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JOCJIITKEHHA AUNHAMIKHU KBA3ITIEPIOJANYHHUX
KOJIMBAHDB Y CUCTEMAX I3 3ACTOCYBAHHSAM UNIFIED
POWER QUALITY CONDITIONER

BiHHMIBKMI HAIllOHATBHINA TEXHIYHUHA YHIBEPCUTET

AHoTanisa

Ksasinepioouuni konueanHs 6U3HAYAOMbCS K KOAUBAHHS, YACMOMA AKUX 8APIIOEMbCSL HABKOLO 0esIKO20 CepeOHbo-
20 3HAYEHHSI 3 4ACOM, | 6OHU MOJICYMb SUHUKAMU Y DISHOMAHIMHUX CKAAOHUX CUCIEMAX e/leKMpPOeHepemuKy yepes
OUHAMIUHI 83a€MOOLL Midic Komnonenmamu mepedxci. OCHO8HUI akyenm 00caiodcenns noaseac ¢ ananizi enaugy UPQC

cmocysanns UPQC moorce 63aemodiamu 3 pisHUMU e1eKMPOMEXAHIYHUMU CUCMEMAMU, MAKUMU K e1eKmMpPOO8UsyHU, |
BUKIUKAMU MUMYACO8] He3amyXatoul Konusanus. Omoice, 00CI0NHCEHHs BUCBIMIIOE HeOOXIOHICb 2TUOOK020 PO3YMIHHSA
Ybo2o enaUgy ma pos3podku cmpameeii 015 egpekmuerozo suxopucmarnus UPQC 6 ymosax peanvrux enekmpoenepee-
MUYHUX CUCTEM.

Kuarouosi cioBa: UPQC, xBa3zinepionndHi KONMWBaHHS, AKICTh IEKTPONOCTauYaHHs, ACHHXPOHHI ABUTYHHU, pe30HAH-
CHa 4acToTa.

Abstract

Quasi-periodic oscillations are defined as oscillations whose frequency varies around some average value over
time, and they can occur in a variety of complex power systems due to dynamic interactions between network
components. The main focus of the study is to analyze the impact of UPQC on the characteristics of these fluctuations
and to determine the optimal parameters to minimize their impact. The UPQC application can interact with various
electromechanical systems, such as electric motors, and cause transient undamped oscillations. Consequently, the study
highlights the need for a deep understanding of this impact and the development of strategies for the effective use of
UPQC in real power systems.
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Beryn

HocnimpkeHHs TMHaMIKM KBa3ilnepioAMYHUX KOJHMBaHb y cucTeMax 3 BukopuctanaaM UPQC e myxe Bax-
JUBHM JUTs cTabiIbHOT pOOOTH CHCTEMH eNleKTporiocTauaHHs. KBaszinepioquuHi KOJMBaHHS BUHUKAIOTH YHA-
CITIIOK PI3HOMaHITHUX TMHAMIYHHUX BIUIMBIB y Cy4aCHHX €JIEKTPOCHEPIETHYHUX MEpEekaxX Ta MOXKYTh 3HAYHO
BIUIMBATH Ha e(eKTUBHICTh Ta cTabinbHicTh cucteM. UPQC, B CBOIO 4Yepry, € MOTy>KHUM 1HCTPYMEHTOM JJIst
BTPY4YaHHs B I[i TUHAMIYHI POIIECH Ta BUPILICHHS MPOOJIeM HU3BKOI SKOCTI eJIEKTPOCHEePTii.

3aznaveHo, 1o 3actocyBanHs UPQC moxke BIITMBATH Ha TUHAMIKY CUCTEMH, 1 TOMY BaXKJIMBO MTPOBECTH
ruboKe TOCiKeHHs 1boro mutanus [1]. ¥V npoMy konTekcTi B3aemomisi UPQC 3i CKiIaI0BHMH CyYacHHX
EJIEKTPOMEXaHIYHUX CHCTEM, 30KpeMa 3 EIeKTPOJBUTYHAMH, SIKi MOXKYTh BUKIIMKATH TUMYACOBI He3aTyXaro-
Yl KOJIMBaHHS Ta TPAH3UTOPHI sSBHUIIA. JIOCTIUKEHHS IIUX aCHEKTiB Ma€ BEJMKE MPaKTUYHE 3HAYCHHS ISt
edpexTuBHOrO BripoBamkeHHs UPQC B enekTpoeHepreTHuHI Mepexi Ta 3a0e3rnedeHHs] cTaOiIbHOCTI iXHbOI
POOOTH MpH 3MIHHUX YMOBaX HaBaHTAXKECHHSL.

