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HeunHTerpucaHu yrpahheHn nywaum UHTerpucanum yrpaheHun
nyskayun
> /ABocTteneHmu > MomohHu Hanojun moayn (APM)

v" AC/DC PFC UcnpaB/baun ca kopekuujom ¢pakropa cHare .
>  WHTerpaumja noroHckor cuctema
% [ BOHMBOjCKM

. 3.¢. AMoaHN MOCT + yonep Noansay HanoHa v" BuweHaBojHO pelese

. Totempole (TP) Be3aMoCTHN, aKTUBHU v MpucTyn HeyTpanHoj Taukm

X/

% BuweHuBoOjckm

v
= Tononorunja ca netehum koHpeHnsaropom (FC) NoreHERNNESPTOP

= [perBapaun ca HeyTpanHom Taukom (NPC) /AkTMBHM v [opatHu nHtepdejc
(ANPC) s P j
acnope/beHN HamMoTaju MoTopa
= MMC (MoaynapHu BULLEHNBOjCKM )
- Buena (T-Tun) v PeKkoHdwrypaumja Hamoraja
v N30noBaHun DC/DC > Be>xuuHo

> JepHo-cTeneHm

v" N3onoBanu AC/DC

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEls Study Programs / PELMOB



Funded by
the European Union

a ’ TomoJsioruje eHepreTcKux NpeTBapava
KO/, eJIEKTPUYHHMX BO3UJIa

] g FACULTY OF
PELMOB Yrpabhenu nymauu 6aTepuja —’I I\— TECHNICAL SCIENCES
N~ University of Pristina

\ll KOSOVSKA MITROVICA
K| Kosovska Mitrovica HeunHTerpucanu yrpabeHu nymauu

HeuHTterpucanm yrpaheHn nywaum (OBC) (pyHKUMOHULIY KaO camMOCTarHW CUCTEMW, OABOjeHUN of
ocTanux KoOMnoHeHTn Bosuna. ObuyHO ce Knacudukyjy y ABocTeneHe n jegHocTeneHe KoHdurypaumje,
npun Yemy cBaka nma nocebHe Tononoruje 3a KOHBEP3Ujy CHare.

O6jawwH el e KIby4YHUX TepMUHA:

*HeuHTerpucanu yrpaheHm nywaum (OBC): He noBesyje ce AMPEKTHO ca MOTOPOM UNWU APYrum
cuctemMmma Bo3una (3a pasnuky o4 UHTErpucaHux pellemra).

-[lBoCTEeneHa KoHduUrypaumja:

1. CteneH: AC-DC koHBep3uja (ucnpasrbad) ca PFC (kopekumnja doaktopa cHare).
« 2. CteneH: DC-DC koHBep3uja (4yornepwu -nogeLlaBat-e HarnoHa 3a 6arepujy).

*JeaHocTeneHa KoHcurypauumja:

+ KombuHyje AC-DC n DC-DC koHBep3ujy Yy je4HOj TONonoruju (HNp. MaTpUdHN KOHBEPTOPN).

Tun MpegHocTH Hepoctauu
ABocteneHu Buwa edpunkacHocT, mogynapHoCT CnoxkeHujn, sehu Tpowkosu
JepaHocTeneHum KomnakTtHujn, jedpTrUHUjK Huka edukacHoct, sehu EMI

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEls Study Programs / PELMOB
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1.1 ABocTeneHn HenHTerpucaHm OBC

[1BocTeneHu an3ajH pasaBaja npouec KoHBep3uje cHare y ABe rmaBHe dhase:

1. AC/DC npeTBapauu ca Kopekuujom chaktopa cHare (PFC)

» [lIpetBapajy HauameHn4Hu HarnoH (AC) n3 mpexe y perynucanu jegHocmepHu HanoH (DC),
nctoBpeMeHo nobossbliasajyhu haktop cHare.

2. U3onosaHn DC/DC npeTBapa4u

» [logewasajy DC HanoH Ha HMBO noTtpebaH 3a baTepujy, 06e3belhyjyhu ransaHcky nsonauuy.

KrbyyHe KapakTepucTuke:

* MoaynapHocT: CBaku cTeneH numa nocebHy gyHKLUMjy, LWITO onakwasa onTuMusauujy.
» FanBaHcka unsonauuja: DC/DC geo wtnth 6atepujy oa npeHanoHa ca MpexHe CTpaHe.

* Buwa edmkacHocT: lNocebHa ontummnsauunja PFC n DC/DC cTeneHa.

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEls Study Programs / PELMOB
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4’%¢| Kosovska Mitrovica AC/DC PFC UcnpaBsbaum ca KopeKkuujom ¢paKTopa cHare

[ BOHUBOjCKUN npeTBapayum
3PH Boost (Full-Bridge, FB) - 3.¢. AMogHn MoCT + uonep noausay HanoHa
«[lBoCTENEHM TPOha3HM NpeTBapay ca NyHOMOCTHUM OMOOHUM UCMpaBibadyeM U YOMepoM 3a Mnojadar-e jeAHOCMEPHOr HanoHa.
*[lorogaH 3a cpeaH-e cCHaXKHe annuKaumje 3axesasrbyjyhu jeqHOCTaBHO] KOHTPONM.
Totempole (TP) PFC:
*Bucoko-edmkacHa, 6eamoctHa PFC Tononoruja, AKTUBHU ucnpassrbay
*4YecTo ce KOpUCTW y ABOCTPaAHUM (4BOYCMEPEHNM) CUCTEMMMA 3a NyHewe (HNp. V2G TexHonoruja).
KrbyyHe pasnuke:
*3PH Boost (FB):
*  Kopuctn gnogHu mocT + nojayaBajyhu cteneH.
*  Hwxu rybrum y ogHoCy Ha KracudHe peluera, ann Huxke edpukacHoctn og TP PFC.
*Totempole PFC:
*  EnumuHuwe gmnoaHe rybuTtke (akTMBHO UCMpaBIbakLe).

+ OwmoryhaBa npeHoc eHepruje op 6atepuje ka mpexu (Vehicle-to-Grid).

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and
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Yrpabenu nymwaum 6aTepuja

YnopepgHa tabena: 1BoHUBOjcKM 3.¢. AMOAHM MOCT + Yomnep NoAM3ay HaMoHa U
Totem-pole, AkTuBHM 3.¢.ca PFC (KoHTpona ¢paKTopa cHare)

Mapametap

Tun Tononoruje

EduKkacHocT

MpeKknpayukum
ypehaju

fy6uum npu
nposohery

CnoxxeHocT

ABoycmepeHn
NPOTOKa CaHre

EMI/Byka

LleHa

TepmanHu
MEeHaLMeHT

YobuuajeHe
npumeHe

3.¢. AMOAHU MOCT ca NoauM3ayem HanoHa
(Full-Bridge, FB)

[ABoHuBOjcKM 3.¢. AMOAHM MOCT + Yyonep nogusay

HanoHa

~94-96% (360r ryburaka y amogama)

6 anopa + 3/6 npekmaaya (nojauasajyhm creneH)

Behu (guoaHu moct + npeknaaum)

YmepeHa (notpebaH nocebaH PFC cteneH)

