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PENEH3HUSA

Ha JUCEPTAIlMOHEH TPy 3a npuaobuBaHe Ha 00pa3oBaTellHa M HAyYHA CTEIIEH
»»JJOKTOp”

ABTOp Ha AMCEPTAMMOHHHUS TPYA: Mar. nHK. Mupocnas Kpacumupos AHapees

Tema Ha aucepTauMOHHUS TPYA: ,,lIpoekTvpane u M3CI€ABaHE Ha 3apsaHA
CHCTEMa 3a eJeKTPOMOoOmIn”

O6mact Ha Bucme ob6pasoBanme: 5. Texumuecku Haykw; [Ipodecnonamno
Hanpasienue. 5.2 ENeKTpoTeXHUKa, €NeKTpOHHMKAa UK aBToMaruka; HayuHa
CIELUATHOCT: ,, MUKPOEIEKTPOHUKA

Penensent: npod. a-p Axaronuit TpuponoB Anexcanapos — TY-I"abposo

1. AKTyaJIHOCT Ha pa3paGoTBaHHsl B AUCEPTALMOHHMA TPyA NHpobieM B
HAYYHO ¥ HAYYHO-IPWJIOKHO OTHOIIEHHE.

[IpeBo3HUTE CpelCcTBA Ca JXU3HEHOBAXXHM B EXEIHEBHETO Ha XOparTa, Karo
3HAYUTEIIHO HapacTBa U3IOI3BAHETO Ha EJIEKTPUYECKM IIPEBO3HM CpEJICTBA.
PasBuTHETO HA TEXHOJOTHHTE IPH MPOU3BOJCTBOTO Ha OaTepuu, KaKTO M peAuIa
HKOHOMHYECKH M €KOJIOTHYHU (PaKTOpH ca IpeArocTaBKa 3a 3aCHIBaHE Ha MHTEpeca
KbM  €JIEKTPUYECKUTE aBTOMOOMIM. bBp30TO MM  pa3sBUTHEC  yBelIM4YaBa
HEOOXOQUMOCTTa OT €JEKTpUYecKa €HEpPrus, KOETO BOAU [0 JOIBIHHUTEIHO
HAaTOBapBaHEe Ha OOIIECTBEHaTa €IEeKTpUYecKa Mpexka, OT €[4Ha CTpaHa, M 10
BB3NPEMSITCTBAHE HAa PA3POCTPAHEHUETO HA SJIEKTPOMOOWINTE, OT Apyra.

VYBenu4daBalusaT c€ IMapK OT EIEKTPUYECKH INPEBO3HM CPEACTBA H3HCKBA
YCBBBPIICHCTBAHU CHCTEMH 3a 3apexKIaHe U IoA00psIBaHe Ha eIeKTPHIECKaTa MpeKa.
3apsaHUTE CHCTEMM H3UCKBAT CIICHMATHA TOIOJIOIMSA Ha CHIOBHTE €JIIEKTPOHHH
YCTPOHCTBA, CTpATErus 3a YIpaBIEHHE U MEXAYHApOJHHU CTAHIApTH 3a 3apexIaHe,
KaKTO M B3aHMHO CBBP3BaHE Ha MPEXKaTa, 3a Jia CE OCUI'YpH ONTHMAaIHa paboTa U J1a ce
moA00pH MOAAPHIKKATA HA MPEXKATa.

B nucepTanuoHHUS TPY/ Ca aHAJTU3UPAHU CHBPEMEHHUTE TEXHUYECKH CPEIICTBA
Ha 3apsSAHATE CTaHIMH, CTPYKTypaTa Ha 3apsiHaTa CTaHIMA, CXEMOTEXHHYHH
pelIeHHs 33 OCUTypsSIBaHe Ha IT0-T00pH CTaTUYHU U IMHAMUYHY CBOMCTBA HA MOIIHHTE
npeodpa3yBaTeIHu yCTPOICTBA, CBBP3aHM C TOBapa M U3TOYHMKA Ha 3aXpaHBaHE.
W3BBpHIeHO € IpoydBaHe Ha UHTEINTEHTHY CUCTEMH 3a 3apeKIaHe U paspexaaHe Ha
Oatepun. IlpencraBeHn ca W ca W3CICABaHH 3apsAJHUTE CUCTEMH, OasWpaHH Ha
MUKpOTa3oBU TypOuMHH. Bcuuko ToBa ompenens axkTyaJlHOCTTa Ha H3CIEIBaHMA
mmpobiem, IeNTa U 3aJaduTe Ha JUCEPTAlMOHHMSA TPYA KaKTO OT HAay4HO-IIPHIIOKHA,
Taka ¥ OT IPUJIOKHA TTIeJHA TOYKa.

2.CteneH Ha MO3HABAaHEe CBHCTOSIHMETO Ha mpodjeMa M TBOpPYECKA
HHTEPNpeTAUs HA JUTEPATYPHHUS MaTepHal.

JlurepaTypHuAT 0030p € Haco4eH KOHKPETHO KbM M3CIEIBaHATa TEMAaTHKA M
[I0Ka3Ba HEJBYCMHUCIIEHO, e Mar. HEx. Mupocnas Kpacumupos AHzpeeB Mo3HaBa
MHOTO JOOp€e CHCTOSIHHETO Ha Mpo0iieMa B TEOPETMYHO M IPAKTHYECKO OTHOLICHUE.
IMutupanu ca o6uo 153 nurepaTypHU U3TOYHMKA, KaTo 148 OT T4X ca Ha JTaTHHUIA, &
OCTAHAJIUTE Ca UHTEPHET a/IPECH.