Pe3yabTaTu gocaixKeHHs

CyuacHi eneKTpOeHEePreTHYHI CUCTEMHU CTHKAIOTHCS 31 3HAUYLIMMHU BUKIMKAMH, MOB'A3aHUMH 3 HU3BKOIO
SKICTIO €JIEKTPOCHEPrii, M0 BUHHUKAE BHACIIJIOK Pi3HOMaHITHUX (DaKTOpIiB, TAKUX SK TapMOHIKH, Qikep,
KOJINBAHHsI HANIPYTH Ta 1HIII eJleKTpu4Hi 30yperHs. OJHI€I0 3 METO/IiB BUPILICHHSI X MTPOOIIEM € BUKOPHC-
tanHs Unified Power Quality Conditioner (UPQC). UPQC € moTyXHHM MPUCTPOEM, PO3POOICHUM IS KOM-
neHcalii peakTHBHOI MOTYXHOCTI, (UIBTpAIlil rapMOHIK Ta yNpaBJIiHHS Pi3HOMAaHITHUMHU acleKTaMH SKOCTI
CJIEKTPOCHEPTii.

Hocnimxenns podotn UPQC Ha renepaniro KBa3inepiogUYHUX KOJMBAaHb NPOBOAMIOCH 3 HETiHIHHUM
HaBaHTAXXCHHIM (BHIIpAMIITY, cxema JlapioHOBa) 3 KOMIUIEKCHUM omnopoM 12+j1,256 Om, napanenbHe Ji-
HiliHe HaBaHTaXeHHs 3 omopoM 35+j15 Om Ta HaBaHTaXKEHHS y BUIIISAII ACHHXPOHHOTO IBUTYHA MOTYXHiC-



TI0 P

nom
JpKepena skuBieHHs, 10 m Bij acuHXpoHHOTO JBHUTyHa Ta 20 M Bij HenmiHiMHOTO HaBaHTaxkeHHs. Yac moje-
mroBanust t =0,3 ¢. MozgemoBanus BukoHaHo B porpami Matlab / Simulink. Cxema gocmimkyBanoi ycTano-
BKHM Ta CXeMa KoJia KepyBaHHs HAIpyrow KOoHAeHcaTtopa onucana B [1-3].

byno npoeaeno nea nocmigu BMukanHs UPQC 3 BUKOPHCTaHHSM MapayiebHO-TIOCTIIOBHOI TOMOJIOTIT
JUIS. BiJTHOBJICHHSI HANpYTH, KOMIIEHCAIll PEaKTUBHOI MOTY>KHOCTi, BUIIUX TapPMOHIK CTPyMy Ta HampyTH.
[apamerpu UPQC mns mnepmioro mocuigy: R =2,5kBm, Ly =15mln,Cy =10 ux®,

Tpancgpopmamopa
L, =10 ml'n, C,, =300 ux®, C,, =3000 mx®, U

=38 kBm . Hominanena Hanpyra mepexi U, =400 B. UPQC BiMkHeHO Ha Biactani 200 m Bifj

=1000 B. Onopu R, =1 Om ta R, =1 Om onHako-

Bi y 1BoX Bunajkax. BeimkHenHss UPQC MoJentoeThest Mpy 3allyHTOBaHIM BTOPUHHIA 0OMOTIN TpaHcdop-
matopa Tw2 (puc. 1).
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Puc. 1. [lpunnumnosa cxema inBepropa UPQC npu nryHTYBaHHI BTOpUHHOT 00MOTKH TW2 TpaHchopmaTopa

[Tpu poboti UPQC B nanomy pexumi BilOyBa€eThCsl TeHepallisi KBa3ilmepioJuIHUX KOJIMBAHb ITiJ] 4ac 3a-
Py KOHZEHCATopa MapajelbHOro akTHBHOTO (GinbTpa, aMInIiTyaa sikux gocsrae 10 B st naHoi nmoTy»)HOC-
Ti BBIMKHEHOTO ABHUTYHa (puc. 2). JlaHe sBUINlE CIPUYMHSIE KOJMBAHHS aKTHBHOI MOTYXXKHOCTI B MEpexi 3
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Puc. 2. I'padix 3MiHM Hapyru Ha KOHAEHCATOPI MapasieIbHOTO aKTUBHOTO (iNbTpa NpH IIYHTYBaHHI BTOPUHHOI 0OMOTKH TW2
TpaHchopmaTopa

Hus npasuibaol podotn UPQC B maHoMmy pexuMi HEOOXIAHO MigiOpaTH IIYHTYIOUHM KOHIEHCATOP
C,, BEIMKOI EMHOCTI, I1e HeOOXIHO /UTI HaMarHidyBaHHS cepleuHHK TpaHcdopmaropa. [Ipu mamiit emHOCTI
TpaHcopmarop Oy/e He B 3M031 BUITH B PEIKUM HACHUCHHS.

