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Pegpepam — B naniii cTaTTi npeacTaB/ieH0 BUKOPHCTAHHS reOMeTPHYHOI0 MiIX0AY /1 KepyBaHHs MATPHYHUM HepeT-
BoproBadeM 4actoTu. [1o cxemi odOpaHoro MaTpu4Horo nepersopropaya yactoru (MIITY) po3riasinyro ¢popMyBaHHS CHHYCO-
inaJbLHOro BXiIHOr0 CTPYMy Ta BHXiIHOI HANPYTM 3 BUKOPUCTAHHAM reOMeTPHYHOr0 miaxony Aas onucy 3miHHux. CTBO-
peHo TadJIMIO0 3 yciMa MOKIMBHMM JIOTIYHUMH BKJIIOYEHHSIMH KJII0YiB, e 32 BXiAHY BeIMUMHY 00paHO NJ1e40Bi HANpPYTH,
3a BUXiJIHi BeJIMUMHM 00PaHO HANPYTH HA (pa3ax HABaHTA:KeHHs Ta cTpymH (a3. [IpoanasizoBano poGoTy nepeTBoproBaua
sIK Ha MiIBHINEHiH, Tak i Ha MoHMKeHil yacToTi. B TpUBMMipHOMY MpocTOpi BXiHUX BeJMYMH MOOYA0BaHi BEKTOPH Mie-
yoBux Hanpyr. [Ipoekuii uux BXiTHNX BeJIUYMH HA ABOBUMipPHUIL npocTip copMyIOTH BeKTOPH BUXITHUX BeTHYHH.

Knruosi cnosa — zeomempuunuii nioxio; MampuyHuil nepemeoprosay Yacmomu; e1eKmpomMazHimua cymicHicme; iHeapi-

AHMHA cucmema; KOMREeHCauisa peakmueHol eHepeil.

I. Bcryn

Ha croronni € akryanpHOIO 3a7a4a MoOy10BY iHBApI-
AQHTHUX CHCTEM, SIKi € CTIHKUMH 10 OyIb-sIKOi KiIBKOCTI
30yprotounx BumBiB [ 1, 2]. [Tpu po3pobui iHBapiaHTHUX
CHCTEM OJIHIEIO 3 OCHOBHHX NpOOJEM € moOymoBa cHc-
TEMH KEPYBaHHS 3 MaKCHMAIbHO MOXIIMBOIO KiJIBKOCTI
KaHaliB KepyBaHHA [3]. [HImIOIO akTyaqbHOIO 3amadero
€ moOy/10Ba CHCTEM €JIeKTPOMAarHiTHO CyMICHUX 3 Mepe-
XKelo, 10 CIOKUBAIOTH CTPYM 3 MiHIMAJIBHUM BMICTOM
BHIIUX TapMOHIK [4, 5].

B [1, 3, 4, 6] npencraBieHO TEOMETPUIHUHN ITiXi[T
JUIS OTIMCY BX1THUX 1 BUXIJHMX ITapaMeTpiB pi3HOMaHiT-
Hux cucteM. [Ipu mpomy B [1, 3, 6] po3risimaeTbes JuIie
(¢opMyBaHHS BHXITHOI HANpPYrd 3a BiJOMHUMH ILICUO-
BHMU HANIPyramu, a B [4] po3rissHyTo POpMYBaHHS CHHY-
CO1IaJIbHOTO CTPYMY CIIOKMBAaHHA. B TOM e yac ofHo-
gacHe (OpPMYBaHHS HAIIPYTH 33JaHOI YACTOTH i CHHYCOI-
JabHOTO CTPYMY CIIOXKHMBAHHS € IOUIJIBHUM JUIS IT00Y-
JOBH CHUCTEMH >KHBJICHHS aCHHXPOHHOTO €JIEKTPOIPH-
BOJY.

[ moOynoBH CHCTEMH KEpyBaHHS 3a IeOMETpUY-
HUM TIIXOAO0M BXiJHI BeTHYHMHA (HOPMYIOTH TPUBUMIp-
HHUH TIPOCTIp B SKOMY 3HAXOIATHCS BEKTOPU LIMX BEJIH-
YHH, a iX IPOEKIii ChOPMYIOTh ABOBUMIPHHUI IPOCTip BU-
X1THUX BETUYWH, IPU EOMY PO3MipPHOCTI MPOCTOPIB BXi-
HUX 1 BUXIIHUX HANpyT IIepPEeTBOpPIOBAaYa 3aJIEXKATh Bif
KUTBKOCTI TTedeii mepeTBoproBada [6].

