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Anomayias—Po3risiHyTO BUKOPUCTAHHS FeOMeTPUYHOI0 MIAX0AY /U aHATI3y ogHO(pa3HOro iHBepTOpy Hanpyru. IIpo-
aHaTi30BaHi BeKTOPW BXiTHUX i BUXiTHNX BeJTMYHH 32 HANPYTol0 HA HABAHTAKEHHI Ta CTPYMOM, L0 CIOKHBAETHCS 3 JKe-
pesa. 3anponoHoBaHuii cnocié ¢opMyBaHHsI HeOOXiIHOrO 3HAYeHHsI BUXiAHOI Hampyru 3 3a0e3nedYeHHSIM NMOCTIHOIO
cTpymy cnoxupanHus. [lo6ynoBana Tadauus, B sikiii HaBeeHi c()opMoOBaHi HANPYTU Ta CTPYMM, AKi BiANOBiIal0Th KOHKpe-
THHM CTaHaM KJII04YiB iHBepTOpa. BuBeaeHi MaTpuui nepexoay Bif BXiZTHUX BeJUYHMH B ABOBMMipHOMY NPOCTOPi 10 BUXi-

HMX BeJHYHH B OJIHOBUMIPHOMY MPOCTOPi.
Bioa. 10, puc. 3, Tad.a. 1.

Knrwuogi cnosa — oonogasnuii ingepmop nanpyzu; 2eomempuynuii nioxio

L Bcrvn

B cucremax >KUBJICHHS EJICKTPOJIBUTYHIB, BiIOOpY
€Heprii BiJ BIIHOBIIOBAFHIX KEPET eIEKTPOSHEPTii Ta
iH. HIMPOKO BHKOPUCTOBYIOThCS OAHO(A3HI 1HBEPTOPH,
BHKOHAHI 32 MOCTOBOIO cXeMoIo0 [1-6]. B Takux cucremax
OJTHIEIO0 3 BUMOI' € 3a0e3IeUYeHHs CIIO)KUBAHHS IOCTIH-
HOTO CTPYMYy BiJl JDKepesa i TAKUM YMHOM, 3aKOHH Kepy-
BaHHS OBUHHI OPA] 3 POPMYBaHHSAM 3MIHHOI HaNpyru
3 BIIIIOBITHUMH XapaKTEePHUCTHKAMHU, BPaXOBYBaTH 3MiHY
BX1JTHOTO CTpyMY. B po0OTi po3risiiacThest eneMeHTapHa
KOMipKa iHBepTOpy 0e3 BpaxyBaHHS BTpaT y KOJIi mepe-
TBOPIOBaYa Ta BHYTPIIIHBOTO omopy (puc. 1).

JJIs1 OIiHKY MOXKITHBOCTI (pOpMyBaHHS 3aKOHIB 3MiHA
BXITHOrO CTPpyMy Ta BHXIIHOI Hampyrd i BiANOBiTHO
MOJIabIIOMY BHOOpi 3aKOHIB KEpYBaHHS KIIIOYaMH €KBi-
BaJICHTHOI iHBEPTOPHOI KOMIPKH TOIJIFHO BUKOPHUCTOBY-
BaTH paHille NMPeJCTaBICHUH T€OMETPUYHUNA MiAX1I IS
aHanmizy meperBoproBauiB [7-10]. 3 BHKOpHCTaHHIM
TAKOT0 MiJIX0ly NPOCTIp BUXIJAHUX 3MIHHUX IIEPETBOPIO-
BayiB Mae 3aBXOM HAa OAWH CTYHiHb  BOJI
Oinblle, HIX TPOCTIP BUXIAHWUX 3MIHHHX, 11O B CBOIO
gepry 301IBIIUTH KiJIBKICTh KaHAIB perymoBanHs. [Ipu
ILOMY, KEPYBaHHS 3 3a0€3MIEYCHHAM MPOTIKAHHS MOCTIHi-
HOTO CTPyMy BHUMara€ TOOYZOBH CHCTEMH BEKTOpPiB
3 MPOEKII€I0 BXiJHUX BEJIMYHH Ha OJHOBUMIPHHH MpOC-
Tip SK I HATIPYT, TakK 1 IS CTPYMIiB.

