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PELEH3UA
cteneH ,JJokrop”,

Asmop Ha ducepmauuoHHusi mpyd: mar. uHx. Hukonain Bacunes HexoBcku
Tema Ha OucepmauuoHHus mpy0d: “EnekTpoHHW npeobpasysatenn c
NPUNOXeHNe BbB Bb30OHOBAEMN NSTOUHULMN Ha eHeprus”

[pogpecuoHanHo HanpasneHue 5.2 ,EnekmpomexHUKa eslieKmpoHuUKa U
asmomamuka”“, Hay4Ha crieyuanHocm ,EnekTpoHHu npeobpasysaTtenu”.
PeueHseHT : gou. a-p uHX. Jumutsbp ApHayaoB

1. AkmyanHocm Ha paspabomeaHus e ducepmayuoHHuUsi mpyd npobnem e
Hay4YHO U Hay4HOMPUJIOXKHO OomHouweHue. CmerneH u Huea Ha akmya/nHocmma Ha
npobnema u KOHKpemHume 3ada4qu, paspabomeHu e ducepmayusima.

TemaTa C nosuwaBaHe Ha KoedUUMEHTa Ha MNOMEe3HO OEWCTBUE Ha erieKTPOHHU
npeobpasyBaTenu B 3axpaHBalLy CUCTEMU C NpeobpasyBaHe Ha eHeprus oT Bb30OHOBAEMM
U3TOYHWUUM € aKTyaneH npobsiem 1 3a ToBa roBOPAT MHOXECTBOTO nyGnukauum no temaTa.
PasBnTneTo Ha hOTOBONTAUYHUTE CUCTEMU U pasNNYHUTE BapuaHTU Ha npeobpasyBaHe u
MPEeHOC Ha eHeprusaTa OT TAX BOAST 40 Pa3sBUTMETO Ha ENEKTPOHHUTE nNpeobpasysaTenu kaTo
YyacT oT Te3u cucTemu. 3ajadarta B AMCEPTALMOHHWUS Tpyad € u3cregBaHe Ha MeToau 3a
nogobpsiBaHe Ha EHEPrunHUTE MoKas3aTenu Ha eneKkTPoHHM npeobpasysaTenu, paboTewm c
doToBonTamyHM cuctemu. MiscnegsaHata cuctema e xubpugHa, BknoYBawia M Mogynu 3a
CbXpaHeHue U OTAaBaHe Ha eHeprua KbM 3axpaHsalla Mpexa. AKUeHTUpaHO € BbpXy ABa
OCHOBHM npeobpasyBaTtens oT xubpugHata cuctema — gsynocoveH AC-DC u asynocoyeH DC-
DC npeobpasysaten. Tesu ABa npeobpasyBaTens ca OCHOBa Ha BcAka hoToBOMTaUYHA
cucTemMa U 3agavaTta no nosullaBaHe Ha KoeULIMEHTUTE Ha MonesHo AelcTBue € eauH oT
akTyanHuTte npobnemu, KOETO MOXe ga ce BMAW U OT MHOXECTBOTO Nybnukauum v Hay4Hu
nscnepsaHus. MscnegsaHusita B CbBPEMEHHUTE €NEeKTPOHHM cucTemu ca GasvpaHu U Ha
cumyrnauunoHHu mogenu. Cb3gaBaHeTo Ha Takusa e Apyr aktyaneH npobnem paspaboTsaH B
anceptauusita. 3a DC-DC npeobpasyBaTtens e noctaBeHa 3agava 3a MmateMaTU4eckn aHanus
1 CbCTaBSAHE HA CUMYNaUMOHHM MOoZenu. 3a nokasBaHe Ha NnpeauMcTBaTa Ha uscneasaHarta
xubpugHa cuctema e nNocTaBeHa 3ajava u 3a eKCnepuMeHTarnHo uscrneaBaHe u CpaBHEHME C
KOMepcurarHu Takusa CUCTEMMU.

