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3a yuacTHe B KOHKYypca ca npejacraBenu oomo 50 Tpyna Ha KaHauaTa, KOUTO BKIIFOYBAT:

» XaOunuTanuoHeH TPYJ — MOHOTpadus;

* 3a U3MBJIHCHHE HA TOKa3atenute oT rpyma [ ca mpencraBenu 11 myOumkanuwy,
nnnexcupanu B SCOPUS), u 34 myGimkanuu B HepeeprpaHu CIIHUCAHUS C HAYIHO
peleH3npane;

* 32 I3IBJIHEHHWE Ha TIOKa3aTelIuTe OT TIpyma 3 ca MpeicTaBeHH 3 CTaTuw,

nyOiaukyBanu B u3ganus ¢ umnakt ¢akrop (IF na Web of Science) u ¢ ummnakr panr
(SJR ma SCOPUYS);,

* | yHUBEpPCUTETCKH y4EOHUK;

Ot HayuyHHTe MyOIUKaK 25 ca Ha OBIrapcKu e3WK, a 23 ca Ha aHTJINICKY e3uK. M3naneHu
ca B MEK/JYHApOJHU U OBJIrapcKy HayuyHHM CIMCAHUS U MEPUOJUYHU aKaJIeMHUUHU U3JIaHUs, KaKTO
U B COOpHMIIM C HayyHH TpPYJOBE Ha YYXKAECTPaHHH, MEXKIYHApOJHM, HALMOHAIHU U
YHHUBEPCUTETCKU Hay4YHU (HOPYMH.

Hayunute TpymoBe B uykOWHa ca MyOJMKYyBaHW B MEXIyHapoJHO crimcanue Journal of
Materials Processing Technology u cbopuuka Ha MexayHapoaHata koHpepeniwms IEEE Global
Engineering Education Conference, EDUCON, 2017. B 6brapcko u3jiaHue € oTreyaTaHa CTaTus
B Hay4yHOTO criucanue Electrotehnica & Electronica E+E.

[TyGnukyBaHu ca craTiy B cCOOPHUIIM HA MEXIyHApOJHU KOH(epeHuu B beiarapus, kato
International conference on electrical machines, drives and power systems ELMA wu
International Symposium on Electrical Apparatus and Technologies SIELA.

[IyonukyBanu ca cratuum B cOOpHUIM Ha KoH(pepeHumu B bwirapus - Electrical
Engineering Faculty Conference, BUlEF.

JIOKyMEHTHpaHO € y4acTHETO B 2 MeXAYHAPOIHH U 19 HallMOHATHM MPOEKTa , KaTo Ha 5 OT
TAX KaHIUAATHT € OUJI PHbKOBOJUTET.

[Ipencrasena e cripaBka 3a 00110 33 UTUPAHUS HA HAYYHUTE TPYOBE HAa KaHHUIATa.

I'pyna B3. Xa0uantaunoHeH Tpya — MOHorpagus

MI. Pu3os, I1., ChbBpeMEHHH U30JIAIMOHHU CUCTEMH 32 BUCOKOBOJITOBU €JIEKTPUUYECKH
mamau, Codust 2019, U3narencrso ABanrapy [Ipuma, ISBN: 978-619-239-245-1

B wmonorpadusra ca TmoOKazaHM CHUCTEMAaTH3UPAHO pE3YJNTAaTUTE OT MPOYYBAHUS,
U3CIEABaHUsI M MOJEIUPAHUs, CBbP3aHM C pa3padOTKM Ha HOBHU M30JIALIMOHHU CHCTEMH 32
BHUCOKOBOJTOBU enekTpuuecku mammHu (BBEM). KauecTBaTta Ha ChbBpEMEHHMTE €IEKTPUUYECKU
MalIllMHU C€ ONpPENENAT OT CBOMCTBAaTa U KauecTBaTa Ha M30JIALIMOHHUTE MaTepHaIl, W3MOJI3BaHU
IpU U3TrpaKJaHE Ha M30JIALMOHHUTE UM CHCTEMH. V30JallMOHHHUTE CHCTEMH MMAaT ChIIECTBEHO
3Ha4YeHUe 3a rabapuTUTe, HAJEKIHOCTTA, eHEpruiiHaTa e)eKTUBHOCT U CPOKA Ha €KCIIJIoaTalMs Ha
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BBEM. CbBpeMeHHUTE H30JIALIMOHHM CHCTEMHU CE€ pa3BUBaT B IIOCOKAa Ha YBEIMYaBaHE Ha
TUENIeKTpUYHAaTa SKOCT, HamalsiBaHe Ha JeOelnHaTa Ha UW30JalMATa, I[IOBUIIABaHE Ha
TOIUIOYCTOMUMBOCTTA, HaMaJsBaHE HA XUIPOCKONHUYHOCTTAa. HaMoTkuTe C HOMMHAIHO
Harpesxkenue ot 6.3 kV mo 20 kV ce u3paboTBaT ¢ TEepMOpEaKTHBHA MOHOJIUTHA H30JIAIIWS,
BKJIIOUBAII[A CJIOEBE OT JIEHTU U MOCJIEAABAII0 BAKYYMHO CYIIEHE U HAlOsSBAHE C TEPMOPEAKTUBHU
KOMIIayHAu. M3mon3Bar ce JBa OCHOBHM BHJA TEPMOPEAKTHUBHU HM30JAllMOHHM cucTtemu. [lpum
mbpBus BUI (RR-kimac Ha TorutoycroiunBocT F) m3omanusta ce u3rpaxkia OT UMIIPETHUPaHA C
€MOKCHUJIHA CMOJIa CTBKJIIO-MUKAQJIEHTA JIEHTA, KOATO C€ MOJUMEpPU3Hpa Upe3 3arpsBaHe WU
npecyBane. [Ipu Bropus (VPI- kiac Ha TormoycroiiunBoct F) ce n3nomis3Bar nopecTu Cyxu CThKIO-
MUKa JICHTH, KOUTO CE HABUBAT BbPXY CEKIIUUTE, CJIe]] KOETO CE€ UMIIPErHUpPA C EIOKCUAHA CMOJIa B
aBTOKJIAB IIPU PelyBallld Cce BakyyM U HaysiraHe. [lomumepusanusara ce u3BbpliBa BbB Bb3yILIHA
neml. Ha 6a3ara Ha n1u4yeH ONMUT M MPOYYEHU JUTEPATYpHU M3TOYHUIM Ca MOKA3HU PE3yIATaTH OT
u3cJe/IBaHMs Ha U30JIAMOHHU CUCTEMHM OT rope mocodyeHus BujA. KaTo kputepuu 3a crapeeHe Ha
M30J1alUsATa C€ U3I0I3BAT CTOMHOCTUTE HA TAHT€HC JIEJITa U HUBOTO HA YACTUUHUTE pPa3psau.

3a u3nom3Banute B MomeHTa RR u VPI texHosnoruu, chiiecTByBa roisiMmo MHOrooOpasue
OT MaTepuaiu 3a u3paboTBaHE Ha HM3OJIAIIMOHHU CHUCTEMH HAa BHCOKOBOJITOBM MAIIMHU, KaTO
MaTepHaii C €IHAKBH WM MHOTO OJIM3KH CBOMCTBA CE€ MPOW3BEKAAT O] pa3indHu (pupMeHH
HauMeHoBaHus. [Ipoydenu ca cBoiicTBaTa Ha MaTepUaId MPOU3BEXKIAHE OT HIKOIKO (GUPMH, HO
JaJIcHu CBOWCTBAaTa M TapaMeTpHUTe Ha H30JalMoHHU Marepuanu ase pupmm - EJIMHAP u
ISOVOLTA, Tbii KaTO T€ UMaT HA-rOJIAIMO pa3NpocTpaHeHUe B bbiarapusi.

[Ipu pusznueckoTo MoJenMpane Ha M30JaluOHHUTE cucTeMu 3a BBEM e otueren dakra,
Ye NP POEKTUPAHETO UM € TPEIBUICHO Te Ja ObJaT u3noi3Banu mpu Oim3o 155° C paborHa
TEMIIEpATypa B PEXUM C KPaTko TeMiepaTypHo HartoBapsane a0 180° C 3a okono 100 wyaca.
OrpannyaBam (akTop TpPH BHUCOKOTEMIIEPATYpPHUTE MAIIMHH € TOIIMHHO-MEXaHHMYHOTO
HaIpeXeHNe, KOETO 3all0uBa J1a YBPEX/1a XOMOT€HHOCTTA Ha M30JallMOHHAaTa CTeHa, B pe3yJiTaT Ha
KOETO Ce HamallsiBa TOIJIONPOBOJHOCTTA Ha M3ojaunusaTa. HamaneHata TOMIONMpOBOIUMOCT BOJAU
n0 o0Opa3yBaHETO Ha TOpelld TOYKH M MOXE Ja CKBCH YYBCTBUTETHO TMOJE3HHUs >KUBOT Ha
u3onanuara. JJobporo cBbp3BaHE C€ OCUTYpsiBa OT €MOKCUIHU CMOJIM 0€3 pa3TBOPUTEN MMAaIU
no0pa ChbBMECTHMOCT C M30JIMpallarta JeHTa Ha OCHOBHATa CTeHa. M3mon3BaHHWTE B MpakTUKaTa
JICHTH 32 “KOpoHa” 3alllMTa CTapesT MHOTO MO-Obp30 B CIEJACTBHE HA YBEJIMYEHATa TeMIeparypa.
[Topagu To3u dakrt, BbB VPl u3omanuoHHaTa cucTeMa ce W3MOJ3BaT JIGHTH C ThKaH OT
MOJIMECTEPHA BaTa C MOJ00PEHH CBBP3BAIM areHTH Cpelry “KopoHa” e(eKT.

[Tokazanu ca mpuMepH, MPU KOUTO CHIIECTBYBAIIATA U30JIALIUSI HA CTATOPHUTE HAMOTKHU Ha
XUAPOrEHEPATOPH 32 BUCOKO HAIpPEKEHHE, € 3aMEHEHa C HOBa TakaBa Ipou3BeneHa no VPI
TeXHOJIOTHs. Pa3MepuTe Ha CTAaTOPHUTE KaHAIM M MarHUTOIIPOBOJA CE€ 3ala3BaT HEMPOMEHEHH.
O06emMbT Ha M30JalMITAa B CTATOPHUTE KaHAJM € HamalleH, KaTO 0CBOOOJIEHOTO MSICTO € 3aIbJIHEHO
C TOpoBOAHUIM. B pe3ynrar Ha TOBa, MPU U3BBPUICHUTE MPOBEPOUYHU E€IEKTPOMArHUTHU
W3YHCIICHUS C€ JIOCTUTA JI0 yBEJIMYaBaHE Ha MOIIHOCTTA Ha TeHepatopute ¢ okojo 14 mo 30 %.
AHajorM4yHa € CHUTyalusTa Npud TOAMSHATa Ha ChIIECTByBallaTa H30JaIUs Ha JByQa3HU
acuHxpoHHu aBurarenu ¢ VP uzonanus. Ilopaau yBennueHOTO cedyeHHe Ha CTATOPHUTE CEKLIUU
ce JIOCTHUTA JI0 HAMAJIABaHE HAa aKTUBHOTO UM CBHIIPOTHUBIJICHHE, a CIEI0BATEIHO U €JIEKTPUUECKUTE
3aryOm B cTaTOpHaTa HamoTKa. HampaBeHOTO TeopeTHYHO u3CJe/IBaHEe Ha 3arpsBaHEeTO Ha
M30JIalUsATa, OKa3Ba Y€ TEMIIEpAaTypHOTO HATOBApBaHE HAa PA3IMYHUTE 30HU € B IPAHMUIIUTE Ha
nomyctumoro. I[lomydeHuTe pesynTtaTd OT TEOPETUYHOTO H3CIEABAaHE HA MEXaHUYHOTO
HAaTOBapBaHE Ha YEIHUTE ChEANHEHUS € HE3HAUNUTEIHO.

[TpoBeneHu ca cpaBHUTENHU eKCIIEpUMEHTAIH! H3CJeABaHMUsl Ha ChILIECTBYBAIUs
TAN U HA HOBOIIPOM3BEJIEHU CEKIMU 3a JIBYCKOPOCTHHSI AaCHHXPOHEH JABUTaTe]l ¢ HOMHUHAIHO
Harpesxenue 6 kV. HoBute cexnmu ca ¢ nzonanus tun RR u ¢ kopoHo3zammra. M3nutanusara ca
npoBesieHu cbriacHo aedctBamus B cranaapt BJC EN 50209 “U3nurBane Ha u3o0ianusTa HA
NpbTH ¥ O0OMHU Ha MAIIMHU BUCOKO HampexxeHue”’, koto ¢ cuia ot 2004r. B Hero e ykaszaHo, ye
Opy W3MHWTBAHE HA W30JANMATA HA EOUHWYHA CEKIUs JOMyCTHUMara CTOWHOCT Ha tgdo e
Heooxomumo ma Owpae < 0,030. OT HampaBEeHOTO CpaBHEHUE € YCTAHOBEHO, Y€ H3MEPECHHTE



CTOMHOCTHUTE Ha tgd MpH HOBOIPOM3BEICHUTE CEKIIMU Ca 3HAYUTEIIHO MO-HUCKU B CPaBHEHHUE Ha
tgd Ha cTapUTe CeKIIMH Ha CTaTOpHATa HAMOTKA.

[ToapoOHuAT HUHAHCOBO-TEXHUYECKA aHAIN3 HAa CHbBPEMEHHUTE M30JIAIMOHHHU CHCTEMH 3a
€JIEKTPUYECKU MAIIMHU BHCOKO HalpeXeHHe IMOKa3Ba, Y€ B TEXHUYECKO OTHOIICHHE C M0-A00pU
MOKa3aTen € M30JIAlMOHHATa cucrteMa mo “‘rexHonorus VPI (vacuum pressure impregnation)”.
Ts e ¢ mo-BUCOKa CTENEH Ha XOMOIEHHOCT Ha KOpIyCHaTa H30Jalus, MO-IbJIbI >KMBOT Ha
M30JIallMOHHATa CUCTEMA, IIPAKTUYECKH IIBJIHA JIMIICA HA XUIPOCKONMMYHOCT U I0-BHCOKA
eKCIUTOaTalliOHHa HaaexaHoCT. M3omanmonnara cucrema 1o “rexunosorusi RR ( resin rich)” uma
ChILMS BUCOK TOIUIMHEH Kiac F, HO rapaHTHpa 1o-HUCKa CTENEH Ha XOMOI'€HHOCT Ha KOpPIyCHaTa
M30J1alus, MO-KbC KUBOT Ha M30JAI[MOHHATA CHCTEMa, M0-BHCOKA XUTPOCKOIMYHOCT U MO-HUCKA
eKCIIJI0aTallMOHHA HaJeXIHOCT. M B /BET€ TEXHOJOTMHU CE€ W3IOJI3BAT M30JIALIMOHHM JIEHTU Ha
OCHOBaTa Ha CTHKJIOBJAKHA WM CIIOJa, KaTO LieHaTa UM € cbudMmepuma. [Ipu uzonmanumonHara
cucrema, u3paboreHa mo TexHojorus VPl u3omanuoHHHWTE JIEHTM €a C HUCKO IPOLIEHTHO
ChABPKaHUE HA CMOJIA, KOSITO CIYXKH KaTo KaTalIu3aTop 3a MOJUMEpU3aIlHsl Ha UMIIPErHALIMOHHUS
nak. [Ipu n3onamuoHHaTa cuctema u3paboreHa mo TexHosnorus RR u3onanuoHHuTE JEHTH ca ¢
BHCOKO IIPOLIEHTHO CBHABPKAHWE HA CMOJA, KOATO MPHU IOCIEASBAIOTO H3MHMYaHE CJernBa
W30JIAIIMOHHHUTE JICHTH M 00pa3yBa MOYTH XOMOTCHHA M30JallMOHHA cucTema. Karo HemocTtaThk
MOJKE /Ia Ce€ MOCOYH, Y€ MpU MOAMSHA Ha M30JalMsITa HA CTATOPHUTE HAMOTKU € HEOOXOAUMO Jia
ce MOAMEHAT M3LAJIO0 MPOBOJHUIIMTE Ha HAMOTKHUTE, KOETO 3HAYMTENHO IMOBUIIABA IIeHAaTa Ha
PEMOHTa, HO TapaHTHpa KaueCcTBa Ha CTaTOpPHAaTa HAMOTKA U Ha JIBUTATENs KaTo LSO 3HAUUTEITHO
no-7100pH OT TE3W Ha JABHUraTeNUTEe, IPU MPOU3BOJICTBOTO UM C TEPMOpPEAKTHBHA H30JAIlOHHA
cUCTEMa C KJIac Ha TOILNIOYCTOMYMBOCT B.

Pasxonure 3a wu3paboTBaHe Ha H30JAIMOHHA cucTeMa o TexHonorus VPI u mo
texHosjoruss RR ca mpaktuyecku eqHakBH, Taka ue LI€HATa 3a IPEHABUBAHE Ha JBUIATEIUTE IO
JIBETE TEXHOJIOTHU € €]IHA U ChIIIA.

I'pyna I'/. Hayynu nyO0nukauum B M3JaHUSL, KOMTO ca pedepupanu u

WHIEKCHPAHU B CBETOBHOM3BECTHM 0a3M /JaHHHM C Hay4YHa
nngopmamus (SCOPUS)

1. Rizov, P., T. Stoyanov, R.Spasov, V. Spasov. Analysis of permanent magnet synchronous
machines used for hybrid vehicles. 15th International Conference on Electrical Machines, Drives
and Power Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017,
pp. 374-378, doi: 10.1109/ELMA.2017.7955467.

B cratusta ca mpencTtaBeHW pe3yNTATUTE OT CUMYJAIMOHHW aHAIM3M HAa CHHXPOHHHU
MaIIMHA C TIOCTOSSHHU MarHUTH, W3MOJI3BaHH 32 XUOPUIHHU MPEBO3HH CPEJCTBA. 3a Ta3u Lied ca
pa3paboTeHn KOMITIOThbpHU Mojenu B cpeaatra Ha FEMM u Ansys Maxwell Ha n1Ba cuHXpOHHHU
JIBUTATENS C pa3jMdHa MOITHOCT W “V’-00pa3HM BrpajieHd B pPOTOpa MOCTOSHHU MAarHUTH.
W3non3Banu ca BapuaHTU Ha CTaTOpHAaTa HaAMOTKa: eAHOcioWHa TpudazHa HamoTKa ¢ (=1; nBe
TpudazHU HE3aBUCUMHU HAMOTKH, PA3MOJIOKEHU € €HU U CHIIM KaHalu U mecTda3Ha HaMOTKa ¢
g=1. UscnenBanusaTa ca MPOBEJACHU TMPH TPU CTOMHOCTH HA TOKAa B CTaTOpHaTa HaMOTKa Ha
CHHXPOHHATa MalIMHU.

Hay4no-npuiio:kau npuHocu: [lonyyenn ca 3aBUCMMOCTTa Ha CTOMHOCTTAa HA MAarHUTHUS
MOTOK OT BI'bJIa HAa HATOBAapBaHE M TOKOBATa IUIBTHOCT, 3aBUCUMOCTTA Ha €.].H. Ha CTaTopHa (a3a
OT BUJA Ha CTaTOpHaTa HAMOTKa, 3aBHCHMOCTTAa Ha BBPTAIIMS MOMEHT OT THIIAa Ha HAMOTKa,
MPOLIECHTHOTO CBhAbPKAHUE HAa BHUCIIM XapPMOHHUIM MO OTHOUICHHWE HA OCHOBHUS XapMOHHK B
3aBHCHMOCT OT IUTBTHOCTTA Ha TOKa.



2. Gueorgiev, V., P. Rizov. Optimization of medium voltage backup power supply strategies for high
power pump aggregates. 15th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017, pp. 262-
266, doi:10.1109/ELMA.2017.7955445.

CraTusTa TpPEACTaBsl W3CICIBaHE Ha IMPEXOJHH MPOLECH MPU MNPEBKIIOYBAHE Ha
3aXpaHBAHETO HA TPYNHU OT MOIIHH TOMIICHUA arperaT 3a/IBUKBAHU C ACHHXPOHHHU J[BHTATEIN 32
cpeano Hampexenue. [Ipenu, Mo BpemMe U ciiell mporeca Ha IPEBKIIOYBaHE, IIOMIICHHTE arperaTu
IPOIbIDKABAT 712 PabOTAT. 3a MPOBEkKIaHEe HA M3CIIEIBAHMATA € pa3paboTeH € MOJEN B cpejara Ha
Matlab. B mozena ca ocobeHu 4eTHpH TpyIH arperat, KaTo BCsKa OT TAX Ce 3aXpaHBa OT OT/IEIHA
CeKIMs. 3aXpaHBAaHETO Ha CEKIMHTE CE Pe3epBHpa, Ype3 MPEBKIIOYBAHE OT JBE 3aXpaHBaIIH
JIMHHUHU ChC CHJIOBH TpaHchopmaropu. B MOMEHTa Ha NPEBKITIOYBAHE B ACHHXPOHHHUTE IBUTATEIN U
3aXpaHBAIMTE CEKIMU MPOTHYAT MPEXOIHH MPOLeCH. B MIMHNTE HA MPEBKIIOYBAHATA CEKIHS CE
MOSIBSIBA OCTATHYHO HANPEKCHHUE C HAMaisBalla 4ecTtora. [Ipu 3axpaHBaHE HA Ta3u CEKIHS OT
Jpyrata 3axpaHBaila JIMHHS, B KOSTO YecToTara Ha Hampexenuero ¢ 50 Hz, ce mabmromasar
IPEXOJHU MPOIecH, 000COOEHH OT HAJMYMETO HAa JBE HANPCIKCHUS C Pa3IMYHUA CTOHHOCT U
gectotd. [lopamy Ta3uw mpuYMHA € HEOOXOAMMO Ja C€ OMpeIelH MPOIbDKUTEIHOCTTA Ha
WHTEpBAJa OT BpEME 3a MPEBKIIOYBAHE IO TAKHB HAYMH, Y€ Ja CE OCBIICCTBH YCIICIIHO
IPEBKIIIOYBAHE HA 3aXPaHBAHETO HA ACHHXPOHHHTE jaBUratend. [IpobiembT € neduHUpaH KaTo
3aj1a4a 3a ONTHMHU3ALKS - 00IUAT OpOil paboTelH TOMITH U BPEMETO 32 TIPEBKIIIOYBAHE Ca MIPUETH
KaTto mapameTpu 3a ontuMmusaius. JlehHHUpaHH ca KPUTEPHU 3a ONTHMH3AIHS, BKIFOYBAIIH
BPEMETO 3a BH3CTAHOBSBaHE At HA HANPSIKCHHUETO W CTOWHOCTTA HA MpexojeH ToK. OcraHamure
napaMeTpu Ha Tporeca - ChaJaHeTo Ha HanpekeHnero AU W NHUKOBUTE CTOWHOCTH Ha TOK
(opMHpaT OrpaHUYEHUSITA 32 OITHMH3AIIHS.

Hayunn npunocu: Pa3paboTteH e koMnroThbpeH Mojien B cpenara Ha Matlab - Simulink 3a
U3CIIeIBAHE Ha MPEXOHUTE MPOIECH TIPH MPEBKIIIOYBAHE HA 3aXPAHBAHETO HA TPya aCHHXPOHHU
JIBUTATEIIH 33 CPEIAHO HAIIPEKEHHUE.

HayuHo-npuioxxkau npuHocu: OrmpeseneH € ONTHMATHHAT HHTEPBAI 3a BPEMETO 3a
IPEBKIIOUBAHE Ha 3aXpaHBaHEeTo. Toil rapaHTHpa MPHEMIIHBO BpEME 32 Bb3CTAHOBSIBAHE M HUBO
Ha MPEXOJeH CBPHX TOK. JlOKa3aHO e, Ye TpH 10 KPaTKUTE HHTEPBAIM 3a MPEBKIIOYBAHE,
IPEXOJHUTE TOKOBE Ca C MO-BHCOKA CTOMHOCT MPU MalbK TOBap, mopagd (akra ye majaa Ha
HAIlPE)KEHWE BHB BBTPEIIHHS HMIIEAAHC Ha TpaHCHOpMaTopuTe € MarbK. [lpu mo-rojgeMure
CTOWHOCTH Ha BPEMETO 3a MPEBKIIIOYBAHE, CE JOCTUTrA 10 TojieMu TokoBe. To3u (akT ce IbKH Ha
YBEJINYCHHUS T1a/1a Ha HATIPEXKEHHE BbB BHTPEIIHHS MMIIEIAHC HA 3aXPaHBAIIUTE TPAHC(HOPMATOPH.

3. Rizov, P., V. Gueorgiev. Influence of the excitation regime of turbo-generators on the own needs
supply stable operation15th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017, pp. 267-
270, doi: 10.1109/ELMA.2017.7955446.

JloKJTagbT € MOCBE/ICH Ha U3CIIeABaHe, MMAIIIO 32 11eJ1 J1a OTpeieNid MPUYMHUTE Ha CllajjaHe
Ha HANpeKEHHETO Ha EJEKTPUYECKUTE CHCTeMH o0e3rnedaBamm padoTata HaA  OCHOBHOTO
oOopynBaHe B OJIOKOBETE Ha TOJIsIMa eJEeKTpHUecKa IeHTpana B beiarapus. 3a mpoBexxaaHe Ha
W3CIIEJIBAHETO € pa3paboTeH KOMITIOThpeH Mojaen B Matlab - Simulink 3a ananu3 Ha ycroiiumnBara
paboTa Ha eleKTpo3axpaHBaIlaTa CHCTeMa Ha COOCTBEHUTE HY)KIH HA CHHXPOHEH TypOOreHepaTop
C BHCOKa MOIIHOCT. M3cienBaHu ca BapuaHTa, IPU KOUTO COOCTBEHUTE HYKIU CE 3aXpaHBAT OT
coOCTBEHUS UM TypOOTE€HEPATOp U BapruaHTa KOraTo T Ce 3aXpaHBaT OT ChCeleH TypOoreHepaTop
MpH HaJM4re Ha eTHO(a3HO KbCO CheTUHEHUE B OIM30CT J0 eIeKTpUYecKaTa eHTpaa.

Hayunu npunocu: J[oka3ana e XHIoTe3ara, 4e 4pe3 YIpaBJICHUETO Ha Bb30YKIaHETO CH,
pabotemus TypOOreHepaTop MUHHUMHU3HpA CMajia Ha HApPEKEHHETO Ha COOCTBEHUTE CU IIMHH,

KOETO OCUTypsiBa cTaOMiHa paboTa Ha COOCTBEHHMTE CH HYXAH. B chIIOTO Bpeme, TO He € B
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ChCTOSIHME Jla o0e3rnmeud HeoOXOJMMOTO HaNpeXeHHWE B IIMHUTE Ha COOCTBEHHM HYXKIH Ha
ChCEJIHUSI T'eHepaTop, B PE3yJATaT Ha KOETO MUHUMAIHO HANpPEKEHOBHUTE 3alllUTH H3KIIIOUBAT
3aXpaHBAHETO Ha HAKOU OT CUCTEMHUTE.

Hayuyno-npusioxun npunocu: OT cUMyJalMUTE ¢ KOMIIOTHPHUS MOJEN ca MOJyYeHHU
ocLMJIOTpaMH Ha (pa3HUTE HAMPEKEHUS 110 BpeMe Ha e1HO(Ha3HOTO KbCO ChEIMHEHUE B CHCEIHUTE
enekTpornpoBoau. llocTpoeHu ca BEKTOpPHHUTE [UarpaMu Ha HaNpEXKEHUsATa, OIpe/AesieHa €
HECHMETpHUsATa BbB (Da3HUTE M JIMHEHHHUTE HAIPE)KEHMs Ha cuctemute 3a 6 1 0.4 KV.

4. Gueorgiev, V., P. Rizov. Lighting in High Temperature Industrial Enviroment. 7th Balkan
Conference on Lighting, 20-22 September, 2018, Varna, Bulgaria , pp. 96-97, doi:
10.1109/BalkanLight.2018.854684.3.

Crarusita e MOoCBEeTEHA Ha Pe3yJATaTUTE OT HAIIPaBEHO MPOYYBAHE HA XapPaKTEPUCTUKUTE Ha
LED ocBeruTenHu Teia 3a OCBETSIBaHE HA MHAYCTPHUAIHH OCBETUTEIHU OOEKTH C BUCOKA OKOJIHA
TeMriepatypa. TakuBa OOCKTH Ca MAIIMHHUTE 3aJM Ha EJIEKTPUYECKUTE ICHTPaU, B KOUTO CE€
pasnojiarat TojieMd eJIEKTPUYECKH MaIllMHU, TIOMIICHH CTaHIUU U Ap. BbB BCHUKU TE€3U Cllyyau
MHOTO TOJIsSIMa ILIOINI TPsAOBa Aa ObJe OCBETEHA C OCBETHTEIIHHM TeJa, MPUKPETICHH BUCOKO HaJ
paboTHata paBHuHA. OKoOJIHATa cpega C€ XapaKTepu3upa C OTHOCHTEIIHO BHCOKO HHBO Ha
3aMbpcsBaHe (Mpax, IOHSAKOra JOPH arpecMBHU Ta3oBe) W BuOpamuu. Tesu daxropw,
xapakTepusupaiu paboTHaTa cpeja OKa3BaT BIMsE BbPXY CBETIMHHUS MOTOK, €(EKTUBHOCTTA,
HaJSKIHOCTTA M IleHaTa Ha uHcTananusaTa ¢ LED ocBerienue.

Hayuno-npujioxnun npuHocu: HampaBeH e aHaiu3 Ha HaMaJIIBaHETO HA CBETJIMHHATA
MOIIHOCT, CBEeTJIMHHAaTa e()EeKTUBHOCT HA AMOAWTE, MPOABIKUTETHOCTTa Ha paboTa u
HAJIeKTHOCTTa Ha LED OCBETHTEIHUTE Tela B 3aBUCUMOCT OT TeMmmeparypara. JlageHu ca
MPENOPBKHU 3a pEeryaupaHe Ha IMbPBOHAYAIHHS CBETJIMHEH MOTOK HAa OCBETHUTEIHOTO TSUIO, 3a
yBEJIMYaBaHE HA MOIIHOCTTA HA OCBETUTEIHATA UHCTAJIALUA.

5. Zarkov, Z., V. Lazarov, P. Rizov, L. Stoyanov, E. Popov. An approach for modeling the
electronic converter-motor system for electric vehicles. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June, 2019, Varna, Bulgaria,
doi:10.1109/ELMA.2019.8771484.

Tasu cratusi pencTaBsi KOMIDIEKCEH MOXO 32 MOJICIIMPAHEe W CHMYJIAIlUsl Ha 3a[BIDKBAIA
cHcTeMa, BKIIOYBAIlla WHBEPTOP UM CHUHXPOHEH jaBuraren ¢ mocrosHHu Marautu (CAIIM) 3a
MPUIIOKCHUEC B CIICKTPUUCCKH IIPEBO3HU CPCACTBA. ,Z[BI/IFaTeJ'ISIT € aHaJIM3WpaH ¢ METOAAa Ha I(paﬁHHTe
enement (FEM) upe3 nBymepen mozen. [Tapamerpure Ha aBurarens (CHHXpOHHH HHIYKTUBHOCTH U
MOTOK Ha MOCTOSIHHUTE MarHUTH) ca omnpeneneHy Ha 0a3zaTta Ha pesynrature oT aHanuza ¢ FEM. 3a
u3y4aBaHE Ha IPUIOCTHATA 3a/BMKBAllla CHCTeMa € pa3paboTeH CTUMYNAllMOHEH MOJeNn B
Matlab/Simulink, koifTo BKJIIOUBa JBUTATENSA, aKyMyJaTopa, €JICKTPOHHMS TpeoOpazyBaTesl H
MoJicucTeMaTa 3a yIpaBieHHEe Ha MpeoOpasyBaTenss W Ha BBPTSIMS MOMEHT U CKOPOCTTa Ha
npurarens. PeanusupaHo e ympapieHue Ha JABUTATENs TOCPEICTBOM €JIEKTPOHHUS Mpeo0paszyBarten C
MakcuMasieH MoMeHT 3a amriep (MTPA) B mbpBa 30Ha 10 6a30BaTa CKOPOCT M ¢ MAKCHMATIEH MOMEHT
Npy KOHCTAaHTHO HANpPEKEHWE W KOHCTAHTEH TOK BBB BTOpa 30HA. [loCpeicTBOM CHUMyNamuu ca
W3YHCIICHN XapaKTePUCTUKUTE Ha JABHUTATeNs B JBa pexnMa Ha pabora - kato CIIM (cbe
CHUHYCOUJIAJTHU TOKOBE) U KaTo Oe3KOHTakTeH apurateln 3a mocrossHeH Tok (B/IIIT) (c mpaBobrbaHH
TOKOBE) W Ca HalpaBeHW CpaBHEHWs. Pesynraturte BOAAT 1O 3aKIFOUEHHETO, Y€ M3MOJI3BAHETO Ha
neurarenss kato C/IIM e mo-noOpusar u300p mopaay Mo- BHCOKUS BBPTSI MOMEHT, IO-IIUPOKHUS
Aralia3oH Ha BUCOKU CKOPOCTH U MHOT'O ITO-HUCKHUTC ITYJICAIIMN HAa BbPTAIIUA MOMCHT.

Hayuynun npunocu: Pa3paGoTeH e KOMIUIEKCEH MOIXOJ 3a MOAEIMpaHe U CUMYJalus Ha
3aIBUKBalllM CUCTECMU CbC CUHXPOHCH ABUTATCII C MOCTOSAHHU MAarHUuTH, CJICKTPOHCH Hpeo6pa3yBaTeJ1
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U yIpaBisBaia mojcucteMa. Pa3paboTeH € ISIOCTeH CUMYITAlMOHEH MOJEN Ha CHCTeMara, KOWTO
MO3BOJISIBA HEMHOTO U3CNEABaHE B pa3IMYHUM pPEKUMH Ha pabora — YyCKOpsiBaHE 3a0aBsiHE,
pereHepaTUBHO CIMpaHE, ABM)KEHHE C MOCTOsIHHA CKOpocT. Pa3paboreH e Mozen Ha yrnpasieHHe Ha
CAIIM c npunarase Ha KOMOWHAIMS OT JIBE CTPATETHMH: MAaKCUMaJeH MOMEHT 3a aMmIlep B ITbpBa
30Ha W KOHCTAHTHO HAIPEKEHUE M KOHCTAaHTCH TOK BHB BTOpa 30HA. Ta3m KOMOWHAIUS JaBa
MO3BOJISIBA JIa C€ M3IMOJI3BAT HAW-ITBIHO Bb3MOXKHOCTHTE Ha ABUrareis. JlokazaHa e xurmoresaTa, 4e
JIBUTATE]l C MOCTOSSHHU MarHUTU ChC CHUHYCOWIAIIHO pasmpezeneHre Ha MarHuTHOTO nose u EJ/IH
Moxke n1a padotu u kato B/IIIT, HO ¢ o-HUCKYU TapamMeTpH.

