHS PEAKTUBHOI TMOTY)XHOCTI B
HECUMETPUYHUX 1 HECHHYCOITHUX pEeXUMaX €JECKTPUUHUX MEpPEeX 13 3a3€MIIEHOIO
HEUTPAJUTI0O 3 BHUKOPHUCTAHHSIM KJIACMYHOI Ta MHTTEBOI TEOpii MOTYKHOCTEH.
[TokazaHo, 10 3a HE3HAYHOI HECHMETPii MOXHA BUKOPHCTOBYBAaTH OYyIb-iKYy 3
noTykHocteil. HailOutbln mpocTo peanizyBaTh BHUMIPIOBAHHA 3 BUKOPHCTAHHSIM
MUTTEBOI TEOP1i NOTYKHOCTEH. 31 301IbIICHHSIM HECUMETPUYHOCTI PEXUMY MEPEXKi
JOLUUIBHO 3aCTOCOBYBATH PEAKTUBHY IOTYXHICTh, 110 OCHOBaHa Ha KJIACHYHIN
TEOpii MOTY>KHOCTEH.

BBegeHo TOHATTS €(QEKTUBHMX aAKTHBHOI, pPEAaKTUBHOI Ta TOBHOI
MOTY)XKHOCTEH Ha MepioJl Hallpyrd XHUBJICHHSA, a TaK0X CEepeAHbOKBAJAPATUUHUX
BIIXWJICHb AKTHBHOi, PEaKTHUBHOI Ta IMOBHOI MOTY)XHOCTEW Ha MepioJil Hampyru

xuBneHHs. [loka3zaHo, 1O I BU3HAYEHHS TOTYXXHOCTI TyJbCAIllil MOXHA



BUKOPHCTOBYBAaTH CEPEAHBOKBAIPATHYHI BIAXWUJIECHHS AaKTHBHOI, PEAaKTHBHOI Ta
ITIOBHOI ITOTY>KHOCTEM.

[IpoananizoBaHO YMOBHM CHMETPYBAHHS HABAaHTAXKEHb, IO IIPEICTaBIICHI
yepe3 OPTOTrOHANIbHI CKIATHUKH YMOBHOI MOTYXKHOCTI 3BOPOTHOI MOCHITOBHOCTI, i
MOKa3aHO, IO IX 3aCTOCYBaHHS B SIKOCTI 1H(MOPMATUBHUX MapameTpiB IS
KepyBaHHA KOMIEHCAIIUHUMH CUMETPYBAJILHUMHU  MPUCTPOSIMU  3a0e3neuye
MO>KJTUBICT ICTOTHOTO 3MEHIIICHHS TOMHIJIOK CHMETPYBaHHS.

Po3po0nieHo  CTPYKTYypHY CXE€My MPUCTPOIO JIMHAMIYHOI KOMIIEHCAIli
PEaKTUBHOI IOTYKHOCTI 3 CUMETPYBaHHIM HABAHTAKCHb, 110 MICTHTHh OJIMH KOHTYP
perymoBanHs. [lokazaHo, 110 KepyBaHHS YCTaHOBKAMH JIMHAMIYHOT KOMIICHCAIl
PEaKTUBHOI TMOTYXXHOCTI MOXHA 3IHCHIOBAaTH UIUISIXOM OO’€IHaHHS KOHTYPIB
KOMIIEHCAI[ll pPEeaKTHBHOI MOTY)XHOCTI Ta CHMETPYBaHHS HaBaHTaXKEHHS. Yac
3aMi3HEHHS NPUCTPOIO JIMHAMIYHOI KOMIEHCAIlll PEaKTUBHOI MOTYXHOCTI HE
nepesuiye 0,05...0,08 c.

[IpoananizoBaHO MOMWJIKHA CHMETPYBAaHHS IIBHUJKO3MIHHUX HABAaHTAXKECHb 3
BUKOPHUCTAHHSM YMOBHHUX HOTY>KHOCTEH 3BOpPOTHOI mociaigoBHocTi. [loka3aHo, 1o
3aCTOCYBaHHS MHUTTEBHX YMOBHHX TOTY>KHOCTEH 3BOPOTHOI MOCIiJOBHOCTI
HaBaHTA)KEHHs 3a0e3neuye JOMyCTUME 3HAYCHHS IMOMUJIOK CHUMETPYBaHHS, IO
3YMOBJICH1 HECUHYCOITHICTIO.

