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TexHONOrMje nywera
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Off-board battery charger Myway BaH Bo3una
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HEVIHTEI‘pMC&HM yrpaT)el-m nykbayu MHTerpMCGHM yrpaT)el-m nykbayu
>  [ABocTteneHu >  MomohHwn Hanojun moayn (APM)

v' AC/DC PFC UcnpaBsbaum ca kopekuumjom PpakTopa cHare .
>  WHTerpauuja noroHckor cucrema
% [BOHMBOjCKM

. 3.¢. AMOAHM MOCT + Uonep NoaM3ay HanoHa v BuweHaBojHO peluetbe

. Totempole (TP) BeamocTHU, aKTUBHMU v MpucTyn HeyTpanHoj Tauku

% BuweHMBOjcKN

s
= Tononorwmja ca netehum koHaeHzaropom (FC) e - LU L

= [lperBapauu ca HeyTpanHom Taukom (NPC) /AkTuBHM v [MopatHm nHtepdejc
(ANPC) v P .
acnopesbeHN HamoTaju MmoTopa
= MMC (MoaynapH1 BMLUEHUBOjCKM )
- Buena (T-Tun) v PekoHdwmrypauuja HamoTaja
v" N3onoBaHu DC/DC > Be>xmuHo

> JepaHo-cTeneHm

v" WN3onoBaum AC/DC
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K| Kosovska Mitrovica HeuHTerpucanu yrpaheHu nymbadu

HeuHrterpucann yrpaheHn nywaum (OBC) ¢yHKUMOHMLWIY KAO CAMOCTA/IHW CUCTEMMU, OABOjEHU 0Of, OCTaNMUX
KOMMNOHEeHTN Bo3una. O6MYHO ce KnacuduKyjy y ABocTeneHe U jegHocTeneHe KoHouUrypaumje, npyM Yemy cBaka Mma
nocebHe Tononorunje 3a KOHBEP3Ujy cHare.

O6jawerbe K/byYHUX TEPMUHA:

*HeuHTerpucanm yrpaheHu nywaum (OBC): He noBe3yje ce AMPEKTHO Ca MOTOPOM WU APYITMM CUCTEMUMA BO3UNA
(33 pasnuKy of MHTErpUCaHUX peLleHsa).

e[iBOCTEneHa KoHpuUrypaumja:

* 1. CreneH: AC-DC KoHBep3#Mja (ncnpassbay) ca PFC (KopeKumja paKTopa cHare).
e 2. CreneH: DC-DC KoHBep3Mja (Yonepu -nogellaBarbe HanoHa 3a batepujy).

*JepHOCTENEHA KOHuUrypauumja:

*  KombuHyje AC-DC n DC-DC KoHBep3ujy y jeaHoj Tononormnju (HNp. MaTPUYHMU KOHBEPTOPMU).

Tun MpepHocTH Hepoctauu
OBocreneHu Buwa epuKacHOCT, moaynapHoCT CnoxeHuju, sehu Tpowkosu
JeaHocTeneHun KomnaktHuju, jepTuHuUjn Huka edukacHoct, sehu EMI
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1.1 AsocteneHn HenHTerpucaHun OBC
[lBocTeneHn An3ajH pa3gBaja NpoLuec KOHBep3uje CHare y ABe r/1aBHe ¢ase:

1. AC/DC npetBapaum ca Kopekumjom dpakropa cHare (PFC)

» [lpeTBapajy HauameHn4HU HanoH (AC) U3 Mpexke y peryaincaHm jeaHocmepHu HanoH (DC), uctoBpemeHo
nobosbwasajyhu ¢paktop cHare.

2. UsonosaHu DC/DC npeTBapauun

* [lopgewaBajy DC HanoH Ha HMBO noTpebaH 3a b6atepujy, 0b6e3behyjyhu ranBaHcKy nsonauujy.

K/byuHe KapaKTepuctTuke:

* MogynapHocT: CBakuM cTeneH Mma nocebHy ¢yHKLM]y, LWTO ONaKLaBa ONTUMU3ALN]Y.
* lanBaHcKa usonauymja: DC/DC geo wWTHUTK HaTepujy o4 NpPeHanoHa ca MpeskHe CTpaHe.

* Buwa edpukKacHocrt: NocebHa ontumusaumja PFC n DC/DC cTeneHa.

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB
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Kosovska Mitrovica  AC/DC PFC UcnpaBssbauun ca KopeKuujom ¢paKTopa cHare

[lBOHUBOjCKM npeTBapauun
3PH Boost (Full-Bridge, FB) - 3.¢. AnoaHM MOCT + yonep noamusay HarnoHa
*[1BocTeneHun TpodasHM NpeTeapay ca NyHOMOCTHUM AMOAHMUM UCMPaB/bayeM MU YOMEPOM 3a Mojayatbe jeAHOCMEPHOT HaMOHa.
*[lorogaH 3a cpepHe CHaXKHe aninKauuje 3axsasbyjyhu jeAHOCTaBHOj KOHTPOIN.
Totempole (TP) PFC:
*Bucoko-epuKkacHa, 6eamoctHa PFC Tononoruja, AKTUBHU UCNpaB/bay
*YecTo ce KOpUCTM Yy ABOCTPaHMUM (4BOYCMEPEHMM) CUCTEMMMA 3a NyHere (HNp. V2G TexHonoruja).
KmyuHe pasnuke:
*3PH Boost (FB):
. Kopuctn anogHn mocT + nojayasajyhu cteneH.
O Huxum rybmum y ogHoCy Ha KnacudyHe pellema, aan Huxe epukacHoctm og TP PFC.
*Totempole PFC:
*  EnumuHuwe guoaHe rybutke (aKTMBHO MCMpaB/bakbe).

* OmoryhaBa npeHoc eHepruje og, 6atepuje Ka mpexu (Vehicle-to-Grid).
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Yrpahenu nywmauu 6aTepuja

YnopepgHa tabena: 1BoHMBOjCKM 3.¢. AMOAHN MOCT + Yonep NOAU3aY HanoHa U
Totem-pole, AkTuBHuU 3.¢.ca PFC (KOHTpona paKTopa cHare)

MapameTap

Twn Tononoruje

EdukacHocT

Mpeknpaykm
ypehaju

Fy6uum npum
nposohery

CnoxxeHoct

AsoycmepeHu
NPOTOKa CaHre

EMI/ByKa

LleHa

TepmanHu
MeHaLMeHT

YobuuajeHe
npumeHe

3.¢. AMOAHN MOCT ca NnoauM3ayem HanoHa
(Full-Bridge, FB)

[BOHMBOjCKM 3.¢. AMOAHMU MOCT + Yonep nogusay

HanoHa

~94-96% (360r ryéuTtaka y guopama)

6 anopa + 3/6 npekngaua (nojauasajyhu creneH)

Behu (anogHu mocT + npeknpaun)

YmepeHa (notpebaH nocebaH PFC cteneH)

He (ocum ako ce mogudukyje)

Beha (36or komyTaumje anopaa)
Huxa (ctaHgapgHe guogae)

Buwe Tonnorte (ryébuum y anopgama)

MHAaycTpuja, nyrwbaum 3a EB cpeghe cHare

Totempole (TP) PFC, akTUBHM

be3amocTHu, totem-pole (nony-
6e3mocTHH)

~97-99% (Marbu ryéuum npm
npoeohemy)

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

Maru (camo MOSFET)
Beha (3axTreBa npeuunsHo
npekugare)

Da (y3 ogrosapajyhy KoHTpony
rejtosa)

Mama (moryhe meKuwe
npexkuaare)

Buwa (SiC/GaN MOSFET)

Mame Tonnote (epukacHo
npekuaare)

Bucoko-edpukacHu nywaum 3a EB,
LeHTpU 3a NnogaTke
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AC/DC Ncnpassbauum ca kKopeKkumjom ¢pakTtopa cHare

HanomeHe

TP enMmuHuwe rybuTtKe y anogama

TP je edpukacHujm

TP KOpUCTU aKTUBHO UCMNpaB/batbe

TP 60/b1 32 BUCOKe CHare

TP 3axTeBa HanpeaHy KOHTpoay

TP noapikasa V2G/V2L

TP 60/bM 32 NpUMeHe oceT/bUBe Ha
byky

TP je cKynsbum

TP pagu xnagHuje

TP 3a npemujym cucteme
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BuLIEHMBOjCKM NpeTBapauun

FC (Flying Capacitor — Tononoruja npersapaua ca nerehum KoHgeHsatopom (FC)

KopucTn KoHAeH3aTope 3a CTBapakbe cpearer HanoHCKOr HUBOA, CMakbyjyh XapMOHCKO M3obnyerse.
NPC/ANPC (MpetBapauu ca HeyTpaaHom Taukom (NPC)/ MpetBapauu ca aktusHo HeyTpanHom Taukom (ANPC))

*NPC: Mpuruspwhyje HaNOH Ha HeyTpPa/iHy TayKy, CMakbyjyhr HAaMNOHCKM CTpec Npeknaaya.