Y e I Y
i | ) o
| s L1

{ = 8§ N & | )y | -
Vil LIV IV B

W3BBpIICHH Ca OLCHKA W KPUTHYCH aHAIM3 Ha TEKYLUIOTO CBHCTOSHHUE Ha
3apsTHUTE CUCTEMH 3a eIEKTPOMOOWIIN, Bb3 OCHOBA Ha KOETO € AeuHIpaHa €T Ha
HacTosIIaTa AUCEPTAIMOHHA paboTa - MOAENMpaHe, MPOEKTUPaHe M U3CIICABAHE HA
3apsaHa CHCTeMa 3a OBp3 3apsaja 3a eleKTpoMoOmiH, peanu3upaHa Ha Oasara Ha
MHKpOra3oBa TypOHHa CbC CHHXPOHEH TI€HEpAaTop C IIOCTOSHHHM MAarHuTH H
CYIIEPKOHICH3ATOP.

3a mocTHraHe Ha IMOCTaBeHaTa IIeJl Ca PeIleHH CICIHUTE 3aa4u: U3CIEABaHe Ha
CXEMHH DELICHUS 3a pealu3allis Ha TOIMOJOTMHM Ha CHJIOBH IpeobpasyBaTend,
CYMEPKOHICH3ATOPH U XUOPUIHU CUCTEMH 332 ChbXpaHEHHE Ha CHEPrus, KaKTO U aHaIIU3
Ha IPOLIECHTE 33 YIPABJICHUE Ha 3apsAHa CHCTEMa 3a eIeKTPOMOOHIIN; IPOEKTHUPAHE,
U3CIIeABAaHE M peai3upaHe Ha MOCTOSHHOTOKOB IpeoOpasyBaTen C KOMyTalys IIPH
HYJICBO HANpEXeHUe; pa3paboTBaHe Ha CHMYJIAIMOHHM MOJIENH 32 BepU(HKaIMsa Ha
pe3yaTaTUTE OT TEOPETUIHHUS aHAIN3 Ha IpeoOpa3yBartes; IpeIoKeHUe Ha METOT 32
IPOEKTHpaHE W YIPaBICHHE Ha M3CIEABAaHUTE IpeoOpasyBaTend; pa3paboTBaHe U
U3CIlle[BaHe Ha 3apsAIHa cucTeMa 3a Obp3 3aps/ Ha GaTepuuTe Ha eNeKTPOMOOHIN Ha
0a3zaTa Ha MHKpOraszoBa TypOWHa M cynepkoHnaeH3arop. M3ciensaHa e paboraTa Ha
3apsTHH CHCTEMH TPH Pa3IMYHU TOBAPHU IUKIM M PEXUMHU Ha 3apeXkJaHe Ha TOBapa
¥ B3aUMHHUTE BIUSHUSA MeXAy TAX. [lolydeHu ca aHaIUTHYHU 3aBHCHMOCTH U Ca
pearM3upaHyd MOZIEIH, TOCPEICTBOM KOUTO Ca IOCTPOCHHU OCHOBHH XapPaKTEPHUCTHKH
Ha OT/JIEJIHUTE MOAYJIH OT 3apsAHAaTa CUCTEMA.

3. CroTBeTcTBHE HA HM30paHATa METOAMKA HA M3CJIEABAHE M IOCTaBEeHATA
HeJ M 3a1a491 Ha JUCEPTAUOHHUS TPY/ ¢ MOCTUTHATUTE MPUHOCH.

JMCepTAMOHHUAT TPy € METOAMYECKH IPaBWIHO mocTpoeH. M3Opanara
METOJMKA Ha M3CJICABAHE CHOTBETCTBA HA IIOCTaBEeHATa 1€ H 3aJa4d  Ha
JUCEPTALIMOHHKS TPyHd. V3MON3BaHM ca YTBBPACHH METOAM 33 TEOPETHYHO,
EKCIIEPUMEHTAIHO U CHMYJIAIIMOHHO HU3CJICABaHE Ha MPOLIECUTE B MpeoOpa3yBaTeIuTe
Y B 3apSAOHUTE CHCTEMHU 3a CIEKTPOMOOHIIH. ‘

JIOKTOpPaHTHET IO03HABa CHBPEMEHHHMS HWHCTPYMEHTapUyM 3a TPOBEXKAAHE Ha
u3CceaBanus o mpooiema. [lpu pemasaHe Ha 3aJaYUTe HA JUCEPTAIMOHHUS TPYX
Mar. MiK. Mupociae AHIpees e oKa3al Bb3MOKHOCTH Jia KOMOWHHMpA MOCTHKEHUATA
B H3CIEIBaHATA O0JIACT ChC COOCTBEH ONMT. B pe3ynrTar € moCTUrHATO ChOTBETCTBUE
Ha [TOCTaBEeHATA eI ¥ 33]Ja9 Ha JUCEPTAMOHHUS TPYI C IOCTUTHATHTE IIPHUHOCH.

B cBosiTa paboTa TOKTOPAHTHT € U3IOJI3BAI ChBPEMEHHH ITPOrpaMHH MPOAYKTH -
MS Office, Cadence, Altium Designer, KiCad, OrCAD PSpice, Mathworks Matlab,
MATLAB/Simulink, AutoCAD, Corel Draw u ap.

