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ONTUMU3AILIUA PEXKUMA HECUMMETPUUHOM TPEX®A3HOU
CUCTEMbBI C UCITOJIB3OBAHUEM AKTUBHOT'O ®UJIBTPA U
MOJIUOUILINPOBAHHOI'O AJITOPUTMA YIIPABJIEHUSA

E. B. AT'YI1l
Kagheopa «Dnexmposnepeemura, snekmpomexnuka u snexmpomexanuxay, Yep{V3T, e. Xapvkos, YVKPAUHA

AHHOTALIHA Paccmampusaemea onmumusayus pexcuma pabomel mpexgaznou cemu 31eKmpocHabiceHus ¢ He pasHOMEPHOU
AKMUBHO-UHOYKMUSHOU Haepy3KoU. Bosnukawowjas npu 5mom HecUMMEmpus cemeevbiX MOKOE U pPeaKmueHas MOUHOCHD
VCMPAHAIOMCS ¢ NOMOWbI0 AKMUBHO20 (Duibmpa, npedcmasiirwezo cobou mocmosou uneepmop na |GBT-mpansucmopax.
Ynpaenenue knouamu uneepmopa ocyuecmsisiemes CUCmeMol YnpasieHus ¢ UCNOIb308AHUEM UWUPOMHO-UMNY.IbCHOU MOOYAYUY NO
2ucmepesucHoMy npunyuny. Jlns onmumusayuu pejcuma CUucmemsbl UCHOIb3YEMC COOMBEMCMBYIOWAs BU3VAIbHASL MOOELb U
ONMUMU3AYUOHHBIUL ATILOPUIMM 0ePHOPMUPYEMO20 MHO20SPAHHUKA. ONMUMUSAYUS PEXHCUMA OCYWEeCMBIACMC NYymeM CIaOuIu3ayuu
HANpAXCeHUs KA HAKONUMENbHOM KOHOeHcamope.

Knrouegvie cnosa: axmuenbviii punvmp; onmumuzayus, HeCUMMempus; peakmusHas MOWHOCMb; CUCMEMA IeKMPOCHAOIHCEHUSL.

OPTIMIZATION OF MODE OF UNBALLANCED THREE-PHASE SYSTEM USING
ACTIVE FILTER AND MODIFY CONTROL ALGORITHM

E. YAGUP

Department "Electric Power, Electrical Engineering and Electromechanics"”, Ukrainian State University of Railway Transport
(USURT), Kharkov, UKRAINE

ABSTRACT The optimization of operating modes of three-phase power supply network with unbalance active-inductive load is
considered. Increaseof line currents amplitudes and emergence of reactive power take place in such mode. These cases cause as losses
in power line, as harm for its consumers. Therefore the problem, which is under consider, is actual. The resulting asymmetry of this
line currentsand reactive power are compensated with using a parallel active filter, which isa bridge inverter on the IGBT -transistors.
Control of inverter keys is carried out by the control system with the implementation of the pulse-width modulation on hysteretic
principle. A result of comparison of line current and signal from the reference current source is supplied on hysteresis element.
Whereby pulses of various widths are formed, which control inverter switches so as to form an acceptable mode of operation of the
network. The corresponding visual model and the optimization algorithm of the flexible polyhedron are used to optimize the system
mode. The optimization is carried out by stabilization of the voltage reservoir capacitor, and optimization parameters are the
amplitude of signal of reference current source and the initial capacitor voltage. The stabilization of capacitor voltage is realized by
means of mathematical operations with the values of the capacitor voltage measured at the end of each oscillation period. As a result
of search optimization take place complete balancing of the network currents, their amplitude decreased in four times, the re active
power has been reduced to zero, and the optimal initial voltage of the capacitor has reduced the transient current amplitude and in its
mode.

Keywords: active filter; search optimization; unbalance; reactive power; the system of electric supply.

