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Anomauyia—IIpoBeaeHo OIJIsII TOMOJOTiH iHBepPTOPiB HANPYTI'H, IO 3HAXOASATH HIMPOKE BHKOPUCTAHHS y CHCTEMAaX eJie-
KTPOKHBJICHHS 3 aJbT¢PHATHBHHMH [7KePeJIaMU eHeprii, BU3HAYEHO NepPeBaru Ta HeJAO0JiKH KOKHOI 3 TonoJoriii. binsm
JAeTaJIbHO PO3IJISIHYTO 0yJ0BY Ta NPUHIMN (yHKIIOHYBAHHSA iIHBEPTOPIB 3 iIMIIeJaHCHUM Ta KBa3i-iMIleJaHCHUM JIAHIIOTOM
y BxinHomy koJi. IlpoBeneHo nopiBHAHHSA 6araTopiBHEBOI KACKaJHOI TOMOJIOTII, TONOJIOrII 3 iMIIeIAHCHUM JIAHIIOTOM Y
BXiTHOMY KOHTYPI (z-iHBepTOpiB), TONO/IOrII 3 KBa3i-iMIeJaHCHUM JIAHIIOTOM Y BXiTHOMY KOHTYpi (KBa3i-z-inBepToOpiB), a
TaKo:K 0araTopiBHeBMX KaCKaHUX TOMOJIOTiH 3 BUKOPUCTAHHSAM Z- Ta KBa3i-Z-iHBepTOPiB y sikocTi TONMO/I0riI CHII0BOT Yac-
THHH OKPEeMOro MoayJs 3a Koe(ilieHTOM HeiHiHHMX CIIOTBOpeHb BHXiHOI Hampyru. 3a pe3yjabTaTaMy OTPMMAHMUMU B
pe3yJbTaTi JOCTi’keHb HaBeeHO PeKoMeHaNil 1010 3aCTOCYBAHHS J0C/IiXKeHHX TOI0JI0Tiii BHXO/ASIYH 3 BAMOT HABAHTA-
JKeHHSI 10 IKOCTi BUXIIHOT HANPYI'H TAa THNY BHKOPHCTOBYBAHOIO /I’KepeJia alIbTePHATHBHOI eHeprii.

Bioa. 11, puc. 4.

Knrouosi cnosa — Gazamopisneguii ineepmop Hanpyzu; KACKAOHA cxemd; cxema 3 iMReOaGHCHUM JAHUIOZOM Y 6XIOHOMY
KOHmMYpI; cxema 3 Kea3i-iMneOAHCHUM JIAHUIOZOM Y 6XIOHOMY KOHmMYPI; 6azamopienesuil Z-ingepmop; dazamopienesuil Keaszi-
z-ineepmop.

II. TEOPETHMYHI BIJIOMOCTI TA OI'JISIJ1 JITEPATYPU

MexaHisM (opMyBaHHS Halpyrn HaBaHTaKCHHS
CXeM KacKaJHUX 0araTopiBHEBHX iHBEPTODPIB 3acCHOBa-
HUI Ha MiIKIFYCHHI MOYJIIB iHBEpTOpA Y BiAIOBITHHMA
MOMEHT 4acy TaKUM YHHOM, L0 BUXIJHI HANPyrd KOX-
HOT'O 3 MOJTYJIIB, JOAAI0YHCh Y HABaHTaXKEHHI, (POPMYIOTh
Hanpyry Oaxkanoi gopmu i amrutitynu [1-4]. o 6inb-
IIOKO € KIIBbKICTh IHBEPTOPHUX KOMIPOK, TO O11bII OJIM3b-
KOI0 € (hopMa HAIPyTH 110 3a1aHOi [5-8].