2. CmeneH Ha mno3HaeaHe CbLCMOSIHUEMO Ha npoGnema U meop4eckKa
UHmMepmnpemayus Ha numepamypHusi Mamepuarl.

B nutepatypHaTta cnpaBka ca nocoveHu 107 nutepaTypHU UITOYHMKA. B
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npernegHata 4YacT Ha AUCEPTaLMOHHUA TPya € 3anovyHaTo C BbBeAeHue B!‘?ckfé"
(hOTOBONTANYHM MSTOMHULM UM MPEAnaraHn pelleHns Ha npeo6pa3yi§§=§§gm 38/
(OTOBONTaMYHM cUcTeMU. HanpaBeH e npernen Ha YeTUPWU OCHOBHM CXeMu H fm;/
npeobpasyBaTenn C OCHOBHU NpuUHUMNN Ha AeincTtBue. CblUo Taka Tbi KaTo pa60?é”f'é"'é
opueHTUpaHa kbM nogobpsisaHe Ha K.n.4. Morno e ga 6bvaat onucaHy no-nogpobHo v apyru
BapuaHTV HAa CXEMMW Ha MOCTOBU nNpeobpasyBaTenu ¢ HamaneHu 3arybun Ha npeBKloYBaHe Ha
npubopuTe. iscneaBaHusaTa ca HacodeHu KbM XxnbpuaHa oToBoNTanyHa cuctema n 3a Hesl

ca HanpaBeHM KOMeHTapu 3a 3arybute B OCHOBHWUTE npeobpasysaTenu 3a TUMUYHU
npeanaraHn Ha nasapa peweHusi. lpoBegeHn ca ekcnepuMeHTanHu uscnenBaHus 3a
nokasaTenu Ha npegraraHu B TbproBckaTa Mpexa KOHTporiepu 3a ooTOBONTaUYHU CUCTEMMN.

N3cnensaHusaTa ca Ha 6asaTta Ha AaHHM OT MHCTanupaHu CbOTOBOJ'ITaI/NHVI CUCTeMun.

3. Cromeemcmeue Ha u3bpaHama Memoduka Ha u3cnedeaHe C
rnocmaeeHama uyen u 3adavu Ha ducepmayuoHHUs1 mpyo.

MeTogukaTa Ha uscrnegsaHe Ha 6asaTa Ha aHanus, MogenvpaHe u sepudulnpaHe Ypes
eKkcnepumeHTanHu obpasum e B CbOTBETCTBME C NOCTaBeHaTa Lers — uscrnegsaHe Ha MeToan
3a nogobpsiBaHe Ha eHepruiiHK NokasaTenun Ha eneKkTPOHHW npeobpasysatenu paboTewm B
xubpugHu chotoBonTanyHn cuctemu. OT nokasaTenuTe € akUueHTUpaHO BbpXy ePeKTUBHOCT
Ha npeobpasyBaHe Ha eHeprus OT eNeKTPOHHN NpeobpasyBaTenu n Kopekuusita Ha dakTopa
Ha MOLUHOCT. 3a uenTa ca NoCTaBeHu cnegHuTe 3agadn:

o O6G30p Ha cblyecTByBalUW peELUEHUs B UHAYCTPUATA Ha TakbB TUM CUCTEMU W
TEXHUTE pPeXumun Ha paborTa.

o O6o6waBaHe Ha nNokasaTenu 3a oLeHKa U cpaBHeHue Ha npeobpasysaTtenu 3a
XMBPUAHU POTOBOSITAUYHN CUCTEMMN.

o CvHTes Ha enekTpoHeH npeobpasysaTen Ha eHeprus 3a XubpugHa
doToBoNTan4Ha cuctema, paboTeLy ¢ HamaneHu KOMyTauuOHHN 3aryou.

o MaTemaTuyecku aHanus Ha npeanoxeH npeobpasyBaTen 3a WU3BeXaaHe
3aBMCMMOCTM U U3NCKBAHMA KbM HEFOBOTO YNpaBrieHue.

o CbcTaBsHe Ha CUMMyNauuMoOHHW MOAEenW Ha enekTpoHeH npeobpasyBan wu

HeroeaTa cMcTeMa 3a ynpaBrieHue 3a XxubpuaeH UHBEPTOP U U3BbPLUBAHE Ha U3cneaBaHus B
PasnUYHM pexumu Ha paboTa.