BBenenmue AHaIu3 nocJjeJHUX MyoJanKanuu
HecumMmetpuunblii  peskum  pabOTBI  CUCTEM Jus OITAMU3ALUH paboThI CETH
AIIEKTPOCHAOKEHIIS pactmpocTpaHeH B CHCTeMax OJJIEKTPOCHAOXEHMSI C HECUMMETPUYHOM  HArpy3KO M

MKEJIE3HOJOPOIKHOTO TPAHCTIOPTA, CEJIbCKOXO3SHCTBEHHBIX
CHUCTEMax, a TaK e B CHCTEMax »JIICKTPOCHAOKCHHS
KOMMYHAIBHOTO XO3SIHCTBA, TJE MpeoOiamacT Harpyska
onHOM m3 (a3. DTO BBI3BIBACT TaKHe HETATHBHBIC
HOCNENCTBU, KAk  BO3HUKHOBEHHE  PEAaKTHBHO M
MOIIHOCTH, YBEJIMUCHHE aMIUIUTYZl CETEBBIX TOKOB, YTO B
CBOIO OYepelb MPUBOJAUT K TOTEPSIM B DJICKTPHUCCKOM
CeTH, W TaKk K& COKpAICHHI0O CpPOKa CIYXOBbI
000pyI0BaHH, TIOJKITIOYSHHOTO K TAKKM ceTsM. [ToaTomy
npobieMa CHUMMETPUPOBAaHMS TOKOB M KOMIICHCAIMA
PEaKTHBHOM MOIIHOCTH B CETIX C HEPaBHOMEPHO i
Harpy3koil ¢a3 sBIsieTCs aKTyaTbHOM.

HCTIOJIb3YIOTCSI CUMMETPHPYIOIIE YCTPO#CTBA, KOTOPbIC
MPeACTABILIIOT coO0ii MesxdasHpie koumeHcarops [1, 2]. B
MOCJICTHEE BPEMsI CTAM IUPOKO MPUMEHSATHCS CIIOBBIC
aKTHBHBIC (DWIBTPBI, MPEICTABILIIONHE COOOM MOCTOBBIC
unBeptopsl [3 — 11]. YmopaBnenue takuMu (GWIbTpamMmu
BBINOJIHSICTCSL  LIMPOTHO-UMITYJbCHOW — MOZIYJSLMEH,
peamBams  KOTOPOH OCYIIECTBISACTCS C TMOMOIIBIO
JOCTAaTOYHO CJIOXKHBIX CHCTEM YIPABJCHWS, HAIPUME]
OCHOBAHHBII Ha TEOPUM MIHOBEHHONH MOIIHOCTH C
npeoOpa3oBaHUeM CUrHAIOB Tpex(a3zHOil CHCTEMBI B

neyxdazuyro [5, 9, 10].
st ypaBnennst akTuBHBIM (puibTpoM B [11, 12]
YCISIITHO HCTIOJIb30BAICH OTITHMU3ALIHO HHBIE
anropurMel. OnHako B [12] pacecMarpuBanachk oxHOpa3Has
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cucteMa. B [11] omruMmmBaims OCYIIECTBISLIACEH TIO
KPUTEpUIO ypaBHMBAaHMS  aKTHBHBIX MOIIHOCTEH Ha
CTOPOHE HArpy3kh H© Ha CTOpPOHE WCTOYHHKOB
JNMEKTPUIECKONH SHEPrHMM CHCTEMBI 3JIEKTPOCHAOMKEHNUS .
[lpr sTOM HadalbHOE HANpPSHKCHHE HAa HAKOIMTEIIHEHOM
KOHJICHCATOPE 3aaBATOCH PABHBIM HYJIIO, YTO MPHUBOIWIO
K BO3PacTaHMIO aMIUINTYZ CETEBBIX TOKOB B TEUYECHHE
nepexoaHoro mporecca. Cregyer oTMeTurh, 910 B [11]
OTOBapUBACTCS, YTO BBINOJIHEHHE ONTUMH3ALMH MOYKHO
TaK OJK€ BBIOJHATH IO KPUTEPHIO  YCTAHOBIICHHUS
HanpsHKeHUS HA  HAKOIMTEJLHOM  KOHIEHCAaTope
AKTUBHOTO (pHIIbTpA.

