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OJIEKTPOTEXHHUKA

YIK 621.316.722

10.M. Nonem6buoBckun, A.10. Jlykoe, M.I. KoBanb

[ByHanpaBneHHbIN TPEXNOPTOBbIN BbICOKOYACTOTHbLIN

DC/DC-koHBepTOp

Jlaercs 0030p CXeMOTEXHUYECKHX pelieHud TpeXnopToBeix DC/DC-KOHBEPTOPOB C IBYHAIPABICHHBIM ITOTOKOM MOIII-
HOCTH, IPUMEHSEMBIX ISl IOCTPOCHHUS CETEH MOCTOSHHOTO TOKA B TMOPHIHBIX CHCTEMaX JJICKTPOIUTAHUS Ha BO300-
HOBJISIEMBIX MCTOYHHKAX SHEPTUH. PaccMOTpeH TpeXxmopToBbii BeicokoyacToTHBIN DC/DC-KOHBEPTOp C yNpaBiICHUEM
Ha OCHOBE CMEIIAHHBIX PEKHMMOB IIMPOTHO UMITYJIbCHON U (ha30BOM MOAyJsiuu. [IpoBeaeHHbBII aHATN3 3JIeKTpOMar-
HHUTHBIX NPOLIECCOB, MIPOTEKAIOIIMX B Mpeodpa3oBaTese, NOKa3bIBAET MEPCIIEKTUBHOCTh IPUMEHEHHS €ro B 337a4ax T'Hu-

OpHIHOTO MEKTPOIMHTAHUSL.

KnioueBble c0Ba: HHBEPTOp, TPEXNOPTOBHIM WHBEPTOpP, YNpaBIEHHE MO METOAy (Da30BOro cABUra, IIMPOTHO-

VMITyJIbCHAsE MOLYJISLIUS.
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B nocnennue roapl 3HaUYMTENbHBIN UHTEPEC BBI3BI-
BAalOT CETH YHEPrOoCHAOKEHUS C pacIpeAeIeHHOI rexe-
pauueil. B oreuecTBEHHOH JIMTEpAType OHU IOJIYYMIIH
Ha3BaHNUEC MHTCIIJICKTYAJIbHBIX DHEPTOCHUCTEM C aKTUBHO-
aJlanTUBHOM ceThio. B 3apyOexxHOil nuteparype ux Ha-
3p1Bal0T SMART GRID. OcHoBy Takux ceTeil cocTas-
JISIET JIOKANbHAas CeTh (MUKPOTPHU) C TMOTPEOUTEISIMHI U
WCTOYHHUKAMHU dJIEKTpUUecKoi sHepruu. Kak mpaswuiio,
3TO BO300HOBISIEMBbIE HCTOYHWKM SHEPTrMM Ha OCHOBE
(hOoTOZIEKTPUUECKUX TPeoOpa3zoBaTeneil, BeTpOreHepa-
TOPHBIX yYCTaHOBOK, TOIUIMBHBIX 3JIEMEHTOB M HaKOIH-
TeJel 3IeKTPUIECKON SHEPTHU ISl CIIIa’KUBAHUS TTHKO-
BBIX Harpy30K M HECOOTBETCTBHA (a3 reHepanuu U Ho-
TPeOIEHUS ICKTPUIECCKON dHEPIUr. MUKPOTPUIBI MO-
ryT paboTaTh Kak B aBTOHOMHOM DPEXHME, TaK U B CO-
CTaBe IIEHTPAIN30BAHHOM CETH SHEProCHAOKEHHUS.

Ha cerogusmHuil 1eHp MUKPOTHIBI PaOOTAIOT, KaK
NPaBWJIO, HA MEPEMEHHOM TOKe, crenuduka paboTsl U
CXEMBI TIOCTPOEHHS KOTOPBIX XOpPOILIO HM3y4YEeHBl M BHE-
JpsIOTCA ceiiyac mo BceMy Mupy. OnHaKo, y4WTBIBas
XapakTep T€HEepaluH psija BO30OHOBISIEMBIX HWCTOYHH-
KOB B BHJIE ITOCTOSTHHOTO TOKa, OOJBIION MHTEpeC Ipo-
SBISIETCSI M K CXEMaM 3JIEKTPOIMTAHMS Ha TOCTOSTHHOM
TOKE U KOMOMHUPOBAHHBIM C LIENBIO CHIDKCHUS KOJIMUe-
cTBa TpeoOpazoBaHUil M TMOBBIMEHUS d()PeKTUBHOCTH
cucTeM mepeaadn sHepruu [1, 2].