AHaJi3 TIOMWJIOK CHUMETPYBAaHHS INBHIKO3MIHHUX HaBaHTAKCHb 3a YMOB
HECUHYCOITHOCTI 3 BUKOPHUCTaHHSIM METOJy MPsSMOro (OpMyBaHHS PEAKTHUBHUX
MOTY>XHOCTEH (Pa3 CUMETPYBaJIbHOTO MPUCTPOID HA OCHOBI BUMIPSHUX MOTOYHUX
3HAYEHb JIHCHOI Ta YSIBHOI CKJIaJ0BUX KOMIUIEKCHOI YMOBHOI MOTY>KHOCTI
3BOPOTHOI TOCIIAOBHOCTI, SIKUH € OJHUM 3 HaWKpalux METOMIB CHUMETPYBAaHHS
MIBUAKO3MIHHMX HaBaHTaXCHb, MOKAa3aB, [0 METOJIWYHI IMOMUJIKA CHUMETPYBaHHS
MOPIBHSHO HE3HAuHl, OJHAK IHCTPYMEHTAJIbHI MOMMJIKA CHUMETPYBAHHS MOXKYTb
OyTH JJOCUTH ICTOTHUMHU.

Ynockonaneno cucremy  dg-kepyBanHs ctpymom CTATKOM 3
(bopmyBaHHAM igp Ta igp, IO 3a0e3neuye iCTOTHE 3MEHIIEHHs IEPEPETYIIOBAHHS Y

pa3i CUMETpyBaHHS CUHYCOITHUX CTPYMIB HABAaHTaKEHHSI.



OOrpynToBano Merton mpsimoro kepyBauHs ctpymom CTATKOM, 3rigHo 3
AKUM 32 (pa3HUMHU HECHHYCOINHHMHU CTPyMaMH HaBaHTAXEHHS BU3HAYAIOTHCS iX
Ji04l 3Ha4YeHHS 1 (OPMYIOTBCS CHHYCOITHI OJWHMYHI CHUTHAIM 3 IOYaTKOBHUMH
(dazamu, sKi JOPIBHIOIOTH MOYATKOBUM (pazaM HECHUHYCOITHMX cTpyMiB. [loOyTok
UX BeIMYMH 3a0e3neuye (OpMYBaHHS CUHYCOIHUX CTPYMIB, IO JOPIBHIOIOTH
OCHOBHIM rapMOHiIll HECUHYCOITHUX CTpyMiB (pa3 HaBaHTakeHHs. Pi3HUIIS CTpyMiB
HaBaHTa)XeHHA 1 chOpMOBaHUX CUHYCOITHUX cTpyMiB KommneHcyeTbcsi CTATKOM i
3abe3rneuye (GUIBTPYBAHHS BUIIUX TAapMOHIK. [l OTpHMaHHA MHUTTEBUX CTPYMIB
3BOPOTHOI MOCTIAOBHOCTI B CHUCTeMax mpsimoro kepyBanHs ctpymom CTATKOM
BUKOPUCTaHI JIHIAHI TEPEeTBOPEHHS MUTTEBUX CTPyMiB (a3 HaBaHTaKEHHS.
MopentoBaHHsT KOMIIEHCATOpa MIATBEPAMJIO  JOCTaTHRO BHUCOKY  TOYHICTh
CUMETPYBaHHS Ta (PIIbTPYBAaHHS BUIIMX FAPMOHIK.

[Tpu nocmimxenni nporecy kepyBanHs CTATKOM mnokazano, 10 MOMUIIKH
CUMETPYBaHHS Ta (PUIBTPYBaHHS BUIIMX TAPMOHIK 3aJI€KaTh BiJ MIBUAKOCTI 3MIHU
HABAaHTAXCHHA. 3 aHai3y 3alie)KHOCTEH BUIUIMBAE, IO CTPYM HYJIBOBOI
HOCIIOBHOCTI KOMIIEHCY€EThCS TOYHO, @ CTPYM 3BOPOTHOI MOCIIIJOBHOCTI OCHOBHOI
TapMOHIKH, a TAKOX CTPYMHU MPSIMOI Ta 3BOPOTHOT MOCIIIIOBHOCTEHN BUIIIUX TAPMOHIK
KOMITEHCYIOThCS 3 TIOMUJIKAMH, K1 3aJI€KaTh Bl IBUJKOCTI 3MIHU HaBaHTAKCHHSI.
[Ipu4rHOIO MOMUJIOK € 1HEePIIHHICTh PopMyBaHHS MOTY)HOCTeH. [ToMumku MoxHA
XapaKTepU3yBaTH 3aJMIIKOBUM CTPYMOM 3BOPOTHOI MOCHIAOBHOCTI. Y pasi
¢dikcyBaHHS akKTUBHOI Ta peakTuBHOI noTyxHocted CTATKOM nomusku BiACYTHI,
omHak npu npbomy CTATKOM noBHHEH CHOKMBATH aKTHUBHY Ta PEAKTUBHY
MOTYKHOCTI 32 MAJIUX HABAHTAXKEHB 1 TEHEPYBATH — 32 BEIMKUX HABAaHTAKEHb.