4. KpaTka aHAJINTHYHA XapAKTEPUCTUKA HA THCEPTALINOHHUAT TPYA

JucepTanuOHHUAT TPYA € B 00eM 0T 162 cTpaHUIH, KaTO BKIIOYBA YBOJ, 4 IIaBH,
CIMCBHK Ha M3IO0JI3BaHU CHKPAILEHU U 03HAYEHUS, 3aKII0YEHNUE, IPUHOCH, CITUCHK Ha
MyOIMKalMUTE 1O AMCEPTAlMATa, LUTHUPaHWs, W3IOJI3BaHA JUTEparypa MU €IHO
npunoxenne. Paborara Bximousa o6mo 72 gurypu u 16 Tabmmmy.

B mepBa rnaBa ca pasriieaHd ChbBPEMEHHOTO CHCTOSHHME Ha TEXHOJIOTMHTE 3a
3apexJaHe, BUIOBETE EJIEKTPOMOOMIM, apXUTEKTypaTra Ha 3apsAJHUTE CTAaHLIMH M
OCHOBHM W3MCKBaHUSA KBM TsX. PasrmemaHm ca pexuMmuTe 3a 3apexkaaHe,
MEXAYyHApOJHUTE CTaHAAPTH 3a OBp3 3apsAx M CHUCTEMHUTE 32 OE3KOHTaKTEH 3apsll.
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IIpencraBeHa € (yHKHMOHATHA OJIOKOBA CXeMa Ha O€3KMYHA 3apsAHA CHUCTEMA.
JlebuHupany ca KOHIEIINY U TIOHATHS 32 B3aNMO/ICHCTBIETO Ha €JIEKTPOMOOIIIHTE C
pa3IUYHM CHCTEMHU, C KOUTO MoraT a ObJaT cBbp3aHu. JlajgeHu ca pa3inuyHi BUA0BE
TOIIOJIOTUY 3a 3apeXJaHe, CTPAaTeTUH 3a YIpaBICHHUE Ha 3apsgHH CHCTEMH, BHIOBE
npeoOpa3yBaTeny, U3MCKBaHUS 10 OTHOLIEHHE HA MOIHOCTTA, KAKTO ¥ BB3MOKHOCTH
32 MaKCHMU3HPAHE Ha CHEPrUiHATa €PEKTUBHOCT Ha 3apsAHUTE CTaHIMHU. Pasrimenanu
MaTeMaTHICCKHA MOJEIH M CHCTEMH 32 YIPaBlICHHE Ha OaTepuu 3a eNEKTPOMOOUIHTE.

B®B BTOpa I1aBa ca aHaIM3MPaHy ChIECTBYBAIY CXEMHH PEIICHUS ¥ TOIIOJIOT MU
Ha 3apsAHU YCTPOMCTBA U CYNEPKOHICH3aTOPH, UHTETPUPAHU B 3apAHU CTAHLUU 34
ChXpaHeHHe Ha eHeprus. [IpeacTaBeHr ca apXUTEKTypH, KOHIENIUY U TOIIOJIOIUH Ha
OJIOKOBM M IPUHLUITHU €JIEKTPUYECKH CXeMH Ha MOHO(a3HM U Tpuba3HU 3apsaIHU
cucreMu Ha enekrpoMobmnu. KomeHTupanu ca OCHOBHUTE M3UCKBaHUS HA 3apsIHaTa
cucreMa kbM DC-DC npeoGpasyBaTenuTe ¥ CXEMHUTE PEUICHUS 3a peaiau3alys Ha
otaenHuTe GJIOKOBE Ha 3apATHUTE CHCTEMH 3a 0Bp3 3apsan. [logpobHO ca pasrienaHu
AC-DC npeobpazyBarenure (HEYNpaBIsIeMH TOKOU3NPABUTEIN; TOKOU3IIPABUTENH C
IIaCUBHM M aKTUBHHM (UITPU 3a yBeNMYaBaHe Ha (akTopa Ha MOIIHOCTTA;
tokomsnpasurenu ¢ PFC crenano; ynpasisemu Tokonsnpasurenn). [IpeacraBenu ca
TOIIOJIOTHXTE Ha IIOCTOSHHOTOKOBHTE IIpeo0pa3yBaTean, KOUTO ca OCHOBHO 3BEHO IIpH
M3rpaXIaHeTO Ha 3apsAAHU cTaHIuu 3a enekrpomoOwmm. Ilokasamm ca u ca
aHAIM3MPAaHU CYNEpKOHIEH3aTOpH, KaTo pelleHHe 3a OBp30 3apexaaHe 3a KpaTKo
BpEMeE, KaKTO U XUOPUIHY CUCTEMH 33 ChbXpaHEHNE Ha CHEePIHs.

B Tpera riaBa € mpoekTHpaH, YCIENIHO peaju3upaH U CUMYJIUpaH B cpela
PSPICE nonmxasam DC-DC npeoGpa3yBareil ¢ KOMyTaIys IPY HYJIEBO HAIIPEIKEHHE
C Ipe[cKa3Ball PEeXMM Ha YNPaBICHWE Ha IUKOBUA TOK. IIpennokeHuAT moaxon
JI0Ka3Ba BHCOKaTa €(eKTHBHOCT M IMPEHU3HOTO YIpPaBIEHHE Ha IpeoOpasyBaTels.
IToHmxkaBamuaT npeodpasyBaTell C KOMyTallys IpU HyJIEBO HallpexXeHue paboTH Ipu
BHCOKA YE€CTOTa Ha MPEBKIIIOYBAHE C BUCOKA €()eKTUBHOCT MPU NPABIIHO OPa3MEPEHU
CTOMHOCTH Ha KoMmmnoHeHTHTe. IIpemnoxkeHaTa cucreMa 3a ympaBieHue Ha ZVS
nonmxkasan] DC-DC npeobpa3yBareln B IpeAcKa3Balll pexuM Ha TMKOB TOK MOXKE Aa
Oble TPOEKTHpaHA W pealM3upaHa B WHTETPATHO HM3IMBIHEHHE. Mojenmupanu ca
3apsAHU CHCTEMH 3a OBp3 3apsa] 3a Oarepuu Ha €IEKTPOMOOWIN U Ca IPOBEACHU
CHMYJIALIMOHHY H3ciieABanus. HanpaBeH € aHa/In3 HA MOTy4YEHUTE PE3yJITaTH.