He (ocum ako ce moguodukyje)

Beha (36or komyTauuje anoaa)
Hua (ctaHgapgHe guoae)

Buwe Ttonnore (rybuum y anoaama)

MHAaycTpuja, nywbaum 3a EB cpeghe cHare

Totempole (TP) PFC, akTuBHM

BeamocTHu, totem-pole (nony-
6e3MOoCTHHM)

~97-99% (Mmarbu ryéuum npu
nposohemy)

4-6 MOSFET/SiC/GaN (6e3 anoga)

Maru (camo MOSFET)
Beha (3axTeBa npeyusHo
npexknpare)

ba (y3 oarosapajyhy KoHTpony
rejtosa)

Mama (Moryhe mekuwe
npekupare)

Buwa (SiC/GaN MOSFET)

Mame Tonnote (epukacHo
npekupare)

Bucoko-edpuKacHu nyraum 3a EB,
L,eHTpU 3a nogatke
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AC/DC Ucnpasmaun ca kopekuujom ¢pakTopa cHare

HanomeHe

TP enMmuHuwe rybutke y anogama

TP je edpuKkacHujm

TP KOpUCTU aKTUBHO UCMNpas/bake

TP 60/b1 32 BUCOKe CHare

TP 3axTeBa HanpeAHy KOHTpoay

TP noapasa V2G/V2L

TP 60sbM 32 NpUMeHe oceT/buBe Ha
6yKy

TP je cKyn/bu

TP pagu xnagHuje

TP 3a npemujym cucreme
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BuweHnBOjCcKM npeTBapayu

FC (Flying Capacitor — Tononoruja nperBapaya ca nerehum koHgeHsatopom (FC)
KopucTtu koHOeH3aTope 3a cTBapare cpeHer HarnoHCKOr HMBOA, CMakyjyhv XapMOHCKO M300nuyerse.

NPC/ANPC (MpeTtBapa4u ca HeyTpanHomMm Taykom (NPC)/ lNpeTBapayu ca akTMBHO HeyTpasriHOM Ta4yKkoM
(ANPQ))

*NPC: lNpuuBphyje HanoH Ha HeyTpariHy Tayky, CMawyjyh HAaNnOHCKK CTpec npekuaaya.

*ANPC: [logaje akTnBHe npekngadve 3a 60rby epmkacHOCT U TepManHu MEHaLIMEHT.

MMC (Modular Multilevel Converter — MoaynapHu BULLEHUBOjCKU KOHBEPTOP)
Bucoko ckanabunaH 3a npyMeHe y BUCOKOHaNoHCKMM cucTeMmma ca pacrnopeheHnm nogmogynuma.

Vienna T-type - (Buena/T-tun)
TpOHMBOjCKM UCMNpaBSbay ca CMakbeHUM MPEKUAHUM ryduunma, ngeanaH 3a nykwewe npu BeNMKUM cHarama.

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and
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Yrpabenu nymwaum 6aTepuja
AC/DC Ucnpas/bauu ca Kopekuujom ¢pakTopa cHare

BulwieHUBOjCKM NnpeTBapaym — npuKas jeaHe
rpaHe

MpeTBapauun ca MNMpeTBapaum T-Tuna

HeyTpaJiIHOM Ta4KOM

MpeTBapayn ca akTUBHO
HeyTpasriHOM Taykom

(NPC) (ANPQO)
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BuwwieHMBOjCcKM NnpeTBapauu — TonoJsoruja ca etehum KoHaeH3aTopom

Nme "Flying Capacitor" (nerehm koHgeH3aTop) 40a3n o4 KapakTepUCTUYHOI HAaYMHA Ha KOju KOHOEeH3aTopu
y 0BOj Tononorujn "neéage" namehy pasnnuMtnx HMBOa HamnoHa, ctanHo ce npebauyjyhu Tokom paga ga 6u
o0b6e30egmnun gogaTtHEe HMUBOE HarMoHa.

1. Kapaktepuctuke FC Tononoruje:

» KopucTn KoHgeH3aTope Koju ce Han3MeHUYHO NyHe 1 npasHe namehy:
* ropwer (+Vdc),
« cpeatwser (0V),
* power (-Vdc) HMBoa HamnoHa.

» OBaj npouec noaceha Ha "nebaewe" (eHrn. flying), jep KoHAEH3aTOPM AMHAMUYKN MeHajy noTeHumjan y
TOKY nNpeknaara.
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}%% ke s oS AT E Yita AC/DC Ucnpas/bauu ca Kopekuunjom ¢pakropa cHare

BuwwieHMBOjCcKM NnpeTBapauu — TonoJsoruja ca etehum KoHaeH3aTopom

2. Kako cpyHKLUMOHMLLE?

*Y TpoHuBojckoMm FC npetBapadyy, KoHOAeH3aTopu Ce:

* [llyHe kaja cy noBesaHu Ha BULLIW HAMOH. Multi-level Converters- FC (Flying Capacitor)

- [pasHe kaga ce npebalie Ha HKN HamMOH.

*OmoryhagBajy rnatkuje npenase nsmehy Humeoa (+Vdc — 0V — -Vdc), cmanyjyhn xapMoHcKe gucTtop3auje.
3. 3awrTo "Flying"?

*AHarnoruja ca aBMoHOM: Kao LITO aBMOH MeH-a BUCMHY TOKOM feTa, KOHAEH3aToOpu Y OBOj TOMOSIOrnNju
KOHCTaHTHO "MeHsajy BUCUHY" (HanoH) y ogHOCY Ha pedepeHTHY TauKy.

*TexHU4KM pasnor: KoHgeH3aTopu HUCY (PMKCHO Be3aHU 3a 3eMrby Unu HeyTpanHy Tadky (kao y NPC), Beh
aKTMBHO "npernehy" nameny HMBoa.
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BuwwieHMBOjCcKM NnpeTBapauu — TonoJsoruja ca etehum KoHaeH3aTopom
4. NpepHocTU:
*Cmambyje dv/dt (6p3nHy npoMeHe HarnoHa), WTo cmamwyje EMI.
*OmoryhaBsa Buwy ppekBeHLMjy npekunaawa ca Makum rybuumma.
*KopucHo y:

* BucokoHanoHckuM nHBEpTEpPUMA,

* [loroHuma moTopa,

« ConapHum nHBepTepMMa.

MNapamertap FC (Flying Capacitor) NPC

PedepeHTHA Tauka Hema PpuKCHyY HeyTpanHy TauKky ®UKCHa HeyTpanHa TayKa
Bpoj KoHgeH3aTopa Buwe (nocebHu 3a cBaku HUBO) Mame (ge/beHun HeyTpanHum)
KoHTpona CnoxeHuja (6anaHcuparbe HanoHa) JepgHocTaBHMja
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BuweHuBojckn npetBapaum — lNpeTtBapaymn ca HeyTparnHom Taukom (NPC)

MpeTBapay ca HeyTpanHomMm Tadykom unm NPC npeTBapau je BpCTa BULLEHUBOjcKor npetBapa4va (multilevel converter) koju
KOpUCTM amoge vnu npekvaade 3a "npuuBplihyBanse" nM3nasHor HanoHa Ha cpeawy (HeyTparnHy) Tadky u3Bopa jeaHOCMEpPHOr

HanoHa (DC 6artepuje nnu koHgeHsaTopa). Osa Tononoruja omoryhaesa reHepucawe TpU HUBOA M3nasHor HanoHa (+Vvdc/2, 0, -
Vdc/2), cmamyjyhi XapMOHCKO M306n4eH-e N HanoHCKN CTPeC Ha KOMMNOHEHTama.