Lenbio crarbu sBIACTCS pa3zpaboTKka MeEToJa
ONTUMM3AIMK  PEXMMa HECHMMMETPUYHON TpexdazHo i
CeTH C WCNOJb30BaHAEM AaKTMBHOTO (wibTpa Ha
BIBYAJIbHOM MOJEJIU

OcHOBHOI MaTepuaJ CTaTbH

CucTemMa IMTAOIIMX HaNps>KeHWH CHUMMETpUYHA,
aMIUIMTYIbl HanpspkeHuid paBeel 100 B, a cosur ¢as
HalpsOKEHWH HWCTOYHWKOB OTHOCHUTENIBHO ApYr Jpyra
coctaBmsier 120 am rpamycoB. Harpy3ka B cucreme
pactpenenena HepaBHomepro: za = (0.7 + j0.005),
zb = (0.1 + j0.01), zc=(2 + j0.04), yTO TPHBOIHUT K
3HAYMTENIbHON HECHMMETPHH TOKOB B CHCTEME, a
WHIOYKTUBHBIA XapakTep Harpy3ku oOyCJaBIMBAacT CIBHT
($a3 THMTAIOIMX HANPSDKEHWH M CETeBBIX TOKOB B
onHOMMEHHBIX (azax. Ha pric. 1 0ToOpaskeHp BpeMEHHBIE
JUarpaMMbl  CETEBBIX TOKOB B  paccMaTrpUBacMOM

Toxwu (a3 po3HATCS B HECKOJIBLKO pa3, a cBUT (a3bl
MUTAIOLIET0 HAMpSKEHU W CETeBOTO TOKA 3HAYUTEJICH.
Takoi pexuM padOThI SABISIETCS HEOIArOMPUSTHBIM KaK
JUIL caMO# ceTW, Tak W JJisl moTpedurenei u Tpedyer
BBITIOJIHCHUS CHMMETPUPOBAHKS TOKOB M KOMIICHCALUHU
PEaKTUBHON MOIIHOCTH.
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Puc. 1 — Bpemennvle Ouazpammol cemesblx moxkoe
cucmembl 31eKmpoCHAbICEHUS C HePABHOMEPHOTU
HaepysKkoi gasz

Ha pucynke 2 m3o0pakeHa BH3yajbHas MOJENb
CUCTEMBI DJIEKTPOCHAOXEHUI C aKTUBHBIM (IIBTPOM,
NOJKIIOYEHHBIM — TapauieNbHo  Harpyske.  CwioBo
aKTUBHBIA  (WIBTp TpEACTaBIIET CcOOOW HWHBEPTOD,
BhbINoTHeHHBIN Ha IGBT-Tpam3ucTopax ¢ HaKOMHUTEJIEHBIM
koHzaeHcatopoM. ChopMHUpOBaHHbIE CUIHANIBI OCTYIAIOT
B CIJIOBYIO 4acTh CXEMBI Yepe3 ClelHaIbHbIE JPOCCEIH.

HECCUMMCTPUIHOM PECIKUME.
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Puc. 2 — Buzyanvhas mooens cucmemvl 31eKmpoCHAOI’CEHUS ¢ AKMUGHBIM PUIIMPOM

Vrpasnenne KITFOYaMH HHBEpPTOpA
OCYIIECTBIIASTCS [IUPOTHO-UMITY/IbCHOM MOJYJSIHeH ¢
ructepesucHoil momymiimed  [13]. Vsen cpaBHeHus