Jis kepyBaHHS PEXKMMOM KOMITEHCAIlli BHIIMX TapMOHIK HAlPYTd BUKOPUCTOBYIOTh BHUXIJIHI peakToOpH
L,,. st edekTHBHOI KOMIEHCAIlI] BUIINX TapMOHIK HANPYTH HEOOXiJHO BEIHKI 3HAYCHHS 1HAYKTHBHOCTI.
[Ipu He MpaBUIIBHOMY pO3paxyHKY MOKJIMBO BUHUKHEHHS pe3oHaHCy Ha 31 rapMoHili, 1110 BUBEJE CUCTEMY
3 cTaHy cTiitkocTi (puc. 3).



Fundamental (50Hz) = 319.7 , THD= 1.06%
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Puc. 3. Po3kiax Hanpyru Mepesxi B rapMoHiuHuii psig Oyp’e

Mag (% of Fundamental)
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Jani kBazinepiofn4Hi KOJMBAHHSA MOXKHAa KOMIIEHCYBATH 3MIHOK PO3MILIEHHS BHUXimHOI emHOCTI C, .
=2,5xkBm, Ly, =15mln,Cy =30mux®,

=1000 B . Beimkuaenns UPQC mojentoeThest mpH 3a-

Hapamerpu  UPQC s gpyroro  mocminy:  Pr..oomamopa
L, =0,5mln,C, =47 ux® C,, =5000 mx®D, U,

IIyHTOBaHii epBUHHINA 00MOTII TpaHchopmaTopa TW1 (puc. 4).
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Puc. 4. Ipunnunosa cxema inBepropa UPQC npu nryHTyBaHHI nepBrHHOT 00MOTKM TW1 Tpancdopmaropa

[Mpu poboti UPQC B nanomy pexuMi MOMUIIKA TeHEPYBaHHS KBa3iMepioAMYHUX KOJIHBAaHb MaiiKe TOBHi-
¢TI0 3HUKae (puc. 5). JlaHui pex UM 3alMIIA€ThCS CTIMKUM HE 3aJIeKHO BiJI MOTYKHOCTI ABUTyHa. Hemori-
KOM J[aHOI TOMOJIOTII € He 3HauyHui pe3oHaHc 1o 19 rapmowiri (puc. 6) Ta HEOOXiIHICTh BETMKOI €MHOCTI
KoHJeHCcaTopiB C,, JUId MOBHOI KOMIEHCANIl PEaKTHBHOI IOTYKHOCTI.
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Puc. 5. I'padik 3MiHE HaNpyTy Ha KOHACHCATOPI NPH HIYHTYBaHHI nepBrHHOT 00MOTKM TW1 Tpancdopmaropa



Fundamental (50Hz) = 320.1 , THD= 0.63%
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Puc. 6. Po3knan Hanpyru Mepexi B rapMoHidHui psig Oyp’e

o

BucHoBku

VY BUManKy mIyHTYBaHHsS BTOPUHHOT 0OMOTKH TWZ2 TpaHcopmaropa, SKHid MOCTIIOBHO BMHKAE MOCHTII0-
BHU aKTUBHUH (PIIBTp B MEpEXXy Ta HASBHOCTI JBUTYHIB B HaBaHTa)XEHHi, MOKYyTh BHHUKATH KBa3imepio-
nuaHi KonuBaHHS, ki TeHepye UPQC. IIpu poOoTi mpuCTporo 3 MiHIHIM Ta HENiHIHHUM HaBaHTaXCHHIM
JaHol npobiemMu He BUHUKAE. J{7s BUpimeHHs i€l mpo0ieMu 3anporoHOBaHO 3MIHUTH MICIIe PO3TalllyBaHHS
KOHJIEHCATOpa Ta 3allyHTYBaTH NEpBUHHY OOMOTKY TW1 TpaHcdopmaTopa, mo0 MOBHICTIO BUPIIIUTH 1€
MUTaHHS.
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