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|. OIMCAHUE HA HAYYHUTE TPYJOBE

3a ydacTHe B KOHKypca ca mpeactaBeHu 47 myOnukanmuu, 1 myOnMKyBaH YHUBEPCHUTETCKH
y4eOHUK U 2 yOJIMKyBaHU YHUBEPCUTETCKU y4eOHHU MOCOOHS, M3a/IEHH CJIE]] YIaCTHETO B KOHKYPC
3a npuaoOMBaHEe HA aKaJAEeMUYHO 3BaHUE ,,0ueHT mpe3 2007 r. ¥ W3BbH HAy4YHHTE TPYJIOBE 3a
perucTpanus Ha aKaJeMU4Ha JIBXHOCT ,,JIOUEHT B PErucThpa 3a aKaJEMUYHU JUIBXKHOCTH U
nuceptanuu kebM HAIIA/L, pa3nipeaenenu no rpymnu, KakTo cieiBa:

1. I'pyna B-12 6p.

1.1. Iokazaren B4. XaOunuTaunoHEH TPyA — PAaBHOCTOWHHU HAay4HHW MyOnuKanuu (HE 1o-
Masiko oT 10) B M3saHusl, KOUTO ca peepupaHu U UHAEKCUPAHU B CBETOBHOM3BECTHU
0a3u JaHHU C HayyHa WH(POPMAIIHSL.

2. I'pynalI —320p.

2.1. Ilokazaten [I'.7. Hayunu nyOnukanuu B U3JaHHUs, KOUTO ca pedepupaHu u
WHJICKCUPAHU B CBETOBHOM3BECTHH 0a3u JaHHM ¢ HaydHa nHopmarms — 200p.

2.2. llokazaten ['.8. Hayunu nyOnukanmuum B HepedepupaHu CIOHCAHUS C HAYYHO
pelieH3upane WK B peAaKTHUPaHU KOJIEKTUBHU TpyAoBe — 12 Op.

3. I'pyna 3 - 306p.
3.1. TTokazaren 3.31. Hayunu myOnukanuu B criucanus ¢ umnakT dakrop (IF mva Web of
Science) u/unu ¢ umnakt panr (SIR Ha Scopus) — 3 6p.
4. T'pyna E — 30p.
4.1 Tlokazaren E.23 — 1 my0nMKyBaH YHUBEPCUTETCKU YUEOHUK;
4.2 Tlokazaren E.24 — 2 my0nMKyBaHU YHUBEPCUTETCKU y4eOHU MOCOOUS.

Il. PE3IOMETA HA HAYYHUTE TPYTOBE U IPUHOCH 1O ITIOKA3ATE.T B4,
IMPEACTABEHU KATO PABHOCTOUHHU HA MOHOTI'PA®HUYEH TPY/l HA TEMA:

AHAJIN3, MOJIEJIUPAHE M IIPOEKTUPAHE HA PE3OHAHCEH DC/DC NPEOBPA3YBATEJ C TPH
PEAKTUBHU EJIEMEHTA B TPENTAIIMUS KPbI OT TUI LLC

MunnatiopuszanusaTa Ha eJIeKTPOHHUTE MpeoOpa3yBaTeTHU YCTPOIMCTBA, KAKTO M MOCTOSHHOTO
MOBUINIABAHEe HAa M3UCKBAHUATA 32 €HEpPruiiHa €(pEeKTUBHOCT Ha EJIEeKTPO3aXpaHBAIIUTE CHCTEMHU,
ONpeAeNAT 3acCHWICHHsS HHTepeC Ha CHEeIHaJUCTUTE KbM pPE30HAHCHUTE IMpeoOpa3yBaTeian Ha
MOCTOSTHHO HarpekeHue. Te3u npeodpasyBaTenu, IpUTEkKaBaIlK MOAOOPEHU MOKa3aTeH 3a TerI0 U
pasMEpHr, BUCOKaA e(l)eKTI/IBHOCT, ocurypsBaiiu ,2106131/1 YCJI0BUA 3a CJIICKTPOMAaronuTHa CbBMECTUMOCT,
BCE MOBEYE C€ BBBEKJAT KAaTO M3TOUHMIIM HA BTOPUYHO 3aXpaHBAHE 3a PA3IMYHU EJIEKTPUUYECKU
IMPUITOKCHUA.

W3non3BaneTo Ha pa3aMyHU TOMOJIOTUHM Ha pe30HAHCHATa Bepura, MO3BOJIsBa Jja ce MPUIaaaT Ha
npeoOpaszyBaTest JOMbIHUTEIHN CBOMCTBA — YBEJTMYaBaHE HA M3XOJHOTO HAMPEKEHUE, CTA0OMIHOCT
Ha PEryJupaHeTo OT Mpa3eH XOJ A0 KbCO ChEIWHEHHUE, NpHU 3ala3BaHe Ha YCJIOBUA 3a MeKa
KOMYTallisl Ha TPAH3UCTOPHUTE B cxemaTa, U JIp. Bp3MOKHOCT 3a KOMOMHUpaHEe HAa TE€3W CBOWCTBA
JaBaT PpE30HAHCHUTEC BEPHUI'U OT IMO-BUCOK PEI. HaHOCHeHLK BCC ITO-IIHMPOKO MPUIIOKCHHUEC HaAaMHpa
pe3onancausaT DC/DC npeobpazyBaTell ¢ TpH peakTHUBHU elleMeHTa B TpenTsimus Kpbr oT Tun LLC.
Hpyro npenumctBo Ha LLC Tomosoruute mpen IpyruTe BHAOBE PE30HAHCHH MpeoOpa3yBaTenH €
TOBA, 4€ IIPU TAX ABCTC H606XOIII/IMI/I HHAYKTUBHOCTU MOraT Aa €€ pCain3upar NpakKTUYCCKU B CaMO



€IMH KOMIIOHEHT — ChIVIaCyBalIMAT TpaHchopmaTop. Toii ce m3paboTBa MO TakbB HAYMH, Y€ B
pEe30HaHCHATa BepUra ce BKJIIOYBAT U MHAYKTUBHOCTTA Ha pa3celiBaHe, M Ta3u Ha HaMarHuTBaHe. B
cllyuauTe Ha OE3KOHTAKTHO IMpeJaBaHe HA €HEeprus, MOopajyd HAIMYMETO HA BB3AYIIHA MEXKIMHA B
MarHUTOIPOBOJIA, Ta3U KOHCTPYKIHS C€ MOIy4aBa €CTECTBEHO.

PaGoTtara Ha pe3oHaHceH mpeoOpa3yBaTenl OT IO-BUCOK peA IMPH pa3IMYHO HATOBapBaHE U
paboTHa dYecToTa € CIOXKHA. 3a Ja ce HIPOeKTHpa M M3M0JI3BAa E(PEKTUBHO PE30HAHCHMST
npeoOpasyBarell, € HeOOXOJMMO HErOBUTE XapaKTEPUCTUKHU, MPH PA3IUYHU PSKUMHU Ha padoTa, 1a
ObJaT SICHO yCTAaHOBEHHU. 3a IeJUTEe Ha MAKCHUMAJIHOTO ONPOCTSBaHE HA M3UYUCIUTEIHUTE U3pa3H
MOHSIKOTa MPH aHAJIM3a Ha €JIeKTPOMArHUTHUTE MPOLIECH B CXEMHUTE € JOCTaThbUHO OTPAaHUYABAHETO
JI0 OTYMTAHE CaMO Ha OCHOBHHUS XapMOHMK Ha TOKa WM €.J.H. Ha €KBUBAJIECHTHUTE W3TOYHMILIU.
W3BecTHO €, ye 1Mo TO3M HAUYMH TOKOBETE M HANPEKEHHITA B JIMHEHHATa 4acT Ha €KBUBAJCHTHATA
cXeMma Ha u3cieJBaHMs peoldpas3yBaTell ce MojyyaBaT cbC cuHycoujanHa ¢gopma. [Ipu ToBa Morat
Jla ce MPHUJIOKAT U3BECTHUTE METO/IM 32 aHAIM3 HA CHHYCOUJATHU BeJTMUYMHU. Bhipeku, ue ananmu3bT
[I0 METOJ]a Ha IIbPBUS XapMOHHUK € IPOCT M YAOOEH 3a MPaKTHUYECKU LeJIM, HEroBaTta TOYHOCT HE
BUHArW € JOCTaThYHA.

[Ipyn aHanu3a Ha HEJIMHEWHU BEpUTH € yJOOHO H3IMOJI3BAHETO HA IpaOaHAIUTHYHU METOJH,
KOHMTO C€ OCHOBaBaT Ha M3IOJI3BAHETO HAa rpapyKUTE HA PEATHUTE 3aBUCUMOCTH MEXKIY TOKOBETE,
HalpeXEHUATa U IPYTUTe BEIUYMHM HAa aKTUBHUTE HEJIMHEHHU eneMeHTU. OT rpadoaHaTuTUYHUTE
METO/IM 33 U3CJIeBaHe HAa PE30HAHCHUTE MpeodpaszyBareln Hali-e(eKTUBEH 3a aHAJIN3 € METOIbT Ha
¢azoBara paBHUHA, KOMTO JaBa Bb3MOXKHOCT 32 M3CJIEIBAHE HA MPEXOJHU U YCTAHOBEHU PEXHMHU.
MeToabT yhecHsBa KadyeCTBEHOTO pa30MpaHe Ha KOMIUIEKCHHS XapakTep Ha paborata Ha
npeoOpa3yBaTelis, BKIIOUUTETHO WAEGHTHGHUIMpaHE Ha pexumure Ha pabora. Herosoro
IPEIMMCTBO, TIPH aHAJIHM3a Ha €JIeKTPOMArHUTHUTE MPOLIECH B PE30HAHCHUS MpeolOpa3yBarell, € B
TOBa, Y€ c€ OTYMTa peajnHara (opMa Ha TOKa M KOJMYECTBOTO HAa HATpyllaHaTa EHEprusi B
PE30HAHCHUS KPBT, KAKTO 1 MOMEHTUTE Ha KOMYTallUs Ha KJIIFOUYOBHUTE €JIECMEHTH.

[TocnenoBarenHo B MyONMKAIMOHHH MaTEpHajid, TPEACTABEHH KaTo paBHOCTOWHH Ha
MOHOTpadHuyeH TpyJ, ca pas3riieJaHd eIeKTPOMArHUTHUTE TPOIIECH U OCOOCHOCTUTE TIPU Pa3IMIHH
paboTHU pexxuMmu Ha faelictBuero Ha pesoHaHcHus LLC DC/DC mpeoOpa3yBaren ¢ KamalUTHBEH
u3xozeH GpuiThp. [IprmoskeHn ca Ba Moaxo/1a 3a MaTeMaTHUECKH aHaIM3 Ha MPOIIECUTE B CXEMHATa
KOH(UTrypanus — aHaJIu3 110 METO/1a Ha II'bPBUS XapMOHUK M aHaJIM3 10 MeTo/1a Ha (pa30BaTa paBHUHA.
AHanu3uTe ca HapaBeHU NpPU MPUEMAHETO, Y€ KOePUIMEHThT Ha TpaHcpopmaius k=1, Bcuuku
€JIEMEHTH B CXeMara ca UJeallHi, CUJIOBUTE MPUOOPH Ce MPEBKIOYBAT MUTHOBEHO, a MyJICALIMUTE Ha
3aXpaHBalIOTO W W3XOJHOTO HAIMPEXKEHHS ca MpeHeOpekuMo Maiku. M3BereHH ca aHATUTHYHU
3aBHCUMOCTH, KOMTO ca 00OOIIEHU M CBEAECHU J0 BIUSHHUETO Ha CJIEJHUTE OCHOBHU BEIWYMHU —
OTHOIICHUETO MEXAy mapajienHata Lp m mocnemoBarenHara Ls muayktuBHOCcTH @ (a=Lp/Ls) B
TPENTAIINS KPBI' M YECTOTHUS KOSPHUIMEHT V (OTHOLICHUETO MEXIY YIpaBisgBalllaTa 4ecToTa ws U
pE30HAaHCHATa YeCTOTa o Ha TOCIeAOBAaTeNHUS Kpbr). M3cinenBaHo € BB3ACHCTBHETO Ha TE3U
napaMmeTpu Bbpxy pabotara Ha pezoHaHcHUsI LLC npeoGpa3yBaren, KaTo ca IpernopbyaHu IpaHULIN
3a u300p Ha TexXHHTE CTOWHOCTH. MmiocTpupaHu ca ¢ BpeMeAuarpaMu U rpadukd H3XOJHH,
pPETYTUPOBBYHN W TOBAapHH XapaKTEPHCTUKH, TOJIYYEHH IO JBara MeTona. llpemnoxenun ca
METOAMKH 3a mpoekTtupane Ha pezoHaHcHusi LLC DC/DC mnpeoOpasyBatein, 06a3upaHu Ha JBaTa
METO/Ia 3a aHaJiW3, KOWTO Ca TMPOBEPEHH 4Ype3 KOMIIOTHPHU CHUMYJIAUd W EKCIEPUMEHTATHU
pe3yiTaTu.

W3cnenBanusita ¥ TONydeHWTE pE3yJNTaTH B MPEIACTaBEHUTE, KaTO pPABHOCTOWHM Ha
MOHOrpaduyeH Tpyn, NMyOJIMKAIMOHHM MaTepHajd MoraT Ja C€ CHUCTeMaTH3UpaT B CIETHHUTE
HaIpaBJICHUS:

I1.1. Ananu3s, MojenupaHe U NPOEKTHpaHEe Ha eNEeKTPOMArHUTHUTE IpolecH B pe3oHaHceH LLC
DC/DC mpeoOpasyBaren ¢ KanmaldTHBEH W3XOJE€H (UITHP, B YCTAHOBEH PEXHM, IO METO/a Ha
IbPBUS XapMOHHMK — mmyonukanuu [B.4.1], [B.4.2], [B.4.3], [B.4.4].

I1.2. Ananu3, MojenupaHe W MPOCKTUPAHE Ha EJIEKTPOMAarHUTHUTE Tporecu B pe3oHaHceH LLC
DC/DC npeoOpa3yBaTen ¢ KamalMTUBEH U3XOACH (QUATHP MO MeToaa Ha (pazoBaTa paBHHMHA —
nyonukanuu [B.4.5], [B.4.6], [B.4.7], [B.4.8], [B.4.9], [B.4.10], [B.4.11] u [B.4.12].



11.1. AHAJIM3, MOJEJUPAHE U IPOEKTUPAHE HA PE3OHAHCEH LLCDC/DC
MPEOBPA3YBATEJI C KAMIALIMTABEH U3XOJEH ®UITHP, B YCTAHOBEH PEJKHWM, 110 METOJA HA
IIbPBUSI XAPMOHHK

B.4.1. Vuchev, A. S., T. Gr. Grigorova, I. P. Maradzhiev, "A Unified Analysis of LLC Resonant
DC/DC Converter with Capacitive Output Filter”, 10th National Conference with International
Participation, ELECTRONICA 2019 - Proceedings, Sofia, Bulgaria, 2019, pp.1-4, doi:
10.1109/ELECTRONICA.2019.8825604, ISBN: 9781728136226 /Scopus, SJR=0.11 (3a 2020)

B mactosmata myOnukanuss € pa3paboTeH 0000mIeH MaTeMaTU4YecKd aHallu3 Ha
€JICKTPOMAarHUTHHTE Tiporieck B MOCTOB pe3oHanceH LLC DC/DC npeoOpa3yBaten ¢ KamamuTHBEH
U3XOJIeH (PUATHp, 1O METOJa Ha ITbPBHS XapMOHHK, ONMHMCBAI IIENTUsS JAUANa30H Ha U3MEHEHHE Ha
paboTHara yectoTa. B pe3ynrar Ha aHanu3a ca MOJy4yeHU 3aBUCUMOCTH 32 OCHOBHH BEJTMYMHH, UPE3
KOHMTO MOTaT J1a C€ ONPEAEIAT IPAaHUIIUTE HAa PAOOTOCIIOCOOHOCT Ha MpeoOpazyBaTess Py 3ana3BaHe
Ha YCJIOBUATA 32 MEKa KOMYTallusi Ha TpaH3UCTOpUTE B cxemara. [IpeacraBeHuTe 3aBUCUMOCTH ca
CBEIEHU [0 BB3JCHCTBHETO HAa OTHOIICHHETO MEXIYy IMapajeliHaTa MW I[OocJelIoBaTeIHaTa
WHAYKTUBHOCTH @ U Y€CTOTHUS KOS(DUIIUEHT V.

[TocTpoenn ca HOpMATH3UPAHH U3XOTHHU XapaKTEPUCTUKH, TIPH CUITHO IIPOMEHSIIN Ce TOBAapH, 32
pa3jMYHd CTOMHOCTH Ha YECTOTHUA KOE(PUIIMEHT V TMpH MapaMeTbp OTHOLICHHETO MEXIy
UHAYKTUBHOCTUTE B cxemara Ha LLC mnpeoOpa3yBatens. B mpolieca Ha mNpoekTHpaHE Te3H
XapaKTepUCTUKU MoAromaraT JepUHUPAHETO Ha HOMMHaiHara paborHa Touka Ha LLC
npeoOpasyBaTeis P ChIVIACYBAHETO C KOHKPETEH peajicH TOBap.

M3Benena e aHalWTHUYHA HOpPMalu3MpaHa 3aBUCHUMOCT 3a HM3XOJHUS TOK, JOKa3Balla 4e €
BB3MOXKHO MPU OMpeJIeleHa CTOWHOCT Vhound HA YECTOTHHS KOS(DUIIMEHT V, TPeoOpa3yBaTesT Ja uMa
MOBE/ICHWE Ha M3TOYHUK Ha TOK. /[oka3zaHo e, 4e B TO3U Cly4yaill HOPMAIM3UPAHUAT U3XOAEH TOK
3aBHCH €IWHCTBEHO OT OTHOIICHHWETO MEXAY HHIYKTHBHOCTHUTE. Bb3 OCHOBa Ha MpEICTaBEHUTE
HOPMAaJIM3UPAaHU M3XOJHHU XapaKTEPUCTUKU ca OOCHJEHHM YCIOBHATA 3a paboTa Ha cxemara KaTo
MIOBHIIIABAII MJIM TIOHM)KaBaIll peodpa3yBaret, KakTo M Bb3HUKBAIIUTE KOMYTAIIHOHHN MEXaHU3MHU
[0 OTHOULIEHHE Ha TPAH3UCTOPHUTE B CXe€MaTa — KOMYTalus MpH HyJIEBO HampexeHue (ZVS) uiu
KoMyTaIus npu HyseB Tok (ZCS).

[TpenioskeHu ca aHATUTUYHU U3pa3H 3a MU3XOJHATa MOIIHOCT U ()a30BOTO OTMECTBAHE (P MEXKIY
HaNpe)XKEHUETO W TOKAa B MHBEPTOpPHATA YacT Ha cxeMaTa. Upes TiIX ca MOCTPOCHH HOPMAIM3UPaHU
XapaKTEepUCTUKH 32 pPa3IMYHU CTOMHOCTH HA YECTOTHUS KOCPHUIMEHT V, KaTo (YHKIUS Ha
HOPMAJIM3UPAHUSl H3XOJEH TOK, MNpH MapaMeTbp OTHOLIEHHETO MEXIY MWHIYKTUBHOCTUTE.
AHaIM3HUPaHO € BIMSHUETO Ha YECTOTHHUS KOS(UIIMEHT V BbPXY TAX. [loaydeHnTe 3aBUCIMOCTH Ha
($a30BOTO OTMECTBaHE ¢ JIaBaT MH(OpMaIMs HAa MPOEKTaHTa 32 KOMYTAI[MOHHUTE MEXaHU3MHU B
cXxeMaTa W CIIeIOBaTeHO 3a HaYMHA Ha yIpaBlIEHHWE HA CHUJIOBUTE TPAH3HCTOPH M 3a M300pa Ha
3alIUTHUTE OrpaHMYUTENHH rpynu. DopMynupaHu ca NpenopbKH, CBbP3aHU C KOMYTAl[MOHHUTE
MexaHu3mu B cxemara Ha LLC npeobpasyBartens.

B.4.2. Grigorova, T. Gr., A. S. Vuchev, I. P. Maradzhiev, "Output and Control Characteristics of an
LLC Resonant DC/DC Converter”, 10th National Conference with International Participation,
ELECTRONICA 2019 -  Proceedings, Sofia, Bulgaria, 2019, pp.1-4, doi:
10.1109/ELECTRONICA.2019.8825607, ISBN: 9781728136226/Scopus, STR=0.11 (3a 2020)

B Hacrosimara cratus, pazpaboreHusT B [B.4.1] 0000111eH MaTeMaTHUECKH aHaIN3, 10 METO/1a Ha
ObPBUSL XaPMOHHUK, Ha €JIEKTPOMAarHUTHUTE MpolecH B cxemara Ha pe3oHaHceH LLC DC/DC
npeoOpaszyBaTell ¢ KanaluTHBEH M3X0/IeH QWITHD, € TOMBJIHEH KaKTO 110 OTHOIICHNE Ha N3XOTHUTE
XapaKkTEepUCTHKH Taka W Ha peryJupoBbUHUTE XapakTepucTuku. Llenrta Ha mnpencTaBeHUTE
M3CJIC/IBAHMS € JIa C€ OICHAT PEeTyIMpaIIiTe CBOMCTBA HA pa3TiekIaHHs IIpeodpa3yBaTed.

W3cnenBaHo € BIUSHHETO HAa OTHOIIEHHETO MEXIY HMHIYKTUBHOCTUTE & BBPXY H3XOIAHUTE
XapaKTepUCTHKH Ha CXeMmara, Karo TpaguyHO ca WIIOCTPHPAHW HOPMAIM3MPAHUTE W3XOIHU
xapakTepucTuk Ha MocToBus pezoHanceH LLC DC/DC npeoGpasysaten 3a a=1, a=3 u a=10 npu
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pa3IMYHU CTOWHOCTH Ha YeCTOTHHS KoepuiueHT v. OOchaeHa e XapaKTepucTHKara, AepuHupaa
rpaHMIaTa Ha paboTaTa Ha CXeMaTa MEX/1y IBaTa KOMYTAallMOHHH MEXaHN3bMa — paboTa Ipy HyJIEBO
HanpexeHue u HyseB Tok (ZCS — ZVS obnacture).

M3BesieHa e aHanMTHYHA 3aBUCHMOCT, Ype3 KOSTO ca MOCTPOSHU HOPMAU3HPaHU PEryJTUPOBBYHU
XapaKTEepUCTHKH Ha MpeoOpaszyBaress KaTo (QyHKIUS Ha HOpMaU3MpaHaTa CTOMHOCT HA TOBapHUS
PE3UCTOp MPH Pa3IMYHU CTOWHOCTU Ha OTHOIICHHETO MEXIY MHAYKTHBHOCTUTE (@=1, a=3 u a=10).
Ta3u 3aBUCUMOCT TO-TOYHO OTpa3sBa (U3MYHATA CHIIHOCT HAa pPa3BHBALIUTE CE€ IPOLECH B
npeoOpa3yBaTens, Thil KaTo ChIPOTUBICHHETO HA TOBapa MHTYUTHBHO CE CBHP3Ba C HATOBAPBAHETO
B CXeMaTa. AHaIM3MPAHO € BJIMSHUETO HA OTHOIICHHETO MEXAY HWHAYKTHBHOCTHTE BBPXY
PEryIMpOBBYHHUTE CBOICTBATa Ha CXemara M ca OOCHJCHHM KpHUTEpUH 3a Herosus usdbop. B
nyOJIMKanusaTa ca O4YepTaHd OCHOBHM CBOMCTBA HA CXeMaTa, CBbP3aHU C YIIPABJICHUETO MO YECTOTA.

Pesynrarure OoT TeOpeTHMUHMS aHANIW3 ca JOKa3aHW 4Ype3 CHUMYJIAIMOHHO M E€KCIEPUMEHTAIHO
u3cnenBane. [IpencraBeHuTe CpaBHUTEIHU JTAaHHU OT W3YUCICHH, CUMYJIUPAHU U €KCIIEPUMEHTAITHO
HOJIYYeHH Pe3yJTaTH, TOKa3BaT MPUEMIINBA, 3a HH)KCHEPHHU MPECMATAHUS, TOYHOCT Ha MOJTYIECHHUTE

AQHAJTUTHYHH 3aBHCUMOCTH.

B.4.3. Vuchev, A.S., T. Gr. Grigorova, |. P. Maradzhiev, "Investigation of an LLC resonant DC/DC
converter with a capacitive output filter, Part | - Load Characteristics”, 28th International Scientific
Conference Electronics, ET 2019 - Proceedings, Sozopol, Bulgaria, 2019, pp.1-4, doi:
10.1109/ET.2019.8878327, ISBN: 9781728125749/Scopus, SJR=0.11 (3a 2020)

Ilenra Ha mpeacTaBeHWTE HU3CIEABaHUS € Ja C€ M3BeJaT AHAJUTHUYHU 3aBUCUMOCTH 3a
OTIpe/IeNITHETO Ha TOKOBETE MIPEe3 CUIIOBUTE MPUOOPH U eIEMEHTHUTE Ha pe3oHaHcHaTa Bepura Ha LLC
DC/DC mnpeobpasyBateisi ¢ KalmaluTABEH U3X0JIeH QWITHP, HA 0a3ara Ha pa3paborenus B [B.4.1]
0000111eH MaTeMaTHYeCKU aHallu3 [0 METO/Ia Ha IbPBUS XapMOHHK.

M3BeneHa e aHaITMTUYHA 3aBUCUMOCT 32 €(peKTHBHATa CTOWHOCT Ha TOKA Mpe3 MOCIeI0BaTEIHATA
WHJIYKTUBHOCT, B OTHOCUTEJIHH €IMHULIH, Bb3 OCHOBA HAa KOATO Ca IMOCTPOCHH CEMEWCTBO TOBApHU
XapaKTepUCTUKU KaTo (PYHKUMS OT HU3XOJHUS TOK 3a pa3IMYHU CTOMHOCTH Ha YECTOTHHS
KOC(QUIIMEHT V MPH MapaMeThbp OTHOILEHUETO MEXAY MHIYKTUBHOCTHTE. 3aBUCUMOCTHTE MTOKa3BaT,
ye 3a JMarna3oHa Ha U3MEHEHUE Ha HAaTOBAapBaHETO, B KOMTO € HalMIle KOMYTallMs MpU HYJIEBO
HanpeXXeHUe, TOKBT Mpe3 WHAYKTUBHOCTTa BUHATM MMa HEHyJeBa CTOMHOCT. C MOMOIITa HA Te3H
TOBapHU XapaKTEPUCTUKH c€ 00CHKIAT BaXKHU CBOWCTBA HA CXEMara.

[IpennoxkeHn ca aHAJIUTUYHM H3pa3d 3a CIEJHUTE OCHOBHU €JIEKTPUYECKH BEIWYMHH, B
OTHOCHUTEIIHU €IMHUIM: CPEIHAa CTOMHOCT Ha TOKa Mpe3 TPaH3UCTOPUTE; CpeHa CTOMHOCT Ha TOKa
pe3 aHTUIApAJIETHUTE TUOIN; CPEeIHA CTOWHOCT Ha TOKA, KOHCYMHUPAH OT 3aXpaHBallisl H3TOYHHUK;
CpelHa CTOMHOCT Ha TOKa IMpe3 AMOJUTE Ha U3MpaBUTENs W MaKCUMalHaTa CTOWHOCT Ha
HANPEXKEHUETO BBHPXY IMOCIEAOBATEIHHUS KOHIEH3aTOp. 3a pekMMa Ha KOMYTAlMs MPU HYJIEBO
HarnpesxxeHue (ZVS), rpadpuyHo, ca WIIOCTPUPAHW HOPMAIU3MPAHU 3aBHCHUMOCTH Ha CpPETHUTE
CTOMHOCTH Ha TOKOBETE Mpe3 TPAH3UCTOPHUTE U OOpAaTHUTE TUOJM B MHBEPTOPHATA YacT Ha cxemaTa
Karo (YHKIUS OT H3XOJIHHUSA TOK NpU IapaMeTbp OTHOLIEHHETO MEXIy WHAYKTUBHOCTHTE 3a
pa3IMYHU CTOMHOCTH Ha 4YeCTOTHHSI KoeduiineHT v. [IpenctaBeHuTe pe3yntaTi MOTBbPKAABAT, Ue 3a
U3CIIeIBaHMs PEXXHUM, TOKOBETE Mpe3 TPAH3UCTOPUTE MMAaT HEHyJeBU cTOWHOCTH. OCBEH TOBa ce
3a0es13Ba, ue TOKOBETE MPe3 eIEMEHTUTE MOTaT J1a UMaT 3HAYUTEITHH CTOMHOCTH, OPH U TPU MATKU
HATOBApBaHUs, 32 YECTOTHU KOe(UIIMEHTH, OMU3KH 0 TPAHUYHA CTOMHOCT Vhound, MPU KOSTO
npeoOpaszyBaTeNsIT UMa XapakTep Ha M3TOYHHMK Ha TOK, YBEITMYABAMKYU 1O TaKbB HAYMH 3aryOUTE B
cxemara. AHaMM3bT Ha TMPEJACTABEHUTE TOBApHM XapaKTEpPUCTUKHU IIOKa3Ba JHUarna3oHa Ha
HATOBapBaHe, B KOWTO € Bb3MOXKHA pad0oTa B PE)KUM Ha KOMYTAIIHS C HYJIEBO HAIIPEIKEHUE.



B.4.4. Grigorova, T. Gr., A. S. Vuchev, I. P. Maradzhiev, "Investigation of an LLC resonant DC/DC
converter with a capacitive output filter, Part I1-design considerations™, 28th International Scientific
Conference Electronics, ET 2019 - Proceedings, Sozopol, Bulgaria, 2019, pp.1-4, doi:
10.1109/ET.2019.8878657, ISBN: 9781728125749/Scopus, SJR=0.11 (3a 2020)

Llenta Ha mOpeACTaBEHUTE H3CIEABAHUSA € pa3padOTBaHETO HA METOJMKAa 33 HWHXKEHEPHO
npoektupane, Ha pe3onanceH LLC DC/DC npeobpasyBaten ¢ KamaluTHBEH U3X0JeH GUITHp, MpH
peryivpaHe Ha H3XOJHaTa MOIIHOCT 4Ype3 MpoMsiHa Ha paboTHaTa dYecToTa, OCHOBaHA Ha
AHAUTUTUYHHUTE U3pa3y, MOJIYUYCHHU 110 METO/Ia Ha IbPBHsI XapMOHHUK. OOCHKIAT Ce Pa3TUYHU aCTICKTH
OTHOCHO HM300pa Ha OTHOILIEHUETO MEXAY UHAYKTHUBHOCTUTE B CXeMaTa KaTo YECTOTEH JMaIa3oH Ha
pabota, CTOMHOCTH Ha TOKa MpU 3alyIIBAHETO HA TPAH3UCTOPUTE U JIp. AHAIM3UPAHU Ca YCIOBUSATA
3a MOJIydyaBaHE Ha KOMYTalus HpH HYyJIEeBO HampexeHue (ZVS), KakTo U Bb3MOXKHOCTTA 3a
u3noia3BaHe Ha ZVS apaiiBepu, MO3BOJSBAIM padoTa ¢ MEKa KOMYTallMsl B IIMPOK JUAIa3oH Ha
IIpoMsiHa Ha ToBapa. MeToaukaTta 3a NPOEKTHpPAaHE C€ OCHOBAaBa Ha 3aJaJCHH CTOMHOCTH 3a
U3XOJHAaTa MOUIHOCT, W3XOJHOTO HalpeXeHne u padorHata uyectota. Cnenupukara Ha
MPEJIOKEHOTO MPOCKTUPAHE €, Y€ B HEroBaTa OCHOBA € M300PHT Ha YECTOTHUS KOS(DUIUEHT U
OTHOIIIEHUETO MEXAY HWHIYKTUBHOCTUTE. [IpoekTupaHeTo ce wu3BBpIIBA Karo ce u3dupa
npeoOpaszyBaTeT Ja paboTy B TOUKAaTa C MaKCUMAaJIHA U3X0JIHA MOITHOCT.

Bb3 ocHOBa Ha mpejuioKeHaTa METOAMKA Ca W3BEIEHU aHAJMTUYHU H3pa3u, upe3 KOUTO ce
M3YUCIISABAT CTOMHOCTUTE HA TACUBHUTE €JIEMEHTHU B TPENTAIIUS KPBI' C TPH PEAKTHUBHU €JIEMEHTa OT
tun LLC, kakTo 1 BCHYKH TOKOBO-HAIPEKUTEITHU H3UCKBAHUS KbM aKTHBHHUTE U ITACHBHU CJICMEHTHU
B CXeMarTa.

Bb3 ocHOBa Ha MOJIyYEHUTE 3aBUCUMOCTH € MPOEKTUPAH, CUMYJIAIMOHHO M E€KCIEPUMEHTAIHO
tecTBaH noinymocToB pe3zoHaHceH LLC DC/DC mnpeoGpasyBaren. IlpoBeaeHutre KOMIIOTHPHU
CUMYJIALIMM M EKCIIEPUMEHTAJIHU HW3CJICIBAaHUS TOTBBPKIABAT, Y€ INPEACTaBeHaTa WHKEHEPHA
METO/IMKA 32 MPOEKTUPAHE OCUTYpsIBA IPUEMIIMBA TOUHOCT Ha MOJYUYEHUTE PE3YNITATH.

11.2. AHAJIN3, MOJIEJIMPAHE M IPOEKTUPAHE HA EJJEKTPOMATHUTHUTE IPOIIECH B
PE3OHAHCEH LLC DC/DC NPEOBPA3YBATEJI C KATTAIIUTUBEH U3XOJEH ®UITHP IO METOJA
HA ®A30BATA PABHMHA

B.4.5. Vuchev, A. S., T. G. Grigorova, "A Study of the Boundary Modes of an LLC DC/DC
Converter Operating above Resonant Frequency,” 2020 X1 National Conference with International
Participation (ELECTRONICA), Sofia, Bulgaria, 2020, pp.1-4, doi:
10.1109/ELECTRONICA50406.2020.9305102/ Scopus / WoS

[TpunoxeHneTo Ha METO/1a Ha OCHOBHHSI XapMOHHUK 3a aHAJIW3 Ha eJIEKTPOMArHUTHUTE MPOLIECH B
pesonancuust LLC DC/DC npeobpasyBaten ¢ KanallMTUBEH U3XO0JeH (PUITHp, ce XapaKTepusupa c
yJIOBJIETBOPHUTEIHA 32 PAKTUKATa TOYHOCT, OOMKHOBEHO B 00JIACTTa Ha FOJIEMUTE HaTOBAPBaHMS Ha
npeoOpaszysaterns. C HaMalsiBaHE HA HATOBAPBAHETO OTHOCHTEIHUTE TPEIIKH NPH MPHIIaraHeTo Ha
METO/1a Ha IbPBUS XapMOHUK Morar Ja ObJaT 3HaYUTEJHU.

[lenta Ha HacTosmiaTa paboTa e aHanuzupaHeTo Ha paborata Ha LLC DC/DC npeobpasyBarens,
paboTel Ipu YeCTOTH MO-BUCOKU OT PE30HAHCHATA, B TPAHUYHUTE PEKUMH Ha MPa3eH X0 U KbCO
ChEIMHEHNE, C TIOMOIITa Ha METOo/1a Ha ha3oBaTa paBHWHA. MeTONBT HATJIETHO OTIMCBA N3MEHEHHSITA,
€/IHOBPEMEHHO, Ha TOKa B PE30HAHCHATa BEpUIa M CJIEOBATEIIHO HA TOKa Mpe3 TPAH3UCTOPUTE U
AUOJUTE, HAIIPCKCHUCTO BBHPXY KOHACH3ATOpPAa MW CICKTPUUCCKAaTa CHEPruda, CbXpaHsABaHa B
pe3oHaHCHaTa Bepura. [IpoMeHIMBUTE Ha CHCTOSHUETO Ca HOPMAJIM3UpPAHUTE HampexeHue U'cs
BbpXy KoHIeH3aropa Cs u TOK I'Ls Tpe3 mocienoBaTenHata WHAYKTHBHOCT Ls. Paborara Ha
npeoOpa3yBaTelisi € MIIOCTpUpaHa OIlle ¢ TPaeKTopusATa Ha mM300pa3sBaliaTa To4dka BbB (pasoBaTa
paBauHa (X= U'cs, y=1'Ls).

Omnucanu ca eleKTpOMarHUTHUTE MPOLIECH BHB BCEKU €IWH paboTeH MHTepBal. M3BeneHu ca
AQHAJIMTUYHN HOPMAJIM3MPAHU 3aBUCHMOCTH, Ype3 KOUTO C€ ONMPEAEIAT TOJIEMUHATa HA M3XOJHOTO
HAITPCIKCHUC IIPU TPa3CH X0 U I'0JICMHUHATA Ha U3XOAHHW TOK IIPU KbCO ChbEANHCHUC. HpeI[CTaBeHI/ITC
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3aBUCHUMOCTH Ca CBEJICHH JO BB3JICHCTBUETO HA OTHONICHUETO MEXAY MapalielHara Hu
TIOCJIeIOBAaTEIHATA WHAYKTUBHOCTH W YECTOTHHS KOC(MUIMEHT V, aHAJOTHYHO HAa TOJXOHa IPH
aHaJM3a 10 METOja Ha IIbPBUS XapMOHHUK. [IpencTaBeHn ca CpaBHUTEIHH JAHHH OT M3YUCIICHH U
CHUMYJIAIIMOHHU pe3yaTaTu. 3a0elsi3Ba ce MHOTO 1000 ChBIAICHUE MEKIY TAX, KATO OTHOCUTEIIHATA
rpeiika ¢ B paMkute Ha 1-6%.

B.4.6. Vuchev, A. S., T. G. Grigorova, "State Plane Analysis of an LLC DC-DC Converter
Operating above the Resonant Frequency,” 2021 12th National Conference with International
Participation (ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513704. / Scopus

OcHOBEH 1po0JIeM MpH MPUIIATaHETO Ha MEeToJIa Ha (ha30BaTa paBHUHA 33 aHAJIM3 HA PE30HAHCHU
npeoOpa3yBaTesid € OINPEISNITHETO Ha HAYaJIHUTE YCJIOBHS Ha AU(EpPEHIMATHUTE YpaBHEHHUS,
OIMCBAIIM TPOIECUTE B pPE30HAHCHATa Bepura. B HAKOM Ciydad, PEIICHHETO Ce ThPCH 4pe3
HN3YUCIICHUSA, 4 B APYT' aHAJTUTHYHO. B HacTod1ara Ctatus € IMPEAJIOKCH MAaTCMAaTHUYCCKU aHAJIM3 Ha
esiekTpoMarHuTHuTe mpoueck B pesoHanceH LLC DC/DC npeobpasyBares, paboTell Ipy YeCTOTH
HO-BHCOKHM OT PE30HaHCHATa, OCHOBaH Ha MeTo/a Ha (a3oBara paBHMHA. V3BeneHu ca m3pasu 3a
orpesiesiHe Ha HayaJHUTE YCIOBUS Ha AM(EpEHIMATHUTE ypaBHEHHs, MOICIHUPAIIH POIECUTE B
HaTpynBamiara Bepura Ha pe3onancHus LLC DC/DC npeobpasysatein. [lomydeHnTe 3aBHCHMOCTH
MOratT Ja C¢ W3IOJ3BaT IPH H3YHCIIIBAHETO HA TOKOBETE MPE3 CHJIOBUTE MPUOOPH M M3XOIHATA
Bepura. Te3u pesynratu ca OT OCOOEHA BaKHOCT, KaKTO 3a W3CIICABAHETO HA IMOBEICHHUETO Ha
npeoOpa3yBaTes, Taka U 3a HErOBOTO MPOEKTHPAHE.