BBIICJIET Pa3HOCTh MEXKAY CHIHAIOM TeHeparopa
JTAJJOHHOTO TOKa M TOKOM CE€TH 3JIEKTPOCHAOMKEHUS.
IlonyyeHHoe 3Haue€HME NOCTYNAET HA THCTEPE3UCHBIN
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9JIEMEHT, Ha BBIX0JI€ KOTOPOTO (POPMHUPYIOTCS HMITYJIbCHI,
paBuble +1 wm -1. IlluprHa THCTEpE3UCHON 30HBI IO
BXOJIHOMY CHTHAITy 3a/1aHa paBHoi 0.5. Janee ¢ moMOIIBI0
JJIEMEHTa CpaBHEHWS, TPOWMCXOJUT  pacmpe/eseHHe
TIOJIOKUTENIBHBIX W OTPHIATEIBHBIX WMITyJbCOB TAaKUM
00pa3oM, 4TO TiepBas 4acTh OCYIICCTBIIET YIPaBIiCcHUES
BEPXHUM TpPaH3UCTOPOM IUIEYa, a BTOpas — HIDKHHM.
Takmm oOpazoM, popMHUpYIOTCS TpU KaHalla yNpaBICHUS
KII04aMH (QWIbTPa, KOTOPbIE KOPPEKTHPYIOT TOKH B TPEX
(hazax CUCTEMBI ICKTPOCHAOKCHIS.

[IpusHakoM BXOoJa B ONTUMAIBHBIA  PEXKUM
SIBIISIETCS] YCTAHOBJICHNE HANPSDKEHMST HAa HAKOIUTENILHOM
KoHneHcatope QuibTpa. Jns oOecredeHwss Takoro
YCIOBMSI aKTHMBHBbI (QuibTp J0WKEH CGHOPMHUPOBATH
COOTBETCTBYIOIIME  KOppeKTupyromue Toku.  llpm
BBINIOJIHEHMM TIOMCKOBOW ONTUMM3AIMM  [apaMeTpaM
ONTUMIBAIMM 33AaAUM aMIUIMTYy CUIHala IeHeparopa
STAJIOHHOTO TOKA (9Ta BEJMYKMHA OJIMHAKOBA JUJIS BCEX TPEX
resepatopoB  (a3) W HayalbHOE HANpPsDKCHHE  HA
HaKOIIMTEJIbHOM KoHAeHcarope. CleayeT OTMETHThb, YTO
IpU HyJ€BOM HA4YaJbHOM HANPSDKEHMM KOHIEHCATopa B
CUCTEME IPOMCXOIUT NEPEXOIHbIH MpoLecC, B KOTOPOM
AMIUTUTY Il CETEBBIX TOKOB NPEBHIIIAIOT YCTAHOBUBIIIEECS
sHauenre B 2,5 pasa [11]. Tlostomy ompesmernenye
HayaJbHOTO 3HAYEHW  HalpsXKEHWi  KOHIEHcaropa
CMOCOOCTBYET YAYyUYIICHHIO KadecTBa DJIEKTPUIECKOMN
SHEPruH B CETH.

[Tpu popmupoBan nesieBoit HyHKIMM BO3HHUKAET
npobieMa H3MEepEeHHsI HANPSKEHUST Ha KOHAEHCATope, TaK
KaK 3Ta BEeJIMYMHA He SIBIISIETCS TIOCTOSIHHOM, a M3MEHACTCS
1o TepuoAmIeckoMy 3akoHy. Ilostomy mnemecoobpazHo
BBITIOJIHATh HM3MEPCHHE HANPSOKEHWS B KOHIE KaXIOTO
nepuojia KoJyiebaHus, W W3 TIOJNYYCHHBIX 3HAYCHHH
chopmupoBarh 1eneBylo QyHkmmo. Mmeer cmblica
3HAYECHWS HANPSDKEHUH IPU KOMIIbIOTEPHOM BBIYUCIICHUH
3anuchIBaTh B BeKTOP. LleseBas GyHKIMA BBIUUCIIACTCS 110

¢bopmymne

N :\/(ch _Vc3)2 +(Ves _Vc4)2 (1)

rne Ve, Ves, Vo, — HalpsOKEHMS Ha KOHIEHCATOPE B
koHue 1, 2 u 3-To Nepruo0B KosieOaHusl.