B rmaBa 4eTBBpTa Ha JUCEPTAlMOHHHS TpPYyA ca IIPEJCTABEHH MOJEIHO-
OpPHEHTHpAaH Iu3aiiH Ha aBTOHOMHA 3apsIHA CTAHIUS 3a eNIeKTpoMoOmy, 6a3upaHa Ha
MHKpOTra30Ba €IHOBAJIOBA TYpOMHA M CYIIEpKOHIEH3aTOp, M CUCTEMAaTa 3a KOHTPONI Ha
II0TOKa Ha eHeprus. V3moisBaHeTo Ha CYNEepKOHIEH3aTOp BB BHEIPEHATA CHCTEMA
BOJIY JIO OCUTypsIBaHE Ha HE0OXOAUMHUS TOK IPE3 TOBapa U IoMara Jja ce KOMIIEHCHpa
WIA HEJOCTUT'BT, WIN U3IMINBKBT OT reHepupanara oT MGT eHeprus mo BpeMe Ha
IIpolieca Ha 3apex/IaHe Ha elIeKTpoMoOua.

ITpencraBena e kimacuuKaiys Ha MUKpPOTra3oBUTE€ TypOWHM M € pasriefaH
IIPMHIUITBT UM Ha AelicTBue. HarpaBeH e mperiie Ha cucTeMaTa 3a IIPOU3BOACTBO Ha
eJIEKTpoeHeprus, 6a3upaHa Ha MUKpOra3oBa TypOMHA ¢ BUCOKOCKOPOCTEH Fe€HEpaTop,
U € MOJIEIMPaH CUHXPOHEH I'eHEPaTOp C MOCTOSIHHY MarHuTH.
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MogenupaHa € U € u3ciieBaHa 3apsIHa CTaHLKA C HOMHHAJIHO HalPEXCHUE HA
MuKporasoBara TypOuHa - 360V u m3xogma mommuoct - 30 kW. Hamepena e
ONTUMAaJHAaTa CTOMHOCT Ha CYNEPKOHICH3aTOpa.

5. Hay4yHu, HAYYHO-TIPUJIOKHH U MPHJIOKHA NMPUHOCH HA AMCEPTANUOHHHSA
TpyA

IIpuHOCHTE B AMCEPTALMOHHUA TPYA MMAT HAYYHO-IIPHUJIOXKEH XapaKTep U ca B
obliacTTa Ha MPOEKTUPAHETO M W3CIEABAHETO Ha CHBPEMEHHH 3apsSAHU CHUCTEMH 32
enexkrpomobmn. Te ca cBBp3aHM C AOKAa3BaHE C HOBH CPEICTBA HA CHIIECTBEHU HOBU
CTpaHM B CBINECTBYBAIY HAy4YHH HpoOJEeMHU U C NOJy4YaBaHEe Ha MOTBBPAUTECIHU
¢axTh.

e Uscnensanu ca moxen Ha ZVS DC-DC Buck mpeoOpa3syBaren ¢ pexuMm Ha
yIpaBlieHHE Ha IMpeAcKa3Ball MUKOB TOK U 3apsaHa cCUcTeMa 3a Obp3 3apsin B
cpenma OrCAD/PSpice u MATLAB/Simulink. ITomydenu ca QyHKIMOHAIHH
3aBUCHMMOCTH MEXAYy OCHOBHUTE XapaKTEPUCTHUKM M IIapaMeTpu Ha
npeoOpasyBaTesisi U pexxuMa Ha paboTa.

e VYCTaHOBEHHU Ca IPUHIMIGT U METOABT Ha ynpaBieHue Ha noHmwxkasamn] DC-DC
npeoOpa3yBarten ¢ KOMyTaLys IPU HyJIeBO HaNPEKCHHUE.

e PaspaboreH e Mojesn Ha 3apsjiHa CTaHIMA 3a OBp3 3apsax U ca U3CIEIBaHU
pe3yiITaTuTe OT CUMYJIAlUUTE IIPH Ba PEXKUMa Ha 3apexKIaHe.

e Pa3paborenu, U3ciaeIBaHN U aHATU3UPAHH Ca MOJEIIA HA MUKPOTa30Ba TypOuHa,
DC-DC npeobpazysaren u PMSM renepatop.

e l3cnenBanu ca M ca MPOEKTHpPaHH KOHOQUTYpalldd W MOJENH Ha 3apsaHa
cucreMa, 6a3upaHa Ha MUKpOIa3oBa TypOHHa U CyIIepKOHIeH3aTop. B3 0OCHOBa
Ha U3BBPIICHNS aHAIN3 U MOJIy9E€HN CUMYJIAllHOHHU PE3YITaTH € IIpecTaBeHa
METO/IOJIOTHS 32 IPOEKTUPaHE Ha 3apsaHa CTaHIHUA, 0a3upaHa Ha MUKPOIa30Ba
TypOMHa U CYyIIEpKOHIEH3aTOP, IPU PA3IMIHHA TOBapHU NpodmiInd. Y CTaHOBEHA
€ IpoLEAypa 3a ONTHUMM3AIMA 332 HAMUPAHETO HA Haii-MajkaTa CTOMHOCT Ha
CYIIEpKOHJIeH3aTopa.