Tunosast apXuTeKTypa MUKPOIPUJ Ha IIOCTOSIHHOM
TOKE CO CMEUIAHHBIMH IOTPEOHUTENIIMH II0Ka3aHa Ha
puc. 1.

Mukporpusa BKIIIo4aeT B ceOsi AByHaNpaBJeHHbIE U
omHoHamnpasineHneie AC/DC-, DC/DC- u DC/AC-npe-
o0pazoBareiy, KOTOpbIE CBSI3BIBAIOT MEXAY co0oil (ue-
pe3 HIMHY ITOCTOSHHOTO TOKA) EHTPAJIM30BAHHYIO CETh
MIEPEMEHHOTO TOKA, BETPOTCHEPATOPHYIO YCTaHOBKY,
Ta30TOPITHEBYI0 TYPOUHY, (POTOINEKTPHUECKUE MPeod-
pazoBarenu (comHeunble maHenu CII), HakomuTenb
SNMEKTPUUYECKOH DHEPrHM, TEHEpaTop Ha TOIIMBHBIX
9JIEMEHTAaX, a TaK)Xe MOTPEOUTENH MOCTOSHHOIO U Tie-
PEMEHHOTO TOKa.

B wmuxpocersx momHocTeio 10 10 kBT MOXHO
o0bennanTs DC/DC-KOHBEPTOPHI  (HOTORIEKTPUIECKUX
npeoOpaszosareseii U apyHanpasieHHslii DC/DC-kon-
BEPTOpP HAKONUTENS AIIEKTPUUECKOH SHEPIHH Ha OJHOM

BEHTUJIbHOM KOMIUIEKTE C €IMHOM CHUCTEMOM yIpasie-
HUS HAa OCHOBE TPEXIOPTOBOTO [IBYHAIPABIECHHOTO
DC/DC-konBepTopa W T€M CaMbIM COKPATHTh YHCIIO
npeoOpa3oBaHuii, MOBBICUTH 3P (HEKTUBHOCTH UCIIOIB30-
BaHUA DHEPIruun BO306HOBJ’IHCM])IX HUCTOYHUKOB U YBCIIU-
YHUTh HAJIE)KHOCTh CUCTEMBI B I[CJIOM.

CeTb MOCTOSTHHOTO TOKa

I"azonopu- Dotodnek-
HeBas Typ- TpHYECKHE
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rocHabxe- ] TEEEGEEEH L
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JJIEMEHTaX
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TeNHU 1epe- TeJH 110-
MerHorO [ ]| DC/AC CTOSIHHOTO
TOKa TOKa

Puc. 1. Mukporpuz Ha IOCTOSSHHOM TOKE

B mwmreparype [3] mpuBOmsATCS TpH BO3MOXKHBIC
MIPUHIUTIAATIBHBIE CTPYKTYPHBIE CXEMBI TPEXIIOPTOBBIX
mpeoOpa3oBaTenieil: HEM30JIMPOBAaHHBIE TPEXIOPTOBHIE
KOHBEpTOpHI (pucC. 2, a), YacCTUIHO H3OJUPOBAHHBIC
TPEXIIOPTOBBIE KOHBEPTOPHI (pHC. 2, 6) W TOITHOCTHIO
U30JIUPOBAHHBIC TPEXITOPTOBBIC KOHBEPTOPHI (pHC. 2, 8).
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Puc. 2. CTpyKTypHBIE CXEMBI TPEXIIOPTOBBIX KOHBEPTOPOB
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B muteparype [4] npuBomuTcst HanboIee MOMyIsp-
Hasl CXeMOTEXHHUKA CHJIOBBIX KaCKaJ0B KaXKIA0W 13 mpes-
CTaBJIEHHBIX CTPYKTYPHBIX cXxeM. OCHOBY TakHX Kacka-
JIOB COCTABILSIIOT IIOJ[yMOCTOBBIE SIUEHKH IBYHAIpaB-
JICHHBIX  TOHMKAIOIUX-TIOBBIIIAIONINX  KOHBEPTOPOB.
Paccmotpum B HarieM 0030pe HEKOTOPbIE U3 HUX.