MeTor0 1aHO1 CTATTI € aHaJi3 KOMIpKH OJHO(A3HOTO
iHBEpTOpY IS TOTO, MO0 MOKAa3aTH, M0 BXiTHUI CTpyM
MOKHa c(hOpMyBaTH 3a 3aKOHAMH, 1[0 BU3HAYAIOTh HOTO
piBeHb, a Hampyry — BHXOISYHM 3 HEOOXiJHOTO cepen-
HBOTO 3HAYEHHS, 3 BpaXxyBaHHAM B3a€EMO3B’S3Ky 000X
BEJTHYHH.
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Puc. 1 IlpuHuunoBa cxema iHBepTOpa HAPYTH

II.  OnMc rEOMETPUYHOIO ITIJIXOTY

Ha puc. 2 npeacraBneHi BEKTOpHI 1iarpaMu Ta 4acoBa
Jiarpama, Imo ONMUCYIOTh poOOTYy KOMIpKH iHBEpTOpY Ha
puc. 1. 3a BXi/Hi 3MiHHI B35Ti IJICYOBI HANIPYTH, IO BiJI-
MOBIIAl0Th PI3HMUII TOTEHI[IaiB MK TOYKaMu a-n ta b-n.
Bapro 3a3HaunTH, 0 B OJIHIH CTIHII BEHTHIIIB MOXIIMBE
BKJIIOYEHHS JIMIIE OZHOTO 3 BEHTHIIIB, OCKUIBKH OJHOYA-
CHE BBIMKHEHHs 000X IpH3BE/E 10 HACKPI3HUX CTPYMIB.
Taxoro pexuMy YHHKAIOTh, TOMY BiH 1 HE PO3TIISAA€THCS.

BiamnosigHo 10 BuUIlle cka3aHOTo, o0y moBaHa Tad. 1,
sgKa omucye podory koMipku. [lepmri aBa CTOBITYHKH
BiI0Opakar0Th CTAHU BEHTHUIIIB B CTIHIl, IPUYIOMY OJTHU-
HUILS BiJIOBIa€ 3aMKHYTOMY BEPXHbOMY BEHTHIIIO
B CTIiMII, a HYJIb — HIKHbOMY. HacTymHi 1Ba CTOBITYMKH
BiJINIOBiAIOTh IICYOBUM HAIPyTraM KOMIipKH, sIKi € BXif-
HUMH BEJIMYHUHAMHU B IBOBUMIPHOMY IIPOCTOPI Ha puC. 2.
i manpyru ¢GopMyIOTh IBa OPTOTOHANBHI BEKTOPH,
BEJIMYMHA SIKUX MOXe 3MiHroBatucs Big 0 1o +E. Takum
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EnexTpoHHi cucteMu Ta CUTHAIH

YUHOM, [Ba IUIe4a IiHBepTOpa (OPMYIOTH CHCTEMY
3 IBOMa CTYTICHSIMH BOJIi, OCKIJIbKH KOJKHMM 3 HUX MOXHA
KepyBatu HezanexHo. CtoBmuuk Uy MOKaszye Halpyry
HAa HABAaHTAXXCHHI TPU BIIMOBIMHUX CTaHAX KJIOUIB, SKa
€ BUXI1JTHOIO BETMYMHOIO B OJHOBHMIPHOMY MIPOCTOPI HA
puc. 2, a MeaHJpW HIKYE IOKa3ylOTh 3MiHy HaNpyru
B yacoBiii oOmacti. Baprto BimmiTHTH, IO cTaHU 3 0O0Ma
3aKPUTUMHU 1 000Ma BIAKPUTUMH BEPXHIMH BEHTHIISIMU
B 000X cTilikax OyayTh IaBaTH HYJIbOBI BEKTOPH, OCKi-
JBKHM CTPYM y TaKOMY BHUIIAJIKY 3 JDKEpesia He MPOTIKaE.
OnuH 3 HUX 3HAXOIWTHCSA HA MOYATKYy BEKTOpiB U, Ta
Upn, 1HIIMH — pOpMy€E YSTBEPTHH KYT «KBaJPaTy» IPOC-
TOpY BXiTHHX BEJIMYMH. BEKTOpH HA MPOCTOPI BUXIAHUX