*"Neutral Point" (HeyTpanHa Tayka) — PedepeHTHa Tauka namehy asa jegHaka DC koHaeH3aTopa unu 6atepuje (HanonosmHa
YKYMHOTI HanoHa).

*"Clamped" (npnuBpLheHo) — HanoH ce orpaHnyaBa (npuyspLuiyje) Ha OBy Tauyky NOMONy Anoaa unu akTMBHUX Npekmaada.
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AC/DC UcnpaB/baum ca KopekLmjom ¢pakTopa cHare

BuweHnBojcku npeTBapayum — NpeTBapaym ca akTUBHO HeyTpasriHoMm Ta4ykom (ANPC)

AKTUBHM npeTBapay ca HeyTpanHoMm Taykom unu ANPC npetBapay je noborblaHa Bep3unja KnacMyHOr npeTBapaya ca
HeyTpanHoMm Taykom unu NPC (Neutral Point Clamped) npeTBapaya, y KojeM Cy 0oO4aTU aKTMBHU npekuaaym (obuyHo

IGBT unn MOSFET TpaH3ucTopu) ymMecTo nacuMBHMUX Auopda 3a npuusplwhuBarwe HeyTpanHe Ttadke. OBo omoryhasa 60sby
KOHTPOMY HarnoHa, cmatyje rybutke n noborbLiasa TepmMarHy pacnogerny.

*"Active" (aktTuBHM) — Kopuctu ynpasrbayke npekuaaye (Hrp. IGBT) ymecTo nacnBHuX gnoaa, WTo omoryhasa
GreKCnBUNHMjy KOHTPONY.

*"Neutral Point Clamped" (HeyTpanHo-npuuBpwheHu) — Kao n kog NPC, HanoH ce Besyje 3a cpeamwy Tauky DC nssopa, anu
ca aKkTuBHoLWhy npekngaya.
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YnopepgHa tabena: NPC u ANPC npetBapaumu

Mapametap

Tononoruja

MpeKknaayku enemeHTU

HanoHcku ctpec

NpekuaHu ryéuum

Fy6uum y npoBOAHUKY

CnoxeHocT ynpas/batba

E¢umKacHocT

TepmanHu meHayMeHT

LleHa

MpumeHe

MpeTBapay ca HeyTpanHom Taykom (NPC)

Kopuctu guopae 3a orpaHMyaBakbe HanoOHCKOr
cTpeca.

4 npekupava + 2 guopge no ¢asu.

MpeKnpaum cy U3NOKEeHN NONOBUHMN YKYMHOT
HanoHa (Vdc/2).

Behu (ycnep onopaska guoga).

YmepeHu (ycnea napa HanoHa Ha Auogama).

JepHocTaBHuja (dpuKcHo npuuspwhusamwe
Anogama).

~95-97% (Ha HUCKUM/cpeprbum PppeKseHumjama).

[Ovope reHepuwy TonnoTy.

Huxa (marbe npekungaua).

MHAYCTPUjCKM NOrOHU, CONapHU UHBEpTEPU
(Hucke/cpeare ppekseHuymje).

Yrpabenu nymwaum 6aTepuja
AC/DC Ucnpas/maun ca kopekuujom ¢paKTopa CHare

HPETBapaLIVI Ca aKTUBHO HeyTPa/IHOM Ta4YKOM
(ANPC)

3amerbyje anoae akTMBHMM NpeKugaumma
(MOSFET/IGBT).

6 npekuaaya no ¢pasu (6es guopga).

WUcto Kao NPC, anu ca 60/boOM KOHTpOJIOM
ypaBHOTEXEeha.

Matbum (akTMBHM Npekngaun omoryhasajy meko
npebauyuBame).

Marou (MOSFET-u umajy Huxu R).

CnoxeHuja (3axTeBa NpeLU3HO BpeMeHoBakbe
aKTUBHUX NpeKuaauya).

~97-99% (ca SiC/GaN KomnoHeHTama).

PaBHOMepHMja pacnogena Tonnore

Buwa (aopatHu npekuaaum v apajsepu).

Enektpomotopu 3a EB, BUCOKOCHa*KHu UPS
(Bucoke ppekBeHuuje).

A Funded by
N the European Union
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KOSOVSKA MITROVICA

K/myyHa pasnuka

ANPC envumuHuLwe rybutke ycneg
onopaska Auoga.

ANPC nma sehu 6poj KomnoHeHTH.

ANPC cmamyje pusuk og
HeypaBHOTE}KEHOCTU HanoHa.

ANPC je epukacHuju Ha BUCOKUM
dpekBeHyMjama.

ANPC je 60/bu 32 BUCOKe CcTpyje.

NPC je nakwe nmnaemeHTUpaTu.

ANPC je 60/bM 32 BUCOKE CHare 1
¢pekBeHumje.

ANPC nogHocu Behy rycTuHy cHare.

NPC je eKOHOMCKM UcnaaTUBUjU.

ANPC je HamerweH
BUCOKoNep$pOopMaHCHUM cUCTEMUMA.
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Yrpabenu nymwaum 6aTepuja
AC/DC Ucnpas/maun ca kopekuujom ¢paKTopa CHare

Mopeherwe ocobuHa TanacHnx obamka : NPC n ANPC nperBapaumn

TanacHu 061UK

MU3nasHun HanoH

HanoH npekunpaya

Ctpyja Kpos3
HeyTpaaHO KoNo

NPC

TPOHMBOjCKM CTeneHn4YacT 06aukK,
Tanacare HeyTpasiHe Tauke.

OrpaHuyeH Ha Vdc/2, anm ca
HaNOHCKUM CKOKOBUMaA ycnes,
onopasKa anoaa.

HeypaBHoOTeXeHa npu BeINKUm
ontepeherbnma.

ANPC

Yuctnju TPOHMBOjCKM 061MK, 60sba
paBHOTE}Ka HeyTpa/He TauKe.

be3 HaNnOHCKMX CKOKOBa
3axBasbyjyhu ZVS.

AKTUBHO ypaBHOTEXeHa Kpo3
KOHTPOAY NpeKkupava.

*ZV/'S (Zero Voltage Switching) - lNMpeknaawe npy HyNTOM HamnoHy

Funded by
the European Union

P LN FACULTY OF
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3aK/byyak

ANPC cmamyje HUCKOPpPEKBEHTHE
XapMOHMUKe.

ANPC mmHMMM3MpPaA NpeKopayere
HanoHa.