Ha puc. 3, a npuBeneHa cxema HEM30JIMPOBAHHOTO
tpexnoproBoro DC/DC-koHBepTOpa Ha OCHOBE IBYX
TTOHMKAIOIIUX-TTOBBIMIAIONINX JIByHAIPaBJICHHBIX KOH-
BepropoB. Crabwin3anusi TOKa WIM HalpsDKeHUsS Mop-
TOB B 3TOW CXEME OCYLIECTBISETCS IBYMs IIUPOTHO-
HMITYJIECHO MOJYJTMPOBAaHHBIMHU CUTHAJIAMH CO CABUTOM
Ha 180°, mokazaHHBIMHU Ha pUC. 3, 0.
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Puc. 3. CtpykTypa HEN30JIHMPOBAHHOTO TPEXIIOPTOBOTO

KOHBEpTOpa

Ha puc. 4, a npuseneHa cxema TPEXIIOPTOBOIO
DC/DC-konBepTopa ¢ yacTHyHOW wu3ossimuen. Ctadu-
U3 HAPSOKEHUS U TOKa MOPTOB 1 M 2 ocymiecTs-
JISIeTCSl ABYMSI LIMPOTHO-UMITYJIbCHO MOJYJIMPOBAaHHBIMHU
(D) curnanamu. CraOunu3anusi TOKa WIM HarpsHKEHUs
nopra 3 ocymecTBiseTcs 3a cueT (ha3oBOro CABHIa
(®P1) aTHX curHanoB ynpaeieHus. JByHarpaBiIeHHBIH
MIOTOK SHEPIHU B ITOH CXEME OCYILECTBIIAETCS TOIBKO
Mex 1y nopramu 1 u 2.
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Puc. 4. CtpykTypa TpexXmopToBOro KOHBEpTOpa
€ 4YaCTUYHOM H30isuei

Ha puc. 5, a npuBenena cxema Hamboiee yHUBEp-
caJlbHOTO MOCTOBOrO TpexmnoproBoro DC/DC-koHBep-
TOpa C MOJHOM rajIbBAHUYECKON M30JISILIMEN BCEX MOPTOB.

Crabunuszaiys TOKa W HANPSOHKCHUS MOPTOB OCY-
HIECTBISIETCS HAa (DUKCHPOBAHHON YacTOTE TPEMsl HM-
MyTbCHBIMU CHUTHAJaMH CO CKBaXXHOCTHIO 0,5, OmuH 13
KOTOPBIX SBISCTCS BEAYIIUM, a JiBa BemoMeie. Cucrema

ynpasieHus: usMenser Qaszoseie casuru @1, D2 Bemo-
MBIX CHUTHAJIOB M KOHTPOJHPYET BEIWYMHY M Halpasie-
HHE IIOTOKAa DHEPIUM MEXIy IOpTaMH. TpexIopToBbIE
KOHBEPTOPHI C HOJHOH H30JIIUENH MOTYT BBIIONHATHCS
Kak Ha OCHOBE MHBEPTOpa HaNpsDKEHMs, TaK U Ha OCHO-
BE€ MHBEPTOpA TOKA.

Bbi6op TO# MM MHOM cxeMbl OyleT 3aBUCETh: OT
TpeOOBaHMUs IEKTPOOE30MAaCHOCTH, OT Pa3HOCTH YPOB-
Hel HaNpsDKeHUs! MKy MCTOYHHKAMU M TpeOOBaHHUHU K
KaueCTBY 3HEPTHH JUI OTpeOuTEIeH.
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Puc. 5. CTpykTypa TpeXmopToBOro KOHBEPTOPa C IMOTHOMH
M30JMEH MEX Iy UCTOUHUKAMU