*ANPC: [logaje akTUBHe NpeKkmgayve 3a 60/by ePUKACHOCT U TEPMASTHU MEHALIMEHT.

MMC (Modular Multilevel Converter — MoaynapHu BULLEHUBOjCKMU KOHBEPTOP)

Bucoko ckanabunaH 3a npumeHe y BUCOKOHANOHCKNM CUCTEMMMA Ca pacnopebeHMN\ nogmoaynnma.

Vienna T-type - (BueHa/T-Tun)

TpOHMBOjCKM UCNpPaB/bayd Ca CMaHbEHUM NMPEKNAHUM rybuLMma, naeanaH 3a NykbeHe Npu BEeMKMM CHarama.
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BuweHMBOjCKM NpeTBapayYm — NPUKa3 jegHe rpaHe

Tononoruja ca MpeTBapaun ca HeyTpanHom MpeTBapauu ca aKTUBHO Mpetsapauu T-Tuna
nerehum koHaeH3satopom (FC) Taukom (NPC) HeyTpanHom Taukom (ANPC)

Vs v+

_ R 4w R & e _E‘F
as | 4 Ka o a
ik b

L A vy, Vi 3 Viour "
f & "R _fie
R Fa

s &

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB



Funded by
the European Union

a Q TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHHUX BO3UJIA

PELMOB : AN FACULTY OF
Yrpahenu nywmaum 6aTepuja <15 | TEcHNicAL sciEnces
<N University of Pristina i ] KOSOVSKA MITROVICA
3| Kosovska Mitrovica AC/DC Ncnpasmauu ca kopeKkunjom ¢pakropa cHare

BuweHunBojckn nperBapaum — Tonosoruja ca nerehum KoHaeHsaropom

Nme "Flying Capacitor" (netehu KoHAeH3aTOp) A0NA3M Of, KAPAKTEPUCTUYHOT HauMHA HA KOjU KOHAEH3aTOpU Y OBOj
Tononornju "nebge" namehy pasnnMuMTMX HMBOA HaMoOHa, CTa/HO ce npebauyjyhn Tokom paga ga 6bu obesbeannu

A04aTHE HUBOE HAlNOHa.

1. Kapakrepuctuke FC Tononoruje:

* KopncTu KoHAeH3aTope Koju ce Hau3MeHUYHO NyHe 1 npasHe namehy:
* ropwber (+Vdc),
* cpeamer (OV),
* powber (-Vdc) HMBOa HanoHa.

* OBaj npouec noaceha Ha "nebaewe" (eHrn. flying), jep KOHAEH3aTOPU AUHAMUYKU MeEHbAjy NOTEHUMjan y TOKY

npekngatrba.
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23| Kosovska Mitrovica AC/DC Ncnpasmauu ca kopeKkunjom ¢pakropa cHare

BuweHunBojckn nperBapaum — Tonosoruja ca nerehum KoHaeHsaropom

2. Kako ¢pyHKUMOHUwe?

*Y TpoHMBOojckom FC npeTBapayy, KOHAEH3aTOpU Ce:

* [lyHe Kaga cy noBe3aHM Ha BULIK HAMOH. Multi-level Converters- FC (Flying Capacitor)

* [lpa3He Kaga ce npebaLe Ha HUKM HaMNoH.

*OmoryhaBajy rnatkmje npenase nsmelhy Husoa (+Vdc - 0V = -Vdc), cmarbyjyhm xapmoHCKe ancrtopsuje.

3. 3awrTo "Flying"?

'AHanomja Ca aBMOHOM: Kao WITO aBUOH MeHa BUCMHY TOKOM /1eTa, KOHAEeH3aTopun y OBOj TOI'IOHOI'Mjl/I KOHCTAQHTHO

"merbajy BUCUHY" (HaMOH) y ogHOCY Ha pedepeHTHY TauKy.

*TexHUuKu pasnor: KoHaeH3aTopun HUCY PUKCHO BE3aHM 33 3eMJby UIN HeyTpasiHy Tauky (Kao y NPC), Beh akTMBHO

"npenehy" namehy HuBoa.
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23| Kosovska Mitrovica AC/DC Ncnpasmauu ca kopeKkunjom ¢pakropa cHare

BuweHunBojckn nperBapaum — Tonosoruja ca nerehum KoHaeHsaropom
4. MNpepHocTH:
*Cmatmbyje dv/dt (bp3nHy npomeHe HanoHa), WTo cmarbyje EMI.
*OmoryhaBa Bully ppeKBEHLMjy NPpeKuAarwa ca Matbum rybuumma.
*KopucHo y:
*  BWCOKOHAMOHCKMM MHBEPTEPMMA,
* [loroHnma moTopa,

*  ConapHum MHBEpPTEPUMA.

Napamertap FC (Flying Capacitor) NPC

PedepeHTHa TauKa Hema ¢pUKCHY HeyTpanHy TauKy ®duKcHa HeyTpasiHa TauKa
Bpoj KoHaeH3aTopa Buwe (nocebHu 3a cBaKK HUBO) Mame (ge/beHun HeyTpanHum)
KoHTpona CnoxeHuja (banaHcupare HanoHa) JeaHocTaBHMja
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BuweHuBOjcKK npetBapauun — MpetBapauu ca HeyTpanHom Taukom (NPC)

MpetBapau ca HeyTpanHom Taukom unu NPC npetBapauy je BpCTa BULIEHMBOjCKOr npeTsapaya (multilevel converter) Koju Kopuctn amoae
Unu npekugade 3a "npuuspwhuBare" n3nasHor HanoHa Ha cpegmy (HeyTpanHy) Tauky M3Bopa jeaHocmepHor HanoHa (DC 6aTtepuje nam

KoHAeH3aTopa). OBa Tonosornja omoryhasa reHepucartbe TPU HUBOA M3Na3HOr HanoHa (+Vdc/2, 0, -Vdc/2), cmamyjyhn XapMOHCKO
n306/1M4ere M HAMOHCKM CTPEeC Ha KOMMOHEHTaMa.

*"Neutral Point" (HeyTpanHa Tauka) — PepepeHTHa Tauka nsmehy aga jeaHaka DC KoHAeH3aTopa unuv 6atepuje (HaNoN0BMHA YKYMHOT HAMOHa).

*"Clamped" (npuuBpwheHo) — HanoH ce orpaHnyasa (npuuspluhyje) Ha oBy Tauky nomohy Anoaa Uan akTUBHUX NpeKkMaayda.
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BuwweHUBOjCKK npeTBapauun — MpeTtBapaum ca akTUBHO HeyTpasnHom Taukom (ANPC)

AKTMBHM npeTBapay ca HeyTpasHOM Tauykom unam ANPC npeTtBapau je nobosblliaHa Bep3Mvja KJaCMYHOr nMpeTBapayva ca HeyTpajsHOM
Taukom unmn NPC (Neutral Point Clamped) npetsapaua, y Kojem cy A04aTV aKTUBHU Npekupaum (06mndHo IGBT nnn MOSFET TpaH3uctopu)

YMECTO MacuUBHMX Anoaa 3a npuusplwhuBarbe HeyTpasnHe Tayke. OBo omoryhaBa 60/by KOHTPO/Y HanoHa, CMakbyje rybutke 1 nobosbliasa
TEPMaJIHy pacnogeny.