. EkcnepumeHTanHo wuscneaBaHe, CpaBHSBALLO MpeanoXeHata cuctema u
KOMepcurarnHo npeanaraHy peLueHus.

AncepTaHTbT METOAMYECKM € NOAXOAUN NPaBUITHO.

4. Kpamka aHanumu4Ha xapakmepucmuka Ha ecmecmeomo U OUeHKa Ha
docmoeepHocmma Ha Mamepuasia, ebpXy Kolmo ce epadsm npuHocume Ha
ducepmayuoHHuUsi mpyo.

MpuHocuTe ce GasupaT Ha pesynTaTt OT MaTemMaTUYecKu aHanus Ha npouecuTe B
MOCTOB WHBEPTOP, CUMYMALUMOHHU W3CNeABaHUS CbC creuuanuaupaH codTyep W
eKCepUMEHTaNHU U3cneaBaHus 3a [oKasBaHe Ha peanusauusaTa Ha u3bpaH pexuMm Ha
paboTta Ha cusioB npeoGpasyBaTen, peanusupaly HamansBaHe Ha KOMyTauUMOHHUTE 3aryou.
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3aBucUMOCTUTE Ha ,MbPTBUTE BPEMEHA" OT NapaMeTpuTe Ha cunosarta Bepura
1 TECTBaHM B ONUTeH obpased,. X a

Ha 6asata Ha aHanW3 Ha eneKkTpoMarHUTHUTE npouecu B [ABe ‘Cxeyyg) e ;
npeobpasyBatenu — efHochaseH TOKOU3NpaBUTEN C KOpekuusa dakTtopa Ha MOLLHOCT U
asynocoveH DC-DC npeobpasyBaTten ca npeAcTaBeHM OCHOBHM MaTeMaTU4yecku M3pasu 3a
TOKOBE W HanpexeHuss B cxemuTe. M3aBegeHM ca OCHOBHM 3aBUCUMMOCTU 3a ,MbpTBUTE
BpeMeHa“ B cxemata. [lpeanoxeHa e 6nokoBa cxema 3a peanusupaHe Ha xubpugHa
coToBONTaNYHa cucTema. CbCTaBeH e CUMysauvoHeH Moaen Ha cuctemarta B cpeaa PLECS
1 ca NpoBeAeHn CUMyauMoHHW n3cneasaHusi. B ekcnepumeHTanHarta 4act Ha gucepraumsata
ca uscneasaHu npeobpasyBaTenu 3a (poTOBONTaNYHU CUCTEMU C Bb3MOXHOCT 3a OTAaBaHe
B MpeXaTa Ha HAKOJIKO Npou3BoAUTENS, KOETO NoKa3sa NosHaBaHe M akTyanHOTO CbCTOsHME
Ha npeanaraHUTe Ha nasapa WHBEPTOPHU cucTemu. HanpaBeHu ca eKcrepuMeHTanHu
n3crneaBaHus BbpXy pasnuyHu komepcuanHu obpasuy Ha hoTOBOMITAaUYHN CUCTEMM, C KOUTO
[la Cce CpaBHAT XapakTepuCTMKK Ha npeanaraHata xubpuaHa otoBontanyHa cuctema.

B npunoxeHue KbM auceprauusaTa ca JageHu npoekTupaHuTe Tokousnpasuten ¢ PFC
n geynocoveH DC-DC npeobpasysaTen, no KOUTO € peanusnpaH ekcneprMeHTaneH CTeHA,.