6. Onenka 3a cTeneHTa HA TUYHOTO YYaCTHE HA JUCEPTAHTA B PHUHOCHTE.

CunraM, 4Ye IIOCTWTHATHTE PE3yNTaTH ca JMYHO JEJI0 Ha JOKTOpaHTa IOJ
Hay4YHOTO M METOAUYECKO PBKOBOICTBO Ha HETOBUTE pbKOBoAuTENU. OCHOBaHUE 33
TOBA MM JaBaT [IPECTaBEHUAT MATEPUAII M CBBP3aHUTE C HETO Iy OJIMKAIIH, KOUTO Ca
MyOIMKyBaHU OCHOBHO OT Mar. MHX. MupociaB AHpeeB B ChaBTOPCTBO C HAYYHUTE
My pbKOBoaMTeNH - npod. a-p ['eopru Bacume AnrenoB u pou. n-p Hukomait
JIro6ocnaBoB XHHOB.

7. lIpeneHka Ha My0JIMKALMHTE [0 JHCEPTANHOHHUS TPYH

BB BpB3Ka ¢ AUCEPTALIMOHHUS TPYJ Ca IPEICTaBeH! 5 myOnuKaIyuy, 4 OT KOUTO
ca pedepupanu B SCOPUS u Web of Science (2, 3, 4, 5). Enna ot ny0nukanuure e
caMocTosTeNHa (4) ¥ enHa cTatus € B criucanue ¢ uMmakT ¢akrop (5). Jexnapupanu
ca 22 IUTHUpPaHUd OT Iy>XACCTpaHHU aBTOpH. [IpremMam, 9e OCHOBHUTE PE3YATAaTH OT
JMcepTaluaTa ca MyOJMKYBaHM W WM3BECTHM Ha HayyHata obOmHocT. Cumrtam, 4e
yOIMKaIlMUTe 0TPa3sBaT MOIYIECHUTE PE3YITAaTH B AUCCPTAMOHHUSA TPY.
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Mar. uHX. AHApPECB IMOKpPHBA M TIO OINPEACICHH II0KA3aTEIW HaJBHUIIABA
MUHUMAaJHUTE HAIMOHAJTHM W3UCKBaHUA. lIpencTaBs: AHMCEpPTalMOHEH TPYH 3a
NPUCHXIaHe Ha 00pa3oBaTellHa U HAy4HA CTEIEH ,,JOKTOp* Ha TeMma ,,IIpoekTupane u
H3CIIeIBaHE Ha 3apsAgHa CHUCTeMa 3a elekTpomoOmmu” (mokaszaren A - 50 T.); 5
nyOmukanuu (rpyna mokasarend I' — 83,32 T.), oT xouTo 4 Hay4yHH ITyOJHKalMU B
U3JaHWSA, KOUTO ca pedepUpaHu U MHIACKCHPAHN B CBETOBHOM3BECTHM 0a3u JaHHU C
HaygyHa WH(popmamus (mokasaren I'7 — 76,66 T.), u 1 HaydyHa myOnukamus B
HepedepHpaHO CIHCAaHHE ¢ HAYYHO PELCH3UPaHe WIM B PEAAKTHPAHU KOJIEKTHBHU
ToMOBe (rmoxazaten I'S — 6,66 T.).

8. M3mosi3BaHe Ha pe3yJITATHTE OT AMCEPTANMOHHHMA TPyA B HAYYHATA M
conuajHaTa npakTnka. Hainmdyne Ha MOCTHrHAT NPSAK HKOHOMHYECKH e(deKT U
np. JIokyMeHTH, Ha KOUTO Ce OCHOBABAa TBbP/ICHHETO.

B nucepranuoHHMS TpyJ ca MPEACTaBEHH CHMYJIAIIOHHO ¥ €KCIIEPHMEHTATIHO
U3CIIe/IBAaHE Ha aBTOHOMHA 3aps{Ha CHCTeMa 3a enekTpomoOumu. Paspaboten e
MOJIETHO-OpUEHTHUPAH JU3aifH Ha aBTOHOMHA 3aps/Ha CTAHIUA 32 €IEeKTPOMOOHIH,
0a3upaHa Ha MHKpOra3oBa TypOMHa M CyNEepKOHAEH3aTOp, OCUTYpsBAl] ONTHMAIHU
pesyiTaTH IO OTHOIICHWE Ha 33JaJIcHN AMalla30oHd Ha mnapameTpu. lIpoBenenure
CUMYJallMOHHU ¥ EKCIEPHMMEHTATHU H3CIEBaHMA Ha IPOCKTUPAHUTE MOJACIH H
CXEeMH MMAaT IPaKTHIECKa MPWIOKHMOCT B 3apsAHU CTaHIUHU 3a OBp3 3apsn B
MHUKPOMPEKH.

[Tomydenute pe3ynaTaT OT AWCEPTALMOHHUSA TPYZ MOTaT Ia Ce H3ION3BaT M
y4eOHHMS IpOLIeC M ca OCHOBA 32 pa3paboTBaHE Ha JPYrH HAyYHOH3CIIEIOBATEIICKH
IPOEKTHU U aucepTauuu. M3cienBaHusra B AUCEPTALUATA, KAKTO U MIPUIIOKECHUETO HA
pe3yNTaTUTE OT TAX Ca CBBP3aHM C pa3paboTBaHETO Ha 3 HAayYHOHM3CIIEIOBATEICKU
IPOEKTA.