B.4.7. Grigorova, T. G., A. S. Vuchev, "Output and Control Characteristics of an LLC DC-DC
Converter Operating above Resonant Frequency based on State Plane Analysis,” 2021 12th National
Conference with International Participation (ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513660. / Scopus

B HacTosmaTa cratus ce u3BeXKIaT AaHATUTUYHH 3aBHCUMOCTH, OCHOBAaHHU Ha aHAJIN3a 110 METO/Ia
Ha (azoBaTa paBHMHA, HA OCHOBHU BEJIMYWHH, OT KOMUTO 3aBUCH H300pBHT Ha E€IEMEHTHUTE IpH
npoektupanero Ha LLC DC/DC npeo0Opa3yBatersi, ©3X0AHATa ¥ PETryTHPOBbYHATA XapPaKTCPUCTHKH.
Pa3zpaboTeHusT MaTeMaTHYecKn aHaJIM3, ONMKCBA paboTaTra Ha cXxeMaTa MPH YeCTOTH TO-BUCOKH OT
pe3oHaHcHara. lV3BeneHa € aHaIMTUYHATA 3aBHCHMOCT 32 M3XOJHUTE XapaKTEpUCTHKH Ha
npeoOpa3yBatenss Karo (YyHKIOUS Ha YECTOTHUS KOS(QHUIMEHT V H OTHOLICHHETO MEXIY
UHAYKTUBHOCTHTE @. B rpaduuen Buj ca npencTaBeHn HOPMaIU3UPAHUTE U3XOAHU XapaKTePUCTUKU
IPY IapaMeThp OTHOLICHUETO M1y MHAYKTHBHOCTUTE (¢=1, a=3 1 ¢=10) 3a pa3nuyHu CTOWHOCTH
Ha 4eCTOTHMs KoepuiueHT v. Ha cbiuTe Gurypu ¢ myHKTHpaHU JMHUU Ca MOKa3aHU M3XO/JHUTE
XapaKTepUCTUKUTE, TOJyYEHH Ype3 METO/a Ha ITbpBaTa XapMOHUYHA, 00ch/ieH B [B.4.2]. Jloka3Ba ce,
4e MpH MalKO HATOBapBaHE OTHOCHUTEIHUTE TPEMIKK Tpu AePUHUpAHETO Ha M3XOIHUTE
XapaKTEepUCTHKH, Ype3 METO/1a Ha ITbpBaTa XapMOHMYHA, ca 3HaUuTeNNHU. [IpefcraBeH e cpaBHUTENEH
aHaJIM3 U Ha HOPMAJIM3UPAHNUTE XaPaKTEPUCTUKH HA U3XOHATA MOIIHOCT MIPH PA3IMIHA CTOWHOCTH
Ha YECTOTHHS KOe(DUIIMEHT vV, TIOJY4YEeHHU M0 MeTo/ia Ha (a3oBaTa paBHUHA M 110 METO/A Ha IIbpBaTa
xapMOHWYHA. VI B TO3W cily4all OTHOCHTEITHHUTE TPEIIKA MEXIY XapaKTEPUCTHKUTE, MOTYyYSHH I10
JIBaTa METO/A, Ca 3HAYUTEIHH [IPU MAJIKO HAaTOBapBaHe.

ChIIHAT MOIXOJ € MPUIIOKEH H 110 OTHOIIIEHUE Ha PEryIMPOBBYHUTE XapaKkTepuCTHKH. | paduaro
ca IpeJICTaBeHN HOPMAJIM3UPAHUTE PEryIMPOBbUHU XapaKTEPUCTUKHU, U3BEICHH Upe3 IBaTa METO/1a,
IIPY ITapaMeThp OTHOMICHUETO MEX Ty HHIYKTUBHOCTUTE. J0Ka3Ba, 4e ¢ yBelM4aBaHe Ha CTOWHOCTTA
Ha TOBapa pa3jinKaTa MeX/Jy XapaKTepUCTUKHTE, ITOJyYSHH IO BaTa METO/a CTaBa 3HAUUTEIIHA.

B crarusita ce mpencTaBAT MONyYeHHTE, NMPH MpHUIaraHeTo Ha MeTojaa Ha (a3oBara paBHUHA,
HOPMAJIM3UPAHU aHAJIMTUYHM 3aBUCUMOCTH 3a CpeJHATa CTOHHOCT Ha TOKa Mpe3 TPAaH3UCTOPHUTE U
npe3 aHTUHapagesTHuTe A1o1u. Bb3 0CHOBA Ha TAX ca MOCTPOSHU HOPMAJTU3UPAHH 3aBUCHMOCTH Ha
TE3W BEIWYMHM KAaTo (PYHKIUS Ha M3XOMHUS TOK IPH CTOMHOCTH HAa OTHOLICHHETO MEXIY



UHAYKTUBHOCTHTE @=3 U a=10 3a pa3nIu4yHM CTOMHOCTH Ha 4ecTOTHHs KoeduuueHT. [Ipeacrasen e
aHaAJIN3 HA MTOJIyYEHUTE PE3yNTATH.

B.4.8. Grigorova, T., A. Vuchev and S. Vuchev, "A Design Methodology for an LLC DC-DC
Converter Operating above the Resonant Frequency," 2021 XXX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2021, pp. 1-4, doi: 10.1109/ET52713.2021.9579695. / Scopus

LlenTa Ha HacToOsIIIATa CTATHSI € pa3padOTBAHETO HA METOHKA 32 MPOeKTUpaHe Ha pe3oHancen LLC
DC/DC mnpeoOpa3yBaren, 0a3upaHa Ha MPEIU3HUS AHATW3 HA CIIEKTPOMATHUTHUTE TMPOIECH B
cxemara, M3IoJ3Bal MeToaa Ha (a3oBaTa paBHHHA. [IpeoOpasyBaresnar paboTu Mpu YECTOTH IO-
BUCOKH OT OCHOBHATa PE30HAHCHA YECTOTA, a PETyIUPAHETO HA U3X0JHATA MOLTHOCT CE OCHILECTBSIBA
Yype3 IPOMsIHA Ha yIpaBisiBallaTa 4ecToTa.

PazpaborBanara nnxxeHepHa mMeToiMka 3a npoektupane Ha LLC nmpeoOpa3yBaress ce OCHOBaBa
Ha CJEJHUTE BXOJHHU IapaMeTpH: M3XOJHATa MOILHOCT, M3XOAHOTO HalpekeHhe U padoTHaTa
yecroTa. V3BeneHN ca aHAIMTUYHNA HOPMAJM3UpPaHU 3aBUCHMOCTH 32 MaKCHMallHAaTa CTOWHOCT Ha
TOKa Mpe3 TPAaH3UCTOPUTE M MAaKCHMaJlHaTa CTOMHOCT Ha HANPEKEHHETO BbPXY MOCIEI0BATECIHHS
KoHzeH3aTop. Crenudukara Ha MPEATIOKEHOTO TPOSKTHPAHE € U300PHT Ha YECTOTHUS KOS(PHUIIMEHT
U OTHOILIEHHETO MEXy HHAYKTUBHOCTHUTE, KaTo IIpeoOpa3yBaTesaT paboTH B TOUKaTa C MaKCHMaJlHa
U3XOJHa MOIIHOCT, AHAJIOTMYHO Ha IOAXO0Ja, W3IOJI3BAaH IPH CHhCTABIHE HAa METOJMKATa 3a
IPOEKTHpaHe, OCHOBaHAa Ha aHajlu3a I0 METOJAa Ha OCHOBHHUS XapMOHHMK. lIpencraBeHu ca
AQHAJTUTHYHHU M3Pa3d, Ype3 KOUTO C€ U3UYMCISBAT CTOMHOCTUTE HA MOCJEIOBATEIHUS KOHIECH3ATOP,
1ocje10BaTeHaTa U napaneaHaTta MHIyKTUBHOCTU. OOChH/IEH € aJITOPUTHMbT Ha IIPOEKTUPAHETO.

Bb3 ocHOBa Ha peryIMpoBbUYHUTE XapaKTEPUCTUKU Ha IpeoOpa3yBareis, 3a pexkKUM Ha paboTa Ipu
YEeCTOTU MO-BUCOKHM OT PE30HAHCHATA YECTOTa, C€ OOCHKJa BIUSHUETO HA OTHOIIEHUETO MEXIY
WHIYKTHBHOCTHTE BbpPXY pabota Ha cxemara. [Ipy Manku cTOMHOCTH, U3XOTHOTO HAIPEKEHHUE € TI0-
YYBCTBUTEIHO KbM H3MEHEHHETO Ha yecToTa. Ilo-rojgemMure CTOWHOCTH Ha OTHOLIEHHUETO MEXAY
WHIYKTHBHOCTHTE BOJAT [0 yBENMYaBaHE Ha WHIYKTHBHOCTTa Ha HaMarHUTBaHE Ha
Tpanchopmaropa. Karo crnenctBue ce cb3liaBa Mo-MalbK TOK Ha HAaMarHUTBaHE B I'bpBUYHATA
HaMOTKa Ha TpaHcopMaTopa, KOETO BOAM J0 MO-MaJIKH 3aryou oT Hamaruuteane. OT pyra cTpaHa,
IpU TOJeMHU CTOMHOCTHM Ha MHIYKTMBHOCTTa HAa HAaMarHUTBAaHE, MOXE CE€ HapyIId PEKUMBT Ha
KOMYTallus IIPpU HYJIEBO HalpeXeHHe Mpu rnpa3eH xoa. OOMKHOBEHO ce MpernopbuBa Ja ce paboTu
IIPY OTHOUIEHUETO MEKIY MUHAYKTUBHOCTUTE a = 3+10.

C m3uncnenute eneMenTu e npoektupan moctoB LLC DC/DC npeoGpa3oBaren u ca NpoBEAECHU
CHMYJIAI[MOHHU W3CleBaHus, nocpeactBoM cumyinaropa OrCad PSpice, kouto moTBbpkaaBar ¢
MHOT'O BHCOKAa TOYHOCT HAIPaBEHOTO MPOEKTHpaHEe, KaTO OTHOCHUTEIIHATA TPElIKa € B rpaHunure 1-
2%. Pa3nukuTe ca OCHOBHO OT MOJEIMTE Ha W3IMOJI3BAaHUTE IOJYIPOBOAHUKOBU €JIEMEHTH H
HAJIMYMETO Ha 3aIIUTHA KOH/IEH3aTOPH B CUMYJIAIIMOHHATA CXEMa.

B.4.9. Vuchev, A. S., T. Gr. Grigorova and S. A. Vuchev, "RMS Current Values inan LLC DC-DC
Converter Operating above the Resonant Frequency,"” 2021 XXX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2021, pp. 1-6, doi: 10.1109/ET52713.2021.9579989. / Scopus

B HacTosmaTa craTusi € npeAcTaBeH alropuThM, OCHOBaH Ha MeToJa Ha (pa3oBaTa paBHUHA, 3a
U3BEX/IaHETO HAa aHAJMTUYHU U3Pa3u 3a €(PEKTUBHUTE CTOMHOCTH HA TOKOBETE MPE3 €JIEMEHTHTE BbB
Bepurata Ha pe3oHancHus LLC DC/DC mpeoOpasyBaren npu paboTa ¢ Haape30HAHCHA YECTOTA.
ToBa e MoAMOMOTHE B ITBJIHA CTETICH MPOCKTUPAHETO, KAKTO M ONPEACITHETO Ha e(heKTHBHOCTTA
Ha Te3M npeoOpazyBarenu. B rpaduueH Buja ca mpencTaBeHH HOPMAJIM3UPAHUTE 3aBUCUMOCTH Ha
e(peKTUBHATA CTOMHOCT Ha TOKa Mpe3 WHAYKTUBHOCTTA B MOCIIEIOBATEIHHS KJIOH Ha pE30HAHCHATA
Bepura KaTo (pyHKIUS Ha U3XOAHUS TOK, OJIYUYEHH 3a e/IHa U ChIl[a padOTHA YECTOTa, HO 3a Pa3IMuHU
OTHOLICHUS MEXy MHAYKTUBHOCTHTE (a=1, a=3 u a=10). B3 ocHOBa Ha Te3U XapaKTEPUCTUKHU CE
JI0Ka3Ba, ue e(peKTUBHATa CTOMHOCT HAa TOKAa HApacTBa C HAMaJsBaHE HAa OTHOLICHHUETO MEXIY
WHIYKTUBHOCTUTE. To3UM e(eKT € Hal-CHIHO u3pa3eH npu mpaseH xoxa. C yBennyaBaHe Ha



eeKTUBHATA CTOMHOCT Ha TOKa Ipe3 MOCcieI0BaTeIHaTa MHAYKTUBHOCT, HATOBAPBAHETO MO-cIa00
3aBHCH OT OTHOLICHUETO MEKIY NHIYKTUBHOCTHUTE.

I'paguuHo ca mnpencTaBeHM W 3aBUCHUMOCTUTE 3a €(EeKTHBHATa CTOMHOCT Ha TOKa IIpe3
MHAYKTUBHOCTTa B IapajeiiHus KiIoH. Te ca IMOoNy4eHHM NIpHU CBIIUTE YCJIOBUS KaTo TE3U 3a
eeKTuBHaTa CTOMHOCT Ha TOKa IIpe3 IOocie[oBaTelHaTa MHIYKTUBHOCT. M B To3u ciywail ce
II0Ka3Ba, Y€ e(eKTUBHATa CTOMHOCT Ha TOKAa HApacTBa C HAMAJSIBaHE HAa OTHOIIEHUETO MEXIY
UHAYKTHBHOCTHTE. Hali-roiemuTe pa3nuku ce HabIoaaBat npy IpaseH Xo/I.

W3cnensaHo € ¥ BIMSHUETO Ha pabOTHATa 4eCTOTa BbpPXY €()EKTUBHUTE CTOMHOCTH Ha TOKA IIpe3
IIOCIIEZI0BATENHATa U IIapajieHaTa MHIYKTMBHOCTH, KaTO C€a MIIOCTPUPAHU HOPMAIU3MPAHUTE
XapaKTEPUCTUKH MPH NapaMeThp OTHOLIEHUETO MEXly MHIYKTUBHOCTUTE. 3a0els3Ba ce OTYETINBA
pasiIuKa MEeX1y XapaKTCpUCTUKHTE, HE CaMO 3a IPa3eH XOJ, HO U IpU HaTtoBapBaHe. Moxe na ce
000011, ye epeKTMBHUTE CTOMHOCTH Ha TOKOBETE Npe3 JBETe MHIYKTMBHOCTH HapacTBaT IpHU
HaMaJIIBaHE Ha OTHOLIEHMETO MEXIY MHIYKTUBHOCTUTE M paboTHaTa uectora. To3u M3BOA JaBa
HACOKH 32 Bb3MOXXHUTE BapUAHTHU 3a HAMAJISIBAHE Ha 3aryOuTe B TE3U €JIEMEHTH.

AHaJIOTUYHO, B TpauueH BHJ, Ca MPEICTABEHN 3aBUCHMOCTHTE 32 €()eKTUBHUTE CTOMHOCTH Ha
TOKOBETE IIPE3 JABaTa KJIOHA Ha HATpylBalllaTa BEpUra M TOBapa, HO IOJIyYEHHU 3a €IHA U Chlla
paboTHa YecToTa, MPHU JABE Pa3IUYHU CTOMHOCTH HAa OTHOIICHUETO MEXAY MHAYKTHBHOCTHTE. Ha
chblUTe QUTYpHU Ca JAJCHH PE3YyJTaTUTE OT KOMIIIOTBPHU CUMYyJalMu. Bb3 ocHOBa Ha aHanu3a Ha
rpaduKUTE Ce MOKa3Ba, Y€ MpHU Mpa3eH X0oJl, ePeKTUBHATA CTOMHOCT Ha TOKA MPe3 TOBapa HE € HyJa
0Cc00€HO, KOraTo ChOTHOLICHUETO MEXAYy MHIYKTMBHOCTUTE € Majko. OCBEH TOBa TOKOBETE Ipe3
IIOCJICAOBATEHMS M IIapaeIHUA KIIOH HE Ca PaBHU IOMEXAY cU. ToBa HECLOTBETCTBHE € PE3yNTaT
OT JIOITyCKAaHEeTO, Y€ TOKBT Ha BX0/1a Ha U3MPaBUTEN € HelIpeKbcHAT. BebiHocT, 61130 10 pesxuma
Ha IIpas€H XO0J TOBa HE € TakKa Iopaau I[GﬁCTBHGTO Ha KamnanuTUBHHUA HN3XOICH q)HJIT’Bp
[IpencraBeHUTE TEOPETUYHUTE pE3YJITAaTH MHOIO TOYHO CBHBMNAJAT C TE3W OT KOMIIOTHPHH
cuMynanuu. Paznnuusara, KOUTo ce HabIroAaBaT B OJIM30CT O PEKUMA HA Mpas3eH XOJl, HaMaJsiBaT
IIPY HaMaJIsIBaHE HAa OTHOLIEHUETO MEKIY UHAYKTUBHOCTHUTE.

[TpencraBenu ca U 3aBUCUMOCTH Ha €PEKTUBHUTE CTOMHOCTH Ha TOKOBETE MPe3 TPAH3UCTOPUTE U
JMOJMTE B cXeMmara Ha mpeoOpa3yBaresns. Te ca MOJIy4YeHHU 3a elHa U chllla padOoTHA YeCcTOTa, HO 3a
JABC pas3JIMdYHU OTHOIICHUA MEKAY MHAYKTUBHOCTHUTC. HonyquHTe pe3yiTaTu €a CpaBHCHU C TaKMBa
OT KOMIIIOTbPHHM cuMyianuu. HaGmionaBa ce MHOro no0po ChbBMNAJEHHE, KOETO IMOTBBP)KIaBa
TOYHOCTTA HA TEOPETUYHOTO U3CIICBAHE.

B.4.10. Grigorova, T., A. Vuchev and S. Vuchev, "Loss Power Investigation in an LLC DC-DC
Converter Operating Above the Resonant Frequency,” 2021 29th National Conference with
International  Participation (TELECOM), Sofia, Bulgaria, 2021, pp. 141-144, doi:
10.1109/TELECOMb53156.2021.9659714. / Scopus/ WoS

N3BecTHO e, ue mpu paboTa Ha YECTOTH IO-BHCOKH OT PE30HAHCHATa TPAH3UCTOPHTE B
WHBEpTOpHaTa yacT Ha cxemata Ha pe3oHancHus LLC DC/DC npeobpa3yBaten pabOTAT B peXKUM Ha
MeKa KOMYTaIlis IPU HYJIEBO HampexxeHue — ZVS, a eleMeHTHTe BbB BTOPHUHUS TOKOU3IIPABUTEN
IpeBKIOYBAT pu HyjleB ToK — ZCS. ToBa 00CTOATENCTBO OCUTYpsSiBA MHOTO HUCKU 3aryou IpH
NPEBKIIOYBAHE Ha KIIOYOBUTE €IIEMEHTHU. B pe3ynarar Ha TOBa, OCHOBHUTE 3aryOM B KIIIOUOBHTE
€JIEMEHTH C€ SBSIBAT 3aryONTe IPU IPOBEKIAHE.

IlenTa Ha mpeaCTaBEeHUTE M3CIEABAHUS € aHAJIHW3 Ha 3aryOuTe NpH NMPOBEXIaHE B KIFOYOBHTE
enemenTH B cxemata Ha MmoctoB LLC DC/DC npeoOpa3yBaten. MaremMaTu4ecKusT aHanus ce 0a3upa
Ha MeToja Ha (a3oBara paBHHMHA, KAaTO CE€ pas3riexkaa paboTa HpU YECTOTH MO-BUCOKH OT
pe3oHaHcHara. M3cieaBaHeTo € HalpaBeHo MpHU pa3InyHU pabOTHH YECTOTH U MPOMSHA Ha TOBapa
OT TIpa3eH XOJa J0 KbCO ChelnHeHHe. Thi KaTo cxemara pabOTH IMPH YECTOTH TO-BHCOKH OT
pPE30HAHCHATA U CE OCHIIECTBSIBA KOMYTALUsl IPU HYJEBO HalpeXeHHe, 3aryouTe B TPaH3UCTOPA,
KOWTO C€ B3UMAT TI0J] BHUMaHHE ca 3aryouTe NpH TMPOBEKAAHE M 3aryOWTe NMpH M3KIOYBaHe. B
rpaduueH BUJA ca MOKa3aHU HOPMAJIM3MPAHHUTE 3aBUCHMOCTH Ha 3aryOuTe INpH IMPOBEXKIAaHE B
TPaH3UCTOpP, aHTUIAPAJIENIEH TUOJ U B MO OT M3MPaBUTENS BbB BTOPHYHATA CTpaHa Ha CXeMara,
IPU €JHO U CHII0 OTHOIICHUE MEX/Y WHAYKTUBHOCTHTE, HO pa3in4yHu padoTHH dectotu (v=1,15,
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v=1,3 u v=1,5). OGChaeHO € BIUIHUETO UM BbpPXY OOLIUTE 3aryOH B cxemaTa, Oe3 Jla ce OTYMTAT
3aryOuTe B yIpasisBalllaTa BEpUra Ha TpaH3UCTOPA.

B cbotBercTBHE ¢ U3cienBanusTa, npeacrasenu B [B.4.8] e mpoektupana cxema Ha moctoB LLC
npeoOpa3yBaTesl IpM HOMHUHaIHA pabOTHAa TOYKa, KOSTO CHOTBETCTBA HAa MAaKCUMyMa Ha
3aBHCUMOCTTA Ha MU3XOJHATa MOUIHOCT OT M3XOMHMS TOK. [10 Taka moidy4eHuTe MPOEKTHU JTaHHHU, B
cpenara nHa OrCAD Pspice e cp3magaen mozen. C HeroBa MOMOI ca MPOBEACHN HM3CIICABAHUS 3a
OTIpeieNIIHe Ha 3aryOuTe Ha MOIIHOCT B OTJICJIHUTE KJIFOUYOBH €JIEMEHTH U Ha K.IL.JI. Ha CXeMara npu
pasinyHM CTOMHOCTM HA HATOBApBAaHETO Ha mpeoOpasyBaTels, pa3iIMYHU CTOMHOCTH Ha
OTHOILICHHETO MEXAY HHAYKTUBHOCTHTE M Ha YEeCTOTHOTO oTHomeHue v. IlpencraBenu ca, B
rpaduyeH BHJI, CPABHUTEIIHU PE3YITATH OT HAIPABEHUTE AHAIUTUYHU M3UUCIICHUS U pE3yITaTUTE,
MOJYYeHU OT KOMITIOTHPHUTE CHMYJAllMd HAa HOPMAJU3WPAHUTE 3aBUCHMOCTH Ha 3aryouTte mpu
NPOBEXJaHE Ha: TPAH3UCTOP; aHTHUIApaJIeNIeH JUOM; AUOJA OT U3IPABUTEIIS IPH OTHOLIECHUE MEXIY
UHAYKTUBHOCTHTE a=3 3a pasin4yHu padotHu yecroru (v=1,15, v=1,3 u v=1,5). Ot ananmuza Ha
rpaduKUTE ClIe[Ba, Y€ BIUSHUETO HAa 3aryOWTe NMPH NPOBSKIAHE B AHOAWTE B U3IPABHUTENS €
cbliecTBeHo. Te3m 3aryOum ca mnpeoOiajaBamiy CHOpsMO 3aryOuTe B TpPaH3UCTOPUTE W
AHTHIIAPAJICTHUTE JWOJAW, HE3aBUCHUMO OT pabOTHHTE YecTOTH. HampaBeHHM ca TpenopbKH 3a
nonobpsBane Ha edexkruBHocrra Ha LLC Ttomonorusara. M3umcineHa e eQeKTUBHOCTTa Ha
npoektupanus LLC DC/DC npeobpasysarein. MirocTpupaHo € M3MEHEHUETO Ha K.I1.JI. Ha CXeMaTa B
3aBHCUMOCT OT HATOBapBaHETO Ha mpeoOpasysarens. [IpencTaBeHUTE CPaBHUTEIHU pPE3YITAaTH
MEXy TEOPETHUYHUTE U3YHUCICHUS U T€3U OT CUMYJIAIMOHHNUTE U3CIIEIBAHMUS TIOKAa3BaT MHOTO 100pO
CHBIIAJICHUE HA PE3yITATUTE OT JIBET€ NPOYYBAHMs. 32 HOMUHAJIEH PEKUM K.II.J. € CPAaBHUTEIIHO
BUCOK — HaJ 93% (1pu u3noI3BaHaTa eleMeHTHa 0a3a).

B.4.11. Vuchev, A., T. Grigorova and S. Vuchev, "Analysis of Continuous Current Mode of an LLC
Resonant DC-DC Converter at ZVS," 2022 13th National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-4, doi:
10.1109/ELECTRONICA55578.2022.9874422 | Scopus

B nyOGnukanusita € u3bpiieH TeoperudeH aHanu3 Ha pe3oHanceH LLC DC/DC npeo6pa3yBartern,
paboTell B pe)KHM Ha HEMPEKbCHAT TOK C MPEBKIIIOYBAHE MpH HYJIeBO Hanpexxenue (ZVS). Ha 6azara
Ha MOJENHMpaHe Ha MpPOIECHTE B HATpyMBamaTa Bepura, 4ype3 AudepeHnuantHd ypaBHEHHS, ca
MOJy4EeHU U3pa3H 3a OCHOBHUTE BEIMYMHM, KaKTO 3a IMOHMIKABAlll, TAKa U 3a MOBUIIABAL PEXUM.
W3Benenn ca aHaTUTUYHN 3aBUCUMOCTH, Ype3 KOUTO CE OTPEACTIAT YCIOBHATA 32 TIPEMHHABAHE KBM
peKUM Ha TNpekbcHAaT ToK. [lepuHupaHa e rpaHumara Ha o0jacTTa Ha paboTa, OCUTypsBalla
KOMyTaIus pu HyleBo Hanpexenue (ZVS). [locTpoeHu ca rpaduHO U3XO0HHA XapaKTePUCTUKHU Ha
npeoOpa3yBaTesis Ipy pa3IUuyHU CTOMHOCTH Ha MapaMeTpUTe Ha BEpUrara 1 yrpaBleHHETO.

W3non3Ballku NpeACTaBEHUTE 3aBUCUMOCTH, Ca HW3YMCICHM CTOMHOCTH 3a TIpadUuHOTO
n300pa3siBaHe Ha M3XOJHUTE XapaKTEPUCTUKHU Ha MpeodpaszyBarTess IpH PeKUM Ha HEITPEKbCHAT TOK
(CCM) 3a pa3nuuHu CTOMHOCTH Ha OTHOIIIEHUETO MEX 1y MHIyKTUBHOCTHTE (& = 1 u a = 3). [Tokazanu
ca 3aBHCHMOCTHUTE, MOJYYeHU 3a paboTa MPHU YECTOTH MO-BHUCOKM M MO-HUCKU OT PE30HAHCHATa
yectota. [lagena e ZVS-ZCS rpanunara. Ts e HanuuHa camo 3a paboTa 1o pe30HaHCHATa YeCTOoTa.
[IpencraBena e u rpaHUIIaTa MEXIy peKUM Ha HerpekbeHaT ToK (CCM) 1 pexxuM Ha IPeKbCHAT TOK
(DCM).

AHaIM3BT Ha TPEINCTaBCHUTE TpadUYHU pe3yiaTaTH IOKa3Ba, 4Ye 3a HAKAKBB JHANa30H Ha
U3MEHEeHHE Ha U3XO/IHUS TOK, TPaHMIIaTa MEXly peXKUM Ha HEIIPEKbCHAT TOK U PEKUM Ha MTPEKbCHAT
TOK CHBIAJAa C Ta3W, ONpEeelsia padoTara MOA W Haj pe3oHaHCHarta 4ecrora. [Ipm pabora Hax
pPE30HAHCHATA YECTOTa HOPMAIU3UPAHOTO M3XOJHO HANpEKEHWE BHUHATU € [O0-HUCKO OT
3axpanBamioTo. O0paTHO, Korato pabOTHaTa YeCToTa € IMO-HHUCKa OT PEe30HAHCHATA, M3XOIHOTO
HalpeXeHUe € MO0-BUCOKO OT BX0HOTO. C HapacTBaHE Ha OTHOUIEHUETO MEXJy MHIYKTHBHOCTHUTE,
obnactTa Ha pexxuma Ha npekbcHaT Tok (DCM) npu paboTa Haj pe30HAHCHATA Y€CTOTa HaMallsBa.
[Ipu ToBa 3a €AHO M CHIO OTHOLICHHUE MEXKIY YECTOTUTE U3XOIHOTO HAIIPEKEHHE Ce yBeInYaBa. 3a
paboTa moja pe30HaHCHATa YecToTa M YBEJIMYaBaHE HAa OTHOIIEHHETO MEXAY WHIYKTUBHOCTHUTE
HaMaJsBaT 00JIACTUTE M Ha pekuMa Ha pekbcHaT ToK (DCM) 1 0cobeHo Ha pexxrM Ha HeTIPEKbCHAT
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tok (CCM). ToBa ce IbJIXKH IJIaBHO Ha u3MecTBaHeTo Ha ZVS-ZCS rpanuniaTa KbM OpJIMHATHATA OC
(KBM ITO-HUCKUTE CTOMHOCTH Ha U3XOJHHUSA TOK). MOXe Jla ce OYakBa, 4e MPHU JOCTATHYHO TOJISIMO
CHOTHOIIICHUE MEXKTy MHAYKTUBHOCTUTE 00JIACTTa HA PEKUM HA HEMPEKHCHAT TOK € IPEHEOPEIKUMO
Masika. [lodaydeHuTe pe3yaraTd MoraT J1a IMOCIIY)KaT U 3a IPYrH M3CieaBanus, oTHacsm ce 10 LLC
npeoOpa3yBaTeIIn.

B.4.12. Grigorova, T., A. Vuchev, "LLC Resonant Converter as a Current Source Using Simple
Trajectory Control”. Energies 2023, 16 (12), 4629. https://doi.org/10.3390/en16124629 Scopus /
WoS - Q1/ IF=3.2

l'onssMa wacT oT cBoiicTBaTa MW Xapaktepuctukute Ha pe3onHancHute LLC DC/DC
npeoOpazyBaTesid ce OMNpEeNeNAT OT H3MOJ3BaHMS METOJ 3a YIpaBlIeHHEeTo UM. MeToabT Ha
ONTUMAJIHO YIpaBJIEHHUE HA TPAeKTOPHUATA, OCHOBAH Ha MeTojAa Ha (hazoBaTa paBHHMHA, MOXE Ja
OCUTYpH MHOro Obp3a JUHAMH4YHA peakiusi 3a mnocieaoBatenHo-pesoHancHute DC/DC
npeoOpasyBarenn. B cxemara Ha LLC npeoOpasyBaress, mopaay yBenudeHusI Opoii IpOMEHIIMBH Ha
CHCTOSIHUETO U PEKHMMU Ha paboTa, TOBA YIPaBIEHHUE € MO-CI0XKHO 32 peau3upaHe. Y IpaBIeHUETO
10 ONITUMAJIHA TPASKTOPHSI UMa PEHIla IPEAUMCTBA B CPAaBHEHHE C IPYTHTE METO/IH 32 yIIPaBIICHHUE:
HaMaJIIBaHE Ha MPEHAIPEeKEHUsATA HAa PEAKTUBHUTE M KIIIOUOBUTE €JIEMEHTH B cxemara U Obp3a
JWHAMUYHA PEaKklusl B CIydau Ha TOJIEMU IPOMEHH B pabOTHUTE YCIIOBUS Ha MpeoOpasyBaTes, 0e3
BB3JICHCTBUE BBPXY CTAOMIHOCTTA Ha IsjaTa cucreMa. KaTto HeocTaThbk Ha METO/a, MOXKeE Ja ce
IIOCOYM W HEOOXOAMMOCTTA OT HM3YMCIISIBAHETO B PEAIHO BpEeME Ha €Ha HENMHEWHa (QyHKIIHS,
ompezensiia 1slaTa eHeprusi, HaTpylaHa B pe30HaHCHATa BEpHra.

B HnacTosmaTa cratus ce mpejuiara M u3clefBa OMPOCTEHO ympaBlieHHWe Ha pe3oHaHceH LLC
DC/DC npeoOpa3syBaren, KOUTO UMa MOBEJAEHHE, MOJOOHO HAa TO3U C ONTHUMAIHO yNpaBiCHHE Ha
paboTHaTa TpaeKTOpWs. 3HAUMTEIHOTO ONPOCTSABAHE HA YIPABICHHETO CE€ IBJDKH TJABHO Ha
JUHeapu3aluaTa Ha yhopaBisBamiara GyHKIUS, OCHOBaHAa Ha JHUHEiHA KOMOMHAIMS OT
HaNpeXKEHUETO BbPXY KOHJIEH3aTOpa M TOKA MPe3 MHIYKTHBHOCTTA B ITOCIIEIOBATEIHATA PE30HAHCHA
Bepura. OCBEH TOBa CHUJIOBHTE TPAH3UCTOPH C€ TMPEBKIIOYBAT TMPU HYJIEBO HAMpeKeHHE.
W3BBpIIeHUAT TEOpETHYEH aHal W3 IOKa3Ba, Ye YIPABJICHHUETO Ha TNpeoOpasyBaTelisi OCUTYpsBa
JUHEHHH peryinupaniy XapakTepuCTUKU U UMa XapaKTepPUCTHUKA Ha U3TOYHHK Ha TOK, CTA0MIIEH MPH
KbCO chennHenue. [Ipu kbco chelMHEeHHe Tpeodpa3yBaTessiT 0cTaBa paboTOCIIOCOOEH, a CTOMHOCTTA
HA M3XOJHMSI TOK HE 3aBHUCH OT OTHOLIEHUETO MEXIy WHAYKTHBHOCTHTE, Thil KaTO MapalieinHaTa
WHIYKTHBHOCT HE MOJKE JIa OKake BiHsHUE. [1o To31 HaunH ce moTBbpkaaBa nmoseaeHuero Ha LLC
pe3oHaHCHMs mpeoOpa3yBaTel, MOJAOOHO Ha YIPABICHUETO MO ONTHUMallHa TPAEKTOpUs, HO C
U3I0JI3BaHe HA MO-TIPOCTA peain3alusl.

W3BeneHn ca HOpMANIM3UPAHU HW3XOJHHU, PETYTUPOBBYHH M TOBAPHH XapAKTEPUCTHKU MPH
yIIpaBJICHUE Ype3 OINPOCTEHHS METOA W paboTa C YECTOTH MO-BHCOKH OT TMOCJEI0BaTEIHATa
pe3oHaHcHa yectoTa. [lonydeHnte ToBapHU XapaKTePUCTUKHU MOKa3BaT OCHOBHUTE U3UCKBAHUS KbM
SIIEMEHTHTE Ha TMpeoOpa3yBarens, HEOOXOAWMH 3a TAXHOTO mpoektupane. [lepurupann ca
TPaHUIIUTE, O KOUTO € BAIMJICH Pa3rlIeXkKTaHUAT METO/I 3a yIpaBJeHue Mo TpaekTopus. [ panunara
Ha YCTOHYMBOCT Ha M3XOJHUTE XapaKTEPUCTHKH OYepTaBa TECOPETUYHA BB3MOXKHOCT, NMPH KOSTO
HOPMAJIU3UPAHOTO M3XOJHO HANpEeKEHUE JIOCTUTa OTHOCHUTENHO BHMCOKa cToiHOCT (= 0.8) mpu
3HAYMTENTHA MPOMSIHA Ha yrpasisBanus napamerbp Ref. OcBeH ToBa HaNPEKESHUETO CEe YBEUYaBa
HE3HAYUTEITHO, KOTaTO OTHOIICHHETO MEXAY MHIyKTUBHOCTUTE HamalsBa. [lnomra Ha pekuMa Ha
NpeKbCHAT TOK C€ YyBelIWYaBa NpW HaMalsBaHE Ha CTOWHOCTTA Ha OTHOIICHHUETO MEXKIy
WHIYKTUBHOCTHTE.

PerynmupoBbuHNTE XapaKTEPUCTHUKU 32 3aBUCHMMOCTTa Ha HOPMAIM3HPAHHS H3XOJEH TOK KaTo
¢ynkms Ha ynpasnsBamms napamerbp Ref (I'o(Ref)) ca 6mu3km mo nuHeliHHTE 3a CTOMHOCTH Ha
ynpasisBamus mapamerbp Ref > 1. B3 ocHoBa Ha TaOnMYHHWTE PE3y/ITAaTH 3a CTOMHOCTHTE Ha
nuHaMudHOTO ycwiBaHe Al'o/ARef Moxke na ce 3akiroud, 4Ye TpPU HHUCKH CTOHHOCTH Ha
HOpManM3upaHoTo u3xoaHo Hampexkenne (V'0=0.1+0.3) perymupoBbYHUTE XapaKTEPUCTHKU
MPAKTHUYECKHU ChBIAJIAT, HE3aBUCHMO OT TOJIEMHHATa Ha OTHOLICHUETO MEXAY WHIYKTHBHOCTHUTE.
[Ipy BHCOKM CTOWHOCTM Ha HOpPMaJU3UpaHOTO W3XoaHO HampexeHue(V'e=0.6+0.7) paznukure
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MEXIy PEryJIHPOBBYHUATE XAPAKTEPUCTHKHU MPH CHOTHOIICHUS HA WHAYKTUBHOCT & = 3 M @ =
(mocnenoBatencH pezoHanced DC/DC npeobpasysarten) ca Hesnauntenuu (0.01-0.02), nokaro Te3u,
MOJyYEHH TIPY ChOTHOIIEHUE HAa HHIYKTHBHOCTHUTE @ = 1, ce oTkonsBar 3uauntesHo (0.04 — 0.08).

o ce oTHacs A0 HOPMAIM3UPAHUTE 3aBUCUMOCTUTE Ha CpeAHaTa CTOWHOCT HA BXOJIHHS TOK OT
U3XOJHHS TOK, TO (TIOKA3aHUETO € B3E€TO OT TpaHHIAaTa HA YCTOWYMBOCT) MpPHU TPOMSIHA Ha
napamerbpa Ref ot 3.5 Ha 5.0 m3xomHaTa MOLIHOCT B OTHOCHTCIHM CAMHHIIM CE YBEIMYaBa
npuOm3uTenHo 1.49 mprr 3a @ = 1. CpoTBeTHO 3a & = 3 TOBa yBenuueHue € 1.41 mpTH, a3a a = o
(mocnenoBarenen DC/DC npeobpasyBaren) npubauszurento 1.39 netu. CrnemoBaTeHO JOpH MPH
HUCKU CTOWHOCTH Ha OTHOIIECHHETO MEXIY WHAYKTHBHOCTHTE pasriiekJaHaTa cxeMa MMa MHOTO
OJIM3KM CBOWCTBA JI0 TE3W Ha MOCJICIOBATEICH Pe30HAHCEH MpeoOpazyBared.