5. HayyHu u/unu Hay4yHONPUMOXHU MPUHOCU Ha AucepmayuoHHUs mpyo:

Hay4HO-NpunoXxHuTe NPUHOCK Ca CBbP3aHW C U3BEAEHN MaTeMaTUyYeckn 3aBUCUMOCTU
3a onpefensiHe Ha NnapaMeTpu B CXeMa 3a rapaHTMpaHe Ha peXuMm Ha paboTa ¢ HamaneHu
3arybu OT npeBknoYBaHe Ha cunosute npubopu. MonyyeHn uspasu 3a onpepensiHe Ha
HeobXxo4MMOTO ,MbPTBO Bpeme” BbB (QYHKLUMS Ha napameTpu Ha CUNOBUTE TPAH3UCTOPWU U
npepaeartenHaTa yHKUMA Ha npeobpasyBatens. CbcTaBeH anropuTbM 3a ynpaBlieHne Ha
eHepruiiHu noTouuM B cucTtema c xubpuaeH uHBepTOp 3a (poTOoBONTaM4Ha  cuctTema.
MpunoxeH npuHoc e paspaboteH moaen Ha DC-DC npeobGpasysaten 3a uscrneasaHe Ha
pPeXMMU C HaManeHW KOMyTauuoHHW 3arybu. Ypes pobaBsHeTO Ha HUCKOBONTOBA
NOCTOSSHHOTOKOBA LUMHA € HanpaBeHO NpeasioxeHue 3a nogobpssaHe Ha pakTopa Ha
MOLLHOCT 1 KoedmLMeHTa Ha NosiesHo AeUCTBME Npu Masiku KOHCyMauun B cuctemara. Kato
MPUNOXKEH NPUHOC MOXe Aa ce pasrnega v geduHupaHe Ha pexumn Ha pabota Ha DC-DC
npeobpasysaTen n uscnegBaHuTe koeuUMEHTU Ha MOSIe3HO AeCTBUE NPU Te3n Pexumu.
OTHOCHO MPUIOXHWUTE NMpUHOCHK € Ao0pe Aa ce U3TbKHE NO NOAXOAAL, HaYnH nogobpeHneTo
Ha K.Nn.4. Ha cuctemaTa 0cobeHo B pexum ,6atepus KbM Mpexa“, gokasaH ekCrepuMmeHTanHo
B Tid

6. OueHka 3a cmeneHma Ha JIUMHOMO y4Yacmue Ha OucepmaHma e
npuHocume.

Y6eneH CbM B NUYHOTO y4yacTMe Ha OuCepTaHTa B MPUHOCMTE Ha OcHoBaTa Ha
cbbecenBaHua nNpu AOKMNaaBaHe Ha pesynTaTh npep cbBeTa Ha obyyasawata Kategpa u
NpeacTaBaHETO My Ha HAKOJIKO Hay4Hu chopyma.

7. MpeueHka Ha ny6aukayuume o ducepmayuoHHuUsi mpyad: 6poil, xapakmep
Ha uszdaHusima, 8 Koumo ca omrne4amaHu.
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OTHOLWEeHNe KbM TeMaTukaTa Ha ,qmcepTau,MﬂTa n e mMorno ga 6baat BKIOYEHN. I'Ipep,CT§B nTe

nybnukauum ca Bbpxy AsynocodHuss AC-DC npeobGpasyBaten U HamansiBaHeTo Ha
KoMyTaumoHHuTe 3arybu Ha gsynocoveH DC-DC npeoGpasysaten. [peacrtaBeHn ca Ha Tpu
HayuHu copyma: 33-rd International Scientific Conference Electronics - ET 2024, 23- rd
International Symposium on Electrical Apparatus and Technologies - SIELA 2024 n 32-nd
International Scientific Conference Electronics - ET 2023. lNy6nukauunte ca BKMOYEHN B
undpposata Gubnuoteka IEEE Digital Explore n ca nigekcupanu ¢ Scopus. [iuceptaHtbT ma 6
nybnukauumn niaekcupanu B 6asata Scopus. [JokTopaHTLT € 61 YneH Ha KONeKkTUB Ha JoroBop
no TemaTukaTa Ha AUCepTauMOHHUS Tpya, [OOroBOp B NMOMOLL Ha AOKTOpaHTW, dhMHaHCUpaH oT
HWC Ha TY- Codhms ¢ Ne 232[110003-03 B nepuoaa 2023- 2024 r.