Bpemst paboTbl MoiemH yeTaHoBiIeHO paBHbM 0,03
CeK, UTO SABJSIETCS TOCTATOYHBIM JIJISI BBIXO/]a CUCTEMBI HA
YCTAaHOBUBILEHCA  PEKUM. Iepuon  koneOanus
HaNpsHKSHUS Ha  HAaKOTMTENHLHOM  KOHIEHCATope
coctapisiet 0.01 cek, u 310 Bpems 3amaHo B Oioke VC,
KOTOpBIA Tepenaet B pabouee npoctpaHncteo MATLAB
3HAYCHUS HAMpPSKEHUM B KOHIE KAKIOrO MEpHUoja B
COOTBETCTBYIOIIMII BEKTOP.

B nuctuHre 1 npuBegeH TEKCT OCHOBHOM
MPOTrpaMMBbl, BBINOJHIIOLIEH onTuMuzaiyio. B nepBoit
CTPOKE B Ka4eCTBE MIIOOAIBHBIX IMEPEMEHHBIX 3a/IaHbI
rapaMeTphl ONTUMHU3AIMK, HOMeEp ureparmy Nst 1 BEKTOp
3HAUCHUI HANPSDKEHUM HA HAKOIMTEJIbHOM KOHIIEHCATOPE
\Ve. OrrruMmusarms BBITIOJIHSETC S CIIEIMAIBLHO
BctpoenHoit B MATLAB  ¢yskmweit  fminsearch(),
rapamMeTpamMu KOTOPOU SIBISIFOTCS MMs (paiin-pyHKIM 1
HavaJbHbIE 3HAYEHWSI NTApaMETPOB ONITUMHU3AIH.

global 1 VCO Nst Vc

SOP =0.5

L =0.001

Nst=0

Y=fminsearch('func_s3fnesim’,[ 13.8984 150 ])
Nst

B Jlucturare 2 mpuBeneH TekcT (aiin-dyHkImy,
BBI30OB  KOTOPOH  OCYIIECTBISIETCS ¥M3  OCHOBHOM
nporpaMMel. B mepBoii cTpoke (yHKImMM mpHcBanBaeTcs
M Gain-QyHKIMM ¢ TapamMeTpoM, KOTOPBIH paBeH
BEKTOpY 3HAYCHHII TNapaMeTpoB omruMm3aimy. Jlanee
uneT OyOnupoBaHME KaKk M B TOJIOBHOH Iporpamme
mIOOATBHBIX TIEPEMEHHBIX NPOTPaMMBI, a 3areM 3TH
rapamMeTpbl HOPMHPYIOTCS. Bezos MOJIETH
OCYIIECTBIIIETCSI C TOMOMIBIO KOMaHABI sim. 3areM 1o
¢dopmyrne (1) BeraucsieTcs: nesieBasi (GyHKIMS, 3HAYCHUS
KOTOpPOH TpEeJCTaBISIIOT cO0O0# 3HaueHus BeKTopa
HanpsDKEHW Ha HAaKOTIMTEJIBHOM KOHaeHcarope VC.

function Nev=func_s3fnesim(x)
global I VCO Nst Vc
I=abs(x(1)*1E-0)

VCO = abs(x(2)*1E-0)

sim modell
Nev = sqrt((Vc(2)-Ve(3))2+(Ve(3)-Ve(4))"2)
X
Nst=Nst+1
AHanu3 pe3yJbTaToB

Ilocne BbIOIHEHUS OoTuMu3alin 3HAYCHUA
rnapaMeTpoB  ONTUMMBALMK  TPUHAIM  CJEAYIoIKe
SHAaYCHW: aMIUIMTyJa OTaJJOHHOTO CHHYCOWOAJIBHOTO

curHata | = 7.7420, nayajgpHOEe HaNpsDKEHHE Ha
koHzneHcarope VCO =205.2681. M3mepures MOgHOCTEN
HA CTOpPOHE INTaHWI CETH W Ha CTOPOHE HATPY3KH
NOKa3aJI YPaBHUBAHUE AKTHBHBIX MOIIHOCTEH.

Ha prcyHke 3 mpHBeICHBI BPEMEHHBIC AT PAMMBI
CETEeBbIX TOKOB TMpM Ha4yaJbHOM HAaNpsHKEHWH Ha
HAKOTITEJIFHOM KOHZEHCAaTope paBHEM 0.