I. Bcrvn

[Monynsapusaris Ta MUPOKE PO3NOBCIOKEHHS allbTe-
PHATHUBHUX JDKEpeNl €eHeprii MpH3BeNo JI0 3pPOCTaHHS
MONIUTY Ha Cy4YacHi EHeproe(eKTUBHI MEepeTBOPIOBaYi
€JIeKTPUYHOI eHeprii, 10, B CBOIO 4Yepry, 0OyMOBIIOE
HEOOXITHICTh PO3POOKH HOBHX TOIOJOTIH, 34aTHUX
3a0e3MeYnTH BUCOKY SIKICTb BHXIIHOI HalpyTW Ta MaK-
cUMallbHe BUKOPUCTAHHS €Heprii mkeperna. HaiOinere
MOUIMPEHHS cepell PO3pOOJICHUX TOMOJIOTIH 3HANILIN
OararopiBHeBa KacKaJjHa TOIOJIOTs, TOTOJIOTII 3 iMIea-
HCHUM Ta KBa3i-IMIIEIaHCHUM JIaHIIOTOM y BXiTHOMY

OCo0MBICTIO TOMOJIOTIT Z-iHBEpPTOpa € IMIeIaHCHUI
JIAHITIOT, BCTAHOBJIEHUH MIX JDKEPEIOM CTaJIOT0 CTPYMY
Ta MOCTOBUM iHBepTOpoM (puc.1). 3BuuaitHuii MOCTOBHIA

Kouti Ta ix moeguaHHs [ 1-4]. MeToro cTarTi € HOpiBHAHHS
Ha OCHOBI pe3yNbTaTiB CUMYJIALII Ta pe3yIbTaTiB J0CHTi-
JUKEHb, HABEJICHHX Y JIITEpaTypi, IIMX TOMOJIOTIH 3a napa-
MeTpoM Koe(illi€eHTa HeTiHIHHUX CIIOTBOPEHB BUXITHOL
Hampyrd. Buxomsum 3 pe3yibTaTiB MPOBEAEHHOTO
MOPIBHSAHHS, HABEICHO PEKOMEHIAIIIT MO0 iX 3aCTOCY-
BaHHS.

iHBepTOp nepenbayae podOTy y BOCBMHU CTaHAX CHIIOBUX
KJIFOUiB. BUKOpUCTaHHS IMITETaHCHOTO JIaHIIora pOOHUTH
MOXKJIMBHM pOOOTYy iHBepTOpa y JAEB'SITOMY, IONATKO-
BOMY CTaHi, I1I0 HA3UBAETHCS KIIPOOMBHUMY» 200 «CTAHOM
mpo6oro» [9]. MoximBicTe poOOTH y CTaHi MPOOOIO
JIO3BOJISIE KOMIICHCYBATH 3MEHIIECHHS BHXIIHOI HANpyru
IBTEPHATHBHOTO  JUKEpEJa O KUBIICHHS  BHACIIIOK
HECTIPUATINBHUX 30BHIMIHIX YMOB POOOTH (HU3BKOI OCBI-
TIIGHOCTI COHSYHOI TaHel, BiZICYTHOCTI B3aeMOIi 3 BiT-
POBHMH TOTOKaMH BIiTPOTEHEPATOpiB, TOWIO0). Takox
BUKOPHCTaHHS CcTaHy 1po0Ool0 y Touli Bigbopy

(@)
L@_ﬂ Copyright (¢) 2019 ®enin 1. C.


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-0264-5067
http://www.kaf-pe.kpi.ua/
http://www.kpi.ua/

ISSN 2524-2725. ElectronAcoustEng, 2019, vol. 2, no. 4 7

MaKCHMaJIbHOT eHeprii COHIUHO1 OaTapei A03BOJsiE Hal-
OinbIl e()eKTHBHO BHKOPHCTOBYBATH IUIOLLY COHSYHOI
nanenm [9]. HemonikoM Tormosorii 3 iMIneaaHCHAM JIaH-
IIIOTOM Y BXiJTHOMY KOHTYPI € yCKJIaJJHeHa CTPYKTypa I10-
PiBHSHO

3 MOCTOBUM iHBEPTOPOM, IiJIBUIIEHE HABaHTaKCHHS Ha
CHJIOBI KJTIOYi 32 paXyHOK BUKOPUCTAHHS CTaHy Ipo0oIo,
BUIIMI KOe(DIIiEHT HeNMHIHHIX CIOTBOPEHb O3 BUKOPH-
CTaHHS BUXIOHOTO (iIbTpa, 3MEHIIEHHS BXiZHOTO CTa-
soro ctpymy [10,11].

Tormomoriio 3 KBa3i-iMIIEZaHCHIM JIAHITIOTOM Y BXij-
HOMY KOHTYpi (puc.2) OyJI0O CTBOPEHO 3 METOI0 3MEH-
IICHHS HAIIPyTH Ha KOHJCHCATOpax Ta MiATPUMKH CTaJIOl
BUXigHOI Hanpyru [11].