*"Active" (aKTMBHM) — KopucTu ynpaB/bauke npekugade (Hnp. IGBT) ymecto nacMBHUX AModa, WTo omoryhasa dbaekcnbunHumjy KoHTpony.

*"Neutral Point Clamped" (HeyTpanHo-npuuspwheHu) — Kao n kog NPC, HamnoH ce Be3yje 3a cpeatby Tauky DC nssopa, anun ca akTusHowhy

npekungaya.
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YnopepHa tabena: NPC u ANPC nperBapaum

MapameTtap

Tononoruja

Mpeknpaavykn enemeHTn

HanoHcku cTpec

MpeKknaHu ryéuumn

Fyéuum y npoBogHUKY

CnosKeHOCT ynpassbatba

EdukacHocr

TepmanHu meHaylMmeHT

LleHa

MpumeHe

MpeTtBapau ca HeyTpanHom Taukom (NPC)

Kopuctu guopae 3a orpaHnMyaBarbe HanoHCKor
cTpeca.

4 npekungava + 2 auogae no ¢pasu.

MpeKkngaum cy U3N0XKeHN NONOBUHU YKYNHOT
HanoHa (Vdc/2).

Behu (ycnep onopaska guoaa).

YmepeHu (ycneg naga HanoHa Ha guoaama).

JepHocTasHuja (pukcHo npuuspwhusarwe
Aanoaama).

~95-97% (Ha HUCKMM/cpeatbum dpeKBeHLMjama).

Ovope reHepuwy TONAOTY.

Huxka (marbe npekuaava).

WNHAYCTPUjCKM NOTOHK, CONAPHU UHBEPTEPU
(Hmucke/cpeare ppekseHumje).

TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

Yrpahenu nywmauu 6aTepuja
AC/DC UcnpaB/bauu ca kopekuujom ¢pakTopa CHare

MNpeTBapaum ca aKTUBHO HEYTPAZIHOM TaUKOM
(ANPC)

3amerbyje AMoAe aKTMBHUM NpeKngaumma
(MOSFET/IGBT).

6 npekungaua no ¢asu (6e3 guopa).

WUcto kao NPC, anu ca 60/bOM KOHTPONIOM
ypaBHOTEXeka.

Matbu (akTMBHM npekngaum omoryhasajy meko
npebauusate).

Maru (MOSFET-u umajy HUKu R).

CnosKeHuja (3axTesa NpeunsHO BpeMeHOoBakbe
aKTUBHMX NpeKkuaaya).

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

PaBHOMepHHuja pacnogena Tonaorte

Buwa (AoaaTHM NpeKkuaaum u gpajsepu).

EnekrpomoTtopum 3a EB, BucokocHaxkHu UPS
(Bucoke ppekseHumje).
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KmyuHa pasnuka

ANPC enmuHuLle rybutke ycnea
onopasKa guopaa.

ANPC uma Behu 6poj KOMNOHEHTH.

ANPC cmatbyje pusuk og,
HeypaBHOTEXEHOCTU HAanoHa.

ANPC je epuKacHMjuU HA BUCOKMM
dpekBeHymjama.

ANPC je 60/b1 32 BUCOKe CTpyje.

NPC je naKwe umnaemeHTUpaTu.

ANPC je 60/b1 32 BUCOKe CHare U
dpekBeHumje.

ANPC nogHocu Behy ryctuHy cHare.

NPC je eKOHOMCKM UcnNnaTMBUju.

ANPC je HamereH
BUcokoneppopmMaHCHUM CUCTEMUMA.
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TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

Yrpahenu nywmauu 6aTepuja
AC/DC UcnpaB/bauu ca kopekuujom ¢pakTopa CHare

Mopehewe ocobuHa TanacHnx o6amka : NPC n ANPC npetrBapaum

TanacHu 06AUK

MU3na3HU HanNoH

HanoH npekupava

Ctpyja Kpo3
HeyTpaaHOo Koo

NPC

TPOHMBOjCKM CTeNeHnYacTm 06auK,
Tanacarbe HeyTpasiHe Tauke.

OrpaHuueH Ha Vdc/2, anu ca
HaNOHCKMM CKOKOBMMa ycneg,
onopasKa anoaa.

HeypaBHoOTeXeHa npu BeIMKUMm
ontepeherwuma.

ANPC

Yuctnju TpoHUBOjCcKM 061MK, 60sba
paBHOTE}Ka HeyTpa/He Tauke.

be3 HanoOHCKMX CKOKOBa
3axBasbyjyhm ZVS.

AKTUBHO ypaBHOTEXeHa Kpo3
KOHTPOANY NpeKkupava.

*ZVS (Zero Voltage Switching) - Mpeknaare npu HyNTOM HaMoHy

Funded by
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3aKk/byyak

ANPC cmamyje HUCKOPpPEeKBEHTHe
XapMOHMKe.

ANPC mMHMMUM3UpPA NpeKopayerwe
HanoHa.

ANPC cnpeyaBa HeypaBHOTeXeHe
DC-nnHK KOHAeH3aTopa.
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TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

Yrpahenu nywmauu 6aTepuja

YnopeaHa tabena: FC, Vienna (T-tun) 1 MMC npeTtBapauu

Mapametap

Tononoruja

MpeKknpgaykn enemeHTn

HanoHcKu cTpec

3axTeBu 3a KOHAEH3aTOpe

E¢dukacHoct

CNoKeHoCT ynpaB/bakba

THD (“3na3Hu HanNoH)

OTNOPHOCT Ha KBapoBe

LleHa

MpumeHe

Netehu KoHgeHsaTop (FC)

Kopuctu KoHpeHsaTope 3a
cTBapatbe cpeaHer HanoHcKor
HUBOA.

4-12 npekungaya + "nerehu"
KOHAeH3aTopu no ¢asu.

Mpekugaum orpaHUYEHN Ha HanoH
KoHaeHsaTtopa (Vdc/n).

Bucoku (Buwe "netrehux"
KOHAEeH3aTopa).

~96-98% (Si/SiC).

YmepeHa (notpebHo
ypaBHOTeXeHe KOHAeH3aTopa).

Hu3ak (BULIEHBOjCKO nername).

Cnaba (KkBap KOHAEeH3aTOopa omeTa
paa).

Cpeatba (A0AATHU KOHAEH3aTOPU
nosehasajy TpowKose).

BueHa (T-Tun)

TpPOHMBOjCKM XM6PUAHM
ucnpassbad (anoge +
npekuaaum).

3 npekupava + 6 agnopa
(TpodasHu).

Npekungaumn 6nokunpajy Vdc/2.

Huckm (camo DC-nnHK
KOHAEH3aTopH).

~97-98.5% (SiC guope
no6osbwaeajy neppopmance).

JepgHocTaBHa (npupogHo
orpaHuyYerbe HanoHa).

YmepepeH (TpoHUBOjCKHU).

Cpeatba (pegyHaaHTHe guoae
nomaxy).

Hucka (mare npekugava og FC).

MoroHun moTopa, cpeare-HanoHckn PFC ucnpassbauu, nywaum 3a EB

UPS.

(TpodazHum).

AC/DC UcnpaB/bauu ca kopekuujom ¢pakTopa CHare

MoaynapHu BULLEHUBOjCKU
(MMC)

CepujcKku noBe3aHU nogmoaynm
(SM) ca KoHgeH3aTopuma.

2N npekugaya no ¢asu (N =
6poj noamopayna).

Mpekunpaum 6n0kunpajy Vdc/N
(no nogmopgyny).

Beoma BMCOKM (KOHAEH3aTOpH Yy
cBakom nogmoayny).

~98-99% (HWUCKU NpeKnaHU
ryéuum).

Bucoka (cMHXpoHu3auuja

noamMoAyna je KibyvHa).

Beoma HU3aK (61M3y cMHYCHOr
Tasnaca ca MHOTMM HUBOMMA).