[puiaoxuau npunocu: [lonyyeHn ca W3YUCIUTENTHM U CUMYJIALMOHHU PE3YJITaTH 3a
KOHKPETEH JIBUTraTesl, pa3paboTeH B PAMKUTE Ha ChbBMECTEH MPOeKT oT dupma ,,Anmmort OO/, rp.
Crapa 3aropa.

6. Stoyanov, T., R. Spasov, P. Rizov. Analysis of fractional-slot permanent magnet
synchronous machines used for hybrid vehicles. 16th International Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, Varna, Bulgaria, 6 - 8 June, 2019, doi:
10.1109/ELMA.2019.8771560

Cratusita € mMOCBETEHAa Ha W3CJIECBAHE Ha EJNEeKTPOMATrHUTHHS BBPTAIl MOMEHT U
HN3YUCIICHUATA Ha CJICKTPOMAarduTHAaTa CHUJia BbB Bb3yllIHATA MCKAWHA HA V-06pa3eH CHUHXPOHCH
nBuraren ¢ noctossueH Maruut (SMPM). IlpoBeneHusT aHanu3 € U3BBPIIEH Ype3 U3MOI3BaHE Ha
METO/Ia Ha KpailHU €JIEeMEHTH, KaTo € pa3pabdoTeH KOMITIOTHPEH MOJIeI Ha JIBUTATEeNsl B Cpeara Ha
FEMM. B mozena ca u3noji3BaHu CTaTOpHATa HAMOTKA C IPOOHO YMCIIO KaHAIIW 3a €JIUH TIOJII0C U
daza. IlpunoxeH e moaxoi, MpU KOHUTO ce M3cie[Ba MarHUTHOTO mojie B 40 mocienoBaTenHu
MOJIOKEHUS Ha POTOpa CHPSAMO CTATOpa, MOJYUYEHU MpPH 3aBbpTaHE HA POTOpa Ha JBUTATENS C
paBHOMepHa cThIKa. Ha Bcska CThIIKa ChOTBETCTBA BpemeBa CThNKa OT 0,5 ms. 3a BCIKO OT
MOJIOKEHHUATA CE U3UUCTIIBAT MOMEHTHUTE CTOMHOCTH Ha TOKa BB (ha3uTe Ha IBUTaTelNs, KOUTO ca
BXOJIHU JIAaHHU 32 BCSAKO TOJIOKEHUE Ha POTOpA.

Hayuno-npuno:xxuu npunocu: OrmpeneieHd ca MOTOKOCUEIJICHUSITa HA CEKIMUTE Ha
cTaTopHHUTE (Pa3u C OCHOBHUS MAarHUTEH IMOTOK HA JIBUTATENs. VI3UuCIIeHn ca e.)I.H. Ha CTATOPHHTE
CEeKLIMUTE Ha cTaTopHUTe ¢a3u, MONydYeHa € 3Be3/laTa Ha CEeKIMOHHUTE €.1.H. Ha Tpute (aswy,
HN3YUCIICHU Ca BUCHIUTEC XapMOHHIN HA €. 4.H. U CJICKTPOMAariHuTHUA MOMCHT.

7. Gueorgiev, V., P.Rizov. Real time monitoring of HV electrical machines driving powerful
pump aggregates, 16th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2019, Varna, Bulgaria, 6 - 8 June, 2019,
doi: 10.1109/ELMA.2019.8771515.

Ta3u ctatus 06001aBa HATPYMAHUAT ONUT B M3TPaKIAHETO HAa CHCTEMa 33 MOHUTOPUHT B
pealHO BpeMe Ha EJIEKTPUYECKUTE [apaMeTpu Ha BBPTALIM C€ EJeKTPUYEeCKH MAalluHH -
ACUHXPOHHH JBHUraTeNN U CHHXPOHHM I'eHepaTopH 3a 6kV, u cuiou Tpanchopmaropu 3a 220 kV.
[IpenyoxeH e BapuaHT, IpU KOWTO KaTo AaTYUIU Ha MH(POPMAIIHS CE U3MO0I3BaT ChIIECTBYBAILUTE
€JIEKTPUUYECKH 3aIlIUTH Ha eNEKTPUYECKUTE MAIIMHU U TpaHC(HOPMATOPU U HAIUYHHUTE LU(PPOBU
u3MepBaTesnHu ypeau. OT TAX ce mnoixydyaBa MHQOpMaLMs 3a TEKYLIUTe CTOMHOCTH Ha (a3HUTE U
JUHENHM TOKOBE M HANpPEKEHUS, AaKTUBHUTE M PEAKTUBHU MOIIHOCTH, 4YecTOoTara Ha
HalpeXeHUeTo, (pakTopa Ha MOIIHOCTTa U MH(OpMalMs 3a H3KIIOYBAHUS HAa CbOPBKEHUE OT
3alIUTH WM 10 ToJajeHa KOMaHJa. TpaHCIMpaHETO Ha TO3U TosiM o0eM uH(popMalus ce
U3BBPIIBA HENPEKbCHATO MEXIy AATYMLMUTE M LEHTPATHHUS KOMIIOTHP, B PE3yJITaT Ha KOETO
KOMYHUKallMOHHUTE JuHUM (B yacTra RS485) ca cunmHo HaroBapenu. Ilopaau Tasu mpuunHa e
Ipe/UIo’KeHa € paJuaiHa TOINOJOTMs Ha JIOKaJHAaTa Mpexa 3a cbOMpaHe Ha [JaHHU OT
ChOPBKEHUATA IOJJIOKEHM Ha MOHUTOPHUHI. YCTpOMCTBaTa, ChCTaBJISBAIM MpeKara, HE ca
pasnojokeHn OJM30 €eIuH 10 JAPYro, KOeTo o00yclaBs IbJIM KOMYHUKAI[MOHHU JIMHUU U
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MOBUIIIEHA BEPOSATHOCT 32 €JIEKTPOMAarHUTHU cmylleHus. Cucremara 3a MOHUTOPUHT peau3upa
NEPUOANYHY 3alMCH Ha Hal-BaXKHUTE 32 EKCIUIOATAIUATa MapaMeTpy Ha ChOPBHKEHUATA, KOUTO Ce
M3MOJ3BaT MPU aHAJIU3a Ha MOTPEUIHU TPEBKIIIOUBAHUS U aBapUITHU PEKUMU.

HayuyHo-npui0o:XHH mnNpUHOCH: AHaIM3UpaHW ca oOcoOeHOCTHUTe Ha paboTa Ha
KOMYHUKAIIMOHHA MpeXa C TojisiMa paguaiHa cTpykrypa. JlepuHumpanu ca mnpenmopbku 3a
CTPYKTYPUPAHETO Ha KOMYHHKAallMOHHATa Mpeka B yactra RS485, xaro OposT Ha gaT4MmuTe B
€IHH KJIOH He TpsiOBa J1a € MO-ToJIsIM OT 4, a He KaKTO IpernophYBaT npousBoautennute ot 12 no 32.
Jedunupan e 00eMbT M CTpyKTypaTa Ha apXuBHpaHaTa HHQpOpMAIMs, KOSITO € JOCTaTbyHa 3a
M3BBPILIBAHE HA AHAJIM3H HA MPOIECUTE MPU aBAPUWHU U MOTPEIIHU TPEBKIIOYBAHUSI.

8. Stoyanov, T., R. Spasov, P. Rizov. Reduction of the High Harmonics at the Electromagnetic
Force and the Electromagnetic Torque in Synchronous Machines with Permanent Magnet.
11th Electrical Engineering Faculty Conference, BUIEF 2019, Varna, Bulgaria, 11 - 14
September, 2019, doi: 10.1109/BulEF48056.2019.9030745.

Ta3u cratus e mocBeTeHa Ha H3CJICABaHW Ha CHHXPOHHU MAalllMHU C ITIOCTOSIHHU MAarHuTH,
no3unmonupanu "V" o0pa3HO B poTopa NpH pPa3NUYHU BapHAHTU HA CTAaTOpHA HAMOTKA.
Pasrnemanu ca cirydanTte Ha €IHOCIIONHA W JIBYCIIOMHA Tpr(a3HU HAMOTKH C 51 OpOil KaHaIu 3a
nontoc ¥ (aza U AMaMeTpaliHa CThIIKA; TpUQazHa €THOCIOWHA HAMOTKAa ChC CKbCEHA CTBIIKA U
nerdasHa exHOCIOWHAa HAMOTKa ¢ JAPOOHO YMCIIO KaHAIW 3a moiroc W (Qasa. M3crnexBanusta Ha
pas3mpenesieHueT0 Ha eJIeKTPOMarHUTHOTO TI0Jié B CHHXPOHHATa MalllMHa ca MPOBEIEHU C
KOMITIOTBPHH MOJIETIH, B KOUTO Ca M3MOJI3BAaHU M30POEHUTE IMO-TOpe BapHaHTH Ha CTaTOpHATa
HaMOTKa. M3moi3Ba ce moxo, Mpu KOWTO CE€ peain3upar CHUMYJIAIMU Ha 3aBbpTaHe HAa poTopa 3a
nepuos otT 20 munucekyHau. I[lepuonbT € pasaesieH Ha YETHPHUAECET CTHIKU, KaTO MHTEPBAIbT
MEXIY CTBIIKUTE € €THAKbB.

Hayuno-npujioxxun npunocu: Kato kputepuu 3a OlleHKa Ha CTaTOPHUTE HAMOTKH ca
u30paHu €.1.H. B CTaTOpHUTE (a3u, €IeKTPOMArHUTHUS MOMEHT Ha MallliHATa W HaJU4YHeTO Ha
XapMOHUIIM C BUCHIM HOMepa B TaX. ChIVIaCHO TOpENOCOYEHUTE KPUTEpUU Hail-eeKTUBHA €
TpudazHaTa eIHOCIONHA HAMOTKA C LT Opoil KaHalu 3a MoJoc U ¢a3a U JuaMeTpaiHa CTHIIKA,
THHI KaTo Hal-100pe ce U3M0J3Ba KOHCTPYKIUATA HA MalIMHaTa. EJeKTpOMarHUTHUST MOMEHT Ha
MalIuHaTa NPy Ta3u HAMOTKa € C Haill-BUCOKA CTOMHOCT B CPAaBHEHHE C MOMEHTA IIPU OCTaHAJIUTE
HamoTkd. HuBata Ha BHcIIH XapMOHUIIM Ha €.4.H. U CICKTPOMArHuTHUA MOMCHT Ca OT CIUH U
CBIIM MOPSAIBK MPU BCUUKK BAPUAHTU HA HAMOTKATA.

9. Totev, V., V. Gueorgiev, P. Rizov. Regenerative braking of electric vehicles. 11th
Electrical Engineering Faculty Conference, BulEF 2019, Varna, Bulgaria, 11 - 14
September, 2019, doi: 10.1109/BulEF48056.2019.9030768.

Ta3u cratus mpenctaBs pe3yiaTaTHTE OT MPOyYBAaHE Ha CTPYKTypaTa Ha cHCTeMara 3a
PEKYMepaTUBHOTO CIUpPAHE MPHU EIEKTPOMOOWIH, KaTo IelTa € Ja Ce OMPEeAesST BH3MOKHHUTE
BapMaHTH Ha OCHOBHUTE €JIEMEHTH Ha cuctemarta. OmpenerneHd ca BB3MOXXHHUTE BHJIOBE
€JeKTPUYECKU MAIllMHM, KaTO MPEANOYNUTAHUE € JIaJIEHO HA CHHXPOHHUTE JIBUTATENN C IOCTOSHHU
MarHuTd B POTOpa. AHAIM3UPAHH Ca METOAUTE 3a YNPaBICHWE Ha TOPECIIOMEHATUTE BHJIOBE
neurarenu. HaOmromaBa ce roisiMo pa3HOOOpas3we B METOAUTE 3a yIpaBIeHHE, KaTO Hai-uecTo
MPWIOKUMH METOAM Ca: YIpaBJIEHHE Ype3 NMPOMsHAa Ha CTOMHOCTTA U YECTOTa Ha HANpPEeKEHUETO
(VVVF) u nupektno ympasieHue Ha BbpTamus mMomeHT (DTC). Ompenenenu ca Haii-4ecTo
u3non3Banute naBepropu — 6azupann Ha MOSFET u IGBT enemenTu, nopaau Bb3MOKHOCTTA 3a
OCUTYpsIBaHE Ha TOJIEMU MOIIHOCTH M HUCBK HMMIEIAHC Ha U3XoJaa. AHAJIU3UpaHU ca
OCOOCHOCTUTE HA  Hal-uecTO  M3MOJ3BAaHUTE  BHUJAOBE  aKyMyJaTOpHU  OaTepuum U
CYNEepPKOHIEH3aTOpU. AHAIU3UPAHO € Pa3MpPEACIICHUETO Ha CIIUpavyHaTa CUiia MpU PeKyrnepaTuBHO
CIIUpPAHE.



Hay4yHo-npuyioxHu npuHocu: JlepuHUpaHH ca NpeauMCTBaTa M HEJOCTATBIUTE Ha
pekynepaTuBHOTO crnupaHe. IlocoueHn ca ocoOeHOCTHTE B €IHOBpPEMEHHa pabora Ha
PEKyINEepaTUBHO CIHPAHE U MEXaHMYHUTE CIIMPAYKH HA EIEKTPOMOOHIIUTE.

10. Rizov, P., V.Gueorgiev. Determination of the Leakage Parameters of Synchronous
Hydrogenerators. 21st International Symposium on Electrical Apparatus and Technologies,
SIELA 2020, Bourgas, Bulgaria, 3 - 6 June, 2020, doi: 10.1109/SIELA49118.2020.9167154

B nokiana ca mpencraBeHu M3CIICIBaHMs Ha MATHUTHHSI TTOTOK Ha KaHAITHO pa3ceiiBaHe Ha
CTaTOpHAaTa HAMOTKa HAa CHUHXPOHHH XHUIPOTCHEPAaTOpH, IMPOBEACHH IOCPEACTBOM METOAa Ha
kpaiian eneMmenTu (MKE). IlpeacraBeHusar mojaxon B3ema IpeaABH] HACHIIAHETO HAa 3bOMTE HA
CTaTopa M B3aMMHOTO BJIMSIHUE Ha TOKA B CBHCEIHU CTATOpHH KaHanu. W3cnenBanusita ca
MIPOBE/ICHH 3a PE)KUM Ha HOMHUHAJTHO HATOBAapBaHE C OTYMTAHE HA PEaKIMATa Ha TOKA Ha KOTBATa.
[TomrochT HA pOTOpa CHC CBOSATA HAMIBKHA OC € OPUEHTHUPAH CUMETPUYHO KBM CTATOPHHUTE
KaHaJIA, B KOUTO Ca Pa3IOJIOKEHU ceKIMuTe Ha (aza A. B pasriiexxjaHus MOMEHT OT BpeMe TOKBT
BBB (a3a A uMa MaKCUMaJIHa CTOMHOCT.

Hayunu npunocu: Pa3zpaboteH e moaxon 3a U34HUcIsiBaHE HA MHAYKTUBHOCTTA Ha KAHAIHO
pa3ceiiBaHe M  MHAYKTUBHOTO CBHIIPOTHBIICHWE Ha pa3ceiiBaHE Ha CTaTOpHAaTa HAMOTKa, U
WHAYKTUPAHOTO €.1.H. B cratopHute ¢a3n.A. Ilogxogpr ce OCHOBaBa Ha OIpeACisHE Ha
ChXpaHEHATa CHEePrus Ha MarHUTHOTO T0JIE€ B KAHAJIMTE HA CTATOpHATAa HAMOTKA.

Hayuno-npuio:xxuu npuHocu: Pa3paboren e 2D KOMITIOTBPEH MOJEN 3a HW3CJICIBaHE
MarHuTHOTO IIOJIE B CHHXPOHHU TE€HEPATOPH, KOWTO € MPHJIOKUM IPH Pa3IMUYHUA PEKUMHU Ha
pabota, ¢ OTYMTAHE HA HACHUIIIAHETO M PEaKIMATa Ha TOKAa Ha KOTBATa MPU Pa3IUYCH XapakTep Ha
ToBapa. Te3u 0coOEHOCTH Ha Mojiela To MPaBAT U3IMOJ3BAEM OIIe B €Tala Ha MPOeKTHpaHe Ha
CHHXPOHHUTE XUIporeHepaTopu. JloCTUTHAT € U3BOABT, Y€ PA3IMYHOTO HACHINAHE HAa 3HOUTE Ha
cTaTopa BOJM [0 pa3NUYHH CTOMHOCTHM Ha IMOTOKAa Ha KaHAJHO pa3ceiiBaHe B TpuTe (asu.
CroliHOCTMTE Ha TMIOTOKAa Ha KAHAJIHO pa3CcelBaHE 3aBUCAT OT CHOTHOIICHUETO MEXIY
ChXpaHsSBaHaTa MarHUTHA €HEPrusl B YJYaCTHLUTE HA CTATOPHHUTE (Da3 MU MarHUTHATa JBIKEIIa
cuJja, KOSITO Ce OMpeiesisi OT TOKAa B CTATOPHUTE KaHAJH.

11. Stoyanov, T., R. Spasov, P. Rizov. Investigation of the Skewing of the slots in Permanent
Magnet Synchronous Machines. 12th Electrical Engineering Faculty Conference, BUlEF
2020, Varna, Bulgaria, 9 - 12 September, 2020, doi: 10.1109/BulEF51036.2020.932601

Ta3u cratus mpeacTaBs U3CIEABAHETO HA CHHXPOHEH JBUraTesl C IMOCTOSIHHU PEIKO3EMHU
MarHuTH U CKOCEHM CTAaTOPHU KaHAJIW MOCPEICTBOM KOMIIOTHPHO MOJEIMPAHE Ha MATHUTHOTO
noje upe3 2D mozenu, 6a3upaHu Ha METO/ Ha KpallHU eIEMEHTH. 3a J1a ce MOJIEIUpa CKOCSIBAHETO
Ha CTaTOPHUTE KaHAIM € Pa3pabOoTeH M NPUIIOKEH CIECAHMAT MoAxoJ. B akcuamHa mocoka
CTATOPHHUSAT IAKET Ce pa3/ielis Ha PAaBHU YaCTH OT CEUEHUs NEPIICHIUKYIISIPHU HA OCTA HA BbPTEHE.
OtnenHUTe 4YacTH HAa CTAaTOPHUS NAKET Ca 3aBbPTSAHM Ha €JHA CIPSAMO Jpyra Ha BIbI,
CBOTBETCTBAL] HA IIOJIOKEHUETO Ha PasIJIeKIAHOTO CEUEHUE IO HAMIBKHATA OC HAa MAIMHATA.
PoTopbT MMa €AHO M ChHIIO IM'bPBOHAYATIHO MOJIOKEHHWE BBB BCAKAa OT 00OCOOEHHTE YacTH Ha
CTAaTOPHHUs IIAKET, T.€. TOM HE ce 3aBbpTa. Mojenupa ce MarHUTHOTO I10JI€ B TPUTE YacCTH, KaTo Ce
CUMYJHUpPa 3aBBPTAaHE Ha POTOpa OT IBPBOHAYAIHOTO My MNosokeHHe Ha 40 mocnenoBaTesHu
CTBIKHU. 3aBbpTaHeTo Ha 40 CTBHIKU CHOTBETCTBA Ha BpeMeBU uHTepBan oT 20 ms. Ilpe3 to3u
UHTEpBaJI, MOMEHTHUTE CTOMHOCTH Ha TOKOBETE B CTATOPHUTE (ha3u Ce€ U3MEHST B ChOTBETCTBHE
ChC CTBIIKAaTa HAa 3aBbPTAHE. 32 BCAKA CTHIIKA CE MOJAEIUPA MarHUTHOTO I10JIE, KaTO CE U3UNCIISIBAT
MOMEHTHHUTE CTOMHOCTH €JIEKTPOJBIKEIIOTO HAIIPEIKEHUE U EJIEKTPOMArHUTHUS MOMEHT Ha
MaIlIlHaTa.

Hayynn npunocu: Cp3azeH € METOJ 3a HM3UUCIsABaHE Ha (a3HUTE ENEKTPOABHMIKEILN
HaNpEe)KEHUS M EJIEKTPOMAarHUTHUS MOMEHT, Oa3upaH Ha KOMOIOTBPHO MOJETHpaHe Ha
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MarHUuTHOTO I10JI€ B CHHXPOHHHM MAIllMHU ChC CKOCEHU KaHaJH.

HayuHno-npujioxxun npuHocu: Pa3paboren e 2D koMmioTepeH MoOeN 3a U3CieIBaHe Ha
MarHMUTHOTO TIOJIE B CHHXPOHHHM MAalIMHH ChC CKOCCHHM KaHAM B CTaTopa W BB3OYXKIaHE OT
pPEIKO3eMHHM MarHutd B potopa. OmpeneneHn ca  BpeMEBUTE  3aBUCHUMOCTH  Ha
€JIeKTPOJIBIXKEIIOTO HANPEKEHUE W EJIEKTPOMArHUTHHUS MOMEHT Ha CHHXPOHHATAa MAIlIUHA.
Pa3zpaboTeHusiT METO/] € MPUIIOKHUM B €Tara Ha IPOSKTUPaHe Ha CHHXPOHHHU MALIUHU ChC CKOCEHU
KaHaJIU.

I'pyna I'S. Hayuynm nyOaukanum B HepedepupaHd CHUCAHUSI € HAYYHO
peleH3UpPaHe WIH B PeJaKTUPAHU KOJEKTUBHU TPYAOBe

12. Sotirov, D., P. Rizov, 1. Panayotov. Study of the hydro generator’s pole asymmetric axial
displacement influence over the vibrations. Proceedings of the Technical University — Sofia,
vol. 59, book 2, 2009, pp. 15-22. ISSN 1311-0829.

CrartusTta € MOCBeTeHa Ha M3Cie/BaHe Ha BUOpAIIMHUTE B JIATEPHUTE BBH3JIM HAa BEPTUKAJICH
XUJIPOTEHEPATOp TPU BH3OYKTAHETO My Ha Mpa3eH XoA. 3a Ta3u mein e paspadboren 2D
CTUMYJIAIIMOHEH MOJIeN 3a KOMIIOThPHO MOJIeNipaHe, 0a3upaH Ha METOo/la Ha KpailHUTE €JIeMEHTH.
MonensT ce cberon oT aBe 4yacTd. OCHOBHATa 4YacT BKIJIIOYBA MAarHUTONPOBOJA Ha CTaTopa,
POTOpHUS TONMIOC M BB3JAYyIIHATa 4YacT. JlOMBbJIHWUTENHATa YacT € MAarHUTOMNPOBOJ, YHETO
npeaHasHa4CHUue € aa 3aTBOPU MarHuTHATa BEpuUra. Bpry HEA € IIOCTaB€HaA AOIIBJIHUTCIIHA
000uHa, KOSITO BB30Y)KJa MAarHUTHOTO TOJie B MojeNa. MarHuTHaTa MHIYKIUS BBB BB3yIIHATA
mexanHa e 0.85 T, kakBaTo € B ACHCTBUTEITHOCT MPH PEATHUS XUAPOreHepaTop. B KOMIIOThpHUS
MOJIe] Ce CUMYJHpa CTHIIKOBO MPEMECTBAHE HArope W HaJaolly B aKCHATHA MOCOKA HA POTOPHUS
MOJIFOC. 3@ BCAKO OT TE€3M NMPEMECTBAHUS CE M3UYUCISIBAT ACHCTBALUTE BHPXY JAOJIHHUS U TOPHUS
Kpail Ha momoca crnenuuYHM CUJIM, OTHAacAlM ce 3a | MM B OBji0ounHa Ha Mozena. B
3aBUCHMOCT OT PEATHOTO BEPTHKAIIHO OTMECTBAaHE Ha BCEKH TIOJIOC CIPSMO CHMETPHYHOTO MY
MOJIOKEHHWE M crhenu@uuHaTa cuja 3a TOBa OTMECTBaHE, C€ M3YMCIsABA JeHCTBallara BBPXY
MOJTIOCA eNIEKTPOMarHuTHa cuia. BepXy menus poTop, mie AeicTBa pe3yiTaTHa CHiia OT BCHUYKU
nontocu. Ts e 6bae HeOanaHcupaHa U 1€ BOJH 10 BUOpAIIUN Ha POTOpA.

Hayuynu npunocu: Cb31aZieH € METOX 3a H3Cle[BaHEe Ha HeOAJaHCHpPAaHW CHIU C
€JIeKTPOMAarHUTEH XapakTep, AeHCTBAIM BbPXY POTOPUTE HA BEPTUKATHH €IEKTPHUSCKHA MAIIHHH.

HayuHo-npuioxxau npuHocu: J/lokaszaHa e, 4e BCICJACTBUE HA PA3IMYHOTO BEPTHUKAITHO
OTMECTBaHE Ha MOJIFOCUTE, Ce TIOpaXka HebalaHCUpaHa Cuia, KOATO BOJAU 0 BUOpAIMK Ha IsiaTa
KOHCTPYKIMS Ha XUJIpOreHeparopa.

IIpuioxuu npuHocu: Pesynarature OT HaMpaBeHHUTE HM3CIEIBAaHUS ca HM3MOJI3BAHH MpPU
Oamancupane Ha poropa Ha xuaporeHeparop 1 Ha BEI] “Momuna knucypa‘.

13. Rizov, P., D. Sotirov, St. Batashki, R. Spasov. Research of the influence of the stator current
reaction over the magnetic field in the rotor poles of synchronic hydro generators with FEM.
Proceedings of the Technical University - Sofia, vol. 60, book 2, 2010, pp. 216-224. ISSN
1311-0829.

Crarusita npeacTaBs MOAX0]] 32 YUCIEHO MOJEIMpPaHe Ha MAarHUTHOTO TOJI€ B CHHXPOHEH
XUAPOTEeHEPATOp B PEKUM Ha HOMHUHAIHO HAaTOBapBaHE MPU WUHIYKTHBEH XapakTep Ha ToBapa. OT
MOJIY4EHOTO YMCJIEHO peIIeHWe Cce€ Ompeess IMOTOKa Ha pa3ceiiBaHe Ha IoJIoca Mpu
pasmpeneieHle Ha MarHMTHaTa WHAYKLUMS B HEro OJIM3KO [0 peanHoTo. Pesynrarure ot
M3CIIEIBAHETO TO3BOJISIBAT /1a CE€ ONTUMM3Mpa KOHCTPYKIMSATA Ha IMOJIOCHOTO TSUIO 3a J1a Ce
n30erHe CUIHOTO My HacuinaHe. M3cienBaHusta ca MpoOBENEHH MO METOJa HAa KOMIIOTHPHO
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MOJIEJIMpPaHE Ha €JEKTPOMAarHUTHOTO IIOJ€ B CHUHXPOHHHUS I'€HEpaTop IpU MHAYKTUBEH TOK. B
MoJiesla pOTOPBT € OPUEHTHPAH CIPSIMO CTATOPa IO TAKbB HAUWH, Y€ Ja Ce MOJEJIMpa peaklusara
Ha TOKa Ha KOTBaTa MpU MHAYKTHBEH XapakTep Ha ToBapa. [loyiyueHOTO paslpeneieHHeTo Ha
€KBUIIOTEHIMAJTHUTE CWJIOBM JIMHUM Ha TIIO0TOKa Ha pas3ceiiBaMeé B MEXIYIOIIOCHOTO
IPOCTPAHCTBO.

Hay4yHo-npuioxuu mnpuHocu: Cb3lafeH € IOJAXOJA 3a ONpeAeisHe Ha II0TOKa Ha
pasceliBaHe B MEXAYIOIIOCHOTO MPOCTpaHCTBO. IloaydyeHa e 3aBMCHMOCTTa Ha IPOCTPAHCTBEHO
U3MEHEHHE Ha II0TOKAa Ha pa3celiBaHe HAa POTOPEH IOJIOC HAa CHUHXPOHEH XHJPOreHepaTrop B
HOMMHAJIEH PEXKUM.

IIpnnoxkun mnpuHocu: Pa3paboTeHuss NOAXOA € U3IMOJA3BaH 3a U3CJIEJBaHE Ha
HOBOIIPOEKTHPAHU KOHCTPYKIIMM Ha XUJIporeHepaTopu npoussexaanu B “Ennpom 3EM*“ AT,

14. Rizov, P., D. Sotirov, St. Batashki, R. Spasov. Research of the harmonious composition of
induced voltage in asynchronous generators through FEM. Proceedings of the Technical
University - Sofia, vol. 60, book 2, 2010, pp. 225-234. ISSN 1311-0829.

B crarusita e mpeicTaBeH MOAXO] 3a M3CICABAHE U aHAINW3 HA BUCIIUTE XapMOHHIIH B
ACHHXPOHHHU T'€HEPAaTOPH Ype3 ChYETaHO M3IOJI3BAHE HAa METOJa Ha KpaiiHu eiremeHTH u Fast
Fourier Transform (FFT) anroputsm peamusupan B cpenata Ha Matlab/Simulink. 3a
IPOBEXKIaHE Ha H3CIeABaHUATA € pa3paboreH 2D KOMIIOThPEH MOJEN 3a MOJCIHpaHe Ha
€JIEKTPOMAarHUTHOTO II0JIE B aCHHXPOHEH reHeparop 3a Hampexenue 6.3 kV. Pasriexnma ce
cllydyasl Ha HMJealicH Mpa3eH XOJ, KaTo Ce CHMYJHpPa CTHIIKOBO 3aBbPTaHE HA POTOPA Ha BI'bI
paBeH Ha JBE MOJIOCHHU JieneHus. TokoBeTe B craTopHHTE (a3u ce 3aaBar 4pes3 Mopeania oT
MOMEHTHHU CTOWHOCTH 3a BCsKa (a3a, ChOTBETCTBAIIM Ha BI'bJa Ha 3aBbpTaHE Ha poTopa. 3a
BCHUYKH IIOJIOKCHHUA Ha pOTOpa €a MOJYYCHU MPOCTPAHCTBCHUTC pa3lpCACHUA HAa MAarHuTHaATa
uHAyKOus. OnpeneneH e XapMOHHYHUS ChCTaB Ha MHIYKIUATA. V34unciaeHn ca XapMOHUIIUTE B
JMHEHHOTO HalpeXeHHe Ha TeHepaTopa.

Hayuno-npuio:xan npunocu: Cb3a/ieH € METO/IMKA 3a ONpeAeITHE Ha XapMOHUIIUTE Ha
HAIlPe)KCHWETO B AaCHHXPOHEH TeHepaTop, Oa3WpaHa Ha KOMITIOTBPHO MOJIEIHMpaHe Ha
EJIEKTPOMAarHUTHOTO TIOJIE.

IIpuaoxun npunocu: PazpaboreHara MeToanKa ce U3MOJI3BA 32 O0YUCHHE HA CTYJICHTH B
Enexrporexnnuecku ¢axynrer Ha TexHudeckn yHusepcureT — Codusi.

15. Sotirov, D., P. Rizov, N. Stamatov. Numerical determination of the mechanical loads of the
construction of a vertical synchronous hydro generator. Proceedings of the Technical
University - Sofia, vol. 60, book 2, 2010, pp. 257-269. ISSN 1311-0829

B noxiama € mpenacTtaBeH anropuThM 3@ YHMCIEHO ONpPENENssHE Ha MEXAaHUYHMTE
HaTOBapBaHUs Ha KOHCTPYKIUATA HA CHHXPOHEH XUAPOrE€HEPATOP U Opa3MepsABaHE Ha CIIEMEHTUTE
M, KaTo € W3IMO0JI3BaH KaTro MpuMep Ha BepTUKadHa MamuHa ¢ momHocT 1,6 MVA Ha ¢upmara
Hitzinger. Pa3paboTeHUAT aaropuTbM € MPUIOKHM U 32 XOPU3OHTAJTHH MAIIMHH, KaKTO M 3a
MAaIIMHU C TIO-TOJISIMa MOIITHOCT C OTYUTAHE KOHCTPYKTUBHU T€ UM 0COOEHOCTH. 3a ONpeeIsiHe Ha
CUJIMTE M MOMEHTUTE, IEHCTBAIM BBPXY CIEMEHTUTE OT KOHCTPYKLUATA HAa CUHXPOHHUSA
XUAPOTEHEPATOP Ca M3IMOI3BAHM, KAKTO KJIACHMYECKUTE METOJ M 3a W3UMCICHWE Ha YyAapHara
CTOMHOCT Ha MOMEHTA IIPX BHE3AaIIHO KbCO ChEIMHEHUE, TAKa U YUCIICH MIOAXOJ C U3IOJI3BaHE HA
METOJIa Ha KPalHUTE €JICMEHTH 3a U3YMCIICHUE Ha CHJIaTa HA €THOCTPAHHO MATHUTHO NPUBJIMYAHE
IIpY HEpaBHOMEpHA BB3/yIIHA MEKIUHA. 3a ONpEIeIsiHE Ha rojeMUHAaTa Ha €JIeKTpOMarHuTHaTa
CHJIa Ha €AHOCTPAHHO NPUBINYAHE, KOATO CE Ch3JaBa IPH ACHMETPHs HA BB3AYIIHATA MEXINHA
Ha MalInHata, € pazpadoreH 2D monen B cpenara Ha FEMM. Pazpa6oren kommorspeH 3D monen
B cpemara Ha SOLIDWORKS c¢ wunterpupan monyn Ha COSMOS, KOWTO € NpUIIOKEH 3a
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U3CJIEBAaHE HAa HANpPEXEHUSITa B OTIEIHMUTE €JIEMEHTH Ha KOHCTPYKLUATA M MEXAHWYHHUTE
negopmainu, KakTo 1 3a ONpesiesiHe Ha KPUTHUHUTE CKOPOCTH Ha BbPTEHE Ha pOTOpA.