9. OneHka Ha ChLOTBETCTBHETO Ha aBTOpedepaTra ¢ H3MCKBAHUATA 3a
H3rOTBSIHETO MY, KAKTO M HAa aJeKBATHOCTTA HA OTPA3siBAHE HA OCHOBHHTE
0JI0KeHHS U PUHOCHTE HA JUCEPTANMOHHNSA TPY,.

IIpencraBenuar aBTOpedepar € B obem or 32 cIp. M CBHABpXKA o0OIIa
XapaKkTepHUCTHKa Ha JUCEPTAllMOHHUA TpyZA (aKTyadHOCT Ha mpobieMa, Ien Ha
JMCEpTallMOHHUA TPYJl, OCHOBHH 3a/ladll U METOAM 3a M3CIe/BaHe, HaydHa HOBOCT,
[IPaKTHYeCKa MPIIOKKUMOCT, ampobanuu, MIyOnumKamuy, CTpykKTypa U obeM Ha
JUCEPTAallMOHHUA TPYA), KpaTKo CBhABpKAHME Ha JUCEpPTAllUATa IO TIJNaBU H
3aKIIOYECHHUS KBM BCSKa I71aBa, HAyYHO-IIPUIOKHM TIPUHOCH M CIHUCBK Ha
IyOIUKAIMUTE IO TUCEPTaluoHHNUS TpyA. O3HaueHuATa Ha popMyuTe, TabIUIUTE U
¢urypute B aBTOpedepara cpBIagaT ¢ TE3H B AUCEPTAIMATA. ABTOpe(hepaThT 0TTOBaps
Ha MW3KCKBaHMATA M OTpa3siBa CBHIIHOCTTa HA MPOBEACHUTE TEOPETUYHU U
EKCHEPUMEHTAIHU W3CJIEBAHUS U MOCTUTHATUTE OT JOKTOpaHTa pe3yiraTH. Toil e
no6pe odopmeH u wimocTpupaH ¢ Gorat rpaduueH MaTepuan OT JUCEPTAIMOHHUA

TpyA.

10. MueHusi, npenopbKu U 0e1exKKH.

B TpynmoBere Ha kaHgumaTa HE OTKpUX CBHIIECTBEHM Ipomyckd. KoM
JVCEPTAlOHHUS TPy MOTaT Ja CE HAIlPaBAT CICAHUTE IPEIIOPHKU B OCTIEHKKH:

1. bu 6uno noOpe HagnucuTe Ha GUTYpUTE 1a ca Ha OBJITapCKU €3HK.
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2. O3HaueHuATa Ha eJIEKTPOHHUTE eneMeHTH Aa ca o BJIC.
3. bu 6uno gobpe na ca Hamanu 0630pHATa JacT.
4. TIpemopbuBaM TUCEPTAIIMOHHKS TPYA Ja Ce JOpa3Bue B MOHOTrpadus.

11. 3aknrouyenue

B 3akmoueHue Mora Ja aM IOJIOKUATEIIHA OLICHKA Ha IOMy4YEHUTE PE3YATaTH U
MIOJIE3HOCTTA HA JUCEPTAlMATa. ABTOPHT HA AUCEPTALMOHHUA TPYH € AEMOHCTpHpPAN
3abI00YCHA TCOPCTHYHM IIO3HAHMS M IPAKTHYECKd YMEHHSA 3a M3CICABAHE H
YCIIEIIHO pealn3upaHe Ha IIOCTaBEHATa Ll U 3aJa4H.

CumnraM, 9e IpeCTABCHUAT AUCEPTAIIOHEH TPyl OTTOBaps Ha U3MCKBaHHUATA Ha
3akoHa 3a Pa3BUTHETO Ha akajeMuuHHi cbcTaB B PemyOmuka beirapus u Ha
[TpaBuiHKKa 3a YCIOBUATA U pela 3a mpuaoOuBane Ha HaydHu creneHu B TY-Codus.
[TocTurHaThTe pe3y/ITaTH MH JaBaT OCHOBaHME Ja Mpemioxka Aa Obie mpuaobura
o0pa3oBaTe/IHATa M HAy4YHa CTEIEH ,,JOKTOP” OT Mar. MHX. Mupocnas Kpacumupos
AnzpeeB B 00lIacT Ha BHcIIe 00pa3oBaHue - 5. TexHUUECKN HayKH, IIPOQECHOHATHO
HampaBiueHue - 5.2 EnexkTpoTexHuKa, €IE€KTpOHHMKA UM aBTOMaTHKa, Hay4Ha
CIeNUAIHOCT - MUKpOEIeKTpOHUKA.

Tlara: 14.03.2024 1. Warorsmn: (1)

(s

/mipod. 1-p A. Anexcannpos/

f TY-cooun |
OETT

y

Eﬂwmmmnﬁ




guion, 728 e

mEmED S g g o
[ = - N A
- I
T il iV 10V 1

REVIEW

on a dissertation work for the acquisition of an educational and scientific degree
“Doctor of philosophy PhD”

Author of the dissertation work: MSc. Eng. Miroslav Krasimirov Andreev

Title of the dissertation work: “Design and study of an electric vehicle
charging system”

The field of higher education: 5. Technical sciences; Professional direction: 5.2
Electrical Engineering, Electronics and Automation; Scientific specialty:
“Microelectronics”

Reviewer: Prof. Dr. Anatoliy Trifonov Aleksandrov — Technical university of
Gabrovo

1. Relevance of the problem developed in the dissertation work in scientific
and applied terms

Vehicles are vital in people's daily lives as the use of electric vehicles increasing
significantly. The development of technologies in the production of batteries as well as
a number of economic and environmental factors, are preconditions for increasing
interest in electric vehicles. Their rapid development increases the need for electrical
energy which leads to an additional load on the public electrical grid on the one hand
and to obstructing the spread of electric vehicles on the other hand.