MU3BpcHa (obunaxere
owrteheHux noamopayna).

Beoma BMCOKa (MHOru
NoAMOAY/IU + KOHAEH3aTOPMU).

HVDC, mpexHu niseprepm,
»KeNesHUYKa Bo3ua.
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HanomeHe

MMC je BUCOKO moaynapaH.

MMC ce ckanupa ca 6pojem
HaNOHCKUX HUBOA.

MMC cmarbyje HanoOHCKM cTpec
No KOMNOHEHT!.

MMC 3axTeBa ypaBHOTEXEHE
KOHAeH3aTopa.

MMC je Haj60/bM 33 eKcTpa
BUCOKE HamnoHe.

BueHa 1N je HajnaKwm 3a
KOHTpoOAy.

MMC uma Haj6os/bmu KBanuter
TanacHor o6auka.

MMC je Hajnoy3aaHuju.

BueHa je Hajucnaat/busmja 3a
cpeame cHare.

MMC gomuHupa y
BUCOKOHANOHCKUM NpUMeHama.

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB



Funded by
the European Union

a Q TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHHUX BO3UJIA

" FACULTY OF
PELMOB Yrpahenu nywmauu 6aTepuja -’l I.L TECHNICAL SCIENCES

\II KOSOVSKA MITROVICA

Kosovska Mitrovica

}%% U AC/DC Ucnpae/baum ca KopeKumjom dpaKkTtopa cHare

1.1 ABocTeneHn HenHTerpmncaHmn OBC

1.1.2 U3onoBaHm DC/DC nperBapaum

06e36ehyjy ranBaHcKy nsonauujy usmehy mpexke n batepuje.
Hajuewhe Tononormje yk/mwyuyjy:

*[lBOCTPYKMN aKTUBHU mocT (DAB - Dual Active Bridge)

*Pe3oHaHTHe BapujaHTe (32 BUCOKY ePpMKaACHOCT).
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MN3onosanun AC/DC KoHBepTOpU

MNojeaHocTaB/beHn gu3ajH y kome ce AC/DC npetBapatbe U usonaymja o6as/bajy y jeaHoj ¢pasu, WTo cMmatbyje 6Poj KOMMNOHEHTU, asin YecTo

Ha WTeTy GpNEeKCMBUNHOCTM.
Kapakrepucruke:

*KombuHyje PFC (kopekumujy paktopa cHare) u DC/DC KoHBep3ujy y jeaHy jeanHuLy.
*Kopuctu BucokodppeKkBeHTHe TpaHchopmaTope 3a M30/1aLujy.

*Matbe yobuuajeH 3001 C/I0KEHOCTM ynpaB/bakba, AN HYAN KOMMNAKTHOCT.
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ABocteneHu yrpaheHu nywaum 6atepumja (OBC) npyrKajy 60/by edpmMKacHOCT U GNeKCMBUAHOCT, ann 3axTeBajy BULe

KOMIOHEHTMH.

JepaHocTeneHu yrpaheHu nywaum 6atepumja (OBC) cy jeaHOCTaBHWUjU, @M MOTY MMATWU OFpaHUYeHba NO CHa3n U
e(dUKaCHOCTK.
PFC Tononoruje (4BOHMBOjCKe, BULLEHUBOJCKE) CMatbyjy XapMOHMjCKa M306amMyerba 1 nobosbluaBajy edMKacHOCT.

MN3onosaHn DC/DC obe3b6ehyje curypHoOCT 1 aganTaumjy HanoHa 3a batepujy.
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NHTerpucaHu yrpaheHun nyrwaum (OBC) KombuHyjy PyHKUMjY NyHeHba baTepuja ca APYyrum CUCTEMUMA Y
BO3uAy Ynme ce nobosbliaBa ePpUKacHOCT, ONTUMU3YjYy UCKopUWwhere NPOoCTOpa N CMakbyjy TPOLLUKOBE.

1. APM NMNomohHu HanojHu moayn

Muterpuwe OBC (On-Board Charger — YrpaheHu nyway) ca nomohHMM HanojHUM MOAY/ZIOM, KOju
Hanaja HUCKOHAMOHCKe cucteme (HNp. eKpPaHun, 03ByYeH e, MHTEepHeT, ocBeT/bere, HVAC cucteme).

MpeaHocTU:

*CMmatbyje BULLIAK KOMMNOHEHTMW.

*OmoryhaBa 3ajegHUYKKN cucTem xnahera u KoHTpone.

MpumeHe: Kopuctu ce y enektpmiHum sosunmma (EV) ca BUCOKMM 3axTeBMMa 3a NOMONHOM CHarom.
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2. UHTerpaumja NoroHcKor cuctema

NuTerpuwe yrpahenu nyrwad (OBC) ca eneKTpomoTopom U uHBepTepom, omoryhasajyhu 3ajeagHMUKY ynoTpeby KOMNOHEHTH 3a NyHEeHE U
BOXKHbY.

2.1 BuweHaBojHO peluewe
*KopucTu BULLIEHaBOjHE TPaHCPOpMaTOpe UAK HAMOTe MOTOpPa 33 UCTOBPEMEHO Nykehe baTepumja M NOroH BO3MAa.
*[pumep: HamoTn moTopa GYHKLMOHULLY KAao NPUTYLLHULE TOKOM NyHekrba.
2.2 MpucTyn HeyTpPasIHOj TaUKKU
*OmoryhaBa nose3nBate ca HEYTPAJIHOM TA4KOM HaMOTa MOTOpPA 33 YPABHOTEXKEHO NyHeHe.
*[lpeaHoct: Omoryhasa pnekcmbunHo kopuwhere HanoHa.
2.3 UHTerpaymja ca NOroHCKMM MHBEPTOPOM
*lMoroHcKkun nHBepTop (KopuwheH 3a ynpas/barkbe MOTOPOM) UCTOBPEMEHO CNYXKU U KAo NyHau.
*[lpegHoCTU:
*  EaumuHuwe notpeby 3a ogsojeHnm OBC.

* [opgprKaBa ABOCMEPHO nykwere (V2G, V2L).
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< Kosovska Mitrovica NHTerpucanu yrpaheHu nyrwaum

2. UHTerpaumja NnOroHcKor cucrema

2.4 lopatHu nHtepodejc

* OmoryhaBa moaynapHy noBe3aHoCT 3a byayhe Hagorpagke (HNp. moayne 3a 6p30 Nyreme).

2.5 NMNopemeHn HamoTn moTopa

* HamoTn moTopa cy noAaes/beHun y OABOjEHa KOJ1a — HEKa 3a MNOroH, Apyra 3a nywbeme.

*Mpumep: TokOM NyHEHA, NONOBMHA HaMOTa GYHKLMOHULLE Kao TpaHchopmaTop.

2.6 PekoHurypaumja HamoTta

» InHamn4KM npebauyje HAamoTe moTopa M3Mehy pexkMma BOXKHE U NyHEeHba.

* MpegHocT: ONTMMK3Yje edUKACHOCT 3a pas/inymuTe ycioBe pasa.
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bexXnuyHo nHterpucaHu OBC-oBu

KopucTte MHAYKTUBHO UK Pe30HAHTHO 6eXKMUYHO Nykwere YMecTo KabnoBsa.
MpeaHocTH:

*Hema pu3nuknx KoHekTopa (NnoBehaHa U3apPK/bUBOCT).