[IpoananizoBaHO TOYHICTh CHUMETPYBaHHS HAaBaHTAKEHb Ta  SKICTh
komrieHcanii Bunmx rapmonik CTATKOM, peanizoBaHoro Ha OCHOBI P(-Teopii

MUTTEBOI TOTYXKHOCTI. 3HaU€HHA KOedilli€eHTa HENMHIMHUX CHOTBOPEHb CTPYMIB
da3 mepexi THD; Ta piBeHb MyJbCaIliii CTPYMIB MEPEKi MOPIBHSIHO BeJUKi. Y pasi

3actocyBanHs CTATKOM 3 kepyBaHHsSM B cucTemi (OQ-KOOpAMHAT TOYHICTh

CUMETPYBaHHS HAaBAaHTAXXEHb Ta SKICTh KOMIIEHCAI[li BUIIIUX TAPMOHIK JJOCTATHI.



[TpuBenenuit nopiBHAIbHUHN anani3 cucteM kepyBanHa CTATKOM mnoxkasas,
10 HaWKpaIIMMH 3 TOYKH 30py (IIbTPYBaHHS BUIMUX TAPMOHIK Ta CUMETPYBaHHS
ctpyMiB cucrema kepyBaHHi CTATKOM 3 mpsMuM KepyBaHHSIM CTPyMOM B
cucreMi dg-xoopaunar. [lymbcariii cTpymiB Mepexi i, BIAIOBITHO, MyJIbCYIOUHX
NOTYXHOCTEM Mepexi B mepexigHux pexkumax Ha 30% wmeHmn, HbK y pasi
Bukopuctaniss CTATKOM 3 kepyBaHHsAM B cucteMi (Q-KOOpAUHAT.

B poGoTi mpoBeneHO MOACTIOBaHHS POOOTH MPHUCTPOIO HA OCHOBI METOMY
npsimoro kepyBaHHsi ctpymoM CTATKOM 3a yMOB 1CTOTHOrO piBHSI HECUMETPIi.
Jlauuii METOJ 1a€ MOXKJIMBICTD PO3IUIMTH CUTHAIM KOMIIEHCAIII] BUIIUX TAPMOHIK 1
CUMETPYBaHHS HABaHTaXX€Hb, WO [03BOJsE€ OOMEXKYBaTH IE€BHI (YHKIII B
3aJIEKHOCT1 BiJI MOTY>KHOCTI TpHUCTporo. [lirodi 3HaueHHs 3a7aBajbHUX CTPYMIB
CTATKOM m0OpiBHIOETBCS 3 HOMIH&JIBHMM CTPYMOM 1HBEPTOpa HANpyru
CTATKOM 1 y pa3l NEepeBUIICHHS HOMIHAIBHOTO CTPyMYy pPO3pPaxOBYIOTHCS
Koe(dillieHTH TepeaBaHHs g OOMexXeHHs (PYHKIIT cUMeTpyBaHHsI (KOMIIEHCAIIl1
PEaKTUBHOI  MOTYXHOCTi). Takuih maxiax  J03Boyisie  OUIbII  €()EKTHUBHO
BUKOPHCTOBYBATH MOTYXHICTh IPUCTPOIO B MIKOBUX PEKUMAX.