The growing fleet of electric vehicles requires advanced charging systems and
improvements to the electrical grid. Charging systems require a special power
electronics topology, control strategy and international charging standards as well as
network interconnection in order to ensure optimal operation and improve electric grid
maintenance.

The dissertation work analysed the modern technical means of the charging
stations and its structure, circuit engineering solutions to ensure better static and
dynamic properties of the powerful conversion devices connected to the load and the
power source. A study of intelligent battery charging and discharging systems has been
carried out. Charging systems based on micro gas turbines are presented and
investigated. All this determines the relevance of the researched problem the purpose
and tasks of the dissertation work both from a scientific-applied and applied point of
view.

2. Degree of knowledge of the state of the problem and creative interpretation
of the literary material

The literature review is specifically aimed at the researched topic and shows
unequivocally that MSc. Eng. Miroslav Krasimirov Andreev knows very well the state
of the problem in theoretical and practical terms. A total of 153 literary sources are
cited, 148 of them are in Latin and the rest are Internet addresses.

An assessment and critical analysis of the current state of charging systems for
electric vehicles have been carried out, based on which the purpose of the current
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dissertation work has been defined - modelling, design and research of a charging
system for fast charging for electric cars implemented on the basis of a micro gas
turbine with a synchronous generator with permanent magnets and a supercapacitor.

In order to achieve the goal set the following tasks have been solved: research of
schematic solutions for the implementation of power converter topologies,
supercapacitors and hybrid energy storage systems as well as an analysis of the
processes for controlling the charging system for electric vehicles; design, research and
implementation of a DC-DC converter with zero voltage switching; development of
simulation models for verification of the results of the theoretical analysis of the
converter; proposal of a method for designing and controlling the studied converters;
development and research of an electric vehicle charging system for fast charging
based on a micro gas turbine and a supercapacitor. The operation of charging systems
under different load cycles and modes of charging the load and the mutual influences
between them have been studied. Analytical dependences have been obtained and
models have been implemented by means of which basic characteristics of the
individual modules of the charging system have been constructed.

3. Conformity of the chosen methodology of research and the set goal and the
tasks of the dissertation work with the contributions achieved

The dissertation work is methodically correctly constructed. The chosen research
methodology corresponds to the set goal and tasks of the dissertation work. Proven
methods have been used for theoretical, experimental and simulation study of the
processes in converters and charging systems for electric vehicles.

The author knows the modern tools for conducting research on the problem. When
solving the tasks of the dissertation work MSc. Eng. Miroslav Andreev has shown
opportunities to combine achievements in the researched field with his own experience.
As a result, compliance of the set goal and tasks of the dissertation with the
contributions achieved are achieved. In his work the author used modern software
products - MS Office, Cadence, Altium Designer, KiCad, OrCAD PSpice, Mathworks
Matlab, MATLAB/Simulink, AutoCAD, Corel Draw etc.

4. Brief analytical characterization of the dissertation

The dissertation work is in a volume of 162 pages including an introduction, 4
chapters, a list of used abbreviations and symbols, a conclusion, contributions, a list of
publications on the dissertation, citations, used literature and an appendix. The work
includes a total of 72 figures and 16 tables.

In Chapter 1, the current state of charging technologies, types of electric vehicles,
the architecture of charging stations and their basic requirements are discussed.
Charging modes, international fast charge standards and contactless charge systems are
reviewed. A functional block diagram of a wireless charging system is presented.
Concepts and concepts are defined for the interaction of electric vehicles with various
systems with which they can be connected. Different types of charging topologies,
strategies for managing charging systems, types of power converters, power
requirements and opportunities to maximize the energy efficiency of charging stations
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are given. Mathematical models and battery management systems for electric vehicles
have been reviewed.

In Chapter 2, existing circuit solutions and topologies of charging devices and
supercapacitors integrated in charging stations for energy storage are analysed.
Architectures, concepts and topologies of block diagrams and principle electrical
diagrams of single-phase and three-phase electric vehicle charging systems are
presented. The main requirements of the charging system for the DC-DC converters
and the circuit solutions for the implementation of the individual blocks of the charging
systems for fast charging are commented. AC-DC converters (uncontrolled rectifiers;
rectifiers with passive and active filters to increase the power factor; rectifiers with
PFC stage; controlled rectifiers) are discussed in detail. The topologies of DC-DC
converters, which are the main unit in the construction of charging stations for electric
vehicles are presented. Supercapacitors are shown and analysed as a short-time fast
charging solution as well as hybrid energy storage systems.

In Chapter 3, a zero-voltage switching step-down DC-DC converter with
predictive peak current mode control is designed, successfully implemented and
simulated in PSpice environment. The proposed approach proves the high efficiency
and precise control of the converter. The zero-voltage switched buck converter operates
at high switching frequency with high efficiency at properly sized component values.
The proposed ZVS step-down DC-DC converter control system with predictive peak
current mode control can be designed and implemented in integrated circuit. Fast
charging systems for EV batteries have been modelled and simulation studies have
been conducted. An analysis of the obtained results was made.

In Chapter 4 of the dissertation work presents a model-oriented design of an
autonomous charging station for electric vehicles, based on a micro gas single-shaft
turbine and a supercapacitor and the energy flow control system. The use of a
supercapacitor in the implemented system results in providing the necessary current
through the load and helps to compensate for either the shortage or excess of the MGT-
generated energy during the EV charging process. A classification of micro gas
turbines is presented and their principle of operation is discussed. The power
generation system based on a micro gas turbine with high-speed synchronous generator
is reviewed and a permanent magnet synchronous generator is modelled. A charging
station with a nominal voltage of the micro gas turbine - 360 V and an output power -
30 kW has been modelled and studied. The optimum value of the supercapacitor is
found.