Hay4uno-npuio:kHu npuHocu: Pa3paboTeHn ca KOMITIOTHPHHU MOJIENH, Oa3upaHu Ha METO/IA Ha
KpailHUTEe €JIEeMEHTH 3a ONpEe/essIHE Ha ENeKTPOMarHuTHaTa CUjia IpU HE PaBHOMEpHA BBb3IYIIHA
MEX/IMHA U HEWHOTO BIIMSHUE BbPXY MEXaHUYHUTE HATOBAPBAHMS HA KOHCTPYKIIMUTE HA CUHXPOHHUTE
reHeparopu. AHAIU3BT Ha PE3yJITaTUTEe OT KOMITIOTBPHOTO MOJEIMpAHE I03BOJISABA Ja ce MOJ00pU
KOHCTPYKLIMSITA Ha TEHEPaTOpPUTE KAaKTO NPH MPOEKTUPAHETO Ha HOBM I'€HEpaTopH, Taka U Ha Beue
CBILIECTBYBAILN TAKHBA.

16. Rizov, P., V. Georgiev, A. lvanov, Overview of the systems for On-line partial discharge

monitoring for large generators and motors, Elektrotechnica & Elektronica E+E, Vol. 47, 11-
12/2012., ctp. 33-40, ISSN 0861-4717.

Hacrosimata cratus e mocBeTeHa Ha MpOy4YBaHE Ha CHUCTEMH 3a on-line MOHHUTOPHHT Ha
yactuyHuTe paspanu (PD) B uzonanusara Ha BBPTAILIM C€ MAIIMHU 32 BUCOKO Hampexenwue. Llenrta
€ /1a € npuaoOuaAT HeoOXOJUMUTE MMO3HAHUS 33 U3TPAXKIAHETO M U3IOJI3BAHETO CUCTEMU OT TO3U
Bua. llocouenu ca mpenumcTBaTa Ha cucreMuTe 3a on-line  MouHutopuHr. [ledunupana e
CTpyKTypaTa Ha CHCTEeMH OT TO3M BHUJ NpPU MOHHTOPHHI HA BHUCOKOBOJTOBM [IBUTaTeld U
reHepatopu. OrmpezneneHn ca NapaMeTpuTe Ha JaTYULUUTE — BHUCOKOYECTOTHU TOKOBU
TpaHcGOpMATOPH U BUCOKOBOJITOBH KYILTHUPAIIN TpaHCHOPMATOPH.

IMpunoxuu npunocu: Cucremarn3upana € uH(GOpMaIus 3a CTPyKTypara, eleMeHTHaTa
0a3a ¥ U3MOJI3BAHETO HA Oon-line CHCTEMU 32 MOHUTOPUHT Ha BUCHKOBOJITOBU MAIlIMHU.

17. Rizov, P., Adrian I. Study of the Magnetic Field in Synchronous Turbo Generator at Short-
Circuited Turns in Excitation Winding. Proceedings of the Technical University — Sofia, vol.
63, 2013, book 6, pp. 237-246. ISSN 1311-0829.

B crartusita € ommcaHo M3CIENBAaHETO Ha HE CHUMETPUSTA B CHHXPOHEH TypOoreHepaTop
(CTT), npikaimia ce Ha HaKbCO CHhEIMHEHU HABUBKU B CEKIMUTE HA BBH3OYAWTENTHATa HaMOTKA.
W3cnenBaHero € MpoBENSHO Ype3 KOMIIOTHPHO MOJeNMpaHe Ha MarHUTHOTO TI0Je, Oa3upaHoO Ha
METOJla Ha KpalHUTE eNEeMEHTH C OTYMTaHe Ha HACHIIAHEeTO Ha MarHuTHaTa CHUCTEMa Ha
reHeparopa. 3a Tas 1el € pazpadboreH u us3noi3Bad 2D mMojen Ha cTalMOHAPHO €IEKTPOMAarHUTHO
nojie B CHMHXPOHEH TypOoreHeparop ¢ HOMUHamHa MomHocT 376.5 MW. Upe3 paspaborenus
MOJIeT 3a MPOBEJICHN U3CIICABAHH B CITyJauTe, 32 KOUTO OpPOSIT Ha HA KbCO CheIMHEHNUTE HABUBKH B
€IHa CEeKIMs Ha BH30yaUTENHATa HaMOTKa ce M3MeHAT oT 0 1o 8, T.e. OT BapHaHTa Ha HAITBJIHO
H3MpaBHA CCKOWA 0 BapvUaHTa 3a HaJIMYUC Ha KBCO CHECAMHABAHC BHB BCHYKM HABHBKU Ha
CeKIuATa. XapMOHUYHHS CHhCTaB Ha MarHWTHaTa WHAYKIHS € ompeneneH mnocpeactsom FFT
aHaM3 Ha (YHKIUATA HA MPOCTPAHCTBEHOTO paslpe/eiicHHe Ha MarHWTHaTa WHAYKIHS BHB
BB3MIyIIHATA MEXKIWHA HAa CHHXPOHHUS TypOoreHepatop. IlpeacraBeHm ca pe3ynTaTH OT
W3CIIC/IBAHMSITA C Pa3pabOTEHUs MOJIE NMPU HAJMYKME HA Ha KHCO CheIMHEHUE B €/IHA HABUBKA, B
JIBE ChCEJHM HABUBKU M B JBE HECHhCEIHU HAaBUBKU. HampaBeHO € cpaBHEHHE Ha MpoMsHATa Ha
dbopmara M CTOMHOCTTa HAa MPOCTPAHCTBEHOTO HW3MEHEHHE HA MAarHUTHATa WHIYKIUSA TPH
M3MEHEHHEe Ha Oposl Ha Ha KbCO cheanHeHnuTe HaBUBKH OT 0 no 8. [lokazaHu e M3MEHEHHeTO Ha
XapMOHUIIUTEC HAa MAarHuTHarta WHAYKIOUA B 3aBUCUMOCT OT 6p0$[ HAa Ha KbCO CBCAUHCHUTEC
HaBUBKH. Upe3 pa3paboTeHUs: KOMIIOTHPEH MOJEN € ONpeNeleHO He0OXOIUMOTO KOMIIEHCUPAHE
Ha HaMaJICHUS] MarHUTEH MOTOK, Ype3 yBeINYaBaHe Ha Bb30YIUTEITHUS TOK Ha T€HEpaTopa.

HayuHno-npuioxxnu npuHocu: PazpaboTeHu ca KOMIIOTBPHU MOJIENH, Oa3UpaHu Ha METO/Ia Ha
Kpaitaure enemenTd u FFT aHamm3 Ha mpOCTpaHCTBEHOTO pasmpe/ieieHne Ha MarHUTHATA WHITYKITHS BbB
Bb3AyllIHaTa MCXKIAWHA, MOCPCACTBOM KOUTO Ca OMNPCACIICHU IIPpOMsAHATA W XaPMOHHWYHUA CHCTAB Ha
MarHUTHaTa HHIYKIHS TIPY HATMYKE HA Ha KbCO ChCAMHEHUE HABUBKH BBB BB30yAMTEIIHATA HAMOTKA HA
CTT.
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18. Rizov, P., A. Ivanov. Study of the influence of chamfering of stator channels onto harmonic
composition of Induction in the air-gap of a synchronous hydro generator. Proceedings of the
Technical University — Sofia, vol. 63, 2013, book 6, pp. 247-254. ISSN 1311-0829.

B cratmsTa e mpencTtaBeHO MPOBEACHO M3CIICBAHE HA XaPMOHUYHHMS ChCTaB HA MarHUTHATA
WHIYKIHS BBB Bb3JyIIHATA MEXIMHA, KOraTo € HEOOXOJMMO Jia Ce H3IMOJI3Ba CKOCSBaHE Ha
CTAaTOPHUTE KaHAM HA CHHXPOHHU XUJAPOTECHEPATOPU PA3IUYHO OT TOBA, KOETO C€ MPErnophiBa B
KJIACHYECKHUTE METOJIU 3a MPOCKTUpPaHe. 3a Ta3W IIe)l € pa3paboTeH W u3noia3BaH 2D cranuoHapeH
MOJIENl C OTYMTAaHE HAa HACUIIAHETO HA MAarHUTHATa CUCTEMa Ha SBHOMOJIOCEH CHHXPOHCH
XHJIPOreHepaTop, KOMTO C€ M3IOJI3Ba KaTo 0a30BHAT MOJICI, M CE OTHACS 3a IpeJHaTa CTpaHa Ha
CTaTOpPHUS IMaKeT B aKTHBHATa 4acT Ha MammHara. OT 0a30BUsS MOJEN C€ MOJydaBaT MOJCIH 32
MOJICJIUPAaHEe HAa MAarHUTHOTO II0JIE B MEKJIWHHH CEYCHHS, PA3IMOJIOKCHH IO IMPOTESIKEHUE Ha
aKcHajHaTa JbJDKHHA HAa CTATOPHHS MakeT. Te ca paBHO OTJAJICUYCHU €HO OT JIPyro. BbB BCSIKO OT
TAX, POTOPBT € 3aBBPTAH CIPSAMO CTAaTOpa Ha BrbJI, TOJCMHUHATa Ha KOUTO 3aBHCH OT
MECTOIIOJIOKEHUETO Ha PAa3TIIekKTAHOTO CEUCHHE CIPSMO YEITHOTO TaKOBa, T.€. CHIISCTBYBA
3aBHCUMOCT MEXK]Ty IOJIOXKCHUETO Pa3riIekKIaHOTO CECUCHHE U bI'bjIa HA 3aBbPTaHEe Ha poTtopa. Haii-
3aJIHOTO CEUYCHHUE € PA3IOJI0KEHO B Hali-3a]HaTa YacT HA CTATOPHHUS MMAKET U € 3aBBPTIHO CIIPSIMO
0a30BOTO Ha BI'BJI PABEH HA BI'BJA HAa €IHO KaHAJIHO jeleHue. V3cineaBaHusaTa ca IPOBEACHH MPH
TPU CTOMHOCTH Ha BI'bjIa Ha CKOCSABAaHE HA CTATOPHUTE KaHa/M - B rpaHuiy ot 0.75ak 10 1.250k.
[IpencraBenn ca pe3yiaTaTd 3a pasnpelelicHUETO Ha MAarHMTHATa WHIYKIWS BBB BB3AYIIHATA
MEXJIMHA B pa3indHuTe ceueHus. O0eAMHIBAHETO HA Pe3yATaTUTE 32 BCUUKH Pa3TieaHd CEUCHUS
JaBa BB3MOXHOCT 3a IMOJy4aBaHe Ha €KBHBAJICHTHO KBa3W 3D mpocTpaHCTBEHOTO pasmpeiciieHue
Ha MarHUTHAaTa MHOYKIUS 3a €IWH MOJIIOC Ha XuaporeHeparopa. OmpeneneH € XapMOHHYHUS
ChCTaB Ha MPOCTPAHCTBEHOTO pa3Npec/iCHNe Ha MAarHUTHATA HHIYKIIUS BHB BCHUKH PA3TIICKTaHH
CEYEHHUs, TaKa U Ha €KBUBAJECHTHUTE (YHKIIMU HA MPOCTPAHCTBEHO pa3NpeielieHre Ha MarHUTHATA
unaykius nocpeactsom FFT (Fast Fourier transform). 3a Ta3u nen e pa3paboTeH U34YMCIUTENEH
Moayn, wusnom3Ban] Oubmuorekutre Ha Matlab/SIMULINK. W3yncinenn ca MpOLIEHTHUTE
CHOTHOIIICHUS Ha 350HUTE XapPMOHHUIIA CIPSIMO OCHOBHHS XapPMOHHMK Ha MAarHUTHATa MHIYKITUS 32
BCUYKU Pa3MIeKJaHU BapHaHTH M € OmNpejelieHa € ~cpeqHaTa TeKecT Ha 3bOHUTE XapMOHMIIH
CIPSIMO OCHOBHHSI.

Hayuno-npuio:xuan npuHocu: Pa3paboTeH e anropuTbM 3a ompeersiHe Ha 3aBHCUMOCTTa Ha
XapMOHWYHHSI CHhCTAaB HAa MarHWTHATa WHAYKIUS BBHB BB3YIIHATA MEXKIMHA OT CKOCSBAHETO Ha
CTATOPHUTE KaHAIM, KOMTO C€ CHCTOW OT KOMMIOTHPHO MOJENMpPAHE Ha ENEKTPOMArHUTHOTO TONE B
cuHxpoHHust xuaporeneparop u FFT moxyn B Matlab/SIMULINK. Toit e npuioxum 3a onpesernsHe Ha
ONTUMATHOTO HUBO Ha 35OHUTE XapMOHHUIM HA MarHUTHATA MHAYKLKUS TPH Pa3IMYHU BIIIM HA CKOCSIBAaHE
Ha CTAaTOPHUTE KaHAIM OI¢ B eTara Ha MPOCKTUpPAHE KAaKTO HAa CHHXPOHHM, Taka M HAa aCHHXPOHHH
MAIIIMHH.

19. Rizov, P., St. Vichev. Short circuit voltages correlation in voltage transformer primary
windings. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 6, pp. 255-
262. ISSN 1311-0829.

JIoKmabT mpeacTaBsi W3ClenBaHe Ha BB3MOXKHOCTTA OT TOSBSBAHE Ha HAMpPEKEHHE C HyJeBa
MOCIIEIOBATETHOCT HA BXOJa HA IM(POBHUTE 3alllMTH HA CHMHXPOHEH T'€HEepaTop BCIEACTBHE Ha KHCO
ChbeIMHEHNE B IMBPBUYHUTE HAMOTKM Ha H3MEpBATEIHUTE HarpexeHoBH TpaHcopmaropu (HT)
CBBP3aHU KbM H3BOJIMTE HA T€HEpaTopa, B Pe3yaTaT Ha KOETO MOXKE J]a C€ IOCTUTHE JI0 M3JIUIIHOTO MYy
W3KITIOUBaHe. l3cremBaHeTo € TPOBENCHO Ype3 aHalM3 Ha 3alucuTe Ha IM(POBUTE 3alUTH M
MPOBEXKIaHE Ha (PU3MUYECKO MOJICIIMpPAHE B TAOOPaTOPHU YCIIOBHSI, KATO € CUMYJIMPAHO HATUMYMETO Ha HA
KbCOCheMHEHN HaBuBKM B HT. AHanM3bT Ha pe3yatature OT NPOBEIECHOTO W3CIIEABAHE, JaBa
OCHOBaHHME J1a C€ M3rPa/ii XUIOTe3aTa, Ye NPU HAIMYME HA HA KbCOCHEAMHEHU HABMBKU B ITbPBUYHATA
HAMOTKa ce HaOMoIaBaT TPOTUBOACHCTBAIM CH TIPOLIECH. YBEIMYaBaHETO HAa Opos Ha Ha
KBCOCHhEIMHEHUTE HABMBKY BOJIM JI0 HAMAIISIBAHE HAa Koe(hUIMEHTa Ha TpaHCchOpMAalUsl U HAMPEKESHUETO
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Ha BTopuyHata HamoTka Ha HT wHapactBa. OT apyra crpaHa MOSBSBAHETO HAa HA KbCO ChEIMHEHU
HABUBKM BOJIM [0 OOpa3yBaHE Ha Ha KbCO CBHEIUHEH KOHTYp, B KOWTO MpOTHYAa TOK OKa3Balll
pasmarauTBanlo Bb3aeicTerue B HT.

Hayuyno npuHocn: AHaIM3BT Ha PE3YNITATUTE OT IPOBEACHOTO MU3CIIE/IBAHE, 1aBa OCHOBAHUE J1a
Ce M3IpaJid XWIIOTEe3ara, Ye MPH HAIUYME Ha HAa KbCO ChEJAWHEHHM HABHBKH B ITbPBUYHATA HAMOTKA CE
Ha0JI0/1aBaT MPOTUBOJCHCTBALIM CH IPOLIECH. YBEIMYaBaHETO Ha Oposi HA Ha KbCO ChEAWHEHUTE
HABMBKH BOJIM JI0 HAMAISIBAHE HA KOS(HIIMEHTAa Ha TpaHChOpMAIMs ¥ HAPESKCHUETO Ha BTOpUYHATA
HamoTka Ha HT napactBa. OT apyra crpaHa NOSBSBAHETO HA HA KbCO ChEIMHEHU HAaBUBKH BOJM 0
o0pa3yBaHe Ha Ha KbCO ChEIMHEH KOHTYP, B KOMTO MPOTHYA TOK OKa3BaIll pa3MarHUTBAIIO Bb3CHCTBIE
B HT.

Hayuno-npuioxuu mnpunocu: I[lpuunnHa 3a mosiBaTa Ha HanmpeKeHHME C  HyJeBa
MOCJIEIOBATENTHOCT € ChOTHOILICHHETO Ha BTOpHUYHUTE (ha3Hu Hanpexenus Ha HT npu k.c. B mbpBUYHUTE
HABMBKM Ha €JIMH OT TsX. TOBa € psijika MOBpe/Ia, KOSTO B JIMTEPATypaTa Ce CBbP3Ba C MPEHAIIPEKEHUS
npu (epope3oHanc. B pasriexnganus ciaydail 3armicuTe B 3alUTHTE HE OTTOBApST HA HAJIUYME HA
(hepope3oHaHc.

20. Vichev, St., P. Rizov. Synchronous generator relay protection redundant trip by voltage
transformer fault. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 6, pp.
345-350. ISSN 1311-0829.

B cratusita ce m3cieaBa OnacHOCTTa OT HM3JIMIIHO 3apa00OTBaHE Ha 3€MHATa CTaTOpHA
3allMTa Ha TOJEeMHM CHUHXPOHHHM TypOOTreHepaTopd B CIEACTBHE HA IOBpeAa B I'bPBUYHHUTE
HaMOTKH Ha HarpexxeHoBute Tpancopmaropu (HT), cBbp3anu kbM uzBoaute um. Mscnenpanu u
aHAJM3UPAaHU ca 3alMCUTE B PETUCTPATOpPUTE Ha TOBpPEIUd Ha KOHKpPETeH TypOOreHeparop.
[IbpBOHAYaTHUTE TOMYCKaHUs ca OWJIM, Y€ € HaJlule NpoOUB B M30JalMATa Ha TeHeparopa. [Ipu
aHajiu3a ce yCTAHOBH, 4Ye He ca 3apaboTHiu JudepeHIHaTHUTe U TOKOBUTE 3alllUTH, T.e. HAMA
OCHOBaHHE 3a 0E3MOKONWCTBO OTHOCHO M30JIallMsiTa Ha CTATOPHUTE HAMOTKHM Ha reHepartopa. He e
3apa0oTHIa U MAaKCUMAJIHO HampeXeHoBaTa 3amuTa. To3u (akT oTXBBpIIsA MPEINOI0KEHUETO 3
HaJIM4YuMe Ha TpallHO TNpeHampexeHue. Bb3HuUKHAa XumoTe3aTa, 4Ye M3KIOYBAHETO Ha
TypOoreHepaTopa € HNpeJu3BUKAaHO OT I0JIaJIeHAa HEeBApHAa MH(OpMaIMs KbM 3alIUTHOTO peJe,
U3TOYHUK Ha KOATO Cca MW3MEpPBATEIHUTE HANpPEeXEHOBH TpaHchopMmaropu. AHAIU3BT Ha
OCLMJIOTPaMHUTE Ha HAIPEKEHUATA MOKa3Ba, Y€ Te C€ U3MEHAT CKOKOOOPa3HO, KOETO Ce ABJKU Ha
CKOKOOOpa3HU IMOBUIIaBaHMs Ha Koe(UIIMEeHTa Ha TpaHCpopMalus Ha €lIWH OT HANpEeKEHOBUTE
TpaHnchopmaropu. To3u edeKT ce moxydaBa Mpu HaJIM4KME HA MEXyHaBUBKOBO KbCO ChEIMHEHHE
B bpBHYHaTa HaMoTKa Ha HT. IIbpBoHavanHaTa npuynHa 3a MOSBABaHE HAa MEKIyHaBUBKOBOTO
KbCO CBEAMHEHHE € He J00pO JIOKaHO M3MbJIHEHHWE Ha MEXIyHAaaBUBKOBAaTa M30JallUs.
CTpnajoBUIHOTO HApacTBaHE HAa BCHUYKM HAINPEKEHHS, BKIIOUUTEIHO M Ha HAMPEKEHHETO C
HyJIeBa IOCJIEJOBATEIHOCT, C€ IBJDKM Ha (akra, 4e OposAT Ha KbCO CHEIMHEHHTE HABUBKU
HEINPEKBCHATO CE€ YBEIM4YaBa, ThI KAaTO Mpe3 TAX MpOoTHYa royisiM Tok ToM rm 3arpsiBa u mporueca
Ha pa3pyllaBaHe Ha MEKIyHaBUBKOBAaTa N30Jallysl CE pa3pacTsa.

Hayuynn npuHocum: JlokazaHa e XxumoTe3aTa, Y€ HW3JIMIIHOTO U3KIIOYBAaHE Ha
TypOorenepaTopa ce AbKM Ha BiomeHara uzonauus B HT Ha enna ot ¢asute, B pe3yirar Ha
KOETO MPH HAJIMYME Ha CUMETPUs MeX 1y (a3HUTE HapexKeHHs Ha TypOoreHeparopa, ce noiydana
HE CHMETpUS MEXJy BTOPUYHHTE HANpEeKEHUS Ha H3MepBaTeHUTEe TpaHchopMaToOpu U
HaIpeKeHUe ¢ HyJIeBa MOCIE0BaTETHOCT.

IIpnioxun npuHocu: Pesynrarure OoT HanpaBeHOTO H3CIEABAHE, ca IPUIIOKEHU INpHU
aHajlu3a Ha MPOLECUTE IPHU aBAPUMHOTO HM3KIKOYBAHE Ha TrojisiM TypOoreHepaTop B €1HA OT
rojeMuTe ejekTpoueHTpain B bwiarapus. IlpectosT Ha TypOoreHepaTopa B HepabOTelo
ChCTOSIHUE O€ CBKpaTeH N0 HSAKOJKO JHHM, B PE3yJTaT Ha KOETO Osxa u30erHaTd ToJIeMH
¢duHaHCOBH 3aryOH.
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21. Aleksandrov, S., P. Rizov. Development and research of synchronous generator with axial
magnetic field. Proceedings of the Technical University — Sofia, vol. 64, 2014, book 4, pp.
15-22. ISSN 1311-0829.

CratusTa € HOCBeTEeHa Ha pa3paboTBaHE U U3CJIEIBAHE HA EKCIIEPUMEHTAIHA KOHCTPYKIIHS
Ha CHHXPOHEH I'€HepaTop ¢ Bb30YKAaHEe OT MOCTOSHHU MAarHUTH, IPH KOWTO pabOTHHUS MarHUTECH
NOTOK BBB BB3JAYyIIHATa MEXKIUMHA € HACOYEH B aKCHallHa IOCOKa CHPSMO OCTa Ha BBPTEHE.
Pa3paboTenu ca yeTwpu BapuaHTa, KOMTO CE pa3jIW4aBaT Mo Opos HAa HABMBKHUTE B CTATOPHUTE
000uHM 1 pa3Mepa Ha Bb3yIIHATa MEXIUHA. 3a U3CIE€IBaHE H HA MarHUTHOTO I10JI€ B TEHEPaTOpa
€ pa3paboOTeH 3a KOMIIOTHPEH MoJiell, 0a3upaH Ha METOAA Ha KpaliHUTE €JIEMEHTH, Ype3 KOUTO ca
U3CIIEeIBAaHN PA3IMYHUTE BapUaHTH B PEXHMM Ha IMpa3eH Xoja Ha reHeparopa. IIpencraBenu ca
pe3ynTaTd 3a paslpeAeiCHHETO Ha MAarHUTHUTE CWJIOBH JIMHMM M MarHWTHAaTa WHIYKIUS B
HAlpeyHOTO CEYCHHWE Ha TEeHepaTopa, M IMPOCTPAHCTBEHOTO pasNpelelieHne Ha MarHUTHAaTa
MHIYKIUS BB BB3AYIIHATA MEXKIUHA. 3a MPOBEXKJaHE HAa EKCIEPHUMEHTAIHUTE W3CICABAHUS €
u3pabOTeH ONWUTEH TMPOTOTHI, 4Ype3 KOWTO ca U3CIEABAaHM UYETHPUTE BapuUaHTa Ha
eKCIIepUMEHTAIHATa KOHCTPYKIH. OT CHETHTE OCLMIIOTPAaMH € ONpe/IeiieH bI'bjla Ha edasupaHe
Mexay (asHuTe HampexeHus u mysicaiuure Ha Toka cien AC/DC  mpeoOpasysartens mnpu
pa3IMYHN CTOWHOCTH Ha TOBapHHsA TOK. OmpeneneHa € 3aBUCHMOCTTa Ha HANPEKECHHETO Ha
CHHXPOHHHSI TEHepaTop oOT oboporute. Pe3yarature OT KOMHIOTBPHUTE CHMYJIAaUUH U
eKCIIEpUMEHTUTE JO0Ka3BaT (u3ndeckaTa aJeKBaTHOCT Ha pa3paboTeHaTa eKCIepUMEHTAlIHa
KOHCTPYKIIUS, KOETO € TIPaBH MPUIIOKMUMA B TIPAKTHUKATA.

Hayunn npunocu: Pazpaboren e koMImoTbpeH Mozen B cpeaata Ha FEMM 3a uscnenBane na
pasIpeeieHIeTo Ha aKCHaTHOTO MAarHUTHO IOJIE B TEHEpaTopa ¢ OTYMTaHe Ha PEATHOTO HACHINAHE HA
Mar"HurHarta CUCTEMaA.

Hay4yHo-npHJI05KHH MPHHOCH: AHAIM3BT HA PE3YTaTHTE OT KOMITIOTHPHOTO MOJCIHPaHEe U
eKCIEpHIMEHTATTHOTO M3CJIe/[BaHE TO3BOJIABA Ja CE€ MOM00pH KOHCTPYKIMSTA Ha T'€HepaTopa Mo TaKbB
HA4WH, Y€ J1a ce HaMaJlM pa3ceiBaHETO MEXKTy MOJIIOCUTE, JIa C€ OMPEAENH ONTHMAIHOTO ChOTHOIICHUE
MEX/y HABUBKUTE Ha CTATOpHHTE (pa3u v pa3Mepa Ha BB3AYyIIHATA MeKINHA.

22. Rizov, P., R. Spasov, Ts. Stoyanov, V. Zahariev. Determining the dependency of the flux
linkage from the load in syn-chronous machines with permanent magnets for hybrid
automobiles. Proceedings of the Technical University — Sofia, vol. 64, 2014, book 4, pp. 97-
104. ISSN 1311-0829.

Cratusgra npeacraBsad HM3CJICABAHC Ha HN3MCHCHHETO Ha (i)aSHI/ITe IIOTOKOCIICIIJICHUS B
3aBUCUMOCT OT HATOBAPBAHETO B CUHXPOHHHU JBUTATENIM C MOCTOSHHM MAarHWUTH, W3IMOI3BAHU B
XUOPHUIHA aBTOMOOWIH. 3a MPOBEXKIaHE HA M3CIEABAHETO € pa3padboreH 2D KOMIIOTHPEH MOIET
3a MOJieNUpaHe Ha ENEeKTPOMATHUTHOTO MoJie, 0a3upaH Ha MeToJa Ha KpalHUTEe eleMeHTH. B
KJIACHYEeCKaTa TEOPHs Ha EICKTPUICCKUTE MAIIIUHHM, C 1€ OMPOCTSABaHE HA MOJIEIa Ha MAIllNHATA,
YpaBHEHUATA HA HAMPEKECHUSITa ce TpaHCHOpMHUpAT OT CHCTEMa C TP HEU3BECTHH B CHCTEMA C
JIBE HEM3BECTHH. 3a Ta3M IIeJ1 Ce MPEMHHABa OT KOOpJMHATHA ccTeMa abC-HEeMOIBHKHO CBbp3aHa
ChC CTaTopa KbM POTOPHA KOOpAMHATHA cucTema dq, - BbPTSIA Ce ChC CHHXPOHHA CKOpPOCT. 3a
ompeneNsiHe Ha TMOTOKOCIEIUICHUSITA C€ HW3MOJ3BAaT MHIYKTUBHOCTH, KOWUTO C€ HW3UYUCISABAT B
mpoleca Ha MPOEKTUPaHEe MO KIACHYECKUTE aHAJTUTHUYHU METOIHU, 03 OTYMTAHE HAa HACUIIIAHETO
Ha CTOMaHaTa. BB3MOXXHO € Ja ce M3MOoJ3BaT M MOAXOAM C MpHJIaraHe Ha MeTo/la Ha KpailHu
CJICMCHTHU 3a MOACIIMPAHC HA MATHUTHOTO ITOJIC B CHHXPOHHH ABUTAaTCJIU C ITIOCTOSSHHU MArHUTH.

Hayuynn npuHocu: Pa3zpaboTreH € HOB MoAXoA 3a omnpenensHe Ha (da3HHUTe
MOTOKOCHCIUVICHUA B CUHXPOHHHU ABUI'AaTCIA Ha 6333 MOJIYUYCHUTC PE3yJITaTu OT MOIACIHNPAHC Ha
MarHUTHOTO TI0JIE C METO/a Ha KpailHU eIeMEHTH B PEKHUM Ha T€HepaTop MpHU pa3inyueH XapakTep
Ha TOBapa. C Hero ce mocThra mo-rojisiMa TOYHOCT Inpu OompeaACIdHCTO Ha MOTOKOCHCIJICHUATA
nopaau (Qaxrta, 4ye ce OTUMTA PEaTHOTO HACUIIAHE Ha PA3JIMYHUTE Y4acThIM HA MarHWTHaTa
BEpUra.
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Hay4yHo-npuioskHu NpuHOcH: Pa3paboTeH € ainropuTbM 3a ompeaensHe Ha (a3HuTe
HOTOKOCLEIUIEHHs ya, yb, yc, a oT TAX U noTokocuerieHusara yd, yq. Pazpaboren e codryep B
cpenatra Ha Excel 3a 00paboTka Ha 4YHCICHHUTE pE3YNTaTH M H3YMUCIsIBaHEe Ha (a3HHUTE
norokocueruieHus. OnpeneneHu ca 3aBUCUMOCTUTE Ha (Da3HUTE MOTOKOCLEIUIEHUsS OT bIbjia Ha
HATOBApBaHE U CTaTOPHUS TOK.

IIpunoxkun npuHocu: PazpaboTeHnTe KOMIIOTHPHU MOJIENH U aJlTOPUTMH Ca BbBEJICHH B
oOyueHnero Ha cTyaeHTH B Enexktporexnmuecku ¢(akynrer Ha TeXHUUECKH YHUBEPCUTET —
Codus.

23. Spasov, R., P. Rizov, V. Zahariev, Ts. Stoyanov. The Application of the Finite Element
Method for Determining the Torque and the Losses in the Steal's Teeth in the Stator of a
Synchronous Machine with Imbedded Permanent Magnets. Proceedings of the Technical
University — Sofia, vol. 64, 2014, book 4, pp. 161-170. ISSN 1311-0829.

B cratusita e mpencraBeH MOAXOA 3a ONpEAEisHE Ha ENEeKTPOMAarHUTHHUS MOMEHT H
3aryOuTe B CTOMaHara II0 BHCOYMHA HAa CTAaTOPHUTE 3bOM BBbB (PYHKIMS OT YECTOTa Ha
3aXpaHBaIOTO HAPEKEHUE B CHHXPOHEH JABHUraTeN ¢ Bh30yXKJAaHE OT BHTPEIIHO PA3MOJIOKEHU B
poTOpa TOCTOSIHHM MarHUTH. KbM eneKTpuuecKuTe [BUraTelld M3MOJ3BaHU B XUOPUIHHUTE
aBTOMOOMJIM C€ HajaraT M3UCKBAHHUA II0 OTHOIIECHUE Ha mojJrydaBaHaTa MOIIHOCT OT CIHMHHUIIA
o0eM, ¢ KOeTOo ce IeJIM HaMalsiBaHe Ha TerJIOTo Ha aBToMoOuma. Te3u W3uCcKBaHUS HajaraT OIlle B
€Talla Ha NPOCKTHPAHC Ha ABUI'AaTCIUTC MHOTO MPCHU3HO Aa C€ M3YHUCIAT MOMCHTA U 3aFY6I/IT€ B
Tax. EOuH OT chBpeMEHHHTE MOAXOAU 32 HM3YMCISBAaHE HAa TE3M MapaMeTpu € Oa3upaH Ha
MoOJIeJIMpaHe Ha MarHUTHOTO TOJie, Ype3 METO/a Ha KpalHUTE eIeMEHTH. 3a Ta3| IIeJl B Ccpeara
Ha copryepa “FEMM” ca pa3paboTeHH KOMIIOTHPHH MOJETH Ha JBa CUHXPOHHH JBUTATENH C
BbTpEIHN “V” 00pa3HO pa3moJIOKEHM MarHUTH B pOTOpa H pas3inueH Opoil TMOJOCH.
EnexTpoMarHuTHHST MOMEHT c€ ompenens N0 KPbroB KOHTYp, pAa3MOJIOKEH B cCpenara Ha
BB3AyIIHaTa MeXauHa. [lo BucounHa Ha CTaTOpPHUTE 3bOM, MPUHAJJICKAIIA HA €IUH TIOJIOC, ca
neduHUPaHU KOHTYPH, 10 KOUTO C€ OMpeAeNss M3MEHEHUETO Ha MHAYKUuATa B TAX. [lomydeHure
CTOMHOCTH 3a MHIYKIMATA C€ M3MOJ3BAT 3a ONpEeNsiHe Ha 3aryOUTe B BbB 3b0UTE B 3aBUCHMOCT
OT YeCTOoTaTa Ha HAPEKEHUETO.

Hayuynu npunocu: Pa3paboTeH e HOB MOAX0/ 3a ONpPEesiHe Ha 3aryOUTe B CTOMaHaTa Ha
CTAaTOPHHUTE 3b0M B CHHXPOHHU JIBUTATENM C OTYHTAHE HA PEATHOTO HACHUIIIAHE HA CTOMaHaTa Io
BHCOYMHA Ha 350a. [1oaX0IbT U3MOI3BA PE3YNTATH, MOTYYEHUTE OT MOJCIMPAHEe HAa MarHUTHOTO
M0JIE C METO/1a Ha KpaliHU enleMeHTH. [Ipu Hero ce mocTura no-rojisiMa TOYHOCT IIPHU U3UMCIISIBAHE
Ha 3aryouTe nmopaau (pakra, 4e ce€ OTUYNTA PEeaTHOTO HACHINAHE B PA3TUYHUTE yUaCTHIM Ha IsiaTa
MarHuTHa BepuUra Ha JABUTarenurte. Pa3paboTeHW ca MaTeMaTWYHU aNTOPUTMHU U CHOTBETHHTE
coTyepu 3a H3YUCIIABAHE HA 3aryOHMTE B CTOMHATa Ha 350uTe B MatLab u EXxcel.