ANPC cnpeyaBa HeypaBHOTeXeHe
DC-nunHK KOHAEeH3aTopa.
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YnopepgHa tabena: FC, Vienna (T-tun) n MMC npeTBapauum

Mapametap

Tononoruja

MpeKknaauykn enemeHTU

HanoHcku cTpec

3axTesu 3a KOHAEH3aTope

E¢uKkacHocT

CNnoXeHocT ynpas/bakba

THD (1M3na3Hu HanoH)

OTNOpPHOCT Ha KBapoBe

LleHa

MpumeHe

Netehu koHaeH3aTop (FC)

Kopuctn KoHaeH3aTope 3a
CcTBapakbe cpeAHer HaNnoOHCKOr
HuBOA.

4-12 npekngaua + "netrehu"
KOHAeH3aTopu no ¢asu.

MpeKknpaum orpaHUYEHM Ha HaNoH
KoHgeHsaTopa (Vdc/n).

Bucoku (Buwe "netehux"
KOHAeH3aTopa).

~96-98% (Si/SiC).

YmepeHa (notpebHo
YPaBHOTE}Keke KOHAEH3aTopa).

Hu3akK (BUWEHBOjCKO nernatve).

Cnaba (KBap KOHAEeH3aTOpa OMeTa
paa).

Cpeatba (A0AATHM KOHAEH3aTOpU
nosehaBajy TpowKose).

BueHa (T-Tun)

TpPOHUBOjCKM XMbpUaHU
ucnpas/bay (guogae +
npekugaum).

3 npekugava + 6 amoaa

(TpodazHm).

Mpekngaum 6n10kunpajy Vdc/2.

Hucku (camo DC-nuHK
KOHAeH3aTopu).

~97-98.5% (SiC amope
no6osblaBajy nepdpopmaHce).

JepgHocTaBHa (npupogHo
orpaHuuerbe HamnoHa).

YmepepeH (TpPOHUBOjCKHM).

Cpepia (peayHpaHTHe anoge
nomasy).

Hucka (mare npekugaua og, FC).

MoroHn moTtopa, cpeare-HanoHcku PFC ucnpassbaum, nywaum 3a EB

UPS.

(TpodasHn).

AC/DC Ucnpas/maun ca kopekuujom ¢paKTopa CHare

MoaynapHu BULLEHMBOjCKU
(MMC)

CepujcKu NoBe3aHU NoAMOAYAN
(SM) ca KoHgeH3aTOpMMma.

2N npeKkugaya no ¢asu (N =
6poj noamopyna).

MNpekungaum 6nokupajy Vdc/N
(no nogmogyny).

Beoma BUCOKM (KOHAEH3aTOpU Y
CBaKom nogmogpayny).

~98-99% (HMUCKU NpeKnaHU
rybuum).

Bucoka (cuHxpoHusaumja

noamoAyNa je K/by4yHa).

Beoma Hu3zak (6amu3y cuHycHor
Tanaca ca MHOrMM HMBOMMA).

U3BpcHa (obunaxere
owreheHux noamoayna).

Beoma BucoKa (MHoru
noaMoAyu + KOHAEH3aTopH).

HVDC, mpexHu uiseptepm,
YKenesHnU4Ka Bo3una.

HanomeHe

MMC je BUCOKO moAaynapaH.

MMC ce ckanupa ca 6pojem
HaNOHCKUX HMBOA.

MMC cmambyje HaNnoOHCKMU cTpec
No KOMMOHEHTH.

MMC 3axTeBa ypasBHoOTeKeHe
KOHAeH3aTopa.

MMC je Haj6osbM 3a eKcTpa
BUCOKEe HamnoHe.

BueHa 1N je Hajnakwwm 3a
KOHTpoOAYy.

MMC uma Haj6os/bu KBanuTer
TanacHor obauka.

MMC je Hajnoy3aaHUju.

BueHa je Hajucnnat/bmusmja 3a
cpeatbe cHare.

MMC gomuHupa y
BUCOKOHANOHCKMM NpUMeHama.
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Kosovska Mitrovica

}%% UnS i AC/DC Ucnpas/aum ca KopeKuujom dakTtopa cHare

1.1 IBocTeneHn HenHTerpucaum OBC

1.1.2 N3onoeaHu DC/DC npetBapaum

O6e36ehyjy ranBaHCcKy usonauujy nsmehy mpexe n barepuje.
Hajuyewhe Tononoruje ykrby4yjy:

«dBocTpyku aktuBHu MmocT (DAB - Dual Active Bridge)

*Pe3oHaHTHe BapujaHTe (3a BUCOKY eJOMKACHOCT).
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MU3onoBaHn AC/DC KOHBepTOpU

MNMojeaHocTaBrbeHn An3ajH y kome ce AC/DC npeTBapake 1 nsonauuja obasrbajy y jeaHoj dasu, WTo cMmamyje 6poj

KOMMOHEHTU, anun YecTo Ha LUTETY (OrEeKCMOUTHOCTH.
KapakTepucTuke:

*KombuHyje PFC (kopekuujy cpaktopa cHare) u DC/DC koHBep3ujy y jeaHy jeauHuLy.
*Kopuctu BucokodpekBeHTHe TpaHchopmaTope 3a nsonauujy.

*Mame yo6uuajeH 360r CroXXeHOCTM yrpaBrbakba, anv Hyay KOMMNakTHOCT.
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OBocTteneHun yrpaheHn nywaum 6atepuja (OBC) npyxajy 60rby edomkacHOCT 1 pnekcnbunHocT, anu

3aXTeBajy B/LLE KOMIMOHEHTMW.

JeagHocTteneHu yrpahleHn nywaum 6atepuja (OBC) cy jegHocTaBHMjK, ann MOry MMaTu OrpaHn4era no CHasu

n epukacHocTu.

PFC Tononoruje (0BOHMBOjCKE, BULLEHNBOJCKE) CMakyjy XapMOHMjcKa n3obnmyera n noborsbLiaBajy

epunkacHocT.

N3onoBaHu DC/DC o6e3behyje curypHOCT U agantauunjy HanoHa 3a batepujy.

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEls Study Programs / PELMOB



a Tomosioryvje eHepreTcKkux npeTsapada Funded by
O the European Union
KO/, eJIEKTPUYHHUX BO3UJIa
1 FACULTY OF
PELMOB Yrpahenu nywmayu 6aTepuja —(l |>— TECHNICAL SCIENCES
N~ University of Pristina i KOSOVSKA MITROVICA
%) Kosovska Mitrovica UHTerpucaHum yrpaheHun nywaum

NHTerpucaHu yrpaheHun nyrwaum (OBC) KombuHyjy pyHKUMjY NyrbeHa BaTepmja ca APYyrmm cUCTEMMMA Y
BO3UAY Ynme ce nobosbluaBa epUKaCcHOCT, ONTUMM3Yjy UCKopUuhere NPoCcTopa M CMakbyjy TPOLLKOBE.

1. APM NMomohHn HanojHn MoAayn

UHTerpuwe OBC (On-Board Charger — YrpaheHu nysway) ca nOMOhHMM HamnojHUM
MOAYNOM, KOjU Harnaja HUCKOHAMNOHCKe cucteme (Hnp. ekpaHu, 03ByYeHe, UHTEPHET,
ocseTibene, HVAC cucreme).

MNMpepaHocTu:

«CMatbyje BULIaK KOMMOHEHTMW.

*OmoryhaBa 3ajeqHNYKn cucTem xrnahera n KOHTpore.