OpeprkaHi HayKOBI PE3yJNbTaTH a CaMe: METOJ IPSIMOr0 KEpyBaHHS CTPYMOM
CTaTUYHOTO CHHXPOHHOTO KOMIIeHcaTopa BrpoBajkeHo B TOB “YkpaiHceki
TEXHOJIOTIYHI TPOIYKTH, IO MIATBEPKEHO AaKTOM TMPO BIPOBAIKEHHS BIJ
06.02.2020 p. Pe3ynabraTu pobotn Takoxx BUKopucTtoBytoThcd Yy BHTY Ha kadenpi
“ENeKTpOTEeXHIYHI CHUCTEMH EJICKTPOCIOKHBAHHS Ta €HEPreTUYHUN MEHEIHKMEHT”
Ui mAroToBku ¢axiBiiB 3a cnemianbHicTio 141 —  “Enextpoenepretuka,
€JeKTPOTEXHIKA Ta €JeKTpOMEXaHiKa’, JIOBIIKA TMpO BIPOBAIKEHHA BIJ
07.02.2020 p.

KarouoBi cjioBa: SKICTh €JIEKTPOEHEPrii, HEMIHIAHI 1 HECUMETPUYHI
CIOKMBaYl, KOMIIEHCAlllsl PEaKTUBOi IMOTYXHOCTi, CHUMETPYBaHHS HaBaHTaXCHb,
KOMIICHCAIlISl BWINMX TapMOHIK, PpO3MOAUIBYI EJIEKTPUYHI MEpexXi, yMOBHI
HNOTYXHOCT1 3BOPOTHOI Ta HYJILOBOI MOCIIIIOBHOCTEM, MUTTEBI CTPYMH 3BOPOTHOI Ta

HYJIBOBOI MOCJIIIOBHOCTEH.



ABSTRACT

Loboda Yu. V. Control system of static reactive power compensators in
asymmetric non-sinusoidal modes of distribution networks. — Qualifying scientific
work on the rights of the manuscript.

The thesis is submitted for the degree of Doctor of Philosophy in the specialty
141 Electric power, electrical engineering and electromechanics”. — Vinnytsia
National Technical University, Vinnytsia, 2020.

The thesis sets and solves the urgent task of errors reduction in balancing the
currents of return and zero sequences together with the compensation of higher
harmonics in asymmetric non - sinusoidal modes of distributive electric networks.

The scientific novelty of the obtained results and the provisions submitted for
the protection implies for the improvement of the control system of static
compensators of reactive power in electrical distribution networks by forming
instantaneous sinusoidal currents of reverse and zero sequences.

The following scientific results were obtained in the work:

1. For the first time there had been substantiated the method of direct current
control of static synchronous compensator with the formation of non-sinusoidal
signals equal which equal the difference in currents of the of the phases loading and
their main harmonics and sinusoidal asymmetric signals, respectively, for the
compensation of higher harmonics and balancing of load currents, that allows to
ensure the segmentation of controlling filtering contours of the higher harmonics
and balancing the nonlinear asymmetric loads.

2. There had been improved the method for controlling the static thyristor
compensators with the use of conditional powers of the reverse sequence and the
corresponding currents in the dg-coordinate system, which provides for an increase
in their accuracy and responce in the presence of asymmetric consumers.

3. The method of controlling static synchronous compensators with the use of

instantaneous symmetric currents of the reverse and zero sequences has been further



developed, which provides for the reduction of dynamic errors in the balancing of
load currents.

The practical significance of the obtained results is: the development of
direct current control systems STATCOM to improve the quality of load balancing
and compensation of higher harmonics. Their implementation will help improve the
quality of electricity, in particular by reducing non-sinusoid and voltage asymmetry
in distribution networks.

On the base of the analysis of reference sources there had been analyzed the
modern means and devices of dynamic compensation of reactive power and
improvement of electric energy quality in distribution networks. The principles of
work of SVC and STATCOM and their comparative characteristic had been
presented. The disadvantage of static compensators control methods, which are
based on instantaneous reverse sequence currents, is that they do not provide for
high speed and are characterized by significant over-regulation during load sketches.
The disadvantage of static compensator control methods, which are based on the
theory of instantaneous power, is that the content of higher harmonics after
compensation is significant.

There had been analyzed the possibilities of reactive power measurement in
asymmetric and non - sinusoidal modes of electric networks with grounded neutral
using classical and instantaneous power theory. It had been shown that any of the
capacities can be used for slight asymmetry. It is easy to make measurements using
instantaneous power theory. With increasing asymmetry of the network mode, it is
advisable to use reactive power based on the classical theory of power.

The concept of effective active, reactive and full power during the supply
voltage period, as well as standard deviations of active, reactive and full power
during the supply voltage period had been introduced. It is shown that the standard
deviations of active, reactive and full powers can be used to determine the power of
pulsations.