1 L
BCJIMYMH MAarOTh BCINYUHY TE 31 3BMIHHHUM 3HAaKOM,
2R

IO BIJIOBIa€ JIFOYOMY 3HAuYEHHIO TpH (HOpMyBaHHI
CHHYCOINAJILHOT Hamnpyru HaBaHTQKEHHS. CTOBITUMK i
AQHAJIOTIYHMHN TIOTIEPEIHBOMY 1 TTOKa3ye BXITHHH CTPyM
KOMIPKH, IIPHYOMY Ha BiJIMiHY Biz BekTopiB Harpyru Ug
BEKTOPH CTPYMY CIIBIIQIAI0Th, TOMY AOLUIBHO PO3IJIS-
JlaTh, SIK OAMH Ha 000X miBmepionax. TakuM YHHOM
BHJIHO, IO TIPH TIEPEXO0/i BiJf MPOCTOPY BXiMHUX IO TPO-
CTOpY BHXIJHHX BEJMYMH BTPAava€ThCsl OIHA CTYIiHb
BOJII.
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Puc. 2 TIpoekuii BXiTHUX BEJIMYMH HAa OAHOMIPHHN IPOCTIp BUXIAHUX
BEJINYMH
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3 BUKOPHCTAHHIM 3a3HaYCHHX B TaOJI. 1 CTaHiB KITIO-
4iB, IIOKa3aHa C(OpMOBaHa CHHYyCOIlalbHa Harpyra
HaBaHTAXXCHHS 3 BUKOPUCTAHHAM maysu (puc. 3, a), ae
IYHKTHPOM II03HAa4YEHE EKBIBAJICHTHE 3HAYCHHS cepe-
HbOT HAIIPYTH Ucep(?). SIK BUAHO HA PUCYHKY, IpH HopMy-
BaHHI BUXIJJHOI HAIIPYTH TaKUM CIIOCOOOM, CHIOXKMBAaHUH
CTpyM MaTuMe (GopMy IMITYNIBCIB, e MyHKTHPOM TaKOX
MOKa3aHe eKBIBAJIEHTHE CepeIHE 3HAUCHHS CTPYMY icep(?).
Taxuii cTpyM MOKe HE 3aJJOBOJIGHATH YMOBaM, AKi BHCY-
BalOThCS 710 IHBEpPTOpY 31 cropoHM Jukepena. CepenHi
3HA4YEHHs HAIpPYT¥ HABAaHTA)XEHHS Ta BXIAHOTO CTPYMY
BU3HAYAIOTHCS HACTYITHUM YHHOM:

)
u., =—=—F ,abo U., =vE 1
cep Y+, cep Y ( )
1, E E
l, =—=——,a00 1., =y— 2
P41, R cep =1 @

J€ 7; — 4ac HaysH, 7, — 9ac iIMITyJIbCy, y — 3HAaUEHHS KOoe-
(ilieHTy 3aIOBHEHHS IMITYIIBCIB 3a IEpiof KOMYyTamii
TPaH3UCTOPY.