[MpencraBen e ¢yakmuonaneH monen Ha LLC DC/DC mpeoGpa3yBarens, ymnpaBisiBaH IO
pa3TICKIaHUS METOJ, PeaTH3UpaH upe3 MPUHIUIA Ha aHAJIOTOBOTO MOJICIIMPAHE Ha MOBEICHUETO
(Analog Behavioral Modeling), 3amoxken B cumynatopa PSpice for TI. IlpemtoxeHust
(GYHKIIMOHAJICH MOJIENI Ha CHCTeMaTa 3a YIpaBJeHHE Ha MpeoOpaszyBarels ChIAbpiKa MHUHHMAJICH
Opoii eJIeMEHTH U ce HAacCTpoMBa JiecHo. [IpoBeieHo € cuMyalMOHHO U3CeABaHe Ha JCHCTBUETO Ha
npeoOpa3yBaTelis, KaKTO B YCTAaHOBEH PEXHM, Taka W NpPU 3HAYMMa MPOMSIHA Ha PEryJIHpalius
napamersp. Peanmmsumpanurte, uUpe3 Mopena, W3CIEIBaHUS TOTBBP)KAABAT, Y€ IpeasiaraHaTa
yIpaBjisBalla TEXHUKA OCHUTYpsiBA Obp3a JMHAMHYHA PEaKIUs W YCTOHYMBO JCHUCTBUE Ha
npeoOpas3yBaTeis I0py IpY 3HAYUTEITHO U3MEHEHHE Ha YIIPABIISABALIHS TapaMEThP.

CpaBHEHHETO MEXIy TEOPETHUYHUTE W CUMYJIAMOHHHUTE pE3YJNTaTH HAa H3XOTHHUTE
XapaKTEPUCTHKH MMOKa3Ba OTHOCUTEHA I'pemika B paMkute Ha 2 %. [To-3HaunTeTHu pa3ianku (OKOJI0
3 %) ce HabMOaBAT 3a MAJKH CTOWHOCTH Ha ympasisBaius mapameTsp Ref. Tlo oTHomeHue Ha
CPaBHEHHETO MEXKIy TEOPETHYHHTE U CHMYJAIMOHHHUTE pEe3yATaTd Ha pPEryIHpOBbYHHTE
xapakrepuctuku ['o(Ref) Moke 1a ce mocoun, ye OTKIOHSHUATA MEXIY TIX He Haapuiiasat 2 %. U
TYK TI0-3HAYUTEIIHU Pa3JIMKKU ce HAOJF0/IaBaT NMPH MAJKA CTOMHOCTH Ha YIPaBIIsBAIIUs MTApaMEThp
Ref. HaGmoaBa ce TeHICHIIMS HAa HApacTBaHE Ha OTHOCHUTENHATA TPEIIKa ¢ MPUOJIIIKABAHETO KbM
HyJara.

Cr1110 Taka, M3YUCISBAHETO HAa CTOMHOCTTA Ha HAIIPEKEHUETO, TIPHUIIOKEHO KbM KOH/IEH3aTopa Ha
noclieIoBaTeIHATa Pe30HAHCHA Bepura, Ou OMJI0 MHOTO yI0OHO MPU MPUIAraHeTO Ha pa3rIekKAaHUs
METOJI 33 YIpaBJIeHHE KbM HAKOHM MOTYMOCTOBH Bepurd. OCBEH TOBA M3IOJI3BAHETO CaMO Ha €IHO
U3MEpBaHE € TPEANocTaBka 3a MOBHINABaHE Ha HAJESKIHOCTTA HA MPEIJIOKEHOTO peIIeHHE.
W3pbpuieHnTe M3cieaBaHus C MOMOINTAa Ha MOJIENIa TOTBBPIKIABAT, Y€ ONMPOCTEHATa TEXHHKA 32
yIpaBlIeHUE OCUTYypsiBa Obp3a OUHAMHYHA peakius U cTabuiaHa paboTa TpH MPOMSHA Ha
yTpaBisBaniys napameTsp. Ciie1oBaTeTHO, MPeodpazyBaTessT MOKE YCIEIIHO J]a C€ M3I0I3Ba KaTo
YCTPOMCTBO 3a 3apekIaHe Ha OaTepuu.

I11. PE3SIOMETA HA HAYYHU TPYJOBE, U3BbH BKJIIOYEHUTE B
PABHOCTOMHU HA MOHOT'PA®UYHUA TPY ]|

IIpeacraBeHuTe, B KOHKYpCa, MyOJMKALMH Ce OTHACAT 10 IOKA3aTeIH:

e [Ipyna I''7. Hayunu nyOnukaumu B HM3AaHUS, KOUTO ca pedepupaHd M HHIACKCUPAHU B
CBETOBHOM3BECTHU 0a3u JaHHU ¢ Hay4Ha WH(OpMaLINS;

e ['pyna I'.8. Hayunu nmyOnukanmu B HepedepupaHu CIIUCAHUs C HAYYHO PelieH3UpaHe WU B
pelaKkTUpaHU KOJIEKTUBHH TPYIOBE;

e [I'pyna 3.31. Hayynu ny6nukanuu B cnucanus ¢ umnakt ¢akrop (IF Ha Web of Science)
u/vnu ¢ umnakt paHr (SJR Ha Scopus).

H3cnenpanusra B HYGJ'II/IKaI_II/II/ITC, HU3BBH BKIIIOUCHUTC B paBHOCTOﬁHH Ha MOHOFpa(I)I/I‘{HI/I}I TPYAH,
Ca HACOYCHU B CIICAHUTC TCMATHYHU HAIIPABJICHUA:

1. Awnamms, uzcneasane u mojaenupane Ha pesoHanced LLC DC/DC npeoOpasysaren npu (pa3oB
METOJl Ha perynupane — nyonukarnuu [I.7.1], [T.7.2], [T.7.3], [T.7.4] u [T.7.5].
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2. V3cnenBaHe Ha aJTOPUTMH 3a YIPABICHHE HA peBEpPCHpyeM mpeobdpasyBaTell, 3axpaHBaIll
MPEBKJII0YBAM PEaKTUBEH [BUTATeNl B JABUTATE]IeH M T'eHEpaTOpeH pEeXUM Ha pabora C
OTYuTaHe Ha (haKTOpUTE 3aryOu Ha MOIIHOCT U €(DeKTHUBHOCT, MYJICAIIUU HA BHPTSI] MOMECHT
—nyomukauuu [I.7.7], [[.7.8], [I".7.9], [I.7.10], [3.31.2], [T.7.11], [I".7.12] u [I".7.13].

3. OOorarsBane (IOpa3BUTHE) HA CHIISCTBYBAIIUTE 3HAHUS 3a Pa3jIMYHU  BUJOBE
npeoOpasyBareiu Ha eleKTpudecka eneprus — myosnmkanuu [17.7.19], [T7.7.6], [[".8.1], [".8.2],
[.8.3], [I".8.4], [ I'.7.14], [I".7.16], [[.7.17] n [3.31.3].

4. Amxanus ¥ u3cie/iBaHe Ha BUI0BE MOAYJIAIIMU B [TpeoOpa3yBaTel 3a yrpaBieHue Ha 0e34eTKOB
nsuraren (BLDC) — my6mukanmwm [[7.8.9], [[7.8.10] u [T".8.11].

5. W3cnensane u BbBEX/1aHE HA HOBU METOJIU M pa3BOMHU CpeJCTBa 3a oOyueHue B o0acTTa Ha
cHJIOBaTa eNneKkTpoHuka — myommkarmu [[7.7.15], [T.7.18], [[".8.5], [T".8.6], [[".8.7] u [T".8.8].

6. Cp3maBaHe Ha MaTEeMAaTUYECKH METOIAMKU M aJrOPUTMHU 32 M3CJIEBaHE M MPOCKTHpPAHE Ha
ONTUYHU KOMYHUKAIIMOHHU CUCTEMH C OTKpUTa MpPEeHOCHA cpeaa — myonukaruu [[7.7.20] u
[[".8.12].

7. Cb3maBaHe Ha HOB ypel 3a aKyCTMYHO W BU3YaJIHO JIEMOHCTPHUpaHE Ha KOPITYCKYJspHaTa
pUpo/a Ha cBeTNInHATa — myonukanus [3.31.1].

I11.1. AHAIN3, U3CJIEJIBAHE U MOJEJIMPAHE HA PE3OHAHCEH LL.C DC/DC NPEOBPA3YBATEJI
MPUA ®A30B METO/] HA PEI'YJIUPAHE

I'.7.1. Grigorova, T., A. Vuchev, "A Study of a Phase-Shifted Full-Bridge LLC Resonant Converter
Operating in Continuous Conduction Mode with ZVS," 2022 13th National Conference with
International  Participation (ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ELECTRONICA55578.2022.9874435./ Scopus

Enun or Meronurte 3a peryiupaHe Ha HM3XOJHOTO HAIPEKEHHUE, MPHIOKHUM B CXEMHUTE Ha
pe30HaHCHU IpeoOpazyBaTeln, € METOABT Ha (pa30BO PEryIupaHe Ha 3xoHaTa MolHocT. [Ipu To3u
METOJl, C U3MEHEHHE Ha HATOBApPBAHETO, CE Hajara NMpOMsHAa HAa MEXaHU3MHUTE Ha E€CTECTBEHA
KOMYTallis Ha CWJIOBUTE KJIIOYOBE Ha npeoOpasysarens. Llenta Ha HacTosaTa cratus € Ja ce
u3cienBaT U aHAJIW3MpPAT KOMYTALlMOHHUTE MEXaHU3MH, KOMTO BB3HUKBAT IIPU PETYJIMpaHE Ha
u3xoaHoTo HarnpexeHue B pesoHancen LLC DC/DC npeoGpa3yBaTen npu npujiaraHe Ha MeToja Ha
¢da3oBo ympaBieHue (MOAXOIAMIO Jeda3vpaHe Ha YIpaBIABALIUTE HUMIIYJICH Ha CHIOBHUTE
TpaH3uCTOpH). M3n0n3BaHa € ChIIoCTaBKa ¢ KOMYTAallMOHHUTE MEXaHU3MU IpH (a30BO yIpaBiIeHUE
Ha nocinenosareneH DC/DC mpeobOpa3ysaren. 3a pexxuma Ha paboTa MpH YECTOTH MO-BHCOKU OT
pe30HaHCHaTa 4YecToTa, ce AeGUHMUpAT CIETHUTE PEXKUMH IO OTHOUIEHHE Ha TOKAa Ha BXOJa Ha
U3MPABUTENS: PEXKHUM Ha HeMpeKbcHAT TOK (ycioBHO o3HaueHu ¢ MODE I u MODE II) u pexxum Ha
npekbcHaT Tok (ycnoBHO o3HadeH ¢ MODE III). M3cnenBaneTo u aHanu3upaHeTo Ha paboTaTa Ha
npeoOpa3yBatenss B pexkuM Ha HernpekbcHaT Tok MODE I moka3Ba, ye BCHUKH TpaH3UCTOPU B
WHBEPTOpPHATA YacT Ha CXeMara ce KOMyTHpaT Ipu HyJieBo Hanpexenue (ZVS).

[TokxazaHo e, ue BbB BTOpHUS pexuM Ha HenpekbcHaT Tok, MODE I, e Bb3MOXHO yciioBusiTa 3a
KOMYTallus IPU HYJIEBO HAIIPEKEHNUE IIPU BKIIFOUBAHE HA TPAH3UCTOPUTE 1A CE 3aI1a3sT U 32 YETUPUTE
TpaH3UCTOpa B cxeMara. ToBa 3aBUCH OT pa3iIW4YHM IAapaMEeTPU KaTO: OTHOLIEHUETO MEXIY
UHIYKTUBHOCTHTE, BI'bJIa HA ie(azupaHe o MEXly paOOTHUTE HHTEPBAIM HA IBOMKUTE TPAH3UCTOPU
OT JIBET€ paME€Ha Ha MOCTa, CTOMHOCTTa Ha ToBapa (MJIM KayecTBEHHsS (aKTOp) U YECTOTHUS
koeuuueHT v. [IpeacraBenu ca pe3yaTatu OT CUMYJIAIMOHHO M3CIIEABAHE, KOMTO MOTBBPXKIABAT
HalpaBeHUTE TEOPETUYHM pasriexiaHus. Kato Oblema 3ajgaya ce IMOCTaBs ONpEAETSHETO Ha
yCIIOBUSATA, IPU KOUTO CXeMaTa MOXe J1a pabOTH B U3CIEABAHUTE PEKUMHU.
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I'.7.2. Vuchev, A., T. Grigorova, "A Study of a Phase-Shifted Full-Bridge LLC Resonant Converter
Operating at ZVS/ZCS,” 2022 13th National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ELECTRONICA55578.2022.9874367. /Scopus

[lenTa Ha HACTOSIIIATA CTATHS € U3CIIEIBAHETO Ha KOMYTAIIMOHHUTE MEXaHU3MHU, KOUTO Bb3HUKBAT
npu ¢aszoo ynpasinenue Ha LLC DC/DC npeoOpa3sysarei, BcaenCcTBUE OT IPOMEHUTE B TOBapa, B
PESKUMUTE ¢ KOMYTalusi IpU HyJIeBH HampekeHue u Tok (ZVS/ZCS). Pasrnexna ce padbortata Ha
npeoOpas3yBaTesisi IpU YeCTOTH MO-BUCOKU OT PE30HAHCHATA YECTOTA.

B 3aBuCHMOCT OT CTOMHOCTTa Ha MapaMeTpUTEe OTHOIIEHUE MEXKIY WHIYKTUBHOCTUTE, BI'bJl Ha
nedasupane o Mexy pabOTHUTE MHTEPBAJIM HA IBOMKUTE TPAH3UCTOPH OT JBETE paMeHa Ha MOCTa,
CTOMHOCTTA Ha TOBapa (UM Ka4eCTBEHHUAT (DaKTOP) U UYECTOTEH KOS(ULIUEHT, BbB BTOPHS PEXKUM Ha
HenpekbcHatT ToK, MODE Il, ycnoBusTa 3a KOMyTaius npu HyJeBO HapeKEHUE MPH BKIIIOYBAHE HA
TPAH3UCTOPUTE CE€ TOJY4aBaT CaMO 3a TPAH3UCTOPUTE OT ,,M3MPEBAPBAIIOTO PaMO‘, IOKATO 3a
TPaH3UCTOPHUTE OT ,,M30CTABAIIOTO pamMo™ ce MoyydaBa KoMyTaius npu HyneB Tok (ZCS). O6chaen
e 1 TpeTusT pexkum Ha padora, MODE Ill, neduaupan kato pe’kuM Ha IPEKHCHAT TOK IO OTHOIIICHUE
Ha U3MIPABHUTENS U Ca pasriIeJaHN Bh3HUKBAIIUTE KOMYTAalMOHHUTE MexaHu3Mu. [lokazaHo e, ue mpu
OTIpEIeJICHH YCIIOBHSI KOMYTALIMATA ITPH HYJIEBO HAIPEKECHUE 32 UETHPUTE TPAH3UCTOPA € BE3MOXKHA.
TpsbBa na ce orbenexku, 4e MpU MO-TOJIEMH BIVIM Ha peryirpaHe ¢ W MO-MAJIKO HaToBapBaHE (3a
JaICHO OTHOLIEHHE MEXAY WHIYKTUBHOCTUTE U YECTOTEH KOC(PHUIIMEHT), YCIOBUATA 32 KOMYTAILIUS
IIPU HYJIEBO HAIIPEKEHUE 3a TPAH3UCTOPUTE OT JiBeTe pameHa Ha mocta 32 MODE Il moxe na 6b1aT
HapyuieHu. [lonydyaBa ce KOMyTallMOHEH MEXaHU3bM KaTo B Kiacudeckus nocnegosareien DC/DC
npeoOpasysatei. TeopeTHUHUTE PEe3yNITaTH ca TMOAKPEIIEHN OT CUMYJIAIlMOHHH H3CIICABAHNS.

I'.7.3. Grigorova, T., A. Vuchev and S. Vuchev, "Basic Dependencies of a Phase-Shift Controlled
LLC DC-DC Converter at Continuous Current Mode," 2022 XXXI International Scientific
Conference Electronics (ET), Sozopol, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ET55967.2022.9920305./ Scopus

[lenta Ha HacTosALIaTa CTATUSA € 1a C€ U3BBPIIM AHATUTUYHO U3CIICBAHE HA €JIEKTPOMAarHUTHUTE
nponecu B LLC DC/DC npeoGpa3yBaten npu (pa3oB METOA Ha peryaupaHe U paboTa B peKHUM Ha
HEeNpeKbCcHAT TOK. M3BeieHN ca aHaTUTHUYHU HOPMaJU3UpaHu 3aBUCUMOCTH 32 OCHOBHU BEJIMYMHH,
OTMCBAIM CHCTOSIHMETO Ha TpenTsmus Kpbr. [IpencraBenu ca uspasu, AedUHUpPALIY TPAHUYHUTE
yCIIOBHSA 32 ITpeMuHaBaHe Mex 1y padotHute peskumu MODE | 1 MODE |1, kakTo n mpeMuHaBaHETO
MEXy PEKUM Ha HENPEKBCHAT TOK U PEXHUM Ha NMpeKbcHAT TOK. C IOMOIITa Ha Taka MOJIYyYEHUTE
3aBUCHUMOCTH MOTaT /1a c€ MPEeJICTaBAT rpadUuyHO U3XOJAHUTE XapaKTEPUCTUKH Ha peoOpa3yBarers,
KaKTO U J1a C€ ONPEAEIAT TOKOBETE HA KOMYTalUsl HAa TPAH3UCTOPUTE U TUOJNUTE B OTJIEIHUTE €TaIH
oT paboTara Ha cxemaTa. 3a IpoBepKa Ha paboTa Ha peoOpa3yBaTes B PEKUM Ha HEMPEKBCHAT TOK,
MODE Il, u cboTBeTHUTE KOMYTAIIMOHHI MEXaHU3MH, € peaTU3UPaH CUMYJIAllMOHEH MO/JIEI B CpeiaTa
Ha PSpice. [Toka3aHute CHMYJIalIMOHHN PE3YATATH MOTBBPKIABAT M3BOA OT TCOPCTUUYHHS aHAJIM3,
ye 3a pesxkuM MODE II nipy HUCKM CTOMHOCTH Ha yIPaBJIsBALLUSA BI'bJ U YETUPUTE TPAH3UCTOPA HA
MHBEPTOPHHUSI MOCT MPEBKJIIOYBAT MpPH HYJEBO HampexeHue. [Ipum yBenuuaBaHe Ha bIbJla Ha
nedasupane, odaue, TpaH3UCTOPUTE OT ,,M30CTABAIOTO PAMO** C€ MPEBKIIIOYBAT IPHU HYJIEB TOK.

[ToryuenuTe pe3ydaTratu e ObJAT MOJE3HM, KAKTO 3a MPOABbIKaBaHE Ha H3CIEABAHETO Ha
cBoiictBata Ha LLC npeobpa3yBarenure, ynpasisiBaHH uype3 MeToJa Ha (a30BOTO peryirupane, Taka
¥ 32 TXHOTO LSAJIOCTHO NMPOEKTUPAHE.

I'.7.4. Vuchev, A. S., T. G. Grigorova and S. Vuchev, "Output Characteristics for Continuous
Current Mode of a Phase-Shift Controlled LLC DC-DC Converter,” 2022 XXXI International
Scientific  Conference Electronics (ET), Sozopol, Bulgaria, 2022, pp. 1-4, doi:
10.1109/ET55967.2022.9920282./ Scopus
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LlenTa Ha npeAcTaBEeHUTE U3CIEABAHUS € Jla ce u3cnenBa padorata Ha pezoHanceH LLC DC/DC
npeoOpa3yBaren npu (a3oB METOJ Ha peryjaupaHe Ha 0a3zara Ha M3XOJHUTE XapaKTEPUCTHKH Ha
cxemata. Pasrienan € OCHOBHO peXMMBT Ha HENMPEKbCHAT TOK HA BXOJAa HAa TOKOU3IPABHUTEIS.
W3cnenBaHero € MpOBEICHO MPH Pa3IMYHA OTHOIICHUS MEXIY WHAYKTUBHOCTUTE B TAPAJICIHUS U
NIOCJIEIOBATEIIHUS KJIOH Ha HaTpynBaiaTa Bepura. [lomyuenure pesynratu Morat jga ce 00001sT 1Mo
CJICJIHHS HAYHMH: KauecTBaTa Ha MU3CJIe[BaHaTa CXeMa ca MHOTO OJIM3KH J0 Te3W Ha TOCIIe0BaTEIICH
pezonancer DC/DC mpeoGpasyBaren mpu (a3zoB MeToj Ha perynupane. ClemoBaTenHO Te ce
OIpeNeNIAT OCHOBHO OT NpWJIaraHus METOJl 3a ymnpasieHue. [Ipu HamansiBaHe Ha OTHOIICHHETO
MEXJy MHIYKTUBHOCTUTE CE€ HamaysBa 30HaTa Ha KoMmyrtauus npu HyneB Tok (ZCS). Taka, B
JMara3oHa Ha MaJIKUTE CTOHHOCTH Ha BI'bJia HAa YIPABJICHUE, BCHUKU TPAH3UCTOPH Ha WHBEPTOpA
IPEBKIIIOYBAT MIPH HYJEBO HampexxeHue. ToBa obade BoAM 10 yBeIHMUaBaHE HAa 001acTTa HA PeXKUMA
Ha paboTa npy NPEeKbCHAT TOK HA BX0J1a HA TOKOU3IPABUTEIIS.

[TonydeHuTe pe3ynraT ca OCHOBA 3a OBCIIN U3CIICABAHNS, KAKTO U 32 LIEIUTE HA TPOCKTHPAHETO
Ha ¢azoBo ynpasisiBanu LLC DC/DC npeobpasyBarenu.

I'.7.5. Grigorova, T. G. and A. S. Vuchev, "Modeling and Simulation of a Phase-Shift Controlled
LLC Resonant Converter,” 2023 XXXII International Scientific Conference Electronics (ET),
Sozopol, Bulgaria, 2023, pp. 1-6, doi: 10.1109/ET59121.2023.10278726./ Scopus / WoS

[{ex Ha CUMYTIAITMOHHOTO MOJICIIMPAHE € U3CIICIBAHETO HAa pabOTHUTE PeKUMU B pe3onanceH LLC
DC/DC mnpeobpa3yBaren mpu (a3oB METOA Ha peryjiupaHe, paboTel Mpu YeCTOTH MO-BHCOKH OT
pe3oHaHCcHaTa. AHalM3KupaHa € padoTaTa Ha cxemaTa MpU Pa3IMyHU BbIVIM Ha PEerylupaHe, pa3indHu
HATOBAPBAHUS U OTHOIICHUS MEXIy IMapajieiiHaTa v Mocjie[oBaTelIHaTa HHIyKTHBHOCTA. OOCHKAaT
CE U3XOJHUTE XapaKTEPUCTUKH, MOJYYCHU B PE3yATaT OT CUMYJAIMUTE U TAXHATAa CHIIOCTaBKa C
TEOPETUIHHUTE PE3YJITATH 32 CTOMHOCTH & = 3 U @ = 5. AHa/M3upa ce BIUSHUETO HA CKBUBAJICHTHHUTE
KarmauuTeTy (u3xojeH KamanuteT Ha MOS-TpaH3UCTOpP W BBHIIEH 3alllUTEH KOHAEH3aTOp) Ha
TPAH3UCTOPUTEC BHPXY KOMYTAHMOHHUTE MCXaHU3MHU B UHBCPTOPHATA 4AaCT OT CXEMaTa.

N3cnenBaHo € BIMSHUETO Ha Pa3jiM4YHM IApAMETPU BBPXY YCIOBUATA 3a PEryIMPAHETO HA
M3XOJHaTa MOITHOCT MPH 3ala3BaHe Ha YCJIOBUSTA 32 KOMYyTaIUsl IPU HYJIEBO HampexeHue (ZVS)
Ha TpPaH3UCTOpUTE B ,m30cTaBaimoro pamo™. IlocpemctBom cumymaropa OrCad PSpice ca
pean3upaHy CUMYyJalllK 3a peXXUM Ha HenpeKkbcHaT Tok. Habmronasa ce 100po chBmaieHuEe MEXIY
TEOPETUYHHUTE U CUMYJIAIIMOHHU PE3yITaTH.

111.2. U3CJAEABAHE HA AJITOPUTMU 3A YIIPABJIEHUE HA PEBEPCUPYEM ITPEOBPA3YBATE,
3AXPAHBAII NIPEBKJIIOYBAEM PEAKTHUBEH JIBUT'ATEJI B IBUTATEJIEH U TEHEPATOPEH PEXKUM
HA PABOTA C OTYUTAHE HA ®AKTOPUTE 3AI'YBU HA MOIIIHOCT U E@EKTUBHOCT, ITYJICALIUN

HA BBPTALl MOMEHT

I'.7.7. Yankov, D. K., T. Gr. Grigorova and E. I. Dinkov, "Modeling of a Tree-Phase 12/8 Pole
Switched Reluctance Motor in MATLAB", 28th International Scientific Conference Electronics, ET
2019 - Proceedings, art. no. 8878654, doi: 10.1109/ET.2019.8878654, ISBN: 9781728125749
/Scopus / WoS

B mocnenHuTe TOOMHN BHUMAHUETO Ha CIEIUAIUCTUTE B WHIAYCTPUAIIHATA aBTOMATHU3AIUS €
HACOYEHO KBbM H3IMOI3BAHETO HA EJIEKTPO33/BIDKBAHUS C TPEBKIIOYBAEM PEAKTUBEH JIBUTATEN
(Switched reluctance motor (SRM)). MoaenupaneTo Ha MPEBKIIOYBAEMHs] PEAKTUBEH JBUTATEN
(ITP1) e He neka 3amava, MOpaau HEMWHEHHHS XapakTep Ha mpoiecute B Hero. OCHOBHUSAT MOIICH
WHCTPYMEHT 3a CUMYJIMpaHe Ha To3u Bua Asuraren € cpenata MATLAB/Simulink. Brpagenure, B
cpenata MATLAB/Simulink, monenu Ha aBurarenw, ca 3a tun 6/4, 8/6 u 10/8.

[lenta Ha mpeaCTaBEHUTE U3CIEABAHMS B HACTOSIIATA CTATHS € Jla C€ CHHTE3Upa JTMHESH MOJIeN
Ha Tpudazen, 12/8 1P/l (HSSBMBJL) B cpenata MATLAB. M3noa3BaT ce ypaBHEHHs, KOUTO
OTIpeNIeAT JAMHAMHUYHOTO TIIOBEJICHHE Ha JHMHeeH HMHAYKTHBeH mnpodun Ha [IPJI. Omnucan e
ITOPUTBMBT U Ca AaJICHU 3aBUCUMOCTHTE 32 CHHTE3MPAHETO Ha Mo/iena Ha Tpudasnus, 12/8 I1P/] B
cpenara MATLAB. C nmomomra Ha pasrieanus MOJE] € CHMYJupaHa cXeMa Ha aCHMETpUYCH
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npeoOpa3yBaTesl NMpPH EAHOUMITYJICHA KOMYTAIUsl 3a HAlpeKEHOB alrOpUThbM U JBYIOJSpPHA
MOJyJIallks 32 XUCTEPE3UCHO-TOKOB AJIFOPUTHM Ha paboTa. Bb3 ocHOBa Ha pasrienaHara METOAMKa
3a cuHTe3npaHe Ha nuHeeH mojaen Ha [IP/l, morpeOutensr moxe ga ChCTaBH CBOW COOCTBEH
cneur(uyeH Mojeld, Bb3 OCHOBAa Ha KaTaJOXXHU JAaHHU 3a JBUrarens. TOYHOCTTa Ha Mojena e
JI0Ka3aHa C pe3yIATaTUTE OT CUMYJIALIMATA.

I'.7.8. Yankov, D., T. Grigorova and E. Dinkov, "A Power Loss Analysis of a Three-Phase 12/8
Switched Reluctance Motor Fed from Asymmetric Power Converter in MATLAB/SIMULINK,"
2020 21st International Symposium on Electrical Apparatus & Technologies (SIELA), Bourgas,
Bulgaria, 2020, pp. 1-4, doi: 10.1109/SIELA49118.2020.9167113/ Scopus / WoS

B nacrosimaTa cTatus ce aHaIM3upar 3aryouTe Ha MOITHOCT B CHJIOBAaTa CXeMa Ha aCHMETPUYHUS
MOCTOB TpeoOpasyBaten, 3axpanBamnl TpugaszeHn 12/8 mpeskirouBaeM peaktuBeH asuraten (ITP[]).
Karo cunmoBu tpansuctopu ca uzdpanu IGBT. IIpu oTuntanero Ha 3aryouTe B mpeoOpa3yBaTelis ce
B3MMAaT TI0J] BHHMaHHE OCHOBHO 3aryOWTe TpW NPOBEKIAAHE HA TPAH3UCTOPUTE U AMOAUTE, U
JTUHAMHUYHUTE 3aryO IpU KOMYTalUATa Ha KIIFOYOBHUTE eeMeHTH. M3cieIBaHeTO € HallpaBeHo Mpu
IIpUJIaraHe Ha €IHONOJISIPHA U ABYIOJIIPHA MOJYJIAlUs 32 yIIpaBJIeHUE HA TPAH3UCTOPUTE.

[IpeBkiroUBaeMHAT pPEAKTHBEH JABUTaTeNl TMPEACTABIIsABA CIIOXKHA CHCTEMa 3a aHalu3.
W3uncnsBaHeTo Ha TUHAMUYHUATE 3aryOH B IOJIYTIPOBOAHUKOBUTE KIIFOUOBH €IE€MEHTH, U3TPaXkJaIlli
acUMeTpuYHHs TMpeoOpasyBaren ce ocbiiecTBaBa upe3 cpenata MATLAB/Simulink, xarto
3aBHCHMOCTHUTE 32 M3YMCIIABaHE Ha 3aryoute Ha eHeprus npu BkiouBane Ha IGBT u 3aryoure Ha
EHEeprus MpH U3KII0YBaHE Ca UMIUIEMEHTUPAHU KaTo nojcxema. ChIIUAT MOAX0]l € MPUIIOKEH U 32
W3YHCIISIBAHETO Ha 3aryouTe B IUOAWTE. AHAIM3UpPaHU ca 3aryOMTe Ha MOIIHOCT B CHIJIOBUTE
KIIFOYOBE, IMOCJIEI0BATEeNIHO, MPHU ABYIOJSIpHA W eAHOMNoNspHA Monynanus. [lapamerpute, uueto
BJIMSTHUE CE U3CIIe/IBa IIPU TE3U MOAYJIAlMU ca CKOPOCTTa Ha POTOPA, bI'bIbT HA BKIIFOUBAHE U BI'bJIBT
Ha U3KII0YBAHE.

[Tpu nBymonsipHa MOTyNAIuUs ca MPeACTaBeHu, B rpaduueH BUA, aHATUTUYHUTE U CUMYIIAIMOHHH
pe3yiTaTd Ha 3aryOuTe NMpH MPOBEXkJaHe Ha TPaH3UCTOp (B €IHOTO pamMo Ha MpeoOpasyBaTess) B
3aBUCHMOCT OT IPOMSIHATa Ha: CKOPOCTTa Ha pOTOpa M BIVINTE Ha BKJIIOYBAHE M M3KIIOYBAHE Ha
nsuratens. [Ipu enqHomonsipHa Moayaus ca NpeACcTaBeH! rpagMuHUTE 3aBUCMOCTH Ha 3aryouTe
IpU: MPOBEXKJIaHe, BKIIOYBAHE M M3KJIIOUBAHE M OOIIMTE 3aryOuW Ha MOIYJTHpPaHUS TPaH3UCTOD (B
€/IHOTO pamMo Ha IpeoOpa3yBaTelisl) B 3aBUCUMOCT OT MMPOMsIHATA Ha: CKOPOCTTa Ha POTOPA; bI'bja Ha
BKJIIOUBAaHE, YE€CTOTaTa Ha KOMYyTalUs M Koe(UIMEHTa Ha 3aIbJIBaHE, MOJIyYEHU B pE3ynTar OT
CHUMYJIALIMOHHOTO M3ciesiBaHe. V3BbpIleH € aHaIu3 Ha MOJIy4YeHUTE Pe3yJITaTH.

I'.7.9. Yankov, D. K., T. G. Grigorova, "Analysis and Investigation of an Asymmetric Bridge
Converter for a Three-Phase 12/8 SRM in Generating Mode," 2020 XI National Conference with
International  Participation (ELECTRONICA), Sofia, Bulgaria, 2020, pp. 1-4, doi:
10.1109/ELECTRONICA50406.2020.9305153 / Scopus / WoS

AcuMeTpuyHaTa cXema, M3I0JI3BaHa 3a 3aJBMKBAHE Ha IMPEBKIIOYBAEM PEAKTHUBEH JBHUraTel
(ITPI), npuTexaBa peauna NpearMMCTBA, KOUTO OOXBalaT acleKTH Karo (pa3oBa HE3aBHCHMOCT,
M03BOJIBAIllA MAKCHUMaJIHA I'bBKABOCT 110 OTHOLIEHHE Ha YIPaBJIEHUETO, BpeMe Ha MPEBKIIIOYBAHE,
Opoii Ha 3axpaHBaIUTE YCTPOMCTBA, Pa3XoaH, 3aryOou, MPOU3BOAUTENHOCT U Ap. [To oTHOIIEHHE Ha
MyJICAIIMATE HA MOMEHTA, T€ Ca MO-HUCKH B CPABHEHHE ChC cxeMaTa ¢ (M+1)-Kkiroya U mo-BUCOKU OT
te3u npu C-dump cxemara. Hacrosimara ctaTus e mocBeTeHa Ha aHAIM3UPAHETO U U3CIIEIBAHETO Ha
acuMeTpuyeH mpeoOpasyBaren, 3axpanBaml Tpudazen 12/8 [P/l B reneparopeH pexum. B
TeHepaTOpEeH PEeXUM Ce MpaBH eAHa abCTpakiuus, MPU KOATO aCUMETPUYHMST MpeodpasyBaTell ce
pasrieia KaTo MoBHUIaBall TpaHchopMaTop ¢ KoepHUIMEHT Ha penaBane G - mbpBUYHATA CTpaHa
Ha TpaHcopmaTopa € 3axpaHBaHa OT €..H-TO Ha MaIIMHATa, a U3XOJHOTO HAaNpeXeHHWe Ha
BTOpHYHATA CTpaHa € (yHKIMA Ha KOepUIMEHTa Ha 3aIbjBaHEe Ha TPAaH3UCTOPHUTE, W3TPAXKIAIIN
acUMeTpUYHMs TpeoOpasyBaren. V3BeeHa € aHaIUTUYHA 3aBUCUMOCT, NPEJICTaBsIa KoeduueHTa
Ha npenaBane G. HampaBenurte u3cnenBaHus ca CBbP3aHU C U3SCHSABAHE Ha YCIOBUSATA, IPH KOUTO
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ce IOCTUTa MAaKCUMaJlHO BpbBIIaHE Ha EHEPrus 3a 3apekJIaHe Ha aKyMylaTopHara Oartepus.

[TomyuyeHuTe aHAJUTHUYHU PE3YJITATH Ca MOTBBPACHHM CHUMYJIAIIMOHHO C TOMOINTa Ha cpenaTa
MATLAB/Simulink.

I'.7.10. Yankov, D., T. Grigorova, Al. Pavlova, "A study of energy recovery in an asymmetric bridge
converter for a three-phase 12/8 SRM in generating mode", 10th International Scientific Conference
“TECHSYS 2021 - Engineering, Technologies and Systems, Plovdiv, Bulgaria, AIP Conference
Proceedings 1 September 2022; 2449 (1): 030003., https://doi.org/10.1063/5.0090678/ Scopus /WS,
SJR=0.164

B mnacrosimiara pabora, mpenactaBenusT B [I1.7.9] aHaim3 € AOmbIHEH. AHAIUTUYHUTE H
CUMYJAIIMOHHU U3CJe/IBaHUSA, MPEJICTaBEeHW B Ta3M CTaTHS ca pe3yiaTaT OT H3CIE[BaHE Ha
ACUMETPUYCH MOCTOB IpeoOpas3yBares, W3IMOJ3BaH 3a yIpaBleHHUE Ha TpudaseH NPEeBKIIOYBACM
peakTUBEH JABUraren ot tum 12/8 mpu paboTtarta B reHepaTopeH pekuM. B3etu ca mpeaBuj CHIIHO
HEJIMHEWHUTE XapaKTePUCTUKU Ha U3IMOI3BaHUS BHUJ JBHUrarei. VI3BbpIICHUTE aHAIUTUYHU
M3YHUCIICHUS Ca CBBP3aHU C OMpe/eNIIHe Ha Hall-MOAXOSIINUTE TapaMeTpH KaTo bIIU Ha BKIIOYBAHE
U W3KII0YBaHe, koedunueHT Ha 3ambiaBaHe Ha [[IMM Mopymanmsra W €KBHBAJIECHTHO (a3oBO
CBHIIPOTHUBJICHUE, 32 MOCTUTaHE Ha MAaKCUMAIHO BPBIIAHE HAa €HEPrHs KbM 3aXpaHBalllis U3TOUYHUK
(axymynatopna Oarepusi). M3BeneHa e aHaauTH4YHA 3aBHCHUMOCT, 4pe3 KOSATO € jaepuHupan
Koe(UIIMEHTHT Ha 3aIbJIBaHe, PU KOWTO CE MOCTUTa MakcUMalieH KoeUIIMEeHT Ha mpeoOpa3yBaHe.
EdexTuBHOCTTA Ha MPEIOKEHUS METO/ U MOTYyYCHUTE aHAIUTUIHH PE3yITaTH ca BepUDUIIUPAHH
nocpenctBoM cpenara MATLAB/Simulink.

3.31.2. D. K. Yankov and T. G. Grigorova, A nonlinear model for a three-phase 12/8 switched
reluctance machine, International Journal of Power Electronics and Drive Systems, Open Access,
Volume 13, Issue 3, Pages 1576 — 1587, September 2022/ Q3, SJR=0.350, Scopus

B cratusta e mpeacraBeHa METOAOJNOIUS 3a M3rpa)KJaHE Ha HEJIMHEeH MOJeNl Ha TpHdaszeH
npeBkiouBaeM peaktuBeH asuraren (I1PZ[) tun 12/8. 3a usrpaxmanero Ha Mojena ce M3IMOJI3BAT
nesymepHu Tabmuiu (Look-up Tables), momyuenu mocpeacTBOM MeTola 3a aHaIM3 Ha KpalHUTE
enement FEM u nporpamuus cumynarop Infolytica Motorsolve. Maremaruueckusit mozaen Ha [TP]]
€ pasJiefieH Ha eJIeKTpUYecka MU MEeXaHHYHa 4YacT, KaTo BCAKA YacT € OMKMCaHA ChC ChOTBETHHUTE
3aBHCUMOCTH. B cTpyKTypata Ha mpeicTaBeHHs HETMHEESH MOJIET ca BKIIOYCHH U JIBA IOTTBIIHUTEIHU
0J10Ka, Upe3 KOMTO Ce U3MEPBAT U BU3YaJIM3UpaT rojeMruHaTa u opmara Ha pazoBata MHAYKTUBHOCT
U Ha TpOTHBO-e.q.H. Upe3 HenMHEHHWs MoJen € wu3cienBaHa paboraTa Ha JBHTaTelsl TpU
eHOMMITyJIcHa Mojayiauus B asurareneH (I xBagpanT) u reneparoped (II kBagpaHT) pexuMu.
[Tomyyennte cUMynalMOHHHM PE3YJTaTH ca MpeIcTaBeHH moj (opmaTta Ha ocumiorpamu. Upes
IPOBEJIEH EKCIIEPUMEHT M pealn3upaHa eTHOMMITyJICHa Moaynalus. HanpaBeHo e cpaBHEHHE MEXLy
MOJTYYCHUTE CUMYJAIIMOHHN W €KCIEPUMEHTAIHN pe3ynTaTH npu pabora Ha asuratens B [ u 11
kBagpaHTH. HabmiogaBa ce MHOro n00po ChBHAJEHHE MEXIY CHMYJIAIMOHHUTE DPE3yJITaTH Ha
HEJTMHEHHHS MOJIEN U eKCIiepUMeHTa (OTHOCHTENIHATA TPelika € B quana3ona 5-10%).