3 MeTor0 00’€qHAHHS IepeBar OaraTOpiBHEBHX Ta
IHBEpPTOPIB 3 IMIEAHCHUM JIAHLIIOTOM y BXIZTHOMY KOJIi
OyJ10 PO3pOOIICHO TOTMOJOTiF0 OaraTopiBHEBUX iHBEPTO-
piB 3 IMIEJAHCHHUM JIAHIIOTOM Y BXIIHOMY KOHTYPI.
OyHKIIOHYBaHHS CHJIOBOI YacTHHU Ta CHCTEMH Kepy-
BaHHS JIJaHOT TONOJIOTIT HaOJIMKeHe 10 (PYHKIIOHYBaHHS
CXEMH KaCKaJHOTrOo 0araTopiBHEBOTO iHBEpTOpa, MpoTe
3 ypaxyBaHHSAM CTaHy Mpo0OI0, KM YacTKOBO Yy Haci
3amilllye HyJbOBHUI CTaH.

BukopucranHs OaraTopiBHEBOI TOIMOJIOTIi 00YMOB-
JIeHE TIepUI 32 Bce HEOOXIMHICTIO 3MEHIIEeHHS Koedimie-
HTY HENIHIIHUX CIIOTBOPEHb BUXITHOT HAIIPYTH.

D1 L1

DC source

Puc.1 IuBepTop 3 iMeIaHCHHM JaHLIOTOM y BXigHOMY Kouii (Z-iHBep-
TOp)

DC source

Puc.2 InuBeprop 3 KBasi-iMEZaHCHHM JIAHLIOIOM Y BXITHOMY KOJI
(kBa3i-z-iHBEpTOP)

TABALY 1

TonoJorist THD
BararopiBHeBHii KaCKaIHHI iHBEPTOP 22.11%
IHBepTOp 3 IMIIEAAHCHUM JTAaHIIOTOM y BXiTHOMY KO- | 44.34%
HTYpI (z-iHBepTOp)
IHBepTOp 3 KBasi-iMIEZaHCHUM JaHLIOTOM y BXim- | 44.34%
HOMY KOHTYpI (KBa3i-z-iHBepTOp)
BararopiBHeBuii iHBepTOp 3 iMIIegaHCHUM JaHorom | 34.31%
Y BXiTHOMY KOHTYpi
BararopiBHeBuii iHBepTOp 3 KBazi-iMnenancHuM nad- | 34.31%
LIIOTOM Y BXiJHOMY KOHTYpi

Fundamental (121Hz) = 312.2, THD= 44.34%
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Puc.3 CrexTp BHXiZHOI HAPYTH iHBEpTOpa: a - 3 KBasi-iMIeJaHCHIM
JIAHIIOTOM Yy BXiZTHOMY KOJi; 0 - 3 IMIIeJaHCHHM JIAHIIOTOM y BX1THOMY
KOJIi; B - 6araTopiBHEBOro iHBEpPTOpA 3 IMIICJAHCHUM JIAHIIOTOM Y BXi-
JTHOMY KOJIi; T - 6araTopiBHEBOro iHBepTOpa 3 KBa3i-iMIIEJaHCHHM JaH-
LIOrOM y BXiJJHOMY KOJIi; JI - 6araTopiBHEBOTO iHBEPTOpa 3 BiIOKpEM-
JICHHMH JDKepEeTaMHt CTaIoro CTPyMy

III. BU3HAUYEHHS KOE®ILIEHTY HEJIMHIMHAX
CIIOTBOPEHB TA AHAJII3 PE3VJIBTATIB

Jns Bu3HaueHHS Koe(ilieHTYy HENiHIHHUX CHOTBO-
penb (THD — total harmonic distortion) OyJio mpoBeaeHO
CUMYJISIIF0 pOOOTH O3HAYCHHWX BHIIE TOMOJIOTIH
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B cepenoumii MATLAB. Buxignumm napamerpamMu  iMIEJaHCHHMH KOMipKaMH Ta iHBEPTOPH 3 iMIIETAaHCHUM
Oyyo 00paHO CHHYCOINAIbHY Halpyry amiuritynoro 260  Ta KBasi-iMIleJaHCHUM JIAHIIOTOM Y BXiZIHOMY KOHTYDI.