Ha puc. 3, 6 npuBenennii crioci6 ¢popmyBaHHS cCHHY-
cOifaJIbHO{ HAIPYTH HaBaHTAXXEHHS, IPH IKOMY Ha J0Ja-
THOMY HiBIIEpiosi (OPMy€eThCs iHTEpBAT 3 HETaTHBHOIO
HATIpyTOI0, a Ha Bil’€MHOMY — 3 TIO3UTHUBHOIO. Takum
YHHOM, MOJIUBO c(hOpMyBaTH HEOOXiHE 3HAYCHHS ce-
penHBOi HANPYTH, a 3HAYUTH i BEIMYUHU BEKTOPiB Uy
npu 3a0e3NeueHHl IOCTIHHOIO CTPYMY CHOXXHMBAHHS.
CepenHi 3HaYCHHS HAIIPYTH HaBaHTAKEHHS Ta BXiIHOTO
CTPYMY BU3HAYaIOTHCSI HACTYITHUM YHHOM:

Ty —1T
Uwp =——LE 3)
T1+T2
T +1y E E
=——>=—abo [, =— 4
cep ‘C'1+‘CZ R cp T p “4)

Jie 7’7 — yac 3BOPOTHBOI HANIPYTH.

IIpn mpomy, BapTO 3a3HAYMTH, IO BHKOPHUCTaHHS
JUKepena 3a MOTYXHICTIO y JAPYroMy BHIAJKy Tipiie,
OCKIJIBKH B MEPIIOMY BHIAJIKy CEpEIHE 3HAYCHHS 32 ITiB-
Mepioj 1 BXIAHOI, 1 BUXIJHOI MOTYXHOCTEH OMUCYBaTH-
MeTbcst BHpazom: P=E-lgx-ycep. Ilpu QopmyBanHi
HaTpyTd METOAOM, SIK Ha pHc. 3, 0, cepeHe 3HAYCHHS
CIOXKMBAHOI MOTY>KHOCTI 3pocTe A0 BenmuuHu P=FE-Igx,
MpU HEe3MIHHOMY 3HAuY€HHI ITOTYKHOCTI HaBaHTA)KCHHS.
Bapro 3ayBakutH, 110 Il pO3paxyHKHU BipHI IIPH HEXTY-
BaHHI BTpAT B KOJIi IEpETBOPIOBAYA.

Ha ocnoBi Tabm. 1 Ta puc. 2 moOynoBaHi MaTpHii
MepexoAy BiJ BXITHUX [0 BHUXIAHHAX TapaMeTpiB I
Hanpyru, Jie¢ IUIeYOBi Hampyrd (QOpMYIOTh BHXIJTHY
Hanpyry U, a «3anoBHioBay» U BKasye Ha BTpary
OJTHOTO CTYHEHS BOJIi 1 MOXke OyTH pPO3IJSIHYTHM, SIK
HaTpyra HyJIbOBOi IOCTiJOBHOCTI:
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ne Tx — MaTpurs nepexoay Apyroro MOpsaKy.
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Puc. 3 ®opmyBaHHS cuHycOInaIbHOT HaMpyrH 3a fornomororo LHIIM

SIk BKe ONMCaHO paHille, BEKTOPU CTPYyMY ITOBTOPIO-
I0TECSI, TOMY BapTO PO3IIISAATH, IK OJUH:

1 Uan
Ly =—[1 1 . 7

TakuM YMHOM OTPHMYETBCS BEKTOp, IO BiAIIOBiAaE
3HAUEHHIO CTPYMY Ha JI0JJaTHOMY 1 Bii’eMHOMY HiBIIEpi-
0J1i HAIPYTH 32 YMOBU CUMETPUYHOCTI HiBXBHJIb.