Hayuno-npuno:xkuu npuHocu: Pa3paboreH e airopuTbm 3a ONpeAensHE Ha
CIICKTPOMAariuTHUs MOMCHT B CMHXPOHHH JABUTATCIN C IMOCTOAHHW MAarHuTH, M3IOJI3Ball METOIA
Ha KOMITIOTBPHO MOJIENIMPaHE Ha eJIEKTPOMAarHUTHOTO TOJIE.

IIpuiaoxun npunocu: PazpaboTeHuTe KOMIIOTHPHU MOJEIU U aTOPUTMHU Ca BbBEICHU B
oOydeHueTo Ha CTyaeHTH B Enextporexanuecku dakynrer Ha Texaudecku yHuBepcuteT - Codust

24. Sotirov, D., V. Filipov, P. Rizov, A. Bahchevanski. Study and comparison of the
characteristics of salient and non-salient synchronous hydro generators Proceedings of the
Technical University — Sofia, vol. 64, 2014, book 4, pp. 171-180. ISSN 1311-0829.

B crarusra e npezncraBeH MeTOJl 3a U3CJIEABAHE U OLICHKA HA KayecTBaTa Ha SIBHOIOJIIOCHU
U HESIBHOIIOJIOCHU CHHXPOHHH XUAPOTeHEepaTopu. MeToabT € 6a3upaH Ha CPaBHUTEJICH aHAIIN3
Ha J[BaTa BapMaHTa Ha KOHCTPYKIMUTE Ha XUAPOTEHEepaTopuTe. 3a Ta3u Lejd ca pa3padoTeHu

2D mMopenu 3a MojaenupaHe Ha €JIEKTPOMArHUTHOTO IOJIe upe3 mporpamHus npoaykt FEMM u
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IpOrpaMHUsl MOJIYJIa 3a CJICKTPOMArHUTHU n3vncieHus u aHammsu Maxwell Exprt. Hanpasena e
OLICHKA W CpaBHEHHE HAa OCHOBHHU IOKa3aTesM Ha T€HEpaTOpHUTEe, KaTo 3aryOum u KOepHUIMEeHT Ha
II0JIE3HO JIEHCTBUE, XapMOHUIIM Ha TEHEPUPAHOTO HAIIPEKEHUE, Pa3X0o/l Ha aKTUBHU MaTepHali U

TPYA 3a IPOU3BOACTBO.

Hayuynu npunocu: Cb3ajgeH € HOB METOJ 3a OLIEHKAa Ha OCHOBHHUTE IOKa3aTelud Ha
CUHXPOHHHM XHJIPOTEHEpAaTOpU 3a CpeAHa MOIIHOCT C HESBHOMOJIOCHA U SIBHOMOJIOCHA
KOHCTPYKIIUSI HA POTOpA.

HayuHo-npuio:xxuu npuHocu: HampaBeHu ca M3BOJM 3a MPHJIOKUMOCTTA Ha €HATa WM
Jpyrata KOHCTPYKIIMSI Ha poTOopa B 3aBUCUMOCT OT IIOCTAaBEHUTE HW3UCKBAHUS KbM
xuaporereparopure. [Ipennoxkenara MeToaMKa 3a OLIEHKAa € MPHJIOKKMMa 3a M300p Ha TUIa Ha
poTopa MpU MPOCKTHUPAHE KAKTO HA CIWHUYHM oOpas3iy, Taka W Ha CEPUU CHUHXPOHHHU
XUIPOTE€HEPATOPU CHC CPEIHA MOIIHOCT.

Ipunoxuu npuHocu: Pesynratute oT U3jieABaHUATA Ca MIPUIIOKEHHU MPU MTPOCKTUPAHE HA
HOBU KOHCTPYKIMHU Ha XUApOreHepaTopu npoussexaanu B “Ennpom 3EM* AJl.

25. Rizov, P., V. Gueorgiev. Influence of the Regime of Excitement of the Turbo-Generators on
the Stable Work of the Own Needs Supply. Proceedings of the Technical University — Sofia,
vol. 66, 2016, book 1, pp. 19-28. ISSN 1311-0829.

B crarusiTa e npeacraBeHo € u3cieBaHe Ha MPUYMHUTE JOBEIH 0 U3KIIOYBAHE HA YacT OT
CHOPBKEHHUATA HAa COOCTBEHUTE HYKIU Ha TOJIIMa €JIeKTpUuYecKa IleHTpaia B bbirapus, cien
eaHo(a3HO KbCO ChEIUHEHHWE Ha EJEKTPONPOBOJ CBBP3aH KbM H3XOJa Ha ILEHTpanara. 3a
IPOBEKIaHE HA M3CIEABAHETO € Pa3pabdoTeH KOMIIOThPEH Mojen B cpenara Matlab — Simulink
3a cuMynanus Ha nporecure. Moaenst BritouBa mmHu 400 u 220 kV, ocHOBHE TpaHchopmaropu,
TpaHchopMaTopu COOCTBEHU HYX[H, TpaHC(HOPMATOPH 32 PE3EPBHO 3aXpaHBaHE Ha COOCTBEHHTE
HY)XIM, CHHXPOHHU TypOoreHeparopu c TrojisimMa MoInHocT, cekuuu 6.3 u 04 kV or
€JIEKTPO3aXpaHBAIUTE CUCTEMHU Ha COOCTBEHUTE HY)KIU HA CHUJIOBaTa YCTAaHOBKA. AJIEKBaTHOCTTA
Ha pa3paboTeHuss MoOJed € TpPOBEpEeHa IOCPEACTBOM CpaBHEHME Ha OCLUJIOTpaMUTE U
BEKTOPHHUTE TUArpaMy Ha HalpeXeHUsATa MOJIy4eHHU OT pa3pabOTEeHHs MOJEN U peaHO 3aCHETH
OCLIMJIOTpaMU M BEKTOPHU JMarpaMud Ha HalpeKeHHsTa, 3alUCaHd B PErucTpaTopure Mpu
enHo(a3sHO KbCO ChEIUHEHHWE Ha e€AHa OT (a3ure B EJIEKTPONPOBOJUTE B OJIU30CT [0
enekTpuyeckara neHtpaia. [lonydyenu ca ocuuiaorpaMu U BEKTOPHU JUarpaMy Ha HaIpeKEHUsTa.

Hayynu npuHocu: Pa3paboTeH e mojaxoa 3a M3cie/BaHe Ha IPOLECHUTE, ONpeAessIu
YCTOMYMBOCTTA Ha €JIEKTPOTE€HEepHUpaIld EJIEeKTPUUECKU CHUCTEMH, NMPU HAIWYUE Ha CMYIlaBally
BB3/ICHCTBUS B CBBP3AHUTE KbM TAX €JIEKTPOIPOBO/IH.

HayuHno-npujoxuun npunocu: J[okazana e xumnoTesara, ue padoteny TypOOreHeparop € B
CBCTOSIHME J1a TOJIbp’Ka HUBOTO HA HANPEXEHHE Ha CBOMTE LIMHHU, a OT TaM HECHMETpUATa Ha
HaIpe)KeHUsiTa Ha HEroBuTe COOCTBEHU HYKIU € MHOTo mo-manka. HampaBeHu ca u3Boja, ue
pe’kuMa Ha Bb30Y)KIaHe Ha FeHepaToOpUTe € OINpenelisll 3a CTAOMIHOCTTAa Ha HANPEXKEHUsATa MpH
€BEHTYyaJJHU KbCH ChEJAMHEHHS B €JIEKTpOCHEpruiiHata cucrema. HampaBeHa e mpemnopbka, ye
ujesTa Jia ce HaMalu Bb30yIUTETHHS TOK, 3a J1a C€ YBEJIUYM FeHeprpaHaTa aKTUBHA €HEprHsl WIN
3a Jla ce M3MOJ3BaT IeHepaToOpuTe 3a KOMIICHCHpaHE Ha KamalUTHBHA €Heprusi, TpsOBa na ce
IPOBEPU U OT IJIEJHA TOYKA CTAOMIHOCT Ha CHCTEMA.

Ipunoxuu npunocu: [[oxazaHo e, 4ye cuiiHATa HECHUMETpHUs B JHMHEHHUTE W (a3HU
HanpexxeHus: Ha mmHU 0,4 KV Ha cOOCTBEHHUTE HYXKIU Ha HepaboTen TypOoreHeparop, BOIU 10
3aJieficTBaHe HA MUHUMAJIHO - HalIPEKEHOBUTE pejieTa, KOUTO U3KIIIOUBAT YacT OT ChOPBKEHUATA.
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26. Gueorgiev, V., P. Rizov. Study of the Possibility for Backup Power Supply Changeover on
Medium Voltage Busses, Supplying Power Pump Aggregates. Proceedings of the Technical
University — Sofia, vol. 66, 2016, book 1, pp. 29-36. ISSN 1311-0829.

CratusTa npeACTaBs M3CJIEABaHUA Ha PEKMMHU Ha IPEBKIIIOYBAaHE Ha 3aXpaHBAHETO Ha 6
KV cekuuu ¢ acCHHXPOHHH JIBHUTATEld OT €IWH KbM IPYr 3axpaHsail TpanchopmaTop, 0Oe3 aa
Ce HaJlara CriipaHe Ha MOMIIEHUTE arperaTd 3aBHKBaHM OT TsX. Lle/Ta Ha T€3W U3CIICABAHUS €
Ja ce ONpeNelsaT OIPaHUYHMTEIHUTE YCIOBHS, P KOMTO € BB3MOXHO OCBIIECTBSIBAHETO HA
IPEBKIIIOYBaHeTO, 0€3 Ja ce JoCTMra J0 TpeKbCcBaHe Ha paborara Ha arperarure.
OcobeHocTUTE Ha TO3W HPOLEC Ca CBHP3aHu ¢ (akTa, 4e P M3KIHYBAHE HA 3aXPaHBAILIOTO
HapeXXeHWe, TOMIIEHH arperaTd HPOAb/KaBaT Ja C€ BBPTAT B ChINaTa I[MOCOKA, 3apajiu
3amaceHaTa BbB BBPTAIIMTE CE MacH eHeprus. BeieacTBue Ha TOBa, ABUIATEIMTE IPEMUHABAT
B TEHEPATOPEH pEKHUM, IMOJIbPKAH OT ,HaMaiasBamms MaruuteH mnotok. Cien Karo
CKOpPOCTTa Ha IOMIIaTa CIagHe IO HyJa, BOJHHAT CTHJIO B HarHETATEIHHS TPHOOMPOBOJ
IpEeIU3BHKBA pa3sBbpTaHE Ha arperara B oOpaTHa IIOCOKa, T.€. IOMIIaTa 3alouBa Ja paboTH
KaTo TypOWHA. JIBUraTeNlsaT CBINO Ce pa3BbpTa B OOpaTHa IMOCOKA, HO HE IMpEeMHHAaBa B
FEHEpATOPEH PEKHUM, 3apaad OTChCTBHETO Ha HM3TOYHHK Ha PEaKTHBHA EHEPTHS.
W3crenBanusara Ha Te3W IPOIECH Ca MPOBEAM ChC CTUMYJIAMOHEH MOJEN, pa3paboTeH B
cpenara na Matlab — Simulink.

Hayuynu npunocu: Cb3lazeH € METOJ 3a M3CJIEABaHE Ha IPEXOIUTE IPOIECH, ITPH
NPEBKJIIOYBAHE HA 3aXpPaHBAaHETO HA AaCUHXPOHHHU [BUraTelIM, Ype3 KOMTO ce ompenels
ONTHMAJIHATa TMPOIABIDKMTEIHOCT Ha OE3TOKOBHMsI HMHTEpBAll, KOATO I€ TapaHTHpa YCTOWYHMBA
paboTa Ha MOMIICHUTE arperaTH.

Hayuyno-npuyioxkau mnpunocu: JlepuHupann ca KpUTEpHH 3a OIEHKA 3a YCIEIIHO
NpPEBKIIOYBAHE Ha 3aXpaHBAHETO: MMajJa Ha HANpeXeHHe, BPEMETO 3a BBH3CTAHOBSIBAHE Ha
HAIpeXEHNUETO, CTOMHOCTUTE Ha yIapHUS WM MPEXOAHHs TOK. HampaBeH e u3Bo/a, 4e CTOMHOCTTA
Ha OCTATPYHOTO HAMpPEKEHHE, 3aBUCH OT OpOs Ha MPEBKIIOYBAHUTE CeKnuu. JlokaszaHo e, 4e
MaKCHMaJTHaTa TPOIbDKUTEIHOCT Ha Oe3TOKOBara Iaysa, Hpe3 KOATO € BB3MOXKHO YCIIEITHOTO
CaMOOITyCKaHe Ha JBUTaTenuTe € 1.5 CeKyHau. AKO CaMOOIYCKaHETO HE CE OCBINECTBU B PAMKHUTE
Ha TO3M MHTEPBAJI aBTOMAaTHYHOTO IPEBKIIFOYBAHE Ha 3aXPAHBAHETO € HEBB3MOXKHO.

IMpusoxun npuHocu: [TonyueHnuTe pe3ynTaTu OT U3CIEABAHETO, 1aBaT OCHOBAHHUE Ja Ce
HalpaByW M3BOJA, 4Ye Pa3pabOTEHHs METOJ € TPHIOKHM 3a ONpeesHe Ha HAaCTPONMKHTE Ha
MaKCHUMAJTHOTOKOBH W HANPEKCHOBH 3alllUTH HE CaMO Ha TOMIIEHH arperatd, a BCHYKH
ChOPBIKEHHUS 3a/IBHKBAHU C ACHHXPOHHHU JIBUTATEI

27. Spasov, R., P. Rizov, Ts. Stoyanov, V. Zahariev. Research of the Stator Winding Type’s of
Synchronous Machine with Permanent Magnets to Achievement Maximum Energy
efficiency. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp. 127-
136. ISSN 1311-0829.

B cratusra € mokazaHo M3cienBaHe Ha BIUSHUETO HA BUIA HA CTATOPHA HAMOTKA BBPXY
eHepruiiHaTa e(eKTUBHOCT HAa CHHXPOHHU JBHUTaTeIM C TOCTOSSHHU MAarHUTH, KOUTO ce
U3IIONI3BAT 32 3aJBM)KBaHE HAa XMOPHUIHM €JIEKTPOABTOMOOWIH. 3a TE3W JBHUTATEIH C€ Hajarar
pelnuiia M3MCKBAHUS 1O OTHOUIEHHWE Ha MOJTydaBaHaTa MOIIHOCT OT €IMHHUIA 00eM, ¢ KOeTO ce
e HamajsBaHE Ha TETJOTO Ha aBTOMOOWIA W TIOCTUTaHE HAa MAaKCHMalHa EHEeprHifHa
e(eKTUBHOCT TpHU NpeoOpa3yBaHe Ha EJIEKTpUUECKaTa CHEprus, 3amaceHa B aKyMYJIATOPHHUTE
Oarepun, B MexaHuyHa. M3cieaBaHeTo € MpPOBENEHO IOCPEACTBOM METOAAa Ha KOMITIOTHPHO
MOJIeIMpaHe Ha MarHUTHOTO ToJie B Burarens. Pa3spaborenu ca 2D crannoHapHU MOJenu ¢ Tpu
BHJIa CTAaTOPHU HAMOTKH: CTaHJIapTHa Tpuda3zHa HaMOTKa ¢ Opoil Ha KaHa W 3a Mmojioc U (asza
q=2; nBe He3aBHCHMHU Tpu(pazHu HAMOTKU ¢ q=1 u mectdaszHa Hamorka ¢ q=I1. Kputepum 3a
OIICHKa Ha MPEeIMMCTBATa U HEAOCTAaThLIUTE Ha ChOTBETHUS BapUaHT HA JBUTATENS MO OTHOIICHUE
Ha HeroBaTa €()eKTUBHOCT Ca: MPOU3BEKIAHUS OT TAX EJIEKTPOMArHUTEeH MOMEHT M HETOBOTO
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W3MEHEHHE TIpU TPOMSHA HAa TOKOBOTO HATOBAapBaHE W CTOMHOCTTAa Ha MBPBUS XapPMOHUK Ha
€JIEKTPOIBIKELIOTO HANPEKEHNE B PEKUM Ha TeHEpaTop.

Hayuynu npuHocu: Pa3paboTen e merox 3a M3clelBaHE Ha BIMSHUETO HAa BHJA Ha
CTaTOpHAaTa HAMOTKa BbBbPXY €(QEKTUBHOCTTa Ha CHHXPOHHM MamuHH ¢ “V* o0pa3Ho
pa3MoI0KEeHNEe Ha IOCTOSSHHUTE MarHuTH B poTopa. JlehuHupanu ca KpUTEpUUTE 3a ONpPEIEIsHE
Ha eHepruiiHata e(eKTUBHOCT Ha KOHCTPYKLIMHUTE C pa3IMYHU CTATOPHU  HAMOTKHA Ha
CHHXPOHHHUTE MAIIMHU MIPU paboTa B IBUTATEIICH U TEHEPATOPEH PEKHM.

HayuHo-npuno:xxuu npuHocu: HampaBeH e aHanu3 Ha pasriekJaHUTE KOHCTPYKIIMH.
BcenencrBue Ha aHanM3a € 10Ka3aHo, Y€ KaKTO B JIBUTATEJIEH PEXUM, TaKa U B TEHEPATOPEH PEKUM
Hall-100pu €HepruiiHu MOKa3aTelu Ce OCUTYpPSIBAT OT KOHCTPYKIUSATA Ha CUHXPOHHA MalluHa C
JIB€ HE3aBUCUMM HaMOTKHM. HemocTaTbk Ha Ta3W KOHCTPYKIMS € HEOOXOAMMOCTTa OT JBa
WHBEPTOpa W 3HAUYUTEIHO MO-CJIOKHHU AJITOPUTMHU 3a YIpaBieHUE MPH JBUTaTeieH pexxkuM. [lpu
TeHEepaToOpeH PeXUM € HeOOXOIMMO Jia Ce M3IMOoJI3Ba Jedasupall eIeMeHT-KOHCH3aTop B eIHaTa
HaMoTKa. ToBa € TPYIHO OCBIIECTBUMO, Thil Karo B 3aBUCHMOCT OT TOJIEMHHAaTa Ha TOBapa,
Karmaiurera Ha KOHJIEH3aTopa € HeoOXoauMo na Obae mpoMeHsH. HampaBeH € M3BOIBT, Ye TpU
KOHCTPYKIUSATA ¢ IecTda3Ha HAaMOTKa Ce MOCTUTra Hal-100po chUYeTaHue MEKIy MOCTUTAHETO Ha
N00pY €HEPTUIHH XapaKTEPUCTHKU U CTOMHOCT Ha JOIBITHUTEITHOTO 000pyABaHE.

IIpuioxuu npunocu: Pa3paboTeHnTe KOMIIOTHPHU MOJIEIN U AITOPUTMH Ca BbBEJCHH B

oOyueHneTo Ha CTylneHTH B EnekrporexHuuecku ¢akynteT Ha TeXHHYECKH YHHBEPCHUTET —
Codwus.

28. Spasov, R., P. Rizov, V. Zahariev. Ts. Stoyanov. Distributing Transformer for Photovoltaic
Power Stations. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp.
137-144. ISSN 1311-0829.

Cratusta € mocBeTeHa Ha M3Cle/lBaHe Ha paboTaTa Ha MMOBMILIABAIl TpaHchOpMaTop B
3aBHCHMOCT OT XapMOHUYHHUAT ChCTaB Ha 3aXpaHBALIOTO HampekeHue. TpaHchopmaTopbT paboTu
BBB (poTOBOJITAaNYHA eleKTpoueHTpana. CrnennpuyHUTe U3UCKBAHUS KbM Te€3H TpaHC(POpPMATOpH ca
CBBpP3aHM ChC ChBMECTHaTa UM paboTa ¢ MHBEPTOPH, KOUTO T'€HEPUPAT HANPEKEHHE C pa3InyeH
XapMOHHU4YeH cbeTaB. Crannaprute aeduHupar creneHTa Ha ToranHoTo XapMoHMYHO V3KprBsBaHe
(THD) Ha HampexeHHeTO M TOKa B pasmnpeneiautenHuTe mpexu. Mzuucnenumero ma THD e
U3BBPIIEHO Ype3 MOJICJIMPAHETO HAa MAarHUTHOTO Iojie B TpaHc(opmaTopa ¢ IOMOIITAa Ha
copryepuus npoaykt “FEMM” u “LUA” ckpunrtoBe. 3a U34ucsiBaHE HA TOKOBUTE IUIHTHOCTH,
ChOTBETCTBAIIM Ha ChOTBETHUTE XapMOHUIIM Ha TOKA, € pa3pabOTeH aJlrOPUTHM U IPOTpaMeH MOy
B Microsoft Excel. [IporpaMHusaT MOy U34MCIsiBa BCHUKH TOKOBU IUIBTHOCTH Ha HAMOTKA HUCKO
HampexxeHue npu kK-pakrop ot 2 nmo 20, Karo amIIUTYAWTE HaA OTIEIHUTE XapMOHHMIHM ca
ONpeseNieHN CIPSIMO aMIUIUTyJaTa Ha MObpBUS XapMOHHMK. OT pe3ynTaTtuTe IMOJIy4eHU IpU
KOMITIOTBPHOTO MOJEJIMPAHE Ha €JIEKTPOMArHUTHOTO II0JIE Ca M3YMCIEHU NOTOKOCLEIUIEHUATA U
XapMOHHUYHHUS ChCTaB Ha €JIEKTPOJIBUKEIIOTO HAIIPEKEHUE B HAMOTKATa 3a BUCOKO HalpexxeHue. 3a
Ta3u Led ca pa3paboTeHH aJrOpPUTMHU U MPOTPaMHU MOIYJIH B codTyepHara cpena Ha MatLab u
Excel. U3cneaBanu ca 1Ba BUJla KOHCTPYKIIMU HA HAMOTKATa 3a HUCKO HampexxeHue. [IbpBusr Busa e
CTaHJapTHA LUJIMHAPUYHA JBYCJIOMHA HaMOTKa PA3MOJIOKEHA BBPXY €JHO A1po. Bropusr Bun e
MoauduIMpaHa HAMOTKa THII 3UT-3ar, NPH KOSATO BCsiKa (pa3Ha HA HAMOTKA C€ ChbCTOM OT TPU PaBHU
gactu. Te ca pasnosiokeHa IO TPUTE sAApa MO TaKbB HAYMH, Y€ HAMOTKUTE MMAaT MarHUTHAa U
enekTpuyecka cumerpus. JlBata monena Ha TpaHchopMaTop ca € €JHaKBa KOHCTPYKIMS Ha
MarHMTOIIPOBOAA.

Hayuynu npunocu: Cp31aJ1eH € METO/1 3a U3CIIEBAHE HA BIMSAHUETO Ha KOHCTPYKIUATA Ha
HaMOTKa HHMCKO HAIPEXEHHE BbPXY XapMOHHYHM CBHCTaB Ha HAMOTKAa BUCOKO HAIIPEKEHUE B
TpaHcopMaTopy TNpH CbBMECTHaTa MM paboTa ¢ HHBEPTOPH TEHEpUpalld HaMpeKEeHUe C
pa3IueH XapMOHHUYEH ChCTaB.

Hayuyno-npuioxnau npuHocu: HampaBeH € aHain3 Ha M3CieIBaHUTE KOHCTPYKLIUU HA
HaMOTKaTa 3a HHUCKO HAaNpeXeHHe Ha TpaHcpopMmaropa MO OTHOIICHHE HAa HaMalsBaHE Ha
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XapMOHHMYHHUSI ChCTAB Ha HAIPEKEHUETO BHB BTOPUYHATA HAMOTKA 332 BHCOKO HAINpPEKEHUE.
Jloka3zaHo e, 4e Mpu HaMOTKaTa 3a HHMCKO HANpeXeHHe ¢ MOAU(UIUpPAH 3Ur-3ar, CUIHO Ce
HaMaJjsiBa TPETUS U KpaTHUTE MY XapMOHHUIIM, HO IIeHaTa Ha TOBa HaMaJeHUE € CBbP3aHO C
yBenuueHue ¢ 50% Ha HaBUBKUTE Ha Ta3u BUJ HamoTKa. Cb3AaJeHUST METOJ 3a U3Ccje/lBaHEe Ha
XapMOHHMYHHUS ChCTaB HAa MHAYKTHMPAHOTO HANPEKEHHE BHB BTOPUYHA HAMOTKA, IIPHU Pa3IHUUHA
CTENeH Ha HECHHYCOMJATHOCT Ha HANpPEKEHUETO B IbpPBUYHATA HAMOTKA, € MPUIOKUM 3a
U3CIIe/IBaHE Ha TPpaHC(HOPMATOPHU C APYTH KOHCTPYKIIMU HA HAMOTKHUTE 32 HUCKO HaIlPEeKEHUE.
IIpuioxuu npunocu: PazpaboreHrnTe KOMIIOTHPHUA MOJIETH U alITOPUTMHU C€ U3IONI3BAT B

oOyueHnero Ha cTyaeHTH B Enextporexnuuecku ¢(akynrer Ha TeXHUUECKH YHUBEPCUTET —
Codus.

29. Rizov, P., S. Aleksandrov. 3D Thermal Analysis of Double Speed Induction Motor for
Middle Voltage. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp.
471-478. ISSN 1311-0829.

CratusiTa € IOCBEeTEHAa HA U3CIEABAaHE HA TOIUIMHHOTO IIOJIE B JABYCKOPOCTEH
ACUHXPOHEH eNIeKTPOoBUrarTes 3a HanpexxeHue 6 kV, KOMIIOTbPHO MOJAEIUPAHE HA TOIJTUHHUTE
MpOLIECH Ype3 METoJia Ha KpaiHuTe eneMeHTU. B mporpamuus npoaykt ANSYS e paspaboren
3D KOMOIOTBPEH MOJEN 3a YHCIEHO pelIaBaHe HAa YPaBHEHHTA, OMUCBAIIM TOTUIMHHUTE
MPOILIECH, KATO TOILTMHHOTO MOJI€ B IBUTATelNsd IPU HOMUHAJHO HATOBapBaHEe Ce pasriexkaa KaTo
CcTalMoHapHO. B Mozena e oTueTeHO HAJIMYMETO Ha paJualHO-aKCHaJIHA OXJIaJUTEIHa CUCTEMA
B JABUrarens. B kaHamuTe Ha cratopa ca pas3MoJIOKEHU JABE OTACIHHU TpUpa3HH HAMOTKH C
paznuueH Opoi momtocu. OT pelieHMeTro Ha TOIJIMHHATa 3ajada ca OINpEeJeleHU 30HUTE C
MaKCHUMAaTHO JIOKAJTHO 3arpsBaHe Ha M30JalHATa Ha JBETE HAMOTKU 0€3 3HaueHHE OT TOBa KOs
OT TAX € 3aXpaHeHa ¢ HampexeHue. HampaBeHu ca m3cienBaHus 3a paboTa Ha JABHTATENs TPU
JBe CKOpocTH Ha pabora. M3TouHMIINTE HA TOIUIMHHA €HEPTUs ca MOJEIMPAHU MOCPEACTBOM
CJIEKTPUUECKUTE 3aryOM B CTaTOpHaTa M pOTOpPHA HAaMOTKM M 3aryOMTe B CTOMaHara Ha
CTaTOPHHSI MAarHUTOMPOBOJ. 3a TAXHOTO OINpeAeNsHE ca pa3padOTeHHU COOCTBEHU alTOPUTHM U
coryep 3a MPOBEPOUYHH W3UYHCIICHUS HA IBYCKOPOCTHH aCHHXPOHHU JIBUTATEIH.

Hayunu npunocu: Pa3zpaGoTeH € MOAXOJ 3a ONpeAeNsHEe 3arpsSBaHETO Ha Pa3IUYHHUTE
30HM B KOHCTPYKIMSATa Ha ACHHXPOHHM JBHTAaTelH, Oa3upaH Ha MeETOoAa 3a KOMITIOTHPHO
MoJieJpaHe Ha TOTUIMHHOTO TOJIe B TSIX.

Hay4yHo-npusoxxnu npuHocu: HampaBeH e aHanu3 Ha 3arpsSBaHETO HA MPOBOJHUIINTE U
u3onanuaTa Ha paboTemiata U HepaboTelara CTaTOPHU HAMOTKH, KOWTO /1aBa BB3MOXKHOCT Ja Ce
NpeleHN Jajli TeMIIepaTypHHs Klac Ha M30JalusATa € JOCTaThYeH 3a JIa Ce OCHTYpPH HaJeXIHa
paboTa Ha M30JAIlMOHHATa CHUCTeMa. AHAIM3BT TOKa3Ba, Y€ POTOpPHATA HAMOTKA B PEXHUM Ha
HOMHWHAQJTHO HATOBApBaHE € HE3HAUYMTEIHO 3arpsaTa, Thil KaTO POTOPHHUTE NMPBYKH Ca B TUPEKTEH
KOHTAaKT ChC CTOMaHaTa Ha POTOPa, B pe3yiTaT Ha KOETO FeHepUpaHaTa B TSIX TOIUIMHHA €HEPrHs
TMPEKTHO Ce MPeHacsi KbM CTOMaHEHHS MaKeT Ha POTOpA.

30. Aleksandrov, S., P. Rizov. 3D Electromagnetic Analysis of Double Speed Induction Motor
for Middle Voltage. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1,
pp. 479-488. ISSN 1311-0829.

CrarusitTa € IOCBETEHA Ha M3CJIEBAHE HA CUIIOBOTO BH3JCUCTBUE HA €IEKTPOMATHUTHOTO
MoJie BBPXY UCITHHUTE CHEAUHCHHS TIPH JBYCKOPOCTEH ACHHXPOHEH eJIEKTPOABHUTATEN 3a
Hanpexkenue 6 KV. EJeKTpOMarHMTHOTO MOJIe € C€ pasliiexkJa Karo KBa3HUCTAlMOHApHO. 3a
pelaBaHe Ha eJIeKTPOMAarHWTHATA 3a/1a4da € paspadoreH 3D kBazucTaliOHapEH MOJIEN C OTYHUTAHE
Ha MHIYKTUPAHUTE TOKOBE B pOTOpHATa HamoTKa. M3Mmoi3BaHu ca KOMIUJIEKCHM CTOMHOCTH Ha
CTATOPHUS W POTOPHHS TOK NMPU HOMHHAIHO HATOBapBaHE, MPa3eH XOJ U KbCO ChEIMHECHHUE Ha
nBurarens. V3omampoHHaTa CHCTeMa Ha JBYCKOPOCTHHsI JBuraTen € wuspaboreHa mo VPI
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TexHonorusa. Ts ocurypsiBa IO-BUCOKAa YCTOMYMBOCT IIPU BB3JACHCTBUE Ha BJIara U BUCOKA
TeMreparypa U uMa Mo-TojisiMa TBbPIOCT. B MyCKOB peXUM YEITHUTE ChEIUHEHUS] HA CTATOPHUTE
HAaMOTKM Ca IMOJUIOKEHH Ha CWJIOBO BB3ACUCTBHE, NPEAU3BHUKAHO OT B3aUMOACHCTBHUETO Ha
MYCKOBHSI TOK M IOTOKA Ha YEJIHO pa3celiBaHe. B pe3ynrar Ha KOETO B M30JIalMATa HA YEITHUTE
ChEIMHEHHUS MOrar Ja C€ IOSBIT MHUKPONYKHATHHH, KOWTO Cca B CBCTOSHUE Ja BJIOLIAT
HM30JIaIIMOHHUTE CBOMCTBA Ha M30JIalIMOHHATA CHCTEMa Ha ABHTaTEIIs.

Hayunu npunocu: Pa3zpaboTeH € MeTo 3a ornpeiesiHe Ha MEXaHHYHOTO HATOBapBaHEe Ha
YETHUTE ChCIMHCHUS HAa ACHMHXPOHEH JBUTATEN, KaTo € M30paH MOJXoJa 3a W3YMCIsSIBaHE Ha
eJeKTpoMaruHuTHata, Oasupan Ha 3D KOMIUIEKCEH MOJEN 3a KOMIFOTBPHO MOJEIHpaHe Ha
€JIEKTPOMArHUTHOTO IOJIE B JIBUTATEIS.

HayuyHo-npujioxun NPUHOCH: AHan3upaso CHIJIOBO BB3JCHCTBUEC Ha
€JIEKTPOMArHUTHOTO MOJI€ B 30HAaTa Ha YEJIIHUTE CHEJUHEHHUS HAa CTaTOpHATa HAMOTKa, KOETO
MO3BOJISIBA JIa CE€ HANPaBU KadeCTBEHA OIICHKA 33 CIIOCOOHOCTTA HA M30JIAIUATA Ja M3IBbPXKHU Ha
MEXaHUYHOTO Bb3JelcTBUE, 0€3 1a ce Moay4yaT MyKHATUHU B Hes. [lonydeHo e pasnpeneneHueTo
Ha €JICKTPOMAarHuTHATa CWJIa BbPXY OHE3M YAaCTH HAa POTOPHUTE MPBUYKHU, KOUTO Ca PA3MOJI0KEHU
W3BbH POTOPHUSI TMAaKET W BB3MOXKHOCTTAa T€ Ja T[OHEcaT CHJIOBOTO BB3JCHCTBUE Ha
€JIEKTPOMAarHuTHOTO 1oJe 0e3 J]a Bb3HUKHE IUIacTUYHa JedopManus B TAX.

Ipunoxuu npuHocH: Pa3paboTeHUAT METOA IO3BOJISIBA OIIIE B €Tana Ha MPOCKTUPAHE Ha
EJIEKTPUYECKUTE MAlINHU Ja ObJaT ONMpEeeHN AeHCTBAIM BbPXY YEITHUTE CheIUHEHUS CUJIUTE
1 HEOOXOAMMUTE MEPKHU YKPEIIBAaHE UM.

31. P. Rizov. Determining the Phase Flux Linkage's Time Function and the phase electromotive
force’s in turbo generators Proceedings of the Technical University — Sofia, vol. 66, 2016,
book 3, pp. 117-124. ISSN 1311-0829.