B ta gactotoro 120 I'u. ¥V axocTti Mmoneneit amst cumy smii
Oymu oOpaHi TPHOXKOMIPKOBHH IHBEPTOP, TPHOXKOMIp-
KOBi OaraTtopiBHEBi iHBEPTOpH 3 IMITETAHCHIMH Ta KBa3i-

3nauenas THD pns pi3HHMX TOMONOTIH 3BEOCHO
y Tabu1. 1. CrieKTpH BUXiTHOT HaIpyry HaBeieHi Ha puc.3,
a cxemn MATLAB-mozeneit - Ha puc.4.
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Puc.4 Mojeni iHBepTOpiB: a — 3 iMIIeIaHCHUM JIAHI[FOTOM Y BXiJTHOMY KOJIi; 0 - 3 KBa3i-iMIIe/IaHCHIM JIAHI[FOTOM Y BXiTHOMY KOJIi; B - OaraTopiBHe-
BOT'O iHBEPTOpA 3 IMIIEAHCHHUM JIAHLIOTOM y BXIZHOMY KOJIi; T - 6araTropiBHEBOro iHBEpTOpa 3 KBa3i-IMIIEIAHCHUM JIAHIIOTOM Y BXiITHOMY KOJIi; 1
- KacKaJTHOro 6araTtopiBHEBOr0 iHBEPTOPA 3 BiIOKPEMIICHUMH JKEPEIaMH CTAJIOr0 CTPyMY

Buxonsau 3 pe3ynpTaTtiB MPOBEACHUX IOCIHIIKEHB,
MOXHa BHU3HAYUTH, IHO IIpU )KI/IB.HCHHi 9yTJIUBOIo 10
($hopMu BXiTHOT HAIPYTH HABaHTAXKEHHS, TAKOTO SIK aHa-
JIOTOBI MiZICWIIIOBAJIbHI TIPUCTPOi Ta pajionpuiimadi,
HE3aJIeKHO BiJ THITy BUKOPHCTOBYBAHOTO JIbTEPHATHB-
HOTO JpKepelia eHeprii AOMUTBHIINIM Oye 3aCTOCYBaHHS
0araTopiBHEBOTO I1HBEPTOpPAa 3 MOCTOBOKO CTPYKTYPOIO
komipku. [Ipu 3acTocyBaHHI COHSYHOI MaHENi y SKOCTI
BX1JTHOTO JKepelia CTajlol HalpyTrH JIOPEYHHUM € 3aCTOCY-
BaHHS 0araTOpiBHEBOTO iHBEpTOpa 3 iMIETAaHCHUM abo
KBa3i-IMIIEIaHCHUM JIAHLIOTOM Y BXiJHOMY KOHTYDI,
OCKIJIBKH ZJaHE PIMICHHS J03BOJIIE MAKCHMAJIBHO TTOBHO
BUKOPHCTOBYBATH IIJIOILY COHAYHUX MaHeJel Ta KOMIle-
HCyBaTH  3MEHIIGHHA  BXiZHOI  Hampyrm  3a

HECHPHATIMBHAX 30BHIMIHIX YMOB. BHUKOpHCTaHHS TOIO-
jorii 3 3 IMIemaHCHUM abo KBa3i-IMIEJAaHCHHM JIaH-
IIOTOM y BXiTHOMY KOHTYPi MOXJIUBE 32 HEBUCOKOT 9yT-
JIMBOCTI HaBaHTaXeHHs O (QOpMH BXiIHOI HAIpyrd Ta
HEOoOXiTHOCTI KoMITeHcallii 30BHINIHIX YMOB. OCKIJIbKH B
pe3yapTaTi CHMYJISIII CXeM 3 iIMIIeJaHCHUMH Ta KBa3i-iM-
NeJaHCHUMU JIaHIFOTaMH y BXiZHOMY KoJji Oylio oTpu-
MaHO OIHAKOBI 3HAYCHHSA KOe(]ili€HTY HENiHIHHUX CIIO-
TBOPEHB, TO €(PEKTUBHILINM € 3aCTOCYBaHHS TOIIOJIOTIH 3
KBa3i-IMITEJaHCHUM JIAHI[FOTOM.