The conditions of load balancing, presented through orthogonal components

of the conditional power of the reverse sequence, are analyzed, and it is shown that



their use as informative parameters for control of compensating balancing devices
provides for the possibility of significant reduction of balancing errors.

The block diagram of the device of dynamic compensation of reactive power
with load balancing containing one control circuit is developed. It has been shown
that dynamic reactive power compensation units can be controlled by combining
reactive power compensation circuits and load balancing. The delay time of the
dynamic reactive power compensation device does not exceed 0.05... 0.08 s.

Errors of balancing of fast-changing loads with the use of conditional powers
of the reverse sequence are analyzed. It is shown that the application of
instantaneous conditional powers of the reverse sequence of loading provides for the
allowable value of balancing errors caused by non-sinusoid.

Analysis of balancing errors of fast-changing loads under non-sinusoidal
conditions using the method of direct formation of reactive powers of phases of the
balancing device based on measured current values of real and imaginary
components of complex conditional power of reverse sequence, which is one of the
best methods of balancing fast-changing loads minor, but instrumental balancing
errors can be quite significant.

The dg-current control system STATCOM with the formation of iy, and i, has
been improved, which provides for the significant reduction in over-regulation in the
case of balancing sinusoidal load currents.

The method of direct control of STATCOM current is substantiated,
according to which their active values are determined by phase non-sinusoidal load
currents and sinusoidal unit signals with initial phases equal to the initial phases of
non-sinusoidal currents are formed. The product of these values provides for the

formation of sinusoidal currents equal to the fundamental harmonic of non-
sinusoidal currents of the load phases.

The difference between the load currents and the generated sinusoidal currents
Is compensated by STATCOM and provides for the filtering of higher harmonics.
Linear transformations of instantaneous currents of load phases are used to obtain

instantaneous reverse sequence currents in STATCOM direct current control



systems. Compensation modeling confirmed a fairly high accuracy of balancing and
filtering of higher harmonics.

In the study of the STATCOM control process, it is shown that the errors of
balancing and filtering of higher harmonics depend on the rate of change of load.
From the analysis of dependences it follows that the zero sequence current is
compensated exactly, and the reverse sequence current of the fundamental harmonic,
as well as the forward and reverse sequence currents of higher harmonics are
compensated with errors that depend on the rate of change of load. The cause of
errors is the inertia of power generation. Errors can be characterized by a residual
current of the reverse sequence.

In the case of fixing active and reactive power by STATCOM, there are no
errors, however, STATCOM must consume active and reactive power at low loads
and generate — at high loads.

The accuracy of load balancing and the quality of compensation of higher
harmonics by STATCOM, realized on the basis of pg-theory of instantaneous
power, are analyzed. The values of the nonlinear distortion coefficient of THDI
phase currents and the level of network current ripple are relatively large. In the case
of STATCOM with control in the dg-coordinate system, the accuracy of load
balancing and the quality of compensation of higher harmonics are sufficient.

The presented comparative analysis of STATCOM control systems showed
that the best in terms of filtering higher harmonics and current balancing is the
STATCOM control system with direct current control in the dg-coordinate system.
The ripple of the network currents and, accordingly, the pulsating power of the
network in transient modes is 30% less than in the case of using STATCOM with
control in the dg-coordinate system.

The paper simulates the operation of the device based on the method of direct
current control STATCOM under conditions of a significant level of asymmetry.
This method makes it possible to separate the signals of compensation of higher
harmonics and load balancing, which allows you to limit certain functions

depending on the power of the device. The current values of the set currents



STATCOM is compared with the rated current of the voltage inverter STATCOM
and in case of exceeding the rated current, the transfer coefficients are calculated to
limit the balancing function (reactive power compensation). This approach allows
you to more efficiently use the power of the device in peak modes.

The obtained scientific results: the method of the direct current control of the
static synchronous compensator was introduced in LLC "Ukrainian technological
products”, which is confirmed by the act of implementation of 06.02.2020. The
results are also used in the VNTU by the Department of “Electrotechnical systems
of electric power consumption and energy management > for training specialists in
the specialty 141 -“ Electric power, electrical engineering and electromechanics ”,
certificate of implementation of 07.02.2020.

Keywords: power quality, nonlinear and asymmetric consumers, reactive
power compensation, load balancing, higher harmonics compensation, electrical
distribution networks, conditional reverse and zero sequence capacities, reverse and

zero sequence instantaneous currents.
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