3aBraHHAM 11i€l poOOTH € aHani3 Tpua3HOro MaTpH-
YHOTO IEPETBOPIOBAYA 3 BUKOPHCTAHHSAM I'€OMETpHY-

HOT'0 ITi X0y, TO0YI0Ba CHCTEMH BEKTOPiB BX1JHHX 1 BU-
X1JHAX BEJINYHH.

II.  OCHOBHA YACTUHA

Js KepyBaHHS aCHHXPOHHUM JBHUTYHOM IIMPOKO
BHKOPHCTOBYIOTHCS MAaTpUUHI ieperBoprosadi [ 1, 7]. J{is
(opMyBaHHS CHHYCOiJAJFHOTO BXIIHOTO CTpyMy Ta
BHXIJHOI HAIIPYr'yl BUKOPUCTAHUH T€OMETPHUYHMN ITiAXix
JuIs onucy 3MiHHMX y Tpumedoomy MIIY (Puc.1), ne
KOXKHHH KITIOY SBJISIE€ cO00I0 HA0ip JBOX TPaH3HUCTOPIB Ta
JIBOX Ji0JiB BBIMKHEHHX 3yCTpiuHO-TIapanensHo (Puc.2).

Jna peamizanii moTpiOHO BHOpaTH BXiZHI BEKTOpH
y TpuBuUMipHOMY nipoctopi [8]. IToOymyBaBmm mpoexmii
BXI/IHMX BEKTOPiB Ha JBOBHMIPHY IUIOIIMHY OTPUMAEMO
MIPOCTIp BUXiTHUX BeKTOpiB [3, 4, 6]. 3a BXiaHy Benw-
YUHY OOpaHO IIEYOBI HANpPYrH. 3a BUXIJHI BETUYUHU
o0paHo: Hampyrd Ha (ha3ax HABaHTAXKCHHS Ta CTPYMH
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Puc. 1. CxeMa TPHIIIEYOBOTO MATPUYHOTO IIEPETBOPIOBAYA
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Puc. 2. Ctpykrypa Kitoua

Puc.3. TIpocTopu BXiIHUX 1 BUXiTHUX BEIUYUH

3a BciMa MOMJIMBUMH JIOINYHUMH CTaHAMH KIIIOYiB
nobynosano tabmumio (Tabn. 1). BpaxoByroun 3HaunHy
KUTBKICTh KIFOUIB B TpHUimiedoBomy MII, a BiamoBimHO
1 KUJIBKICTHh MOKJIUBHX CTAHIB KJIIOUiB, BUXIiJHA TaOIUIIS
MaTUMe TPOMI3AKHIA BUTIISAA. BUxoas9u 3 bOro mpeicra-
BJICHA YaCTHHA IIi€l TaONHIli, B AKIH TPEICTaBICHO Xapa-
KTEpHI CTaHHU BiIIOBITHUX KITFOiB.

MITY mpartrroe sk Ha i IBUIIEHIH, TaK i Ha MOHIDKEHIH
yactoTi (Puc.4). YacoBi giarpamu Hampyr Ha ¢azax MII
mpu gacrorax 150 I'mi 50 ' mpencrasieni Ha Puc.4.

Bexkropu nmnevosux Hanpyr MITY ¢opmyroTs TpuBH-
MIpHUH TIPOCTIp BXiJHMX BENIWYMH (IUICYOBI HANpyru
0201, OzK, OzL, 0102, O1H, O1F), mo 306pa>I<eH0 Ha
Puc.3. TIpoekmii ux BXiTHUX BEIWYWH HA JBOBUMIPHUH
BeNMYMH: Harpyru Ha (azax HaBantaxkeHHs (Ua, Ub, Uc)
1 BXizHi (a3oBi crpymu (ia, ib, ic).