*OmoryhaBa ayTOMaTCKO Nykere (NapKmMpaj n NyHu).
N3a30BMK:

*Huxka epuKacHOCT y nopehery ca *KUYHUM NyHEHEM.
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UHTerpucanm yrpaheHu nyrmaum

KmyuHa npeaHoct Mpumena

3ajegHnuKa gucTtpubyuuja cHare EV ca Bucokum nomohHum ontepeherem
EnvMmuHmnuwe nocebaH OBC EV ca ocesbusowhy Ha TpolwiKoBse

be3 KabnoBa, ayTomaTCcKo nyrwere Nlykcy3Hu/Premium EV

NHTerpucanm yrpaheHn nyrwaum (OBC) npeacTtaB/bajy 6yayhHOCT nyHerba eNeKTPUYHMX BO3UAA, jep CMatbyjy TEXKUHY,

TPOLLKOBE U cno¥eHocT. MNopea Tora omoryhaBajy MHTENIMIEHTHO yNpaB/bakbe EHEPrUjom

K/byuHe npegHocTu:

KomnaktHu gusajH — 3ay3nmajy 30-50% marbe NnpocTopa 04, KTAaCUYHMX peLletba

MameTHa aucTpmnbyumja cHare — AyTOMaTCKM ONTUMKU3Yjy NOTPOLWHY M3Mehy noroHa, 6atepuje n nomohHMX cuctema

Moapika 3a V2X TexHonoruje — Omoryhasajy noBpat eHepruje y mpexy (V2G) nnm 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

APM:-integration

Propulsion System

Wireless

<N University of Pristina
Kosovska Mitrovica

Tononoruja

3PH Boost (FB)

BecmoctHa AC/DC KoHBep3uja

BuweHusojcka AC/DC
KOHBep3#uja

BuweHuBOjcKa KOHBep3#Mja ca
HeyTPa/HOM TauKom

MogaynapHa AC/DC

3-HuBo PFC

DAB/LLC

Isolated AC/DC

Kom6uHoBaHu cuctem

Multi-winding

Traction-inverter

UHAYKTUBHO NyHeHbe

Yrpahenu nywmauu 6aTepuja

Ynora Bpcte TOnosoruje eHepreTcknx
npeTBapauya y TexHonoruju EB

YnorayEB

AC/DC KoHBep3uja ca
AVNOAHUM MOCTOM

OmoryhaBa gBoCMepHO
nyweme

Cmamyje EMI

Cmarbyje HaNOHCKMU cTpec

YnTpa BUCOKOHANOHCKO
nywewe

KomnaktHu au3ajH

DC/DC koHBep3uja ca
n3onaymjom

Komb6uHosaHa PFC+DC/DC

O6jeaurbyje OBC u APM
mogayn

Kopucrtn Hamote motopa
3a nyweme

MHBepTOP CNYXKU U Kao
nywau

bexXuuHo nymwere 6e3
Kabnosa

Modernization of WB HEI

MpepHocTH

Hucka ueHa, jeaHocTaBHa
KOHTpONa

Bucoka epukacHocT (>98%),
V2G nogpLuka

bosbu KBanUTET Tanaca

Huxm cTpec Ha npeknpaunma
(vdc/2)

CkanabunHo ao MW, HuUCKO
THD

WUcnnatue, epuKacaH (~97%)

OsocmepHo (DAB), Bucoka
dpeksBeHUMja

KomnakTaH

3ajeaHunuKo xnahere un
KOHTpoONa

Ywrepa texkuHe u TPOLWKOBa

He 3axTeBa noce6aH OBC

MorogHocT u ayromaTusaumja

=

Hepocrauu

Huka epukacHocT (~95%)

3axresa SiC/GaN (ckyno)

CnoskeHo 6anaHcupare
KOHpeH3aTopa

ANPC 3axTeBa cnoxeHy
KOHTpoOAny

Bucoka ueHa 1 choxeHoct

OrpaHuueH 6poj HUBoa

Benukun marHeTHu enemeHTH

CnoxeHa KOHTpOANa

OrpaHuyeHa ckanabunHoct
CHare

CmameHe nepdpopmance
npu Nykery

CnoxeH TepmMmanHu
MeHaLMeHT

Hucka epukacHoct (~90%),
BMCOKaA LeHa
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Mpumepu npumeHe

Myrwauu cpegmoe cHare (3.3-
6.6 kW)

Tesla Model 3, Lucid Air

800V BMCOKODYHKLMOHANHU
EV

Porsche Taycan (800V)

MeraBaTHO nykeme
(kamuoHu)

Tesla Gen 2 nywaun

11-22 kW OBC

Mamu nywauum

Tesla "nywau + DC/DC"
Kombo

BMW i3

Hyundai E-GMP nnardpopma

Mercedes EQ
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Yrpabenu nymauu 6aTepuja

HeuHTerpucanmu : "‘L : l
o . Integrated
ptEEEEEEEEEEE .lﬂw -
R ikl I T ]
[IBO-CTENEHH : 1wostage - Single- apm  Propulsion s
. | . ge system
1 ;...........: l l l 1 I l l l l
Ac/DC PFC Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
converters Dc/be Ac/pc winding neutral point inverter interface  windings reconfiguration
T . :
wo- Multi- Resonant
level level L DAB
|
I—I—l ! i ! l
3Ph Boost Totem- NPC/ Vienna
)8)  pole(r?) = ANpc  MMC(rtype)
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JIBOHMBOjCKU aKTUBHU UCNpaB/bay FransaHcku nsonosaHu DC-DC npeTtsapay

EsiekTpomarsHetHe cMmetwe - EMU duirep

Tpoda3Hu aKkTUBHM UcCHIpaB/bay ca KopekuujoM ¢pakrTopa cHare (PFC), ABoHUBOjCKH
DC - JeanocmepHo MehyKkoJio

lanBaHcku usosioBanu DC-DC npeTrBapauy
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E mEEnm lr L -: l
*  Non- . i
.llllllllllll. :inw E Imql
. . ingle- Propulsion .
. Two-lstage . stage APM T Wireless
.l mEEnm Ty : : I
. I :-IIIIIIIIIIII l l l' 1 l l l l
z AC/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
= converters , Dc/pc Ac/bc winding neutral point inverter interface windings reconfiguration
:...-; ----: asssnmnnnld ‘l, l 1
. wo- = Multi- Resonant
= level = level DAB DAB
EEEEEEEEm |
e Py [ 1
= 3Ph Boost = Totem- NPC/ Vienna
S8 i opole()  'Cawec MO (Tiype)
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42 Kosovska Mitrovica

Tpoda3Hu aKkTUBHU NyHOMOCTHHU IpeTBapay ca peryjaanujom ¢pakropa cHare (PFC)

AC-DC creneH

Rt Bt E
_®_rﬂ‘r\ M M
vﬂc._®_rvw \ ‘ ::I/;,
_®_rv\"n_.

¥ i5¥ 53

.t

JIBOHMBOjCKMU aKTMBHM UCNPaB/bay

[lBOHUBOjCKM aKTMBHM UCNPaB/bay reHepuLLe 131a3HM HAMOH ca CamMo ABa pa3anuuTa HuBoa (Hnp. +Vdc u -Vdc, namn +Vdc n 0V).
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. Two-lstage . - APM system Wireless
.I EER Ty : : I
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= AC/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's
; wnw::rters - Dc/be Ac/bc winding neutral point  inverter interface windings reconfiguration
:...-; ----: asssnmnnnld ‘l, 1_I_l
= wo- = Multi- Resonant
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e LU ! ! !
3PhBoost = Totem-. NPC/ Vienna
(e)  Zpolei C  awec MO (riype)
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Jeanodasuu Totem-pole PFC, beamocTtHu PFC

Totem-pole PFC je HanpeaHa KopeKuuja ¢aKkropa cHare (PFC) Tononoruja Koja:

*EnvmmHuwe notpeby 3a AMOAHMM MOCTOM Ha ynasy (oTya HasmBe "6ecmocTHK")

L_
I7C

h_
} J" *Kopuctn cuHxpoHe MOSFET/IGBT npekunpaue y KackagHoj ("totem-non"
e

KOHUrypauuju

<
||
I

- I/HT *OmoryhaBa aBocTpaHo (gBoycmepHO) nyweme (V2G/V2L)

Hasue ponasm of TOora WTO HE KOPUCTU KAACUYHU [UOAHM MOCT 33
(- [
Jt} J ncnpas/bakbe HaMameHuYHor HanoHa (AC/DC KoHBep3ujy), Beh ra 3amemyje

dKTUBHUM NpeKngavymnma. OBO mMma 3a pe3ynTat: CMarbnBare FY6MTaKa 3a

~30%, nosehaBa edukacHocT (>98%) m omoryhaBa KOHTPONY KOHBep3uje

P

*KapakTtepucrtuke: CHare.
*  Hajyewhwu TN y NOTpPOLLAYKOj enekTpoHnum n EV nyrwaumma cpeame cHare (3.3—11 kW)