I'.7.11. Yankov, D., T. Grigorova and I. Maradzhiev, "Analytical and Simulation Study of the Power
Losses of a Switched Reluctance Motor," 2023 18th Conference on Electrical Machines, Drives and
Power Systems (ELMA), Varna, Bulgaria, 2023, pp. 1-4, doi: 10.1109/ELMA58392.2023.10202259,
Electronic ISBN:979-8-3503-1127-3 / Scopus / WoS

CraTtusita mpeacTaBsd aHAIUTUYHO M CUMYJIAIMOHHO HM3CIIE[BaHE Ha 3aryOuMTe Ha MOIIHOCT B
Tpuda3zeH npeBkiaouBaeM peaktuseH asuraren (I1PJ1) tun 12/8. U3Bbpiien e noapobeH aHanus Ha
pa3IMYHM BUJIOBE 3aryOM B INPEBKIIOYBAEMHUTE PEAKTUBHU JIBUraTeIM U NPUYMHUTE 32 TAXHOTO
BB3HUKBaHe. [IpefcTaBeHn ca ypaBHEHHUATA 3a TAXHOTO MpECMsATAaHE W HEOOXOJMMHTE IMapaMeTpH.
CrpykTypHupaH ¢ HenuHeeH Mojen Ha Tpudaszen 12/8 SRM 3a cpenata MATLAB/Simulink, B xoiito
Yype3 JONBJIHUTEIHU OJOKOBE C€ M3YUCIABAT U BU3yaJU3UpaT 3aryOu B CTOMaHaTa Ha JBHUTraTelisd,
MEXaHUYHU 3aryOH Ha MOIIHOCT OT TpUEHE, eJIEKTPUUECKU 3aryOr B HAMOTKHUTE Ha cTaTopa, 00Iu
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3aryou B nBurarens u ap. Cb3galeH € NONMbIHUTENeH MOTpeOuTencKu nHTepdeiic 3a 3agaBaHe Ha
HEOOXOJUMHUTE BXOJIHU MapaMeTpu KaTo: BHHILIEH JUaMeThp Ha cTaTopa, LIMpHUHA Ha 3bOUTE Ha
CTaTopa, BUCOYMHA HA MAarHUTONPOBO/Ia HA CTATOpa, BACOYMHA HAa 3bOUTE Ha CTaTOpa, MaKCHUMalTHA
WHAYKLINS B 3b0UTE Ha cTaropa u ap. M3BbplieHu ca mopeauia OT aHAIUTUYHU U CUMYJIAI[MOHHU
U3CTIC/IBAaHMSI HA 3aryOHUTe B M3CIIEABaHUs JABUTaTeN. [Ipe/ioxKeHHIT MOAX0/T 32 YChBBPIICHCTBAHE
Ha HenmHeiHus moaen Ha Tpudasen tum 12/8 TTPJ] moxen (H55PWBKM-1844) ce xapaktepusupa ¢
peania mpearuMCTBa KaTo: 3HAYUTEITHO MO-MaIbK Opoil OJ0KOBE, HEOOXOIMMH 3a TIPEeCMsATaHEe Ha
3aryOuTe Ha MOIIHOCT, Bb3MOXHOCT 3a OINpejAeisHe Ha K.II.J. Ha MallMHAaTa ¥ HaJU4YMEeTO Ha
BU3YaIHM3aIis Ha BCEKH €IMH BUJI 3aryou, KakTo u edektuBHOCTTa Ha [IP]], naBama Bb3MOKHOCT Ha
noTpeduTeNs Ja Clieu BB BCEKH €MH MOMEHT OT BpeMe cToiiHocTTa UM. OTHOCHUTEIHATA IpeliKa
MEXy TOJNYYCHUTE AHAIUTHUYHU W CHUMYJAIMOHHHW PE3YITaTh € NpUEeMIIMBA 32 HWHXKCHEPHH
pecMATaHus.

I'.7.12. Yankov, D., T. Grigorova and |. Maradzhiev, "Simulation and Experimental Study of Static
Torque Characteristics of a 12/8 Three-Phase SRM," 2023 18th Conference on Electrical Machines,
Drives and Power Systems (ELMA), Varna, Bulgaria, 2023, pp. 1-4, doi:
10.1109/ELMA58392.2023.10202339, Electronic ISBN:979-8-3503-1127-3 / Scopus / WoS

[TyOnukamusita OMUCBA CHUMYJAUMOHHO M EKCIIEPUMEHTAIHO HW3CIEABAaHE HA CTATUYHHUTE
XapaKTepUCTUKHU Ha BPTSIIMSA MOMEHT Ha Tpu(aszeH npeBkitouBaeM peaktuBeH asuraren (IIPJ]) ot
tun 12/8, 3axpaHBaH OT acHMETPHYEH MOCTOB IpeoOpa3yBarei. EKCIEpUMEHTATHO TOMy4eHUTE
pe3ynTaTH 3a CTaTHUYHUS BBPTAI] MOMEHT Ca CPaBHEHHM ChC CHUMYJIAIIMOHHUTE H3CIEABAHHS IO
MeTrona 3a aHanu3 Ha KpaiiHute enemeHTH (FEM) upe3 mporpamuums cumynatop Infolytica
MotorSolve. 3a mpoBekaaHEeTO Ha EKCIIEPUMEHTA € U3I0JI3BaH MaKeT, ChCTosI ce oT: Tprdasen [TP]]
ot Tin 12/8, eHkozaep 3a BIIOBO MOJOKEHUE, TCH3OMETPUYIHH ceH30pu B Arduino moxyn, 6a3upan
Ha Mukpornpoiecop ATmega2560.

3a mony4aBaHe Ha XapaKTePUCTHKUTE HA CTATUYHUS MOMEHT ce Ipejjiara TeXHUKa C MPUTETIISTHE
Ha CHJIaTa Ha HATHUCK MOCPENCTBOM rpeau. [IpencTaBeHusT METO ] 3a EKCIIEPHUMEHTATTHO OTIpeIeTITHE
HAa CTAaTUYHUTE XapaKTCPUCTHKHA Ha BBPTANIMS MOMEHT C€ XapaKTepu3upa CbhC CICTHUTE
MpPEeIMMCTBA: TMPOCTa M HAJEKAHA KOHCTPYKIMS, TOYHOCT Ha HM3MEPBAHETO, BBH3MOXKHOCT 3a
BU3yaIM3aIisl Ha BBPTSAIIAS MOMEHT B TpadUueH W YHCICH BHJ M HUCKA IieHa. OTHOCHTETHATa
rpenika MeXIy pe3yiaTaTuTe OT CUMYJAIUATA, MOJYYeHHU Ype3 METO/a Ha KpaWHUTE eIeMEHTH U
EKCIIEPUMEHTATHUTE Pe3yiTaTH € B pamkure Ha 5 %. [Ipu mpoBexaaHeTo Ha eKCIIepUMEHTa ce
3a0ers3a mosiBaTa Ha aKyCTUYEH IIyM U BUOpaIluu IPU HaMarHuTBaHe Ha ¢a3oBaTa HaMmoTka Ha SRM
B MHTEpBaia ot -17,5° mo - 2,5 ° u ceoTBeTHO OT 2,5 ° 10 17,5 "MexaHWuHU rparyca, KOUTO JI0 TojisiMa
CTETIeH MOBJIMIXa HA TOYHOCTTA Ha U3MEPBAHETO.

I'.7.13. Yankov, D. K., T. G. Grigorova and I. P. Maradzhiev, "Comparative Analysis of Control
Algorithms for a Power converter - Switched Reluctance Motor System in Motoring Mode," 2023
XXXII International Scientific Conference Electronics (ET), Sozopol, Bulgaria, 2023, pp. 1-6, doi:
10.1109/ET59121.2023.10279380. / Scopus / WoS

B nacrosmiara paboTa ca mpeAcTaBeHH CHMYJIAMOHHO M3CIIEABAHE M CPAaBHUTENICH aHAIN3 Ha
JITOPUTMU 32 yIpaBJIEHUE MPU NpUjlaraHe Ha €JHONOJSpHA MOJIYJAllds B CHCTeMara 3aXxpaHBalll
M3TOYHUK — peoOpa3yBaTel — npeBKiItouBaeM peaktuBeH asuraren ([1P/1) mpu pabota B nBurarenex
peXUM. AHAIM3BT € U3BBPIICH Ha 0a3a 3ary0M Ha MOIIHOCT B NpeoOpasyBaTens W JBUTaTENs
(rpudazen 12/8 I1P[]), epeKTUBHOCT U MyJICalluK Ha BBPTSI] MOMEHT, KaTo JBUTATENIAT € 3aXPaHBaH
OT aCUMETPUYEH MOCTOB IpeoOpa3yBarTel. 3a BCEKH €IWH OT U30paHHUTE aJTrOPUTMH, TIPH POMSHA
Ha Pa3IM4YHU BXOJHM TapaMeTpH, ca M3CJIEIBaHHM 3aryOuTe Ha MOIIHOCT B IpeoOpasyBaTens U
aBurarens, epeKTHBHOCTTA U MyJICAIIMUTE Ha BHPTSIUs MoMeHT B cpenata MATLAB/Simulink.

N3cnenBaHo € BB3ACHCTBUETO HA: CKOPOCTTA Ha JABHraTelis, bI'bja Ha BKIIOYBAHE, BI'bjla Ha
U3KJII0YBAaHE, YECTOTaTa Ha IPEBKIIOYBAHE HA MOAYJIMPAHUTE TPAH3UCTOPU M KOEPUIMEHTa Ha
3ampiBane. [lomydyenurte pesynaratu ot uscnensanero B MATLAB/Simulink ca mpencraBenu B

17



rpa¢puuHa u TabnuuHa ¢opma. Bb3 OCHOBa Ha NpEACTaBEHUTE pE3yNTaTH C€ IPErnopbuBa 3a
JIBUTATEJIEH PEXHM, IMPUJIAraHeTO Ha YIpaBJICHHE, 4Ype3 pEryjlupaHe MO0 TOK C HE3aBHCHMHU
peryiaTopu M €JHONOJSIpHA MOAYJIAlMs, HO NMPU BHUCOKA YECTOTa HAa KOMYTAlMsi Ha TOPHUTE
TPaH3UCTOPH BHB BCIKO paMO Ha aCUMETPUYHUS Ipeodpa3yBaTed.

111.3. OBOTATSIBAHE (JIOPA3BBUTHE)HA CHIIECTBYBAIIMTE 3HAHUSI B OBJIACTTA HA
PA3JTYUHU BUJOBE IIPEOBPA3YBATEJIN HA EJEKTPUYECKA EHEPT WS

I11.3.1 U3cienBaHe HA MeTOAH 32 peryJupaHe HA U3X0IHATA MOIIHOCT B Pe30HAHCHH
npeo0pa3yBaTe/id HA eJIEKTPHUYECKA eHePrus

I'.7.19. Grigorova, T. Gr., B. K. Pacedjieva, "An automatic control system behavioral modeling and
parametrized Spice model of a full-bridge resonant inverter operating above resonant frequency”,
11th International Scientific Conference “TECHSYS 2022” - Engineering, Technologies and
Systems, Plovdiv, Bulgaria, AIP Conf. Proc. 2980, pp. 030006-1-030006-7 (2024)
https://doi.org/10.1063/5.0184394 / Scopus/ WoS, SJIR=0.164

Pe3oHaHCHUTE WHBEPTOPH C€ M3MOJA3BAT KAaTO 3axpaHBallld HW3TOYHHWIM B  Pas3IHYHH
CJIEKTPOTEXHOJOTHYHY MPHIIOKEHMs. Pe3oHaHCHUTE TpeoOpa3yBaTeiii ¢ MeKa KOMYTAIlHs U3HCKBAT
cienu(pUIHA METOIM 3a pPEeryjiipaHe Ha M3XojHaTa MOIIHOCT. OCBeH TOBa OOMEHAa Ha CHEPIHUs
MEX/y BXOJIa M M3X0/1a CTaBa C MOCPEIHUYECCTBOTO HA PE30HAHCHUS KPBI, & CAMHST TOW € CIEMEHT
3a HATpyIBaHe Ha eHeprus. HeoOXoquMo € OTIMYHO MO3HABAHE Ha CJICKTPOMArHUTHUTE MPOLIECH B
npeoOpa3yBatelis, KaKTO U XapakTepa W IMOBEICHHETO HAa TOBapa. B TO3M acleKkT ycuiausaTa Ha
CTICHUAIUCTUTE MPE3 MOCICIHUTE TOAMHNA Ca HACOUYCHH KbM H3CJICBAHE HA Pa3IMYHH METOIH 3a
peryiaupaHe Ha MOIIHOCTTA C IIeJT Ch3/IaBaHe Ha ITMPOKOIUAITa3HOHHN PE30HAHCHH TIPeo0pa3yBaTen
C MOI0OPEHH PETYTHMPOBBYHH, CHEPTUHHN U UKOHOMHYECKH ITOKA3aTeIH.

CumynatopsT PSpice Moxe na Oblie M3MOJI3BaH HE caMo 3a MPOBEpKa Ha XapaKTePUCTUKUTE Ha
NPOCKTUPAHUTE CXEMH, HO U KaTO CPEACTBO 32 CaMOTO MpOeKTUpaHe. Bbr3MOKHOCTTA 3a 3a/laBaHe
Ha (YHKIMOHAIHU 3aBHCUMOCTH MEXJy CTOWHOCTH Ha CXEMHHM CIIEMEHTH, C TOMOIITa Ha
napamMeTpH, TO3BOJIsIBa Jla C€ BbBEAAT B OMMCAHUETO HA cXeMara 3aBUCHMOCTH 3a MpoeKTupaHe. B
HACTOSIIIIATa CTATHS Ce pasriiex ia nmapamerpusupan PSpice moaen 3a cumynatopa PSpice for Tl Ha
MOCTOB PE30HAHCEH MHBEPTOp, paboTell Ha YECTOTH, MMO-BHCOKH OT PE30HAHCHATa U CHUCTEMa 3a
yIpaBJIEHUE ¢ AaBTOMAaTHYHO PeryarpaHe Ha eeKTHBHATA CTOMHOCT Ha U3XOAHUS TOK, pear3upaHa
ype3 MPHUHIMIIA Ha aHaJIOrOBOTO MojeiupaHe Ha moBeneHueto (Analog Behavioral Modeling),
3aJI0’KeH B CUMYJIaTOpa.

Cucremara 3a ympaBieHHE € ChC CaMOBB30YXJaHE M JaBa BH3MOXKHOCT 3a pErylupaHe Ha
U3XOJ[HATA MOIIHOCT Ha MHBEPTOpA 4Ype3 MPOMSIHA Ha BPEMETO 3a MPOBEXKIaHE HAa TPAH3UCTOPUTE.
IIpeacraBeHn ca aHAJIWTHYHHA 3aBHCHMMOCTH, Bb3 OCHOBAa Ha KOHWTO Ca MOCTPOCHH CHOTBETHHUTE
TOBapHHU XapaKTEPHCTUKH, TPU CHIIHO MPOMEHSIU ce ToBapu. JledhuHupanu ca GyHKIIMOHATHUTE
3aBHCHMOCTH 3a TPOCKTHPAHE Ha PE30HAHCHHUS HWHBEPTOp, pabOTEell Ha YECTOTH IMO-BHCOKH OT
pPE30HAHCHATA U € pPeai3UPaHO MapaMETPU3UPAHOTO My ommcaHue. [lokazaHu ca pe3yiTaTH OT
CHUMYJIAIIMOHHUTE U3CJICIBAHUS, KOUTO MOTBBPKIaBAT H3BBPIICHOTO TEOPETHUHO U3CIICIBAHE.

II1.3. 2. Ch31aBaHe, aHAJIU3 U POEKTHPAHE HA CXeMH HA CHJIOBU €JIEKTPOHHU yCTPOiicTBA

I'.7.6. Vuchev, A. S., T. G. Grigorova and S. A. Vuchev, "Theoretical Analysis of an LLC Resonant
DC-DC Converter at Boost Mode," 2023 XXXII International Scientific Conference Electronics
(ET), Sozopol, Bulgaria, 2023, pp. 1-4, doi: 10.1109/ET59121.2023.10279287. / Scopus / WoS

HeszaBucumo ot u3non3Banus MeTo 3a anaau3 Ha pezonancHute LLC DC/DC npeobpa3sysarenm,
IMOBEYCTO MU3CJIICAOBATCIIN OMPEACIIAT, UC IMPU IMOHMIXKABAIIl PEKUM TOKBT Ha BXO0Ja HAa U3IIPABUTECIIA
HE € MPEeKbCHAT, a MPH MMOBHIIABAII ¢ TpeKbcHAT. [IpoyuBaHeTo, mpencraBeHo BbB [B.4.11], mokasa,
Ye MpH MOHWKABAI[ PSKUM TOKHT HA BXOJa Ha M3MPABUTENS € MPEKbCHAT 32 MHOTO TOJISIMO
CBIIPOTUBJICHUE HA ToBapa. OOpaTHO MPH MOBUINABAI PSKUM TO3U TOK € HEMPEKHCHAT 33 HUCKU
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CTOMHOCTH Ha TOBapHHUs pPE3UCTOp, ONM30 10 rpaHUlata Ha paboTa Ha mpeoOpasyBaTeis IMpH
KOMyTallis TpU HYJIEBO HampekeHue. Llenm Ha HAcTOSIMIOTO HU3CIENBaHE € aHAIW3HpaHe Ha
enektpomaruutute npouecu B LLC pesonancen DC/DC nmpeoOpa3yBatel mpy MOBHIIABAIL PEKUM
U [I0JIy4aBaHe Ha YPaBHEHMUsI, KOUTO MOJIEIUPAT ACHCTBUETO MY IIPH PA3IUYHUTE YCIOBHS Ha padboTa.

Jlepunupano e yCIOBHETO, HAa KOETO TpsOBa Ja OTroBapsi yIpapisBallaTa 4ecToTa s U
XapaKTepPUCTUYHOTO CHIPOTHBIICHHE 32 padoTa B MOBHUIIABall pexxuM. [Ipu M3nbIHEeHHE HA TOBa
yCIIOBUE, C U3BMEHEHUE Ha ChIIPOTUBJICHUETO HA TOBAPHUS PE3UCTOP OT €IHA MUHUMAJIHA CTOMHOCT
10 Oe3KpailHOCT, ce€ TMPOMEHAT YycioBusATa, npu Kouto pabdoru LLC mpeobpasysarensr,
OCUTYpSIBAlKM KOMYyTallusi ¢ HyleBo HampexeHue (ZVS). Haii-o0mio ce HaOmogaBaT pekuM Ha
HEMPEKbCHAT U PEXKUM Ha IPEKbCHAT TOK.

VYcnoBus 3a pabota B HENpeKbCHATUS PEXuM Osixa oOchaeHu B [B.4.11]. Cwpmo Taka Osixa
neUHUPAHN YCIIOBUS 3a TpaHWIlaTa Ha JeicTBUE mpu ZVS U MpeMUHABAHETO KBbM PEKUM Ha
npekbcHat Tok. [Ipu u3cnenBanero Ha paboTtaTta Ha nmpeoOpa3yBaTess B PEKUM Ha MPEKbCHAT TOK,
MIPEJICTaBEHO B HACTOSIIATA CTATHsI, C€ MACHTU(HUIMPAT /IBA MTOJIPEKUMA - noopedcum A U noopexcum
B. CpcTaBeHu ca cUCTeMU ypaBHEHUS, KOUTO OMKMCBAT €JIEKTPOMArHUTHUTE MPOIIECH B cXeMaTa 3a
OTACTHN pabOTHH WHTEpPBAIU. EJEKTPOMAarHUTHUTE TMPOLECH 3a noopexcum A ce OonucBaT
aHAJIOTUYHO, KaKTO 3a PEXXHM Ha HEMPEKbCHAT TOK. TOBa Mpe/rnoara Bb3MOKHOCT 32 HAMUpaHe Ha
AQHATTMTHUYHH U3Pa3H 32 OCHOBHUTE BEIIMYMHHU Ha MPeoOpa3yBaTes, JOKaTO 3a €IEKTPOMArHUTHUTE
MIPOLIECH B nodpedicum B TOBa HE € BH3MOXKHO U TpsiOBa Ja ce M3IMO0JI3Ba U3YUCIUTEITHU METOMIM.
OrnpezenieHuTe TPaHUIM Ha nodpexcum B nedunupat obracTTa Ha ThpCEHE Ha PEIICHUSATA.

[Tomy4yenure pe3ynraTu MOTaT jaa ObJAT M3MOJ3BAHU 33 CIIEABAIIM TCOPETUYHU NMPOYYBAHUS HA
pe3onancuute LLC npeoOpa3syBareny.

I'.8.1. Lechkov, A. N., T. Gr. Grigorova "Hybrid transistor-thyristor PWM converter with improving
reversible time", Annual Journal of Electronics, Sofia, Bulgaria, 2011, vol.5, No.1, pp.192-195, ISSN
1313-1842 (HALIAJT ID Ne 1277)

B crarudra e aHanusupaHa, MPOEKTHUpaHa M CHMYJAIlMOHHO TECTBaHA CXeMa Ha XHOpHJEeH
TPaH3UCTOPHO-TUPUCTOPEH Mpeodpa3yBaTell ¢ MOCTOSIHEH KOe(UIIMEHT Ha 3aITbJIBaHe U Bb3MOKHOCT
3a peKynepanus, OpPHUEHTHpPaHa KbM TMPHIOKEHHE B TaJIBAHOTEXHUKATa KaTO HW3TOYHUK 3a
SIEKTPOUMITYJICHO Bb3/IeiicTBHE MpU Taka HapeueHus Periodic Pulse Reverse meron (PPR).

Pazpa0oTeH e anropuThbM 3a CHHTE3UpaHEe Ha U3XOJHOTO HalpexeHue B cxemarta. [IpenioxeH e
CHUMYJIALIMOHEH MOJeJl Ha CUCTeMaTa 3a yIpaBJieHUE, pealu3upalia pexumMure Ha padoTa Ha
npeoOpa3yBatelsi, KaTo € HW3IMOJI3BaH IMPHHIUIBT HAa aHAJOTOBO MOJEIHpPAaHE Ha IOBEIECHHETO
(Analog Behavioral Modeling), 3anoxen B cumynaropa PSpice A/D. Tlocturuarto e cbyeraBaHe Ha
rojsiMa M3YUCIUTENHA EQEeKTHBHOCT C aJeKBaTHO MOJIEIHpPAaHEe Ha CXEMHUTE KOMITOHEHTH.
IIpencraBeHo e cpaBHEHHME Ha Pe3y/ITaTUTE OT CUMYJIALUATA M TE3H OT aHATUTUYHOTO NMPECMSTaHE.
[TomyyeHnnTe MaHHW JaBaT BB3MOXKHOCT Ja C€ HAIpaBH OIEHKAa HAa TOYHOCTTA HA ChCTaBEHATa
METOAMKa 3a mpoekThpaHe. OTueTeHaTa OTHOCHUTENIHA Tpellka € B rpaHunure Ha 3%, mpu
pa3IMYHAUTE 3aBHCUMOCTH, KOETO € NMPHEMJIMBO 3a MH)KEHEPHHU NPECMATaHWsA. ToBa ce IBIDKH Ha
¢akTa, 4ye B X0/1a Ha aHayiu3a Oelle HANpaBEHO JOIMYCKaHEe, Ye BCHUKH €JIEMEHTH B cXemaTa ca
WJCaTHH, KaKTo Oellle MpeHeOperHaTo 1 BIUSHUETO Ha M3PaBHABAIINTE BepUTH. [IpH KOMITIOTBPHOTO
MO/IEJINPAHE CUIIOBUTE €JIEMEHTH Y4acTBaT ChC CBOMTE MOJIEIHU MapaMeTpH, KOETO ce OTpa3siBa Ha
MIOJTyYCHNUTE CUMYJIAIIIOHHH PE3yITATH.

I'.8.2 boxwnos, P. L. I'puroposa, "N3cnenBane Ha MpOMEHIMBOTOKOB yCHJIBaTell ¢ oOpaTHa
Bpb3ka BOOTSTRAP", XXIV HamnuoHaneH HaydeH CHMIIO3MYM C MEXAYHapOAHO YuyacTue
"MeTtposiorust ¥ MeTpoJiornaHo ocurypsiBane", ctp. 200-205, Co3omomn, 2014 r., ISSN 1313-9126
(HALI ID Ne 3036)

Knacnueckara cxema Ha IMPOMCHJIIMBOTOKOB YCHWJIBATCJI C OIICPALIMOHCH YCHUJIBATCII HC MOKC J1ad
OTTOBOPH HA MOBUIICHU METPOJIOTMYCCKH U3UCKBAHHA KAaTO CBPBX-BUCOK BXOACH UMIICAAHC U HUCKO
HHMBO Ha COOCTBEHH IIYMOBE, KOTraTo CC YCHUJIBA CUTHAJI OT BUCOKOOMCH NPOMCHJIMBOTOKOB U3TOYHUK.
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3a rpeooIsBaHe Ha IOCOYSHUTE HEAOCTATHIM CE U3II0JI3Ba IPOMEHINBOTOKOB YCUJIBATEN C 0OpaTHa
Bpb3Ka OT THN “bootstrap”. B craTusita € mpeioeHo H3CiIeIBaHe Ha BXOJHMS HUMIICIAHC Ha
YCHUJIBATENsl, KATO EKCIIEPUMEHTAIIHUTE U CUMYJIAlIMOHHUTE PE3YyITAaTH [10Ka3BaT CUJIHA 3aBUCHMOCT
Ha BXOJIHUS UMIIE/IaHC OT onpeAessaiuTe ro eneMeHTH. IlokasaHo e, ue npu onpejeneHa 4ectora Ha
BXOJIHUS CUTHAJ, CTOMHOCTUTE Ha €JIEMEHTUTE, U3TPaXKJallly YCUIIBATENs MOraT J1a C€ ONTUMU3HPAT
Taka, Y€ Ja ce IOJy4Yd EKBUBAJEHTEH BXOJEH MMIIEJAHC OT MOpSAbKAa Ha JECEeTKU TMraoMH,
U3I0JI3BaliKK CTOMHOCTH Ha CXEMHUTE pe3ucTopy He HajBumasaiy 10MQ. Pe3ynrarure ot aHanusa
ca MOTBBbPACHU 4pe3 KOMIIOThpPHA cuMyniauus Ha ycuisarensd. IlomydeHo e noOpo cbBHajgeHue
MEXy €KCIIEPUMEHTAIIHUTE PE3YITATH U TE3U OT KOMIIOThPHATA CUMYJIALMsL.

I'.8.4. bones, I'. b., lIB. I'p. I'puroposa, A. H. Jleukos, "AHanu3 Ha pe30HAHCEH MPeoOpazyBaTe
3a MHIYKLMOHHO HarpsiBaHe kiac-E ¢ pasmupen yecroreH nuanas3on”, Hayunu tpynose Ha Chro3a
Ha yuyeHute B bearapus — I[lnosaus, Cepus B. Texnuka u texnonoruu, ToM. XII, ITnosaus 2015r.
ctp. 116-120, ISSN 1311-9419 (HALIW I ID Ne 2494)

B nacrosimara paboTa € npeAcTaBeH aHaJIU3 Ha PE30HAHCEH IMpeoOpasyBaTesl 3a MHIYKIIMOHHO
HarpsBane (IIMH) xnac ,,E”, npu xoiiTo ToBapa ce siBsiBa napajiejieH pe30HAaHCEH KpPbI, BKIIOYBAILL
unaykropa. C 1en no-nqo0po chriacyBaHe Ha TOBapa B MO-IIMPOK YECTOTEH JIMAINa30H ce Mpuiiara
MIOCJIEIOBATENICH PE30HAHCEH KPBI' C HUCHK KadecTBeH (akTop. [IpennoxeHusaT Moaen no3BossiBa
ylleCHEHO MpoekTupaHe B cumynanuonHa cpeaa Ha MICRO-CAP. Ilenta Ha Hacrosimiara pabota e
Jla ce aHAJIM3Mpa U MPEJICTaBH CXeMa Ha Pe30HAHCEeH MpeoOpasyBaTell 3a MHAYKIIMOHHO HarpsiBaHe
(ITMH) knac ,,E” ¢ pa3mupen 4ecTOTeH AUAmna3oH U ¢ OTPaHUYEHO BIUSHUE HA KOMILIEKCHUS TOBAp
npu 3ana3BaHe Ha BUcok KIIJ] He mo-manbk oT 95%.

CumynanuoHHUAT aHaIU3 € u3BbpiieH upe3 cumyiatopa MICRO-CAP 9, kato cToiiHOCTUTE HA
€JIEMEHTUTE Ca 3aJaJ€HH CbC CHUMBOJIHM IIPOMEHIIMBH, ONHUCAHM CbC CHOTBETHUTE AHAIUTUYHHU
dbopmynu. M3BeneHu ca u3BOAH, OTHOCHO Bh3MOXKHOCTHTE 32 Pa3IIMPsBaHE HA YECTOTHHS 00XBAaT Ha
pe3onancuus [IMH knac ,,E*, ycinoBusATa 3a oTqaBaHe Ha MaKCMMAaJIHA MOITHOCT U MMOCTUTAHETO Ha
BHCOKA €()EKTUBHOCT.

I'.7.14. Grigorova, T. Gr. "Steady-State Analysis and Modified Control Technique of a Capacitor
Voltage Clamped Dual Half-Bridge Series Resonant Inverter”, 19th International-Federation-of-
Automatic-Control (IFAC) Conference on Technology, Culture and International Stability (TECIS),
Vol. 52 Issue 25 pp. 456-461, 2019, Sozopol, Bulgaria, DOI: 10.1016/j.ifacol.2019.12.582/ Scopus /
WoS, SJIR=0.354

HO BpeMe Ha TEXHOJOTUYHUTEC HpOIICCI/I BCJICACTBUC HA HpOMeHI/I, KOUTO HACTHIIBAT B TOBapa i
B pe3yiTaT Ha JPYrH CMYIICHHUS, CE€ NMPOMEHSAT HAINPEKCHHUATAa BbPXY AKTHBHHUTE U ITACUBHUTE
CJICMCHTHU B aBTOHOMHUTC I/IHBepTOpI/I. HOI[O6HI/I e(l)eKTI/I JOBCXK AT 10 BB3HUKBAHC HA He)IOHYCTI/IMI/I
pexxuMu Ha paboTa B CHIIOBUTE cXeMHU. T03H mpobIeM ChbepeoTouaBa YCHIUATA HA CIICIIHATUCTHTE
B peaJl3MpaHe Ha CXEMHHM BapHaHTH Ha HHBEPTOPU C MOJAOOPEHH TOBAPHH XapaKTEPUCTHUKH.
OCHOBHUSAT MMOJIXO]] HAa pab0Ta € KOHIIEHTPUPAH BbPXY Bb3MOKHOCTUTE, KOUTO TPEJIaraT CUJIOBUTE
cXeMH 3a J00aBSHE Ha JONBJIHUTEIHU €JIEMEHTH (OTPaHUYUTENHU JAUOAM WIM Tpymna oT
WHIYKTUBHOCT U JTMOJIH ), Yp€3 KOUTO CE MOCTUTA SPEKT HAa OTPAHNYaBAHE HA CXCMHUTE HATIPEKCHUSI.
[To TO3W HaYWH ce OCUTYpsIBa CTAOMIIHOCT B paboTaTa Ha CHJIOBATa cXeMa, KOHCyMHpaHaTa MOIITHOCT
€ TMIOCTOSTHHA 1 HE 3aBHUCH OT MPOMEHUTE Ha TOBapa.

B Hacrosmara cratus ce pa3nmpsiBa H3CJICIBAHETO Ha SJIEKTPOMArHUTHUTE IIPOIECH B YCTAHOBCH
PEKUM Ha aBTOHOMEH WHBEPTOP OT THIIA C Kallal[ATUBHO OTpaHUYaBaHe Ha HaNpexeHusTa (capacitor
voltage clamped dual half-bridge series-resonant inverter), 3axpaHBaIll JBa pa3JIMYHH TOBapa.
[Ipemiara ce HOB TIOJIXOJT 3a aHAJIM3, B YCTAHOBEH PEXUM, Ha paboTara Ha cxemara. B ocHoBaTa Ha
aHalM3a € BBBEXKIAHETO Ha KoedwuimeHTa Ha paskoneOaBaHe k, WM3MONM3BaH B KIIACHUYECKHTE
pe30HaHCHH WHBEpTOpH. 110 TO3W HAYMH Ce MpHiara eJIWHECH IOJIXOJ] B aHAJIM3 Ha MPOIICCHUTE, B
YCTaHOBEH PEKUM, IIPH PE30HAHCHUTE UHBEPTOPHU C EIEKTPOTEXHOJIOTMYHO IIpUIokeHue. 13Benenu
ca aHAJTUTHYHU 3aBHCHMOCTH, Ype3 KOWTO Ca MOJIyYeHH OCHOBHHU XapPaKTEPUCTUKH 32 MMPOCKTHPAHE
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Ha npeoOpazyBaress. O0chxkAa ce MOAM(UIIMPAH METOA 3a YIpPABJICHUE Ha TOBapUTE C pa3InyHa
9YeCTOTa M MOIIHOCT 3a H30sMrBaHe Ha JONMBJIHUTEIHOTO TOKOBO HATOBapBaHE Ha YacT OT
TPaH3HUCTOPUTE B cxemara. Pe3ynraruTe OT aHaim3a ca MOTBBbpACHM upe3 cumynanus ¢ OrCad
Pspice. 3abensi3Ba ce MHOrO J00pO CBHBIAICHUE MEXKIY H3YHUCICHHUTE PE3YJNTATH U TE3H OT
KOMITIOTbpPHATa CUMYJIAIMsl, KaTO OTHOCHTENIHATa Ipellka € B paMKuTe Ha 5-6%. Pasnukute ce
IbJDKAT Ha PeaTHUTE apaMeTpH Ha €JIEMEHTHUTE, C KOUTO € IIPOBEACHA CUMYJIAIHTA.

I'.7.16 D. lvanov, D., I. Maradzhiev and T. Grigorova, "FPGA Implementation of Microstepping
Control of Stepper Motor with Advanced Mixed Current Decay,”" 2021 12th National Conference
with International Participation (ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513691. / Scopus

B mHacrosimmusi OKan € OnMcaHa eKCIePUMEHTAIHATa pealu3alusira Ha MHKPOCTBIIKOBO
yrnpaBieHue Ha cThIKoB aBuraten (PM42S-048-HHCS) ¢ ummiieMeHTHpaHe Ha PEKUM Ha CIIUpaHe
ot Buja ,,advanced current decay mode®. I[IpemoskeHOTO penieHre € Ha 6a3aTa Ha IPOrpaMUPyeMO
gorudecko ycrpoiictBo it FPGA (FPGA Spartan 3A XC3S50A — 4VQG100C) u HempekbCHATO
u3MepBaHe W (WITpHpaHe Ha TOKA Mpe3 HAMOTKUTE HA HM3IOJ3BAHUS JIBUTATEN C TAIBAHUYHO
paznenen ALIIT (AMC1306M25DWVR). HamoTkuTe Ha ABHTaTEIs CE 3aXPaHBaT ChC CHIIOB JIpaiBep
tun DRV8844. HanpaBeHo e cpaBHEHHE HA MAKCHMAIHO JIOCTHKMMATa YECTOTa Ha YIPABIISBAIINTE
UMITYJICH, TOJIaBaHM KbM HaMOTKHTE Ha JIBUTATENS, MEXAY pEaIM3UPaHUs PEKUM HA CIIHPAHE C
npuiarase Ha ,,advanced current decay mode* u peskxuM Ha MEKPOCTBITKa 0€3 HETOBOTO IPHJIAraHETo.
OT HampaBeHHWTE CKCIIEPUMEHTAIHU U3CJICIBaHUS C€ BIDKJA, Y€ C MPHIIAraHe Ha TO3U PEKUM Ce
yBenu4aBa paboTHATa YeCTOTa HA JBUTATEIIS, KATO TOBA € CBBP3aHO C IO-MaJKO BUOpAINH, IIIyM U
TOYHOCT Ha O3UIIMOHUPAHETO HA POTOPA.

I'.7.17. Grigorova, T., |. Maradzhiev, "Behavioural modelling of an average current-mode control
of a boost DC/DC converter", 10th International Scientific Conference “TECHSYS 2021 -
Engineering, Technologies and Systems, Plovdiv, Bulgaria, AIP Conference Proceedings 1
September 2022; 2449 (1): pp. 030004-1-030004-8, https://doi.org/10.1063/5.0090676/ Scopus,
SJR=0.164

EnHO OT OCHOBHHTE MNpPEIU3BHUKATEICTBA B peaU3alisITa Ha KIIOYOBUTE CTAOMIM3aTOPH €
OCHUTYpPSIBAHETO Ha TOCTOSSHHA CTOMHOCT Ha W3XOIHOTO HampekeHue. ToBa ce mocTtura 4pes
ycuiBaTeds Ha TIpelikara, KOMTO ce CTpeMH Ja MHUHMMHU3Mpa pa3jiMKaTta MEXIy H3XOJHOTO
HaNpe)XeHHWEe W 3aJaJICHOTO OIOPHO HampexeHue. B Hacrosmarta myOiauKamusi € HITIOCTPUPAHO
AHAJIOTOBO MOJICNTpaHe Ha moBeieHrneTo Ha nosumiasaiys DC/DC npeodpasysaten (Boost DC/DC
converter) B 4YecTOTHa 00JacT, dYpe3 YIpaBJIeHHWE TII0 CpeIHaTa CTOWHOCT Ha TOKa TIpe3
MHAYKTHUBHOCTTa (average current mode control). M3mon3Banu ce Bb3MOXKHOCTTa Ha CHUMYJIaTOpa
PSpice for Tl 3a 3a1aBane Ha mapameTpu upe3 ) YHKIIMOHATHN 3aBUCHMOCTH MEXK1y CTOMHOCTUTE Ha
eIEMEHTUTE Ha cXeMmaTa. BbBeneHH ca ypaBHEHHMATa 3a IMPOEKTHUpaHE NpPU OMHCAHUETO Ha
eIIEMEHTUTE Ha cxemara. MojelrpaHu W HW3CIEABaHU Ca TpelaBaTeTHU (YHKIUU HA OTICITHHUTE
KOHTYpHY, M3rpaXJalld Bepurara 3a oOpaTHa Bpb3Ka, KAKTO M Ha CHCTeMaTa Karo I[sUIo.
OTHOCHTENHATA TPEIIKa MKy TEOPETUIHNUTE U CUMYJIAIMOHHUTE PE3yNITaTH € B TPAHHUIIUTE Ha 5-
6%. Bb3 ocHOBa Ha M3UMCIIEHUTE CTOMHOCTH Ha €JNEMEHTUTE Ha YCHUJIBATeNs Ha Tpelikara e
M3BBHPIICHO M3CIIEABAHE HA YCTOMYMBOCTTA HA CHCTEMATA.