B cratusra e mnpencraBeH METOJ 3a OIpEAECHsHE Ha HU3MEHEHUETO Ha BPEMEBUTE
byakuun Ha azaure notokocueruienus YA, YB, YC B cuHxpoHeH TypOoreHepaTop ¢ MOIIHOCT

320 MW u nomunanao Hanpexenne 20 KV. MetoabsT e 6a3upaH Ha aJrOPUTHM, B OCHOBaTa Ha
KOUTO CE€ M3MOJI3Ba YHCICHO MOJETHpaHe Ha eJeKTPOMArHUTHOTO TOJE C OTYUTAHE Ha
HACHUII[AHETO Ha MarHWUTHAaTa Bepura B TypOoreHeparopa. 3a TMPOBEXKIaHE H3CICABAHHUATA ©
pa3paboten 2D monen 3a KOMOIOTBPHO MOJETUpPAHE Ha €IEKTPOMArHUTHOTO IOJI€ B PEXHM Ha
npa3eH Xxo. OT MOMydeHUTe pe3yNITaTh 3a Pa3NpeeICHUETO Ha MAarHUTHUS TTOTOK B aKTHBHATa
YJacT Ha TypOOoreHepaTropa ce OMpeaeNsT MOTOKOCUEIJICHUITa Ha aKTUBHUTE CTpaHU Ha (a3HUTE
ceknuoHHM Tpymu. OT TAX ce M3YUCIABAT (a3HHUTE MMOTOKOCICIICHHsS, KaTro ce B3eMa IO
BHHUMaHWE HAIMYUETO Ha MapaJieIHA KIIOHOBE B CTATOPHATa HAMOTKA. MOMEHTHUTE CTOWHOCTH HA
(da3HHUTE EJCKTPOIBMKCIN HAIPSIKCHUS CEe M3YHCIIBAT KaTO BPEMEBU IPOWM3BOJIHU HA (ha3HUTE
MOTOKOCIETUICHHUs. 3a Ta3u IeN B alrOpuThMa C€ CUMYIUpPa CTHIIKOBO 3aBbpPTaHe Ha pOTOopa Ha
BI'BJI CHOTBETCTBAI Ha JBa Tojitoca. Ha reomerpudyHara CThIIKA Ha 3aBbpPTAaHE CHOTBETCTBA
BpeMeBa CTHIIKA 32 M3MEHEHHE Ha BpemeTo. [IpoabMKUTeNTHOCTTa Ha BpEMEBUS HHTEpBal 3a
cumynanuu € 20 ms.

Hayunu npunocu: Cp31a7icH € METO/]T 32 ONpe/IeNIsTHEe Ha BpeMeBUTe PYHKINK Ha (ha3HHUTE
MOTOKOCIICTUICHUST ¢ OTYMTAHE Ha PEATHOTO HACHIIAHE Ha OTJACTHHUTE y4acThIM Ha MarHMTHATa
BEpHra Ha CHHXPOHEH TypOoreHneparop.

HayuHo-npuioxxau npuHocu: [loaydeHW ca W3YUCIHUTETHH OCIMJIOTPAMH, ITOKa3BaIlH
W3MEHEHHETO Ha (a3HUTEe TIOTOKOCUEIJICHUS W  ENEKTPOJABMKEINM  HAMpeKeHUs B
TypOoreHepaTopa B pe:KUM Ha MPa3eH XO/I.

Ipuioxkuu npuHocu: Pa3paboTeHUAT METON € MPHJIOKHM B €Tala Ha MPOCKTHpaHe Ha
eJIEKTPUYECKUTE MAIIMHU 3a OMpEeNsiHE Ha XapaKkTepa Ha BPEMEBOTO U3MEHEHHE U CUMETPUSTA
HA CJIEKTPOIBIKCIIUTE HAIPEIKEHUSI.
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32. Spasov, R., P. Rizov, Ts. Stoyanov, V. Zahariev. Rotor iron losses determination in
permanent magnet synchronous machine for hybrid cars. Proceedings of the Technical
University — Sofia, vol. 67, 2017, book 1, pp. 241-249. ISSN 1311-0829.

B cratusra e mokasaH Mmonaxoj 3a HM3CIEABaHE Ha MYJICALMOHHUTE 3aryOM B poTopa Ha
CHHXpOHHa MallnHa ¢ V-00pa3HO pa3NoJIOkKEHHM MOCTOSHHU MAarHWTH, U3I0J3BaHA B XUOPUIHU
aBTomoOmmu. Ilogxoma ce 0Ga3upa Ha KOMOIOTBPHO MOJEIMpPAaHE HAa MAarHUTHOTO TIOJE€ U
NOCIIEASBAILO OINpEAEIsiHE Ha INPOCTPAHCTBEHOTO HM3MEHEHUWE HAa MAarHUTHAaTa MHIYKOUS. 3a
NPOBEXJAHE HA U3CIEABAHETO € pa3paboTeH 2D crannoHapeH KOMIIOTHPEH MOJET Ha CHHXPOHHA
MallliHa, KaTo OTKBbM Bb3/yIIHATa MEXAHMHA, B paMKUTE Ha €UH IOJIOC ca JAe()UHUPAHU LIECT
bIOBU KOHTYpa. AJNTOPUTBMBT € pealu3upaH 3a PeKUMUTE Ha IIpa3eH XOJ M HaTOBapBaHE MpuU
TPU CTOMHOCTH Ha CTAaTOpHUSA TOK. [[o 1broBuTE KOHTYpH Ce€ CHEMAT AUCKPETHH CTOMHOCTH Ha
IPOCTPAHCTBEHOTO M3MEHEHHWE HAa MAarHUTHaTa MHAYKLHUSA, OpOST Ha KOUTO € €IMH U ChIIM 3a
BCUYKHM KOHTYpHU. BposT Ha qUCKpeTHUTE CTOMHOCTHU ompesels Opos Ha eJleMeHTapHUTe 00eMU B
CEKTOPUTE Pa3IOJIOKEHU MEXIY ABroBU KOHTYpU. OT AMCKPETHUTE CTOMHOCTH C€ HM3YMCIsABa
CpeaHaTa UHAYKLMS B eJleMEHTapHUTe o0eMH Ha cekropuTe. CUMynupa ce CTBIIKOBO 3aBbpTaHE
Ha pOTOpa Ha TE€OMETPUYEH BI'bJI CHOTBETCTBAIl HA €IUH IIOJIIOC, IPU KOETO CE OIlpeaess
MarHuTHAaTa MHAYKLUS B €JIEMEHTapHUTEe 00eMM 3a BCSKO IOJOKeHHe Ha poTopa. Ha 6a3a Ha
UHAYKIUUTE C€ M3UUCIABAT cCHelupHUUHUTE 3aryOu B oOeMHTe M NYJICAMOHHUTE 3aryou B
CTOMaHaTa Ha poTOopa. 3a OIpeleisHE Ha MPOCTPAHCTBEHOTO pas3Ipe/iejieHHe Ha MarHuTHaTra
UHAYKIUS M IYJCAlMOHHUTE 3ary0u e pa3pa0oTeH MaTeMaTHueH aJrOpUTbM U CbOTBETHU
copTyepHH MPIIOKECHHS B CpeliaTa Ha mporpaMuus e3uk Fortran u Excel.

Hayuynn npunocu: Cu3nazeH € METOA 3a ONpeleNsHEe Ha IyJICAallMOHHHUTE 3aryou B
CTOMaHaTa Ha poTOpa Ha CHHXPOHHA MalllMHa C OTYUTAHE Ha Pa3JIMYHOTO HACHUIIIAHE HA OTJCIIHUTE
30HU B MarHUTHAaTa BEPUTa U PEATHUTE MYJICALIMA HA UHAYKLHUATA IIPU HETOBOTO 3aBbPTAHE.

Hayuno-npuno:xxuu mnpuHocu: [lomyyeHM ca NpoCTpaHCTBEHMTE pa3MpelleleHusl Ha
3aryouTe B CTOMaHaTa Ha pOTOpa B 3aBUCHUMOCT OT HETOBOTO MOJOXKEHME W MICTOTO Ha
eJIeMEHTapHHUsI 00eM B 30HUTE, PaA3JIOKEHU IO HAUIbKHATa W HalpeyHaTa OC Ha MalIMHATa.
OmnpezneneHo € HaMalsiBAaHETO Ha 3aryOuTe B NMOBBPXHOCTHHUS CIOW B PEXHMM Ha Ipa3eH XOA U
HaToBapBaHe. To ce 3aBUCH OT CTENEHTa Ha HacUIlaHE Ha MarHUTHaTa Bepura U Haii-Beue Ha
HOBBPXHOCTHHS CIIOM Ha poTtopa. Jloka3aHo e, 4e M0 HaaabkHaTa oc 0 MUKOBUTE CTOWHOCTH Ha
3aryOuTe HamMaisBaT, JOKAaTo [0 HampedyHarta oc (| 3aryoure yBeauM4aBaT aMIUIUTYIHUTE CU
CTOMHOCTH, KOETO € pe3yJITaT OT JCHCTBHETO Ha peakLusATa Ha TOKa Ha KoTBaTa. lIpemioxeH e
MaTeMaTH4eH M3pasa3a oIpeiesisiHe Ha KoeUIMeHTa Ha 3aryOuTe OT BUXPOBU TOKOBE.

IIpunoxkum npuHocu: PazpaboTeHu ca CbOTBETHU COPTYEpHH MPUIOKEHHUS B Cpeaara Ha
nporpamuus e3uk Fortran u Excel 3a oOpa®oTka Ha 4yuCleHUTE PE3ylITaTH U H3UYMUCISIBAHE Ha
MyJICallMOHHHUTE 3aryOu B pOTOpa Ha CHHXPOHHA MalllnHa.

33. P. Rizov. Application of finite element method (FEM) for study of two-speed asynchronous
induction motor for medium voltage. Proceedings of the Technical University — Sofia, vol.
67, 2017, book 1, pp. 251-260. ISSN 1311-0829.

CraTtusara mpeacTaBs MOAXO0J 3a U3CJICABAHC HA HHAYKTUPAHUTE HAIIPCIKCHUA B CTATOPHUTE
HAMOTKH Ha JBYCKOPOCTEH AaCHHXPOHEH JBUTATeNl 3a CPEAHO HamNpex)eHHe. ANTOPUTHBMBT €
0a3wpaH Ha MeTo/a 3a KOMITIOTHPHO MOJICIMPAaHE HA €IIEKTPOMArHUTHOTO TOJIe W TIOCIeBalia
00paboTKa Ha YUCIICEHUTE pe3yiaTaTH. B craTOpHUTE KaHAIW HAa JBUTATENS Ca PA3MOJIOKEHU JIBE
HaMOTKH ¢ pasnudeH Opoiul momtocu (2p=12 u 2p=16), kato e 3axpaHeHa camMO eaHaTa OT TSX.
B'prSIH_[OTO CC MArHvMTHO IOJIC MHAYKTHpPA CICKTPOABUIKCIIN HAMNPCIKCHUA U B IABCTC HAMOTKH.
LlenTa Ha W3CleABaHUATA € ONPEEIIsTHE Ha BpeMeBUTE (DYHKIIMM U MAaKCHMAJIHUTE CTOWHOCTH Ha
HANIPeXKEHUsITA MHAYKTUPAHH B He3axpaHeHaTa HaMoTka. M3momBaHo e 2D KOMIIOTBPHO
MOJICIMPaHe HAa MarHUTHOTO IIoJie, Oa3WpaHO HAa METOAAa Ha KpaWHWTE €JIEMEHTH, KaTro €
pealu3upaHo CTHIKOBO CHUMYIIAIIMOHHO pEIICHUE C paBHOMEpHA TE€OMETPUYHA CThIKA H
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CHOTBETCTBAIlla Ha HEs BpeMeBa CThIIKA. Pa3zpaboTeHH ca JBa M3XOJHH MOJENA 33 PeXUMa Ha
HOMUHAJIHO HaroBapBaHe. [Ipu mbpBUS MOzEN € CUMYJHpaHO 3aXpaHBaHE HAa HAMOTKaTa C IO-
MaJIbK Opoil MOMIOCH, @ TIPU BTOPUS € 3aXpaHeHa HaMOTKaTa ¢ MOo-roisiM Opoit momrocu. OT TAX ce
MoJiyyaBa IOCJEJOBATEJIHOCT OT MOAMOJEIN, IPU KOUTO POTOPHT € 3aBBPTSAH CHPSIMO
IIPEIXOJHOTO MOJI0XKEHU HA BI'bJ OIIPENEIEH OT BpeMeBaTa CThIIKA U CHUHXPOHHATa CKOPOCT IpHU
pa3iauuHus Opoi Ha MOJIIOCUTE. B MOIMOJETIUTE ca 337a/lecHd MOMEHTHUTE CTOMHOCTH Ha (a3HUTe
TOKOBE Ha 3aXpaHEHaTa HaMOTKAa, KOUTO CE U3MEHSAT IIpU 3aBbPTAaHE HA POTOPA.

Hayuynun npunocu: Cb3maseH € moaxoj, OasupaH Ha KOMIIIOTBPHO MOJIENHpaHE Ha
€JIEKTPOMAarHUTHOTO IIOJIE€ B JIBYCKOPOCTEH ACHHXPOHEH J[BUIATell, 4pe3 KOWTO CE€ HU3CJIeBar
(bazHUTE TOTOKOCUEIUICHHS U €JIEKTPOABIIKEIIN HAPEKEHHE.

Hayuyno-npuioxuan npuHocu: I[lodydyeHu ca HM3YMCIMUTENHHM OCHWIOIPAaMHM  Ha
U3MEHEHHETO BHB BPEMETO Ha (Pa3sHUTE MOTOKOCLEIUICHUS W HANpPEKECHUATA B HE3aXpaHCHHUTE
HaMOTKH. OmnpeneneH € XapMOHUYHUS ChCTaB B HanmpexeHusTa. J(okazaHo €, 4e UHIYKTHUPAHUTE
HaIpe)KeHUs B HE3aXpaHEHUTE HAMOTKM ca C €JHAKBa 4YEeCTOTa, paBHAa Ha YecToTara Ha
3axpanBaimoTo Hamnpexxkenue — 50 Hz. Toa e Taka, Thil Karo B mbpBuUs ciydail 12 moyirocHO
BBPTSIIO CE MAarHUTHO IOJ€ MHAYKTUpa HampexeHue B 16 mositocHa HaMoTKa. BbB BTOpHS
ciydail, 16 MONIOCHO BBPTALIO CE MAarHUTHO II0JIE MHAYKTUpa HampexeHue B 12 mosrocHa
HaMOTKa.

Ipwiao:xkau npuHocu: /[okazaHO €, Y€ MAKCUMAJIHUTE CTOMHOCTM HAa WHIYKTUPAHUTE
HaAIpeXKEHUsl B He3aXxpaHeHaTa HAMOTKa ca OJM3KU MO CTOMHOCT Ha 3aXpaHBaIIOTO HAINPEXKEHUE.
To3u (akT gaBa OCHOBaHHE Ja ce TpUEMe, Y€ N30JIalusATa Ha HAMOTKUTE HsMA J1a € MO/JI0KEeHA Ha
HaAIpPEXKEHUs MO-TOJEMH OT TE€3H, 32 KOETO € OMIIM IPOEKTUPAHH.

34. P. Rizov. Study of the influence of the form of the rotor pole on the some of the parameters
of synchronous machine with permanent magnets. Proceedings of the Technical University —
Sofia, vol. 67, 2017, book 1, pp. 261-270. ISSN 1311-0829.

B cratuara e mpenctaBeHO HM3CIEBaHE 3a BIMSHHETO Ha O(GOPMSHETO Ha IOJIIOCHUS
HaKpailHUK Ha POTOPHHUS TOJIOC BHPXY EIEKTPOMArHUTHUS MOMEHT, TIOTOKa Ha pa3ceiiBaHe U
PasnpeacICHUCTO Ha MWHAYKIUATA B CHUHXPOHHUTC MAIIMHU C TIOCTOAHHHM MArHuTH. B
CUHXpPOHHAaTa MallMHAa ¢ V-00pa3HO pa3loioKeHHEe Ha MarHUTUTE B POTOPHUS TOIIOC,
YKPEMBAaHETO MM B PaJMalIHO HAIPABJICHUE CE OCUTYpsIBA OT METAJIEH MOCT, Pa3MOJIOKEH MEXKIY
MarHuTa ¥ Bb3AYIIHAaTa MexarHa. OT MeXaHH4YHA rJieIHa TOYKa METAIHUAT MOCT € HE0OXOAUMO
Jla OCUTYpU CTAaOMJIHOCT Ha KOHCTpykKiusaTa. OT apyra cTpaHa € HeoOXOAMMO Ja ce HaMalu Ha
MOTOKA Ha pa3ceiiBaHe Ha MArHUTUTE Ype3 yBEJIMYaBaHE HA MATHUTHOTO ChlipoTuBieHue. [locTura
ce 4Ype3 yBelIMYaBaHE Ha JBDKMHA W HACHINAHETO HA MAarHWTHATa BEepUTa 3a IOTOKa Ha
pa3ceiiBaHe. 3a MpoBekIaHE Ha M3CIEABAHETO ca pa3paboTEeHH YETUPHU Mojena 32 KOMITIOTHPHO
MOACIIMPAHE Ha CJICKTPOMArHUTHOTO IIOJIE B ABHUIaTeClid B PEXKHMMa HAa HATOBApBAaHC, KOHUTO CC
pa3iaryaBat mo-MeXIy CH B 30HaTa Ha METaJTHHS MOCT MEKy MarHUTUTE Ha JIBa ChCEIHU MOIIOCA.

Hayuyno-npusosxkuu npunocu: Cb3/1aJIeH € TIOIX0/1, Ype3 KOMTO ca ONpeIeIeHN MOTOINTE
Ha pa3ceiiBaHe MEXIy MOCTOSSHHUTE MarHUTH B 3aBUCUMOCT OT O(DOPMSIHETO Ha YKpEMBaIlus MOCT
B 30HAaTa MEXIy morrocurte. Jloka3zaHo e, 4e OT HauynHa Ha 0(OpMsSHE Ha METATHUS MOCT B Haii-
3HAUMTENIHA CTETNEeH 3aBHCH OT IMOTOKA Ha pas3celiBaHe, JOKATO EJIEKTPOMArHWUTHHUS MOMEHT,
pasnupeacJICHMETO Ha HWHAYKOUATA B MArHuTUTEC W IPOCTPAHCTBCHOTO pPas3npeiACICHUC Ha
WHAYKIHUATA BB BB3JYIIHATA MEXIMHA Ca ChU3MEPUMU NPU YETHPHU BapuaHTa. BapuaHThT, pu
KOMTO METaJIHUSI MOCT € O(QOPMEH KaTo TJIaIbK IMPOpe3, CHhCTOSII C€ OT JIBE JBI'M OTKBM
BBb3AyIIHATA MCKIWHA, OCUTYpsSBa Hau-roasM CJICKTPOMAarouTCH MOMCHT, TBU KaTo Ipu HETro
MarHUTHHUAT TIOTOK Ha pa3ceiiBaHe Ha MOCTOSHHUTE MarHUTH € Haii-MaJIbK.
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35. Spasov, R., P. Rizov, V. Zahariev, Ts. Stoyanov. Distributive transformer for use in
photovoltaic electrical power plants with low voltage windings placed in Zig-Zag pattern.
Proceedings of the Technical University — Sofia, vol. 68, 2018, book 1, pp. 83-90. ISSN
1311-0829.

B cratusara ce pasriexzaa moaxoJ] 3a HaMajlsBaHe Ha METH, CEIMU U €AMHAIECETH
XapMOHUIM Ha TOKa, TEHEpUpPAaHU OT HMHBEPTOPUTE Ha (HOTOBOJTAUYHUTE LIEHTPAIH.
Hannuuero Ha XapMOHMIM B TOKOBET€ BOAM JO yBEJIMYaBaHE Ha 3aryoure B
TpaHchopmaroputre Ha (OTOBOJITAMYHHUTE IEHTPAIM, a OT Jpyra CTpaHa XapMOHUIUTE B
U3XO/JHOTO HalpeKeHHe Ha TpaHc(opMaTOpUTE BIIOIIABAT KAaUYECTBEHUTE XapaKTEPUCTHKU Ha
[I0JJaBaHaTa €JIeKTPOEHEPrus KbM paslpeenuTenatara Mpexa. Pasrnexnaa ce Tpanchopmarop ¢
JIB€ HE3aBHCHUMHM HaMOTKHM HHMCKO HaIllpeXeHHe, CBbpP3aHM B cXeMa 3ur-3ar. IyaBHara
0COOEHOCT Ha WH3CJIEBAHUTE HAMOTKU €, Y€ Opos Ha HABUBKUTE Ha OOOMHHTE, KOMUTO
dopmupar enHa Qaza, He ca enHakBu. [lo To3u HauMH ce ocurypsBa nedasupaHe Ha
MHIYKTUPAHUTE €JIEKTPOJABHKEIIN HANpPEXKEHUs B JBETE HAMOTKU Ha IPOU3BOJIEH BI'bJI WUIIU
Ch3JlaBaHE Ha OOLI0 MarHUTOJBMIKELIO HAIPEKEHHE OT JIBET€ HaMOTKHM HUCKO HaIpeKeHHue,
KaTo TOKa B TAX € Ha Npou3BojeH bred. Cb3haleH € alropuTbM 3a H3CIECABaHE Ha
XapMOHUYHUS ChCTAB HA PE3YJNTATHOTO MArHUTOJBIIKEIO HANPEKEHHE HA JBETE HE3aBHUCHUMHU
HAaMOTKHU 332 HUCKO HaIpeXeHHEe, KOUTO ChIbprKa CIEIHUTE CTHIIKU. B OTHOCHTENHN elMHULU
C€ M3YMCIISIBAT MOMEHTHUTE CTOMHOCTH HAa TOKOBETE B JBETE€ HAMOTKM HUCKO HaIlpeXeHUe,
KaTo TOJEMHHHMTE Ha OTAEIHUTE aMIUIMTYAM Ha XapMOHHULHUTE Ce€ B3eMaT OT CTaHJapTa.
CymupaT ce MarHMTOABWKCIIUTE HANpekeHuss Ha OobmHHMTE OT saporto. Ompenens ce
XapMOHUYHUS ChCTaB HAa PE3yITaTHOTO MarHUTOABHIKEIO HANpPEKEHUE U Ce CPaBHSBA C TO3M
IpH JABYCJIOHA IMIMHAPUYHA HaMoTKa. [Iponenypara ce moBTaps 3a pa3janvHu K-(pakTopu OT
2 no 7 W mpu pazIUYHM BIIM Ha JedasupaHe Ha TOKOBETE B JIBETE€ HAMOTKH HHUCKO
Hallpe)KeHUe, JI0KaTo Ce IMOJy4Yyd Haill-CHJIHO HaMaliiBaHEe Ha IEeTH, CeIMH U €IUHAaJIECeTH
XapMOHUIH.

Hay4yHno-npuiosxuu npuHocu: Ch3fajleH € MOAXOX, 4pe3 KOHTO ce ompenaens HeoOXOIUMOTO
nedasupaHe Ha TOKOBETE B JIBETE HE3aBUCHMMU HAaMOTKHM 3Ur-3ar 3a MaKCUMAaJHO HaMaJIsiBaHe Ha 5
U 7 XapMOHMIH.

36. Stoyanov, Ts., R. Spasov, P. Rizov. Optimization of the rotor’s sizes of permanent magnet
synchronous machine. Proceedings of the Technical University — Sofia, vol. 68, 2018, book
1, pp. 189-196. ISSN 1311-0829.

B cratuara e mokazaH MOAXoJa 3a ONTUMH3UMpAHE HAa pPa3MEpPUTE U TEOMETPUUYHOTO
pPa3MoJIOKEHUETO Ha ITOCTOSHHHUTE MATrHUTH C KOHCTaHTEH O0eM B TIOJIF0cCa Ha pPoOTopa.
Kpurepuu 3a onTuMu3upaHe € MOCTUTaHE Ha Hali-ToNsIMa aMILTUTYAa Ha MIbPBUSI XapMOHHUK Ha
MPOCTPAHCTBEHOTO pa3MpeseicHue Ha MarHUTHAaTa WHIYKIHS BBB BB3AYyINIHATA MEXKJIHUHA.
[ToctossHHuTe MarHuT ca “V“—00pa3HO pa3moNIoKEHW B TMOJIOCUTE Ha poTopa.
ONTHMHU3HPAHETO Ha PA3MOJI0KCHUETO HA MAarHUTUTE € WHBApHAHTHA MPOIEAypa, MPH KOATO
UTEPATUBHO B OINpPEJEJICHU TPAHULH C€ MPOMEHST BIBIBT MEXKAY MarHUTUTE, BIBIBT Ha
qbraTa Ha METAIHOTO MOCTYE, MHHUMAIHOTO Pa3CTOSHUE MEXIYy Jbrata Ha MOCTUETO H
BB3AYIIHATA MEXIUHA, KAKTO M pa3MepUTe Ha MOCTOSHHUTE MarHuTH. OCHOBHO ce Bapupa ¢
BI'bJIa MEXKY MarHuTUTe, Kato Toil ce nu3MmeHs ot 60 no 120 rpaagyca. ToBa Boau A0 mpoMsHa
Ha pa3MepuTe UM IpHU 3ama3BaHe Ha TexHHS oOeM. 3a MoJenupaHe Ha EIEeKTPOMArHUTHOTO
moje € pa3paboTeH mHBapuaHTeH 2D cTanmoHapeH KOMIIOTBPEH MOJelN, Oa3upaH Ha METoja
Ha KpailHM eleMeHTH. lM3cienBaHusTa ca HaNpaBEeHU 3a JBE CUHXPOHHM MamuHu ¢ 6 u 10
nostoca 3a momHocTH P, = 10, 20, 30 KW. 3a BCHYKH MTEepaTHBHU BapHaHTH € OMpeaeacHa
aMIUTATyZaTa Ha MHPBHS XapMOHHK Ha MPOCTPAHCTBEHOTO pa3mpeiesiecHHe Ha MarHUTHATa
unaykuus. Cren cpaBHsIBaHE Ha TMOJYyYEHUTE CTOWHOCTH Ha aMIUIMTyJaTa 3a BCSKa OT
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MOCOYCHUTC HO-TOpC CHUHXPOHHU MaAllWMHH, Ca OMNPCACIICHU OINTUMAJIHOTO PA3IMOJIOKCHUC U
pa3MepuTe Ha IOCTOSSHHUTE MarHuTH.

Hayuynun mnpunocu: Cp3gazeH € METOA 32 ONTUMHU3MPAHE HA PA3MONIOKEHHUETO U
pa3MepuTe Ha MMOCTOSHHUTE MAarHUTH B POTOPHUS IOJIIOC HA CHHXPOHHU MAIIMHH, C MOJTyYaBaHe
Ha Hail 100pH eHEePrHiTHN TTOKA3aTeNH.

Ipunoxan npunocu: PazpaboTeHuss MeTon € MNPHIOKHM INPU TPOSKTHpPaHE Ha
CUHXPOHHHU MAIIMHU C BIpaJICHU B pOTOpAa MOCTOAHHU MAarHuTH.

37. Totev, V., D. lIbram, V. Georgiev, P. Rizov, Electric vehicles - current state and tendencies.
Proceedings of the Technical University — Sofia, vol. 69, 2019, book 1, pp. 31-40. ISSN
1311-0829.

B crarusra e HanpaBeHO MpOyYBaHE HA XapaKTEPUCTHUKUTE HA OCHOBHUTE KOMIIOHEHTH Ha
€JIEKTPOaBTOMOOHIINTE, MPOU3BEKIAHN B MOMEHTa OT Bojaeu ¢upmu. [locoueHnu ca u HAKOU
TEHJICHIIMU 3a TAXHOTO OBaemo pa3Butue. [IpoydeHu ca mapaMeTpuTe Ha aKyMyJaTOPHHUTE
Oarepuu, KaTo KamaiuTeT; eHepruiiHa MIBTHOCT; )KUBOT Ha OaTepusATa, OLEHEH ¢ Opos IUKIN Ha
3apexaaHe/pa3pexiaHe, KOUTO OarepusTa MOXKE J1a OCHIIECTBH, JOKATO CTaHE HEU3IOJI3BAEMa;
[[eHa; CeHepruiiHa e(eKTHUBHOCT - ONpeJelieHa KaTro CHOTHOUICHHETO MEXIy eHeprusira
HeoOXxouMa 3a 3apeXxJaHe U OTAaJleHa Npu paspexaane. IlocoueHu ca Hali-uecTo U3MOJI3BAHUTE
KbM MOMEHTa €JEKTPOJBUTATEIN — CHUHXPOHHH JIBUTaTelld C PEIKO3EMHU MOCTOSHHU MAarHUTU
(PMSM), 6e3uerkoBu noctostHHOTOKOBH JBurarenu (BLDC), cHHXpOHEH IBHTATElN ¢ MTPOMEHIINB
ToK. ChIecTBYBaT MOJENHM Ha €IEKTPOABTOMOOWIM ¢ KOMOMHHMPAHO 3a/IBI)KBaHE OT Pa3jM4HU
TUIIOBE €JICKTPOIBUTATEIIH.

Hayuyno-npuioxnn npuHocu: HanpaBeH € aHaJin3 Ha OCHOBHHUTE €JIEMEHTH OT cUCTeMaTa
3a eJIeKTPO3aJIBUKBaHE Ha ChBPEMEHHUTE eleKTpoaBToMoOmIu. [lokazanu ca TeHAEHIUNTE 32
OBJICHIOTO pa3BUTHE HA HIKOW OT OCHOBHHUTE UM BB3TIH.

38. Mihov, M., G.Todorov, P. Rizov, V.Stiptzov, Investigation of current distribution by means
of multilink equivalent circuits with MATLAB. Proceedings of the Tenth International
Conference on Electrical Machines, Drives and Power Systems ELMA 2002, Sofia,
Bulgaria, September 13-14, 2002, Vol. 1, pp 52-59, ISBN 954-902-091-6.

B HacTosmaTa cratusi € npeAcTaBeH MaTeMaTHYeCKd alrOpuThM M ChOTBETHA IpOrpaMHa
peanu3anys 3a M3YMCISBAHE HAa aKTMBHOTO M MHIYKTHUBHO CBIPOTHBIIEHHE HA pa3ceilBaHE Ha
IBIOOKHM POTOPHM KaHaIM C pasnuuyHa (opma. M3cinenBaHusita ca HanmpaBeHU INPH CIEIHUTE
yCIIOBHA: KaHala MMa CUMETpHUS MO BEpTHKAJHATa CHU OC; POTOpHAaTa NMpbyka € U3paboTeHa oT
XOMOT€HEeH MaTepuai; KaHaJluTe ca TPYNHpaHd KaTo KaHadd caMO C IpaBd CTEHUW M KaHalu
BKJIIOYBAIIM MIPAaBU CTEHU U JABIH. ANTOPUTHMBT aBTOMATUYHO pa30MBa KaHAJIUTE Ha CJIOEBE U
M3YHUCIISIBA CEYEHUETO U MarHUTHATa MIPOBOJUMOCT.

Hay4yHo-npuiosxHu npuHocu: Pa3zpaboTeH € MareMaTHYeCKH AIrOPUTBM U CHOTBETHA
IporpaMHa peajiu3alnusi 3a aBTOMAaTHU3HWpaHe Ha W3YMCIEHHWETO Ha aKTUBHOTO M WHAYKTUBHO
CBIIPOTUBJICHUE Ha pa3ceiiBaHe Ha JBJIOOKH POTOPHHU KaHAJIM C paziuyHa (opMa 3a aCHHXPOHHHU
MaIIuHH.

39. Sokolov, E., P. Rizov, Analysis of the magnetic field and losses in the bandage rings of a
hydrogenerator, Proceedings of the 3-th International Conference on electrical Machines
ELMA 2002, Drives and Power Systems, Sofia, September 13-14, 2002, Vol. 2, pp. 23 — 29,
ISBN 954-902-091-6.

B craTusTa € nokazaHo NpuiIoXeHUETO Ha MeToAa Ha KpaitHute enementu (MKE) 3a
olpeieNsiHE Ha 3aryouTe B OaHJa)KHUTE MPBCTEHN Ha XUIAPOT€HEPATOP, IBbJIKALIY CE Ha
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UHIYKTHPAHUTE B IPBCTEHUTE BUXPOBH TOKOBE. 3a Ta3u 1es1 BbB FEMM e pazpaboTeH u
U3II0JI3BaH OCUCUMETPHUYEH KBA3UCTALMOHAPEH MOJEI Ha MATHUTHOTO I10JI€ B 30HATa HA YEIIHUTE
4acTU Ha CHHXPOHHUSA Xuaporeneparop. IIpoBenenu ca uscnenBaHus 3a MECUHIOB U CTOMaHEH
0aHJaxeH NPBCTEH KaTo € ONPEIeIeHO IPOHUKBAHETO HA MarHUTHOTO 110JI€ B OaHJa)KHUTE
npbCTeHU. J{oKa3aHo e, 4e mpyu MECUHIOBUTE OaH/Ia)XKHU NPBCTEHU JABIOOYMHATA HA TPOHUKBAHE
Ha MarHUTHOTO I10JI€ B CEYEHUETO Ha MIPBCTEHA € M0-T0JIsIMa, 3al[0TO CKUH e(eKTa, AbJDKalll Ce Ha
BUXPOBUTE TOKOBE B IIPBCTEHA € ITO-MAJIbK.

Hay4yHo-npuioxnu npuHocu: PazpaboTeH € ocMCUMETpUYeH KBAa3UCTAllUOHAPEH MOJIEN
3a U3CIIEBaHE HA MATHUTHOTO I10JI€ B 30HATA HA YEJIHUTE YaCTH HA CUHXPOHHUS XUAPOTCHEPATOP.
OT 4MCIEHOTO pellIeHHe ca ONpPEeSCHH U3MEHEHUsATa Ha TOKOBUTE IUIBTHOCTH Ha OaHIa)KHUTE
NPBCTEHU IO JIBE HANPEYHH OCU. M3UMClIeHW ca TOIUIMHHHUTE 3aryOM U € ONpPENEICHO TAXHOTO
BIIMSIHAE BbPXY U30J1aLUATa HA OaHAAKHUTE IPBCTEHU

40. Sotirov, D., P. Rizov, A. Tzolov, V. Spasov, Analysis of the magnetic fields in DC
brushless motors with permanent magnets. Proceedings of the 3-th International Conference
on electrical Machines ELMA 2002, Drives and Power Systems, Sofia, September 13-14,
2002, Vol. 2, pp. 30 — 37, ISBN 954-902-091-6.