NMpumeHe: KopucTtu ce y enektpuyHum Bosunuma (EV) ca BUCokum 3axteBnmMa 3a NoMohHOM
CHarom.
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2. HTerpaumja noroHckKor cuctema

NHTerpuwe yrpahenu nyway (OBC) ca enekTpoMOTOpPOM U MHBepTepom, omoryhasajyhu 3ajegHuuky ynotpedy KOMNoHeHTH 3a
NnyH-eHe U BOXHbY.

2.1 BuweHaBojHO pelieH-e
*Kopuctu BuLLeHaBoOjHe TpaHcopmaTope UM HaMoTe MOTOopa 3a MCTOBPEMEHO Nykwere baTepunja n NOroH Bosuna.
*[Mpumep: HamoT MoTopa PYyHKUMOHMLLY Kao NPUryLUHMLIE TOKOM MyHeHsa.
2.2 Mpuctyn HeyTpariHoj Tayku
*OMoryhaBa nosesnBar€e ca HeyTpanHoOM Ta4KOM HaMoTa MOTOpPa 3a YPaBHOTEXEHO NMyH-eHe.
*[MpepHocT: OMoryhasa dnekcmbunHo kopuwhere HanoHa.
2.3 UHTerpaumja ca NOroHCKMM UHBEPTOPOM
*[ToroHcku nHBepTop (KOpULNeH 3a ynpaBibake MOTOPOM) UCTOBPEMEHO CIYXKU U Kao NyHsau.
*[MpegHocTK:
*  EnumunHuwe notpeby 3a oasojeHnm OBC.

* [logpxaBa gBocMepHO nywewe (V2G, V2L).
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2. UHTerpaumja noroHckor cucrema

2.4 lopaTtHU nHTepdhejc

« OMmoryhasa mogynapHy noBe3aHoCT 3a byayhe Hagorpaghe (Hnp. mogyne 3a 6p30 NyHense).

2.5 NoperbeHn HaMoTK MoTopa

* Hamotn moTopa cy nogerbLeHun y oaBojeHa Korla — HeKa 3a NoroH, Apyra 3a nyHexe.
[Mpumep: TokOM Nywera, NONOBUHA HaMOTa (PYHKLMOHULLE Kao TpaHcdopmaTop.
2.6 PekoHdourypaumja Hamota

« [InHamunykn npebauyje HamoTe MoTopa N3Mehy pexnma BoXHe U NyHehsa.

* MpepHocT: OnTMMK3Yje edpnKacHOCT 3a pasnuyuTe ycriose paja.
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nyHauu

BexnyHo uHterpucaHn OBC-oBu
Kopucte MHAYKTUBHO MUITN PE30HAHTHO 6EXUYHO NyHeHe YMeCTO Kabrnosa.

MpepHocTMU:

*Hema punsmnykmx koHekTopa (nosehaHa U3apXXronBOCT).

*OMoryhaBa ayToMaTCKO NykeHe (Napkupaj u nyHu).
U3aszoBu:

*Hmxa edomkacHOCT y nopehery ca XXNYHUM NyHEHEM.
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Pe3nme npegHocTH

Tunosu uHTerpaumje KmyuHa npegHoct Mpumena

APM 3ajegHUuKa gucTpubyuuja cHare EV ca Bucokum nomohHum ontepeherwem
MoroHcku cuctem EnvmuHuwe noce6an OBC EV ca ocetsbuBowhy Ha TpoLwKoBe
beXXnyHo nyrere be3 KabnoBa, ayToMaTCKO NyHwere Jlykcy3Hu/Premium EV

NHTerpucanm yrpahenu nywaumn (OBC) npeactasrbajy 6yayhHOCT Nywerwa enekTpudHnX Bo3una, jep cMmambyjy
TEXWHY, TPOLLKOBE U CrOXeHOCT. [lopea Tora omoryhasajy UHTENMUIeHTHO ynpaBibake eHepPrnjom

Krby4yHe npegHocTu:
v KomnaktHu gusajH — 3aysnmajy 30-50% mar-e npocTopa o4 KnacudHMX peluera
v MNMameTHa gucTpmbyumja cHare — AyTomaTCKmn ONTMMM3Yjy NOTPOLLKY M3MeRy noroHa, 6arepuje n noMohHux cu

v Moppuka 3a V2X TexHonoruje — Omoryhasajy nospat eHepruje y mpexy (V2G) nnu kyhHe ypehaje (V2H)
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Kateropuja

Non-integrated OBCs

Two-Stage

Totempole (TP) PFC

FC (Flying Capacitor)

NPC/ANPC

MMC

Vienna (T-type)

Isolated DC/DC

Single-Stage

Integrated OBCs

APMe-integration

Propulsion System

Wireless

N-| University of Pristina
Kosovska Mitrovica

Tononoruja

3PH Boost (FB)

BecmoctHa AC/DC KoHBep3uja

BuweHusojcka AC/DC
KOHBep3uja

BuweHuBOjcKa KOHBep3#Mja ca
HeYTPa/IHOM TauKom

MoaynapHa AC/DC

3-Huso PFC

DAB/LLC

Isolated AC/DC

Kom6uHOBaHuU cuctem

Multi-winding

Traction-inverter

UHAYKTUBHO NyHeHe

KoA €JICKTPHUYHHUX BO3UJIA

Yrpabenu nymwaum 6aTepuja
Ynora BpcTe TONOJIOrNje eHepreTcKmx
npeTsBapaya y TexHosoruju EB

YnorayEB

AC/DC KoHBep3#mja ca
ANOAHUM MOCTOM

OmoryhaBa gBocMepHO
nyweme

Cmamyje EMI

Cmarbyje HanoHCKM cTpec

YNTpa BUCOKOHANOHCKO
nyrwere

KomnakTHu aun3ajH

DC/DC KoHBep3#uja ca
u3onauujom

Kom6uHosaHa PFC+DC/DC

O6jegurbyje OBC u APM
moayn

Kopuctu HamoTte moTopa
3a nymwere

UHBepTOp CNYXKKU U Kao
nykwau

BexXuuHo nyrwere 6e3
KabnoBa

Modernization of WB HEI

MpeaHocTn

Hucka ueHa, jegHocTaBHa
KOHTpONa

Bucoka epukacHoct (>98%),
V2G nogpLika

bosbu KBanuTeT Tanaca

Huxku cTpec Ha npeknpaumma
(vdc/2)

CkanabunHo go MW, HUCKO
THD

WUcnnatus, edpukacaH (~97%)

AsocmepHo (DAB), Bucoka
dpekBeHUMja

KomnakraH

3ajegHuuKo xnahetre n
KOHTpona

Ywreaa Te)KMHe M TPOLLKOBA

He 3axTteBa noce6aH OBC

MoroaHoCT M ayTomaTusaumja

TomoJsioruje eHepreTcKux NpeTBapava

N

Hepocrauu

Huka edpukacHoct (~95%)

3axreBa SiC/GaN (ckyno)

