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BBEAEHUE. LIE/Ib NCCNNEQOBAHUA / INTRODUCTION. PURPOSE OF RESEARCH

MHoroypoBsHesble MHBEPTOPLI HanpAXeHunA (MYUH) CTanu
NPUBbIYHBIMM  UCTOYHMKAMWU CpedHero U  BbICOKOrO rnepemeHHOro
HaNpPAXKeHUA, NOKPbIBAA NOTPEOHOCTb B BbICOKUX 3HAYEHMAX MOLLLHOCTU U
BbICOKOM KayecTBe nutaHma. OaHodasHble MYUH o0bbluHO ncnonb3ytoTcs
ANA MUTAHUA HArpy3oK NepemMeHHOro Toka Heb6obWoM MOLWHOCTU, B TOM
ynucne ANA HyxKA MHOIMMX MasbiX NPeanpuAaTMin M 6ONbLIMHCTBA HOBbIX
AOMOB. B yacTHocTM, Takme WHBepTOpbl BOCTpeboBaHbl B CUCTEMAX
BO30OHOBNAEMOM  3HEPreTMKM U pPacnpedeneHHom  reHepauuu.
OpHodasHbie MHBEPTOPbI MOAY/IbHOM KOHCTPYKUMKU MOryT ObiTb NIETKO
cobpaHbl Apyr c APYyrom B KayecTse PpasHbIX Naey Ana co3gaHnuA MOLLHbIX
TpexdasHbiXx cxem. YTO KacaeTca NUTAKOLWKUX MCTOMHUKOB MOCTOAHHOIO
HaNPsAXXeHuA, BCE OCHOBHble MPOMbIWAEHHble OAHOdA3Hble CXEMb
MYWUH moXXHO pa3gennTb Ha ABa K/acca: € OTAeIbHbIMU UCTOYHUKAMM Ha
ABYXYPOBHEBYIO WHBEPTOPHYID AYEMKY WU C MNOAKJOYEHMEM K
nocnenoBaTe/NIbHO COeAMHEHHbIM UCTOYHMKAM, cMm. Puc. 1. Btopon Knacc
KOHKYypeHTocnocobeH no KoAM4YecTBy UCTOYHUKOB TOJIbKO B TpexdasHbIxX
Lenax, Toraa KaK 3N1eMeHTapHble A4YerKM NepBOro Knaacca ABAAKOTCA
Hanbonee Xopowo M3y4YeHHbIMU, HAAEXKHbIMU N YHUBEPCANbHbIMU, @ H-
MOCT ABNAETCA Hanbonee WMPOKO UCMNO/Ib3YyEMbIM U3 BCEX HUX.
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Puc. 1. CemnypoBHeBbI€ NpeacTaBUTENU OBYX KnaccoB ogHOMa3HbIX MHOMOYPOBHEBbLIX MHBEPTOPOB HanpsikeHns (M hasHbIX Nred): KackaaHbIn
H-mocToson nHeepTop (a); nHBepTop ¢ hukcnpoBaHHoW HenTparnsHon To4kon (b). Seven-level representatives of two classes of single-phase multilevel
voltage source inverters (and phase legs): cascaded H-bridge inverter (a); neutral point clamped inverter (b).
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BBEOEHUE. LIENb UCCNEQOBAHUA / INTRODUCTION. PURPOSE OF RESEARCH

XOTA OCHOBHbIMM TMNAaMKMU MOAYNALUU, UCNONb3YEMbIMU B OAHOPA3HbIX MHOrOYPOBHEBLIX NpeobpasoBaTenax, ABAAKOTCA
CKanapHble (06bl4HO cnMHycomnaanbHaa LUMM ¢ MHOroypoBHEBbLIMW HECYLLMMM), AOCTAaTOYHO LUMPOKNIA CAUCOK NyBAnKaunia
NOCBALLEH NPOEKTUPOBAHUIO U NUCCeA0BaHUIO TEXHONOMNIA NPOCTPAHCTBEHHO-BeKTopHOM UM (MBLUMM). B yacTHOCTH,
MHOIMe muccnegoBatenn ycnewHo ucnonb3ytoT MNBLUMM ana Bbibopa KntoueBbiX COCTOAHUM BEKTOPOB A/ AOCTUMKEHMUS
TAaKUX O4YEHb Pa3HbIX Ba)KHbIX LENEer, KaK NogaBneHMe TOKA YTEUKWU, ynpaB/iIeHME MHBEPTOPOM B BbIMPAMUTENBHOM
(0bpaTHOM) pexkmme, banaHCMPOBKA HANPAXKEHU EMKOCTEN U YMEHbLLUEHME YMCNa NEPEKTIOYEHMIN CUNOBbIX K/THOYEN.