Crarusita npeicTaBs TEOPETUYEH aHAIM3 HAa IOCTOSHHOTOKOB OE34YETKOB JBUIATEN C
napajeliiHa HepeBepCHBHA HaMOTKa M BB30YXKJaHe OT IMOCTOSHHM MarHUTH 4Ype3 MeToja Ha
kpaiinute enemenT (MKE). HanpaBeHn e aHanu3 Ha MarHUTHOTO TOJI€ HA JBUTATENSI B PEKUM Ha
Ipa3eH XOJ W Ha HaToBapBaHe. Onpenensar ce NOTOLMTE, IbJDKALM CE HAa peakUusITa Ha TOKAa Ha
KOTBAaTa M IOTOKAa HA KAHAJIHO pas3ceiiBaHe. B MOMEHTa Ha BKIIOYBAHE ITOTOKBT HAa KaHAIHO
pa3ceiiBaHE MMa MaKCHMajHa CTOWHOCT, 3allloTO KpasT Ha TIOJKca € HW3BbH 30HATa Ha
chOTBETHaTa (haza M Mo-rojsiMaTa 4acT OT MOTOKa ce 3aTBaps Mpe3 CTaTopHUs KaHai. I1oTOKbT,
Ch3JaJICH OT HAIpEYHaTa peaklys Ha TOKA Ha KOTBaTa B MOMEHTA Ha BKJIIOYBAaHE MMa CBLIO Taka
MaKCHMYyM, 3alll0TO MOJIOCUTE Ha POTOpa BCE OIlle HE ca O] MPEeBKJIIOUBaHaTa (a3a, U MOTOKBT,
BB30Y/IEH OT TOKa B pOTOpHATa HAMOTKA Cbh3/1aBa HallpeuHa peakiys Ha MoJeTo Ha Bb30yxaane. B
TO3M MOMEHT HA/UIBKHATA PEaKlMsl Ha TOKA HA KOTBATa € pa3MarHUTBAaIla, JOKaTO B MOMEHTa Ha
U3KIII0YBaHeTo Ha (asara, korato M/IH u ¢aznoro M/IH ca noutu BB ¢a3a HarpeyHaTa peakuus
€ HaMarHuTBalla.

Hay4yHo-npuioxuu mnpuHocu: Pa3zpaGoTeH € KOMIIOTBPEH MOJIeN 3a MOJEIMpaHe B
cpenara Ha FEMM 3a mozpenupane Ha MarHUTHOTO T0JI€ B IOCTOSIHHOTOKOB O€3YETKOB JIBUTATEN C
IIOCTOSIHHU MAarHUTU B poropa. Ilosydena e 3aBUCMMOCTTa Ha NIOTOKA HA Pa3CE€HBAaHE U MOTOLUTE
10 HA/UThKHATA U HAIpE4YHATa OC Ha JBUTATENs OT bI'bja HA 3aBbPTAaHE HA POTOpAa B PaMKHUTE HA
KOMYTallMOHHUS MHTepBai. HanpaBenuTe n3cienBanus Mo3BOJABaAT Jja CE ONTUMU3HMpA UHTEpBaja
Ha IIPEBKJIFOYBAHE HA MMOJIYNPOBOJHUKOBUTE KIIFOUOBE.

41. Sotirov, D., P. Rizov, A. Tzolov, V. Spasov, Analysis of the torque curve of a reactive DC
brushless motor. Proceedings of the 3-th International Conference on electrical Machines
ELMA 2002, Drives and Power Systems, Sofia, September 13-14, 2002, Vol. 2, p. 38 — 43...
ISBN 954-902-091-6.

B crarusra e mokasaHo u3ciieIBaHe Ha MMOCTOSHHOTOKOB 0€34YeTKOB PEAaKTUBEH JIBUTATEI C
pEeBEpCHBHA CTAaTOPHA HAMOTKA. 3a M3CJe/IBaHe HA MAarHUTHOTO TOJIE € Pa3padOTeH KOMIIOThPEH
Mozen 6a3upad Ha meTona Ha kpaiiHute enemeHTH (MKE) B cpenara na FEMM. W3scnensanusita
Ca HAIlIpaBCHU IIPU IMOCTOAHHHU CTOMHOCTH Ha TOKAa B ABETEC BKIIFOYCHU (1)3_31/1 IIpU MOCJICAOBATCIIHA
MO3WIIMY HA PEaKTHBHHUS POTOp. Bb3 OCHOBAa Ha YHCIICHHWTE pEIICHUs, € IMOJydeHa KpHuBara Ha
CTaTUYHUSA CIICKTPOMArHuTCH MOMCHT B 3aBUCHUMOCT OT TOKa.
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HayuyHo-npuino:xxau npuHocu: Pa3paOoTeH € KOMIIOTBPEH MOJEN 3a MOJEJIHMpaHE Ha
MarHUTHOTO I0JI€ B PEAKTUBEH O€34YETKOB JIBUraTes, Ype3 KOWTO € U3UUCIIEH eJeKTPOMAarHUTHHUS
MOMEHT Ha JIBUraTellsl B 3aBUCUMOCT OT TOKa.

42. Sotirov D., P. Rizov, A. Kalapish. Static characteristics of brushless switched reluctance
motor, calculated with finite element nalysis. Eleventh International Conference on Electrical
Machines, Drives and Power Systems ELMA 2005, 15-16. 09. 2005, Vol. 1, p. 215 - 219,
ISBN 954-902-09-5-9.

Crarus npeacrtaBsi U3Ci€IBaHNs, KOUTO UMAT 3a LIE€J J1a CE HAIpaBU CPAaBHUTEJIEH aHAJIU3
Ha JIB€ KOHCTPYKIMHUTE Ha JBa O€3UeTKOBU PEAKTHUBHU JABHUratens ¢ TpudasHa U uetupudazHa
CTaToOpHa HaMOTKa. Brumniaure ANaMCTPHU U AbJDKWHATA Ha aKTUBHATA 4aCT HA ABATa ABUIaTCIIA Ca
paBHU. CpaBHUTEIHUS aHAJIM C€ IPaBH HA 0a3a CTATUYHUSA UM €JIEKTPOMArHUTEH BHPTSIL MOMEHT,
coOcTBeHaTa HHAYKTUBHOCT Ha HAMOTKaTa W HU3IMO0JI3BAHUA HWHBEPTODP. 3a IMPOBCIKAAHC Ha
u3cneaBaHusITa ca paspaboreHun 2D xommioTbpHU Mojenu, 0asupaHM Ha METOJa Ha KpaiHU
eleMeHTU. Mo/IeTMpaHeTo Ha €JIEeKTPOMAarHUTHOTO MOJI€ € HAallpaBEeHO C OTYUTAHE HA HACUYAHETO
Ha MarHUTHAaTa Bepura Ha apuratenure. CUMyIHpaHO € CTHIIKOBO 3aBbpPTaHe Ha POTOpa Ha BI'BI,
ChOTBETCTBAIll Ha €AWMH Tmepuoj Ha coOCTBeHaTa WHAYKTUBHOCT Ha HaMOTKaTta U
CJIICKTPOMAroHuTHU MOMCHT IIPU BCCKU OT ABATa JABUTATCIIA. B’I)36YIII/IT€JH/ITG Ha MaroHuTHOTO IIOJIC
ca MpeCTaBeHH Ype3 MOCTOSHEH TOK, KOWTO HE ce MPOMEHS MPU BbPTEHE Ha pOTOpA.

Hayuynu npunocu: Cp3/1aeH € METO/1 32 CPABHUTEJICH aHAJU3 Ha 0€34€TKOBU PEAKTUBHU
JBUTATENH, 0a3UpaH Ha KOMIIOTHPHO MOJIENUpAHE HA eIeKTPOMArHUTHOTO MOJIe Ype3 MeToAa Ha
KpaﬁHH CIICMCHTH. KpI/ITepI/II/I 3a CpaBHCHHA Ca CTaTU4YHHUA CICKTPOMArHMuTCH MOMCHT,
coOcTBeHaTa MHIYKTUBHOCT Ha CTaTOpHa (haza v cnerupuKuTe Ha UHBEPTOpa.

Hayuyno-npuno:xxuu npuHocu: JlokasaHa € BB3MOXKHOCTTA 3a OINpejAeisHe Ha
MPOIBIDKUTETHOCTTA HA UHTEpBAJIa HA KOMYTAIlHs MpHU ABUraTenute ¢ TpudazHa u yetupudazHa
HOTKa. B ciydail Ha mpUHYAUTEIHA KOMYTaIUsl € Bb3MOXKHO JIa C€ YCKOPH HapacTBAHETO HA TOKa
Ipy BKJIIOYBAHE, Taka Y€ JBUTATENAT Ja padOTH C KellaHa CTOWHOCT Ha TOKa, KOSTO IIe MYy IO-
BHUcOKa edexTuBHOCT. Ilpu mpaBuneH n300p Ha brbja Ha BKIIOYBAHE (DA30BUAT TOK JIOCTHUTa
JKernaHaTa CTOMHOCTTa, MNpeaud pOTOPBhT Ja 3aeMe IOJIOKEHUE BIMSEIIO 3HAYUTEIHO Ha
HACHILIaHETO.

Ipunoxuan npunocu: IlonyyeHn ca 3aBUCMMOCTUTE Ha CTATHUYHHUS €JIEKTPOMATHUTEH
MOMEHT M COOCTBEHaTa WHIAYKTHBHOCT Ha CTaTOpHa (ha3za B 3aBUCHUMOCT OT TOJIOKEHUETO Ha
poTopa CIpsiMO cTaTopa. 3aBUCHMOCTTA Ha cOOCTBEHATa MHAYKTUBHOCT OT bI'bja Ha 3aBbpTaHE Ha
poTOpa € MPUJI0KMUMA 3a ONPEENISIHE Ha TOKa MPH J1aJIeH peXUM Ha padoTa B ONPOCTEHH MOJEIIH.

43. Sotirov D., P. Rizov, I. Panayotov, D. Bozhov, B. Krachev, V. Doychev. Study of a
synchronous excitation generator with rotating rectifier. Bulgaria, Sofia, ELMA — 2008, p.
51 — 55, ISSN 1313-4965.

JloknaabT € MOCBETEeH Ha M3Cje/BaHe Ha CUHXPOHEH Bb30yIUTENeH reHepaTop C BhPTSI]
ce usnpasures. ONUTHT J1a ce U3MOJ3BAT MPH MO-BUCOKH MOIIHOCTH BOJIU /10 MPOOJIEeMH, CBbpP3aHU
C TperpsBaHeTO Ha MAarHUTONPOBOAMTE HA BB3OYIAUTEIHHMS TeHepaTop. AHaIM3bT Ha TE3U
npo0sieMH, MO-CHEeUaIIHO M3CJIEIBAHETO Ha MarHUTHOTO IOJ€ Ha IeHepaTopa Ha Bb30YyXaaHe,
KakTO U TAXHOTO OTCTpaHABAaHE € MpeAMeT Ha HaCTOSIIOTO u3cienBaHe. PaspaboreH e
KOMITIIOTBPEH MOJIE] 32 MOJENIMpaHe Ha €JEKTPOMAarHWTHOTO TOJi€ B CUHXPOHEH Bb30YyAUTEIEH
TeHepaTop C OTYMTAaHE Ha OCOOCHOCTUTE My Ha paboTa Mopajd HAJIWYMETO Ha BBPTAIL Ce
usnpasuten. [Ipu u3cnenBanusTa ce B3UMa 1oji BHUMaHue ¢akrta, 4ye TOK MpOTHYa Mpe3 BCSKa OT
¢a3uTe Ha TeHepaTopa caMoO 3a MHTEpBAJIa OT BPEME, KOraTo ChOTBETHUTE TEPUCTOPHU KIIHOUOBE
ca OTIyILIEHH.
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Hayuynu npuHocu: JlokazaHo e, 4e Mopagu 0coOeHOCTUTE Ha paboTa Ha BH30YAUTEITHUS
CHHXPOHEH T€HEpaTop C BBPTAIl CE H3MPaBUTENl C€ IOJydaBa MyJcalys Ha MarHeTH4HATa
UHAYKIHUS B TOJIOCUTE HAa WHAYKTOpPa M 3bOMTE Ha KOTBaTa MOPAaad CUJIHOTO IMEPHOAUYHO
HOBTApSIIO Ce Pa3MarHUTBAIIO JICHCTBHE HA TOKA B KOTBATA.

Hay4yHo-npusosxxuu npuHocu: Ilyncupanero Ha MarHuTHaTa MHIYKIHS BOAU 0 3aryou
OT BHXPOBU TOKOBE M XHCTEPE3HC B OTICIHH 30HM HAa MAarHWTHATa CHCTEMa Ha BBH30OYIUTEIHHS
CHUHXPOHEH reHepaTop. B To3u ciyuail € Heo0X0IUMO MOJIFOCHTE HAa MHIYKTOPA Aa CE MIMXTOBAT
OT €JIEKTPOTEXHHYECKA CTOMAHa, BBIIPEKH Y€ MarHUTHHS ITOTOK € Bb30YyCH OT IIOCTOSIHEH TOK.

44. Rizov, P., R. Spasov, T. Stoyanov, V. Zahariev, The application of finite element method
for determining the THD in the electromotive force in a synchronous machine with
permanent magnets under different loads, Proceedings of the 14-th International Conference
on Electrical Machines, Drives and Power Systems ELMA 2015, 1-3 Oct. 2015, Varna,
Bulgaria, pp. 171 — 180, ISSN 1313-4965.

B crarusra e npencraBeH aaropuThM 3a omnpeaessiie Ha xapMoHuuHusT chetaB (THD) na
€JIEKTPOBIDKEIIOTO HAlpEe)KEHUE Ha CTaTOpHAaTa HaMOTKAa IPU pa3IMYHM HATOBapBaHMUsA Ha
CUHXPOHHM MAallMHU C Bb30YXKJaHE OT BrpaJieHd B pOTOpA IMOCTOSIHHW MAarHWTH, W3IOJI3BAHU
IIMPOKO B XUOpPUAHM NPEBO3HU cpeacTBa. M3cienBaHusiTa ca IMpOBEIEHU 3a JBa BapHaHTa Ha
cTaropHaTa HaMoTKa. [Ipy mbpBUs BapuaHT CTaTOpHATa HAMOTKa € TpudasHa, AECeTHONIOCHA, C
Opoii Ha kaHanmuTe 3a moioc W (asa q = 2, a TpuU BTOPHS BAPHAHT - JIBE HE3aBUCHMHU
JIECETIOIIOCHU TpU(a3HU CTaTOPHUTE HAMOTKU ¢ q = 1. 3a mpoBekJaHe Ha M3CIIEIBAHETO ca
pa3paboTeHN KOMITIOTBPpHU Mojenu cbe codryepa “FEMM”, upe3 KOHTO € MOAETHPAHO
MarHMTHOTO TIOJIE C OTYUTAHE HAa HACHMILAHETO Ha MarHUTONpoBoAuTe. CUMyIMPAaHO € 3aBbpTaHE
Ha POTOpa Ha PaBHOMEPHH CTHIIKHM, KOETO ChOTBETCTBA Ha BpeMmeBH MHTepBai oT 20 ms. U npu
JIBaTa BapuaHTa M3CIEJABAaHMUATA Ca IPOBEACHU INPU TPU CTOMHOCTH HA CTAaTOPHUS TOK.
Mopnenupanu ca pexumMuTe Ha paboTa ¢ aKTUBHO-MHAYKTHBEH M aKTHBHO-KaNal[UTHBEH TOBap,
KaTo M B JiBaTa cilydasi COS ¢ € B nuamnasoHa ot 0.8 o 1.

Hayunun npunocu: Pa3zpa0oTeH € KOMIUIEKCEH MOJXOJ 32 MOJEJIMpaHe M CUMYJalus Ha
paboTaTa Ha CMHXpPOHHA MalllMHAa C MOCTOSHHU MarHuTH B PEXHUM Ha IeHepaTtop MpH pa3jindyeH
XapakTep Ha ToBapa.

Hay4yHo-npuioxxuu npuHocu: [TonydeHn ca pe3ynTaTd 3a XapMOHUYHHS CbCTaB Ha
€JIEKTPO/IBIDKELIUTE HApeKeHHsI Ha CMHXPOHHATa MalllMHA B 3aBUCUMOCT OT THUIIa HAa CTaTOpHAaTa
HaMOTKa M XapakTepa Ha ToBapa.

IIpuioxuu npunocu: Pa3paboreHnTe KOMIIOTHPHU MOJENIN U AITOPUTMH Ca BbBEJCHHU B
oOyuyeHHeTo Ha CTyAeHTH B EnektporexHumuecku ¢(akynrer Ha TeXHHUECKH YHUBEPCUTET —
Codust.

45. Georgiev, V., P. Rizov, Energy efficiency in capacitive loads compensation, Proceedings of
the 14-th International Conference on Electrical Machines, Drives and Power Systems
ELMA 2015, 1-3 Oct. 2015, Varna, Bulgaria, pp. 218 — 222, ISSN 1313-4965

B noknama ca mokazaHM pe3ylTaTHUTE OT HANmpaBeHO NPOYYBaHE Ha IOAXOIUTE 3a
KOMIICHCHpaHE Ha peakTHBHaTa €HEpPrusi B KaOCNHHWTE JIMHUM 32 CPEIHO HANpeXeHHue W
BB3/YIIHUTE €NeKTPOonpoBoau. HekommneHcupanata peakTUBHA €HEPTUs C€ BPbIIa B MPEXKHTE,
KOETO BOAM /0 HAKA3aTeNHH IUIAAHWS OT MHOTO KOMIAHWHU Mpe3 IMOCIETHOTO JECETHIICTHE.
Cucremaruzupana e uHpOpMauusATa HAa  OCHOBHUTE TNOAXOAM 32  KOMIICHCALUS:
CBPBXKOMIIGHCAIMSI, TIPEBKIIOYBAHE HA PEAKTOPH W KOHAEH3ATOPH, PEaKTOPH C THUPUCTOPHO
yIpaBJIeHUE, CTATUYHN KOMIEHCATOpH. Pa3zinuHuTE MOAXO0IM 32 KOMIIEHCHpaHe Ha TeHepupaHaTa
pPEaKTHBHA €HEPIusl Ce CPaBHSABAT CIIOPEN TEXHUTE XAPAKTEPUCTHKH, CHEPrUifHa €(EeKTUBHOCT U
(MHAHCOBH IMOJI3H.
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HayuyHo-npuioxuu npuHocu: CpaBHEHH ca pazIMYHU KOMIICHCALMOHHU CTPATETrHu.
[Tocouen e daxra, ye Hali-uecTo CpeIaHusaT MOAX0/] 32 KOMIIEHCUPAHE - HHCTAIMPAHETO Ha CBPBX
KOMIICHCUPAII] PEaKTOp, HE € Hail-ToOPOTO pereHre U Mo-CI0KHUTE OIX0/U - U3MOI3BAHETO Ha
npeBkitodyeH peakrop wim TCR npeanara onpeneneHu npeIumMcTBa.

I'pyna 3. Hayynu myOiamkanuu B cnucanus ¢ umMnakr ¢paxrop (IF na Web of
Science) u/man ¢ umnakt panr (SJR Ha Scopus)

S1. Lazarov, V., P. Rizov. Magnetic permeance of the air gap between two toothed structures,
Journal of Materials Processing Technology 161, 2005, pp. 96-100 , Elsevier. ISSN 0924-
0136, doi: 10.1016/j.jmatprotec.2004.07.059. 1F=0.856/2005,

(SCOPUS, SJR = 0.758/2005)

CraTusTa e mocBeTeHa Ha M3ClIe[BaHe, LIe]ITa Ha KOeTo € Ja nogobpu Ha metopa Ha Pohl,
NPUIOKEH 3a OINpeessHe Ha MarHWTHATa MPOBOAMMOCT Ha BB3JYyLIHATa MEXKAWHA NPU 30U H
KaHaJM C pa3InyHa MIMPOYMHA, KaTO Ce Ipearoara 4e KaHaIuTe UMaT Oe3kpaifHa npiadounHa. B
Mmerona Ha Pohl, m3pasure 3a W3uMCisABaHE 3a MAarHWTHATa MPOHUIAEMOCT CE OTHACAT NpEaAn
BCHUKO 3a CIIy4as, KOraTto 350uTe Ha CTaTopa U poTopa ca ¢ €JHakBa mupounHa. [Ipu paznuuna
IIMPOYMHA HA 3BOMTE HA CTaTOpa M POTOpa, HAOOPHT OT M3pa3u B TOPEIIOCOYCHUS METOA € J0CTa
HEYZOOCH 3a TPAaKTUYeCKH LeNd. B HampaBeHOTO H3CIEABAaHE BIBIBT MEXKAYy CTPaHHTE W
KOpDOHKMTE Ha 3b0uTe [ ce KOpUrhupa MO TakbB HAa4yMH, Y€ MarHuTHAaTa MPOBOJUMOCT Ha
BB3/yIIHATA MEKANHA, U3YMCIICHA Ype3 aHATUTUIHNUTE U3Pa3H Jla € paBHA Ha Ta3M MOJIydeHa upe3
MOJIEJIUpaHe Ha MarHUTHOTO I0JIE C METOJla Ha KpalfHU eJIeMEHTH IpPU OTHOCUTETHO U3MECTBaHE
Ha 3b0a CIpsIMO KaHaJa.

Hayunan npunocu: Ilomobpen e meroasT Ha Pohl 3a wu3umcnsiBane Ha MarHuTHarta
IIPOBOJMMOCT Ha BB3AYIIHATA MEXIMHA B Ha3bOeHa KOHCTPYKIHs. ToBa mogo0peHue mo3BossiBa
penuIa CIoXKHH ciiydad J1a ObJaT IpacTUYHO OMPOCTEHH 3a MPAKTUYECKH LIEIH Upe3 OCPEIHsIBaHE
Ha 360MTE HA CTATOpa U POTOpPA U Upe3 MOAXO IS0 KOPUTHPaHE Ha Brbia 3.

Hay4yHo-npui1oskHu npUHOCH: M3cnenBaHeTo MoOKa3a, Y€ BCHUYKM CiIydad, Kacaellu
pa3IM4HU MIMPOYMHA Ha 3bOMTE Ha pOTOpa M CTATOpa, MOrar Ja OBbJaT HaMaJleHH /10 Ciydas C
€/IHaKBa NIMPOYMHA Ha 3bOUTE HA pOTOPA U CTATOp, KOSTO € PaBHA Ha CpeHaTa UM CTOMHOCT.

S2. Sotirov, D., P. Rizov, Panayotov. I. Study on harmonics spectrum in wave form of magnetic
induction in air gap and E.M.F. of the synchronous hydro generators, Proceedings of XVIth
International Symposium on Electrical Apparatus and Technologies, SIELA 2009, Volumel,
pp. 262-271. ISBN: 978-954323530-8. (SCOPUS, SJR = 0.1/2009)

B crarusTa e mpenacraBeH Moaxoi 3a ONpeessiHE Ha XAapMOHUIUTE HAa MarHUTHaTa
HHAYKIOWA BbB Bb3yIIHATA MCKIWHA, (1)213HI/ITG U TUHEHHUTE CICKTPOABMIKCIIIN HAIIPECIKCHUSA B
CUHXPOHEH XHUJIporeHeparop. AJTOpUTBMBT C€ CBhCTOW OT TpU eTama. B mbpBuUsS eram ce
MOJIeNTUpa €JIEKTPOMArHUTHOTO TIOJIE TOCPEICTBOM METOJa Ha KpallHWUTE eJeMEeHTH. BbB
BTOpHUSI €Tall C€ ONpeaes XapMOHUYHHUS CIEKThpP Ha MarHWUTHaTa MHAYKLHS BbB Bb3JyIIHATa
MexauHa upe3 Fast Fourier Transform. B TpeTus eram ca M34ucClIeHHM OCHOBHHS M BUCIIUTE
XapMOHHUIIM HA MAaroHuTHUA MOTOK, (I)aBHI/ITe U JUHEUHUTE HalpeKCHUA B CTaTOpHATAa HAMOTKaA.
Taka onucaHUAT aJITOPUTHM € MPUIIOKEH 3a U3CIeIBaHEe HAa YETUPH XUAPOTeHEPATOPH.

Hayuyno-npusioxun npuHocu: Cb3azeHa € MOAXO[ 3a M3YUCISIBAHE HA XapPMOHUIIUTE,
MarHuTHaTa MHAYKIHS U HAPEKEHUITa B CAHXPOHHU T€HEepaTOpH, C OTYMTAHE HA HACUYAHETO Ha
MarHuTHaTa BCpHra. MGTOI[I/IKaTa II03BOJIsIBA U3YUCIABAHC HaA 3’[:6HI/ITG XapMOHUIIM OT II'bPBU U
MO-BHCOK MOPSIBK.
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Ipunoxuun mnpunocu: Cb3HafeHUsT MOAXOJ € NPWIOKEH IMPU MPOCKTUPAHETO U
MIPOU3BOACTBOTO Ha CUHXpOHHH xujaporeneparopu B “Enmpom 3EM“ AJl u “UXb enexkTpuk*
OOU.

S3. Stoev, B., G. Todorov, P.Rizov, G. Pagiatakis, L. Dritsas, Finite element analysis of rotating
electrical machines - An educational approach. An educational approach IEEE global
engineering education conference, EDUCON 2017, pp. 262-269. ISBN: 978-150905467-1,
doi: 10.1109/EDUCON.2017.7942857. (SCOPUS, SJR =0.197/2017)

Crarusita € IOCBETEHAa Ha INPUIOKEHUETO HAa METOAa Ha KpalHUTE €JIEMEHTH Ipu
IpenojiaBaHe Ha CTYACHTH Ha (yHIaMEHTaJIHaTa TEOpeTHYHA OCHOBA Ha BBPTAIIUTE Ce
eJlekTprueckd MamuHu. OOXBaThT Ha CTAaTHATA € J1a MoA4epTae OCHOBHUTE MPUHIIUIH Ha padoTa
Ha €JICKTPUYECKUTE MALIMHU YPE3 MOJAEIUPAHE U aHAJIN3 HA €JIEKTPOMarHUTHOTO I10JI€ C IIOMOIITa
Ha 2D merona Ha kpaifnu enemeHTH. TO3M MOAXO0M € MOAXOMAII IPU 0OyYEeHHE Ha CTYACHTUTE OT
OakaaBbpCKUTE KYpCOBE, Thil KaTO METOJa Ha KpallHUTE €JIEMEHTH Ce OCHOBaBa Ha JUPEKTHOTO
MHTETPUpPAHE HA ypaBHEHUATA HA Makcyen 3a eJIEeMEHTH OT IbPBU PEll, U30SATrBaliKu U3I10JI3BAaHETO
Ha CJIOXHHM MaTeMaTH4ecKu 00paboTKU. M3roTBsiHETO HAa MOJEIUTE HA €JIEKTPUYECKUTE MAIIUHU U
AQHAIN3BT HA TOJYYEHUTE PE3YITATH Ca MPEJCTABEHHU 110 Bb3MOXKHO Hal-ONPOCTEHUs HAYMH 3a 13
ObJaT MO-A0CTHIIHU 3a cTyAeHTUTe. OOSICHEHNETO Ha MPOTHYALIUTE B €JIEKTPUUYECKUTE MAIWHU
IIPOLIECU CE€ MIIIOCTPUPAT OT PA3IMYHU PE3YNTATH, KOUTO y4YalIUTEe MOraT JUPEKTHO Ja IOJIydar,
Ha0JII0/1aBaT U aHAIM3UPAT, U3MOI3Ballkl METOJla Ha KpaiiHu eneMeHTH. [Ipuiiaranero Ha meTona
Ha KpalfHUTE eJIEMEHTH 3a MOJEIMpPaHe JaBa Bb3MOXKHOCT J]a c€ O0SICHU U 00CHM MTOBEIEHUETO Ha
BBPTSIIUTE CE€ EJIEKTPUYECKH MAIIWHU TNPH HOPMAJIHU pAaOOTHU DPEKUMU U IpPU aBapuUiHU
CBhCTOSIHUS.

IIpuiaoxun npuHocu: Pa3paboTeHUAT NOAXOJ 3a IpUlaraHe Ha pe3yiTaTuTe OT
U3CIIEIBAHE HA CIIEKTPUYECKUTE MalIMHU 4Ype3 MEeToJa Ha KpalHM €IIEMEHTH C€ M3II0N3Ba B
oOydeHHneTo Ha CTyIAeHTH B EnekTporexHuuecku ¢akynreT Ha TeXHHYECKH YHUBEPCUTET —

Codus.

I'pyna E23. Ily0uKyBaH YHHBEPCUTETCKH YUEOHUK

V1. Puzos, I1., A. IBano. KommnroTspHO MOAenupane Ha nojieta u nporiecu. Codusi, U3narenctro
Ha TY-Codus, 2015. ISBN: 978-619-167-158-8

Y4eOHUKBT € CBCTaBEH CBIVIACHO JIEKIMOHHUS MaTepuan Ha Kypca ,.KommioTspHO
MoOJIeJIipaHe Ha MpOIEecH U TMojera™, KaTo BKJIOYBA W 4YacT OT JIGKIMOHHUS MaTepHall
npernogaBaH B Kypca mo “UuciaeHM MeTOau M MoJenupaHe Ha Bepurn u monera %
BHuMaHueTo € HacoueHO KbM IpuUJlaraHe Ha METOJa Ha KpalHM eJIeMEHTH 3a M3CJeJBaHE Ha
enexkTpuyecku mamuHu. [lokazaHn ca MaTeMaTH4YECKUTE AJIrOPUTMM, C KOWTO UYHCIEHO Cce
MOJieJIipa MAarHUTHOTO TMOJIE B ACUHXPOHHHU JBHUTaTeld. AJTOPUTMHUTE ca MNPUIOKUMHU 3a
MoOJIeJIMpaHe Ha eJNeKTPOMArHUTHOTO IOJIE M B CHUHXPOHHHM MAaIIMHHU. YUYEOHUKBT OTpa3siBa
pasriexJaHeTo Ha TeMaThKara B HallaTa M YyXKJIecTpaHHAaTa JIUTeparypa, KAaKTO U HAKOU
U3CJIEIBAaHNSI HA aBTOPUTE.
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3akjIrouyeHue

N3cnenpanusita B mIpeACTaBEHUTE TPYOBE MOXKE Ja c€ 0OOOIIAT B CICTHUTE TPYIIH:

1. U3cnenBaHe M aHajiM3 HAa ACHHXPOHHM, CHHXPOHHH, MOCTOSHHOTOKOBH €JICKTPHYCCKU
MalllMHd M TPaHC()OPMATOPH, MOCPEICTBOM METOAM 32 KOMIIFOTBPHO MOJENHMpaHe Ha
enekTpoMarautHu 1 tormuHaK nonera. [1], [5], [6], [8], [9], [10], [11], [12], [13], [14],
[15], [17], [18], [21[22], [23], [24], [27], [28], [29], [30] [31], [32], [33], [34], [35], [36],
[38[39], [40], [41], [42], [43], [44], [S1] [S2], [S3].

2. W3cnensaHe v aHAM3 HA MPOLIECH B €ICKTPUYECKU CUCTEMH, KOUTO ChABPIKAT SIICKTPHICCKH
marnan 1 Tpanchopmaropu. [2] [3], [7], [19], [20], [25], [26].

3. CbBpeMCHHHU M30JIAIIMOHHU CHCTEMH 32 BUCOKOBOJITOBH €JICKTpUYCCKH MarmuHu.[M1]

[IpuHocuTe MMAT W OOpA30BATEICH aCIEKT, 3aIIOTO NMPH OOYYEHHETO Ha CTYJICHTUTE IO
TUCHUIUIMHUTE, 3acAralld  eJeKTPUUECKUTE MAIIUHU, C€ H3MOJI3BaT HAKOUW O0pa30BaTEIHH
MOXBATH ¥ HAYYHO-TEXHUYECKH MOCTHXKEHUS, TUCKYTUPAHU B CTATHUTE.
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ABSTRACTS OF THE SCIENTIFIC WORKS AND REFERENCE OF THE
CONTRIBUTIONS

of Assoc. Prof. Dr. Eng. Plamen Milanov Rizov,
presented for participation in competition for the academic degree “professor”
in a scientific direction
5.2. ,,Electrical engineering, electronics and automatics<,
specialty ,,Electrical machines,
announced in DV issue 25 from 26.03.2021

A total of 50 works of the candidate are presented for participation in the competition,
which include:

« habilitation thesis — monograph;

« for the fulfillment of Group I' indicators are presented 11 publications, indexed
in SCOPUS and 34 publications in unreferenced peer-reviewed journals;

 for the fulfillment of Group 3 indicators are presented 3 publications, published
in journals with impact factor (IF - Web of Science) and scientific journal ranks
(SJR - SCOPUS);

< 1 university textbook;

Twenty five (25) of the publications are in Bulgarian and twenty three (23) in English. They
have been published in international and Bulgarian scientific journals and academic periodicals, as
well as in collections of scientific papers at foreign, international, national and university scientific
forums.

The research papers abroad have been published in the International Journal of Materials
Processing Technology and the proceedings of the IEEE Global Engineering Education Conference,
EDUCON, 2017. An article has been published in Bulgarian in the scientific journal Electrotehnica &
Electronica E+E.

Articles have been published in proceedings of international conferences in Bulgaria, such as
International conference on electrical machines, drives and power systems ELMA and International
Symposium on Electrical Apparatus and Technologies SIELA.

There are also articles published in conference proceedings in Bulgaria - Electrical
Engineering Faculty Conference, BUlEF.

Participation in 2 international and 19 national projects is documented, 5 of which the applicant
was project leader.

A total of 33 citations of the candidate’s scientific works are presented.

Group B3. Habilitation thesis — monograph

ML1. Rizov, P., Contemporary insulation systems for high voltage electrical machines, Sofia,
2019, Published by Avangard Prima, ISBN: 978-619-239-245-1

The monograph presents in a systematic way the results of studies, research and modelling
related to the development of new insulation systems for high voltage electrical machines (HVEM).
The qualities of contemporary electrical machines are determined by the properties and qualities of
the insulation materials used in the construction of their insulation systems. Insulation systems are
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essential to the dimensions, reliability, energy efficiency and operational lifetime of HVEM.
Contemporary insulation systems are developing in the direction of increasing dielectric strength,
reducing insulation thickness, increasing heat resistance, reducing hygroscopicity. Windings with
rated voltages from 6.3 kV to 20 kV are made with thermoset monolithic insulation including layers
of binders and subsequent vacuum drying and impregnation with thermoset compounds. Two main
types of thermoset insulation systems are used. In the first type (RR - heat resistance class F), the
insulation is made up of epoxy-impregnated glass-mica tape, which is polymerized by heating and
compression. The second (VPI - heat resistance class F) uses porous dry glass-mica strips that are
rolled onto the sections, then impregnated with epoxy resin in an autoclave under alternating
vacuum and pressure. The polymerization is carried out in an air oven. On the basis of personal
experience and researched literature sources, results of studies of insulation systems of the above
type are shown. Tangent delta values and partial discharge levels are used as criteria for insulation
aging.