Pesynrature, mNOIy4eHH B HACTOSALIOTO H3CJEIBaHE, II0OKa3BaT MPUIOKHUMOCTTa Ha
CHMYJIAIIMOHHUTE WHCTPYMEHTH B TIpOIeca Ha MoeTanHo (step-by-step) ycBosiBaHe Ha TeopeTHYHUS
acIeKT Ha JAMHAMHUKaTa Ha YIpPaBJIEHUETO B CXEMHUTE Ha KIIIOUOBUTE CTAOMIN3ATOPHU Ha MOCTOSIHHO
HarpekeHue. Te ca 0co0eHO TOAXOMAIIM 3a W3MOJ3BaHE B OOYyYEHHETO Ha CTYJICHTUTE B
MarucTbpcKusi Kypc mo ,,EnexkTpoHuka“, Karo ce o4akBa MOCTUTAHETO HAa YCTOMYMBHU 3HAHUSA U
YMEHUSL.
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https://doi.org/10.1063/5.0090676/

3.31.3. Hinov, N., T. Grigorova, "Design Considerations of Multi-Phase Buck DC-DC Converter".
Applied Sciences. 2023; 13(19):11064, https://doi.org/10.3390/app131911064 Open Access,
Scopus/WoS, Q2/ IF=2.7

Mtuorodazautre DC/DC npeobpaszyBaTenn H3MOI3BaT MHOXKECTBO MPEBKIOUBAIIM (a3u, 3a aa
YIECHST IpeoOpa3yBaHETO Ha MOITHOCTTA, KaTO MpeJiaraT pa3IndHu MPEAUMCTBA U HEIOCTAThIU B
cpaBHeHHe ¢ KoHBeHIMoHanHuTe enqHodasuu DC/DC npeobpasysarenu. Hacrosimara pabora nMa 3a
IeJT J]a TIPE/ICTaBU PalMOHATHA METOIOJIOTHS 33 ONpeeITHE Ha ONTHUMAaIHUsI Opol (a3u, OT KOWTO
na Obae wsrpajgeH eauH MHorodaseH mnoHmwkasamr DC/DC mpeoOpasyBaTen B 3aBHCHMOCT OT
KOHKPETHH TPUIOKEHUS. Y BeJIMYaBaHETO HA HEOOXOIUMOCTTA OT OBP30 M TOYHO MPE/ICKa3BaHEe Ha
Opost Ha 3BeHaTa MPH NMPOSKTUPAHETO HAa MHOTO(Aa3HH MOHIKABAILY Peo0pa3yBaTe, U3IOI3BaHN
32 MUHHUMH3HPAHE Ha ITyJICAIIMUTE HAa TOKOBETE U MOCTUTAHE HA BUCOKA €)EKTHBHOCT, € OT 0COOEHO
3HAYEHHUE 3a JU3AHEPUTE HA 3aXpAHBAILU YCTPOMCTBA.

B Hacrosmara craTusi ca AMCKYTHpaHH OCHOBHHTE BHIIOBE 3aryOu B cxemMaTa Ha MHOTogaseH
CHHXPOHEH IMOHIKaBam npeoOpasyBaten (multi-phase synchronous buck converter) u ca
NPEJCTaBEHU aHAJMTUYHH 3aBHCUMOCTH 32 TIXHOTO M3YUCIIsIBAHE. AHAIM3UPAHU Ca, aHAIUTHYHO U
rpaduvHO, IyJICAIIMMTE HAa W3XOAHHUA M BXOIHHUS TOK B MHOrodasHus mpeobOpasysaren. Upes
KOHTPOJIHU TipuMepH (BxoaHo Hampexenne Uin=12V, uzxonno Hanpexxkenue Uout=1.6V/3.3V/5V,
ympasisiBamia yecrora fsw =75kHz+300kHz, u3xonen tok lo= 5+200A, mbpTBO Bpeme t¢=100ns) ca
U3BBPIICHH aHATUTUYHU W Tpaduunu (3D auarpamu) aHanu3u Ha MYJICALUUTE HA HU3XOTHHS H
BXOJIHHS TOK B MHOTO(a3HHs TpeoOpa3yBaTell, KAaKTO U Ha 3aryouTe B IpeoOpa3oBaTeliHaTa BEPUra.
Bb3 ocHOBa Ha aHANTUTHYHHUTE PE3YJNTaTH Oe€lle TOKa3aHO, Y€ 3a Pa3TIICKTAHUTE MPHUMEPH 3a
yIpaBieHHE, KOraro CTOWHOCTHTE Ha u3xomHus TOoK lo ca mo-mamku ot 20A (Io < 20A),
MHOTO(a3HUAT CHHXPOHEH MOHIKABaIll MpeodpasyBaresn ¢ Opoii 3BeHa N=2 moka3Ba Hali-BHCOKa
edpextuBHOCT (90.8%). MexyBpeMeHHO, 32 CTOMHOCTH Ha U3XOIHUS TOK B quamnasoHa 20A<[p<35A,
Haii-Bucoka edextuBHOCT (N=90.77%) ce moctura ¢ KoH(pUTypaus, cbctaBeHa oT N=4 3BeHa. B
oOxBara Ha U3MEHEHHUE Ha n3XoHHs TOK 0T 35A<Io<45A, Haii-Brcokara edekruBHOCT (11=90.792%)
ce mocrtura ¢ koHpuryparus ¢ N=6 3seHa. B cbI10To Bpeme, pu CTOWHOCT Ha U3Xo1Hus TOK lo =40A,
epexTUBHOCTTA Ha (a3oBara Bepura npu N=4 e ¢ 0.21% no-Hucka oT Ta3u Ha (pa3oBaTa Bepura npu
N=6. Koraro uzxonnusr tok € lo= 100A, epexTuBHOCTTA Ha Pa3oBaTa KOHPUTypaus npu N=12 e
¢ 0.14% mo-Bucoka ot Tazu Ha ¢aszoBara kKoHurypamus npu N=8, mokxato mpu lo = 200A
edexkTuBHOCTTA Ha (hazoBaTa Bepura rpu N=12 e 0.62% mo-Bucoka ot Ta3u Ha ¢azoBarta Bepura N=8.

B crartusta ca u3crneaBaHM 3aryOuTe Ha MOIIHOCT B pPE3ylTaT Ha NPOMEHU B pa3IMyHU
napaMmeTpu kato koeduuueHt Ha 3ambiaBaHe (D=0.1+0.9) u paborna uecrora (75kHz+300kHz).
ITokazaHo e, 4ye 3aryOuTe Ha MOIIHOCT C€ YBEIMYaBaT C yBeJIMYaBaHE HA YECTOTaTa, KaTo
3HAYUTEHM 3aryou ce HaOdrofaBaT NMPH MAJIKH CTOWHOCTH Ha KOe(QUIEHTa Ha 3aITbJBaHe.
IIpencraBenu ca M pe3yiTaTH OT CHUMYJALUS Ha 3aryOM Ha MOIIHOCT B MHOTOo(a3eH CHMHXPOHEH
nmoHWXkaBany TnpeoOpasyBaten ¢ N=8. OTHocuUTenHATa TpelIka MEXIy aHAJIUTUYHU U
CHUMYJIAIIMOHHU pe3yaTatu He Hajasuiiasa 4%. Ilpu u3bopa Ha ontumannus Opoit ¢as3u TpsadBa na
ce MOAX0KIa H3UepIIaTeIHO, 32 JIa CE OICHST MPEIUMCTBATa OT YBEIMYaBaHETO Ha Opost Ha (a3uTe
B MHorogasHara xoHdurypauus. IlpennoxeHuar moaxona, 3a ObpP30 W TOYHO H3YMCIISIBAHE Ha
3aryOnTe Ha MOINHOCT W oOmara e(eKTHMBHOCT, HaMallsiBa IPEIBAPUTEITHUTE HW3YHCIUTEITHH
IpoIelypy U ONTUMHU3Upa pemeHusTa. Cie0BaTeNHO, pa3riekaaHaTa METOIMKA 3a MPOEKTUPaHE
MOJKE J]a HaMepH TMPIJIOKEHHE KaKTO B MH)KEHEpHATa MPAKTHUKA, Taka ¥ B 00yYSHHETO Ha CTY/ICHTH
10 CHJIOBA €JIEKTPOHHUKA.

111.3. 3. YebBbplIeHCTBaHE HA MAKPOMO/I€/JIH HA CHJIOBH MOJYNPOBOIHUKOBH eJ1eMeHTH

I'.8.3. Grigorova, T. Gr., K. K. Asparuhova, "Unified Method for Behavioral Modeling of IGBT”,
Annual Journal of Electronics, Sofia, Bulgaria, vol.8, pp.96-100, 2014, ISSN 1314-0078 (HAIIM/I
ID Ne 469)

B HacTosimara cratus € peaiu3upan IMHAMHYeH MOAeT Ha ¢pyHKunoHamHo-napamerpudeH IGBT

TPaH3UCTOp 3a cuMyliaTopa PSpice upe3 Mozenupane Ha BXOJHHS KallallUTeT Ha TPAH3UCTOPa KaTo
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HEJIMHEEH KOHIEH3aTOp C MOJMHOM OT BTOPH pE€I U BrpajeHara, B CUMyJaropa, MareMaThdecka
¢dbyakums "arctan". M3non3BaH € HHCTPYMEHTApUYMbBT Ha aHAJIOTOBOTO OMMCAHUE Ha MOBEECHUETO.
Cxemara 3a peanuzalys Ha HEJIMHEHHHUS KOHJEH3aTOp € M3MbJIHEHa Karo mojcxema. OmucaHa e
METOJIMKATa 33 eKCTPAKIIMsI Ha 3aBUCMMOCTTA Ha BXOJIHUS KaNalUTeT Ha TPAaH3UCTOpa KaTo QyHKIUS
Ha HAIPEXKEHHUETO KOJEKTOp-eMuTep. MOJIenbT € mapaMeTpu3upaH 1 BrpajieH B cumynatopa OrCad
PSpice.

3a BepuduKkanusa Ha MOiella, B CTATHYCH W JUHAMHYEH pexuM, ¢ u3dpan IGBT tpanszuctop tun
FGA90ON33AT. [lokazanu ca U3XOAHUTE CTATUYHU XAPAKTEPUCTUKH, MOJYYEHU OT CHUMYyJaTopa
PSpice B»3 OCHOBa Ha MpEIUIOKEHHS MOJEN, KaKTO W IIpelaBaTeHAaTa XapaKTepPHCTHKAa Ha
TpaH3uCTOpa. Pe3ynTaTuTe OT CpPaBHEHHETO MEXKIY KAaTajJOXKHHUTE JAHHU U TE3H, NOJYYEHH B
pe3yaTar OT CUMYJAIMHUTE ca 0000IIEHH U MPEACTaBEHH Ta0JIMYHO, KAaTO Pa3lInKaTa MEeXIY TIX € B
rpanunuTe Ha 2%. [To-ronsiMa OTHOCHTEIIHA IpeliKa, 0Koyio 5%, ce 3a0ensi3Ba Ipu HalIPEKCHUE TeHT-
emutep Vee = 6V. JIMHaMUYHUAT MOJENI Ha €JIEMEHTA € NPOBEPEH, CUMYJIAllMOHHO, Ype3 TECTOBA
cxema. IIpencraBeHu ca CpaBHUTEIHM pE3YJATaTH MEXKIY KaTalOXKHUTE JAHHU U PE3YITATUTE OT
CUMYyJIallUsTa HAa: BPEMETO 3a BKJIFOUBAHE, BPEMETO 32 HAPACTBAHE HA TOKA, BPEMETO 32 U3KIIOYBAHE
1 BPEMETO 3a ClaJlaHe Ha TOKa.

[IpencraBenu ca oCIUIOrpaMH OT €KCIIEPUMEHTAIHO U3Cie[BaHe Ha paboTaTa Ha (yHKIIMOHATHO-
napamerpuunust moaen Ha IGBT Tpansucropa npu paboTa ¢ akTHBHO-WHIYKTUBEH ToBap. Jlokazana
€ TOYHOCTTa Ha CUMYJIALIMOHHUTE PE3yJITaTH, NOJIYyYeHH MPU U3IO0JI3BAHETO HA MPEIaraHus MOJEN.

111.4. AHAJIN3 U U3CJIEJABAHE HA BUJOBE MOJIYJALIMA B IPEOBPA3YBATEJI 3A
YHPABJIEHUE HA BE3UETKOB JIBUTATE.JI

I'.8.9. Mapamxues, U. I1., E. Y. luakos, LIB. I'p. I'puroposa, "U3cnensane BiausiHuero Ha LC
GunTHEp BBPXY paboTaTa Ha cHCTEMaTa MHBEPTOP—OE3YETKOB JBUTATEIN 3a TIOCTOSIHEH TOK", Hay4ynn
Tpynose Ha Cbio3a Ha yuenute B bonrapus — [1nosnus, Cepus B. Texnuka u rexuonoruu, Tom. XlI,
[Tnomue 2015t. Ctp. 140-143, ISSN 1311-9419. (HALIM /I ID Ne 2494)

be3ueTrkoBHuTE [BHTATENM 3a IOCTOSHEH TOK HAaMHUpPAT IIHPOKO TPUIOKEHHE B pa3IudHU
MHAYCTPUATIHU MpUiIokeHus. ToBa Hajara HeoOXOMMOCTTa OT OCUTYpsIBAHE Ha MaJIKU ITYJICAI[UH Ha
BBPTSILIMS MOMEHT Ha O0€3YeTKOBHS JIBUraTell M rapaHTUpaHe Ha HeoOXo/auMara eleKTpOMarHUTHA
CbBMECTHMOCT CIOpe] M3MCKBaHMATA Ha paboTHaTa cpefa. B HacTosAmMs AOKJIaJx ce M3Cle/Ba
BIIMSTHHETO Ha HUCKOUecToTeH LC GuiThp, BKIIFOUEH MEX/Ty MHBEPTOP Ha HANPEKEHNE U 0€34eTKOB
JIBUraTell 32 IOCTOSIHEH TOK, C 11eJ1 HaMaJlsiBaHe Ha MYJICAllMUTe Ha BbPTAILIUS MOMEHT U TI0JJ00psiBaHe
Ha XapMOHWYHHS ChCTaB Ha Toka mpe3 nsurarens. LC GuirepbT € BKIIOYEH B cXema ,,3Be3/a™.
Cucremata € MoJenMpaHa M CHUMYJIUpPaHa IIOCPEACTBOM IporpameH cumynatop PSIM.
[IpencraBeHuTe pe3yaTaTH ca MOJIYYEHU Ype3 KOMIIOTHPHO CUMYJIMpPAHE Ha €JEeKTPO3aIBUKBAHE C
0e3ueTKoBa MalllMHA U ONUTHO MOTBBPACHH MOCPEJICTBOM peaHa eJIEeKTPO3aBHKBAIIlA CUCTEMA.

OT HampaBeHHMTE M3CIEIBAaHUS C€ YCTaHOBsBa, 4e mpu mnocraBsHe Ha LC ¢untep mexny
MHBEpPTOpa Ha HampeKeHue M Oe3YeTKOBHUS JBHMraTesl 3a IIOCTOSHEH TOK, ce€ (UITpUpaT
BHCOKOYECTOTHUTE CHhCTABSIN OT XapMOHUYHHUS ChCTAB HA TOKA, MpOTHYAI ITpe3 ABurarens. Cpino
Taka 3HAUMUTEIHO C€ HamaligBa AaMIUIUTyJHATa CTOMHOCT Ha BHMCOKOYECTOTHHUTE CBCTABSIIU OT
XapMOHHWYHUS CbCTaB Ha JINHEHHOTO HANpEXEHHE, IpUjlaraHo BbpXy asurateind. Ilpu Hanuuue Ha
LC ¢untsp, xorato ynpaBieHHETO Ha MHBEPTOpA C€ M3KIIIOUM U MalllMHaTa 3allo4yHe Ja CIupa Io
MHepIUs, IpOTUYa TOK Ipe3 JOJHUTE TPAaH3UCTOpH OT uHBepTopa, LC ¢untbpa n GezueTkoBaTa
ManirHa. To3u TOK BOAM J10 IOJy4yaBaHETO Ha MaJIbK OTPUIIATEIEH BBPTAL] MOMEHT, KOUTO CE€ CTPEMU
na cripe nBurarens. [Ipu sunca Ha LC GuaTep v npu crivpaHe Ha JBUTATENS 10 HHEPILHSI TO3U MTPOLIEC
He ce HaOro1aBa.

I'.8.10. Maradzhiev, 1. P., T. Gr. Grigorova and E. Dinkov, "Simulation and Experimental
Investigation of Modulation Techniques for BLDC Motor Control”, Universal Journal of Electrical
and Electronic Engineering, 7(1): 28-45, 2020. DOI: 10.13189/ujeee.2020.070103, ISSN: 2332-3280
(Print); ISSN: 2332-3299 (Online)
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B nacrosimara cratus ce u3cieaBaT U aHaJIU3UpaT eIEeKTPOMAarHUTHUTE MIPOLIECH B €JIEKTpUUYECKa
3aJBIKBAIllA CHCTEMa, CBCTOSIIAa C€ OT MH3TOYHUK Ha €Heprus, WHBEPTOp U OE3YETKOB
noctosstHHOTOKOB jiBuraten (BLDC), kaTo ce n3noia3Batr U3BECTHH METO.I 33 ITMPOYMHHO-HUMITYJICHA
monynanus (LLIUM). U3cneaBanute MeTou 3a MOy IaIus ca: €IHONOJISIPHA MOy IAI[Usl Ha TOPHUTE
tpausucropu (PWM-TOP) u nonuute tpamsucropu (PWM-BOT), cumerpuuna PWM-PWM,
moxaynarus Tumn PWM-ON u ON-PWM u 6unomsippa PWM-ON Moaynanus, o6o3nadeHa ¢ PWM-
ON-BIP. M3TounukbT Ha HanpexkeHue ce pasriaexaa karo DC/DC nonmkasai npeodpasyBaTell Ha
eneprusi, korato BLDC pabotu B nBurareneH pexxuM. Bb3 ocHoBa Ha 000011IeHUTE €KBUBAJICHTHU
CXEMH Ca MOJYyYeH! aHATUTUYHH U3Pa3H, ONMUCBAIIN €JIEKTPOMAarHUTHUTE MPOIIECH B CHCTeMaTa Mpu
IpujiaraHe Ha paszMYHUTE BHUAOBE MOAylauuu. EKciepuMeHTalHO € Hu3clelBaHa M CpaBHEHA
e(eKTUBHOCTTA Ha cucTeMaTa OaTepusi — MHBEPTOP — MAIIMHA 32 BCSAKA OT pas3riielaHuTe MOIYIalllu.
Te3u pesynraru ce cpaBHsABaT U ¢ epextuBHOCTTa HA BLDC, 3a1BrkBaH ¢ BEKTOPHO YIIpaBJICHUE.
[Ipennoxen e monmen Ha MATLAB/Simulink 3a mpunarane Ha Te3u MOJyJAIMK W 3a aHATU3 HA
nosyueHuTe pesynraru. Ha 6a3ata Ha To3u MoieN ce U3CieIBa XapMOHUYHUAT ChCTaB Ha (pa30BUTE
TOKOBE 3a BCSIKAa MOJyJanusl. B pe3ynTaT oT To3u aHanu3 ce 10Ka3Ba, 4e pexxuM 0e3 MoyJialus Bou
110 Hail-MaTbK KoepuiueHT Ha XxapmMoHnuHu u3kpusiBanus (THD), a oT uzcnenBanute Moaynanuu
C Hal-MabK KOC()UIMEHT HAa XapMOHMYHHM H3KpuBsiBaHUs € moxynanusita PWM-ON-BIP. Te3u
pesynTtatu nokassat, u¢ PWM-ON-BIP e no6bp u3bop 3a npuiioxkenue B 6aTepuitHO 3aXpaHBaHU
YCTPOMCTBA U NIPEBO3HU CPEICTBA.

I'.8.11. Maradzhiev, I. P., T. Gr. Grigorova and E. Dinkov, "Investigation of Power Losses by
Various Brushless Motor Modulation Methods in Motor Mode", Universal Journal of Electrical and
Electronic Engineering, 7(2): 88-93, 2020. DOI: 10.13189/ujeee.2020.070203, ISSN: 2332-3280
(Print); ISSN: 2332-3299 (Online)

B cratusTa e npencraBeH CpaBHUTENEH aHAJINW3 Ha Pa3jIMYHU BUI0BE MOAYJIALlMOHHU CTpaTeruu
3a yIpaBiieHHE Ha 0e34eTKOB MocTosHHOTOKOB aBuratesl (BLDC) no oTHoleHne Ha HAKOJIKO BUAA
3ary0M B cUCTeMaTa HMHBEPTOp — OE34eTKOB IMOCTOSHHOTOKOB JBMraTel B JIBUTATENIEH PEXUM.
ExcniepyMeHTaIHO H3ClIeBAaHUTE TUIIOBE MOJYJAIMHM ca: €AHOMNOJIsIpHAa MOIYJAlUsl Ha TOPHUTE
(PWM-TOP wmu UT) Ttpansucropu, OumnoispHa wmoayrnauuss PWM-ON (PWM-ON-BIP),
cumetpuyHa moaynauus (PWM-PWM), BekTopHO ynpaBieHue U pexxum 6e3 moynanus. M3nonssa
CE ONpOCTEeHa eKBUBaJEHTHA cxema 3a BLDC nBurarens, 3a Aa ce M3YMCIAT pa3jIMYHUTE BHUJOBE
3aryOu u eQeKTHBHOCTTa Ha CHUCTeMara. Bb3 oCHOBa Ha eKBHBAJIEHTHATa 3aMecTBallla CXEMa 3a
pa3IMYHUTE BUIOBE MOJIyJIallMU c€ 00CHKIAT OPOCTEHH MPOLIETypH 3a IPOSKTUPAHE 32 OTIpeIeNIsIHe
Ha 3aryouTe OoT BMXPOBHM TOKOBE M BHCKO3HO TPUEHE B TOBapa, 3aryoure B MejaTa, 3aryouTe OT
XHMCTEPE3UC U MEXaHMYHOTO TPHUEHE, aKTUBHUTE 3aryOM, 3aryOuTe B TPAH3UCTOPUTE M JHOIMTE.
IIpencraBeHn ca eKCHEPUMEHTAIHM JaHHHM 3a DPA3NpEAEICHUETO Ha 3aryouTe 3a Oe34eTKOBHS
nsuraten DT4260 npu pabota ¢ pa3nuyHu MOJIYJIallid 1 MOMEHTH Ha HaToBapBaHe. Bb3 ocHOBa Ha
MOJIy4YEHUTE CTOMHOCTH 3a €()eKTUBHOCTTA Ha M3CJEIBAHUTE MOAYJIALIUY ca HAallpaBEHU NPETOPHKU
3a MU3MOJI3BaHEe B yCTPOICTBA, 3aXpaHBaHU OT OaTepuH, KaTO €JIEKTPOMOOUIIH, €JIEKTPUUECKU CKYTepH
u JIp.

111.5. U3CJIEABAHE U BbBEKJIAHE HA HOBU METO/U U PA3BOMHU CPEJCTBA 3A OBYYEHUE B
OBJIACTTA HA CUJIOBATA EJEKTPOHUKA

Bce no-mmpoxo e n3noyi3BaHeTo Ha CUCTEMU 3a YIPABJICHUE Ha eJEKTPO3aABHKBAaHU ¢ IH(POBO
ynpasieHue. Ta3u TEHIEHLUs ce Hajara OT HEOOXOJMMOCTTa HEMpPEeKbCHATO Ja Ce Pa3IIupsBaT
(GYHKIMOHATHUTE BH3MOXXHOCTH HA PAa3IMYHATE EJEKTPO3aJBIKBAHUS, KOETO OT CBOSI CTpaHa €
CBBP3aHO C TIOBUIIEH 00eM Ha 00paboTBaHaTa HH(pOpMAaIus.

Ot crynmentuTe B O0OiacTTa Ha CHJIOBAaTa EJIEKTPOHMKA CE€ OYaKBa Ja TNPHUTEXaBaT Jo0pa
NOJATrOTOBKA, KAaKTO IO XapAyepHOTO OCUTYpsIBaHE, Taka U B COPTYepHOTO oOe3redyaBaHe Ha
cHCTeMHTEe ¢ NHU(POBO YNpPaBIECHHE Ha EJIEKTPO3aJBM)KBAHUATA. 3a Ja OTTOBOPH Ha BHUCOKHTE
U3MCKBAHUS U KOMIIETEHIIMH, KOUTO CE€ M3UCKBAT OT CTYJIEHTHTE, B MarucTbpcKara CTEHEH II0
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,,EBIEKTPOHHKA € MpeasoxkeH u3bupam Kypc ,,EnekTpoHHH mpeoOpasyBarenu 3a ympaBieHHE Ha
€JIEKTPUYECKU [IBUTATEIM, B KOMTO C MOMONITAa Ha Pa3JIMYHU PA3BOMHU CHUCTEMHU CTYIEHTUTE
npua00MBaT NPAKTUYECKU YMEHHS U 3HAHHS, CBBP3aHU ChC ChbBPEMEHHUTE METOAM 33 IH(PPOBO
YIPABJICHUE HA €JIEKTPUYECKH IBUTATEIH.

To3u BuA cuctemu, MO3BOJSABAT HA CTYACHTUTE Ja M3ydaBaT BIpaJeHUTE B pa3BOWHATA cpena
IIPOEKTH, KAaKTO U J1a Ch3/1aBaT COOCTBEHU MPOEKTH B mpoiieca Ha oOydyeHue. [lo To3u HauuH Morat
Jla YCBOSIT TO-ITBJIHOLEHHO HAYMHUTE 32 copTyepHa peanus3anus Ha pa3iInyHi METOAM 32 U POBO
YIPaBJICHUE HA IBUTATEIIN.

PesynraTtute, OT mpuiaraHeTo Ha pa3IMYHU Pa3BOWHU CUCTEMH B TAOOPATOPHUTE YIPAKHEHUS 110
JTUCIIUIIIINHATA, ca MpeacTaBenn B myonmkanuu [I7.8.5], [I.8.6], [I".8.7], [[".8.8] u [I".7.15].

I'.8.5. Yordanov, G., T. Gr. Grigorova, "Trends in the education in modern power electronics and
motor control”, L International Scientific Conference on Information, Communication and Energy
Systems and Technologies ICEST 2015, 24 - 26 June 2015, Sofia, Bulgaria, pp.313-316, ISBN: 978-
619-167-182-3 (HALIMJI ID Ne 1717)

B mnacrosimara cratusta ca TpeNCTaBEHU pe3ylNTaTd OT pa3zpaboTeHa AWIUIOMHa paboTa B
MarucThbpcKkusi Kypc mo ,,EnekTpoHuka“, cBbp3aHU C HaArpakJaHe Ha BrpaJieHUs] allfOPUTHM Ha
pabora Ha pa3BoitHara cucrema DRV8412 — C2 (the Medium Voltage Digital Motor Control (DMC)
kit, DRV8412-C2/Texas Instruments) 3a ynpasiieHre Ha 4€TKOB MOCTOSHHOTOKOB aBuraren (Brushed
DC motor). Ta3u cuctema o3BoJIsiBa yIpaBIeHUETO Ha €JICKTPO3aABI)KBAHE B JIBE OCH Ha JIBUXKCHUE,
4pe3 ¢IHOBPEMEHHOTO 3a/IBMKBAaHE Ha JIBa YETKOBH IMOCTOSHHOTOKOBH aBurarenu (BDD3864 cepus
(6-24V, 0.92A)) wiu enuH MO-MOIICH, KAKTO U €WH JABYIOJSIPEH CTHIIKOB aBuraren. Cucremara ce
CBhCTOM OT KOHTPOJIHA KapTa, KOATO € Oa3upaHa Ha curHanHus nporecop TMS320F28035 ot cepusita
C2000 na Texas Instruments, KOHTO € cnienMaIu3upaH 3a yrpaBjieHUE Ha JBUrarenau. B pa3Boiinara
CHUCTEeMa ChIIO Taka € BKIoueH u ApaiiBepbT DRVE412, nmpennasHaueH 3a ynpaBlIeHUETO HaA JIBa
TIOCTOSTHHOTOKOBH JIBUTATEIIS WM €JIMH CTHIIKOB IBUTATEN. TOH Chabpika B cebe ch JBa HHBEPTOPA
Ha HaMpeXeHHe, U3TPaJIeH! 0 MOCTOBa KOH(PUTYpAIIHSL.

C Brpagenusi B pa3BoifHaTa cucTeMa MporpamMeH KOJ c€ reHepHpa €/lHa MMITYJICHAa MOpeanla,
KOSITO ce u3Bexkaa Ha JBa uzxona (PWM-A unu PWM-B) Ha konTponepa. C Taka moixydeHUTe
CHTHAJIIM MOXXE Jla C€ OCBIIECTBH €IHOMOJSIPHA WM JABYIOJSPHA HIMPOYMHHO-MMITYJICHA
MOJyNalvs 3a YIPaBICHUETO Ha JIBUraTelMTe, KaTO BHABT HA MOJIyJalusATa ce Ompeaeis OT
pexxuMa Ha paboTa Ha npaiiBepa. HegocraTbk Ha TO3M HauuMH Ha padoTa e, 4e 3a Ja ce U3MOoJ3Ba
EAUHUAT WM JAPYTHSAT METOJ Ha HIMPOYMHHO-UMIYJCHO peryiupaHe TpsOBa Ja ce U3BbpIIAT
XapAyepHU MPEBKITFOUBAHUSI.

B nponeca Ha mpoBexkaaHe Ha 1a00pPaTOPHUTE YIPAKHEHUS € yI0OHO Jja C€ OCUTYPU Bb3MOKHOCT
3a aHaJIM3 M U3cie/lBaHe paboTaTa Ha ABUTATEIMTE MU JBaTa BUJIA MOJAyJaluu 0e3 HE0OXO0AUMOCT
OT TIpeKbCBaHe Ha paboTaTa W XapAyepHU MPEBKIIOYBAHUS B pa3BoifHaTa cucreMa. B HacTosmaTa
CTaTHsl € OMKCAHO MPEUI0KEHOTO MPOTrpaMHO OCUTYypsBaHe, KOeTo o0e3reyana Te31 N3UCKBAaHUS 3a
peryinvpane Ha €IMHUs IBUTATEl [0 METO/Ia Ha ABYIIOJISIPHA, @ Ha APYTHUS 10 METO/1a Ha €THOTONISIpHA
HIMPOYMHHO-UMITYJICHA MOJYJIALUS MPU €UH U ChII PeKUM Ha paboTa Ha apaiiepa DRV8412. Ilo
TO3W HAYMH c€ M3cieBa (PYHKIMOHAIHOCTTa Ha pa3BOMHATa CHCTeMa IMPU HOBH YCJIOBHUS Ha
yhnpaBieHHe, KaKTO U CTelNeHTa Ha cBoOoJa Ha mpenocrtaBeHus koi. IlpencraBenu ca
EKCIIEPUMEHTATTHU Pe3yNITaTH, JT0Ka3BaIlHd PeATU3UPAHUTE alTOPUTMH.

I'.8.6. Maradzhiev, I. P., T. Gr. Grigorova, S. Ts. Ivanov, "Teaching Stepper Motors and Brushed
DC Motors Using the Medium Voltage Digital Motor Control Platform, Part | - Stepper Motors
Control", Annual Journal of Electronics, Sofia, Bulgaria, 2015, vol. 9, pp. 72-75 ISSN 1314-0078
(HALIMJI ID Ne 469)

B crarusara e mnpencraBeHa METOMOJIOTHATa Ha OOYYEHHETO, MpUIaraHa B TUCIUIUIMHA
,»EJEKTpOHHH TIpeoOpa3yBaTead 3a YIPABICHUE Ha EJICKTPUYECKH JBHTaTeIu, Oa3upaHa Ha
pasBoitnara miatgpopma DRVE412 — C2 (the Medium Voltage Digital Motor Control (DMC) Kit,
DRV8412-C2/Texas Instruments) 3a u3yuaBaxe Ha MeTOIM 3a HU(POBO yIIPaBICHHE Ha ABYIOIAPEH
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CTBIIKOB asuraten (4.2 A/daza B mapanen, 1.8° Ha crbnka). [IpencraBena e opraHu3zanmsra Ha
MPOEKTUTE, Ype3 KOUTO CE HU3CIEeABAT CHOTBETHUTE PAaOOTHH PEKMMHU Ha CTHIIKOBHS JBUTATElNl.
[Tnardopmara mo3BossiBa MPOMSIHA U HACTPOWKA HA Pa3IMYHU MTapaMeTpy B peaaHo Bpeme. Moxe na
ce 3aJ1aBa pexkuM oT 1 cThKa 10 128 MUKPOCTHITKH/CTHIIKA.

[Toka3zaHu ca pa3nu4HM PE3yJTaTH, KaTO T€HEPUPAHU CUHYCOMJATHU HANPEKEHUS U CUTHAT OT
oOpaTHa Bpb3Ka Mo TOK, nojiydeHu upe3 rpaduunara cpena Code Composer Studio 6.0 (CCS) u ot
EKCIIePUMEHT.

I'.8.7. Grigorova, T. Gr., "Teaching Stepper Motors and Brushed DC Motors Using the Medium
Voltage Digital Motor Control Platform, Part Il - Brushed DC Motors Control", Annual Journal of
Electronics, Sofia, Bulgaria, 2015, vol. 9, pp. 76-79, ISSN 1314-0078 (HALIMJI ID Ne 469)

[TyOnukanusaTa onyucBa METOIOJIOTHTA Ha 00Yy4EeHHETO, IpUIaraHa B AUCHUIUINHA ,, ENeKTpoHHH
npeoOpa3yBaTeNy 3a YIpaBJICHHE Ha €JICKTPUYECKH IBHTaTeNu’, 3a HM3ydyaBaHE Ha METOAM 32
U(POBO YIpaBJICHWE HA YETKOBH MOCTOSSHHOTOKOBU nBurarenu (DC motors), kaTo ce u3moisBa
mwiatdopmara Ha pa3BoiiHara cuctema DRV8412 — C2 (the Medium Voltage Digital Motor Control
(DMC) kit, DRV8412-C2/Texas Instruments).

B HacTosmms qoKiIa] ce pasriex1aT OCHOBHUTE MOMEHTH OT IpoIieca Ha IPEeroIaBaHe 1o BpeMe
Ha Jraboparopuute ynpaxHeHus. CopTyepbT, HAUIMYEH B KOMIUICKTa, € C HAITBJIHO OTBOPEH KO,
KOETO IMO3BOJISIBA HA CTYACHTUTE Jla Ch34aBaT CBOM COOCTBEHHM MPOEKTH M IO TO3M Ja MPUA0OHUST
ycToiuuBH 3HaHus. Clel TEOPEeTUYHOTO 3al03HABaHE C NMPUHIUIHNTE HAa IIHPOYNHHO-UMITYIICHA
MOJyJalys 3a yIpaBiIeHHWE Ha YETKOBH MOCTOSSHHOTOKOBHU asuratenu (DC motors) ce mpucTbiBa
KbM PpEIM3UPAHETO W M3CJIEABAHETO HA BIPAJCHUTE, B MaKeTa, NPOCKTH 3a YIpaBIICHHUE.
[IpencraBenu ca pe3yiaTaTHTE OT MPOBENCHHUTE €KCIICPUMEHTH. J{MCKyTHpaT ce NMpeauMcTBaTa M
HEIOCTAaTHIIUTE HA PA3TIICIAHUTE METO/IN.

I'.8.8. I'puroposa, LB., /I. K. Sukos, b. K. [Tauexuesa, "M3cnenBane Ha paborara Ha cucTeMa 3a
1u(poBO yIpaBlieHHE Ha TOCTOSHHOTOKOB JIBUTaTel, 6a3upana Ha pazBoeH moayn DRVB837EVM",
Hayunu tpynose na Cpio3a Ha yueHurte B bearapus — [lnosnus, Cepust B. TexHuka u TexHosoruu,
tom. XIILctp. 153 — 156, 20161., ISSN 1311-9419. (HALIMJT ID Ne 2494)

[Tybnukamusara omurcBa u3cienBaHe Ha paboTaTta Ha cucTeMa 3a IU(POBO YIPABICHHE Ha
IIOCTOSIHHOTOKOB JIBUTraTel, Oa3upaHa Ha pa3BoeH monayn DRVES37EVM. PazpoiiHusaT Moayn
DRVS837EVM neMmoHcTpHpa BB3MOXKHOCTUTE M e(peKTUBHOCTTa Ha jpaiiBep DRVE837 3a
yIpaBjieHHE Ha MAJOMOIIHU MOCTOSIHHOTOKOBH JBurarenu Ha Texas Instruments. ITorpeburenst
Moke na ympasisBa DRVE837 ¢ Brpagenus wmukpokontposep MS430 wnm ¢ BBHUIICH
MUKpOKOHTpoJiep. CTyeHTUTe ca u3ydaBaiu MUKpOKOHTposiep MS430 no npyru JUCHUIUIMHU OT
y4eOHUs IUIaH, KOETO € MPEANoCcTaBKa 3a ObP30TO YCBOSIBAaHE HA HOBUTE 3HAHUA. BIOKBT, ChCTaBeH
ot npaiiBepa DRV8837 chabpxa B cebe cu MOCTOB MHBEPTOP Ha HampexkeHue. J[Bete pameHa Ha
MOCTa c€ YNpaBisBaT OT CHOTBETHM JApaiiBepHH cxemu. Cucremara MO3BOJsIBa CO(PTyepHO
peai3upaHe W H3y4yaBaHE HA Pa3IM4YHM METOAM 3a UMIYJCHO YIpaBJIeHHE HA CKOpPOCTTa Ha
IIOCTOSIHHOTOKOB JIBUraTell. BrpaqeHusaT NpoexT, B pa3BoiHATa cpeaa, MIIOCTPUpPa CUHTE3UPAHETO
Ha €IHONOJISIpHA IIMPOYMHHO-UMIYJICHA MOAYJNalMs 3a YIpaBIeHHE Ha CKOpOCTTa Ha
IIOCTOSIHHOTOKOBU JBUTaTENH.

[IpencraBeHu ca eKCIIEpUMEHTATHU PE3YyITaTH, MOJYYEHU MPH peaju3anusiTa Ha pasrieaaHara
€IHOIOJIIpHA IIMPOYMHHO-uMIyiacHa Moxyiamuss ¢ DRVE837TEVM. MWmoctpupanun ca
BpeMeMarpaMy Ha Halpe)XEHUEeTO W Ha TOKa B KOTBEHATa BEpHUTIa 3a JIBUraTesieH PeKuM, IOCOoKa
»Hampena™ v mocoka ,,Ha3aja", mpu pa3indHyd KoeQUIMEHTH Ha 3aITbIBaHe.

I'.7.15 Grigorova, T. Gr., B. K. Pacedjieva, "Computer simulation and experimental investigation
of used digital development environments for PWM DC motor control in engineering teaching”, 28th
International Scientific Conference Electronics, ET 2019, Sozopol, Bulgaria, 2019, pp. 1-4, doi:
10.1109/ET.2019.8878596, ISBN: 9781728125749 /Scopus
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[TyGnukarusTa OnrucBa METOIOJIOTUATA HA O0YYEHUETO, pUlaraia B JUCIHILINHA ,,ENeKTpOHHI
npeoOpazyBaTeny 3a yOpaBieHUE Ha EJIEKTPUYECKH IBUTATENM, 3a HM3ydyaBaHE Ha METOAM 3a
u(pOBO yIpaBICHUE HA YETKOBH MOCTOSHHOTOKOBH nBurarenu (DC motors), kaTo ce u3moi3Bar
pazBoriHute Moayiu DRV8837 u DRVE8S50. [lpaiiBepure ocurypsiBaT paziM4yHHU 3allUTHA CXEMU
KaTo BBTPEIIHM (YHKIMH 332 W3KIIOYBAHE 3a 3alllMTa OT MMPETOBApBaHE MO TOK, 3alIUTa OT KBHCO
ChelMHEeHue, OJOKHPOBKA OT MOHIKEHO HAMIPEKEHUE U MPErpsBaHe.