Llens gaHHoM paboTbl - NPeanoXKnUTb HOBYHO, 0bLWYtO0 M npocTyto TexHonoruio MNBLUUM ana ogHodasHbix MYUH ntobbix
NPOU3BO/IbHbIX TOMOJIOTUA C NOObIM HEYETHbIM YMCIOM YPOBHEN (BKAKOYAs HyNeBOM ypoBeHb). MNpeanaraeman cxema
MBLUMM KOHUEHTPUPYETCA Ha reHepauunm 3aaaHHOM GOpPMbl CUMFHaNa HanpAXeHUA B COOTBETCTBMM C OMOPHbIM
HaNpPAXeHUem, C A0CTAaTOYHO HU3KMM COAEepPHKAHUEM FaPMOHUK U OOCTAaTOYHO HU3KUM YUC/IOM NEpPEKIYEHUN. Takmm
obpasom, TEXHONOrMA OTBEYAET TOJIbKO 33 KA4yeCTBO BbIXOAHOMO HanpaAXeHua U ToKa. [lpobnembl HGanaHCUPOBKMU
HaANPAXEHUN eMKOCTEN, PABHOMEPHOM Harpy3Ku no TOKY M pacnpeseneHua HanpaxXeHUn mexay CUI0BbIMU KIKoUYaMu,
CHUXEHUA CUHPA3HOIO HANpPAXKeHUA U T.4. A0MKHbI OblTb peweHbl 3@ CYET M3ObITOYHOCTM KAKOYEBbLIX COCTOAHUNA MpU
HACTPOMKe ANnA KOHKpeTHoM Tononormm MYUH. B otainyme ot MHOrMX 060CHOBAHHbIX, BbICOKOKAYeCTBEHHbIX M MONE3HbIX
MEeTOoA0B, KOTOpble TPebyoT 60NbLINX BbIMUCAUTE/IbHBIX 3aTPaT, Npeanaraembin metod obecneymsaet HbICTPOE M NPOCTOE
BblUMC/IEHME ABYX MOAYNUPYHOLNX NPOCTPAHCTBEHHbIX BeKTOpoB (MB) n nx koapodunumneHToB 3anonHeHms 6e3 Kakoro-nnbo
YBENIMYEHUA CNOXKHOCTM NPU yBeNNYEHUN KOIDPUUMEHTA MOAyNALUM U YUCNA YPOBHEN MHBepTOpa. [encTBEeHHOCTb
pa3paboTaHHbIX a/ITOPUTMUYECKUX OnepaLnii A0Ka3aHa C NOMOLbIO MoAennpoBaHma B PSIM.

PURPOSE OF RESEARCH is to propose a new, general and simple SVPWM technique for single-phase MLVSIs of any arbitrary topologies with any odd numbers of
the levels (including the zero level). The proposed SVPWM scheme concentrates on generating a specified voltage waveform, according to the reference
voltage, with enough low harmonics’ content and enough low switchings’ number.
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TexHuKa TpexdasHo npocTpaHcTBeHHOo-BeKTopHou LUUM / Three-Phase Space Vector PWM Technique
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OcobeHHocTH B3ATUA oTcueTos / Sampling Features

Table 2. Two versions of referance voltage sampling.
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dopmupoBaHue curHana BbixogHoro HanpsaxkeHua / Output Voltage’s Signal Shaping

J1BYXKOMMNOHEHTHbIN NPUHLMUN Two-Component Principle

[Tono6GHO TOMY, KaK 3TO OBLJIO CIIENIAHO B paHee MPEI0KEHHOM aBTOPCKOW METOJIUKE
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[ BYXKOMMNOHEHTHbIA NPUHLMN Two-Component Principle
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A BYXKOMMNOHEHTHbIW NPUHLMUN Two-Component Principle
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BapuaHT |

PE3YNbLTATbI MOLENTMPOBAHUA / SIMULATION RESULTS

TUNNYHBLIE ®OPMbI CUTHANOB, CNEKTPbI U 3HAYEHMA THD HANPAXXEHUA U TOKA

Table 3. Waveforms, spectrz and THD of version I of reference voltage sampling. Table 4. Waveforms, spectra and THD of version II of reference voltage sampling.
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PE3Y/NIbTATbI MOAE/IMPOBAHUA / SIMULATION RESULTS

Conventional AC Total Harmonic Distortion (THD)