8. U3nonseane Ha pesynmamume om ducepmayuoHHUss mpyd e Hay4YHama u
coyuanHama npakmuka. Hanu4ue Ha nocmuzHam nPsIK UKOHOMUYECKU eghekm u np.
Jokymenmu, Ha kKoumo ce ocHoeaea mebpoeHuemo.

He ca npeactaBeHM [OKYMEHTM 3a MNOCTUrHaT NPSK MKOHOMUYECKM edeKT, HO
noBULIABAHETO Ha K.N.4 3a YCTPOWCTBA B MOLUHOCTM OT nopsigbka Ha kW e ¢ rapaHTupaH
MKOHOMUYeCKN edpekT. MpunoxkeHnTe N34McrieHn n NpoeKkTUpaHe Ha CUCTEMM 3a ynpaBfieHue
Ha eKcnepuMEeHTamnHus CTeHd MoraT ga ce M3nonseaTt B yvyebHus npouec u MHXeHepHaTa
npakTuKa.

9. OueHka Ha cbomeemcmeuemo Ha aemopeghepama ¢ U3UCKeaHUsIMa 3a
uszomesiHemo My, Kamo U Ha adekeamHocmma Ha ompa3sieaHe Ha OCHOEHUMe
MoJI0KeHUs U NpuHocume Ha ducepmayuoHHUsI mpyo.

MpencTaBeHus aBTopedepat e B 06eM oT 25 cTpaHuuUM TEKCT, CTPYKTYpUpaH B 3 rnasu.
ABTOpechepaTbT OTpassiBa CbAbPXKAHWETO Ha CbLIECTBEHM YacTu OT AucepTauusTa,
OCHOBHWTE Pe3ynTaTi OT U3criegBaHUATa U NOCTUTHATUTE NPUHOCH.

10. MueHus, npenopbku u 6enexku.

MNpeactaBeHUAT MU 3a peueHsupaHe Tpya u OGubnuorpacdwusita kbM Hero e ot 141
CTpaHWLM, BKMOYBALLM 1 CNUCHK C NnuTepaTypata ot 107 3arnasus n 13 cTpaHuUM NPUNOXKEHUS.
OcHOBHUTE NpeTeHuMn Ha aBTopa 3a MPUMHOCK Ca CBbpP3aHW C HamansiBaHe Ha 3arybute oT
npeeknousaHe B DC-DC npeobpasysaTten n ussegeHn matemaTtmyeckm uspasu sa CTOMHOCTU
Ha ,MbPTBO BpeMe* 3a nocTuraHe Ha uenTa. 3a nogcunsaHe Ha TBbpAeHneTo 6u 6uno gobpe
Aa ce pasrnegaT M CpaBHAT U3crneBaHaTa CxeMa C HamMasieHW KOMyTauWOHHW 3arybu u
cblyaTa, paboTella B pexum Ha ,TBbpan” komyTauun. CbLyo Taka B nuTepaTypHUsa npernes e
6uno pnobpe Aa ce akueHTUpa W NPEACTaBAT W APYrM BapuaHTM Ha CXeMU U MeToau 3a
HamansBaHe Ha KoMyTaLMoHHUTe 3arybu. 3a nbnHoTa Ha paboTaTa, CbLIO MOXe Aa ce
NPeAcTaBAT W3BECTHUTE B nuTepaTypaTa wuspasyW 3a u3vucnsBaHe Ha 3arybute oOT
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NPeBKioYBaHe B PEXUM C ,TBbPAA KOMyTaums”. ‘

B uenuTe u 3agaunMTe Ha AucepTauusiTa e 3anoXeHo nogobpsisaHe Ha \e pI'VIVIHI/ITe ;)
nokasatenu. OCHOBHO BHMMaHWE € HAacoYeHO KbM K.N.4., KONTO e caMo efuH oT eH’epm ey
nokasaTenu Ha eneKkTpoHHU npeobpasyBaTenu. PasrnexaaH e u npeobpasysarten 3a Reé%m/
Ha ¢pakTopa Ha MOLLHOCT Mo U3BecTHa cxema. [pw Hero G6u mMorno Aa ce gage no-geTaiinHo
nogobpaBaHeTo Ha (hakTopa Ha MOLLHOCT MPU PasfMYyHU PEXWMMK OT M3CreaBaHusiTa CbC
cuMynauvoHHus mogen. Takuea ca HanpaBeHU Ha eKCrepUMEHTaNHUA CTEHA.