For the currently used RR and VPI technologies, there is a wide variety of materials for
manufacturing high-voltage electrical machine insulation systems, whereby materials with the same
or very similar properties are produced under different company names. The properties of materials
produced by several companies are studied, but the properties and parameters of insulation materials
of two companies are given - ELINAR and ISOVOLTA, as they have the largest distribution in
Bulgaria.

During the physical modelling of the HVEM insulation systems, it was taken into account
that their design envisaged that they would be used at operating temperatures close to 155 °C with a
brief temperature loading regime of up to 180 °C for about 100 hours. A limiting factor in high-
temperature machines is the thermo-mechanical stress, which begins to damage the homogeneity of
the insulation wall, resulting in reduced thermal conductivity of the insulation. The reduced thermal
conductivity leads to the formation of hot spots and can significantly shorten the service life of the
insulation. Good bonding is provided by solvent-free epoxy resins with good compatibility with the
insulation tape on the base wall. The "corona™ protection strips used in practice age much faster due
to the increased temperature. Due to this fact, VPI insulation systems use polyester-wool fabric tapes
with improved binding agents against the "corona” effect.

Examples are shown where the existing insulation of the stator windings of high voltage
hydro generators has been replaced with new insulation manufactured using VPI technology. The
dimensions of the stator slots and the magnetic circuit remain unchanged. The volume of the
insulation in the stator slots has been reduced and the freed up space has been filled with conductors.
As a result, the performed verification electromagnetic calculations show an increase in the power of
the generators of about 14 to 30 %. The situation is similar when replacing the existing insulation of
two-phase induction motors with VPI insulation. Due to the increased cross-section of the stator
sections, their active resistance is reduced, and therefore the electrical losses in the stator winding
are reduced. The theoretical study of the insulation heating shows that the temperature load of the
different zones is within the acceptable limits. The results obtained from the theoretical study of the
mechanical loading of the stator end windings show that it is negligible.

Comparative experimental investigations of the existing type and newly manufactured
sections for a two-speed induction motor with 6 kV rated voltage are carried out. The new sections
are insulated with RR type insulation and corona protection. The tests were carried out according to
the standard BDS EN 50209 "Insulation testing of rods and coils of high voltage machines”, which
is valid since 2004. It specifies that when testing the insulation of a single section, the permissible
value of tgd must be < 0.030. From the performed comparison, it is concluded that the measured tgo
values of the newly manufactured sections are significantly lower compared to the tgo of the old
stator winding sections.

The detailed financial and technical analysis of modern insulation systems for high-voltage
electrical machines shows that the insulation system based on "VPI (vacuum pressure impregnation)
technology™ is more technically advanced. It has a higher degree of casing insulation homogeneity,
an extended life of the insulation system, virtually complete absence of hygroscopicity and higher
operational reliability. The "RR (resin rich) technology" insulation system has the same high thermal
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class F, but guarantees a lower degree of homogeneity of the casing insulation, a shorter lifetime of
the insulation system, higher hygroscopicity and lower operational reliability. Both technologies use
insulating tapes based on glass fiber or mica and are comparable in cost. In the insulation system
made with VPI technology, the insulation bands have a low percentage of resin, which serves as a
catalyst for the polymerization of the impregnation coating. In the insulation system made with RR
technology, the insulation bands have a high percentage of resin, which during the subsequent
baking glues the insulation bands together and forms an almost homogeneous insulation system. As
a disadvantage, it can be pointed out that when replacing the insulation of the stator windings, it is
necessary to completely replace the conductors of the windings. This significantly increases the cost
of repair, but guarantees that the qualities of the stator winding and the motor as a whole are
significantly better than the qualities of the motors, when they were manufactured with a thermoset
insulation system with heat resistance class B.

The manufacturing cost of a VPI and RR insulation system is practically similar, so the cost
of rewinding motors using both technologies is the same.

Group I'7. Scientific publications in journals that are refereed and indexed in
world-renowned databases of scientific information (SCOPUS)

1. Rizov, P., T. Stoyanov, R.Spasov, V. Spasov. Analysis of permanent magnet synchronous
machines used for hybrid vehicles. 15th International Conference on Electrical Machines, Drives
and Power Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017,
pp. 374-378, doi: 10.1109/ELMA.2017.7955467.

The article presents the results from simulation analyzes of permanent magnet synchronous
machines, used in hybrid vehicles. For this purpose, computer models of two synchronous motors
with different rated power and V-shaped internal permanent magnets in the rotor have been
developed in the software environments FEMM and Ansys Maxwell.

The simulated variants of the stator winding are single-layer three-phase winding with g=1,
two independent three-phase windings, placed in the same channels, and a six-phase winding with
g=1. The studies are conducted using three different values of the stator current of the synchronous
machines.

Scientific and applied contributions: The following dependences and characteristics have
been obtained: the dependency of the value of the magnetic flux from the load angle and the current
density; the dependency of the stator e.m.f. by the type of the stator winding; the dependency of the
torque on the type of the stator winding; the percentage of higher harmonics with respect to the
fundamental harmonic depending on the current density.

2. Gueorgiev, V., P. Rizov. Optimization of medium voltage backup power supply strategies for high
power pump aggregates. 15th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017, pp. 262-
266, doi:10.1109/ELMA.2017.7955445.

The article presents a transient study of the switching process of the power supply of groups
of powerful pump sets, driven by medium voltage induction motors. The pump sets continue to
operate before, during and after the switching process. To conduct the studies, a model in the Matlab
software environment has been developed. The model consists of four groups of pump sets, each of
which is powered by a separate section. The power supply of the sections is reserved by switching
from two power lines with power transformers. Transients occur in the induction motors and the
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power supply sections at the moment of switching. A residual voltage with decreasing frequency
appears in the busbars of the switched section. When the switched section is supplied by the other
supply line, where the voltage frequency is 50 Hz, transients, produced by the presence of two
voltages with different values and frequencies, are observed. For this reason, it is necessary to
determine the duration of the switching time interval in such a manner, that a successful switching of
the power supply of the induction motors is achieved. The problem is defined as an optimization
task - the total number of operating pumps and the switching time are chosen as optimization
parameters. Optimization criteria are defined, including the recovery time 4¢ of the voltage and the
value of the transient current. The other parameters of the process - the voltage drop AU and the
peak current values, form the optimization constraints.

Scientific contributions: A computer model to study the transients during the switching of
the power supply sections of a group of medium voltage induction motors has been developed in the
Matlab — Simulink software environment.

Scientific and applied contributions: The optimal interval for the power supply switching
has been determined. It guarantees acceptable recovery times and transient overcurrent values. It has
been proven that at shorter switching intervals, the transient currents have higher values at lower
load, due to the fact that the voltage drop in the internal impedance of the transformers is relatively
small. Higher values of the current are reached at higher values of the switching time. This is due to
the increased voltage drop in the internal impedance of the power transformers.

3. Rizov, P., V. Gueorgiev. Influence of the excitation regime of turbo-generators on the own needs
supply stable operation15th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2017, Technical University of Sofia, Sofia, Bulgaria, 1- 3 June, 2017, pp. 267-
270, doi: 10.1109/ELMA.2017.7955446.

This report is devoted to a study, aimed at determining the reasons for a voltage drops in the
electrical systems, ensuring the operation of the own needs equipment in the blocks of a big
electrical power plant in Bulgaria. To conduct the research, a computer model for analyzis of the
sustainable operation of a power supply system for the own needs of a high power synchronous
generator has been created in the Matlab — Simulink environment. Two variants gave been studied —
when the own needs are powered by their own torbogenerator, and when they are powered by a
neighbouring turbogenerator during a single-phase short circuit near the power plant.

Scientific contributions: The hypothesis that by controlling the excitation of the operating
turbogenerator, the voltage drop in the generator’s busbars is minimised, which ensures stable
operation of its own needs, has been proven. At the same time, the generator is unable to provide the
required voltage in the own needs busbars of the neighbouring generator, which results in the shut
down of the power supply of some of the systems, by the minimum voltage protections.

Scientific and applied contributions: Oscillograms of the phase voltages during the single-
phase short circuit in the adjacent power lines were obtained wit the aid of the developed computer
model. The phasor diagrams of the voltages have been determined, as well as the asymmetry of the
phase and line-to-line voltages of the systems for 6kV and 0.4kV.

4. Gueorgiev, V., P. Rizov. Lighting in High Temperature Industrial Enviroment. 7th Balkan
Conference on Lighting, 20-22 September, 2018, Varna, Bulgaria , pp. 96-97, doi:
10.1109/BalkanLight.2018.854684.3.

The article is dedicated to the results of a study the characteristics of LED luminaires, used to
illuminate high-temoerature industrial environments. Such sites are the generator rooms of the
power plants, where large electrical machines are placed, as well as pump stations etc. In all these
cases, a large area must be illuminated with luminaires, attached high above the working plane. The
environment is characterized by relatively high levels of pollution (dust, sometimes even aggressive
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gases) and vibrations. These factors characterizing the working environment affect the luminous
flux, efficiency, reliability and cost of the installation with LED lighting.

Scientific and applied contributions: An analysis of the reduction of light power, light
efficiency of the diodes, duration of operation and reliability of LED luminaires depending on the
temperature has been made. Recommendations are given for adjusting the initial luminous flux of
the luminaire to increase the power of the lighting installation.

5. Zarkov, Z., V. Lazarov, P. Rizov, L. Stoyanov, E. Popov. An approach for modeling the
electronic converter-motor system for electric vehicles. 2019 16th Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, 6-8 June, 2019, Varna, Bulgaria,
doi:10.1109/ELMA.2019.8771484.

This paper presents a comprehensive approach to modeling and simulating a drive system that
includes an inverter and a synchronous motor with permanent magnet (SMPM) for use in electric
vehicles. The motor was analysed by the finite element method (FEM) using a two-dimensional model.
The motor parameters (synchronous inductors and permanent magnet flux) were determined on the
grounds of the results of the FEM analysis. A stimulation model was prepared in Matlab / Simulink to
study the complete drive system, which included the motor, the battery, the electronic converter and the
control subsystem of the transformer and of the torque and the motor speed. The motor was controlled
by means of the electronic converter with maximum torque per ampere (MTPA) in the first zone to the
base speed and with maximum torque at constant voltage and constant current in the second zone. The
motor characteristics were calculated by simulating two operating modes - as a SMPM (with sinusoidal
currents) and as a contactless DC motor (CDCM) (with rectangular currents) and were then compared.
The results led to the conclusion that the use of the engine as a SMPM is the better choice due to the
higher torque, the wider range of high speeds and the much lower torque pulsations.

Scientific contributions: A comprehensive approach was prepared to modeling and simulating
drive systems with a synchronous motor with permanent magnets, electronic converter and control
subsystem. A complete simulation model of the system was prepared to facilitate its study in the
different modes of operation — acceleration, deceleration, regenerative braking, constant speed motion.
An SMPM control model was developed using a combination of two strategies: maximum torque per
ampere in the first zone and constant voltage and constant current in the second zone. This combination
allows to make the most of the engine. The hypothesis has been proved that a permanent magnet motor
with a sinusoidal distribution of the magnetic field and electric moving voltage (EMF) can work as a
CDCM, but of lower parameters.

Applied contributions: Computational and simulation results were obtained for a specific
engine, developed within a joint project by Almott OOD, Stara Zagora.

6. Stoyanov, T., R. Spasov, P. Rizov. Analysis of fractional-slot permanent magnet
synchronous machines used for hybrid vehicles. 16th International Conference on Electrical
Machines, Drives and Power Systems, ELMA 2019, Varna, Bulgaria, 6 - 8 June, 2019, doi:
10.1109/ELMA.2019.8771560

This work presents an investigation on electromagnetic torque and electromagnetic force
computations in the air gap of a V-shape permanent magnet synchronous motor (SMPM). The
analysis was performed using the finite element method, and a computer model of the motor was
developed in the FEMM software environment. The model uses fractional-slot stator winding (FSW)
for one pole and phase. An approach in which the magnetic field is studied in 40 consecutive
positions of the rotor relative to the stator is applied. These positions are obtained by rotating the
rotor of the motor with a uniform step. Each step corresponds to a time step of 0.5 ms. For each of
the positions, the instantaneous values of the currents in the motor phases are calculated. These
values are used as an input data for each position of the rotor.
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Scientific and applied contributions: The flux linkages of the stator phases’ sections with
the main magnetic flux are determined. The e.m.f. of the sections of the stator phases is calculated,
the vector diagram of the sectional electromotive forces is obtained, and the higher harmonics of the
e.m.f and the electromagnetic torque are calculated.

7. Gueorgiev, V., P.Rizov. Real time monitoring of HV electrical machines driving powerful
pump aggregates, 16th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2019, Varna, Bulgaria, 6 - 8 June, 2019,
doi: 10.1109/ELMA.2019.8771515.

This article summarizes the experience gained in building a real-time monitoring system of
the electrical parameters of rotating electric machines - asynchronous motors and synchronous
generators for 6kV, and power transformers for 220 kV. A variant is proposed in which the existing
electrical protections of the electrical machines and transformers and the available digital measuring
devices are used as information sensors. These devices provide information for the values of the
phase and line-to-line voltages, active and reactive powers, voltage frequency, power factor and
information about disconnections of equipment from the protective devices or by operator
command. The transmission of such large volume of information is carried out continuously
between the sensors and the central computer, which results in a heavy load of the communication
lines (in the RS485 part). This is why a radial topology of the local network for data collection from
monitored the facilities has been proposed. The devices that consist the network are not located close
to each other, which leads to long communication lines and an increased likelihood of
electromagnetic interference. The monitoring system realizes periodic records of the most important
operational parameters of the equipment, which are used in the analysis of incorrect switches and
emergency modes of operation.

Scientific and applied contributions: The particularities of operation of a communication
network with a large radial structure are analyzed. Recommendations for the structuring of the
communication network in the RS485 part are defined, where the number of sensors in one branch
should not exceed 4, unlike in the sensor’s manufacturers recommendations - from 12 to 32. The
volume and structure of the archived information is defined, which is sufficient to perform process
analyzes in case of emergency and erroneous switching.

8. Stoyanov, T., R. Spasov, P. Rizov. Reduction of the High Harmonics at the Electromagnetic
Force and the Electromagnetic Torque in Synchronous Machines with Permanent Magnet.
11th Electrical Engineering Faculty Conference, BUIlEF 2019, Varna, Bulgaria, 11 - 14
September, 2019, doi: 10.1109/BulEF48056.2019.9030745.

This article is devoted to the study of synchronous machines with V-shaped permanent
magnets positioned in the rotor, using different variants of the stator winding. The considered cases
are: three-phase, single-layer, full-pitch coil, integral-slot stator winding; three-phase, double-layer,
short-pitch coil, integral-slot stator winding; three-phase, single-layer, full-pitch coil, skew slots,
integral-slot stator winding; five-phase, double-layer, short-pitch coil, fractional-slot stator winding.
The studies of the distribution of the electromagnetic field in the synchronous machine were carried
out with computer models, in which the variants of the stator winding listed above were used. The
used approach simulates the rotation of the rotor for a period of 20 milliseconds. The period is
divided into forty steps, the interval between the steps being the same.

Scientific and applied contributions: The e.m.f. in the stator phases, the electromagnetic
torque of the machine and the presence of higher harmonics in the stator windings are selected as
criteria for evaluation of the windings. According to the above criteria, the most effective is the
three-phase, single-layer, full-pitch coil, integral-slot stator winding, because this type of winding
permits optimal usage of the machine’s construction. The electromagnetic torque of the machine
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when using this type of winding has the highest value compared to the electromagnetic torque
created by the other windings. The levels of higher harmonics of e.m.f. and the electromagnetic
torque are of the same order in all studied variants of the stator windings.

9. Totev, V., V. Gueorgiev, P. Rizov. Regenerative braking of electric vehicles. 11th
Electrical Engineering Faculty Conference, BUulEF 2019, Varna, Bulgaria, 11 - 14
September, 2019, doi: 10.1109/BulEF48056.2019.9030768.

This article presents the results of a study of the structure of the system for regenerative
braking in electric vehicles, with the aim to determine the possible variants of the main elements of
the system. The possible types of electric machines that can be used are determined, with preference
given to synchronous motors with permanent magnets in the rotor. The control methods for the
above - mentioned types of motors are analyzed. There are a variety of control methods, and the
most commonly used ones are: variable-voltage/variable-frequency (VVVF) and direct torque
control (DTC). The most commonly used inverters are based on MOSFET and IGBT elements, due
to their ability to provide high power and low output impedance. The particularities of the most
frequently used types of batteries and supercapacitors are analyzed. The distribution of the braking
force during regenerative braking is analyzed.

Scientific and applied contributions: The advantages and disadvantages of regenerative
braking are defined. The particularities in the simultaneous operation of regenerative and mechanical
braking of electric vehicles are indicated.

10. Rizov, P., V.Gueorgiev. Determination of the Leakage Parameters of Synchronous
Hydrogenerators. 21st International Symposium on Electrical Apparatus and Technologies,
SIELA 2020, Bourgas, Bulgaria, 3 - 6 June, 2020, doi: 10.1109/SIELA49118.2020.9167154

The report presents studies of the slot leakage magnetic flux of the stator winding of
synchronous hydrogenerators, conducted by the finite element method (FEM). The presented
approach takes into account the saturation of the stator teeth and the mutual influence of the current
in adjacent stator slots. The tests were performed for a rated load mode, taking into account the
armature reaction, created by the armature current. The direct axis of the rotor pole is oriented
symmetrically to the stator slots in which the sections of phase A are located. At the considered
moment of time, the current in phase A has its maximum value.

Scientific contributions: An approach to calculate the slot leakage inductance and the slot
leakage reactance of the stator winding, as well as the induced e.m.f. in the stator phases has been
developed. The approach is based on determining the stored energy of the magnetic field in the slots
of the stator winding.

Scientific and applied contributions: A 2D computer model for studying the magnetic field
in synchronous generators has been developed, which is applicable in different operating modes,
taking into account the saturation and the armature current reaction at different loads. These features
of the model make it usable at the design stage of synchronous hydro generators. It is concluded that
different states of saturation of the stator teeth leads to different values of the slot leakage flux in the
three phases of the generator. The values of the slot leakage flux depend on the ratio between the
stored magnetic energy in the sections of the stator phases and the magnetomotive force, which is
determined by the current in the stator slots.

11. Stoyanov, T., R. Spasov, P. Rizov. Investigation of the Skewing of the slots in Permanent
Magnet Synchronous Machines. 12th Electrical Engineering Faculty Conference, BUIEF
2020, Varna, Bulgaria, 9 - 12 September, 2020, doi: 10.1109/BulEF51036.2020.932601
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This paper presents the study of a synchronous motor with rare earth permanent magnets and
skewed stator slots by computer simulation of the magnetic field using 2D models based on the
finite element method. The following approach has been developed and applied to model the skew
of the stator slots. In the axial direction, the stator is divided into equal parts by segments,
perpendicular to the rotational axis. The individual parts of the stator are rotated relative to each
other at an angle, corresponding to the position of the segment in question along the longitudinal
axis of the machine. The rotor has the same initial position in each of the separate parts of the stator
package, i.e. it is not rotated. The magnetic field in the three parts is modeled by simulating the
rotation of the rotor from its initial position in 40 consecutive steps. The rotation of 40 steps
corresponds to a time interval of 20 ms. During this interval, the instantaneous values of the currents
in the stator phases change according to the rotation step. For each step, the magnetic field is
modeled by calculating the instantaneous values of the e.m.f. and the electromagnetic torque of the
machine.

Scientific contributions: A method for calculating the phase e.m.f. and the electromagnetic
torque has been developed, based on computer modeling of the magnetic field in synchronous
machines with skewed stator slots.

Scientific and applied contributions: A 2D computer model has been developed for
studying the magnetic field in synchronous machines with skewed stator slots and excitation by rare
earth permanent magnets in the rotor. The time dependences of the e.m.f. and the electromagnetic
torque of the synchronous machine are determined. The developed method is applicable in the
design stage of synchronous machines with skewed stator slots.

Group I'8. Scientific publications in unreferenced peer-reviewed journals or
in edited collective works

12. Sotirov, D., P. Rizov, 1. Panayotov. Study of the hydro generator’s pole asymmetric axial
displacement influence over the vibrations. Proceedings of the Technical University — Sofia,
vol. 59, book 2, 2009, pp. 15-22. ISSN 1311-0829.

The article studies the vibrations in the bearing assemblies of a vertical hydro generator when
excited during idle mode. For this purpose, a 2D computer stimulation model, based on the finite
element method, was developed. The model consists of two parts. The main part included the
magnetic circuit of the stator, the rotor pole and the air-gap section. The additional part was a
magnetic circuit intended to couple the magnetic circuit. An additional coil was placed there to
excite the magnetic field in the model. The magnetic induction in the air gap was 0.85 T, as it
actually is with the real hydro generator. The computer model simulated an up-down stepwise
displacement along the axis of the rotor pole. The specific forces acting on the lower and upper pole,
relating to 1 mm in depth of the model, were calculated for each of these shifts. The electromagnetic
force affecting the pole was calculated according to the actual vertical shift of each pole respective
to its symmetrical position and the specific force for such shift. The force, resultative from all poles,
will affect the entire rotor. It will be unbalanced and will cause the rotor to vibrate.

Scientific contributions: A method was developed to study the unbalanced forces of
electromagnetic nature acting on the rotors of vertical electric machines.

Scientific and applied contributions: It was proven that an unbalanced force was generated
by the different vertical shifts of the poles, which led to vibrations in the entire construction of the
hydro generator.

Applied contributions: The results of the research were used to balance the rotor of hydro
generator No. 1 at Momina Klisura HPP.



13. Rizov, P., D. Sotirov, St. Batashki, R. Spasov. Research of the influence of the stator current
reaction over the magnetic field in the rotor poles of synchronic hydro generators with FEM.
Proceedings of the Technical University - Sofia, vol. 60, book 2, 2010, pp. 216-224. ISSN
1311-0829.

The article presents an approach for numerical modelling of the magnetic field in a
synchronous hydro generator in nominal load mode given the inductive nature of the load. The
resulting numerical solution determined the flux leakage of the pole in the distribution of the
magnetic induction in it as close to the real value. The results of the study helped improve the
construction of the pole housing to avoid strong saturation there. The research was carried out using
the method of computer modelling of the electromagnetic field in the synchronous generator at
inductive current. The rotor in the model was positioned relative to the stator in a way as to model
the reaction of the armature current under the inductive load conditions. The results were obtained
for the distribution of the equipotential force lines of the flux leakage in the interpolar space.

Scientific and applied contributions: An approach was developed to determine the flux
leakage in the interpolar space. The dependence of the spatial change of the flux leakage of the rotor
pole of a synchronous hydro generator in nominal mode was obtained.

Applied contributions: The approach developed was used to study the newly designed
constructions of hydro generators manufactured by Elprom ZEM AD.

14. Rizov, P., D. Sotirov, St. Batashki, R. Spasov. Research of the harmonious composition of
induced voltage in asynchronous generators through FEM. Proceedings of the Technical
University - Sofia, vol. 60, book 2, 2010, pp. 225-234. ISSN 1311-0829.

The article presents an approach for research and analysis of higher harmonics in
asynchronous generators by combined use of the finite element method and Fast Fourier
Transform (FFT) algorithm using Matlab / Simulink environment. To conduct the research, a 2D
computer model was developed for modelling the electromagnetic field in an induction 6.3 kV
motor. The case of ideal no-load operation was studied by simulating a stepwise rotation of the
rotor at an angle equal to two pole divisions. The currents in the stator phases were set by a
series of instantaneous values for each phase, corresponding to the angle of rotation of the rotor.
The spatial distributions of the magnetic induction were obtained for all positions of the rotor.
The harmonic composition of the induction was determined. The harmonics in the linear voltage
of the generator were calculated.

Scientific and applied contributions: A methodology for determining the voltage
harmonics in an induction motor, based on computer modelling of the electromagnetic field, was
developed.

Applied contributions: The developed methodology is used for training students at the
Faculty of Electrical Engineering of the Technical University of Sofia.

15. Sotirov, D., P. Rizov, N. Stamatov. Numerical determination of the mechanical loads of the
construction of a vertical synchronous hydro generator. Proceedings of the Technical
University - Sofia, vol. 60, book 2, 2010, pp. 257-269. ISSN 1311-0829

The report presents an algorithm for numerical simulation of the mechanical loads of the
construction of a synchronous hydro generator and the sizing of its elements, having been used as an
example of a vertical machine of capacity of 1.6 MVA from the Hitzinger company. The established
algorithm is also applicable to horizontal machines, as well as to machines of greater power, taking
into account their design features. To determine the forces and moments acting on the constructional
elements of the synchronous hydro generator, both the classical methods for evaluating the torque
shock value of the moment in the event of a sudden short circuit and the numerical approach using
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the finite element method for calculating the force of the one-sided magnetic attraction in an uneven
air gap were used. A 2D model was developed using FEMM software to determine the magnitude of
the electromagnetic force of unilateral attraction, which was created by the asymmetry of the air gap
of the machine. A computer 3D model was developed using SOLIDWORKS software with an
integrated module of COSMOS, which was applied to study the stresses in the individual
constructional elements and the mechanical deformations, as well as to determine the critical rotor
speeds.

Scientific and applied contributions: Computer models were developed on the basis of the
finite element method for determining the electromagnetic force in a non-uniform air gap and its
influence on the mechanical loads of the construction of synchronous generators. The analysis of the
results of computer modeling allows to improve the construction of generators both in the design of
new generators and in the existing ones.

16. Rizov, P., V. Georgiev, A. lIvanov, Overview of the systems for On-line partial discharge
monitoring for large generators and motors, Elektrotechnica & Elektronica E+E, Vol. 47, 11-
12/2012., ctp. 33-40, ISSN 0861-4717.

This article is devoted to the study of on-line partial discharge (PD) monitoring systems in
the insulation of high-voltage rotating machines. The aim is to acquire the necessary knowledge for
the construction and use of systems of this type. The advantages of on-line monitoring systems are
presented. The structure of systems of this type in the monitoring of high-voltage motors and
generators is defined. The parameters of the sensors are determined - high frequency current
transformers (HFCT) and high voltage coupling capacitors (HVCC).

Applied contributions: The information on the structure, element base and use of on-line
monitoring systems for high-voltage machines is systematized.

17. Rizov, P., Adrian I. Study of the Magnetic Field in Synchronous Turbo Generator at Short-
Circuited Turns in Excitation Winding. Proceedings of the Technical University — Sofia, vol.
63, 2013, book 6, pp. 237-246. ISSN 1311-0829.

The article describes the study of asymmetry in a synchronous turbo generator (STG) due to
short-circuited turns in the sections of the excitation winding. The study was performed by computer
modulation of the magnetic field, based on the finite element method, taking into account the
saturation of the magnetic system of the generator. To this end, a 2D model of a stationary
electromagnetic field was developed and used in a synchronous turbo generator with a nominal
power of 376.5 MW. The model created was used to study the instances where the number of short-
circuited turns in one section of the excitation winding changed from 0 to 8, i.e. from the variant of a
fully functional section to the variant of a short circuit on all turns in the section. The harmonic
composition of the magnetic induction was determined by an FFT analysis of the function of spatial
distribution of the magnetic induction in the air gap of the synchronous turbo generator. The results
of the study using the created model during a short-circuit in one turn, in two adjacent turns and in
two non-adjacent turns were presented. The changes in the shape and value of the spatial alteration
of the magnetic induction were compared where the number of short-circuited turns had changed
from 0 to 8. The change of the harmonics of the magnetic induction depending on the number of
short-circuited turns was presented. The established computer model determined the required
compensation of the reduced magnetic flux by increasing the excitation current of the generator.

Scientific and applied contributions: Computer models based on the finite element method and
FFT analysis of the spatial distribution of the magnetic induction in the air gap were established, by means
of which the change and the harmonic composition of the magnetic induction in the presence of short-circuit
turns in the excitation winding of the STG were determined.
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18. Rizov, P., A. Ivanov. Study of the influence of chamfering of stator channels onto harmonic
composition of Induction in the air-gap of a synchronous hydro generator. Proceedings of the
Technical University — Sofia, vol. 63, 2013, book 6, pp. 247-254. ISSN 1311-0829.

The article presents the study of the harmonic composition of the magnetic induction in the
air gap, where it was necessary to chamfer the stator slots of synchronous hydro generators, other
than what is recommended in the classical design methods. For this purpose, a 2D stationary model
was developed and used, taking into account the saturation of the magnetic system with salient
synchronous hydro generator, used as the base model, and refers to the front side of the stator
package in the active part of the machine. The basic model creates patterns for modeling the
magnetic field into intermediate planes, located along the axial length of the stator package. These
are equidistant from each other. In each of these, the rotor has been turned towards the stator at an
angle, the size of which depends on the location of the plane in question relative to the frontal one,
i.e. there is a dependence between the position of the plane in question and the angle of rotation of
the rotor. The rearmost plane is located in the rearmost part of the stator package and is rotated
relative to the base at an angle equal to the angle of one slot division. The tests were performed for
three values of the chamfering angle of the stator slots - in the range from 0.750k to 1.25ak. The
results were presented for the distribution of the magnetic induction in the air gap in the different
planes. It is possible to obtain an equivalent quasi 3D spatial distribution of the magnetic induction
for one pole of the hydro generator by putting together the results of all the planes under review.
The harmonic composition of the spatial distribution of the magnetic induction at all observed
planes, as well as of the equivalent functions of the spatial distribution of the magnetic induction by
means of FFT (Fast Fourier transform) were determined. Therefore, a computation module was
established, using the Matlab / SIMULINK libraries. The percentage ratios of the toothed
harmonics compared to the main harmonics of the magnetic induction for all variants under
consideration were computed and the “average weight” of the toothed harmonics in relation to the
main one was determined.

Scientific and applied contributions: An algorithm was prepared to determine the dependence of
the harmonic composition of the magnetic induction in the air gap on the chamfering of the stator slots,
which consists of computer modeling of the electromagnetic field in the synchronous hydro generator and
an FFT module in Matlab / SIMULINK. It is applicable for determining the optimal level of the toothed
harmonics of the magnetic induction at different angles of chamfering of the stator slots as early as the
design stage of both synchronous and induction motors.

19. Rizov, P., St. Vichev. Short circuit voltages correlation in voltage transformer primary
windings. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 6, pp. 255-
262. ISSN 1311-0829.

The report presents a study of the probability of the occurrence of zero-sequence voltage at the input
of the digital protections of a synchronous generator due to a short circuit on the primary windings of the
measuring voltage transformers (VT) connected to the generator outputs, which can lead to its uncalled for
switch off. The study was carried out by analysing the digital protection records and implementing physical
modeling under laboratory conditions, thus simulating the presence of short-circuited turns in VT. The
analysis of the results of the study provided grounds to come up with the hypothesis that, in the presence of
short-circuited turns in the primary winding, self-opposing processes can be observed. Increasing the
number of short-circuited turns led to a drop in the transformation coefficient, and the voltage in the
secondary turn of the VT rose. On the other hand, the presence of short-circuited turns led to the formation
of a short-circuited loop, where a current, which had a demagnetizing effect on the VT, flew.

Scientific contributions: The analysis of the results of the study gives grounds to hypothesize that
in the presence of short-circuited turns in the primary winding, self-opposing processes are observed.
Increasing the number of short-circuited turns leads to a decrease in the transformation coefficient, and the
voltage of the secondary winding of the VT increases. On the other hand, the presence of short-circuited
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turns leads to the formation of a short-circuited loop, where a current, which has a demagnetizing effect on
the VT, flows.

Scientific and applied contributions: The reason for the occurrence of zero-sequence voltage is the
ratio of the secondary phase voltages of the VT at hp. in the primary turns of one of them. This is a rare fault,
which in literature is associated with ferroresonance overloads. In the case under review, the protection
records do not indicate any presence of ferroresonance.

20. Vichev, St., P. Rizov. Synchronous generator relay protection redundant trip by voltage
transformer fault. Proceedings of the Technical University — Sofia, vol. 63, 2013, book 6, pp.
345-350. ISSN 1311-0829.

The article examines the hazard of redundant trip of stator earth fault protection in large
synchronous turbo generators due to fault in the primary windings of the voltage transformers (VT)
connected to their outputs. The records in the fault registrar log of a specific turbo generator were
studied and analysed. The initial assumptions were that there was a puncture of the insulation of the
generator. During the analysis it was ascertained that the differential and current protections did not
work, i.e. there was no reason to worry about the insulation of the stator windings of the generator.
The maximum voltage protection did not work either. This fact rejected the assumption of
permanent overvoltage. The hypothesis arose that the shutdown of the turbo generator was caused
by incorrect information submitted to the protection relay, the source of which were the measuring
voltage transformers. The analysis of the voltage oscillograms indicated that they changed abruptly,
which was due to abrupt upsurges in the transformation coefficient of one of the voltage
transformers. This effect occurs in the presence of turn-to-turn short circuit in the primary winding
of the VT. The initial cause for the occurrence of the turn-to-turn short circuit was the bad local
performance of the turn-to-turn insulation. The stepwise increase of all voltages, including the zero
sequence voltage, was due to the fact that the number of short-circuited turns constantly increased,
because of the large current flowing through them. It heats them up and the process of breaking
down the turn-to-turn insulation expands.

Scientific contributions: The hypothesis was proven that the turbo generator redundant
shutdown was caused by the reduced quality of the insulation in the VT at one of the phases, as a
result of which in the presence of symmetry between the phase voltages of the turbo generator, there
was asymmetry between secondary voltages of the measuring transformers and zero sequence
voltage.

Applicable contributions: The results of the study were applied to the analysis of the
processes of emergency shutdown of a large turbo generator in one of the largest power plants in
Bulgaria. The downtime of the turbo generator was shortened to a few days, as a result of which
large financial losses were avoided.

21. Aleksandrov, S., P. Rizov. Development and research of synchronous generator with axial
magnetic field. Proceedings of the Technical University — Sofia, vol. 64, 2014, book 4, pp.
15-22. ISSN 1311-0829.