B mureparype [6, 7] nan aHann3 paGoTHI Tpexmop-
TOBOT'O KOHBEpPTOpa C YaCTUYHOM H3OJISLHUEH, CXEMO-
TEXHHKa KOTOPOTo IMoKa3aHa Ha puc. 4. ONMUCBHIBAIOTCS
anroputM paboThl KIIIOYe W BpPEMEHHBIE JHarpaMMbI
9JIEKTPOMAarHUTHBIX TPOLECCOB B mpeobpasoarene. M3
BPEMEHHBIX JHarpaMM CJCAyeT, YTO B IpeaaracMom
NTOPUTME YIIPABICHUS KIIOUYaMH TpaHcdopmarop Oy-
JIeT paboTaTh C TOKOM IOJMArHUYMBAHHS, YTO TpeOyeT
BBEJICHUS BO3AYIIIHOTO 3a30pa B CEPIACYHHK U KaK CIC/-
CTBHUE YBEIMUYCHHUS TIOJICH paccesHHUs U ero rabapuTHBIX
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pazMepoB. Kpome Toro, nByHanpaBieHHbIN [TOTOK 3HEP-
THU B TaKOM IIpeoOpa3oBaTesie OCYILIECTBISAETCS TOIBKO
Mexnay nByms mopramu 1 u 2. IlepeTtoky sHEprum OT
mopTa 3 K mopty 2 (gake B ciaydae 3aMeHBI 1nooB D1,
D2 tpan3ucropamu) OyaeT MpensiTCTBOBAaTh WHIYKTHB-
HocTh L3 crmaxuBaromero ¢unsrpa L3C3. Hckimoue-
HHUE U3 CXEMBI CIIIa)KUBaIoIed HHAYKTUBHOCTH L3 npu-
BEJIeT K TpeyroiibHoi popme Toka B Tpanchopmarope T,
a 3HAYMT, K 3HAYUTEIBHBIM MOTEPsIM Ha CKUH-3(dexT. B
9TO CTaTbe MBI HONBITAEMCS PACIIMPHUTH (PyHKIHO-
HaJIbHbIE BO3MOXKHOCTH CXEMOTEXHHYECKOTO PEIICHUS,
mpeiaraeMoro B [6], M yCTpaHUTh HETOCTATKU TaHHOTO
TEXHUUYECKOTO PEIICHUSI.

TpexnopToBblii IByHaNpPaBIeHHbII
DC/DC-konBepTop

[IpoBenem aHanu3 AByHaAIpaBIE€HHOIO TPEXIOPTO-
Boro DC/DC-koHBepTOpa, y KOTOPOrO OJUH IHOPT OymeT
MOPTOM TOJKIIOUeHHs conHeuHbIx naHeneit (CII), Bro-
poil mopT OyZeT MOPTOM IOIKIIOYEHHS HAKOIHTEIS
anekrpuyeckod sHeprun (HO3), a Tpermit mopr wuc-
MOJIB3YETCsl ISl TIOIKIIIOUSHMST K OOIIeH HIMHE IMOCTO-
STHHOTO TOKa (DC MUKpOTpHn).

[IpeanaraeMoe  CXEMOTEXHHYECKOE  pEIICHHUE
(puc. 6) ocHOBaHO Ha ABYX IIOJIHOMOCTOBBIX HHBEPTO-
pax Kak HamOoJee YHHBEPCAIbHBIX C TOUKH 3PEHHs Ha-
MPaBJICHNs] TTOTOKOB 3HEPTHH W JONOIHUTEIBHO BKIIIO-
gaeT nBa nHAykTopa L1, L2, tpancdopmarop 7, BXon-
Hble eMKocTH C1-C3 moproB 1-3 COOTBETCTBEHHO, MH-
JIYKTOP L., POJAb KOTOPOrO MOXKET BBIIOJIHIATh UHIYK-
TUBHOCTH paccesiHus Tpanchopmaropa 7. Kiroun S1,
S2 mpenHazHa4YeHB! JUIS TTOJKITIOUYEHHS K CETH ITOCTOSH-
Horo Toka. K mepBoMy moOpTy HOAKIIIOYAETCS HaKOIH-
Tenb anekTpudeckoit sHeprun (AKDB), xotoperii MoxeT
OBITH KaK MOTpeOMTENEM, TaK U UCTOYHUKOM SHEPIHH.
Ko BTOpoMy MOpTy HOAKIIOYAIOTCS COTHEUHBIE OaTapen
(PV), xoTOpBIE MOTYT OBITH TOJNIBKO HCTOYHUKAMH SHEP-
run. K TperbeMy mopTy HOAKIIOYAETCS IIHUHA TOCTOSH-
HOT'O TOKa.
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Puc. 6. Tpexnoprosiit DC/DC-koHBepTOp