2 2 U2
~ U \/UZ‘U(Zl) U R kZ; 0
Uy Uq Uy (1) 0

U, Uy, and Uy, are the RMS values ( Tl'j(---)zdt] of the whole voltage signal u (including fundamental

component u ), its k-order component u, and higher harmonics component u U=Ug +Ugpy
n-Order Integrated Voltage Harmonics Factor (IHF)
_ = =)
Kﬂ&) =WTHD" = U_((hnh)) = U (3) ® Prof. G.S. Zinoviev (NSTU, Novosibirsk), before the year 1990
Uy @)

—(n —(m) —
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The particular case » 2
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Holmes, D.G., Lipo, T.A., about 2000 WTHD® = >
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3AK/THOMEHUE

v IIpensioskeH HOBBIH U MPOCTOii MPOCTPAHCTBEHHO-BEeKTOPHBIH ajropur™m UM mis oqHo(pa3HOro MHOrOypOBHEBOI0
HHBEPTOpPAa HAMNPSIKEHUSA JIO00M MNPOU3BOJBHOM TOMOJOIMM C JIKOOBIM MPOU3BOJBHBIM HEYETHBIM YHCJIOM
reHepupyeMbIX YPOBHEHM HANPSKEHUA IJf MNOJAYyYeHUs (POPMBI CUTHAJIA HANPIKEHUS C YeTBEPTHBOJHOBOMU
cumMmerpuei. IIpocrora Meroma HocTHUraeTrcsi B 3HAYUTEJILHON CTENMEHHW 32 CYET HCIOJb30BAHUA LEJIbIX U JPOOHBIX
YyacTell HOPMHPOBAHHBIX OTCYETOB OIMOPHOI0 HANPSKEHUS B KAYeCTBE KOOPAMHAT M OTHOCHTEIbHBLIX BpPEeMEH
necTBUA MOAYJIUPYIOIINX BEKTOPOB, COOTBETCTBEHHO.

v IIpoBepKa NpeNIoKeHHOro aaropuTMa ObLIa mpoBedeHa Ha mogean makera PSIM. Ciexyer oTMeTHTh, YTO HET
HEO0OXOAMMOCTH YCJIOKHATH AJTOPUTM H HM3MEHATH CXeMy MOAYJATOPA NPH YBEJIMYEHUH KOJHUYECTBA YPOBHeEH
MYHUH.

v'ITOT METOA MOKET MOMOYb YJIYYIIHTH KA4eCTBO BLIXOAHOI dHeprun 0e3 cumkenusi KIIJI muBepTopa, MoCKOJbLKY OH
MO3BOJISACT MOJYYUTH MPUEMJIEMOE KAYeCTBO BHIXOAHOI0 TOKA B AKTUBHO-UHAYKTUBHBIX HATPY3KaX JaxKe MPH MAJIbIX
3HAYEHHUSIX 4aCcTOTHOro Kodpdpuuuenta moayasiuuu HINUM (m, ciexoBarejibHO, HEOOJIbIIUX AMHAMHYECKHUX MOTEPSIX
MOILIHOCTH B KJKW04Yax). MeToauka mnepcrneKTUBHA s OJHO(PA3HBIX MHOIOYPOBHEBBLIX MHBEPTOPOB € JA0CTATOYHO
00JBIIMM YHCJIOM HCTOYHUKOB INOCTOSSHHOIO HANPSKEHUS, KOIJA KA4eCTBO BBIXOAHOM MOINHOCTH 3HAYUTEJILHO
noppimaercsi. B yacTHOCTH, paccMaTrpuBaeMoe YIPaBJIEHHE MOXKET ObITh BOCTPE0OOBAHO /I HMHBEPTOPOB,

HHTETPUPOBAHHBIX C (POTONIEKTPUIECKMMH CUCTEMAMM.
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CONCLUSION

v'The new and simple space vector PWM algorithm for single-phase multilevel voltage source inverter of any
arbitrary topology with any arbitrary odd number of generated voltage levels is offered to produce a quarter-wave-
symmetric voltage waveform. The simplicity of the technique is achieved largely due to using the integer and
fractional parts of the reference voltage normalized samples as the coordinates and duty cycles of the modulating
vectors, respectively.

v'The verification of the proposed algorithm has performed on the PSIM package model. Should be noticed, that there
IS no need to complicate the algorithm and change the modulator circuit while the number of MLVSI levels is
Increasing.

v'This technique can help to improve the output energy quality without reducing the inverter efficiency, since it allows
obtaining an acceptable quality of output current in active-inductive loads even with small values of the PWM
frequency modulation index (and hence small dynamic power losses in the switches). The technique is promising for
single-phase multilevel inverters with enough high number of supplying equal DC voltage sources, when the quality of
the output power increases significantly. In particular, the considered control can be in demand for inverters
integrated with photovoltaic systems.
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