CnoxeHo 6anaHcuparse
KOHAeH3aTopa

ANPC 3axTeBa CNoXeHy
KOHTpOny

Bucoka ueHa u cnoxeHocr

OrpaHuyeH 6poj HMBOA
BenuKku marHeTHU enemeHTH

CnoxxeHa KOHTpona

OrpaHquHa CKanabunHoct
CHare

CmarbeHe nepdopmance
npu nyrwery

CNnoxkeH Tepmasiiu
MeHalLMeHT

Hucka edpukacHocr (~90%),
BUCOKA LeHa

s Study Programs / PELMOB
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*
*
*
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Mpumepu npumeHe

Nyraum cpegtbe cHare (3.3-
6.6 kW)

Tesla Model 3, Lucid Air

800V BMCOKOPYHKLMOHANHUN
EV

Porsche Taycan (800V)

MeraBsaTHO nyweme
(kamuoHu)

Tesla Gen 2 nywauu

11-22 kW OBC

Mamu nywaum

Tesla "nywau + DC/DC"
Kom60

BMW i3

Hyundai E-GMP nnatdopma

Mercedes EQ
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Yrpabenu nywaum 6aTepuja

HeuHTerpucanu : ".L : l
EEEEEEEEEER :im E Imgmtd
B 1 1 |
JIBO-CTENEHH & 1wostage - Single- apm ProRulsion s
. | . E€ system
l ;...........: l l l 1 I l J l l
Ac/DC PFC Isolated Isolated Multi-  Accessto  Traction- Add-on Split motor  Winding's
converters o AC/DC  \inding neutralpoint inverter interface windings reconfiguration
I i [ ]
Two- Multi- T Resonant
level level DAB
|
l—l—l ' ! } }
3Ph Boost Totem- NPC/ Vienna
&) polere) ' anec MM (rype)
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a ’ Electric Vehicle Power Converters Topology

PEL“O' ABO'CTEHEHI/I HEUHTEIrPpUCAHH ITYHBA4 7N\ FACULTY OF
i =] I | TECHNICAL SCIENCES
N~ University of Pristina Hyﬂ)a‘I 6aTepH]a yrpabeH y BO3WJIO N1 | kosovska miTROVICA
4| Kosovska Mitrovica
AC-DC creneH DC-DC cteneH
EMI duntep '—} I—}. : I—} l_} J}:
vac feeememee s i H —Jt J'.I—- : :_Jh’: Jr‘- Jﬁ J: : &
: ; : ) M : E E E
[ L : : L] :
" . i i E Vbﬂﬂﬂ_’l‘ + E
: : I
: ; =
: : A
: +—

[1BOHUBOjCKM aKTUBHU uUcnpaBrbady [anBaHCcKu nsonosaHu DC- DC nperBapay

EsekTpomarHeTHe cmetwe - EMU ®uirep

Tpoda3Hu aKTUBHM McCNIpaB/bay ca Kopekuujom ¢pakTopa cHare (PFC), ABOHMBOjCKHU
DC - JeaHocMepHO MehykoJ10

lanBaHncku nsosioBanu DC-DC npeTBapay
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4| Kosovska Mitrovica
E EER Ir TEEN -: l
| | h_ L}
- - Integrated
gEEEEEEEEEER :il'ltﬂ’lr.td : mql
. . ingle- Propulsion .
= Two-stage . - APM system Wireless
: | = |
.I EER g L
: I :.IIIIIIIIIII. l l l' 1 1 J l l
ot el il lsolated Isolated i pceto  Traction-  Add-on  Splitmotor  Winding's
» converters ] Dc/bc AC/DC  \inding neutral point inverter interface windings reconfiguration
= Two- = Multi- Resonant
S level - level DAB DAB
Esssdamnn |
prmngutigderery f ! T |
=3PhBoost=  Totem- NPC/ Vienna
S ¢8) : pole(?) = awec "M (Ttype)
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Tpoda3Hu aKTUBHU NYHOMOCTHM IIpeTBapay ca peryjaanujom ¢pakropa cHare (PFC)

AC-DC cTteneH

L Jat =t O

¥ ¥ 5t

[IBOHUBOjCKMN aKTUBHU UCMpaBIbaY

[ BOHMBOjCKM aKTUBHM UCNpaBIbay reHepuLLe N3nasHn HaNnoH ca caMo ABa pa3nuyuuTta HuBoa (Hnp. +Vdc u -Vdc,
unu +vdc un 0V).

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEls Study Programs / PELMOB



Funded by
the European Union

a ’ TomoJsiorvje eHepreTcKux npeTBapava
KO/, eJIEKTPUYHHMX BO3UJIa

PELMOB 7'\ FACULTY OF

Yrpahenu nymauu 6aTepuja 1B~ | TechNicaL sciEncEs

N~ University of Pristina L KOSOVSKA MITROVICA
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i !
| | h_ | ]
B . Integrated
.IIIIIIIIIIII. :Inw : ql
. i . """"';_'1' ! ! }
. . ingle- Propulsion .
= Two-stage . - APM system Wireless
mEEnm L : ] :
E. I E.IIIIIIIIIII. l l l' 1 I 1 J l l
ot el il lsolated Isolated i pceto  Traction-  Add-on  Splitmotor  Winding's
. converters | Dc/bc AC/DC  \inding neutral point inverter interface windings reconfiguration
:  Two- . Multi- Resonant
S level - level DAB DAB
.I EEEEEEEm |
e ! 7 |
3PhBoost = Totem-. NPC/ Vienna
(8)  ipole(l ' Anec MO (T-type)
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Jeanogasuu Totem-pole PFC, BeamocTtHu PFC

Totem-pole PFC je HanpegHa Kopekuuja cbaktopa cHare

(PFC) Tononoruja koja:
-
==
L H — *EnumunHnie notpeby 3a AMoaHUM MOCTOM Ha ynasy (oTya HasvB
Z | "GecMoCcTHKN")
V L *Kopuctn cuHxpoHe MOSFET/IGBT npekunaga4e y kackagHoj ("Totem-
ac -1 = de " :
non") KoHgurypaumjm
HrenEyhoRaBOMT PAFD (ABONE NIpHE)T A iEaIe10/2 GN6HAN MocT 3a
— -
Jt} J ucnpaerbake HaumaMmeHuvHor HanoHa (AC/DC koHBep3wujy), Beh ra
3ametbyje akTMBHUM npekngadnma. OBo uma 3a pesynrart: CMakbMBaHe
- rybutaka 3a ~30%, noBehaBa edumkacHocT (>98%) wu omoryhaea
-KapakrepucTtuke: KOHTpOIy KOHBEp3uje cHare.