Cucrema ynpasieHHs KOHBEpTOpa AOJDKHA obec-
MEYUTH BbIJa4y SHEPIUU B NepHol Aeduimra wiu 3arna-
CaHMe SHEPruM B HAKOMHUTEJEe B MEPHOI H30BITOYHOI
reHepaluy JApyruX HCTOYHHMKOB. Takum oOpasom, B
cXeMe BO3MOXXHO IIECTh PEKHUMOB pPabOTHI, KOTOpPHIE
nokasansl Ha puc. 7. CTpenkaMu yKa3aHbl HalpaBJICHUs
MOTOKOB dHepruu. PucyHku 7, a—6 — WILIIOCTPUPYIOT
CUTyallMI0, KOTAAa BCE HCTOYHHMKHM HCHOJIB3YIOTCS, Ha-

w2

mpuMep, B JHEBHOE Bpems. PUCyHKH 7, 2, O TOKa3bI-
BAalOT HANpaBJIE€HHE IOTOKOB SHEPTUH XaPAKTEPHOE IS
HOYHOI'O BpEMEHU. PUCYHOK 7, € COOTBETCTBYET CUTYya-
uud Korma HDD 3apspkeH, a MOTPEOUTENH IMHMTAIOTCS
TOJIBKO 3Hepruen conneunsix Oarapeit (CIT).
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Puc. 7. Pexxumsl pabotsl TpexnoproBoro DC/DC-konBepTopa

W3 nuarpamMM ITOTOKOB SHEPTHM BHIHO, YTO B OT-
JHYUe OT OOBIYHBIX MpeoOpa3oBaTesieid, Y KOTOPHIX, KaK
MIPaBWJIO, TPEIYCMOTPEH OAMH BXOI M OIOWH BBIXOX
(ammn. single-input single-output (SISO)), B manHOM
npeoOpazoBarene BO3MOXKHBI €II€ BAPHAHTHI COCTOS-
HUIi: OIMH BXOA M JBa BbIxona (aHml. single-input-dual-
output (SIDO)), u aBa Bxoxa u oauH BbixoA (aunnt. dual-
input-single-output (DISO)). Kpome Ttoro, cucrema
yIpaBJIEHUs] KOHBEPTOPOM JIOJDKHA 00ECIIeUUTh MOUCK U
MoA/Iep)KaHUe TOYKH MaKCHMallbHOM MOIIHOCTH TeHe-
pauny CoIHEeYHOH Oarape.

IIpuHUMN ynpaBJeHUus KIYaMH

Ha puc. 8 mokazansl naeaqM3upOBaHHbBIE CUTHAJIBI
YIpaBICHUs. KIIOYaMH M 00pa3yloIleecsl HanpspKeHUE
Ha oOMoTKax TpaHchopmaropa T B Toukax a—b. Perymu-
pOBaHHE HANPSDKCHUS U TOKa MOPTOB 1 M 2 OCyIIecTB-
JISITCS YeTHIPbMA CUTHaJaMu ynpasnenust GVT1-GVT4
ximoueit VT1-VT4 cooTBETCTBEHHO, MPUYEM JBA CUTHA-
Jla ynpaBlieHHs padoTaloT B KOMIUIEMEHTAPHOW Iape ¢
HIMPOTHO-UMIYJILCHBIM perynupoBanuem D1 (LINP).
ITapa curnanoB ympasnenuss GVT1-GVT2 sBnsercs
Beyllel, a OCTaJbHbIE CUTHANbl ynpasieHuss GV713—
GVT8 BenoMble U CUHXPOHU3HUPYIOTCS OT BeAylleH ma-
pel. Curnansl ynpasnenust GV713, GVT4 umeror nocro-
SIHHBIH (PUKCHPOBaHHBIN (a3oBberii cupur ®1, paBHBIN
180 rpagycam. MneanbHast perynupoBOYHAS XapaKTepH-
CTHKa cTabmnm3aropa mopToB 1 u 2 uMeeT B