KaTto uen e nocraBeHa M CUHTE3MpaHe Ha eneKTPOHEeH npeobpasyBaTen, a No-ckopo
paboTaTa e opMeHTMpaHa KbM CUHTE3MpaHe Ha cucTema oT npeobpasyBaTeny.

MpoBegeHn ca [Jocta M3CredBaHUA Ha KoMmepcuanHu npeobpasysBatenu OT
boToBONTaNUYHWU CUCTEMU. YCTaHOBEHM ca HedocTaTbLUM U NPEeaUuMCcTBa Ha KOMepcuanHute
CrpAMO npeanaraHarta CTpykTypa Ha xubpuaHa cuctema. lpenopbyBam ¢ Tesu pesyntati, a u
Apyru, yCTaHOBEHU B npoLieca Ha uscneasaHe, Aa 6baaT nyonukyBaHU B NOAXOAALM HAYYHU

dhopymu.

11. 3aknoyeHMe C SACHa MOJNIOXKUTENIHa WINM oTpuuaTenHa oueHKa Ha
AUCcepTaLMOHHUA TPYA.

OT npeacraBeHns gucepTaumMoOHeH Tpya ce Buxga, Ye mar. uHxX. Huonai Hexoscku e
nokasan, 4e npuTexasa 3agbnboOYeHN TEOopeTUYHM TMO3HaHMA, MOXe na nposexaa
CaMOCTOATENHN Hay4YHW UW3CredBaHUs W UMa  HayYHO-MPUIOXHM npuHocu. [dasam
NONOXWUTENHA OLeHKa Ha ANCEepTaUMOHHMS Tpya Ha Tema " EnekTpoHHu npeobpasysaTenu c
NpUnoXxeHne BbB Bb30OHOBAEMM M3TOYHMUM Ha eHeprusa”. CuyuTtam, 4ye TOW OTroBaps Ha
n3ncKBaHUATa Ha 3akoHa 3a pasBUTWE Ha akageMudHus cbeTaB B Penybnuka Bwnrapus
(BPACPB) u lNMpaBunHuka 3a HEroBOTO NpunaraHe, Kakto U Ha lNpaBunHuKa 3a ycrnosusATa u
peda 3a npuaobuBaHe Ha HayyHu cteneHu B TY-Codous.

NMpepnaram Ha yBaxaemoTo HayyHO Xypu Aa rnacyBa 3a npucbXOaHe Ha
obpasoBaTenHata u HaydHa cTeneH ,[J0KTop“ Ha Mmar. uHx. Hukonan Bacunes Hexoscku no
npodecmoHanHo HanpaeneHue 5.2. ,EnekTpoTexHuka, eneKkTpoHuKa, aBTomMaTuKa®, Hay4YHa
cneunanHocTt ,EnekTpoHHU npeobpasysaTtenn”.

PELEH3EHT: (1)
Ipou. a-p nux. Qumutep ApHaypos/

Harta: 23.06.2025r.
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On a dissertation for partial fulfilment of the requirements for obtainiﬁ‘g‘ the
educational and scientific degree “Doctor of philosophy, PhD”,

Author of the dissertation: MSc. Eng. Nikolay Vasilev Nehovski

Title of the dissertation: Electronic converters for renewable energy sources
Professional field 5. Technical science, 5.2. Electrical engineering, electronics,
and automation.

Reviewer: Assoc. Prof, PhD, Eng. Dimitar Arnaudov, TU-Sofia,

1. Relevance of the problem developed in the dissertation in scientific and
applied terms. Degree and levels of the problem topicality and specific tasks developed
in the dissertation.