* Hajuyewhn Tmn y noTpoLlayvkoj enekTpoHuum n EV nywadmma cpeare cHare (3.3—11 kW)
* Kopuctn 4 npekmnpayda (2 roprwa + 2 gona) no casm

+ PapgHa dpekBeHumja: 50 kHz—1 MHz (3aBucHo oa TexHosoruje Si/SiC/GaN)
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Tpodaszuu ToTeM-moJ ucnpas/bad ca KOPEKLUjOM
¢akTopa cHare (PFC)

¥Rt BT . Bt Jg} =t 154

L f
JWY'\f M M TV T
AN
Y b i 1% ! 11
vﬂc i -1 Vdc ac - . o de

HE 5 5T 5 1 JEFY Bt 5y

JlBOKaHa/IHM HAU3MEHNYHO NMOBe3aHHU TPoPa3HU TpokaHa/IHN Hau3MeHUYHO NOBe3aHU TPOpa3HH
TOTEM-I10JI HCIIPaB/bay Ca KOPEKHHUjoM paKTopa TOTEM-N0JI HCIPAB/bay Ca KOPEKIHjoM ¢paKTopa
cHare (PFC) cHare (PFC)
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Tpodaszuu ToTeM-moJ ucnpas/bad ca KOPEKLUjOM
¢akTopa cHare (PFC)

JQ} = J;l} 1. lBa napanenHa KaHana:
RO a e 1. Ceaku kaHan uma cBoj Totem-Pole ucnpaemay (4 MOSFET/SiC/GaN
vac% ) () TpaH3MCTOpa) |
2. KaHanu page ca ¢hasHum nomepajem of 180°, LITO cMakbyje yKynHy
I ¥ JE’} I ¥ TanacHocT cTpyje.

2. UuTtepnunBupame (Mpennnate) (HanameHNYHO yKIbyunBame):
1. Kapga je npBu kaHan y dpasun ykibyumBama, Jpyru je y asmu

JIBOKaHa/JIHU NCKIby4nBara, n 06pHyTO.
Hau3MEHHUYHO 2. Y enektpoHuupm, "interleaved" ce Hajuyewhe ogHOCKM HA HAU3MEHNYHO
noBe3aHu Tpodpa3HU YyKIby4mBake pasa (Ha npumep, napanenHn KOHBEPTOpU ca NoMepaHemM
TOTEM-II0JI HCIIPAB/baY dase).
Ca KOPEeKIHjoM 3. Pesyntat: Mawe Tanacawe ynasHe/nsnasHe crpyje, cmaweHn EMI n
dakropa cunare (PFC) MaHW ryouumn.

3. Kopekuuja chaktopa cHare (PFC):
1. O6a kaHana akTMBHO 0bBnuKyjy ynasHy cTpyjy ga npatu HanoH (PF = 1).
2. MoryhHocT gBocTtpaHor npeHoca (V2G/V2L) ako ce kopucte MOSFET-
OBM.
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| | h_ | ]
B . Integrated
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. ! . Si 3| ' i i
. . ingle- Propulsion .
. Two-stage . stage APM system Wireless
mEEnm L : ] :
E. I E.IIIIIIIIIII. l l l' 1 I 1 J l l
» Ac/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
- converters , bc/bc AC/DC  \inding neutralpoint inverter interface windings reconfiguration
* -.......--...*...- l_lﬁ
Two- = Multi- = Resonant
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Tomosioruja nperpapaya ca sierehum KoHAeH3aTOPpOM
Flying capacitor (FC) topology
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" Non- .
B . Integrated
gUEEEEEEEEEEE :||'|t=’lrltd : ql
. ! . Si 3| ' i i
. . ingle- Propulsion .
. Two-stage . stage APM system Wireless
mEEnm L : ] :
E. I E.IIIIIIIIIII. l l l' 1 I 1 J l l
» Ac/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
- converters , bc/bc AC/DC  \inding neutralpoint inverter interface windings reconfiguration
* -IIIIII.--...*...- l_lﬁ
Two- = Multi- = Resonant
level = level = DAB DAB
3PhBoost  Totem- = NPC/ = Vienna
FC = = MMC
(FB) pole (TP) » ANPC - (T-type)
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[IpeTBapay ca aKTUBHO HeyTpaIHOM TaykoM (ANPC)

|
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Active-neutral-point-clamped (ANPC) converter
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Kosovska Mitrovica
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» Ac/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
- converters , bc/bc AC/DC  \inding neutralpoint inverter interface windings reconfiguration
* -IIIIII.--.II*III‘ l_lﬁ
Two- = Multi- 1 Resonant
level = level = DAB DAB
PhBoost  Totem- NPC/ * *Vienna
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Modular Multilevel Converter - (MMC)
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Cmep npoToKa eHepruje JepHocTpaHM (camo nymwere) [BocTpaHu (Nywere U NpaXkmere)
Hueou nywemwa Huso 1, Huso 2, Huso 3 OueKknsaHo camo 3a Hueo 2
LUeHa Huxka Buwa
CnoKeHoOCT Kona Mama Beha
BenunuunHa KomnaktHuju Behu BonymeH
MNoyspaHocT Bucoka Mpo6nemu ca noysaaHowhy
*uBOTHM BeK baTepmje Oyu Kpahu (uecto nyrwere/npaxkrere)
®PYHKLUMOHANHOCT Mopap:xasa camo G2V Moppxasa G2V, V2G, V2L, V2V
fy6uumn fy6uum y gnogHom mocty PFC HUCKM XapMOHULM Y YNa3SHOM HAaNOHY
YTULaj Ha MpeXy He nogp)aBa nameTtHe mpexe OmoryhaBa MHTEpPaKLMjy Ca MpeXKom
G2V - Grid-to-Vehicle (Mpe»a-y-so3uno) V2L - Vehicle-to-Load (Bo3uno-y-notpowau)
V2G - Vehicle-to-Grid (Boauno-y-mpexy) V2V - Vehicle-to-Vehicle (Bo3uno-y-803uno)
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Mpunukom n3dopa onTumanHe Tonosorvje NpeTBapaya cHare 3a efieKTpM4YHa
BO3una, Tpeba ysetn y o63up cnegehe krby4yHe dpakrope, Koju cy

npeacTtaBibeHU y TabenapHoOM oGnuKy:

Onuc
CteneH uckopuwhera eHepruje
TpoLwKoBM Npon3BOAHE U UMNIEMEHTaLUje

dusnuKe gUMeHsmje U maca cuctema

MoryhHocT ABOCTpaHOr NpoToKa eHepruje (V2G, V2L)

Bpoj KOMMOHEHTU U TEXKUHA KOHTpONE

FanBaHcKa usonauymja nsmehy ynasa v usnasa

MOI’YhHOCT npunaro'f)aBal-ba PasINYUTUM CHarama

HuBO enekTpomarHeTHUX CMeTHU

Nakoha cepeucuparba M NONPaBKK

Cnoco6bHocT pacxanahusara 1 ynpas/bara TOMNJIOTOM

YTuuaj Ha usbop Tononorumje
Bucoke epukacHoctm (>95%) cy K/byuHe
BbanaHc nsmehy neppopmaHcu 1 TpoliKoBa

KomnakTHu au3ajHu cy noxkesbHu 3a EB

OmoryhaBa gogaTtHe GYHKLUMOHANHOCTU

JeaHOCTaBHUjU cUCTEMMU CYy NOY3AAHUJU

HeonxopgHa 3a CUTYPHOCT BUCOKOHAMOHCKUX CUCTEMA

BakHO 3a mogynapHe cucteme

UcnyrwaBare perynaTopHux cTaHgapaa

Cmatbyje TPOLIKOBE TOKOM YKUBOTHOT BEeKa

K/byyHo 3a AyroBeyHOCT cuctema
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HA3WBHO)J CHa3U U HANIOHY