Ha pucynke 4 moka3ansl BpeMEHHbBIE JHarpamMMbl
TOKOB TIOCJIE TPOBEJCHMS ONTUMHU3ALMH. AMIUIUTY I bI
TOKOB CHIBWINCE 10 8 A, B YCTAaHOBHUBIIEMCS PEKUME, B
TO BpeMsI KaKk B HECUMMETPUIHOM PEKMME MaKCHMalbHast
amruTy1a coctaBisia32 A, B mepexojHOM peskiMe mpr
3aQaHAM HAYaJbHOTO HANPSHKEHHWS HAa HAKOIMTEILHOM

KOHJ[CHCATOPE PaBHBIM 205.2681. B makcumansHas
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Puc. 3 — Bpemennvie ouazpammol cemegvlx moKkog nocie
6bINOTHEHUS ONMUMUZAYUY NPU HAYATLHOM HANPAAHCEHUU
HA KOHOEHCamope pasHblM HYO.
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Puc. 4 — Bpemennvie ouazpammuvl cemesblx mokos nocie
8bLNOJHEHUA ONMUMUZAYUYU NPU HAYATILHOM HANPAACEHUU
Ha KorOeHncamope pastoim 205.2681 B.
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Puc. 5 — Bpemennovle Ouazpammul Hanpsdicerus u moxa
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Puc. 6 — Bpemennas ouazpamma nHanpsaxceHus: Ha
HAKONUMEAbHOM KOHOeHcamope
aKmugHo20 Quibmpa
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Puc. 7 - Koppezcmupy;ou;ue MOKU CUN06020 AKMUBHO20
Qurvmpa

BEJIMUMHA aMIUIMTYIbl CETEeBOTO TOKa CHHM3WIACh CO
3HaueHns -82 A mo -25 A. Ilpm 3TOM CcoOKpaTwiach
JUIMTENIFHOCTh Tepexoanoro mporecca ¢ 0.002 cek mo
0.005 cex. Ha pric. 5 m300pakeHbI HANPSDKCHAEC WCTOYHHK A
3.J.C M ceTeBoro Toka B (paze A. BpemeHHas auarpamMma

JEMOHCTPHPYET CBeleHWe K Hylo (a3oBoro casura
MEXKIY STUMH BETHIHHAMH.

Puc. 6 neMoHCTpUpYyeT yCTaHOBICHHE HANPSIKE HUS
Ha HAKOTIMTEJIbHOM KoHAeHcarope. Ha puc. 7 u3o0paskeHsl
KOPPEKTUPYIOLIHE TOKH CIIIOBOTO aKTUBHOTO (pribTpa.
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AHOTAILIA Posensioacmycst onmumizayis pesxcumy pooomu mpughasznoi mepedsici el1ekxmponocmayahs 3 HepigHOMIPHUM AKMUGHO-
IHOYKMUSHUM HasanmaxicenHam. Hecumempis mepeoicesux cmpymie i peakmusHa ROMYHCHICIb KOMNEHCYIOMbCsL 3a 00NOMO200
aKkmugHo2o Qinempa, wo npedcmasiie coborw mocmosuti ineepmop Ha IGBT-mpanzucmopax. Ynpaeninua Kirouamu iHgepmopa
301lICHIOEMbCA CUCMEMOTO0 KePYBAHHA 3 Peanizayieio wupomHo -iMnyabCHOI MOoO0YIAYii 3a 2icmep e3ucHum npunyunom. ns onmumizayii
DedAHCUMY CUCTEMU BUKOPUCINOBYEMBCSL BION0BIOHA 813YANbHA MOOENb | ONMUMI3AYIUHUE an2opumm 0edopmosar 020 6a2amozp aHHuKa.
Onmumizayisn pesrcumy 30illCHIOEMbCA WAAXOM cmabini3ayii Hanpyau Ha HAKONUYYEATbHOMY KOHOEHCamopi.
Kniouogi cnosa: axmusnuil inomp; onmumizayis; HecCUMempis, peakxmuéHa NOMYICHICMb ; cucmema ei1eKxmponocmaianHs.
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