The topic of increasing the efficiency of electronic converters in power systems with
energy conversion from renewable sources is a pressing issue, as confirmed by numerous
publications on the subject. The development of photovoltaic systems and the various variants
of their energy conversion and transmission have led to the development of electronic
converters as part of these systems. The task in this thesis is to investigate methods to improve
the energy performance of electronic converters operating with PV systems. The system under
study is a hybrid system, including modules for energy storage and for supplying energy to the
grid. The focus is on two main converters of the hybrid system, a bidirectional AC-DC converter
and a bidirectional DC-DC converter. These two converters are the basis of any PV system,
and the task of increasing the efficiencies is one of the current issues, as evident from
numerous publications and research studies. Research in modern electronic systems is also
based on simulation models. The design of such is another topical problem developed in the
thesis. For the DC-DC converter, the problem of mathematical analysis and the development
of simulation models are presented. To demonstrate the advantages of the hybrid system
under study, an experimental investigation and comparison with commercial systems are also
provided.

2. Degree of understanding of the state of the problem and creative
interpretation of the references.

In the literature review, 107 literature sources are cited. The review part of the
dissertation starts with an introduction to PV systems and proposed inverter solutions for PV
systems. An overview of four basic DC-DC converter circuits, along with their basic operating
principles, is provided. Additionally, since the work is oriented towards improving efficiency,
other variants of bridge converter circuits with reduced device switching losses could be
described in more detail. The research is focused on a hybrid PV system, and comments are
made on the losses in the main converters for typical commercially available solutions.
Experimental investigations have been carried out on the performance of commercially
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3. Correspondence of the chosen research methodology with the $ta_7 : ,d alm
and tasks of the dissertation. »k,\,,\ na

The research methodology, based on analysis, modeling, and verification through
experimental models, aligns with the aim of investigating methods to enhance the energy
performance of electronic converters operating in hybrid photovoltaic systems. Of the
parameters, the focus is on the energy conversion efficiency of electronic converters and
power factor correction. For this purpose, the following tasks are given:

- Review of existing solutions in the industry of this type of systems and their modes of
operation.

- Summarizing indicators for evaluating and comparing converters for hybrid PV
systems.

- Synthesis of an electronic power converter for a hybrid PV system operating with
reduced switching losses.

- Mathematical analysis of a proposed converter to obtain dependencies and
requirements for its control.

- Design of simulation models of an electronic converter and its control system for a
hybrid inverter, and performing studies in different operating modes.

- Experimental study comparing the proposed system and commercially available
solutions.

The methodological approach of the dissertation is correct.

S

4. A short analytical description of the nature and assessment of the
reliability of the material on which the contributions of the thesis are based.

The contributions are based on the results of mathematical analysis of the processes in
the bridge inverter, simulation studies using specialized software, and experimental studies to
demonstrate the implementation of the selected mode of operation of the power converter,
thereby realizing a reduction of switching losses. The dependencies of the “dead times” on the
power circuit parameters are obtained and verified in an experimental model.

Based on the analysis of electromagnetic processes in two converter circuits — a single-
phase rectifier with power factor correction and a bidirectional DC-DC converter — a set of
basic mathematical expressions for currents and voltages in the circuits is presented. The
basic relationships for the dead times in the circuit are provided. A block diagram for
implementing a hybrid PV system is proposed. A simulation model of the system in the PLECS
environment has been developed, and simulation studies have been carried out. In the
experimental part of the thesis, inverters for PV systems with grid-connected capability from
several manufacturers have been investigated, which demonstrates the current state of the art
for inverter systems available on the market. Experimental studies have been done on different
commercial PV system models to compare the performance of the proposed hybrid PV system.

In the appendix to the thesis, the designs of a rectifier with PFC and a bidirectional DC-
DC converter are shown, on which an experimental test bench has been realized.
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5. Scientific and/or applied contributions of the PhD thesis:
The scientific-applied contributions relate to the mathematical dependencxeS%‘Qb'famed for \
determining parameters in a circuit, ensuring a mode of operation with reduced %\ALW
losses in power devices. Expressions for determining the required “dead time” as a function
of power transistor parameters and the converter transfer function were derived. Composed
an algorithm to control power flows in a hybrid inverter system for a photovoltaic system. By
adding a low-voltage DC bus, a proposal is made to improve the power factor and the
efficiency at low loads in the system. The definition of DC-DC converter operating modes and
the investigation of efficiencies in these modes can also be considered an applied contribution.
Regarding the applied contributions, it is worthwhile to highlight the improvement in system
efficiency, particularly in the battery-to-grid mode, which was experimentally proven in Section
3.3.