par
(1-D1y’
rae Vpcr — Hanpspkenue Ha Bxoae AKDB, Vpe, — Hampsi-
keHune Ha Bxome PV, D1 — xoadduuneHT 3amomHeHus
UMITYJIbCOB ynpaBieHus kinodamu V712 u VT4, koTopslit
paBeH OTHOIICHUIO JITUTENBHOCTH UMITYJIbCA K TIEPUOTY.

Curnansl ynpasinenuss GVT5—GVT8 umeror -
POTHO-UMITYJIbCHOE perynupoBanue D2 ¢ mapada3HbIM
pexxumoM yrpasieHus. Koaddunuent 3amomaenus D2
ONpeAeIIsieTCs KaK JOTHYEeCKOe MMPOU3BEICHNUE CUTHAIIOB

YTIPaBIICHUSI ANArOHAIBHO PACTIONOKEHHBIX KIFOUEH, T.C.
GVTS = GVT8=GVT1&GVT4,

(1)

Vbc2 =
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GVT6 = GVTT=GVT2&GVT3.
Curnans! ynpasnenust GVTS, GVT6 xmouenn VTS5,
VT6 wmMeroT HadambHBIA (a30BBIM CABHT OT BeXyIIeH
Tapel, PaBHBIA HYNO, a CHUrHamBl ympasieraus GV717,
GVT8 xmoueit VT7, VT8 umeroT pukcupoBaHHBINA (a-
30BBIH cJBUT, paBHbIM 180° OTHOCHTENBHO Maphl CUTHA-
noB GVTS, GVT6.
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Puc. 8. CurHansl yrpaBieHUs KIIOYaMH AByHAIIPABICHHOTO
tpexnoproBoro DC/DC-xonBepTopa

Crabunm3anys HanpsDKeHHsT M TOKa moprta 3 ocy-
mecTBisiercs 3a cyer (asoBoro cusura ®2 mexny
rpynmnoil cursanoB ympasiaeHus GVT1-GVT4 u GVT5—

GVTS. ®a3oBsrii cnpur D2 omnpenenseT MOTOK SYHEPTHH
Mexnay HakormreneM (HOD) m mmHONW mMOCTOSHHOTO
toka (DC mukporpum). OtcTaBanue no (aze cCUrHajioB
ynpasienust GVT5—GVT8 npuBoIuT K mepenade MoToKa
OHCPIruu OT HAKOIIUTEJIA K HIMHE MOCTOSAHHOI'O TOKa, a
orepekeHHe — K 0OpaTHOMY HAlpaBJCHUIO MOTOKA OT
IIMHBI IOCTOSTHHOTO TOKA K HAKOITUTEIIO.

MopaeupoBanue ABYHANIPABJIEHHOT O
TpexnopToBoro DC/DC konBepTopa

MonenupoBanue pabOTHl KOHBEPTOpa IPOBOAH-
mock B cpene MATLAB/Simulink. Mogens puc. 9 co-
nepxut: ucrouHukn DC1-DC3, pa3Bs3bIBaloNIAe JHUO-
nel VD1 u VD2, BXoAHbBIE CONPOTUBICHHUS Riy — Rins,
UMHUTHPYIOIINE MMIIEAAHC MOIBOIAIMINX IPOBOAOB, Ha-
rpy3o4Hoe compoTtusierne RL, wuHAykTopsl L1-L3,
TpaHncgopmarop 7, [Ba MHBEPTOPHBIX MOCTa, CHCTEMY
ynpasienuss Control System peain3yroonIyr0 CHUIHAJBI
yIpaBleHus B cOOTBETCTBHM ¢ puc. 8. bioku Constant
1, 2 cmyxar i 3amaHust KoaduimeHTa 3armoIHeHus
D1 n dazoBoro cisura M2 cooTBETCTBEHHO.