5. Scientific and/or scientifically applied and applied contributions of the
dissertation

The contributions in the dissertation have a scientific-applied nature and are in the
field of designing and researching modern charging systems for electric vehicles. They
are related to proving by new means essential new sides in existing scientific problems
and obtaining confirmatory facts.
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e A model of ZVS DC-DC Buck converter with predictive peak current control
mode and fast charging system in OrCAD/PSpice and MATLAB/Simulink
environment are investigated. Functional dependencies between the main
characteristics and parameters of the converter and the mode of operation have
been obtained.

e The principle and control method of a step-down DC-DC converter with zero
voltage switching are established.

e A model of a fast charge charging station is developed and simulation results
under two charging modes are investigated.

e Models of micro gas turbine, DC-DC and DC-AC converters and PMSM
generator has been developed, investigated and analysed.

e Configurations and models of a charging system based on micro gas turbine and
a supercapacitor have been investigated and designed. Based on the performed
analysis and simulation results obtained, a methodology is presented for the
design of the charging station based on micro gas turbine and supercapacitor,
under different load profiles. An optimization procedure is established to find
the smallest value of the supercapacitor.

6. Assessment of the degree of personal involvement of the dissertation
students in the contributions

I believe that the achieved results are the personal work of the PhD student under
the scientific and methodical guidance of his supervisors. The basis for this is given to
me by the presented material and related publications which have been published
mainly by MSc. Eng. Miroslav Andreev in co-authorship with his scientific supervisors
- Prof. Dr. Georgi Vasilev Angelov and Assoc. Prof. Dr. Nikolay Lyuboslavov Hinov.

7. Assessment of dissertation publications

In connection with the dissertation work, 5 publications are presented, 4 of which
are referenced in SCOPUS and Web of Science (2, 3, 4, 5). One of the publications is
independent (4) and one article is in a journal with an impact factor (5). 22 citations
from foreign authors have been declared. I accept that the main results of the
dissertation are published and known to the scientific community. I consider that the
publications reflect the results obtained in the dissertation work.

MSc. Eng. Miroslav Andreev covers and in certain indicators exceeds the
minimum national requirements. Presents: dissertation work for the award of an
educational and scientific degree "PhD" on the topic "Design and research of a
charging system for electric vehicles" (indicator A - 50 points); 5 publications (group
of indicators D - 83.32 points), of which 4 scientific publications in editions that are
referenced and indexed in world-famous databases with scientific information
(indicator D7 - 76.66 points), and 1 scientific publication in non-refereed journal with
scientific review or in edited collective volumes (index D8 — 6.66 points).
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8. Using the results of the dissertation work in scientific and social practise.
Existence of achieved direct economic effect etc. Documents on which the
statement is based

The dissertation presents a simulation and experimental study of an autonomous
charging system for electric vehicles. A model-oriented design of an autonomous
charging station for electric vehicles based on a micro gas turbine and a supercapacitor
has been developed providing optimal results with respect to set parameter ranges. The
conducted simulation and experimental studies of the designed models and schemes
have practical applicability in fast charging stations in microgrids. The obtained results
of the dissertation work can be used in the educational process and are the basis for the
development of other scientific research projects and dissertations. The studies in the
dissertation as well as the application of their results are related to the development of
3 research projects.

9. Assessment of the compliance of the abstract with the requirements for its
preparation as well as the adequacy of reflecting the main points and
contributions of the dissertation

The presented abstract is 32 pages long and contains a general description of the
dissertation work (relevance of the problem, purpose of the dissertation work, main
tasks and research methods, scientific novelty, practical applicability, approvals,
publications, structure and volume of the dissertation work), a brief content of the
dissertation by chapters and conclusions to each chapter, scientific and applied
contributions and a list of publications on the dissertation work. The designations of
the formulas, tables and figures in the abstract are matched by those in the dissertation
work. The abstract meets the requirements and reflects the essence of the conducted
theoretical and experimental research and the results achieved by the PhD student. It is
well laid out and illustrated with rich graphic material from the dissertation work.

10. Opinions, recommendations and notes

I have not found any significant omissions in the candidate's works. The following
recommendations and notes can be made to the dissertation work:

1. It would be good if the captions on the figures are written in Bulgarian language.

2. The designations of the electronic elements to be according to the BSS.

3. It would be good if the overview part is reduced.

4. 1 recommend the dissertation work to be further developed into a monograph.

11. Conclusion

In conclusion I can give a positive assessment to the obtained results and the
usefulness of the dissertation. The author of the dissertation work has demonstrated in-
depth theoretical knowledge and practical skills for research and successful
implementation of the set goal and tasks.

I consider that the presented dissertation work meets the requirements of the Law
on the Development of the Academic Staff in the Republic of Bulgaria and the
Regulations on the Conditions and Procedures for Acquiring Scientific Degrees at TU-
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Sofia. The achieved results give me a reason to propose the educational and scientific
degree "Doctor" to be acquired from the MSc. Eng. Miroslav Krasimirov Andreev in
the field of higher education - 5. Technical sciences, professional direction - 5.2
Electrical engineering, electronics and automation, scientific specialty -
Microelectronics.

Date: 14.03.2024 r. Reviewer: (/l’?, )
/Prof. Dr. A. Alexandrov/
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