BUCHOBKU

TakuM 4MHOM 3a JOIIOMOT'OIO 3aIIPOIIOHOBAHOTO T'€0-
METPUYHOTO MiXOAY IPOAHANI30BaHO OnIHOGbA3HUI
IHBEPTOp HANpyTu, 3 BHKOPUCTAHHSM SIKOI'O MOKAa3aHO
onHOYacHe (OpPMyBaHHA 32 OKPEMUMH 3aKOHAMH BXif-
HOTO CTpyMy Ta BuUXigHOi Hamnpyru. [lokasaHo, 1mo npu
BUKOPHCTaHHI cmoco0y 3abe3medeHHs HE0OXimHOI
Harpyry 3 BUKOPHCTaHHSIM 3MiHM TOJIIPHOCTI, 3a0e3me-
Yy€ThCSI TIOCTIMHUI CTPYM CIIOKMBAHHS, MPOTE 3HUKY-
€THCSl BUKOPUCTAHHS TTOTY>KHOCTI JKepera.
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Pegpepam—PaccmoTpeHo HCNOTB30BaAHNE TeOMeTPHYECKOro M0AX0/a /ISl aHAJIN3a 0JHO(A3HOT0 MHBEPTOPA HaNpsKe-
Hus. [IpoaHann3upoBaHbl BEKTOPbI BXOAHBIX H BHIXOHBIX BeJINYHH N0 HANIPSUKEHUIO HA HATPY3Ke U M0 TOKY, NOTped.Isie-
MOM M3 ucTouHHuKA. [Ipeanoxken cnocod ¢popmMupoBanusi TpedGyeMOro 3HaUeH!sI BLIXOHOT0 HANPSIKEHUS ¢ oDecreyeHueM
MOCTOSIHHOI0 TOKAa nmorpediaenus. Iloctpoena Tabinua, B KOTOPOi NnpuBefeHbl cGOPMHUPOBAHHDBIC HANPSKEHHS U TOKH,
COOTBETCTBYIOLIHE KOHKPETHBIM COCTOSHHAM KJII0Yeil HHBepTOPA. BhIBelecHbI MATPHIbI NIEPEX0/ia OT BXOJHbBIX BeJIHYUH
B IBYMEPHOM IIPOCTPAHCTBE /10 BLIXOJHBIX BeJIHYHH B O/THOMEPHOM IIPOCTPAHCTBE.

bubua. 10, puc. 3, Tada. 1.
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Abstract—In this paper the elementary cell of the inverter is considered without taking into account losses in the con-
verter circle and internal resistance. The use of a geometric approach for the analysis of a single-phase inverter voltage is
considered. The vectors of input and output voltages on the load and current consumed from the source are analyzed. It can
be seen that during the transition from the space of inputs to the space of output quantities one degree of freedom is lost.
Using the cell states indicated in the table, the formation of a sinusoidal load voltage with the use of a pause is shown. In
forming the output voltage in this way, the current consumed will be in the form of pulses and such a current may not satisfy
the conditions that are pushed to the inverter from the source side. The given method of forming a sinusoidal load voltage,
in which on the positive half-period is formed an interval with a negative voltage, and on the negative one - with a positive
one. The expressions for calculating the average values of the load voltage and the supply current during the switching
period of the transistor are given. Proposed the method of forming the necessary value of the output voltage with the provi-
sion of constant consumed current. In this case, the control with ensuring the flow of direct current requires the construction
of a system of vectors with the projection of input values on the plane of the output quantities for both the voltage and
the currents. It is shown that using the method of providing the necessary voltage using the change in polarity provides
a constant current consumption, however, the use of power source is reduced. Vector diagrams are presented, and a timeline
describing the work of the inverter cell. Constructed a table in which are formed the voltages and currents that correspond
to the particular condition keys of the inverter. The matrices of the transition from the input values in a two-dimensional
space to the initial quantities in a one-dimensional space are constructed. It is shown that, unlike voltage vectors, current
vectors coincide, so it is expedient to consider them as one on both half-cycles. Thus the vector is obtained that corresponds
to the value of the current in the positive and negative half-cycle of the voltage, provided that the half-waves of the voltage
is symmetric. Using the data obtained in the article, based on the analysis of the scheme with the help of a geometric
approach, it is possible to develop the rules of control of the cell of the inverter.

Ref. 10, fig. 3, tabl. 1.

Keywords - single-phase voltage inverter; geometric approach.
—®' EY Copyright (¢) 2019 Muxomaens /1. A.



http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.2019.24.2.169796
https://orcid.org/0000-0002-9152-8593
https://orcid.org/0000-0002-9152-8593

	Використання геометричного підходу  для аналізу інвертора
	I. Вступ
	II. Опис геометричного підходу
	Висновки
	Перелік посилань


	Использование геометрического подхода  для анализа инвертора
	The Use of a Geometric Approach  for the Analysis of a Single-Phase Inverter