* KopwucTtu 4 npekngaua (2 roptba + 2 aoma) no ¢asu

* PapgHa dppekseHumja: 50 kHz—1 MHz (3aBucHo oa TexHonorunje Si/SiC/GaN)
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Tpoda3sHu TOoTEM-MOJ UCIPAB/bAay Ca KOPEKILUjOM
¢akTopa cuare (PFC)

- -
Iq % 5 - . - - =
L.~ F H H L f
JWY'\f M M Y T dh
AMAT B
v e — Vae | TV
ac ' 1T dc T I ™ ¢
H - - -
Ht Bt Rt - Jj} RT A
JBOKaHa/IHU HAM3MEHUYHO NO0Be3aHu TpodasHU TpokaHa/THU HaW3MEHHYHO NOBe3aHU TPOPa3HH
TOTEM-I10J1 UCIIPABJ/bay Ca KOPEKLUjoM ¢paKTopa TOTeM-I10JI HCNPaB/bay ca KOpeKIujoM PakTopa

cHare (PFC) cHare (PFC)
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Tpoda3sHu TOoTEM-MOJ UCIPAB/bAay Ca KOPEKILUjOM
¢akTopa cuare (PFC)

1. 1Ba napanenHa KaHana:
B A Qe
f

1. CsaKu KaHan uma csoj Totem-Pole ucnpassbau (4 MOSFET/SiC/GaN

YL

y % | L, TpaH3ucTopa).
“ “ 2. KaHanu page ca pasHum nomepajem og, 180°, iTo cMmambyje YKynHy TaanacHoCT

] } J'E’} ] cTpyje.

2. UnTepnmnsupame (Mpennmnatwe) (HamsmeHnyHo yK/byunsamwe):
1. Kapga je npsu KaHan y ¢pasm yk/byumBamwa, Apyru je y ¢pa3n NCK/byUnBaHa, U

TTT

JIBOKaHAJIHU obpHyTO.
HAaW3MEHUYHO 2. Y enektpoHuum, "interleaved" ce Hajuewhe ogHOCKM HA HAU3MEHUYHO
noBe3aHu TpoPpa3HU YyK/byumBare $asa (Ha npumep, napanenHn KOHBEPTOPM ca Nnomeparbem ¢dase).
TOTEM-N10JI UCIIPaB/bay 3. Pe3ynTtaT: mare Tanacarwe ynasHe/usnasHe crpyje, cmarbeHn EMI n marbu
Ca KOpPEeKIujoM ryomum.

dakTopa cuare (PFC)
3. Kopekuuja ¢pakropa cHare (PFC):
1. O6a KaHana akTMBHO 06/IMKYjy yNa3Hy CTPYjy Aa npaTh HanoH (PF = 1).
2. MoryhHocT gBoctpaHor npeHoca (V2G/V2L) ako ce kopucte MOSFET-oBw.
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= AC/DC PFC . Isolated Isolated Multi-  Accessto  Traction- Add-on Splitmotor  Winding's

- wnw::rters - Dc/pc Ac/bc winding neutral point  inverter interface windings reconfiguration

4 ;....I..--... .... hl_l
Two- *  Multi- 1 Resonant
level = level = DAB DAB
n | -
l—l_‘ :...f--‘.IItIII' l l
3Ph Boost Totem- = 3 NPC/ Vienna
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Tonmosiorvja nperBapaya ca jierehMM KOHA€H3aTOPOM
Flying capacitor (FC) topology

15 15 15 = Caa
Lg —C, — C; —C, .
. — 1
Ve b—rrrnp——4 "M T Ve
T Cdcz
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- wnw::rters - Dc/pc Ac/bc winding neutral point  inverter interface windings reconfiguration
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3Ph Boost Totem- " NPC/ = Vienna
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Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB



a@ Tomosioruje eHepreTcKux npeTsapayda Funded by
the European Union
KO/I eJIEKTPUYHMX BO3WJIa . :
PELMOB _ P FACULTY OF
AN Yrpahenu nymauu 6aTepuja b | TecunicaL sciEnces
<N University of Pristina " KOSOVSKA MITROVICA
| Kosovska Mitrovica

[IpeTBapay ca aKTUBHO HeyTpasiHOM Ta4yKoM (ANPC)

L
7T
L]
L
7T
.
|
I
%’1-1
]

Active-neutral-point-clamped (ANPC) converter
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Moay/iapHU BULIEHUBOjCKHA KOHBEPTOP

SM1 SM1

1 C, ——

(] I_ ‘
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- SMN| |,
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Ve EMI ) 1
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Modular Multilevel Converter - (MMC)
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Tpouusojcku T-tun PFC ucnpaB/ba4
noju3ayd HanoHa (BueHa TonoJioruja)
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Tomosioruja uzosnoBanor DC-DC npeTBapaya 3a NpUMeHy KOJ ABOCTENEeHUX HEMHTErPUCAHUX
yrpabeHux nywada 6aTepuja
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TonmoJsioruja N30/1I0BaHOT peAHO y/Ia3HO/U3J/IaHOT ABOHMBOjckor DC-DC nmpeTBapaya 3a
NPUMEHY KO/, ABOCTeNleHUX HEMHTEerpucaHux yrpaheHux nywaya 6aTepuja
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[ BOHUBOjCKM npeTsBapay ca ABOCTPYKUM aKTUBHUM mocTtom (DAB) n pegHum
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Tonosioruja U30/10BaHOT ABOCTPYKOT aKTUBHOT NMOJIyMOCTHOT TpOoHUBOjcKoT (ANPC) DC-DC
peTBapaya 3a IPUMEHY KO/, ABOCTEeNleHUX HEMHTEerprucaHux yrpahenux nymwaya 6arepuja
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TonoJioruja u30/10BaHOT ABOCTPYKOT aKTUBHOT MOCTHOT TpoHUBOjcKor (NPC) DC-DC
peTBapaya 3a IPUMEHY KO/, ABOCTEeNleHUX HEMHTEerprucaHux yrpahenux nymwaya 6arepuja
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TPOHMBOjCKU MOCTHMU ABOCTPYKU akTUBHU DC-DC nperBapau
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TonmoJuioruja pesonatHor usosioBaHor DC-DC npeTBapaya 3a npuMeHY KO, BOCTENIEeHUX
HEeUWHTerpMcaHux yrpaheHux nywada 6aTepuja
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Pe3oHaHTHU (CLLC) DC-DC npeTtBapay ca ABOCTPYKMM aKTUBHUM MOCTOM
(DAB - Dual active bridge )
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TonmoJioruja TpOHUBOJCKOT ABOCTPYKOT aKTUBHOT MOCTHOT DC-DC 130/10BaHOT pe3oHaTHOT
npeTBapaya 3a NPUMeHY KO ABOCTENeHUX HEMHTErprucaHux yrpahenux nymwaya 6arepuja
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TpoHMBOjCKU ABOCTPYKN MOCTHU akTUBHU DC-DC npertBapau ca
6n0Kupajyhum KoHaeH3aTopuma
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Tomosiorvja ABOHUBOjCKOT ABOCTPYKOT aKTUBHOT MOCTHOT DC-DC 130/10BaHOT pe30HAaTHOT
npeTBapaya ca TPU MOAyJIapHa TpaHcpopMaTopa 3a IPUMEHY KO/, ABOCTENEHUX
HEMHTErprMcaHux yrpaheHux nymwada 6arepuja

. d . 4

Integrated Matrix

JE} JE3 c};ﬁ Transfurmer :(_','m JE} JE}

h¥oy 5

-+ g

Yy

| attery

[BOHMBOjCKM pe3oHaHTHU CLLC KoHBepTOp ca
TpU moaynapHa TpaHchopmaTopa

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB



a@ Tomosioruje eHepreTcKux npeTsapayda Funded by
the European Union
KO/I eJIEKTPUYHMX BO3WJIa . :
PELMOB _ P FACULTY OF
AN Yrpahenu nymauu 6aTepuja b | TecunicaL sciEnces
<N University of Pristina " KOSOVSKA MITROVICA
| Kosovska Mitrovica