Takum unHOM cuctema BekTopiB Ha Puc.3 inmoctpye,
0 NpU OJHOYACHOMY (hopMyBaHHI Hampyru Ha (azax
HaBaHTa)XEHHS 1 CHHYCOINAIBHOTO (ha30oBOrO CTPYMY,
B HE3aJIeXKHIN CHCTEMI BEKTOPIB y TPUBUMIpPHOMY HpoC-
TOpi 3’SBJISETHCS MIHIMyM OJUH BEKTOp, IO 3aJICKUTH
Bl 000X BHUXIJHUX BEIUYMH.

TABINL 1 3HAYEHHS BXITHNX I BUXITHUX ITAPAMETPIB ITPY PI3HUX BKJIIOUEHHSIX KJTIOYIB

Tabnauus 1 ILneyoBi Hanpyru (BXigHi) Hanpyra Ha HaBaHTas;keHHi (BUXigHI) Ctpymu ¢a3
3amkneni Knioui Ual; Ual Uals Ua Ub Uc iA iB iC
VTL,VTS5,VT9 0 Eab Eab 2/3 Eab -1/3 Eab -1/3 Eab 2/3 Eab/R 2/3 Eab/R 0
VTIL, VTS 0 Eab 1/2 Eab 1/2 Eab -1/2 Eab 0 1/2 Eab/R 1/2 Eab/R 0
VTI1, VT6 0 1/2 Eab Eab 1/2 Eab 0 -1/2 Eab 1/2 Eab/R 1/2 Eab/R 0
VTL,VTS5,VT9 0 Eab Eac Ea -Eb -Ec Ea/R Eb/R Ec/R
VTIL,VTS5,VT8 0 Eac Eab Ea -Ec -Eb Ea/R Ec/R Eb/R
VT1,VT8,VT9 0 Eac Eac 2/3 Eac -1/3 Eac -1/3 Eac 2/3 Eac/R 0 2/3 Eac/R
VTL,VT2,VT6 0 0 Eab 1/3 Eab 1/3 Eab -2/3 Eab 2/3 Eab/R 2/3 Eab/R 0
v U
~

1.046

1 ~—

3.14 o 5.23 o 7.322
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Puc.4. Hanpyra Ha ¢a3ax npu: 1) — nmigBumieniit yacrori (150 I'y), 2) — nonmxkeniii gacrori (25 I'm)
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BUCHOBKI

3 BHMKOPHCTaHHSIM T'€OMETPHUYHOIO MiJAXOAY IIPO-
aHaJII30BaHO TPUIIEYOBUI MAaTPUYHHI IIEPETBOPIOBAY
gactotu. [loOynoBaHo rpadiky Ha MiABHINEHIH yac-
torti (150 I'm) Ta Ha moHmxeHi# gacrorti (25 I'r). CtBO-
PEHO TaOIUI0 BXiMHUX Ta BUXiTHUX BEIWYHH Yy Bil-
TIOBIZIHOCTI 710 TOJIOXKEHb KiITFo4iB. Po3risayTo opmy-
BaHHS MPOEKIIH 3 TPUBUMIPHOI IIOIIMHN Ha JBOBHMi-

pHYy.

INomanpmie mocmimKeHHS KepyBaHHS MaTPHIHUM
MIepeTBOPIOBAYEM YAaCTOTH 32 IOMIOMOT OF0 T€OMETPHY-
HOTO MiAXOAy HOTPiOHO peasizyBaTH TAaKUM YHHOM,
100 mporiec KepyBaHHA OyB HE3aIICKHUM BiJl KUTBKO-
CTi 30BHIIIHIX 30ypEHb.
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Pegpepam - B naHHOiIi cTaThe NPeCTABJIEHO UCMO/IL30BAHNSI TeOMeTPHYECKOro MOAX0a AJIsl YIPaBJIeHHs] MAaTPHYHbIM
npeodpa3oBaresneM 4acToThl. Ilo cxeme BEIOPAHHOr0 MAaTPHYHOI0 Npeodpa3oBartess yactorsl (MIIY) paccmoTrpeno ¢op-
MHPOBaHHE CHHYCOMJAJILHOI0 BXOJHOI0 TOKA M BBIXOJHOI0 HANPSMKEHUS C HCIOIb30BAHHEM IeOMETPHYECKOro MOAX0Aa
JJ151 onucaHus nepeMeHHbIX. Co31aHa Ta0/IMIa €O BCeMH BO3MOKHBIMH JIOTHYECKMMH BKJIIOUEHUSIMH KJII0Ueild, r/1e 3a BXO/I-
HYI0 BeJTHYHHY U30paHbI NJe4eBble HANPSKeHHUs, 32 BBIXOJHbIe BeJUYNHBI H30pPaHbl HANPSKeHUs Ha ¢a3ax HArPy3KH H
TokH (pa3. [IpoanaanzupoBana padora npeodpa3zoBaTteiisi KAaK Ha NMOBLIIIEHHOMN, TAK M HA MOHUKEHHOI{ YacToTe. B Tpexme-
PHOM NPOCTPAHCTBE BXOJHBIX BEJUYHH IIOCTPOCHBI BEKTOPDI ILIeYeBbIX HANps:keHuii. IIpoexuuu 3TUX BXOAHBIX BeJITUYHH
HA JBYMEpPHOE POCTPAHCTBO COPMHUPYIOT BEKTOPbI BLIXOJAHBIX BEJIHYHH.