BUCHOBKU

B pesynbrati MopiBHAJIBHOTO aHajli3y Pi3HUX TOIIOJIO-
Tiif iHBEPTOPIB, IO 3aCTOCOBYIOTHCS LIS MIEPETBOPEHHS
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CTaJIol HalpyT! aJbTEPHATUBHUX JDKEPET eNEeKTPOeHep-
rii, BU3HAYE€HO X HENIOJIKHM Ta IepeBard, po3paxoBaHO
KoedimienT HemiHiHHUX crnoTBopeHs MATLAB-mone-
JIel, HaBeIeHO PeKOMEH/Iallii MO0 3aCTOCYBAHHS KOXK-
HOT 31 CXeM, BHXOISYM 3 BHMOI HABAaHTa)KCHHS, THILY
BUKOPHCTOBYBAHOTO aJIbTEPHATHBHOI'O JKEpENa eNeKT-
poeHeprii Ta CKIIaIHOCTI MPAKTUYIHOI pearizarii.
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Kues, Ykpauna

Annomayua—IIposeaeH 0030p TONOJIOrHii HHBEPTOPOB HANIPS2KEHH s, IIMPOKO UCIOJIL3YIOIIUXCH B CHCTEMAaX YJIEKTPO-
NHUTAHUA € ATbTEPHATUBHBLIMU HCTOYHMKAMM 3JICKTPOIHEPIHH, ONIPe/ie/eHbI JOCTOMHCTBA M HEIOCTATKH KAXK/10i H3 TONO-
Jgoruii. IlogpoGHee paccMOTpeHbl NPHHIHUIILI NOCTPOEHUs M (PYHKIIMOHUPOBAHUS WHBEPTOPOB ¢ HMIEAAHCHOH M KBa3u-
HMIIeJAHCHOIl Lenbl0 BO BXOAHOM KOHType. IIpoBeneHo cpaBHeHHe MHOTOYPOBHEBOI KACKa/[HOM TOIIOJI0THH, TONOJIOTHH
¢ HMIIEIAHCHO LeNbI0 BO BXOJHOM KOHTYpe (Z-UHBEPTOP), TONOJIOIMH ¢ KBa3U-UMIIeJAHCHOM Lenbl0 BO BXOJHOM KOHTYpe
(KBa3U-Z-HHBEPTOP), MHOTOYPOBHEBbIX KACKAaJHBIX TONOJOTHIi C MCIOJIb30BAHHEM Z- H KBAa3H-Z-MHBEPTOPOB B KadecTBe
TONOJIOTHH CHJIOBOM YACTH 0TAJILHOT0 MOAYJIs 10 KO3(hPHUIMEHTY HeTHHeIHbIX HCKAKeHNil BLIXOJHOT0 HanpsizkeHnsi. Ha
OCHOBAHHH Ppe3yJbTATOB MNOJIYYeHHbIX B XOJe HCCJIeJI0BAHMII NpHBEJEHbl PEKOMEHJANMH M0 MCIO0JIb30BAHUIO

(@)
‘L@ﬂ Copyright (¢) 2019 ®enin 1. C.



http://creativecommons.org/licenses/by/4.0/
https://elibrary.ru/item.asp?id=27441520
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=502161&isnumber=10824
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=1435677&isnumber=30935
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=4352074&isnumber=4352072
https://ieeexplore.ieee.org/document/5482117/
https://ieeexplore.ieee.org/document/7392830
https://ieeexplore.ieee.org/document/5698653
https://ieeexplore.ieee.org/document/1189228
https://www.researchgate.net/publication/224234061_Understanding_the_operation_of_a_Z-source_inverter_for_photovoltaic_application_with_a_design_example
https://www.researchgate.net/publication/224234061_Understanding_the_operation_of_a_Z-source_inverter_for_photovoltaic_application_with_a_design_example
https://www.researchgate.net/publication/231522437_Comparison_of_MLI_and_Z-Source_Inverter_for_Transformerless_Operation_of_Single-Phase_Photovoltaic_Systems
https://www.researchgate.net/publication/231522437_Comparison_of_MLI_and_Z-Source_Inverter_for_Transformerless_Operation_of_Single-Phase_Photovoltaic_Systems
https://www.researchgate.net/publication/231522437_Comparison_of_MLI_and_Z-Source_Inverter_for_Transformerless_Operation_of_Single-Phase_Photovoltaic_Systems
https://www.researchgate.net/publication/231522437_Comparison_of_MLI_and_Z-Source_Inverter_for_Transformerless_Operation_of_Single-Phase_Photovoltaic_Systems
https://ieeexplore.ieee.org/document/8458486
https://orcid.org/0000-0003-0264-5067
http://www.kaf-pe.kpi.ua/
http://www.kpi.ua/