CHara Tononoruja Kapakrepucruke

Mana cHara (<7 kW) Ucnpasmau (Vienna) + LLC EKOHOMMYaAH, jeaHOCTaBaH TpOHUBOCKMU PFC 3a cucteme og 400V
Cpeptba cHara (11-22 kW)  Torem-non PFC (SiC) + DAB Bucoka epukacHocT (>98%), ABocTpaHu, noap:KkaBa V2G TexHonorujy
Bucoka cHara (250 kW) ANPC/MMC (800V+) Omoryhagsa ynTpa-6p30 nyrwere ca maaum rybuymma

* PFC - Kopekuuja hbaktopa cHare (Power Factor Correction)

* LLC - Pe3oHaHTHa Tononorvja ca ABe NpUryLHnLe n KOH4eH3aTopoM

* DAB - IBocTpyku aktusHu mocT (Dual Active Bridge)

* ANPC/MMC - AKTBHM NpeTBapay ca HeyTpanHoMm Tadykom /MoaynapHu MynTUHUBOJCKM NpeTBapad
* SiC - Cunuumjym kapbug (nonynpoBogHUYKa TEXHOOrmja)

* VV2G - Vehicle-to-Grid (Bpahate eHepruje y Mpexy)
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TomoJsiorvje eHepreTcKux npeTBapava
KO/, eJIEKTPUYHHMX BO3UJIa
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Peweme Mpumep npumeHe

MHTerpaumja noroHcKor MHBepTopa Hyundai E-GMP (6e3 oagBojeHor OBC cucrema)
KombuHosaHun OBC ca APM moaynom Tesla (uHTerpucanm nyrwau + DC/DC KoHBepTOp)
Pe30HaHTHO MHAYKTUBHO NyHeHe Mercedes EQ (nywere 6e3 NpuK/byUKa)
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Mpuopurer Tononoruja Komnpommc

HajHuKu TpoLIKOBMU Tpo¢asHu Boost (FB) + LLC EdpukacHocT ~95%, rybuum Ha guopama

U3banaHcMpaHo Ucnpassbau Vienna tuna + DAB EdukacHoOCT 97%, ymepeHa CNOXKEeHOCT

Mpemnym nepdopmaHce Torem-non (GaN) + PesoHaHTHM DAB EduKacHocT >99%, ABOCTPaHM paj, KOMNAKTaH AU3ajH

* 3PH Boost (FB) - Tpoda3Hn MOCTHM npeTBapay ca Noamn3aremM HanoHa
* LLC - Pe3oHaHTHa TOnonorunja ca gse NpuryLlHULE N KOHOeH3aTOpoOM

* Vienna - Ncnpaerbay Buena tuna (3-HuBocku PFC)

* DAB - [1BOCTPYKM aKTUBHWN MOCT

* GaN - anujym H1TprA (NonynpoBOAHMYKA TEXHOMOrMja)

* Pe3oHaHTHM DAB - [1AB ca pe3oHaHTHMUM yrpaBibaHhem
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KapaKkrepuctuka
Noppwka 3a V2G/V2L
MoaynapHe Hapgorpaate

Bucoku HanoH (800V+)

TexHu4Ke n peaHOCTU:

1. V2G/V2L:

Funded by
the European Union

TomoJsioruje eHepreTcKux NpeTBapava
KO/, eJIEKTPUYHHMX BO3UJIa
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U360p TONonoruje MNpegHocT

Torem-non/ANPC OmoryhaBsa ycnyre mpexe u Vehicle-to-Load ¢pyHKumje
DopatHn nutepdejc (MMC) CkanabunHocr 3a Behe cHare 6e3 pegusajHa

ANPC/SiC MMC BprKe nywere, NaKwm Kabnosu

v' [1BOCMEpHU NPOTOK EHepruje
v' [opaTHu n3sop npuxoaa 3a BrnacHuke EB

2. MoaynapHoCT:

v’ dnekcubunHoct 3a byayhe 3axteBe * V2G - Vehicle-to-Grid (noBpaTak eHepruje y
v' Cmatbene TPOLLKOBa Hagorpaake Mpesxy)

3. 800V+ cuctemum:

* V2L - Vehicle-to-Load (Hanajate CnorbHUX

v' Cmaremne rybutaka 3a 75% (y ogHocy Ha

400V) ypenaja)
v 50% kpahe Bpeme nyretba « ANPC - AKTUBHU npeTBapay ca HeyTpanHom
TayKoM
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U3asoB OnTtumanHa Tononoruja Peweme
Bucoka TonsoTta Totem-non (SiC/GaN) CmarbeHu rybuum, xnagHuju pag,
OTNOPHOCT HAa KBapoBe MMC (MoaynapH# MyNTMHUBO KOHBEPTOP) MpeycmepaBawe owteheHnx nogmoayna
MHTerpauymja moTtopa MNopesbeHn HamoTaju Kopuwhere nocrojehnx KOMNOHeHTH

* SiC/GaN - Cunuumnjym kapbug/lannjym HUTpMA (HanpegHn NonynpoOBOAHUYKN MaTepujanu)
* MMC - MoagynapHu MynTUHUBOjCKM NpeTBapay (0TnopaH Ha KBapoBe)

* MoperbeHn HamoTaju - NocebaH An3ajH MOTOPHUX HaMOTaja 3a ABOCTPYKY OYHKLMOHANTHOCT
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MpeTBapauun cHare npeAcTaBrbajy OCHOBY MOAEPHUX eNeKTPUYHUX Bo3una, omoryhasajyhu egmkacHy KoHBepaujy eHepruje,
6p30 NyH-ete 1 BecnpekopHy MHTErpaLujy ca cucteMmMma Bo3una.

KrbyuyHe nHcgpopmaumje:
» HeuHterpucanm OBC cucrtemmn Hyge ornekCMounnHocT u ckanabunHocT:
v' IBocTeneHu cuctemu (Hnp. Totempole PFC + DAB) goMuHupajy kog BUCOKMX nepdopmancu (>98% edukacHocTn).
v' BuweHusojcke Tononoruje (NPC, MMC) omoryhagajy ynTpabp3o nywere 3a apxutektype 800V+.
v JegHocTeneHu An3ajH CMakbyje CroXeHOCT, anu nMa orpaHuyera y KOHTPOIU.
» WUHterpucanun OBC cuctemm ontnmMmayjy npocTop U TPOLLKOBE:
v' APM uHTerpauuja KomobuHyje nywere ca Hanajakbem NoMohHUX cuctema.
v NloHOBHa ynoTpe6a NOroHCKUx cuctema (MHBEPTOP, HAMOTajU MOTOPa) ENMMUHIULLE BULLIAK KOMMOHEHTH.
v BeXu4Ho nyweme je yaobHuje, anu nma Huxy ecdukacHocT (~90%).
» TpeHOoOBM y pa3Bojy:
v Ypehaju ca wupokum 3anpeMmHckum oncerom (SiC/GaN) nosehagajy edpukacHocT y Totempole/ANPC koHBepTOpUMa.
v' OBocTpaHu npoTok eHepruje (V2G, V2L) nocTaje ctaHaapA.

v MoaynapHu ausajH (MMC, popaTtHu uHtepdejcu) nogpxasa 6yayhe Hagorpaame.
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