Ha puc. 10-12 noka3aHsl BpeMEHHbIE JUArPaMMBI
AIIEKTPOMATrHUTHBIX TPOLECCOB PEKUMOB PaOOTHI TIpe-
oOpasoBaTels, MOMyYeHHBIE B Pe3yIbTaTe MOIEIAPOBA-
HUS, KOTOPBIE COOTBETCTBYIOT COCTOSIHUSIM PHC. 7, a—8
MpH CIEAYIOUINX MapaMeTpax MOJENN: YacToTa Ipeod-
pazoBanust Fs = 50 kl'u, Hampsbkenune DC1 = 12 B,
DC2 = 33 B, DC3 = 385 B, peaktoper L1 = L2 =
=30 mkI'H, L3 = 50 MkI['H, k03¢dduument tpanchopma-
uuu n = 6:74, conpotusienue Harpy3ku RL = 250 Om.
Ha pucynkax o6o3HaueHo: /wl, Uwl — TOk 1 Hampsbke-
HHE TIEpBHYHOM OOMOTKM TpaHcdopmaropa; [vi3,
GVT3 — Tok u curHan ympasieHus kitoda V73; Ivi4,
GVT4 — ToK W curHan ympasleHus kitoda V74; Ivt],
GVT] — ToK W curHan ympasieHus kimtoda V717, IveS,
GVT8 — TOK U cUTHAI yrpaBieHus kitoda V7T8.
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Control System

Puc. 9. Cxema Simulink moxenu tpexnoproBoro DC/DC-konBepTopa
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9.96 9,07 9,98 9.98 10,0
Bpems 107
Puc. 10. Bpemennsle 1uarpamMmmsl, MOSICHSIOIINE padoOTy Ipe-
obpasosarens B pexxume H33 + CIT => DC mukporpun.
Koaddurment 3anomnenus D1 = 62%; D2 = 37%,
@2 = MuHyC 52 3J€KTpUUYECKUX Ipaayca

IIpu »TuX mapamerpax Toku noptoB 1, 2 u 3 pac-
MPEICIWINCh CIeayromuM obpasom: —12,6; —14,9 u
+1,58 A cooTBeTCTBEHHO. MUHYC 03Ha4YaeT UCXOSLINI
TOK OT IOPTA, IUTFOC — BXOJISIIUHI TOK TOpPTA.
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Puc. 11. BpemeHHbIe AuarpaMMsl, MOSICHSIOMNE paboTy
npeobpazosarens B pexxume CIT => DC mukporpun + HID.
Kosddumment 3anonaenns D1 = 61%, D2 = 38%,

@2 = MuHyC 52 3I€KTpUUYECKUX Ipagyca

IIpu >Tix mapamerpax Toku mopToB 1, 2 u 3 pac-
MpeNeNmInCh caenyrmuM obpasom: + 12,6; 21,4 u
+1,6 A COOTBETCTBEHHO.

IIpu >TEX mapamerpax TOku moptoB 1, 2 m 3 pac-
MPeIeNINCh ClieayomuM obpasom: +49,48, —8,76 u
—0,85 A COOTBETCTBEHHO
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Puc. 12. BpeMeHHbIC qrarpaMMbl, TIOSICHSIONINE paboTy mpe-
obpasosaress B pexxume CIT + DC mukporpua => HOD.
Koaddumment 3anonnenus D1 = 61%, D2 = 38%,
@2 = mmoc 9 MeKTPUUECKUX Ipagyca