ISSN 2524-2725. ElectronAcoustEng, 2019, vol. 2, no. 4 11

PACCMOTPEHHBIX TOMOJIOTUii MCX05 M3 TPeOGOBAHMIT HATPY3KH K Ka4eCTBY BHIXO/IHOT0 HANPSIXKEHHUsI M THIIA HCII0JIb3YeMOoro
AJIbTEPHATHBHOI0 HCTOYHHMKA 3JIEKTPOIHEPTHH.
bu6a. 11, puc. 4.

Knrouesvie cnosa — mnozoypoenesvlii UHEEPMOP HANPANCEHUA; KACKAOHAA CXeMA; CXeMa C UMNEOAHCHOU enblo 60 6X00-
HOM KOHmYype; cXema ¢ Kea3u-uMneoancHoil Yenvlo 60 6X00HOM KOHMYpe; MHOZOYPOGHEGHLIL Z-UHBEPMOD, MHO20YPOGHEBbLI
K6a3u-z-uneepmop.

UDC 621.314.58

Comparison of Inverter Topologies
by Total Har-Monic Distortion
of Output Voltage

L. S. Fedin, ORCID 0000-0003-0264-5067

e-mail igorfedin2@gmail.com

Department of Industrial Electronics www.kaf-pe.kpi.ua
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute» www.kpi.ua
Kyiv, Ukraine

Abstract—This paper is devoted to comparison analysis of different topologies of the inverters that are used in the sys-
tems with alternative energy sources. A brief theoretical review of the most commonly used topologies for the power systems
with alternative energy sources are given, their main advantages and disadvantages are determined. In close details were
considered principles of construction and operation of the topology with impedance input circuit (z-inverter), and topology
with quasi-impedance input circuit (quasi-z-inverter). A special feature of these topologies is ability to operate in special
mode which is called “shoot-trough state”. It means that one of the inverter’s arms is short-circuited for a small period of
time which substitutes a part of the zero state. Possibility to operate in such state allows to increase the input voltage of the
inverter that can be very suitable in inverters that are included in photovoltaic power systems. Implementation of shoot-
trough state allows tracking maximum power point of the photovoltaic array without implementation of additional convert-
ers for this. Implementation of quasi-z-topology allows to reduce the load on the passive components of the impedance circuit
and to ensure continuous power take-off from the solar batteries array, which makes it easier to track the maximum power
point. As an evolution of the cascade multilevel and z- / quasi-z-inverter topologies multilevel cascaded topologies with z-
and quasi-z-inverters in separate blocks were considered. The main principles of this structure allows to unite all advantages
of cascaded multilevel and z-/quasi-z topologies in one device but also bring few drawbacks such as complexity of the imple-
mentation and higher cost of the resulting device. These topologies were simulated in MATLAB Simulink, output voltage
spectra and total harmonic distortion was obtained and analyzed. According to the obtained results of the simulation and
review recommendations for proper selection of the topology of inverter depending on the type and sensitivity to the quality
of the input voltage of the load and type of chosen alternative energy source are given. According to this results convenient
cascaded multilevel topology could be recommended for the loads that are especially vulnerable to low quality of input
supply voltage such as analog amplifiers and radio receivers as topology that have lowest THD (Total harmonic distortion)
ratio. Z-/quasi-z-topologies are appropriate to consider as a converter of photovoltaic power system that will work on loads
that are not demanding to the quality of supply voltage as topologies with highest level of THD of the output voltage. Cas-
caded topologies with z- and quasi-z-inverters in separate blocks could be considered as a compromise that could be used in
photovoltaic power systems that works on vulnerable loads but such solution increases the cost of a whole power system and
complication of the control system.

Ref. 11, fig. 4.

Keywords — cascade multilevel voltage inverter; z-inverter; quasi-z-inverter; multilevel z-inverter; multilevel quasi-z-in-
verter.
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