Stacked HB inverter

E 2 JJ}

Cdd::; I_.Eéfl‘m L, A Tx -h.} i )
[ ot BO | e
=g JEI}

P
Cdc:2==§ JH} '

BuweHUBOjCKU KackaaHo-nonymoctHu DC-DC nperBapau ca
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/JlBOoCTenneHU HEUHTErpyUCaHU yrpaheHu nywmadu 6aTepuja
(OBC-o0Bwu) ca ToreM-nios1 PFC u pesonanTHum DC-DC npeTBapauyuma

. L, J’“} Jg}

TFL

Tx,
Bt g} JQ} 5t &1 L || “ | ==
o c, —| =% Jq}
— C, , P— +
. I :; V:battery
v‘wr\) a i L L L == Jt} Jé
Rt /Y | BF| /Y BF | T 3 C|_ |

Jn¥ Jﬁ}
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JlBoCcTenneHU HEUHTErpUCaHU yrpaheHu nymwayu 6aTepuja
(OBC-oBwu) ca ToreM-nnos PFC ucnpaB/baueM u pe3oHaHTHUM DC-DC npeTBapayem
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JlBoCcTenneHN HeMHTerpucaHu yrpahlenu nymwauu 6aTtepuja
(OBC-o0Bwu) ca Torem-nios1 PFC ucnpass/bayem u pesoHaHTHUM DC-DC npeTBapauyem
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YeTBOpPOKAHAaNHU HaU3MEHUYHO NoBe3aHu Totem-non PFC ucnpassbay ca cneuymjaiHuUm
HamoTajuma u TpodasHu pe3oHaHTHU CLLC npeTBapauy
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/JlBOoCTenleHU HEeUHTEerpyucaHu yrpaheHu nywmauu 6arepuja
(OBC-0BH) ca Totem-no1 PFC ucnpaBs/baueM u pesoHaHTHUM DC-DC npeTBapayem
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JlBocTenneHU HEUHTEerpyCaHU yrpaheHu nywmauum 6aTepuja
(OBC-0BHu) ca ToreMm-noJ PFC ucnpaB/baueM u pesoHaHTHUM DC-DC npeTBapayem
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JlBocTenneHU HEUHTErpuCcCaHy yrpaheHu nywmbadyum 6aTepuja
(OBC-0BHu) ca Tpodasuum PFC ucnpas/badyeM-nnogu3adyeM HanoHa 1 LLC pe3oHaHTHUM
DC-DC npeTBapauyem
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Tpodasuu PFC ucnpas/bay nogusad HanoHa 4 LLC pesonanTHu DC-DC npeTBapay4
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JIBOCTenleHU HeMHTerpucaHu yrpaheHu nywmadyu 6arepuja
(OBC-o0BHu) ca Tpo¢asuum PFC ucnpas/baueM-nnogu3sayem HanoHa 1 LLC pe3soHaHTHUM
DC-DC npeTBapauyem
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JlBOCTenneHu HeMHTerpucaHu yrpaheHu nymayu 6arepuja
(OBC-oBu) ca auogunum moctoM U PFC ucnpaB/bayeM-nogu3ayem HanoHa v LLC
pe3oHanTHUM DC-DC npeTBapauem
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Ucnpas/bauku anogaHmn moct ca PFC ncnpass/bayem-nogmusavyem HanoHa y NpBOM CTerneHy u
pe3oHaHTHu LLC DC-DC npeTtBapauy y gpyrom cteneHy (Ha ctpaHu BH 6atepuje)
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(OBC-0BH) ca AMOAHUM MOCTOM Ca CTPYjHUM OrpaHU4YaBa4YeM U HAU3MEHUYHO
IIOBe3aHUM MpeTBapayeM- NoAM3a4YeM HallOHA Ha MPBOM CTeNleHy U ABa NapaJjieJ;IHO
Be3aHa LLC pe3onanTHa DC-DC npeTrBapaya
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Cmep npoToKa eHepruje JegHocTpaHu (camo nymweme) ABocTpaHu (nywere 1 npaxkmeme)
HuBou nywemwa Huso 1, Huso 2, Hueo 3 OuekunaHo camo 3a Huso 2
LeHa Huxka Buwa
CnoxkeHocT Kona Mama Beha
BennuunHa KomnaKktHuju Behu BonymeH
MNoyspaHocT Bucoka Mpo6nemu ca noysgaHowhy
*uBoTHM BeK baTepumje Lyxu Kpahu (uecto nywere/npaxiere)
®PYHKUMOHANHOCT Moap:kasa camo G2V Mopprkasa G2V, V2G, V2L, V2V
fy6uum yéuumn y auogHom mocry PFC HWCKM XapMOHULM Y YNa3HOM HaNoOHY
YTUuaj Ha mpexy He noap)kaBa nameTHe mpexe OmoryhaBa uHTepaKLujy ca Mpeom
G2V - Grid-to-Vehicle (Mperka-y-Bo3uno) V2L - Vehicle-to-Load (Bo3uno-y-notpowauy)
V2G - Vehicle-to-Grid (Bo3uno-y-mpeixy) V2V - Vehicle-to-Vehicle (Bo3uno-y-8o3uno)
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KmyuHu pakTtopm
EdpukacHoct
LeHa

BennuunHa/TexxuHa

[BoCTpaHU NPOTOK cHare

CnoxeHocTt

U3onauymja

CKanabunHoct

EMI KapakTepuctuke

OppKaBame

TepmanHe nepdpopmaHce

<N University of Pristina
| Kosovska Mitrovica

TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

Funded by
the European Union

7N\ FACULTY OF
daKTopu Koju yTU4y Ha M360P BPCTE TOMOJIOTHje -\I.II- 15‘;2?5&*2;-‘:?;%5

Mpunaukom nsbopa onTumanHe Tononoruje npersapaya cHare 3a e1eKTPUUYHa BO3una,
Tpeba y3etn y 063up cnegehe KbyuHe dhaKTope, KOju Cy npeacTaB/beHu y TabenapHom

061uKy:

Onwuc
CteneH uckopuwherwa eHepruje
TpowKoBM Npon3BOAHE U UMNIEMEHTaLMje

dusnuKe gumeHsumje U maca cucrtema

MoryhHocT aBocTpaHor npotoka eHepruje (V2G, V2L)

Bpoj KOMNOHEHTU U TEXKUHA KOHTpONE

FanBaHcKa usonaumja usmehy ynasa u usnasa

MoryhHocT npunarohaBarba pasnnMumMTum cHarama

HwuBo enekTpomarHeTHUX CMeTHMU

Nakoha cepucuparba 1 NoNpaBKu

CnocobHocT pacxnahuBarba M ynpas/batba TONJI0TOM

YTuuaj Ha usbop Tononoruje
Bucoke epukacHoctu (>95%) cy K/byuHe
BbanaHc nsmehy nepdopmaHcu 1 TpoLIKOBa

KomnaKTtHu gu3ajHu cy noxesbHu 3a EB

OmoryhaBa goaatHe GpYHKLMOHANHOCTHU

JeaHOCTaBHUjU cUCTEMMU CYy NOY3AAHUU

HeonxopHa 3a cUrypHOCT BUCOKOHAMNOHCKUX cUCTEMA

BaKHO 3a moAaynapHe cucteme

UcnyraBarbe perynatopHux cTaHgapaa

CMatbyje TPOLUKOBE TOKOM YXMBOTHOT BeKa

K/byyHo 3a AyroBe4yHoOCT cuctema
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42 Kosovska Mitrovica