BriBoabI

MoudunupoBaHa cxema TPEXIOPTOBOrO JBYHa-
mpasneHHOro DC/DC-koHBepTOpa, MO3BOJISIONIETO CO-
KpaTuTh YUCIIO TIPe0Opa30BaHuil, IIOBBICUTH 3P PEKTHB-
HOCTb HCIIOJIB30BaHUSI SHEPTUM BO30OHOBISIEMBIX HC-
TOYHHKOB M YBEIMYUTH HAJIC)KHOCTh CHCTEMBI AJIEKTPO-
MUTaHus B 1enoM. [IpemmoskeH OpUrHHAIBHEIN CIIOCO0
ynpaBieHuss  TpexnoproBeiM  DC/DC-koHBEpTOpOM,
KOTOPBII peanu3yeT ABYHAIIPaBJICHHBII IOTOK 3HEPTUU
B JII000OM M3 TpeX MOPTOB, HA OCHOBE CMEMIAHHOTO IIIH-
POTHO-UMITYJILCHOTO ¥ (ha30BOro yrmpasieHus. Bpe-
MCHHBIC JUarpaMmbl BSJICKTPOMArHUTHBIX IMIPOLECCOB
HOATBEPXKJIAIOT JTOCTOBEPHOCTh Pa3pabOTaHHOTO alro-
pyUTMa yIpaBJI€HUS KIIOYaMHU.
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The paper gives an overview of circuit solutions of three-port
DC-DC converters with bi-directional power flux used to
build DC networks in hybrid power systems on renewable
energy supplies. A three-port high-frequency DC-DC-con-
verter with control based on mixed modes of pulse width and
phase modulation is considered. The analysis of electromag-
netic processes occurring in the converter shows the prospects
of its application in the tasks of hybrid power supply.
Keywords: inverter, three-port inverter, control by the method
of phase shift, pulse width modulation.

doi: 10.21293/1818-0442-2018-21-1-100-105

References

1. Dos Santos L.T., Sechilariu M., Locment F. Optimized
load shedding approach for grid-connected DC microgrid
systems under realistic constraints. MDPI journal, buildings,
2016, 6(4), 50. Available at http://www.mdpi.com/2075-
5309/6/4/50/pdf (accessed: 09 Dec. 2016).

2. Sechilariu M., Locment F., Wang B. Photovoltaic elec-
tricity for sustainable building. Efficiency and energy cost
reduction for isolated DC microgrid. MDPI journal, Energies,
2015, 8, pp. 7945-7967. Available at http://www.mdpi.com/
1996-1073/8/8/7945/pdf (accessed: 31 July 2015).

3. Gao L, Liu Y, Ren Guerrero H., Josep M. A DC mi-
crogrid coordinated control strategy based on integrator cur-
rent sharing. MDPI Journal, Energies, 2017, Ne 10(8), P. 1116.
Available at http:/www.mdpi.com/1996-1073/10/8/1116/pdf
(accessed: 1 Aug. 2017).

4. Wang C.S., Li W., Wang Y.F.,, Han F.Q., Meng Z., Li
G.D. An isolated three-port bidirectional DC-DC converter
with enlarged ZVS region for HESS applications in DC mi-
crogrids. MDPI Journal, Energies, 2017, 10(4), 446. Available
at http://www.mdpi.com/1996-1073/10/4/446/pdf (accessed 1
April 2017).

5. Zhao C. Isolated tree-port bidirectional DC-DC con-
vertor. A dissertation submitted to for the degree of doctor of
sciences, 2010. Zhejiang, 2010. 152 p.

6. Zhang Z., Andersen M.A.E. Interleaved boost-half-
bridge dual-input DC-DC converter with a PWM plus phase-
shift control for fuel cell applications. /JECON-2013-39th An-
nual Conference of the IEEE Industrial Electronics Society,
2013, pp. 1679-1684.

7. Li W., Xiao J., Zhao Y., He X. PWM Plus Phase An-
gle Shift (PPAS) Control Scheme for Combined Multiport
DC/DC Converters. IEEE Transactions on Power Electronics,
2012, Vol. 27, pp. 1479-1489.

Yuriy. M. Golembiovsky

Doctor of Engineering Sciences, Professor
Department. «Sistemotehnika» Saratov State Technical
University named after Yu.A. Gagarin

77, Politekhnicheskaya st., Saratov, Russia, 410054
Phone: + 7-917-627-85-38

E-mail: yugol@sstu.ru

Dmitry Y. Lukov

PhD student Department. «Sistemotekhnikay

Saratov State Technical University named after Yu.A. Gagarin
77, Politekhnicheskaya st., Saratov, Russia, 410054

Phone: + 7-927-912-70-58

E-mail: lukov-d@yandex.ru

Mikhail G. Koval

Engineer, NPO Vympel

66, Moscowskaya St., Saratov, Russia, 410002
Phone: +7-906-154-44-88

E-mail: milds@bk.ru

Hoxnaoert TYCYP, 2018, mom 21, Ne 1