Knroueeswie cnosa - zeomempuuecxuﬁ no@xoo; Mampulmbui npeoﬁpaa’oeameﬂb uacmomol; I1EKMPOMACHUMHAA COBMecHU-
MOCHIb; UHGAPUAHMHAA CUCHIEMA; KOMNEeHCAUUA peaxmmmoﬁ IHepeuu.
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Abstract - In the conditions of increasing use of dynamic and nonlinear loads, it is important to construct systems with
frequency converters that will be invariant to the maximum number of external perturbations. For an asynchronous electric
drive, it is advisable to use a matrix frequency converter (MFC), among which the advantages are: free power transfer and
power supply; lack of energy accumulation; the formation of curves input and output currents and voltages with a minimum
contribution of higher harmonics.

This article presents the use of a geometric approach to control the MFC. The geometric approach method for describing
variables is promising in relation to the choice of a system of variable transducers, which determines the maximum number
of control channels that is the greatest problem in developing invariant systems. According to the scheme of the selected
MFC, the formation of a sinusoidal input current and output voltage using a geometric approach is described for the
description of variables. In [1, 2, 3, 5] we present a geometric approach for describing the input and output parameters of
various systems. In this case, [1, 3, 5] only the formation of the output voltage according to known shoulder voltages is
considered. At the same time, the simultaneous formation of the voltage of the given frequency and the sinusoidal current
of consumption is appropriate for the construction of the power supply of the asynchronous electric drive. To construct a
control system by the geometric approach, the input values form a three-dimensional space in which the vectors of these
quantities are located, and their projections form a two-dimensional space of output quantities, while the dimensions of the
input and output voltage voltages of the converter depend on the number of the arms of the converter.

For the formation of sinusoidal input current and output voltage, a geometric approach is used to describe the variables
in the three- shoulders MFC (Fig.1), where each key represents a set of two transistors and two diodes that are engaged in
counter-parallel (Fig.2). For all possible logical switches of the keys a table is created, where the input voltage is selected for
the output voltage, the voltage at the load phases and the phase currents are selected for the output values. The MFC works
both on the high and on the lower frequency (Fig.4). In the three-dimensional space of input values, vectors of shoulder
voltages are constructed. The vectors of the shoulder voltages of the MFR form a three-dimensional space of input quantities
(shoulder voltages 0,0, O:K, O:L, 0,0,, O1H, O/F), shown in Fig.3. Projections of these input values into two-dimensional
quantities: stresses on loading phases (Ua, Ub, Uc) and input phase currents (ia, ib, ic). Thus, the system of vectors in Fig.3
illustrates that at the same time forming the voltage in the loading and syncope phase phases, in the independent system of
vectors in a three-dimensional space, at least one vector appears, depending on both output variables.

Keywords - geometric approach; matrix frequency converter; electromagnetic compatibility; invariant system; compensation
of reactive energy.

@
L®_ﬂ Copyright (¢) 2019 Coiu A. B., Muxonaens /1. A.


http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9373-8420
mailto:soi4.toxa@gmail.com
https://orcid.org/%200000-0002-9152-8593
mailto:dmytri_m@ukr.net

	I. Вступ
	II. Основна частина
	Висновки
	Перелік посилань