3a Mmo-mbJIHO YCBOSIBaHE Ha yuyeOHHUS MaTepuall o0 BpeMe Ha JIabOopaTOPHUTE YHpPaKHEHHS ce
W3MOJI3BAT MPEANMMCTBATa Ha KOMIIOTHEPHUTE cuMystanuu cbe copryepa TINA Design Suite (Texas
Instruments). be3nnarHaTta Bepcusi M03BOJIsIBa CUMYJIAIMOHHO TECTBAaHE Ha M3IMOI3BAHUTE Pa3BOMHU
MOJTYJIH.

JlaboparopHuTe yIpa)kHEHHS, CBBbpP3aHM C pas3rJexJaHaTa TeMa, C€ IPOBEXKIaT B JIBE
MOCIEZIOBAaTEeIHM CECUM TMOpaJd HEOOXOAMMOCTTa OT AHAJIMTUYHU HU3YUCIICHUS, KOMIIOTHPHU
CHUMYJIallUM M EKCIEpUMEHTaTHH u3cienBaHus. OCBeH TOBa B J1a0OpPaTOPHOTO YIPAKHEHUE ce
pasriiex/ia u airOpUTbMbT, KOUTO CE peaau3nupa coPTyepHO Upe3 BrpaJeHUTe IPOEKTH B pa3BOMHUTE
IIaTKU. B craTusita ce npeicTaBeHu pe3ysiTaTtu OT CUMYJIAMOHHO U €KCIIEPUMEHTAIHO U3CIIEIBAHE.

B pesynratr Ha 00y4eHHETO CTyAeHTUTE NpUI0OMBAT Pa3HOOOpa3HM 3HAHMUA B OOJacTTa Ha
WHIyCTpHUATHaTa eeKTpoHrKa. C TIOMOIIITa Ha U3IMOJI3BAaHUTE IU(DPOBU PA3BOMHU MOIYIIH 32 HUCKO
HampeXKeHue, OT €IHa CTpaHa, Ce W3BBPIIBA AHAIUTUYHO MpPECMATaHE HAa EJIEKTPOMArHUTHUTE
MPOIIECH B CHJIOBAaTa BEpHUTa Ha CUCTEMara, a OT JpPyra, ce MpuaA00MBaT YMEHHS 3a KOMMIIOTHPHO
MoJieTIUpaHe U pa3paboTBaHe Ha copryep 3a paznuyau meroau 3a [IIM ymnpasrienue Ha ckopocTTa
Ha MTOCTOSTHHOTOKOB JBUTaTeN. [l0CTUTaHEeTO HA YCTONYHMBH PE3yJITaTH OT OOYYEHUETO € BH3MOIKHO
ype3 OBJIa/IsIBaHE Ha 3HAHUATA CTHIIKA 10 CTHIIKA, KATO CE U3I0JI3Ba [OAXO0IbT "'yueHe ypes3 nmpaBeHe".

I'.7.18. Yakimov, P. I., K. K. Asparuhova, T. G. Grigorova and D. A. Shehova, "Industry 4.0 and
the Challenges Faced by STEM Education,” 2020 XXIX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2020, pp. 1-4, doi: 10.1109/ET50336.2020.9238223. / Scopus

B crartusata ce pasriexnaT OCHOBHUTE (DakTopu, KOWTO TMOJIOMAarar IpUIaraHeTo Ha
napagurmara Wunyctpuss 4.0. Pasrimemanm ca TeXHUTE OCHOBHU XapaKTEPUCTHKH, KOWUTO
npeacrasisaBar npeausBukatencTsa npen STEM (science, technology, engineering, mathematics)
obpasoBanuero. Llenta Ha HacTosmaTa CTaTHA € J1a Ce aHAIM3HMPAT TEHICHIIMUTE B ChbBPEMEHHATa
MIPOM3BO/ICTBEHA MHAYCTPHS U 1A C€ TOCOYAT KOHKPETHU y4eOHU MpeAMETH U OIXO0/11, KOUTO Ouxa
MOTJIX J]a TIOAOOPAT 3HAHHUSATA U YMEHUATA Ha 3aBbPIIBAIINTE MH)KEHEpH. B3eTu ca npensua HIKOU
3ajjauy, MpeJl KOUTO ca M3MPaBEeHU MHXKEHEpPHUTE MO MHAycTpHaiaHa aBToMaTtu3aius. ITocousa ce
BB3MOKHOTO CHOTBETCTBHE MEX/Ty HEOOXOAMMHUTE YMEHHS U TIperolaBaHuTe npeameru. [logxonst
"yueHe upe3 mpaBeHe" € MOoJie3eH 3a 00pa3oBaHUE, OCHOBAHO HAa KOMIETEHTHOCTH. Toi MpHUBIMYa
CTY/ICHTUTE U VM J]aBa YCTOMYUBY MPAKTHIECKH YMECHHUS.

111.6. CB3IABAHE HA MATEMATAUYECKH METOAUKH U AJITOPUTMM 3A U3CJEJBAHE U
INPOEKTUPAHE HA OIITHYHU KOMYHUKAIIMOHHU CUCTEMMU C OTKPUTA TIPEHOCHA CPEJIA

I'.8.12. [Tauexuena, b. K., L. I'p. I'puroposa, "Bausuue Ha atMmocdepHara TypOyIeHTHOCT MpH
MPOEKTUTAHE HA ONTUYHU KOMYHUKAIIHOHHU CUCTEMH C OTKpUTA NMpeHOCcHa cpena”, Hayunu Tpygose
Ha Cpro3a Ha yueHure B bearapus — Ilnosnus, Cepus B. Texnuka u texnonoruu, ToMm. XIII, ctp.
149-152, 2016r., ISSN 1311-9419. (HALIM /I ID Ne 2494)

OnTryHATE KOMYHUKAIIMOHHU CHCTEMH C OTKPHTa MMPEHOCHA Cpeja Ce HajaraT KaTo Ba)KHA 4acT
OT ChBpEeMEHHUTE HH(pOpMaIMOHHK TexHosornu. PazButrero Ha Free—Space Optics (FSO), obaue, e
CBBp3aHO ¢ peauna npodnemu. Te nmpousTuyar oT MHOrodakropHara GuanyHa o0ycIOBEHOCT Ha
MIPOCTpaHCTBEHATa CTPYKTYpa Ha JIa3epHUS CHOII, OT (PIIyKTyalluUTe Ha aTMoc(epHaTa po3pavyHocCT,
OT ITyKTyalMuTe Ha MOCOKaTa Ha Pa3pOCTpaHEHHE Ha CHOTIA, CBhP3aHH C PA3IMYHUTE 110 TPOU3XO/T
MEXaHUYHU BUOpallMM Ha aHTEHUTE U C arMocepHara TypOyiaeHTHOCT. PemaBaHero Ha Te3u
po0eMu € He0OXOIMMO KaKTO MPHU U3CIEABAHETO, Taka U pH mpoektupanero Ha FSO. [lenra Ha
HACTOSIIIOTO M3CIICABAHE € Aa Ce MOIU(HIMPA aBTOPCKA METOIUKA U Ja CE MIPEUIOKHU allTOPUTHM 32
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peliaBaHe Ha oOpaTHaTa 3a/1a4a MPU M3CJICIBAHETO U MH)KEHEPHOTO mpoektupane Ha FSO ot Tuma
“3eMs-3eMsI U Jla C€ aHAIM3KPa BIUSHUETO Ha aTMOc(epHaTa TypOYIEeHTHOCT BbPXY TOBA PEIlICHHE.

['paduuHuTEe 3aBUCUMOCTH, TOJYYEHH B PE3yJTaT OT MPUIOKEHUS MOAU(DUIMPAH AITOPUTHM,
MOKa3BaT OTHOCHUTEIHO CHJIHOTO BIIMSHHE Ha HAYalHUS paauyC Ha JIa3epPHUS CHOIM BBPXY
neUHUIIMOHHATA 00J1acT Ha oOparHara 3aaa4a npu FSO npu paznuyna cTeneH Ha TypOyau3anus Ha
atMoc(eparta. [Ipu MaJIki CTOMHOCTH Ha CTPYKTYpHATa KOHCTaHTa HA KOS(HIIMEHTa Ha TIPEUyIBaHe
Ha Tporocdepara € Bb3MOXKHO M3IOJI3BAHETO HA JIA3EPHU M3TOYHHIMU C MO-TOJISIM HAdaJleH Pajnyc
Ha JIA3EPHUSI CHOII 3a YIOBJIETBOPSIBAHE HA CHEPIUUHUTE ChOTHOIICHUS ITpU poekTupanero Ha FSO.
[Tpu mo-cunHo TypOynu3upana arMocdepa € He0OXO0AMMO HM3MOI3BAHETO Ha JIA3EPEH CHOM C I0-
MaJTbK HavajeH pajnyc, Taka ue Jia ce TapaHThpa HeOOXOJUMHS ONTUYEH IMTOTOK MOMaal] Ha BbPXY
NpUEMHATa aHTeHA JIOPH M MPH T0-CUIIHO OTKJIIOHEHHE Ha JIa3epHOTO METHO OT OCTa Ha IMpHeMHaTa
areprypa.

I'.7.20. Pacedjieva, B. K., T. Gr. Grigorova, "Investigation of the influence of the inertia of the
photon counting system on the acceptance accuracy in photon counting mode”, 11th International
Scientific Conference “TECHSYS 2022” - Engineering, Technologies and Systems, Plovdiv,
Bulgaria, AIP Conf. Proc. 2980, 030004 (2024), https://doi.org/10.1063/5.0184108, Scopus / WoS,
SJR=0.164

JlazepHrTEe KOCMUYHH KOMYHHUKAIIUOHHU CUCTEMH OT THIIA ,,3€MsI- KOCMOC™ WJIH “KOCMOC-3eMs”,
Ce XapaKTEepPU3UpaT C TOJIEMH Pa3CTOSHUS MEXIY KOPECIOHIUPAIIUTE IMYHKTOBE, PECI. C TOJSIMO
I PaKIIMOHHO pa3ceiiBaHe HAa ONTHYHATA EHEPrusi, KAKTO U C EHEPruiiHU 3ary0N OT eKCTHHKIIUATA
Ha JIPYCHUETO B aTMOC(epHHs] y4acThbK Ha MpPEHOCHaTa cpena. Te3um oOCTOsATENCTBA OOYyCIaBsT
HE0OXOIMMOCTTa OT PETUCTpUpaHEe HAa MHOTO CJIa0M ONTHUYHU CUTHAIU B MPUEMHUTE YacTU Ha
cucremMuTe. B Tazu Bpb3Ka ce M3MON3BAT HA3BaHMATA “TIpHEMaHe B peXXHUM Ha OpoeHe Ha GoTOHH™
(Pb®) u “cucrema 3a Opoene Ha ¢oroun” (Cb®D). M3BBHpenHO BakHa € W poyisiTa Ha
nHeprmoHHocTTa Ha peanHata Chb® — ot [ pox (¢ HeyabJDKaBaIIO C€ Bb3CTAHOBUTEIHO BPEME) U OT
IT pon (c ymbmkaBaio ce Bb3CTaHOBUTENHO Bpeme). [IpenoxkeHa € METoauKa 3a onpenesisHe Ha
MUHUMAJTHO Pa3CTOSHUE, TApaHTUPAIIO BPh3Ka ¢ IPEHEOPESIKUMO BIUSHUE HA WHEPIIMOHHOCTTA HA
cucremara 3a OpoeHe Ha Goronu. Pa3paboreH e anropuTbM 3a HEWHOTO mpuiarane. Hampasena e
qHClieHa OICHKA Ha JIUCKYTHPAHOTO MHHHMAJHO Pa3CTOSHUE 3a JBaTa BUJAa WHEPIMOHHOCT Ha
cucremara 3a OpoeHe Ha (OTOHM KAaTO ca M3MON3BAHM THIHMYHU 32 KOCMHUYHHUTE ONTHYHU
KOMYHHKAIIMOHHA CHCTeMH JaHHH. [lomydeHW ca TpaduUHHM pEIICHUs 3a OINpeaeiisHe Ha
MUHUMAJTHOTO Pa3CTOSIHUE 3a CIy4auTe Ha HHepiuoHHOCT oT [ u ot Il pog.

111.7. Cb3JABAHE HA HOB YPE]I 3A AKYCTUYHO U BU3YAJIHO JEMOHCTPUPAHE HA
KOPITYCKY.JISIPHATA IIPUPOJA HA CBETJINHATA

3.31.1 Dimitrova, T. A. Lechkov, Ts. Grigorova and A. Weis. (2011), "Acoustic and visual display
of photons:a handheld demonstration device", Special Issue of Physica Scripta — T149, (2012) 014010
(4pp), Print ISSN 0031-8949, Online ISSN: 1402-4896, IF=2.9 (1IF=1.032 (2012))/SJR=0.441/Q2,
Scopus/WoS

B Tasu nyOnukanus e mpeacTaBeH HOB ypeld 3a aKyCTUYHO M BU3YalHO J€MOHCTpPHpaHe Ha
KOPIYCKYyJISIpHaTa MpUpoJa Ha CBETIMHATA. YpeabT paboTH Ha MpHUHLMIA Ha (OTOETEKTPUYHHS
edexT. EnexTpudyeckure UMIyJICH, Bb3HUKBAIU MIPU PErHCTPUPAHETO HAa (POTOHU € MOMOILITA Ha
(GOTOyMHOXKHTEN, MoraT Aa ObJaT BUACHU C MOMOILNTAa HAa OCLUMIOCKON WM YYTH MOCPEACTBOM
Bucokoropoputein. IIpen GpoToyMHOXHTENS € MOCTaBEeH KOJIMMATOp ChC CMEHSIEMH CEelIEKTUBHHU
(buaTpU, MO3BOJISBAIIM PETUCTPUPAHE HA CBETJIMHA OT ONPEJIENICH CIIEKTpalleH quana3oH. Bucokoro
Hanpe)XeHWe M HUBOTO Ha JUCKPUMHUHAIMA Ha (OTOYMHOMKUTENS C€ PEryjaupar ¢ IOMOIITa Ha
MMOTEHIIMOMETPH, HAMUPAILKA CE€ Ha JULEBMs NaHeld. B ypena mma BrpaJeH BHUCOKOTOBOPHUTEN U
M3XOJ] 32 BKJIIOUYBAHE HA BBHIIEH BUCOKOroBopuTen. Toil Moke Ja pabOTH B HENPEKbCHAT HIIU
PBUEH PEKUM.
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[IpomopuroHanHaTta 3aBUCHMOCT MEXAY WHTCH3UTETa HAa CBETJIMHATA M YeCTOoTara Ha
peructpupane Ha (GortoHuTe (Opoil peructpupanu (HOTOHH 3a €IUHHUIIA BpEeME) MOXKe Ja Oble
MoKa3aHa 4ype3 HaCOYBAaHE Ha KOJIMMATOpa KbM MOBBPXHOCTH C pa3iMdHa OcBeTeHOCT. [Ipu romsma
OCBETEHOCT, KOTaTO YeCTOTaTa Ha PErHCTPUPAHE CTaHE MO-TOJIsIMAa OT PELHUIIPOYHATA CTOWHOCT Ha
IMPUHATA HA UMITYJICa, OT/ACITHUTE UMITYJICH Ce€ HacjarBaT U GopMHpar (GpIyKTyUpaIl HepeKbCHAT
curHas. ToBa Moxe na ObJie M3MOJ3BAHO 3a JUCKYTHpaHE Ha eleKTpoHHHUs ImyM (Shot noise), a
CBIIO U 32 KOJMYECTBEHU U3MEPBAHMUS.

[IpequMcTBO Ha ypena ca MalKUTE pa3MEepH M Terjio, yAOOCTBOTO 3a MAaHHUITYyJIHpaHE |
MOJYEPTAHNUTE TUNAKTUYECKH OCOOEHOCTH. AmapaTypara € NpOeKTHpaHa W KOHCTpyHpaHa OT
aBTOPHTE B paMKHUTE Ha poekTa SCopes grant 127320 _127942/1 “Modern Optics and Spectroscopy
— from research to education” (Swiss National Science Foundation). J/lemoncTpamuu ¢ Ta3u
eKCIIEpUMEHTAJIHA IOCTaHOBKa ca TMoka3aHu 3a mepBU mbT Ha III International School and
Conference on Photonics PHOTONICA 2011 August 29 - September 2, 2011, Belgrade, Serbia.
Ypenbt ce U3Moi3Ba 3a IEMOHCTPAIMH B CIICIUAIM3UPAHH KypCOBE Ha KaTtenapa ,,ONnTHKa U aTOMHA
¢usnka” Ha IlnoBmuBckusi yHuBepcuteT ,llamcmii XwuneHmapcku”, KakTO W 3a IyOIWYHH
MIPEICTABSHUS.

E.23. IYBJIUKYBAH YHUBEPCUTETCKHA YYEBHUK

E.23.1. I'puropoBa, LIB., "Amnanus, MonenupaHe H TMPOEKTHpPaHE Ha MpeodOpazyBaTEIHU
ycrpoiictea", TY-Codus, Codus, 2012, ISBN 978-954-438-999-4

VY4eOHUKBT € MpeTHa3HaueH 3a CTYJICHTH OaKkallaBbpCKa CTEIEH OT CIIEHUAIHOCT ,,EnekTpoHuka"
Ha DakynTera Mo eNeKTPOHUKA U aBToMatuka Ha TexHmueckus yausepcurer — Codust, Ounman —
[TnoBauB, wu3yyaBamu ydeOHATa JUCHMIUIMHA "AHaiu3, MOJEIUpPAaHE U IPOEKTUpAHE Ha
npeoOpa3yBaTesiHu ycTpoiicTBa". B Hero ca pasrienanu pa3lInyHUA BBIIPOCH, CBBP3aHH C aHAJM3a,
MOJICJIMPAHETO M aBTOMAaTU3MPAHOTO TNPOEKTHPAHE Ha CUJIOBU EJEKTPOHHU YCTpPOHCTBa 3a
npeoOpa3yBaHe Ha enekTpuuecka eneprus. C orjea Ha IPOMUILJICHUTE MPUIOKEHUS U CBbP3aHUTE
C TAX TEXHUYECKH W3MCKBAaHUS HA OTJCIIHUTE BUIOBE CXEMH C€ pasriekJaT pa3IMyHHU alrOpUTMHU
3a ynpaBlieHUE Ha CWJIOBUTE MPUOOPH M (POpMUpPAHE HA U3XOJHOTO HANpPEKEHUE B MHBEPTOPU HA
HanpexxeHue. OTleneHo € BHHUMAaHHE W Ha IpeoOpa3yBaTelid ¢ pe30HaHCEH OOMEH Ha eHeprus
MEXIy BXOJHHMS 3axpaHBall HM3TOUYHUK W ToBapa (mociemoBarereH DC/DC mpeoOpasysaren,
napanened DC/DC npeobpa3zysaren u nocinegosarenno-napaiened LCC DC/DC npeobpazyBaren).

Y4eOHUKBT MOXKeE Jja ce M3MOJI3Ba U OT CTYAEHTH MarucTbhpcKa CTENEH Ha ChUIMs (DaKynTerT,
u3yyaBallyd ydeOHUTe AUCUUIUIMHYN "EjeKTpoHHU eHepruitHu mpeoOpaszyBatenu" u ,,EnexTpoHHH
npeoOpa3yBaTeiy 3a yIpaBlIeHUE Ha €JIeKTPUUECKU JBUTATEIHN .

BxuttoueHuTe B HEro BBIPOCH IO MPaBAT MOAXOAAN] U 32 CTYACHTH U CHELMAINCTH, pabOTeIH B
OJIN3KM JTO CHJIOBATa EJIEKTPOHUKA 00JIaCTH.

E.24. MIYBJIUKYBAHO YHUBEPCUTETCKO YYEBHO IIOCOBHE

E.24.1. I'puropoga, 1., 1. MapapkueB, "PHKOBOJICTBO 32 JTAOOPATOPHU YIPAKHEHUS 110 AHAJIH3,
MoOJIeJIUpaHe U MpoeKTHpaHe Ha nmpeoOpasyBarennu ycrpoiictBa", TY-Codus, Codus, 2022, ISBN
978-619-167-465-7

PBHKOBOACTBOTO 3a J1a0OpaTOPHU YHPAXKHEHUS MO ,,AHAIM3 MOJEIMpaHe W NPOEKTHpaHE Ha
npeoOpa3yBaTesIHU YCTPOUCTBA" € MpeaHa3HaueHO 3a CTYIEHTH OT CHEelMaIHOCT ,,EjxexkTpoHuka,
OKC ,,0akanaBbp", M3y4aBalld €IHOMMEHHATa IUCHMIUIMHA. Y4eOHOTO MOMarajlio MOXe Ja ce
U3IONI3Ba M OT CTYAGHTH M CIEHUATUCTH C HMHTEpecH B O0JIaCTTa Ha aBTOMATH3HPAHOTO
IIPOEKTHPAHE HA CUJIOBU €JIEKTPOHHU NTPE0Opa3yBaTEIH.

CpueraBaliku TEOPETUYHM IIO3HAHUS, KOHKPETHU 3a/Jaud 3a M3IBJIHEHUE W U3IOJI3BAlKU
IBITOTOUIIHUS CH OIUT M HAYYHHU IMyOJMKAIMKU B aHAIUTHYHOTO MOJICJIMPAHE U ABTOMATU3UPAHO
IMPOCKTUPAHEC, AaABTOPHUTC Ha YLIG6H0TO PBKOBOACTBO MLCIAT Aa MTOANOMOTHAT CTYACHTUTC B
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OBJIQJIIBAHETO U MIPUIIATaHETO Ha METOJIOJIOTUATA 32 MOJICTIMPaHe, CHMYJIHpaHe U BepupULlIpaHe Ha
MHXEHEpHU 3a/ladyl B 00JlacTTa Ha CHJIOBUTE €JIEKTPOHHU IMpeoOpa3yBaTeNlu U aNrOpUTMHUTE 3a
TSAXHOTO YIIpaBJIeHUE. 3a MOCTUTAaHE HA Ta3U 1IeJ ca MPEACTaBEHU HAIJICIHU IPUMEPH, peaTu3upaHu
U CHMYJHMPAHH MOCPEACTBOM MOIIHUS CHMYJIaTop Ha eneKkTpoHHu cuctemu Pspice for Tl. B
yu4eOHOTO pPBKOBOACTBO Ca IMPEICTABEHH OCHOBHM €Talmd OT MOJCIUPAHETO, aHaliu3a |
aBTOMATHU3HPAHOTO MPOEKTHUpaHEe Ha CBhBPEMEHHHM IpeoOpaszyBaTenHu ycrpoictBa. Cpen
MpEeACTaBEHUTE TEMU Ca METOAM 3a pealiu3upaHe Ha CHUHYCOUJATHA IIMPOYHMHHO-UMITYJICHA
MOJyJIallisg Ha M3XOJHOTO HampexeHue B eqHo(a3sHu U Tpuda3zHU WHBEPTOPH Ha HAIpPEKEHUE,
METOAM 3a CEJICKTUBHO €ITMMHUHHUpPAHE HA XapPMOHUYHHM OT KpMBAaTa Ha U3XOAHOTO HAIpPEKEHUE,
peXUMHU Ha paboTa HA pe30HAHCHU MpeoOpa3oBaTeNy Ha MOCTOSHHO HANPEKEHUE U JIp.

E.24.2. T'puropoBa, ILIB., "PBpKoBOACTBO 3a cemuHapHH ymnpaxHeHus 1o IIpeoOpasyBarenHa
TexHUKa", YHUBEPCUTETCTKO U31aTeicTBO ,,llaucuit Xunenmapcku®, [lnosaus, 2023, ISBN 978-
619-202-915-9

PBKOBOICTBOTO 32 ceMUHApHM yIpa)xkHEHUs 110 ,,[[peobpazyBarenna TexHUKa € IpeAHa3HAYCHO
3a cryneHtd ot 4-tu kypc, OKC ,bakanaswp®, cneuumannoct ,,Enexrtponuka®™ Ha TexHUYECKH
yausepcuteT Codusi, @unuan [Lnosaus.

B yuebGHOTO momarano ce chAabpKa OCHOBHAaTa WHGpOpMAIUs 3a MPUHIMIA HA JCHCTBUE HA
ynpaBisieMd eqHodaszHu U TpudaszHU TOKOM3MPABUTEINM U aBTOHOMHU HMHBepTOpu. Beska Tema
3almo4yBa C TEOPETHYHA YacT, B KOATO CE€ TI0COYBAT HEOOXoauMuTe (HOPMYNIH, CXEMH,
BpeMeuarpaMy 1 xapakrepuctuku. [IpeacraBeHu ca M34MCIUTEIHN ChOTHOLICHHS U METOJIUKH 3a
MIPOCKTUPaHE, MOSCHSIBAIM NPHUHIMIA Ha JEUCTBUE HA PA3IMYHUTE BUJIOBE CHJIOBH €JIEKTPOHHU
yCTpoicTBa. BKIIIOUEHM ca W3YUCIMUTENHW M[PUMEpPH, WIIOCTPUPAIIM OTAEIHU €Tanmu OT
MPOSKTHPAHETO HA TE3W NpeoOpasyBaTeNid, KaKTO W MPEMOPBKU 3a M300pa Ha EJIEMEHTUTE B
CXeMHTe. 3a MO-rojiAMara 4acT OT pa3rIeKJaHUTE IpUMEpPHU ca AaJeHu U pemieHus. OCBeH TiX, 3a
3aTBBPKJAaBaHE Ha TIOJyYCHHUTE 3HAHUS, KbM BCAKAa TE€Ma HMa MPUMEpPU 3a CaMOIOTOTOBKA.
YcnoBuaTra Ha TMpUMEPUTE ca MOAOUPAHM Taka, 4e Ja ca ONM3KU J0 CHOTBETHHUTE 3aJaHUS OT
npakTukaTa. Bcnuku HEOOXOIMMHU JTaHHU 3a M300pa Ha CXEMHUTE €JIEMEHTH, Ca OTIEJIEHU B Kpas
Ha pBKOBOJCTBOTO, KaTO MPUJIOKEHHE, U ca 0()OpMEHU BHB BUJ] Ha TAOIHUITH.

ABTOpBT ce € cTpeMHsl Ja OO0XBaHE caMO TUIUYHU NPUMEPH, B CHOTBETCTBHE C yueOHaTa
mporpaMa mo AucuuIUinHa ,,[IpeoOpasyBarenna TexHuka“, 6€3 Jla MMa MPETEHIUU J1a MPEACTaBU
€IHO BCEOOXBAaTHO PBHKOBOACTBO 3a MPOCKTUpPAHE HA TOJSIMOTO pa3sHOOOpa3ue OT CHIIOBH
€JIEKTPOHHM YCTPONCTBA.

10.05.2024 r. /mont. 1-p uHk. l{BeTana ['puropona/
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ABSTRACTS OF THE RESEARCH PAPERS

of Assoc. Prof. Eng. Tsvetana Grigorova Grigorova-Shtarbeva, Ph.D
submitted for participation in a competition for the "professor" academic position awarding
in the area of higher education 5. Technical sciences,
professional field 5.2 Electrical Engineering, Electronics and Automation,
scientific specialty “Electronic converters”,
announced in the Bulgaria State Gazette, issue 23 from 19.03.2024 r.

I. DESCRIPTION OF SCIENTIFIC PUBLICATIONS

A total of 47 publications, one published university book, and two published university textbooks
were published after the participation in the competition for the academic title "Associate Professor"
in 2007 and outside the scientific works for the registration of the academic title "Associate Professor"
in the Register of Academic Positions and Dissertations at NACID, distributed in groups as follows,
were submitted for participation in the competition:

1. Group B - 12 pcs.
1. 1. Indicator B4. Habilitation - equivalent scientific publications (not less than 10) that are
referenced and indexed in world-known databases of scientific information — 12 pcs.

2. Group I' - 32 pcs.
2.1. Indicator I'.7. Scientific publications that are referenced and indexed in world-known
databases of scientific information — 20 pcs.
2.2. Indicator I".8. Scientific publications in non-referenced journals with scientific reviewing
or in edited collective papers — 12 pcs.

3. Group 3 -3 pcs.
3.1. Indicator 3.31. Scientific publications in journals with impact factor (IF of Web of
Science) and/or impact rank (SJR of Scopus) — 3 pcs.

4. Group E -3 pcs.
4.1.Indicator E.23 — 1 published university book;
4.2.Indicator E.24 — 2 published university textbooks.

1. SUMMARIES OF THE SCIENTIFIC WORK REFERRED TO IN INDICATOR B.4,
PRESENTED AS THE EQUIVALENT OF A MONOGRAPHIC WORK ON THE
SUBJECT:

ANALYSIS, MODELING, AND DESIGN OF A RESONANT DC/DC CONVERTER WITH THREE
REACTIVE ELEMENTS IN AN LLC-TYPE RESONANT CIRCUIT

The miniaturization of electronic converter devices and the continuously increasing energy
efficiency requirements of power supply systems determine the growing interest of specialists in
resonant DC/DC converters. These converters, having improved weight and size characteristics, high
efficiency, and good electromagnetic compatibility conditions, are increasingly introduced as
secondary power sources for various electrical applications.

Different topologies of the resonant circuit allow the converter to give additional properties, such
as an increase in output voltage and stability of regulation from no-load to short circuit mode while
maintaining conditions for soft switching of transistors in the circuit, etc. Higher-order resonant
circuits provide the ability to combine these properties. Recently, the resonant DC/DC converter with
three reactive elements in the LLC-type oscillating circuit has found increasing application,
demonstrating the practicality and versatility of these topologies. Another advantage of the LLC
topologies over other resonant converters is that the two required inductances can be realized
practically in only one component — the matching transformer. It is constructed to include the resonant
circuit's dissipation and magnetization inductances. It is built so that both the magnetization and the

31



dissipation inductance are included in the resonant circuit. In contactless power transmission, this
construction occurs naturally due to an air gap in the magnetic conductor.

The operation of a higher-order resonant converter at different loads and operating frequencies is
complex. Its characteristics under various operating modes must be established to design and use a
resonant converter effectively. For maximum simplification of the computational expressions, it is
sometimes sufficient to restrict the consideration of only the fundamental harmonic current or back-
e.m.f. of the equivalent sources. In this case, the voltages and currents in the linear part of the
equivalent converter circuit are obtained in sinusoidal form, and the known methods for analyzing
sinusoidal quantities can be used. Although the analysis by the first harmonic method is simple and
convenient for practical purposes, its accuracy is not always sufficient.

Graphical methods, which are based on waveforms of the real dependencies between currents,
voltages, and other quantities of active nonlinear elements, are convenient for analyzing nonlinear
circuits. The state-plane method is the most effective graphical method for studying certain converter
device classes. It allows for the study of both transient and steady-state modes. In the steady-state
mode, the state plane method facilitates a better understanding of the converter's operation, including
determining operating modes. Its advantage, in the analysis of electromagnetic processes in the
resonant converter, is that the real waveform of the current in the resonant circuit is taken into account.

Consistently, the electromagnetic processes and the specific characteristics in different operating
modes of the resonant LLC DC/DC converter are considered in the publications presented as
equivalent to a habilitation thesis. Two approaches for mathematical analysis of processes in the
circuit configuration are presented - analysis by the first harmonic approximation method and analysis
by the state plane method. The analyses are performed assuming that the transformer turns ratio k=1,
all elements in the circuit are ideal, the power devices are switched instantaneously and the ripples of
the supply and output voltages are negligible. Analytical dependencies are derived, which are
summarized and reduced to the influence of the following basic quantities - the ratio between the
parallel Lp and series Ls inductances a (a=Lp/Ls) in the oscillating circuit or ,,inductance ratio* and
the frequency ratio v (the ratio between the switching frequency ws and the resonant frequency wo of
the series tank). The impact of these parameters on the performance of the resonant LLC converter is
investigated by recommending limits for the choice of their values. Output, control, and load
characteristics obtained by the two methods are illustrated with waveforms and graphs. Design
methodologies for the resonant LLC DC/DC converter based on the two analysis methods are
proposed and verified by computer simulations and experimental results.

The studies in the presented publication materials, presented as equivalent to a habilitation thesis,
can be referred to in the following areas:

I1.1. Analysis, modeling, and design of a resonant LLC DC/DC converter with capacitive output filter
in steady state by the first harmonic approximation method — publications [B.4.1], [B.4.2], [B.4.3],
[B.4.4].

I1.2. Analysis, modeling, and design of electromagnetic processes in a resonant LLC DC/DC
converter with capacitive output filter by the state plane method — publications [B.4.5], [B.4.6],
[B.4.7],[B.4.8], [B.4.9], [B.4.10], [B.4.11] and [B.4.12].

11.1. Analysis, modeling, and design of a resonant LLC DC/DC converter with capacitive
output filter, in steady-state, by the first harmonic approximation method

B.4.1. Vuchev, A. S., T. Gr. Grigorova, |. P. Maradzhiev, "A Unified Analysis of LLC Resonant
DC/DC Converter with Capacitive Output Filter”, 10th National Conference with International
Participation, ELECTRONICA 2019 - Proceedings, Sofia, Bulgaria, 2019, pp.1-4, doi:
10.1109/ELECTRONICA.2019.8825604, ISBN: 9781728136226 /Scopus, SJR=0.11 (for 2020)

In this paper, a summarized mathematical analysis of the electromagnetic processes in a full-bridge
resonant LLC DC/DC converter with a capacitive output filter, describing a full range of operating
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frequency variation, is developed using the first harmonic approximation method. As a result of the
analysis, dependencies for the basic quantities have been obtained, which can be used to determine
the boundaries of the converter performance while maintaining the soft switching conditions of the
transistors in the circuit. The presented analytical dependencies are reduced to the effect of the
inductance ratio a between the parallel and series inductances and the frequency ratio v.

Normalized output characteristics under widely changing loads are built for different values of the
frequency ratio v with the parameter of the inductance ratio. During the design process, these
characteristics help define the nominal operating point of the LLC converter when matched to a
specific real load.

An analytical normalized dependence for the output current is derived, proving that it is possible
under a certain frequency ratio vnound the converter to behave like an ideal current source. It is shown
that, in this case, the normalized output current depends only on the inductance ratio. Based on the
presented normalized output characteristics, the operating conditions of the circuit as a buck or a
boost converter are discussed, as well as the commutation mechanisms occurring concerning the
transistors in the circuit, either zero-voltage switching (ZVS) or zero-current switching (ZCS).

Analytical expressions for the output power and the phase difference ¢ between the voltage and
current in the inverter part of the circuit are proposed. These expressions are used to build normalized
characteristics for various values of the frequency ratio v, as a function of the normalized output
current at the parameter of the inductance ratio. The influence of the frequency ratio on these
characteristics is thoroughly analyzed. The resulting dependencies of phase differences ¢ provide the
designer with crucial insights into the circuit's commutation mechanisms, thereby guiding the control
of the power transistors and the selection of necessary snubbers. The paper concludes with
recommendations on the switching mechanisms in the LLC converter circuit.

B.4.2. Grigorova, T. Gr., A. S. Vuchev, I. P. Maradzhiev, "Output and Control Characteristics of an
LLC Resonant DC/DC Converter”, 10th National Conference with International Participation,
ELECTRONICA 2019 -  Proceedings, Sofia, Bulgaria, 2019, pp.1-4, doi:
10.1109/ELECTRONICA.2019.8825607, ISBN: 9781728136226/Scopus, SJR=0.11 (for 2020)

In the present paper, the summarized mathematical analysis developed in [B.4.1] by the first
harmonic approximation method of the electromagnetic processes in the circuit of a resonant LLC
DC/DC converter with a capacitive output filter is extended in terms of output characteristics and
control characteristics. The aim is to assess the control properties of the examined converter.
Graphically normalized output characteristics are presented for different values of the inductance
ratio in the circuit of the full-bridge resonant LLC DC/DC converter (a=1, a=3, and a=10) at different
frequency ratios v. The influence of the inductance ratio on them is analyzed. The characteristic
defining the boundary of the circuit operation between the two commutation mechanisms - operation
at zero voltage and zero current (ZCS - ZVS regions) is discussed.

An analytical dependence is derived, by which the family of converter's normalized control
characteristics is built as a function of the normalized value of the load resistor at different values of
the inductance ratio (a=1, a=3, and a=10). This dependence more accurately shows the physical
nature of the processes developing in the converter because the load resistance is intuitively linked to
the load consumption in the circuit. The influence of the inductance ratio on the circuit's control
properties is analyzed. The paper outlines the circuit's essential characteristics related to frequency
control and discusses the criteria for choosing the ratio between the inductances.

The results of the theoretical analysis are verified by simulation and experimental study.
Comparative data of calculated, simulated, and experimentally obtained results are presented,
showing acceptable accuracy of the obtained analytical relations for engineering calculations.

B.4.3. Vuchev, A.S., T. Gr. Grigorova, . P. Maradzhiev, "Investigation of an LLC resonant DC/DC
converter with a capacitive output filter, Part | - Load Characteristics"”, 28th International Scientific
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Conference Electronics, ET 2019 - Proceedings, Sozopol, Bulgaria, 2019, pp.1-4, doi:
10.1109/ET.2019.8878327, ISBN: 9781728125749/Scopus, SJR=0.11 (for 2020)

The presented studies aim to derive analytical expressions for determining the currents through
the power devices and the resonant circuit elements of an LLC DC/DC converter with a capacitive
output filter based on the unified analysis developed in [B.4.1] using the first harmonic approximation
method (FHA).

An analytical dependence for the normalized root mean square value of the current through the
series inductance is derived. Following this equation, normalized current dependencies through the
series inductance as a function of the output current at ZVS mode, obtained for the different
inductance ratios and different values of the frequency ratio v, are plotted. The relationships show
that the current through the series inductance always has a non-zero value for the load variation range
where the commutation occurs at zero voltage. These load characteristics are used to discuss essential
circuit properties.

Furthermore, analytical relationships are derived for the basic electrical quantities in relative
units: the average current through the transistors, the average current through the freewheeling diodes,
the average input current, the average current through the rectifier diodes, and the maximum value of
the voltage across the series capacitor. The normalized dependences of the average values of the
currents through the transistors and the freewheeling diodes in the inverter part of the circuit as a
function of the output current for different values of the frequency ratio v at ZVS mode and the
inductance ratio as a parameter are plotted. The presented results confirm that the currents through
the transistors have non-zero values. Furthermore, it is observed that the currents through the elements
can have significant values, even at small loads, for frequency ratios close to vhound at Which the
converter behaves like an ideal current source, thus increasing the losses in the circuit. The analysis
of the presented load characteristics shows the load range at which zero-voltage switching operation
(ZVS) is possible.

B.4.4. Grigorova, T. Gr., A. S. Vuchev, I. P. Maradzhiev, "Investigation of an LLC resonant DC/DC
converter with a capacitive output filter, Part I1-design considerations”, 28th International Scientific
Conference Electronics, ET 2019 - Proceedings, Sozopol, Bulgaria, 2019, pp.1-4, doi:
10.1109/ET.2019.8878657, ISBN: 9781728125749/Scopus, SJR=0.11 (for 2020)

The presented research aims to develop an engineering design methodology for a resonant LLC
DC/DC converter with a capacitive output filter when the output power is controlled by changing the
operating frequency based on the analytical expressions obtained by the first harmonic approximation
method. Various aspects regarding the choice of the inductance ratio, such as frequency range of
operation, current values at the turn-off of the transistors, etc., are discussed. The conditions for
obtaining zero-voltage switching (ZVS) and the possibility of using ZVS drivers allowing soft
switching operation over a wide range of load variations are analyzed. The design methodology is
based on specified values of output power, output voltage, and operating frequency. The specificity
of the proposed design is that the choice of the frequency ratio and the inductance ratio is its base.
The design is performed by selecting the converter to operate at the point of maximum output power.