HA3WBHOj CHAa3U U HANIOHY

CHara Tononoruja KapakTtepucruke

Mana cHara (<7 kW) MUcnpassbauy (Vienna) + LLC EkoHOMMuaH, jegHOCTaBaH TpoHuBOockM PFC 3a cucteme og 400V
Cpeptba cHara (11-22 kW)  Torem-non PFC (SiC) + DAB Bucoka epukacHocT (>98%), aBocTpaHu, nogprKasa V2G TeXHONOrujy
Bucoka cHara (250 kW) ANPC/MMC (800V+) Omoryhasa yntpa-6p30 nywere ca manum rybuumma

* PFC - Kopekuuja ¢paktopa cHare (Power Factor Correction)

* LLC - Pe30HaHTHa TONoONOMMja ca ABe NPUryLIHMLE U KOHAEH3aTOPOM

* DAB - 1BoCTpyKM akTMBHM MmocT (Dual Active Bridge)

* ANPC/MMC - AKTUBHM NpeTBapay ca HeyTpaiHOM Taykom /MoaynapHu MyITUHUBO]CKM npeTsapad
* SiC - Cunmumjym Kapbua (nonynpoBogHMYKa TexHonormja)

* V2G - Vehicle-to-Grid (Bpahatbe eHepruje y mpexy)
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Uunm
Ywreaa npocropa/TexuHe
JopaTtHa cHara

beXXuuHa yao6Hoct

TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHHUX BO3UJIA

Funded by
the European Union

_ 7\ FACULTY OF
HeonxoaHoCT 3a MHTErpaIyjy - <A B~ | TECHNICAL SCIENCES

pe]].leH)a " l'lpl/lMepI/I [ | KOSOVSKA MITROVICA

Pewemre Mpumep npumeHe

MHTerpaumja NoroHcKor MHBepTopa Hyundai E-GMP (6e3 ogBojeHor OBC cucrtema)
Kom6uHosaHu OBC ca APM moaynom Tesla (MHTerpucanu nyrwau + DC/DC KoHBepTOp)
Pe30HAHTHO MHAYKTUBHO NyHeHe Mercedes EQ (nywere 6e3 npuKks/byuKa)
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Mpuopwurer Tononoruja Komnpommc

HajHM}KKM TpOLIKOBMU TpodasHu Boost (FB) + LLC EdukacHocT ~95%, rybuum Ha aMogama

M3banaHcupaHo Ucnpasmau Vienna tuna + DAB EpukacHocT 97%, ymepeHa ChoXKeHOCT

Npemuym neppopmaHce Torem-non (GaN) + PesoHaHTHu DAB EdpukacHocT >99%, ABOCTPaHU paj, KOMNAKTaH AU3ajH

* 3PH Boost (FB) - Tpoda3HM MOCTHM NpeTBapad ca NoaM3arbem HamnoHa
* LLC - Pe30HaHTHa TOMo/0rMja ca ABe NPUTyLHULE N KOHAEH3AaTOPOM

* Vienna - Mcnpas/bay BueHa tmna (3-HmuBocku PFC)

* DAB - [1BOCTPYKM aKTUBHU MOCT

* GaN - lfannjym HUTpUA (NoNYyNpoBOAHUYKA TEXHONOTM]a)

* PesoHaHTHU DAB - 1AB ca pe3oHaHTHMM ynpaB/barbem
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Kapakrepucrtuka
Noapwka 3a V2G/V2L
MoaynapHe Hapgorpagmwe

Bucoku HanoH (800V+)

TexHUuKe npeaHoCcTu:

1. V2G/vaL:

TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

Funded by
the European Union

_ 7\ FACULTY OF
KapakTtepucruke 6yayhux romosoruja <A B~ | TECHNICAL SCIENCES

[ | KOSOVSKA MITROVICA

U360p TOnonoruje MpeaHocT

Torem-non/ANPC Omoryhasa ycnyre mpexe u Vehicle-to-Load ¢pyHKumje
DopaTtHn nutepdejc (MMC) CkanabunHocT 3a sehe cHare 6e3 pegusajHa

ANPC/SiC MMC BpiKe nywere, NaKwWwm Kabnosu

v' [IBOCMepHM NPOTOK eHepruje

v' [logaTHU 13BOp Npuxoaa 3a BnacHuKe EB

2. MopgynapHocT:

v\ ®nekcmbunHoct 3a byayhe 3axTese * V2G - Vehicle-to-Grid (noBpaTak eHepruje y mpey)

v' Cmatrberbe TPOLLKOBa Hagorpaarbe

3. 800V+ cucremu:

v\ Cmamere rybutaka 3a 75% (y oaHocy Ha 400V)

* V2L - Vehicle-to-Load (Hanajare cnosbHUX ypehaja)

* ANPC - AKTMBHM NpeTBapay ca HeyTPaAHOM Ta4KOM

v' 50% Kpahe Bpeme nyrera * MMC - MoaynapHu MynTUHMBOjCKX NpeTBapay

* SiC - Cununumjym Kapbua (HanonHa TexHonoruja)
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U3a3os OnTtumanHa Tononoruja Peweme
Bucoka TonsoTa Totrem-non (SiC/GaN) CmarbeHM rybuum, xnagHujm pag
OTNOPHOCT Ha KBapoBe MMC (MoaynapHu1 MyNITUHUBO KOHBEPTOP) Mpeycmepasame owrteheHnx nogmoagyna
UHTerpauymja motopa Noae/meHn HamoTaju Kopuwherwe noctojehux KOMNoHeHTH

* SiC/GaN - Cuanumjym kapbua/fannjym HUTpUA (HanpeaHn NoaynpoBoAHUYKM MmaTepujann)
* MMC - MoaynapHu MyNTMHMUBOJCKM NpeTBapay (oTnopaH Ha KBapose)

* Nope/beHn HamoTajm - NocebaH AM3ajH MOTOPHMX HAMOTaja 3a ABOCTPYKY GYHKLMOHANHOCT

Partnership for Promotion and Popularization of Electrical Mobility through Transformation and

Modernization of WB HEIs Study Programs / PELMOB



Funded by
the European Union

a Q TomoJiorvje eHepreTCKUX NpeTBapadya
KO/l eJIEKTPUYHUX BO3MUJIA

PELMOB P FACULTY OF

= == | TECHNICAL SCIENCES
<N University of Pristina BaKbean Ni” | kosovska miTROVICA
42| Kosovska Mitrovica

MpeTBapauu cHare NnpeAcTaB/bajy OCHOBY MOAEPHUX eIeKTPUYHUX Bo3una, omoryhasajyhu epukacHy KoHBep3ujy eHepruje, 6p30 nyrerse 1
HecnpekopHy MHTerpaumjy ca cucTemmMma BO3ua.

KmyuHe unpopmaumje:
» Heunterpucanu OBC cucremu Hyae GAekcMbUNHOCT 1 CKanabunHocT:
v ABocteneHu cuctemu (Hnp. Totempole PFC + DAB) noMuHUpajy Koz, BUCOKMX nepdopmaHck (>98% edpukacHocTy).
v BuweHusojcke tononoruje (NPC, MMC) omoryhasajy ynTpabp30o nyrerbe 3a apxutektype 800V+.
v’ JepHocTeneHun au3ajH CMakbyje CI0XKEHOCT, aivi MMa OrpaHnYeHba Y KOHTPOIN.
» WUHTerpucanmn OBC cuctemu ontTMmMm3yjy Npoctop 1 TPOLIKOBE:
v' APM uHTerpaumja KombuHyje nyrbere ca Hanajarbem NoMohHUx cuctema.
v NoHoBHa ynotpeba NOroHCKUX cuctema (MHBEPTOP, HAMOTaju MOTOPA) EIMMUHULLE BULIAK KOMMOHEHTH.
v BeXXMYHO nymere je yaobHuje, anm nma HuxKy edpumkacHoct (~V90%).
> TpeHaoBU y pasBojy:
v’ Ypehaju ca wmpokum sanpemmuHckum oncerom (SiC/GaN) nosehasajy edpukacHocT y Totempole/ANPC KoHBepTOpMMA.
v JBocTpaHu npoToK eHepruje (V2G, V2L) nocraje ctaHaapa,.

v' MopynapHu ausajH (MMC, goaatHu nHtepdejcm) nogprkasa byayhe Hagorpagmse.
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