6. Assessment of the degree of personal involvement of the author in the
contributions.

| am convinced of the personal involvement of the PhD student in the contributions, as
evident in conversations when reporting results to the departmental council and presenting at
several scientific forums.

s Assessment of the publications published by the author.

Three scientific publications are presented in this work, one of which is a stand-alone
publication. The publications are indexed in Scopus. The author has other publications relevant to
the thesis topic that could have been included. The presented publications focus on a bidirectional
AC-DC converter and the reduction of switching losses in a bidirectional DC-DC converter. They
have been presented at three scientific forums: the 33rd International Scientific Conference
Electronics - ET 2024, the 23rd International Symposium on Electrical Apparatus and
Technologies - SIELA 2024, and the 32nd International Scientific Conference Electronics - ET
2023. The publications are included in the IEEE Digital Explore library and indexed in Scopus. The
author has 6 publications indexed in the Scopus database. The Ph.D. student was a member of a
team on a contract related to the topic of their Ph.D. thesis, a contract in support of Ph.D. students,
funded by the NIS of TU-Sofia with No. 232PD0003-03 in the period 2023-2024.

8. Evaluation of the use of the claims of the dissertation in scientific and social
practice.

No documents have been provided on the direct economic effect achieved; however, the
increase in efficiency for devices in the kW range is guaranteed to have an economic effect. The
applied calculations and design of control systems for the experimental bench can be used in
education and engineering practice.

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

The abstract is 25 pages of text, structured in 3 chapters. The abstract reflects the content
of the thesis's essential parts, including the main research results and the contributions made.
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10. Opmlons recommendatlons and comments

contribution claims relate to the reduction of switching losses in a DC-DC converter and“ﬁ?’ﬁﬁ'd‘e
mathematical expressions for “dead time” values to achieve this goal. To strengthen the claim,
it would be useful to examine and compare the circuit under study with reduced switching losses
and the same operating in “hard” switching mode. Additionally, the literature review would have
benefited from highlighting and presenting other variants of circuits and methods to reduce
switching losses. For completeness of the work, the expressions known in the literature for
calculating switching losses in “hard commutation” mode could also be presented.

The aims and tasks of the thesis include improving energy parameters. The main focus
is on the efficiency, which is only one of the energy parameters of electronic converters. A power
factor correction converter is also considered using a known circuit. Here, the power factor
improvement under different modes could be given in more detail from the simulation model
studies. Such has been done on the experimental bench.

Synthesizing an electronic converter is also set as a goal; rather, the work is oriented
towards synthesizing a system of converters.

A lot of research has been conducted on commercial PV system converters. The
advantages and disadvantages of the commercial versus the proposed hybrid system structure
have been identified. | recommend that these results, along with others discovered during the
research process, be published in appropriate scientific forums.

1. Conclusion with a clear positive or negative evaluation of the thesis.

From the submitted PhD thesis, it is clear that Mag. Eng. Nikolay Nehovski has
demonstrated that he possesses in-depth theoretical knowledge, can conduct independent
scientific research, and has made significant scientific and applied contributions. | give a
positive evaluation to the Ph.D. thesis entitled “Electronic converters with application in
renewable energy sources”. | believe that it meets the requirements of the Act on the
Development of Academic Staff in the Republic of Bulgaria (AADRB) and the Regulations for
its implementation, as well as the Regulations for the Conditions and Procedure for the
Acquisition of Scientific Degrees at TU-Sofia.

| propose the Honourable Scientific Jury to vote for the award of the educational and
scientific degree “PhD” to Mag. Eng. Nikolay Vasilev Nehovski in the professional field 5.2.
“Electrical Engineering, Electronics, Automatics”, scientific specialty “Electronic Converters”.
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