Based on the proposed methodology, analytical expressions are derived to calculate the values of
the passive elements in the oscillating circuit with three LLC-type reactive elements and all the
current-voltage requirements of the active and passive components in the circuit.

Based on the obtained dependencies, a half-bridge resonant LLC DC/DC converter is designed,
simulated, and experimentally tested. The computer simulations and experimental investigations
confirm that the presented engineering design methodology provides acceptable accuracy of the
obtained results.
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11.2. Analysis, modeling, and design of electromagnetic processes in a resonant LLC DC/DC
converter with capacitive output filter by the state plane method

B.4.5. Vuchev, A. S., T. G. Grigorova, "A Study of the Boundary Modes of an LLC DC/DC
Converter Operating above Resonant Frequency," 2020 XI National Conference with International
Participation (ELECTRONICA), Sofia, Bulgaria, 2020, pp. 1-4, doi:
10.1109/ELECTRONICA50406.2020.9305102/ Scopus / WoS

The fundamental harmonic approximation method analyzes electromagnetic processes in a
resonant LLC DC/DC converter with a capacitive output filter. It is characterized by satisfactory
accuracy in practice, usually in regions with heavy loads, while the relative errors in applying the first
harmonic method can be significant in light loads.

This study uses the state plane method to analyze the performance of the LLC DC/DC converter
operating above resonant frequency, including no-load and short-circuit modes. The method clearly
describes the change in the current in the resonance circuit and, therefore, the current through the
transistors and diodes, the voltage through the capacitor, and the stored energy in the resonance
circuit, both in steady-state and transient mode. The state variables are the normalized voltage u'cs
across the capacitor Cs and the current i'Ls across the series inductance Ls. The operation of the
converter is further illustrated by the trajectory of the operating point in the state plane (x= U'cs,
y:rLs).

The electromagnetic processes in each operating interval are described. Analytical normalized
dependencies are derived to determine the magnitude of the output voltage at no-load and the
magnitude of the output current at a short circuit. The presented dependencies are reduced to the
effect of the inductance ratio and the frequency ratio v, similar to the used approach in the unified
analysis by the first harmonic approximation method. Comparative data from calculated and
simulation results are presented. A very good agreement between them is observed, with a relative
error within 1-6%.

B.4.6. VVuchev, A. S., T. G. Grigorova, "State Plane Analysis of an LLC DC-DC Converter Operating
above the Resonant Frequency," 2021 12th National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513704. / Scopus

A significant problem in applying the state plane method to the analysis of resonant converters is
determining the initial conditions of the differential equations describing the processes in the resonant
circuit. In some cases, the solution is found computationally; in others, it is found analytically. This
paper proposes a mathematical analysis of the electromagnetic processes in a resonant LLC DC/DC
converter operating above resonant frequencies based on the state plane method. Expressions for
determining the initial conditions of the differential equations modeling the processes in the resonant
tank of the LLC DC/DC converter are derived. The resulting dependencies can be used to find
currents through the power devices and the output circuit. Therefore, the obtained results are essential
for studying the converter's behavior and design.

B.4.7. Grigorova, T. G., A. S. Vuchev, "Output and Control Characteristics of an LLC DC-DC
Converter Operating above Resonant Frequency based on State Plane Analysis," 2021 12th National
Conference with International Participation (ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513660. / Scopus

This paper, based on the analysis by the state plane method, derives analytical expressions of basic
quantities on which the selection of elements in the design of the LLC DC/DC converter, the output,
and the control characteristics depend.

35



The developed mathematical analysis describes the operation of the circuit above the resonant
frequency. The analytical dependence for the converter output characteristics as a function of the
frequency ratio v and the inductance ratio is derived. The normalized output characteristics at the
inductance ratio (a=1, a=3, and a=10) at different frequency ratio values v are plotted. The output
characteristics obtained by the first harmonic approximation method discussed in [B.4.2] are shown
in the same figures with dashed lines. A comparison between the results obtained through the state
plane analysis and those obtained using the first harmonic approximation (FHA) method is proposed.
It is proved that the relative errors between the output power characteristics obtained with the state
plane analysis and those obtained using the FHA method are significant at light loads (close to no-
load).

Furthermore, a comparative analysis of the normalized output power characteristics at different
frequency ratios obtained by the state plane method and the FHA is also presented. The relative errors
between the characteristics obtained by the two methods are significant at light loads. The same
approach is applied to the control characteristics. The normalized control characteristics obtained by
the two methods are plotted at the inductance ratio as a parameter. There are no observed differences
between the control characteristics received from both comparison methods at small values of the
normalized load resistance. These results were expected, given the data obtained for the output
characteristics. On the other hand, when normalized load resistance increases, the differences between
the characteristics obtained using these two methods become significant.

Analytical normalized expressions for the average current through the transistors and freewheeling
diodes are received. Based on them, the normalized dependencies of these quantities as a function of
the normalized output current at a=3 and a=10 for the different values of frequency ratio v are built.
The obtained results are analyzed.

B.4.8. Grigorova, T., A. Vuchev and S. Vuchev, "A Design Methodology for an LLC DC-DC
Converter Operating above the Resonant Frequency,” 2021 XXX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2021, pp. 1-4, doi: 10.1109/ET52713.2021.9579695. / Scopus

This paper aims to develop a methodology for designing a resonant LLC DC/DC converter based
on the precise analysis of the electromagnetic processes in the circuit using the state plane method.
The converter operates above the resonant frequency, and frequency control achieves output power
control.

The engineering methodology developed for the design of the LLC converter is based on the
following input parameters: output power, output voltage, and operating frequency. Analytical
normalized equations are derived for the maximum current value through the transistors and the
maximum voltage across the series capacitor. The specificity of the proposed design is the selection
of the frequency ratio and the inductance ratio, with the converter operating at the point of maximum
output power, similar to the approach in the design methodology based on the analysis using the
fundamental harmonic approximation method. Analytical expressions are presented to calculate the
values of the resonant circuit elements (series and parallel inductances, series capacitor), assuming
that the LLC converter operates at the point of maximum output power for the selected frequency
ratio. The design algorithm is discussed.

Based on the converter control characteristics for the operation mode above the resonant
frequency, the influence of the inductance ratio on the circuit performance is discussed. For small
values of the inductance ratio, the output voltage is more sensitive to the frequency change. Larger
values of the ratio lead to an increase in the transformer magnetizing inductance. As a result, a smaller
magnetizing current is created in the transformer's primary winding, resulting in smaller magnetizing
losses. On the other hand, the zero-voltage switching mode at no-load can be violated for the large
values of the magnetizing inductance. It is usually recommended to operate at the inductance ratio
a=3+10.

Using the calculated elements, a full-bridge LLC DC/DC converter was designed, and simulation
studies were carried out using the OrCad PSpice simulator. The results confirm that the conducted
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design procedure is highly accurate, with a 1-2% relative error. The differences are mainly from the
models of the semiconductor elements used and the presence of snubber capacitors in the simulation
circuit.

B.4.9. Vuchev, A. S., T. Gr. Grigorova and S. A. Vuchev, "RMS Current Values in an LLC DC-DC
Converter Operating above the Resonant Frequency,” 2021 XXX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2021, pp. 1-6, doi: 10.1109/ET52713.2021.9579989. / Scopus

This paper presents an algorithm based on the state plane method for calculating root mean square
(RMS) values of currents through the elements in the resonant LLC DC/DC converter circuit when
operating above the resonant frequency. This will further facilitate the design and determination of
these converters' efficiency. The normalized dependencies of the RMS current through the inductance
in the series branch of the resonant circuit as a function of the normalized output current are plotted.
They are obtained for the same operating frequency but different inductance ratios (a=1, a=3, and
a=10). Based on these characteristics, it is proved that the RMS current value increases with
decreasing inductance ratio. This effect is most noticeable at no-load. As the RMS current through
the series inductance increases, the load is less dependent on the inductance ratio.

The relationships for the RMS value of the current through the inductance in the parallel branch
are also plotted. They are obtained under the same conditions as those for the RMS current through
the series inductance. Again, the RMS current increases with the decrease in the inductance ratio. The
most significant differences are observed in no-load conditions. Furthermore, the dependencies of the
RMS current through series and parallel inductances obtained for the same ratio between the
inductances but for different operating frequencies are illustrated. A significant difference between
the characteristics is observed, not only for no-load but also for load. It can be summarized that the
RMS currents through the two inductances increase as the ratio between the inductances and the
operating frequency decreases. This conclusion guides possible options for reducing losses in these
elements.

Dependencies for the RMS currents through the two branches of the resonant tank and the load are
presented and obtained for the same operating frequency but for two different ratios between the
inductances. In the same figures, the results of computer simulations are given. Based on the analysis
of the graphs, it is shown that at no-load, the RMS current through the load is non-zero, especially
when the ratio between the inductances is small. Besides, the currents through the series and parallel
branches are not equal. This mismatch results from the assumption that the input current of the
rectifier is continuous. This is not the case near the no-load mode due to the action of the capacitive
output filter. Furthermore, it should be noted that the theoretical results very closely match those from
computer simulations. The differences observed near the no-load condition decrease as the ratio
between the inductances decreases.

Additionally, the dependencies of the RMS currents through the converter's semiconductor
elements are also presented. They are obtained for the same operating frequency but two different
inductance ratios. The obtained results are compared with those from computer simulations. A very
good agreement is observed, confirming the accuracy of the theoretical study.

B.4.10. Grigorova, T., A. Vuchev and S. Vuchev, "Loss Power Investigation in an LLC DC-DC
Converter Operating Above the Resonant Frequency,” 2021 29th National Conference with
International  Participation (TELECOM), Sofia, Bulgaria, 2021, pp. 141-144, doi:
10.1109/TELECOM53156.2021.9659714. / Scopus/ WoS

It is known that when operating at frequencies above the resonant one, the transistors in the inverter
part of the resonant LLC DC/DC converter circuit operate in soft switching conditions at zero voltage
(2VS), and the power elements in the secondary rectifier switch at zero current (ZCS). This
circumstance ensures very low switching losses for the power devices. As a result, the main losses in
the switching elements are conduction losses.
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The paper presents a study of the power losses in a full-bridge LLC DC-DC converter circuit
operating above the resonant frequency based on the state plane Analysis. The investigation is made
at different control frequencies and load variations from no-load to short-circuit. Since the circuit
operates at frequencies higher than the resonant frequency and the switching mechanism is carried
out at ZVS, the losses in the transistor are considered conduction losses and turn-off losses.

The graphical representation of the normalized expressions of the transistor’s conduction losses,
the freewheeling diode, and the rectifier diode in the secondary side of the circuit for the same ratio
between the inductances but different operating frequencies (v=1.15, v=1.3 and v=1.5) are illustrated.
Their influence on the total losses in the circuit is discussed without considering the losses in the
transistor’s control circuit (driver losses).

Following the research in [B.4.8], a full-bridge LLC converter circuit is designed at a nominal
operating point corresponding to the maximum output power. Based on the design data, a model was
created in the OrCAD PSpice simulator. With its benefit, studies were carried out to determine the
power losses in the individual switching elements and the efficiency of the circuit at different values
of the converter load, different values of the inductance ratio, and the frequency ratio v. Comparative
results of analytical calculations and results obtained from computer simulations of normalized
dependences of conduction losses of the transistor, antiparallel diode, and rectifier diode at inductance
ratio a=3 at different operating frequencies (v=1,15, v=1,3 and v=1,5) are presented in graphical form.

From the analysis of the plots, the significant influence of the conduction losses of the diodes in
the rectifier is evident. These losses are substantial compared to the losses in transistors and
freewheeling diodes, regardless of the operating frequencies. Recommendations are made to improve
the efficiency of the LLC topology. The efficiency of the designed LLC DC-DC converter is
calculated. The variation of the efficiency of the circuit with the converter load is illustrated. The
presented comparative results between the theoretical calculations and those of the simulation studies
show a very good agreement between the results of the two studies. The converter efficiency is
relatively high for the nominal operating mode, above 93% (for the used semiconductor devices).

B.4.11. Vuchev, A., T. Grigorova and S. Vuchev, "Analysis of Continuous Current Mode of an LLC
Resonant DC-DC Converter at ZVS," 2022 13th National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-4, doi:
10.1109/ELECTRONICA55578.2022.9874422 | Scopus

This publication performs a theoretical analysis of a resonant LLC DC-DC converter operating in
continuous current mode with zero voltage switching (ZVS). Based on the modeling of the processes
in the resonant tank by differential equations, expressions for the basic quantities are derived for both
buck and boost modes. Analytical relationships are derived to determine the conditions for switching
to the discontinuous current mode. The boundary of the operating region in zero voltage switching
(ZVS) is defined. The output characteristics of the converter at different circuits and control parameter
values are plotted graphically. Using the presented equations, values for the graphical representation
of the converter output characteristics in the continuous current mode (CCM) are calculated for
different values of the inductance ratio (a = 1 and a = 3). The dependencies obtained for operation at
frequencies above and below the resonant frequency are shown. The ZVS-ZCS boundary is given. It
is only available for operation below the resonant frequency. The boundary between continuous
current mode (CCM) and discontinuous current mode (DCM) is also presented.

The analysis of the presented graphical results shows that for some range of output current
variation, the boundary between continuous current mode and discontinuous current mode matches
that defining the operation below and above the resonant frequency. The normalized output voltage
is always lower than the supply voltage for operation above the resonant frequency. Conversely, when
the operating frequency is lower than the resonant frequency, the output voltage is higher than the
input voltage. As the inductance ratio increases, the discontinuous current mode (DCM) area
decreases when operating above the resonant frequency. Moreover, for the same ratio between
frequencies, the output voltage increases. For an operation below the resonant frequency and
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increasing inductance ratio, the discontinuous current mode (DCM) and especially the continuous
current mode (CCM) areas decrease. This is mainly due to the shift of the ZVS-ZCS boundary
towards the ordinate axis (towards the lower output current values). With a sufficiently large ratio
between the inductances, the continuous current mode (CCM) area is negligible. The obtained results
can also be useful for other studies concerning LLC converters.

B.4.12. Grigorova, T., A. Vuchev, "LLC Resonant Converter as a Current Source Using Simple
Trajectory Control”. Energies 2023, 16 (12), 4629. https://doi.org/10.3390/en16124629 Scopus /
WoS - Q1/ IF=3.2

The control method determines many of the properties and characteristics of resonant LLC DC/DC
converters. The optimal trajectory control method based on the state plane technique can provide a
fast dynamic response for series resonant DC/DC converters. This control is more complicated to
implement in the LLC converter circuit due to increased state variables and operating modes. Optimal
trajectory control has several advantages over other control methods: reducing overvoltages of
reactive and switching elements in the circuit and fast dynamic response to significant changes in
converter operating conditions without affecting the overall system's stability. A disadvantage of this
method is the need to calculate a non-linear function in real-time, defining all the energy accumulated
in the resonant circuit.

This paper proposes and investigates a simplified control of a resonant LLC DC/DC converter,
which has a behavior similar to that with optimal control of the operating trajectory. The significant
simplification of the control is mainly due to the linearization of the control function based on a linear
combination of the voltage across the capacitor and the current through the inductance in the series
resonant circuit. Furthermore, the power transistors are switched at zero voltage. The performed
theoretical analysis shows that the converter control provides linear regulation characteristics and has
the characteristics of a short-circuit stable current source.

In the case of a short circuit, the converter remains operational, and the value of the output current
does not depend on the ratio between the inductances since the parallel inductance cannot influence
it. Thus, the behavior of the LLC resonant converter is confirmed to be similar to optimal trajectory
control but using a more straightforward implementation.

The normalized output, control, and load characteristics are derived for the control using the
simplified method and operation at frequencies above the series resonant frequency. The resulting
load characteristics show the basic requirements for the converter elements necessary for their design.

The boundaries at which the simple trajectory control method is valid are defined. The stability
border on the output characteristics outlines a theoretical possibility whereby the normalized output
voltage achieves a relatively high value (~ 0.8) as the control parameter Ref varies considerably.
Moreover, this voltage increases insignificantly when the inductance ratio decreases. The area of the
discontinuous current mode increases when the value of the inductance ratio decreases.

The control characteristics /'o(Ref) are near linear for values of the control parameter Ref > 1. On
the basis of the tabular results for the values of the dynamic gain 47'0/4Ref, it can be concluded that
at low values of the normalized output voltage (V'o= 0.1+0.3) the control characteristics practically
coincide, regardless of the magnitude of the inductance ratio. For high values of the normalized output
voltage (V'o = 0.6+0.7), the differences between the control characteristics at inductance ratios a = 3
and a = oo (series resonant DC/DC converter) are insignificant (0.01 — 0.02), whereas those obtained
at inductance ratio a = 1 deviate significantly (0.04 — 0.08). Regarding the dependences of the average
value of the input current I'4(70), it is observed (the reading taken of the stability border) that when
parameter Ref is changed from 3.5 to 5.0, the output power in relative units increases by
approximately 1.49 times for a = 1. Respectively, for a = 3, this increase is 1.41 times and for a = o
(series resonant DC/DC converter), it is 1.39 times. Therefore, even for low values of the inductance
ratio, the considered circuit has very similar properties to those of a series resonant converter.

The converter’s control system is described using Analog Behavioral Modeling (ABM) embedded
in the PSpice for TI simulator. Thus, on the one hand, sufficiently accurate results are achieved, and
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on the other hand, the simulation process is simplified. The proposed functional model of the control
system is composed of a minimum number of elements and is easy to set up. The properties and
dynamic behavior of the converter are verified by computer simulations, both in steady-state and
when the control parameter is changed significantly. A comparison between theoretical and
simulation results of output characteristics V'o(I'0) shows a relative error within 2%. More significant
differences (around 3%) are observed for small values of the control parameter Ref. Regarding the
comparison between theoretical and simulation results of control characteristics I'o(Ref) could be
pointed out that the deviations between theoretical and simulation results do not exceed 2%. More
significant differences are observed for small values of the control parameter Ref. A growing tendency
of the relative error is observed as zero is approached.

Furthermore, calculating the value of the voltage applied to the capacitor of the series resonant
circuit would be very convenient when applying the considered control method to some half-bridge
circuits. Moreover, using only one measurement is a prerequisite for increasing the reliability of the
proposed solution. The performed studies using the model confirm that the simplified control
technique provides a fast dynamic response and robust operation when the control parameter is
changed. Therefore, the converter can be successfully used as a battery-charging device.

I11. PUBLICATIONS BEYOND THOSE INCLUDED IN THE EQUIVALENT OF A
MONOGRAPHIC WORK

The publications submitted to the competition refer to indicators:
e Group I'.7. Scientific publications in journals that are refereed and indexed in world-known
databases of scientific information;
e Group I'.8. Scientific publications in non-refereed peer-reviewed journals or in edited
collective works;
e Group 3.31. Scientific publications in journals with impact factor (IF of Web of Science)
and/or with impact rank (SJR of Scopus).

The studies in publications beyond those included in the equivalent of a monographic work are
focused on the following thematic areas:

1. Analysis, study, and modeling of a phase-shift controlled resonant LLC DC/DC converter -
publications [I".7.1], [I".7.2], [[".7.3], [I".7.4] and [I".7.5].

2. Investigation of control algorithms for a reversible converter supplying a switched reluctance
motor in motoring and generating modes of operation with consideration of power losses and
efficiency, and torque ripples — publications [I".7.7], [I".7.8], [T".7.9], [I".7.10], [T".7.11], [I".7.12],
[[.7.13] and [3.31.2].

3. Increasing (a further development) of existing knowledge in the field of autonomous electrical
energy converters — publications [I".7.6], [I".7.19], [I".8.1], [I".8.2], [I".8.3], [I".8.4], [ I'.7.14],
[[.7.16], ['.7.17] and [3.31.3].

4.  Analysis and study of different modulation techniques in brushless motor control converter
— publications [I".8.9], [I".8.10] and [I".8.11].

5. A study and implementation of new methods and development tools for training in the field
of power electronics — publications [I".7.15], [I".7.18], [I".8.5], [I".8.6], [I".8.7] and [I".8.8].

6. Creation of mathematical methodologies and algorithms for research and design of optical
communication systems with open transmission medium — publications [I".7.20] and [I".8.12].

7. Creation of a new device for acoustic and visual demonstration of the corpuscular nature of
light — publication [3.31.1].
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111.1. ANALYSIS, STUDY, AND MODELLING OF A PHASE-SHIFT CONTROLLED
RESONANT LLC DC/DC CONVERTER

I'.7.1. Grigorova, T., A. Vuchev, "A Study of a Phase-Shifted Full-Bridge LLC Resonant Converter
Operating in Continuous Conduction Mode with ZVS," 2022 13th National Conference with
International  Participation (ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ELECTRONICA55578.2022.9874435./ Scopus

Phase-shift modulation is one method used in resonant converters to control the output voltage. In
this case, with the change of the load, a change in the mechanisms of natural switching of the
converter power devices is also required. The purpose of this paper is to discuss the commutation
mechanisms of the power devices observed in continuous conduction mode and ZVS commutation
in a full-bridge LLC resonant converter when controlling the output voltage while a phase-shift
modulation is being applied (an appropriate phase-shift between power transistors control pulses). A
comparison with the switching mechanisms in the phase-shift modulation of a series DC/DC
converter is used.

For the phase-shift controlled LLC resonant converter operating above the resonant frequency, the
following modes are defined with respect to the rectifier input current: a continuous current mode
(denoted as MODE | and MODE I1) and a discontinuous current mode (denoted as MODE I11). The
study and analysis of the operation of the converter in the MODE | continuous current mode shows
that all transistors in the inverter part of the circuit are switched at zero voltage (ZVS). It is shown
that in the second continuous-current mode, MODE I, it is possible to maintain the zero-voltage
switching conditions for all four transistors in the circuit. This depends on various parameters such
as: the ratio between the inductances, the phase shift angle o between gate signals oOf transistors’ pairs
of the two arms of the bridge, the load value (or quality factor) and the frequency ratio v. The results
of a simulation study, which confirm the theoretical examinations, are also presented. In future work,
the authors aim to determine the conditions under which the circuit can operate in the studied modes.

I'.7.2. Vuchev, A, T. Grigorova, "A Study of a Phase-Shifted Full-Bridge LLC Resonant Converter
Operating at ZVS/ZCS," 2022 13th National Conference with International Participation
(ELECTRONICA), Sofia, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ELECTRONICA55578.2022.9874367. /Scopus

This paper studies the switching mechanisms that occur in a phase-shift control of an LLC DC/DC
converter due to load changes operating at zero-voltage switching (ZVS)/zero-current switching
(ZCS). The converter's operation is considered at frequencies higher than the resonant frequency.

Depending on the value of various parameters such as: the ratio of inductances, the phase shift
angle a between the operating intervals of the transistors‘ pairs of the two arms of the bridge, the load
value (or quality factor) and the frequency ratio, in the second continuous current mode, MODE 11,
the switching conditions at zero voltage when the transistors are switched on are obtained only for
the transistors of the "leading-leg", while the transistors of the "lagging-leg"” are switched off with
negative current, i.e. after the resonant circuit current has reversed its direction. This results in zero-
current switching (ZCS). A third mode of operation, MODE Il11, defined as a discontinuous current
mode with respect to the rectifier, is also considered. The switching mechanisms under it are
discussed. It is shown that, under certain conditions, switching at zero voltage for all four transistors
is possible. 1t should be noted that for larger control angles a and less load (for a given ratio between
inductances and frequency ratio), the ZVS conditions for the transistors on both legs of the MODE
I11 bridge may be capable of being violated. The resulting switching mechanism is the same as in a
series resonant DC/DC converter. The theoretical results are supported by simulation studies.

I'.7.3. Grigorova, T., A. Vuchev and S. Vuchev, "Basic Dependencies of a Phase-Shift Controlled
LLC DC-DC Converter at Continuous Current Mode," 2022 XXXI International Scientific
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Conference Electronics (ET), Sozopol, Bulgaria, 2022, pp. 1-6, doi:
10.1109/ET55967.2022.9920305./ Scopus

This paper aims to perform an analytical study of the electromagnetic processes in an LLC DC-
DC converter under a phase-shift control method and continuous current operation. Analytical
normalized dependencies for the basic quantities describing the state of the oscillating circuit are
derived. The boundary conditions for the transition between the MODE | and MODE |1 operating
modes and the transition between the continuous current mode and the discontinuous current mode
are presented. Using the obtained expressions, the output characteristics of the converter can be
plotted, and the switching currents of the transistors and diodes in the different stages of the circuit
operation can be determined. A simulation model has been implemented in the PSpice simulator to
verify the operation of the converter in MODE Il and the corresponding switching mechanisms. The
simulation results confirmed the theoretical analysis's conclusion that for MODE I, all four
transistors of the inverter bridge can switch at zero voltage at low phase-shift angle values. However,
when the phase-shift angle increases, the "lagging leg" transistors switch at zero current.

The obtained results will be useful for further investigating the properties of LLC DC-DC
converters and for their overall design.

I'.7.4. Vuchev, A. S., T. G. Grigorova and S. Vuchev, "Output Characteristics for Continuous
Current Mode of a Phase-Shift Controlled LLC DC-DC Converter,” 2022 XXXI International
Scientific Conference Electronics (ET), Sozopol, Bulgaria, 2022, pp. 1-4, doi:
10.1109/ET55967.2022.9920282./ Scopus

The objective of the presented research is to investigate a phase-shift controlled resonant LLC DC-
DC converter based on the output characteristics. The continuous current mode at the input of the
rectifier is mainly considered. The study was conducted at different ratios between the inductances in
the parallel and series branches of the buildup circuit. The results can be summarized as follows: the
qualities of the investigated circuit are very close to those of a phase-shift controlled series resonant
DC-DC converter. Therefore, they are mainly determined by the applied control method. When the
ratio between the inductances in the parallel and series branches of the resonant tank is reduced, the
zero-current switching area (ZCS) is reduced. Thus, in the range of small phase-shift angle values, all
inverter transistors switch at zero voltage. However, this leads to an increase in the discontinuous
current operating mode area at the rectifier input. The value of the short circuit current depends only
on the magnitude of the control angle.

The findings of this research have significant practical implications. They provide valuable
insights for future research and aid in the design of phase-shift controlled LLC DC-DC converters.

I'.7.5. Grigorova, T. G. and A. S. Vuchev, "Modeling and Simulation of a Phase-Shift Controlled
LLC Resonant Converter,” 2023 XXXII International Scientific Conference Electronics (ET),
Sozopol, Bulgaria, 2023, pp. 1-6, doi: 10.1109/ET59121.2023.10278726./ Scopus / WoS

This paper conducts a simulation study of a phase-shift controlled resonant LLC DC-DC converter,
analyzing its performance at different control angles, loads, and inductance ratios. The output
characteristics obtained from the simulations are compared with theoretical results for different
inductance ratios a = 3 and a = 5. The influence of the equivalent capacitances of the transistors
(MOSFET output capacitance and snubber capacitor) on the switching mechanisms is also discussed.

The influence of various parameters on the output power regulation conditions while maintaining
the zero-voltage switching (ZVS) conditions of the transistors in the "lagging- leg" is analyzed.
Simulations for continuous current mode have been implemented using the OrCad PSpice simulator.
A good agreement between theoretical and simulation results is observed.
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111.2. INVESTIGATION OF CONTROL ALGORITHMS FOR A REVERSIBLE
CONVERTER SUPPLYING A SWITCHED RELUCTANCE MOTOR IN MOTORING
AND GENERATING MODES OF OPERATION WITH CONSIDERATION OF POWER
LOSSES AND EFFICIENCY AND TORQUE RIPPLES

I'.7.7. Yankov, D. K., T. Gr. Grigorova and E. I. Dinkov, "Modeling of a Tree-Phase 12/8 Pole
Switched Reluctance Motor in MATLAB", 28th International Scientific Conference Electronics, ET
2019 - Proceedings, art. no. 8878654, doi: 10.1109/ET.2019.8878654, ISBN: 9781728125749
/Scopus / WoS

In recent years, industrial automation specialists have focused on the use of switched reluctance
motor (SRM) drives. Due to its nonlinear nature, modeling the switched reluctance motor (SRM) is
challenging. The main powerful tool for simulating this type of motor is the MATLAB/SIMULINK
environment. In the MATLAB/SIMULINK environment, the built-in motor models are for the 6/4,
8/6, and 10/8 types.

The objective of this paper is to synthesize a linear model of a three-phase, 12/8 SRM
(H55BMBJL) in the MATLAB environment. Equations are used to determine the dynamic behavior
of a linear inductive profile of the SRM. The algorithm is described, and the dependencies for
synthesizing the three-phase, 12/8 SRM model in the MATLAB environment are given. With the
help of the considered model, a circuit of an asymmetric bridge converter under bipolar modulation
- voltage and hysteresis-current algorithm of operation is simulated. Based on the considered
methodology, the user can synthesize his specific model based on motor catalog data. Simulation
results prove the accuracy of the model.

I'.7.8. Yankov, D., T. Grigorova and E. Dinkov, "A Power Loss Analysis of a Three-Phase 12/8
Switched Reluctance Motor Fed from Asymmetric Power Converter in MATLAB/SIMULINK,"
2020 21st International Symposium on Electrical Apparatus & Technologies (SIELA), Bourgas,
Bulgaria, 2020, pp. 1-4, doi: 10.1109/SIELA49118.2020.9167113/ Scopus / WoS

This paper analyses the power losses in the power circuit of the asymmetric bridge converter
supplying a three-phase 12/8 switched reluctance motor (SRM). IGBTs are chosen as the power
transistors. The main losses considered are the conduction losses of the transistors and diodes, and
the dynamic switching losses of the switching elements. The study was performed under unipolar and
bipolar modulation.

The switched reluctance motor is a complex system to analyze. The dynamic losses in the
semiconductor switching elements that build the asymmetric converter are calculated using the
MATLAB/SIMULINK environment, and the dependencies for calculating the IGBTSs' turn-on and
turn-off power losses are implemented as a subcircuit. The same approach is used to estimate the
losses in the diodes. The power losses in the power switches are analyzed sequentially under bipolar
and unipolar modulation. The parameters whose influence is studied in these modulations are the
motor speed and the turn-on and turn-off switching angles of the SRM.

For bipolar modulation, the analytical and simulation results of the transistor conduction losses (in
one arm of the converter) versus the variation of motor speed, turn-on, and turn-off SRM switching
angles are presented in graphical form.

For unipolar modulation, the graphical dependencies of the simulation results of the conduction
losses, turn-on and turn-off losses, and total losses of the modulated transistor (in one arm of the
converter) versus the variation of rotor speed, SRM’s turn-on angle, switching frequency, and duty
cycle are presented. The obtained results are analyzed.

I'.7.9. Yankov, D. K., T. G. Grigorova, "Analysis and Investigation of an Asymmetric Bridge
Converter for a Three-Phase 12/8 SRM in Generating Mode," 2020 X1 National Conference with
International  Participation (ELECTRONICA), Sofia, Bulgaria, 2020, pp. 1-4, doi:
10.1109/ELECTRONICA50406.2020.9305153. / Scopus / WoS
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The asymmetric bridge converter used to drive the SRM has several advantages, such as
independent phase windings, maximum flexibility in control performance, switching time, cost,
converter losses, efficiency, etc. However, the asymmetric converter has lower torque ripples than
the (m+1)-switch converter and higher than the C-dump converter.

The paper presents an analytical and simulation study of an asymmetric bridge converter fed three-
phase 12/8 SRM in generating mode. In generating mode, an abstraction is used in which the
asymmetric converter is considered as a step-up transformer with a transformer turns ratio G - the
primary side of the transformer is fed by the back-EMF of the machine, and the output voltage on the
secondary side is a function of the SRM converter duty cycle. An analytical dependence representing
the transformer turns ratio is derived. The main purpose of the study is to clarify the conditions for
achieving maximum energy recovery. The amount of energy returned from the SRM to the battery
depends mainly on the excitation and generation intervals, the PWM duty cycle, the matching of the
internal battery resistance, and the position-dependent SRM equivalent resistance. The obtained
analytical results are validated by simulation using MATLAB/Simulink environment.

I'.7.10. Yankov, D., T. Grigorova, Al. Pavlova, "A study of energy recovery in an asymmetric bridge
converter for a three-phase 12/8 SRM in generating mode", 10th International Scientific Conference
“TECHSYS 2021” - Engineering, Technologies and Systems, Plovdiv, Bulgaria, AIP Conference
Proceedings 1 September 2022; 2449 (1): 030003., https://doi.org/10.1063/5.0090678/ Scopus /WoS,
SJR=0.164

The analysis presented in [I".7.9] is extended in the present work. The analytical and simulation
studies presented in this paper result from an investigation of an asymmetric bridge converter used to
control a three-phase switched reluctance motor of type 12/8 in generating mode. The highly
nonlinear characteristics of the used SRM are taken into account. The analytical calculations are
related to determining the most appropriate parameters, such as turn-on and turn-off angles, PWM
modulation duty cycle and equivalent phase resistance to achieve maximum energy return to the
power source (battery). An original analytical relationship is derived to define the duty cycle, at which
the maximum transformer turns ratio is achieved. The performance of the proposed method and the
obtained analytical results are verified using the MATLAB/Simulink environment.

3.31.2. D. K. Yankov and T. G. Grigorova, A nonlinear model for a three-phase 12/8 switched
reluctance machine, International Journal of Power Electronics and Drive Systems, Open
Access, Volume 13, Issue 3, Pages 1576 — 1587, September 2022/ Q3, SJR=0.350, Scopus

The paper presents a methodology for synthesizing a nonlinear model for a three-phase 12/8
switched reluctance machine (SRM) in a MATLAB/Simulink environment. The required switched
reluctance motor characteristics are derived using finite element analysis (FEA). Two-dimensional
tables (look-up tables) were obtained using the finite element analysis method, and the Infolytica
Motorsolve software simulator was used to build the model.

The mathematical model of the SRM is divided into electrical and mechanical parts, and each part
is described with the corresponding dependencies. In the structure of the presented nonlinear model,
two new additional blocks are included to measure and visualize the magnitude and shape of the phase
inductance and the back-EMF. The performances of the SRM under single-pulse modulation in
motoring (I quadrant) and generating (11 quadrant) modes using the nonlinear model are investigated.
Simulation and experimental results are derived to verify the accuracy of the built three-phase, 12/8
SRM (H55PWBKM-1844) nonlinear model. A very good agreement between simulation and
experimental results is observed. The relative error between simulation and experimental results is
within 5-10%.

I'.7.11. Yankov, D., T. Grigorova and I. Maradzhiev, "Analytical and Simulation Study of the Power
Losses of a Switched Reluctance Motor," 2023 18th Conference on Electrical Machines, Drives and
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Power Systems (ELMA), Varna, Bulgaria, 2023, pp. 1-4, doi: 10.1109/ELMA58392.2023.10202259,
Electronic ISBN:979-8-3503-1127-3 / Scopus / WoS

This paper presents an analytical and simulation study of power losses in a three-phase switched
reluctance motor, type 12/8. A detailed analysis of the different types of losses in switched reluctance
motors and their causes is carried out. The equations for their calculation and the required parameters
are presented. A non-linear model of a three-phase 12/8 SRM is built for the MATLAB/Simulink
environment, where losses in the motor steel, mechanical power losses due to friction, electrical losses
in the stator windings, total losses in the motor, etc., are calculated, and visualized using additional
blocks. Moreover, a user interface has been created to set the required input parameters such as stator
outer diameter, stator tooth width, height of stator yoke, stator tooth height, maximum induction in
the stator teeth, etc. Analytical and simulation studies of losses in the studied motor have been
performed. The proposed approach to improve the non-linear model of the three-phase type 12/8
SRM model (H55PWBKM-1844) is characterized by several advantages, such as a significantly
smaller number of blocks required to calculate the power losses, the ability to determine the efficiency
of the machine and the availability of visualization of each type of loss as well as the effectiveness of
the SRM, allowing the user to monitor their value at any time. The relative error between the obtained
analytical and simulation results is acceptable for engineering calculations.

I'.7.12. Yankov, D., T. Grigorova and I. Maradzhiev, "Simulation and Experimental Study of Static
Torque Characteristics of a 12/8 Three-Phase SRM," 2023 18th Conference on Electrical Machines,
Drives and Power Systems (ELMA), Varna, Bulgaria, 2023, pp. 1-4, doi:
10.1109/ELMA58392.2023.10202339, Electronic ISBN:979-8-3503-1127-3 / Scopus / WoS

This study presents a simulation and experimental investigation of static torque characteristics of
a three-phase 12/8 switched reluctance motor (SRM) feds from an asymmetric bridge converter. The
experimental study was carried out by developing an experimental setup to measure the static torque
of the machine for different magnitudes of phase current and rotor positions. The simulation results
for the magnitude of the static torque are obtained using the finite element analysis method FEM and
the software simulator (Infolytica MotorSolve).

The experimental bench for studying the static torque characteristics of the SRM consists of the
following blocks: a 12/8 three-phase SRM (H55PWBKM-1844), a rotor locking and positioning
device, a rotor position sensor (encoder), mechanical arms (beams), weight measurement sensors
(strain gauge cells), HX711 analog-to-digital converter, microprocessor module based on
ATmega2560, and DC voltage source. The experimental study of the static torque characteristics of
an SRM is based on using strain gauge torque sensors.

The presented method for experimental determination of static torque characteristics is
characterized by the following advantages: a simple and robust construction, accuracy in
measurement, the possibility of visualization of torque in both graphical and numerical form, and low
cost. The relative error between the simulation results obtained by the finite element analysis method
and the experimental results is within 5%. It is mainly due to the emerging electromechanical
processes that are ignored in the FEM analysis and the modeling of the nonlinear characteristics of
the stator and rotor steels affected by the increase in the magnitude of the phase inductance and phase
current. Moreover, while performing the experiment, the occurrence of acoustic noise and vibration
during magnetization of the phase coil in the range of -17.5° to -2.5% and 2.5° to 17.5°, respectively,
was noticed, which primarily affected the accuracy of the measurement.

I'.7.13. Yankov, D. K., T. G. Grigorova and I. P. Maradzhiev, "Comparative Analysis of Control
Algorithms for a Power converter - Switched Reluctance Motor System in Motoring Mode," 2023
XXXII International Scientific Conference Electronics (ET), Sozopol, Bulgaria, 2023, pp. 1-6, doi:
10.1109/ET59121.2023.10279380. / Scopus / WoS
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This paper presents a simulation study and comparative analysis of control algorithms using a
unipolar modulation of a converter-switched reluctance motor system in motoring mode. The analysis
is performed based on power losses in the converter, motor efficiency, and torque ripples. An
asymmetric bridge converter feeds the three-phase 12/8 SRM. The study examined the power losses
in the converter and motor, efficiency, and torque ripples in the MATLAB/Simulink environment for
each selected algorithm while varying different input parameters.

The effect of motor speed, turn-on angle, turn-off angle, switching frequency of the upper
transistors, and duty cycle is investigated. The results obtained in MATLAB/Simulink are presented
in graphical and tabular form. Based on the presented results and the comparative analysis carried
out, it is concluded that the most suitable control algorithm for a converter-switched reluctance motor
system in terms of torque ripples, motor and converter power losses, and motoring mode efficiency
is current control with independent regulators and unipolar modulation but at high switching
frequency of the upper transistors.

111.3. INCREASING (A FURTHER DEVELOPMENT) OF EXISTING KNOWLEDGE IN
THE FIELD OF AUTONOMOUS ELECTRICAL ENERGY CONVERTERS

111.3.1 A STUDY OF METHODS FOR OUTPUT POWER CONTROL IN RESONANT POWER CONVERTERS

I'.7.19. Grigorova, T. Gr., B. K. Pacedjieva, "An automatic control system behavioral modeling and
parametrized Spice model of a full-bridge resonant inverter operating above resonant frequency",
11th International Scientific Conference “TECHSYS 2022” - Engineering, Technologies and
Systems, Plovdiv, Bulgaria, AIP Conf. Proc. 2980, pp. 030006-1-030006-7 (2024)
https://doi.org/10.1063/5.0184394 / Scopus/ WoS, SJR=0.164

Resonant inverters are used as power sources in various electrotechnology applications. Soft-
switching resonant converters require specific methods of output power control. In addition, the
energy exchange between input and output is accomplished through the resonant circuit, which is an
energy storage element. An excellent knowledge of the electromagnetic processes in the converter,
as well as the nature and behavior of the load, is required. In this aspect, the efforts of specialists in
recent years have focused on studying different methods of output power control to create wide-range
resonant converters with improved regulation, energy, and economic performance.

The PSpice simulator can be used not only to verify the designed circuits' characteristics but also
as a tool for the design itself. The ability to set functional dependencies between circuit element values
using parameters allows design dependencies to be introduced into the circuit description. In this
paper, we consider a parameterized PSpice model for the PSpice for TI simulator of a full-bridge
resonant inverter operating above resonant frequencies and an analog behavioral model of a control
system with automatic regulation of the root mean square (RMS) value of the output current. The
control system is self-excited and allows the output power of the inverter to be adjusted by varying
the conduction time of the transistors. Analytical dependencies are presented, based on which the
corresponding load characteristics under strongly varying loads are constructed. The definition of
functional dependencies for the design of a resonant inverter operating above resonant frequencies
and the realization of its parameterized description are performed. Results of simulation studies are
shown, which confirm the theoretical study carried out.

111.3.2. CREATION, ANALYSIS AND CIRCUIT DESIGN OF POWER ELECTRONIC EQUIPMENT
I'.7.6. Vuchev, A.S., T. G. Grigorova and S. A. Vuchev, "Theoretical Analysis of an LLC Resonant

DC-DC Converter at Boost Mode," 2023 XXXII International Scientific Conference Electronics
(ET), Sozopol, Bulgaria, 2023, pp. 1-4, doi: 10.1109/ET59121.2023.10279287. / Scopus / WoS
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Regardless of the used method, most researchers determine that in step-down mode the rectifier
input current is continuous and in step-up mode it is discontinuous. The study presented in [B.4.11]
shows that this is not the case. In practice, in step-down mode, the rectifier input current is
discontinuous for a very large load resistance. Conversely, this current is continuous in step-up mode
for low-load resistor values near the converter's operating limit at ZVS. This study aims to provide a
detailed analysis of an LLC resonant DC-DC converter in boost mode and the derivation of equations
modeling its operation under various operating conditions.

The condition to be fulfilled by the control frequency ws and the characteristic impedance for
operation in boost mode is defined. When these conditions are satisfied by changing the load
resistance from a minimum value to infinity, the conditions under which the LLC converter operates
with ZVS change. Generally, a continuous current mode and a discontinuous current mode are
observed. Conditions for operation in the continuous mode were discussed in [B.4.11]. Also,
boundary conditions for ZVS operation and the transition to the discontinuous current mode were
defined. The operation in the discontinuous current mode is relatively divided into two submodes -
submode A and submode B. Systems of equations are developed to describe the electromagnetic
processes in the circuit for separate operating intervals. The electromagnetic processes for submode
A are described similarly to the continuous current mode. This implies the possibility of finding
analytical expressions for the basic quantities of the converter. In the other case, however, this is
impossible and computational methods must be used. The defined boundaries of submode B define
the search area of the solutions.

I'.8.1. Lechkov, A. N., T. Gr. Grigorova "Hybrid transistor-thyristor PWM converter with improving
reversible time", Annual Journal of Electronics, Sofia, Bulgaria, 2011, vol.5, No.1, pp.192-195, ISSN
1313-1842 (HAIIMJI ID Ne 1277)

In this paper, a circuit of a hybrid transistor-thyristor converter with constant duty cycle and
recuperation capability is analyzed, designed, and simulation-tested. It is focused on application in
galvanotechnics as a source for electro-pulse effects in the so-called Periodic Pulse Reverse method
(PPR).

An algorithm for synthesizing the output voltage in a hybrid transistor-thyristor converter with a
constant duty cycle and recuperation capability is developed. A simulation model of the control
system implementing the converter operating modes is proposed using the Analog Behavioral
Modeling (ABM) principle built into the Pspice A/D simulator. A combination of high computational
efficiency with adequate modeling of the circuit components has been achieved. A comparison of
simulation results and those from analytical evaluations is presented. The obtained data allow us to
evaluate the accuracy of the composed design methodology. The reported relative error is within 3%
for the different dependencies, which is acceptable for engineering calculations. This is because, in
the analysis, an assumption was made that all elements in the circuit were ideal, and the influence of
the equalizing circuits was also neglected. In computer modeling, the power elements are involved
with their model parameters, which affects the obtained simulation results.

I'.8.2 Bozhilov, R., T. Grigorova, "A study of an AC amplifier with BOOTSTRAP feedback”, XXIV
National scientific symposium with international participation "Metrology and Metrology
Assurance", Sozopol, Bulgaria, 2014, pp. 200-205, ISSN 1313-9126 (HAIIM/I ID Ne 3036) (in
Bulgarian)

When amplifying a signal from a high-impedance AC source, the classical AC amplifier circuit
with an operational amplifier cannot meet the increased metrological requirements, such as ultra-high
input impedance and low self-noise level. A bootstrap-type AC feedback amplifier is used to
overcome these drawbacks. This paper proposes a study of the amplifier's input impedance, and the
experimental and simulation results show a strong dependence of the input impedance on its
determining elements. It is shown that, at a given frequency of the input signal, the values of the
elements building up the amplifier can be optimized to obtain an equivalent input impedance of the
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order of tens of gigaohms, using values of the circuit resistors not exceeding 10MQ. The results of
the analysis are confirmed by computer simulation of the amplifier. A good agreement was obtained
between the experimental results and those from the computer simulation.

I'.8.4. Bonev, G., T. Grigorova, A. Lechkov, "Analysis for class-E induction heating resonant
converter with extended frequency range", The scientific works of USB — Plovdiv - Series B —
Technics and Technologies, vol. XII, Plovdiv 2015, pp. 116-120, ISSN 1311-9419 (HALIM/I ID No
2494) (in Bulgarian)

This paper analyses a class "E" resonant induction heating converter, where the load is a parallel
resonant circuit, including the inductor. A series resonant circuit with a low-quality factor is applied
to better match the load over a wider frequency range. The proposed model allows a simplified design
in a MICRO-CAP simulation environment. This work aims to analyze and present a circuit of a class
"E" induction heating resonant converter with an extended frequency range and limited influence of
the complex load while maintaining a high efficiency of not less than 95%.

The simulation analysis has been performed using the MICRO-CAP 9 simulator, with the values
of the elements specified by symbolic variables described by the corresponding analytical equations.
The study draws important conclusions concerning the practical implications of extending the
frequency range of the resonant class-E induction heating resonant converter. It also outlines the
conditions for delivering maximum power and the achievement of high efficiency.

I'.7.14. Grigorova, T. Gr. "Steady-State Analysis and Modified Control Technique of a Capacitor
Voltage Clamped Dual Half-Bridge Series Resonant Inverter”, 19th International-Federation-of-
Automatic-Control (IFAC) Conference on Technology, Culture and International Stability (TECIS),
Vol. 52 Issue 25 pp. 456-461, 2019, Sozopol, Bulgaria, DOI: 10.1016/j.ifacol.2019.12.582/ Scopus /
WoS, SJIR=0.354

During technological processes, the voltages on the active and passive elements in the autonomous
inverters change due to changes in the load or other disturbances. Such effects lead to non-acceptable
operating modes in the power circuits. This problem has concentrated the efforts of specialists in
implementing circuit variants of inverters with improved load characteristics.

The main approach of the work has concentrated on the possibilities offered by power circuits to
add additional elements (limiting diodes or a group of inductances and diodes) to limit the circuit
voltages. This ensures stability in the operation of the power circuit, as the power consumed is
constant and does not depend on load changes.

The present paper extends the investigation of the electromagnetic processes in the steady-state
mode of a capacitor voltage-clamped dual half-bridge series-resonant inverter (CVCDHB-SRI) that
supplies two different loads. A unified approach is introduced in the analysis of processes in steady-
state mode, and expressions for the determination of the currents through the power devices and the
resonant circuit components are obtained. The basis of the study is the introduction of the damping
coefficient k used in classical resonant inverters. Novel analytical dependencies are derived and used
to obtain basic characteristics for inverter design. A modified control technique for operating loads
with different frequencies and power is also discussed. Thus, the additional current overload of some
transistors in the circuit is avoided. The commutation mechanism of the transistors enables zero-
voltage and zero-current switching conditions. These results increase the system's efficiency, improve
power quality, and reduce the overall cost. The analysis results are confirmed by simulating with the
OrCad Pspice simulator.

A very good agreement is observed between the calculated results and those from the computer
simulation, with a 5-6% relative error. The differences are due to using real elements with their
parameters during simulation.
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I'.7.16 D. lvanov, D., I. Maradzhiev and T. Grigorova, "FPGA Implementation of Microstepping
Control of Stepper Motor with Advanced Mixed Current Decay,” 2021 12th National Conference
with International Participation (ELECTRONICA), Sofia, Bulgaria, 2021, pp. 1-4, doi:
10.1109/ELECTRONICA52725.2021.9513691. / Scopus

This paper describes the experimental implementation of microstepping control of a stepper motor
(PM42S-048-HHC8) with the implementation of an advanced current decay mode.

The proposed development is based on a programmable field array (FPGA Spartan 3A XC3S50A
- 4VQG100C) and a galvanically separated ADC (AMC1306M25DWVR), which allows for
continuous measurement and filtering of current through the windings of the motor used. The motor
windings are connected to quad 1/2-H-bridge DC motor driver DRV8844. It compares the maximum
reached frequencies of the control pulses supplied to the motor windings for the proposed algorithm
with advanced mixed current decay mode and microstepping control without current decay mode.
From the experimental studies performed, it can be concluded that the application of this mode
increases the operating frequency of the stepper motor. Also, the acoustic noise and vibration from
machine operation are reduced.

I'.7.17. Grigorova, T., I. Maradzhiev, "Behavioural modelling of an average current-mode control
of a boost DC/DC converter”, 10th International Scientific Conference “TECHSYS 2021” -
Engineering, Technologies and Systems, Plovdiv, Bulgaria, AIP Conference Proceedings 1
September 2022; 2449 (1): pp. 030004-1-030004-8, https://doi.org/10.1063/5.0090676/ Scopus,
SJR=0.164

One of the main challenges in the implementation of switching mode power supplies is to ensure
a constant value of the output voltage. This is achieved by the error amplifier, which aims to minimize
the difference between the output voltage and the given reference voltage. This paper illustrates
analog behavioral modeling of the boost DC/DC converter in the frequency domain by using average
current mode control. The possibility of the PSpice for TI simulator to set parameters by functional
dependencies between values of circuit elements is used. The design equations describing the current
and voltage compensators network elements are introduced. The transfer functions of the individual
loops building up the system's feedback loop are modeled and investigated.

The relative error between theoretical and simulation results is 5-6 %. Based on the calculated
values of the error amplifier elements, a study of the system's stability has been performed.
Furthermore, the results of the present study demonstrate the applicability of simulation tools in the
step-by-step process of teaching the theoretical aspect of control dynamics by averaging the current
through the inductance in the boost converter to the students in the MSc electronics course with the
expectation of achieving sustainable knowledge and skills.

3.31.3. Hinov, N., T. Grigorova, "Design Considerations of Multi-Phase Buck DC-DC Converter".
Applied Sciences. 2023; 13(19):11064., https://doi.org/10.3390/app131911064 Open Access,
Scopus/WoS Q2/ IF=2.7

Multi-phase DC-DC converters use multiple switching phases to facilitate power conversion,
offering various advantages and disadvantages over conventional single-phase DC-DC converters.
The main objective of this article is to propose a rational methodology for designing multi-phase step-
down DC-DC converters, which can find applications both in engineering practice and in power
electronics education. Increasing the need for rapid and accurate prediction of phase numbers in the
design of multi-phase buck converters to minimize ripple currents and achieve high efficiency is of
particular importance to power supply designers.

This study discusses the main types of losses in the multi-phase synchronous buck converter circuit
(transistors’ conduction losses, high-side MOSFET’s switching losses, reverse recovery losses in the
body diode, dead time losses, output capacitance losses in the MOSFETS, gate charge losses in
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MOSFETS, conduction losses in the inductor, and losses in the input and output capacitors) and
provides analytical dependencies for their calculation.

Using control examples (input voltage Uin=12V, output voltage Uout=1.6V/3.3V/5V, control
frequency fsw=75kHz+300kHz, output current lo=5+200A, dead time tq=100ns), analytical and
graphical (3D plots) analyses of the output and input current ripple in the multiphase converter, as
well as of the losses in the converter circuit were performed. Based on the analytical results, it was
demonstrated that for the considered control examples, when the output current values lo are less than
20 A (lo < 20 A), the multi-phase synchronous buck converter with N = 2 exhibits the highest
efficiency (90.8%). Meanwhile, for output current values in the range of 20 A < lp < 35 A, a
configuration with N = 4 (n = 90.77%) achieves the highest efficiency. Other important results
obtained show that for the output current range of 35 A < lp <45 A, the highest efficiency is achieved
with a configuration using N = 6 phases (1 = 90.792%). At the same time, at an output current value
of lo = 40 A, the efficiency of the N = 4 phase circuit is 0.21% lower than that of the N = 6 phase
circuit. When the output current is lo = 100 A, the efficiency of the N = 12 phase configuration is
0.14% higher than that of the N = 8 phase configuration, whereas, at lo = 200 A, the efficiency of the
N = 12 phase circuit is 0.62% higher than that of the N = 8 phase circuit.

Furthermore, the article assesses power losses resulting from changes in various parameters such
as duty cycle (D = 0.1 = 0.9) and operating frequency (75 kHz + 300 kHz). It is shown that power
losses increase with an increase in frequency, as significant losses are observed at low-duty cycles.
The simulation results of power losses in the multi-phase synchronous buck converter with N = 8 are
also presented in the article. The relative error between analytical and simulation results does not
exceed 4%. A discussion on the optimal phase numbers for common input and output voltages is
included. The choice of the optimal number of phases should be approached comprehensively to
evaluate the advantages of increasing the number of phases in a multi-phase buck configuration. The
proposed approach for a fast and accurate calculation of power losses and overall efficiency reduces
preliminary computational procedures and optimizes solutions. Therefore, the methodology
discussed for design can find applications both in engineering practice and in the education of students
in power electronics.

111.3.3 IMPROVEMENT OF POWER SEMICONDUCTOR MACROMODELS

I'.8.3. Grigorova, T. Gr., K. K. Asparuhova, "Unified Method for Behavioral Modeling of IGBT”,
Annual Journal of Electronics, Sofia, Bulgaria, vol.8, pp.96-100, 2014, ISSN 1314-0078 (HAIIM ]I
ID Ne 469)

This paper presents a complete dynamic behavioral IGBT model for the PSpice simulator. A
voltage-dependent capacitance is modeled using a second-order polynomial and the “arctan” function
built into the simulator. The analog behavioral modeling approach was used. The methodology for
extracting the transistor input capacitance dependence as a function of the collector-emitter voltage
is described. The model is parameterized and implemented in the OrCad PSpice simulator.

An FGA90N33AT IGBT transistor is selected to verify the model in static and dynamic modes.
The static output characteristics obtained from the PSpice simulator based on the proposed model are
shown, as well as the transistor's transfer characteristic. The comparison between the manufacturer’s
data and the simulation results is summarized and tabulated, with the difference between them being
within 2%. A larger relative error, about 5%, is seen at gate-emitter voltage Vee = 6V.

The dynamic model verification is carried out using PSpice simulations and experimental
measurements of the circuits with active and inductive clamped loads. Comparative results between
the catalog data and the simulation results of turn-on delay time, rise time, fall time, and turn-off
delay time are presented. The oscillograms of the experimental study of the performance of the IGBT-
built parametrized model with active-inductive load are presented. The accuracy of the simulation
results using the proposed model is proved.
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111.4. ANALYSIS AND STUDY OF DIFFERENT MODULATION TECHNIQUES IN
BRUSHLESS MOTOR CONTROL CONVERTER

I'.8.9. Maradzhiev, I. P., E. Dinkov, T. Gr. Grigorova, "Investigation of the influence of LC filter
on the performance of inverter brushless DC motor system™, The scientific works of USB — Plovdiv
- Series B — Technics and Technologies, vol. XII, Plovdiv 2015, pp. 140-143, ISSN 1311-9419
(HALIMJT ID Ne 2494) (in Bulgarian)

Brushless DC motors are widely used in various industrial applications. This requires providing a
small torque ripple for the brushless motor and guaranteeing the necessary electromagnetic
compatibility according to the operating environment's requirements. In this paper, the influence of a
low-pass LC filter connected between a voltage source inverter and a brushless DC motor is
investigated to reduce the torque ripple and improve the harmonic composition of the current through
the motor. The LC filter is included in a "star" circuit.

The system has been modeled and simulated using a PSIM software simulator. The presented
results were obtained by computer simulation of an electric brushless motor drive and experimentally
validated using a real electric drive system. The investigations found that placing the LC filter
between the voltage source inverter and the brushless DC motor filters out the high-frequency
components from the harmonic order of the current flowing through the motor.

It also significantly reduces the amplitude of the high-frequency components of the harmonic order
of the line voltage applied to the motor. In the existence of an LC filter, when the inverter control is
turned off and the machine starts to stop, inertia current flows through the lower transistors of the
inverter, the LC filter, and the brushless machine. This current results in a small negative torque,
which tends to stop the motor. This process is not observed in the absence of the LC filter and when
the motor is stopped by inertia.

I'.8.10. Maradzhiev, I. P., T. Gr. Grigorova and E. Dinkov, "Simulation and Experimental
Investigation of Modulation Techniques for BLDC Motor Control", Universal Journal of Electrical
and Electronic Engineering, 7(1): 28-45, 2020. DOI: 10.13189/ujeee.2020.070103, ISSN: 2332-3280
(Print); ISSN: 2332-3299 (Online)

The following paper investigates and analyses the electromagnetic processes in an electrical drive
system composed of a power source, a power inverter and a brushless DC (BLDC) motor using known
pulse-width modulation (PWM) methods. Investigated modulation techniques are: unipolar
modulation of the upper transistors (PWM-TOP) and bottom transistors (PWM-BOT), symmetrical
PWM-PWM, modulation type PWM-ON and ON-PWM, and bipolar PWM-ON modulation
indicated with PWM-ON-BIP. The voltage source inverter is considered as DC-DC buck power
converter when BLDC is operated in motoring mode. On the basis of summarized equivalent circuits,
the analytical expressions are received for the electromagnetic processes in the system by the different
modulation techniques. The efficiency of the system battery-inverter-machine for each discussed
modulation is experimentally investigated and compared. These results are also compared with the
efficiency of the BLDC driven with vector control. A MATLAB/SIMULINK model is proposed to
implement these modulations and to analyze the obtained results. From this model, the harmonic
order of the phase currents for each modulation is investigated. As a result of this analysis, it is proven
that the no-modulation mode results in the lowest THD, and of the studied modulations with the
lowest THD is PWM-ON-BIP. These results indicate that PWM-ON-BIP modulation is a good choice
for use in battery powered devices and vehicles.

I'.8.11. Maradzhiev, I. P., T. Gr. Grigorova and E. Dinkov, "Investigation of Power Losses by
Various Brushless Motor Modulation Methods in Motor Mode", Universal Journal of Electrical and
Electronic Engineering, 7(2): 88-93, 2020. DOI: 10.13189/ujeee.2020.070203, ISSN: 2332-3280
(Print); ISSN: 2332-3299 (Online)
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The paper presents a comparative analysis of different modulation techniques for BLDC motor
control in terms of several types of losses in the system inverter — BLDC motor in motor mode. The
experimentally investigated modulation strategies are unipolar modulation of upper (PWM-TOP or
UT) transistors, a bipolar PWM-ON modulation (PWM-ON-BIP), a symmetrical modulation (PWM-
PWM), vector control and non-modulation mode. A simple equivalent circuit for the BLDC motor is
used to calculate different losses and the system efficiency. On the basis of the equivalent circuit for
the different modulation techniques, simple design procedures are discussed for the determination of
the eddy current and mechanical viscous loss, the copper loss, the hysteresis and mechanical friction
loss, the voltage-drop loss of the inverter transistor and diode. Loss distribution experimental data for
the brushless DT4260 motor when operating with different modulations and load torque are
presented. On the basis of the obtained values for the efficiency of the studied modulations, references
for use in battery-powered devices such as electric vehicles, electric scooters and more are made.

111.5. ASTUDY AND IMPLEMENTATION OF NEW METHODS AND
DEVELOPMENT TOOLS FOR TRAINING IN THE FIELD OF POWER ELECTRONICS

Digitally controlled electric drive control systems are becoming more widely used. This trend is
necessitated by continuously expanding the functional capabilities of various electric drives, which
is associated with an increased volume of processed information.

Students in the field of power electronics are expected to have good knowledge of both hardware
and software support of digitally controlled electric drive systems. To meet the high demands and
competencies required of students, an elective course, "Electronic Converters for Electric Motor
Control," is offered in the MSc in Electronics. In this course, students acquire practical skills and
knowledge related to modern methods of digital control of electric motors with the help of various
development systems.

This type of system allows students to study the projects embedded in the development
environment and create their own projects during the learning process. This allows them to learn more
thoroughly how to implement various digital motor control methods in software.

The results of the application of different development systems in the laboratory exercises of the
subject are presented in publications [I".8.5], [I".8.6], [I".8.7], [I".8.8] and [I".7.15]. The contributions
in this publication are of an applied character.

I'.8.5. Yordanov, G., T. Gr. Grigorova, "Trends in the education in modern power electronics and
motor control”, L International Scientific Conference on Information, Communication and Energy
Systems and Technologies ICEST 2015, 24 - 26 June 2015, Sofia, Bulgaria, pp.313-316, ISBN: 978-
619-167-182-3 (HALIM/I ID Ne 1717)

This paper presents the results of a master's thesis developed in the Master's course in Electronics
related to the upgrade of the embedded algorithm of the DRV8412 - C2 development system (the
Medium Voltage Digital Motor Control (DMC) kit, DRV8412-C2/Texas Instruments) for brushed
DC motor control. This system allows the control of an electric drive in two axes of motion by
simultaneously driving two brushed DC motors (BDD3864 series (6-24V, 0.92A)) or one more
powerful, as well as one bi-polar stepper motor. The system consists of a control card based on the
Texas Instruments TMS320F28035 C2000 series signal processor, which specializes in motor
control. Also included in the development system is the DRV8412 driver, designed to control two
DC motors or one stepper motor. It contains two voltage inverters built in a bridge configuration.

The F28035 is being used to generate the four PWM signals needed to drive the DRV8412. Two
input currents of each motor are measured from the H-bridge and they are sent to the F28035 via four
analog-to-digital converters (ADCs).

Using the included project in the kit, one PWM sequence is generated that appears on the output
PWM-A or the output PWM-B, depending on the motor’s rotation. With the resulting signals,
unipolar and bipolar PWM techniques for motor control can be accomplished, which is determined
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by the driver's operating mode. A disadvantage is that in order to use one or the other method of
PWM, hardware switching has to be performed.

The Master’s thesis results are reported in the paper, which consists of a new software realization
for controlling DC motors with bipolar PWM and unipolar PWM in the same mode of the driver
DRV8412 operation. This removes the need for hardware changes in the kit when training students
in the various methods of modulation.

In the process of conducting laboratory exercises, it is convenient to provide the opportunity to
analyze and study the performance of the motors under both types of modulation without the need for
interruptions and hardware switches in the development system.

This paper describes the proposed software that provides these requirements for controlling one
motor by the bipolar method and the other by the unipolar pulse-width modulation method under the
same mode of operation of the DRV8412 driver. Thus, the functionality of the development system
under new control conditions and the degree of freedom of the provided code are investigated.
Experimental results proving the implemented algorithms are presented.

I'.8.6. Maradzhiev, I. P., T. Gr. Grigorova, S. Ts. Ilvanov, "Teaching Stepper Motors and Brushed
DC Motors Using the Medium Voltage Digital Motor Control Platform, Part | - Stepper Motors
Control”, Annual Journal of Electronics, 2015, Sofia, Bulgaria, vol. 9, pp. 72-75 ISSN 1314-0078
(HALIMJL ID Ne 469)

This paper presents the teaching methodology applied in the subject "Electronic converters for
electric motor control”, based on the development platform DRV8412 - C2 (the Medium Voltage
Digital Motor Control (DMC) kit, DRV8412-C2/Texas Instruments) for the study of digital control
methods of a bipolar stepper motor (4.2 A/phase in parallel, 1.8° per step). The organization of the
projects by which the respective operating modes of the stepper motor are studied is presented. The
platform allows for changing and adjusting various parameters in real-time. The mode can be set from
1 step up to 128 microsteps/step.

Different results are presented, such as generated sinusoidal voltages and current feedback signal,
obtained using the Code Composer Studio 6.0 (CCS) graphical environment and from the experiment.

I'.8.7. Grigorova, T. Gr., "Teaching Stepper Motors and Brushed DC Motors Using the Medium
Voltage Digital Motor Control Platform, Part Il - Brushed DC Motors Control”, Annual Journal of
Electronics, Sofia, Bulgaria, 2015, vol. 9, pp. 76-79, ISSN 1314-0078 (HALIVJT ID Ne 469)

This paper describes the training methodology applied in the Electronic Converters for Electric
Motor Control course to learn methods for digital control of brushless DC motors (DC motors) using
the DRV8412 - C2 development system platform (the Medium Voltage Digital Motor Control (DMC)
kit, DRV8412-C2/Texas Instruments).

This paper discusses the main points of the process of teaching students during laboratory exercises
in the acquisition of digital control methods. The software available in the kit is entirely open source,
allowing students to create their own projects and thus better understand the basics of DSP
applications in power electronics and digital motor control. The laboratory exercises are organized as
follows - theoretical introduction to the principles of pulse-width modulation for control of brushed
DC motors. Then, proceed to implement the control designs embedded in the layout. The results of
the experiments are presented. The advantages and disadvantages of the methods considered are
discussed.

I'.8.8. Grigorova, T. Gr., D. Yankov, B. K. Pacedjieva, "Investigation of the brashed dc motor digital
control system with evaluation module DRV8837EVM",The scientific works of USB — Plovdiv -
Series B — Technics and Technologies, vol. XIlII, Plovdiv 2016, pp. 153-156, ISSN 1311-9419
(HALIMJT ID Ne 2494) (in Bulgarian)
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The paper describes a DC motor digital control system performance study based on the
DRV8837EVM development module. The DRV8837EVM development module demonstrates the
capabilities and performance of the DRV8837 driver for controlling low-power DC motors from
Texas Instruments. The user can drive the DRV8837 with the built-in MS430 microcontroller or an
external microcontroller. The students have studied the MS430 microcontroller in other courses of
the curriculum, which is a prerequisite for the rapid acquisition of new knowledge.

The block composed of the DRV8837 driver contains a voltage bridge inverter. Corresponding
driver circuits control the two arms of the bridge. The system allows software implementation and
study of different methods for pulse speed control of a DC motor. In the development environment,
the embedded design illustrates the synthesis of unipolar pulse-width modulation for DC motor speed
control. Experimental results are presented while implementing the considered unipolar pulse-width
modulation with the DRV8837EVM. The voltage and current waveforms in the armature circuit are
illustrated for motoring mode, forward and reverse directions, at different duty cycles.

I'.7.15 Grigorova, T. Gr., B. K. Pacedjieva, "Computer simulation and experimental investigation
of used digital development environments for PWM DC motor control in engineering teaching”, 28th
International Scientific Conference Electronics, ET 2019, Sozopol, Bulgaria, 2019, pp. 1-4, doi:
10.1109/ET.2019.8878596, ISBN: 9781728125749 /Scopus

The publication describes the teaching methodology applied in the course "Electronic converters
for the control of electric motors™ to study methods for digital control of brushed DC motors (DC
motors) using the development modules DRV8837 and DRV8850. The drivers provide various
protection schemes, such as internal trip functions for over-current protection, short-circuit
protection, under-voltage lockout and over-temperature protection.

The advantages of computer simulation are used to learn the study material more completely
during laboratory exercises. The operation of the digital development modules is illustrated by
simulation with TINA Design Suite software (Texas Instruments). The free version allows simulation
testing of the development modules used.

The laboratory exercises related to the topic are conducted in two consecutive sessions due to the
need for analytical calculations, computer simulations, and experimental studies. In addition, the
laboratory exercise deals with the algorithm implemented in software through the embedded designs
in the development boards. The results of the simulation and experimental studies are presented in
the paper.

As a result of the training, students acquire a variety of knowledge in the field of industrial
electronics. With the help of the used digital development modules for low voltage, on the one hand,
the analytical calculation of the electromagnetic processes in the power circuit of the system is
performed. On the other hand, the skills for computer modeling and software development for various
methods of PWM control of the DC motor speed are acquired. Achieving sustainable learning
outcomes is possible by mastering the knowledge step by step using a "learning by doing™ approach.

I'.7.18. Yakimov, P. I, K. K. Asparuhova, T. G. Grigorova and D. A. Shehova, "Industry 4.0 and
the Challenges Faced by STEM Education,” 2020 XXIX International Scientific Conference
Electronics (ET), Sozopol, Bulgaria, 2020, pp. 1-4, doi: 10.1109/ET50336.2020.9238223. / Scopus

The paper surveys the main factors supporting the implementation of the paradigm Industry 4.0.
Their basic characteristics representing challenges in STEM (science, technology, engineering,
mathematics) education are considered. This paper aims to analyze trends in the modern
manufacturing industry and to identify specific subjects and approaches that could improve the
knowledge and skills of graduating engineers. Some tasks faced by industrial automation engineers
are considered. A possible correspondence between the required skills and the taught subjects is
presented. The "learning by doing™ approach is helpful for competency-based education. It engages
students and gives them sustainable, practical skills.
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111.6. CREATION OF MATHEMATICAL METHODOLOGIES AND ALGORITHMS
FOR RESEARCH AND DESIGN OF FREE-SPACE OPTICS

I'.8.12. Pacedjieva, B. K., T. Gr. Grigorova, "Influence of the atmospheric turbulence on Free—Space
Optics power design™, The scientific works of USB — Plovdiv - Series B — Technics and Technologies,
vol. XII1, Plovdiv 2016, pp. 149-152, 2016r., ISSN 1311-9419. (HALIM/I ID Ne 2494) (in Bulgarian)

Free-Space Optics (FSO) are becoming essential to modern information technology. However, the
development of FSO is associated with several problems. They result from the multifactorial physical
conditioning of the spatial structure of the laser beam, from fluctuations of atmospheric transparency,
from fluctuations of the beam propagation direction associated with mechanical vibrations of the
antennas of different origins and with atmospheric turbulence. Addressing these issues is necessary
in both FSO research and design. The aim of this study is to modify an author's methodology and
propose an algorithm to solve the inverse task in ground-to-ground FSO survey and engineering
design, as well as to analyze the influence of atmospheric turbulence on this solution.

The graphical dependencies obtained as a result of the applied modified algorithm show the
relatively strong influence of the initial radius of the laser beam on the definition region of the inverse
task in FSO under different degrees of atmospheric turbulence. For small values of the structural
constant of the tropospheric refractive index, it is possible to use laser sources with larger initial laser
beam radius to satisfy the energy ratios in the FSO design. In a more turbulent atmosphere, it is
necessary to use a laser beam with a smaller initial radius to ensure the required optical flux incident
on the receiving antenna even when the laser spot deviates more from the axis of the receiving
aperture.

I'.7.20. Pacedjieva, B. K., T. Gr. Grigorova, "Investigation of the influence of the inertia of the
photon counting system on the acceptance accuracy in photon counting mode", 11th International
Scientific Conference “TECHSYS 2022” - Engineering, Technologies and Systems, Plovdiv,
Bulgaria, AIP Conf. Proc. 2980, 030004 (2024), https://doi.org/10.1063/5.0184108, Scopus / WoS,
SJR=0.164

Space Laser communication systems of the type "Earth-to-space” or "space-to-Earth" are
characterized by large distances between the corresponding points, respectively, with high diffraction
scattering of the optical energy, as well as with energy losses from the extinction of the radiation in
the atmospheric part of the transmission medium. The conditions described above necessitate the
registration of feeble optical signals in the receiving parts of the systems. In this connection, the
names "photon counting reception” (PCR) and "photon counting system" (PCS) are used. The role of
the inertia of the real PCS of genus I (with non-prolonging recovery time) and of genus Il (with non-
prolonging recovery time) is extremely important. A methodology for determining the minimum
distance, ensuring a connection with a negligible influence of the inertia of the photon counting
system, is proposed. An algorithm for applying the methodology has been developed. A numerical
estimate of the discussed minimum distance for the two types of inertia of the photon counting system
was made using data typical for Space Laser Communication Systems. Numerical examples
illustrated by graphic material have been shown. Graphical solutions are obtained to determine the
minimum distance for the genus | and genus Il inertia cases.

111.7. CREATION OF A NEW DEVICE FOR ACOUSTIC AND VISUAL
DEMONSTRATION OF THE CORPUSCULAR NATURE OF THE LIGHT

3.31.1 Dimitrova, T. A. Lechkov, Ts. Grigorova and A. Weis. (2011), "Acoustic and visual display
of photons:a handheld demonstration device", Special Issue of Physica Scripta— T149, (2012) 014010
(4pp), Print ISSN 0031-8949, Online ISSN: 1402-4896, IF=2.9 (IF=1.032 (2012))/SJR=0.441/ Q?2,
Scopus/WoS
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The paper presents a simple handheld device that illustrates the discrete nature of the light. Electric
pulses produced by individual photons in a photomultiplier (PM) are made audible by a small
loudspeaker built into the housing or as oscilloscope traces.

Light enters the device through a narrow, solid-angle collimator. Two interference filters are
inserted before and after the apertures to prevent the overloading of the PM. The apertures and filters
are held in a removable collimator block mounted onto the PM using a Hamamatsu-type A10030
adapter block. The collimator, PM, and batteries are stored in handheld housing. Two potentiometers
allow individual control of the PM’s high voltage and the discriminator level. Electric pulses
produced by individual photons in the PM are rendered acoustically by a small loudspeaker built into
the housing.

Output connectors allow the pulse signals to be displayed by an external amplifier/loudspeaker
system or an oscilloscope or to be further processed by pulse counting electronics. When pointing the
device at a distant surface illuminated by an enlarged laser spot, one may demonstrate the
proportionality relation between the brightness of the spot and the photon click rate. When increasing
the incident radiation such that the average photon rate exceeds the inverse of their pulse widths, the
individual pulses pile up to form a fluctuating continuous signal well suited for illustrating the concept
of shot noise and making quantitative measurements thereof.

The advantages of the device are its small size and weight, ease of handling, and the highlighted
didactic features. The authors designed and developed the equipment within the Scopes project grant
127370 127942/1 “Modern Optics and Spectroscopy — from research to education” (Swiss National
Science Foundation). Demonstrations with this experimental setup were shown for the first time at
111 International School and Conference on Photonics PHOTONICA 2011, August 29 - September 2,
2011, in Belgrade, Serbia. The device is used for demonstrations in specialized courses of the
Department of Optics and Atomic Physics of Plovdiv University "Paisii Hilendarski* and for public
presentations.

E.23. PUBLISHED UNIVERSITY BOOK

E.23.1. Grigorova, T. Analysis, Modelling and Design of Power Converters", TU-Sofia, 2012, ISBN
978-954-438-999-4 (in Bulgarian)

The university book is intended for undergraduate students of the specialty "Electronics™ of the
Faculty of Electronics and Automation of the Technical University - Sofia, Plovdiv Branch, studying
the subject "Analysis, Modelling and Design of Power Converters". It deals with various issues
related to the analysis, modeling, and automated design of power electronic devices for electrical
energy conversion. Taking into account industrial applications and the associated technical
requirements of different types of circuits, various algorithms for controlling power devices and
output voltage shaping in voltage source inverters are considered. Converters with resonant energy
exchange between the input power source and the load (series DC/DC converters, parallel DC/DC
converters, and series-parallel LCC DC/DC converters) are also considered.

The textbook can also be used by Masters's students of the same faculty studying "Electronic
Power Converters" and "Electronic Converters for the Control of Electric Motors."

The questions contained in the book also make it suitable for students and professionals working
in fields related to power electronics.

E.24. PUBLISHED UNIVERSITY TEXTBOOK

E.24.1. Grigorova, T., I., Maradzhiev. Laboratory manual for Analysis, Modelling and Design of
Power Converters”, TU-Sofia, 2022, ISBN 978-619-167-465-7 (in Bulgarian)

The textbook "Analysis, Modelling and Design of Power Converters” is intended for
undergraduate students of the specialty “Electronics” who are studying the subject of the same name.
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It can also be used by students and professionals interested in the automated design of power
electronic converters.

By combining theoretical knowledge, specific tasks to be performed, and their long experience
and scientific publications in the field of analytical modeling and automated design, the authors of
this textbook aim to help students learn and apply the methodology for modeling, simulation, and
verification of engineering problems in the field of power electronic converters and their control
algorithms. To achieve this goal, illustrative examples are presented that have been implemented and
simulated using the powerful Pspice for TI electronic systems simulator. The tutorial presents the
main steps of modeling, analysis, and automated design of advanced power converters. Topics
include methods for implementing sinusoidal pulse-width modulation of the output voltage in single-
phase and three-phase voltage source inverters, the Selective Harmonic Eliminated PWM (SHE
PWM) technique, operating modes of resonant DC/DC converters, etc. It is also a valuable resource
for professionals interested in this field.

E.24.2. Grigorova, T. Manual for the Power electronics seminar exercises, "Paisii Hilendarski"
University Press, Plovdiv, 2023, ISBN 978-619-202-915-9 (in Bulgarian)

The manual for the "Power electronics"” seminar exercises is intended for undergraduate students
in the 4th year of the specialty “Electronics” of the Technical University of Sofia, Plovdiv Branch.

The textbook contains basic information about the working principle of controlled single-phase
and three-phase rectifiers and autonomous inverters. Each chapter starts with a theoretical part
containing the necessary dependencies, circuits, waveforms, and characteristics. Calculation
relationships and design methods are presented to explain the operating principles of different types
of power electronic devices. Calculation examples are included to illustrate certain steps in the design
of these converters, as well as recommendations for the selection of elements in the circuits. Solutions
are also presented for most of the examples discussed. In addition, self-study examples are provided
for each topic to consolidate the knowledge gained. The conditions of the examples have been chosen
to be close to the corresponding tasks in practice. All the data required for selecting the schematic
elements are given in a separate appendix at the end of the manual in the form of tables.

The author has attempted to cover only typical examples, following the syllabus of the subject
"Power electronics”, without pretending to present a comprehensive guide to designing various power
electronic converters.

10.05.2024 r. / Assoc. Prof. Eng. Tsvetana Grigorova, Ph.D /
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