The article studies the elaboration and research of an experimental construction of a
synchronous generator excited by permanent magnets, where the working magnetic flux in the air
gap was directed in the axial direction relative to the axis of rotation. Four alternatives were
prepared, which differed in the number of turns in the stator coils and the size of the air gap. To
study the magnetic field in the generator, a computer model, based on the finite element method,
was developed, which studied the different variants in the no-load mode of the generator. The article
displays the results from the distribution of the magnetic lines of force and the magnetic induction in
the transverse plane of the generator, and the spatial distribution of the magnetic induction in the air
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gap. An experimental prototype was used to conduct the experimental research of the four variants
of the experimental construction. The recorded oscillograms determined the angle of dephasing
between the phase voltages and the current pulsations after the AC / DC transformer at different
values of the load current. The dependence of the voltage of the synchronous generator on the speed
was determined. The results of the computer simulations and experiments prove the physical
adequacy of the prepared experimental construction, which renders it practically applicable.

Scientific contributions: A computer model was prepared using FEMM software to study
the distribution of the axial magnetic field in the generator taking into account the actual magnetic
system saturation.

Scientific and applied contributions: The analysis of the results of computer modeling and
experimental research allows to improve the construction of the generator in a way as to reduce the
leakage between the poles, to determine the optimal ratio between the stator phase turns and the size
of the air gap.

22. Rizov, P., R. Spasov, Ts. Stoyanov, V. Zahariev. Determining the dependency of the flux
linkage from the load in synchronous machines with permanent magnets for hybrid
automobiles. Proceedings of the Technical University — Sofia, vol. 64, 2014, book 4, pp. 97-
104. ISSN 1311-0829.

The article presents a study of the variation of phase flux linkages depending on the load in
synchronous motors with permanent magnets, used in hybrid vehicles. To conduct the study, a 2D
computer model for modeling the electromagnetic, field based on the finite element method was
developed. In the classical theory of the electrical machines, in order to simplify the machine model,
the voltage equations are transformed from a system with three unknowns into a system with two
unknowns. For this purpose, the fixed to the stator ABC coordinate system is transformed to the
rotor coordinate system dq, which rotates at synchronous speed. Inductances, which are calculated in
the design process by classical analytical methods, without taking into account the saturation of the
steel, are used to determine the flux linkages. It is also possible to use finite element method based
approaches to model the magnetic field in permanent magnet synchronous motors.

Scientific contributions: A new approach for determining the phase flux linkages in
synchronous motors has been developed on the basis of the results obtained from modeling the
magnetic field with the finite element method in generator mode at different load types. It achieves
greater accuracy in determining the flux linkages due to the fact that it takes into account the
saturation of the various sections of the magnetic circuit.

Scientific and applied contributions: An algorithm for determining the phase flux linkages
Wa, Wh, W, and from them the flux linkages wq, wq, has been developed. Software in the Excel
environment for processing the numerical results and for calculating the phase flux linkages has
been developed. The dependences of the phase flux linkages on the load angle and the stator current
are determined.

Applied contributions: The developed computer models and algorithms have been
introduced in the teaching process of students at the Faculty of Electrical Engineering of the
Technical University - Sofia.

23. Spasov, R., P. Rizov, V. Zahariev, Ts. Stoyanov. The Application of the Finite Element
Method for Determining the Torque and the Losses in the Steal's Teeth in the Stator of a
Synchronous Machine with Imbedded Permanent Magnets. Proceedings of the Technical
University — Sofia, vol. 64, 2014, book 4, pp. 161-170. ISSN 1311-0829.

The report presents algorithms for determining the electromagnetic torque and iron losses
along the height of the stator teeth as a function of the frequency of the supply voltage in a
synchronous motor with excitation by permanent magnets imbedded in the rotor. Electric motors
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used in hybrid vehicles are subject to requirements in terms of power output per unit volume, which
aims to reduce the weight of the vehicle. These requirements impose the precise calculations of the
torque and losses in the motors at their design stage. One of the contemporary approaches for
calculating these parameters is based on modeling the magnetic field using the finite element
method. For this purpose, computer models of two synchronous motors with “V”’ shaped permanent
magnets imbedded in the rotor and a different number of poles have been developed in the “FEMM”
software environment. The electromagnetic torque is determined by a circular contour located in the
middle of the air gap. Along the height of the stator teeth belonging to one pole, contours are
defined, which determine the change of the induction in them. The obtained values for the induction
are used to determine the losses in the teeth depending on the frequency of the voltage.

Scientific contributions: A new approach has been developed to determine the iron losses of
stator teeth in synchronous motors, taking into account the actual saturation of the material along the
tooth height. The approach uses the results obtained by modeling the magnetic field with the finite
element method. It achieves greater accuracy in calculating the losses due to the fact that it takes
into account the actual saturation in different parts of the entire magnetic circuit of the motors.
Mathematical algorithms and the corresponding software for calculating the losses in the teeth have
been developed in MatLab and Excel software environments.

Scientific and applied contributions: An algorithm for determining the electromagnetic
torque in synchronous motors with permanent magnets has been developed, using the method of
computer modeling of the electromagnetic field.

Applied contributions: The developed computer models and algorithms have been
introduced in the teaching process of students at the Faculty of Electrical Engineering of the
Technical University - Sofia.

24. Sotirov, D., V. Filipov, P. Rizov, A. Bahchevanski. Study and comparison of the
characteristics of salient and non-salient synchronous hydro generators Proceedings of the
Technical University — Sofia, vol. 64, 2014, book 4, pp. 171-180. ISSN 1311-0829.

The article presents a method for research and evaluation of the properties of salient pole
and non-salient pole synchronous hydrogenerators. The method is based on a comparative analysis
of the two variants of the constructions of the hydrogenerators. For this purpose, 2D models for
modeling the electromagnetic field have been developed in the software environment FEMM and
the software module for electromagnetic calculations and analyzes Maxwell Exprt. Evaluation and
comparison of the generators basic features, in terms of losses and efficiency, total harmonics
distortion of the generated voltage, consumption of active materials and work for production is
made.

Scientific contributions: A new method for evaluation of the basic features of synchronous
hydropower generators for medium power with salient pole and non-salient pole rotor construction
has been developed.

Scientific and applied contributions: Conclusions are made about the applicability of the
two types of rotor construction depending on the requirements for the hydrogenerators. The
proposed evaluation methodology is applicable for the selection of the rotor type when designing
both single samples and series of synchronous hydrogenerators with medium power.

Applied contributions: The results of the research have been applied in the design of new
constructions of hydrogenerators manufactured in ElpromZEM AD.
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25. Rizov, P., V. Gueorgiev. Influence of the Regime of Excitement of the Turbo-Generators on
the Stable Work of the Own Needs Supply. Proceedings of the Technical University — Sofia,
vol. 66, 2016, book 1, pp. 19-28. ISSN 1311-0829.

The article presents a study of the reasons that led to the shutdown of some of the facilities
providing supply for the own needs of a large power plant in Bulgaria, following a single-phase
short circuit in a power line connected to the output of the plant. To conduct the research, a
computer model was developed using the Matlab - Simulink model for process simulation. The
model included 400 and 220 kV busses, primary transformers, own supply needs transformers,
transformers for backup power supply for own needs, high power synchronous turbo generators,
sections 6.3 and 0.4 kV from the power supply systems for the power plant's own needs supply. The
adequacy of the model developed was verified by comparing the oscillograms and vector diagrams
of the voltages obtained from the prepared model and the actually recorded oscillograms and vector
diagrams of voltages recorded in the registers for the single-phase short circuit of one of the phases
in power lines near the power plant. Oscillograms and vector diagrams of the voltages were
obtained.

Scientific contributions: An approach was developed to study the processes determining the
stability of power generating electrical systems in the presence of disturbing effects in the connected
power lines.

Scientific and applied contributions: The hypothesis was proven that a working turbo-
generator is able to maintain the voltage level of its busses, and hence the asymmetry of voltages of
its own needs is much smaller. It was concluded that the excitation mode of the generators is
decisive for the stability of the voltages in cases of possible short circuits in the power system. It is
recommended that the idea of reducing the excitation current in order to increase the generated
active energy or to use the generators to compensate for capacitive energy should also be checked in
terms of system stability.

Applied contributions: It was proven that the strong asymmetry in the linear and phase
voltages of 0.4 kV busses of the own needs of a non-operating turbo generator led to the activation
of the minimum voltage relays, which turns off some of the equipment.

26. Gueorgiev, V., P. Rizov. Study of the Possibility for Backup Power Supply Changeover on
Medium Voltage Busses, Supplying Power Pump Aggregates. Proceedings of the Technical
University — Sofia, vol. 66, 2016, book 1, pp. 29-36. ISSN 1311-0829.

The article presents studies of modes for power supply change over at 6 kV sections with
induction motors from one supply transformer to another, without having to interrupt the pump
units driven by them. The purpose of these studies was to determine the restrictive requirements
whereby changeover was possible without interrupting the operation of the aggregates. The
features of this process were related to the fact that when the supply voltage was switched off,
the pump aggregates continued to rotate in the same direction due to the energy stored in the
rotating masses. As a result, the motors passed into generator mode, supported by the
"decreasing” magnetic flux. Once the pump speed dropped to zero, the water column in the
pressure pipeline caused the aggregate to rotate in the opposite direction, i.e. the pump started
working as a turbine. The engine also rotated in the opposite direction, but did not change over
to generator mode due to the absence of a source of reactive energy. The research of these
processes was conducted with a stimulation model developed using Matlab — Simulink software.

Scientific contributions: A method for studying the transitional processes in power supply
changeover of induction motors was established to determine the optimal duration of the shut off
interval, which will ensure stable operation of the power pumps.

Scientific and applied contributions: The evaluation criteria for successful power supply
changeover were specified: voltage drop, voltage recovery time, values of shock and transient
current. It was concluded that the value of the residual stress depends on the number of the
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changeover sections. It was proven that the maximum duration of the shut off pause for successful
self-restart of the motors is 1.5 seconds. If the self-restart does not take place within this interval,
automatic power supply changeover would not be possible.

Applied contributions: The results of the study give grounds to conclude that the developed
method is suitable for determining the settings of maximum current and voltage protectors not only
for the pump aggregates, but for all facilities driven by an induction motor.

27. Spasov, R., P. Rizov, Ts. Stoyanov, V. Zahariev. Research of the Stator Winding Type’s of
Synchronous Machine with Permanent Magnets to Achievement Maximum Energy
efficiency. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp. 127-
136. ISSN 1311-0829.

The article is concerned with the study of the influence of the stator winding on the energy
efficiency of synchronous motors with permanent magnets, which are used to drive hybrid electric
cars. These engines have a number of requirements in terms of power output per unit volume, which
aims to reduce the weight of the car and achieve maximum energy efficiency by converting the
electrical energy stored in batteries into mechanical. The study was conducted using the method of
computer modelling of the magnetic field in the engine. 2D stationary models with three types of
stator windings were developed: standard three-phase winding with number of slots for pole and
phase g = 2; two independent three-phase windings with g = 1 and a six-phase winding with q = 1.
The criteria for evaluating the advantages and disadvantages of the respective motor variant in terms
of its efficiency were: the electromagnetic moment they produced and its diversion during the
current load change and the value of the first harmonic of the electromotive voltage in generator
mode.

Scientific contributions: A method was developed to study the influence of the type of
stator winding on the efficiency of synchronous motors with V-shaped arrangement of the
permanent magnets in the rotor. The criteria for determining the energy efficiency of the
constructions with different stator windings of the synchronous motors during operation in motor
and generator mode were defined.

Scientific and applied contributions: An analysis of the constructions under review was
made. As a result of the analysis it was proved that in both motor mode and generator mode the best
energy indicators were provided by the construction of a synchronous machine with two
independent windings. The disadvantage of this design is the need for two inverters and significantly
more complex control algorithms in motor mode. In generator mode it is necessary to use a
dephasing element — a capacitor in one winding. This is difficult to do because, depending on the
size of the load, the magnitude of the capacitor will need to be changed. It was concluded that the
design with a six-phase winding obtains the best combination between achieving good energy
performance and value of the additional equipment.

Applied contributions: The developed computer models and algorithms have been
introduced in the training of students at the Faculty of Electrical Engineering at the Technical
University of Sofia.

28. Spasov, R., P. Rizov, V. Zahariev. Ts. Stoyanov. Distributing Transformer for Photovoltaic
Power Stations. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp.
137-144. ISSN 1311-0829.

The report examines the effect of the work of a step-up transformer depending on the
harmonic composition of the supply voltage. The specific requirements towards these transformers
are related to their joint operation with the inverters that generate voltages of different harmonic
composition. The standards define the degree of Total Harmonic Distortion (THD) of the voltage
and current in the distributive system. The calculation of the THD was performed by modelling the
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magnetic field in the transformer using FEMM software product and LUA scripts. An algorithm and
a program module in Microsoft Excel was developed to calculate the current densities corresponding
to the respective harmonics of the current. The program module calculated all the current densities
of a low voltage winding at a k-factor from 2 to 20, where the amplitudes of the individual
harmonics were determined relative to the amplitude of the first harmonic. From the results obtained
by computer modelling of the electromagnetic field, the flux linkages and the harmonic composition
of the electromotive voltage in the high voltage winding were calculated. For this purpose,
algorithms and program modules were developed in the MatLab and Excel software products. Two
types of low voltage winding designs were studied. The first type was a standard cylindrical double-
layer coil located on a single core. The second type was a modified zig-zag winding, where each
phase of the winding consisted of three equal parts. They were arranged on the three cores in such a
way that the windings had magnetic and electrical symmetry. The two models of the transformer had
the same construction of the magnetic circuit.

Scientific contributions: A method was developed to study the influence of the design of a
low voltage winding over the harmonic composition of a high voltage winding in transformers
during their joint operation with voltage generating inverters of different harmonic composition.

Scientific and applied contributions: An analysis of the studied constructions of the low
voltage winding of the transformer was made in terms of reducing the harmonic composition of the
voltage in the secondary high voltage winding. It was proven that in the case of a low voltage
winding with a modified zig-zag, the third and its harmonic multiples were significantly reduced,
but the price of this reduction is related to a 50% increase in the turns of this type of winding. The
method developed for studying the harmonic composition of the induced voltage in the secondary
winding, at different degrees of non-sinusoidal voltage in the primary winding, is applicable for the
study of transformers with other constructions of low voltage windings.

Applied contributions: The developed computer models and algorithms are used in the
training of students at the Faculty of Electrical Engineering of the Technical University of Sofia.

29. Rizov, P., S. Aleksandrov. 3D Thermal Analysis of Double Speed Induction Motor for
Middle Voltage. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1, pp.
471-478. ISSN 1311-0829.

The article concerns the study of the thermal field in double speed induction electric motors
for 6 kV voltage, computer modelling of thermal processes by the finite element method. The
ANSYS software product developed a 3D computer model for numerical solution of the equations
describing the thermal processes, where the thermal field in the engine at rated load was shown as
stationary. The model indicated the presence of a radial-axial cooling system in the engine. Two
different triphase windings with different number of poles were located in the slots of the stator. The
results obtained from the solution of the thermal problem indicated the areas of maximum heating
concentration of the insulation of the two windings, regardless which of them was supplied with
voltage. Studies were performed on the work of the engine at two operating speeds. The heat sources
were modelled by means of the electrical losses in the stator and rotor windings and the losses in the
steel of the stator magnetic circuit. To determine them, an own algorithm and software was
developed to verify the calculations of double speed induction motors.

Scientific contributions: An approach was developed to ascertain the heating of the
different zones in the construction of induction motors, based on the method of computer
modelling of the thermal field therein.

Scientific and applied contributions: An analysis of the heating of the conductors and
the insulation of the operating and non-operating stator windings was made, which assessed the
temperature class of the insulation as sufficient or not to ensure reliable operation of the
insulation system. The analysis showed that the rotor winding at rated load mode was
insignificantly heated because the rotor rods were in direct contact with the rotor steel, as a result
of which the heat generated in them was directly transferred onto the rotor steel unit.

17



30. Aleksandrov, S., P. Rizov. 3D Electromagnetic Analysis of Double Speed Induction Motor
for Middle Voltage. Proceedings of the Technical University — Sofia, vol. 66, 2016, book 1,
pp. 479-488. ISSN 1311-0829.

The article discusses the study of the influence of the electromagnetic field force on the front-
end connections in a double speed induction electric motor for a voltage of 6 kV. The
electromagnetic field is considered to be quasi-stationary. A 3D quasi-stationary model was
developed to solve the electromagnetic problem by taking into account the induced currents in the
rotor winding. The complex values for the stator and rotor currents at rated loading, at no load and at
short circuit of the motor were used. The insulation system of the double speed motor was prepared
by VPI technology. It provides higher resistance to moisture and high temperature and is harder. In
start-up mode, the front-end connections of the stator windings are subjected to the force effect
caused by the interaction of the starting current and the front leakage flux. As a result, microcracks
may appear in the insulation of the front-end connections, which are able to degrade the insulation
properties of the motor insulation system.

Scientific contributions: A method for determining the mechanical load of the front-end
connections of an induction motor was developed, choosing a 3D complex computer modelling of
the electromagnetic field in the motor.

Scientific and applied contributions: The effect of the electromagnetic field force in the
area of the front-end connection of the stator winding was analysed, which allowed to make a
qualitative assessment of the ability of the insulation to withstand mechanical impact without
suffering any cracks. The allocation of the electromagnetic force to those parts of the rotor rods,
situated away from the rotor unit was ascertained, as well as the probability for them to withstand
the electromagnetic field force with no risk of plastic deformation.

Applied contributions: The method developed allows to determine the forces acting on
the front-end connections as early as the design stage of the electrical motors and the
necessary measures for reinforcing them.

31. P. Rizov. Determining the Phase Flux Linkage's Time Function and the phase electromotive
force’s in turbo generators Proceedings of the Technical University — Sofia, vol. 66, 2016,
book 3, pp. 117-124. ISSN 1311-0829.

The article presents a method for determining the changes in the time functions of the phase
flux linkages W4, Wg, Wc in a synchronous turbo generator with power 320 MW and rated voltage
20 kV. The method stands on an algorithm based on numeric modelling of the electromagnetic field
by taking into account the saturation of the magnetic circuit in the turbo generator. For the study a
2D computer model of the electromagnetic field in no-load mode was prepared. The results obtained
for the spread of the magnetic flux in the active part of the turbo generator determined the flux
linkages of the active sides of the phase section groups. Hence, the phase flux linkages were
calculated by taking into account the presence of parallel connected stator winding branches. The
instantaneous values of the phase electromotive voltages were derived as time derivatives of the
phase flux linkages. For this purpose, the algorithm simulates a stepwise rotation of the rotor at an
angle corresponding to two poles. The geometric rotation step corresponds to a time step for time
change. The duration of the simulation time interval was 20 ms.

Scientific contributions: A method for determining the time functions of the phase flux
linkages was developed by taking into account the actual saturation of the individual sections of the
magnetic circuit of a synchronous turbo generator.

Scientific and applied contributions: Calculated oscillograms were obtained, showing the
alterations in the phase flux linkages and electromotive forces in the turbo generator in no-load
mode.

Applied contributions: The developed method is applicable in the design stage of electrical
machines to determine the nature of time change and symmetry of electromotive forces.

18



32. Spasov, R., P. Rizov, Ts. Stoyanov, V. Zahariev. Rotor iron losses determination in
permanent magnet synchronous machine for hybrid cars. Proceedings of the Technical
University — Sofia, vol. 67, 2017, book 1, pp. 241-249. ISSN 1311-0829.

The article shows an approach for studying the pulsation loss in the rotor of a synchronous
motor with V - shaped permanent magnets used in hybrid cars. The approach was based on
computer modelling of the magnetic field and the subsequent determination of the spatial change in
magnetic induction. A 2D stationary computer model of a synchronous motor was prepared for the
study, whereas from the air gap, six arc loops were specified within one pole. The algorithm was
used at the no-load and load modes for three values of the stator current. The discrete values of the
spatial change of the magnetic induction were recorded along the arc loops, the number of which are
the same for all loops. The number of discrete values determines the number of elementary volumes
in the sectors located in between arc loops. The average induction in the elementary volumes of the
sectors is derived from the discrete values. The stepwise rotation of the rotor at a geometric angle
corresponding to one pole is simulated, whereby the magnetic induction in the elementary volumes
for each position of the rotor is determined. The specific losses in volumes and the pulsation losses
in the rotor steel were calculated on the bases of the inductances. To determine the spatial
dissipation of magnetic induction and pulsation losses, a mathematical algorithm and the
corresponding software applications were prepared using Fortran and Excel programming software.

Scientific contributions: A method for determining the pulsation losses in the rotor steel of a
synchronous machine was prepared, taking into account the different saturation of the various zones
in the magnetic circuit and the actual pulsations of the induction during its rotation.

Scientific and applied contributions: The spatial dissipation of the losses in the steel of the
rotor were obtained depending on its position and location of the elementary volume in the zones,
arranged along the longitudinal and transverse axis of the machine. The reduction of losses in the
surface layer in the no-load and load modes were determined. It depends on the extent of saturation of
the magnetic circuit and especially that on the surface layer of the rotor. It was shown that on the
longitudinal axis the d peak values of the losses decrease, while on the transverse axis the g losses
increase their amplitude values, which is a result of the reaction of the armature current. A
mathematical expression for determining the coefficient of eddy current losses was proposed.

Applied contributions: Relevant software applications were developed using the
programming language Fortran and Excel for processing numerical results and calculation of
pulsation losses in the rotor of a synchronous machine.

33. P. Rizov. Application of finite element method (FEM) for study of two-speed asynchronous
induction motor for medium voltage. Proceedings of the Technical University — Sofia, vol.
67, 2017, book 1, pp. 251-260. ISSN 1311-0829.

The article presents an approach to the study on the induced voltages in the stator windings
of a double speed induction motor for medium voltage. The algorithm was based on the method for
computer modelling of the electromagnetic field and subsequent processing of the numerical results.
There are two windings with different number of poles (2p = 12 and 2p = 16) in the stator slots of
the motor, and only one of them is powered. The rotating magnetic field induces electromotive
forces in both windings. The study aims to specify the time functions and maximum values of the
induced voltages in the unpowered winding. 2D computer modelling of the magnetic field was used,
based on the finite element method by using a stepwise simulation solution at a uniform geometric
step and at a corresponding time step. Two output models for the nominal load mode were
developed. In the first model, the power supply of the winding with a lesser number of poles was
simulated, and in the second model the winding with a larger number of poles was powered. Of
these a sequence of submodels was obtained where the rotor was rotated relative to the previous
position of the angle determined by the time step and the synchronous speed at the different number
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of poles. The submodels were set the instantaneous values of the phase currents of the powered
winding, which changed when the rotor rotated.

Scientific contributions: An approach based on computer modelling of the electromagnetic
field in a double speed induction motor was developed, through which phase flux linkages and
electromotive forces could be studied.

Scientific and applied contributions: The computed oscillograms of the alterations in time
of the phase flux linkages and voltages in the unpowered windings were obtained. The harmonic
composition in the voltages was determined. It was proven that the induced voltages in the
unpowered windings have the same frequency as equal to that of the supply voltage - 50 Hz. This is
because in the first case a 12-pole rotating magnetic field induces a voltage in the 16-pole winding.
In the second case, a 16-pole rotating magnetic field induces a voltage in the 12-pole winding.

Applied contributions: It was proven that the maximum values of the induced voltages in
the unpowered winding were close in value to the supply voltage. This fact gives reason to assume
that the insulation of the windings will not be subjected to stresses greater than those for which they
were designed.

34. P. Rizov. Study of the influence of the form of the rotor pole on the some of the parameters
of synchronous machine with permanent magnets. Proceedings of the Technical University —
Sofia, vol. 67, 2017, book 1, pp. 261-270. ISSN 1311-0829.

The paper presents a study on the influence of the form of the rotor pole on the
electromagnetic moment, the flux leakage and the induction dissipation in synchronous motors with
permanent magnets. The synchronous machine had a V-shaped arrangement of the magnets at the
rotor pole, and their reinforcement in the radial direction was provided by a metal bridge located
between the magnet and the air gap. From a mechanical point of view, the metal bridge was required
to ensure the stability of the construction. On the other hand, it was necessary to reduce the flux
dissipation of the magnets by increasing magnetic resistance. This was accomplished by increasing
the length and saturation of the magnetic circuit for the flux leakage. Four computer based models of
the electromagnetic field in the motor in the load mode were prepared for the study, which varied
one from another in the zone of the metal bridge between the magnets of two adjacent poles.

Scientific and applied contributions: An approach was developed whereby the flux
dissipation between the permanent magnets was specified depending on the form of the
reinforcement bridge located within the zone between the poles. It was proven that the method
of metal bridge formation largely depends on the flux dissipation, while the electromagnetic
moment, the inductance dissipation in the magnets and the spatial dissipation in the air gap are
comparable in four variants. The variant in which the metal bridge is shaped like a smooth slot,
consisting of two arcs from the side of the air gap, provides the largest electromagnetic moment,
because the magnetic flux dissipation of the permanent magnets is the least.

35. Spasov, R., P. Rizov, V. Zahariev, Ts. Stoyanov. Distributive transformer for use in
photovoltaic electrical power plants with low voltage windings placed in Zig-Zag pattern.
Proceedings of the Technical University — Sofia, vol. 68, 2018, book 1, pp. 83-90. ISSN
1311-0829.

The article discusses an approach for reducing the fifth, seventh and eleventh harmonics
of the current generated by the inverters of photovoltaic power plants. The presence of
harmonics in the currents increases the losses in the transformers of the photovoltaic power
plants, and on the other hand the harmonics in the output voltage of the transformers impair the
quality indicators of the electricity provided to the distribution network. A transformer with two
independent low voltage windings connected in a zigzag circuit was considered. The main
feature of the studied windings is that the number of turns in the coils that form one phase were
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not the same. Thereby, dephasing of the induced electromotive voltages in the two windings at
an arbitrary angle or creating a common magnetomotive voltage from the two low voltage
windings was provided, where the current was at an arbitrary angle. An algorithm for studying
the harmonic composition of the resulting magnetomotive voltage of the two independent low
voltage windings was developed, which consisted of the following steps. The instantaneous
values of the currents in the two low voltage windings were calculated in relative units, where
the magnitudes of the individual harmonic inputs were taken per the standard. The
magnetomotive voltages of the coils from the core were summed. The harmonic composition of
the resulting magnetomotive voltage was determined and compared with that of a double layered
cylindrical winding. The procedure was repeated for different k-factors from 2 to 7 and at
different dephasing angles of the currents at the two low voltage windings, until the strongest
reduction of the fifth, seventh and eleventh harmonics was obtained.

Scientific and applied contributions: An approach was developed to determine the required
dephasing of the currents in the two independent zig-zag windings for maximum reduction of 5 and
7 harmonics.

36. Stoyanov, Ts., R. Spasov, P. Rizov. Optimization of the rotor’s sizes of permanent magnet
synchronous machine. Proceedings of the Technical University — Sofia, vol. 68, 2018, book
1, pp. 189-196. ISSN 1311-0829.

The article describes an approach for optimizing the dimensions and geometric
arrangement of the permanent magnets of constant volume at the rotor pole. The criteria for
optimization was the achievement of the largest amplitude in the first harmonics of the spatial
distribution of the magnetic induction in the air gap. The permanent magnets had V — shape
arranged at the rotor poles. Optimizing the arrangement of magnets was an invariant procedure
where the angle between the magnets, the arc angle of the metal bridge, the minimal
withstanding between the arc of the bridge and the air gap, as well as the dimensions of the
permanent magnets change iteratively within certain limits. It mainly varies with the angle
between the magnets, as it changes from 60 to 120 degrees. This leads to a change in their size
while maintaining their volume. An invariant 2D stationary computer model based on the finite
element method was developed to model the electromagnetic field. The tests were performed on
two synchronous machines with 6 and 10 poles for powers P2 = 10, 20, 30 kW. For all iterative
variants, the amplitude of the first harmonic of the spatial dissipation of the magnetic induction
was determined. The best location and dimensions of the permanent magnets were determined
after comparing the obtained amplitude values for each of the above synchronous machines,

Scientific contributions: A method was developed to optimize the location and dimensions
of the permanent magnets in the rotor pole of synchronous machines to obtain the best energy
performance.

Applied contributions: The developed method is applicable in the design of synchronous
motors with permanent magnets built into the rotor.

37. Totev, V., D. lbram, V. Georgiev, P. Rizov, Electric vehicles - current state and tendencies.
Proceedings of the Technical University — Sofia, vol. 69, 2019, book 1, pp. 31-40. ISSN
1311-0829.

The article examines the characteristics of the main components of electromotive vehicles
currently manufactured by leading companies. Some tendencies for their future development were
also indicated. The specifications of the accumulator batteries were studied such as capacity; energy
density; battery life, estimated by the number of charge / discharge cycles that the battery can
perform until it becomes disposable; price; energy efficiency - defined as the ratio between the
energy required for charging and that for discharging. The most frequently used electric motors were
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listed — permanent magnet synchronous motors (PMSM) with rare-earth elements, brushless DC
motors (BLDC), synchronous motor with alternating current. There are models of electromotive
vehicles with combined drive by different types of electric motors.

Scientific and applied contributions: An analysis of the main elements of the electromotive
drive system of modern electric vehicles was made. The tendencies for the future development of
some of their main nodes were shown.

38. Mihov, M., G.Todorov, P. Rizov, V.Stiptzov, Investigation of current distribution by means
of multilink equivalent circuits with MATLAB. Proceedings of the Tenth International
Conference on Electrical Machines, Drives and Power Systems ELMA 2002, Sofia,
Bulgaria, September 13-14, 2002, Vol. 1, pp 52-59, ISBN 954-902-091-6.

This article presents a mathematical algorithm and a corresponding software implementation
for computing the active and inductive resistance and leakage reactance of deep rotor slots of
different shapes. The studies were performed under the following conditions: the slot was
symmetrical along its vertical axis; the rotor rod is made of homogeneous material; the slots are
grouped as slots with straight walls only and slots including straight walls and arcs. The algorithm
automatically divides the slots into layers and calculates the plane and the magnetic conductivity.

Scientific and applied contributions: A mathematical algorithm and a corresponding
software implementation for automation of the computing the active and inductive leakage reactance
of deep rotor slots of different shapes for induction motors were developed..

39. Sokolov, E., P. Rizov, Analysis of the magnetic field and losses in the bandage rings of a
hydrogenerator, Proceedings of the 3-th International Conference on electrical Machines
ELMA 2002, Drives and Power Systems, Sofia, September 13-14, 2002, Vol. 2, pp. 23 — 29,
ISBN 954-902-091-6.

The article discloses how the application of the finite element method (FEM) determines the
losses in the bandage rings of a hydro generator due to the eddy currents induced in it. To this end,
using FEMM model, an axisymmetric quasi-stationary model of the magnetic field in the area of the
front parts of the synchronous hydro generator was prepared. Studies were carried out for brass and
steel bandage rings which have specified the penetration of the magnetic field into the bandage
rings. It was proven that with brass bandage rings the depth of penetration of the magnetic field in
the plane of the ring is greater because the skin effect, due to the eddy currents in the ring, is smaller.

Scientific and applied contributions: An axisymmetric quasi-stationary model was
established to study the magnetic field in the area of the front parts of the synchronous hydro
generator. The numerical solution determined the changes in the current densities of the bandage
rings along two transverse axes. Heat losses were estimated and their influence on the insulation of
the bandage rings determined.

40. Sotirov, D., P. Rizov, A. Tzolov, V. Spasov, Analysis of the magnetic fields in DC
brushless motors with permanent magnets. Proceedings of the 3-th International Conference
on electrical Machines ELMA 2002, Drives and Power Systems, Sofia, September 13-14,
2002, Vol. 2, pp. 30 — 37, ISBN 954-902-091-6.

This article presents a theoretical analysis of a DC brushless motor with a parallel non-
reversible winding and excitation from permanent magnets by the Finite Element Method (FEM).
The no-load and load modes of the magnetic field of the motor were analysed. The fluxes caused by
the reaction of the armature current and the slot flux leakage were determined. The slot flux leakage
was at its maximum when switched on, because the end of the pole was beyond the zone of the
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respective phase and most of the flux was shut off through the stator slot. The flux created by the
transverse reaction of the armature current at the moment of switching on was also at its maximum
because the rotor poles were not yet below the switch-on phase, and the current excited by the
current in the rotor winding created a transverse reaction to the excitation field.

At this point the longitudinal reaction of the armature current was demagnetizing, whilst at
the moment of phasing off, when the MMF and the phase MMF were almost in phase, the transverse
reaction was magnetizing.

Scientific and applied contributions: FEMM software was used to develop a computer
model for modeling the magnetic field in a DC brushless motor with permanent magnets in the rotor.
The dependence of the leakage and the fluxes on the longitudinal and transverse axes of the motor
on the angle of rotation of the rotor within the switching interval is obtained. The studies performed
allowed to optimize the switching interval of the semiconductor switches.

41. Sotirov, D., P. Rizov, A. Tzolov, V. Spasov, Analysis of the torque curve of a reactive DC
brushless motor. Proceedings of the 3-th International Conference on electrical Machines
ELMA 2002, Drives and Power Systems, Sofia, September 13-14, 2002, Vol. 2, p. 38 —43. .
ISBN 954-902-091-6.

The article provides a study of a DC brushless reactive motor with a reversible stator
winding. A computer model was developed for the study of the magnetic field, based on the finite
element method (FEM), using FEMM software. The studies were carried out at constant values of
the current for both connected phases, at successive positions of the reactive rotor. Based on the
numerical solutions, the static electromagnetic torque curve was computed, given the current.

Scientific and applied contributions: A computer model for modeling the magnetic field in
a brushless reactive motor was developed, through which the electromagnetic moment of the motor
was calculated depending on the current.

42. Sotirov D., P. Rizov, A. Kalapish. Static characteristics of brushless switched reluctance
motor, calculated with finite element nalysis. Eleventh International Conference on Electrical
Machines, Drives and Power Systems ELMA 2005, 15-16. 09. 2005, Vol. 1, p. 215 — 219,
ISBN 954-902-09-5-9.

The article presents studies aimed at making a comparative analysis of two constructions of
two brushless reactive motors with three-phase and four-phase stator winding. The outer diameters
and the length of the active part of the two motors was equal. The comparative analysis was done on
the basis of their static electromagnetic torque, the self-inductance of the winding and the inverter
used. 2D computer models based on the finite element method were developed for conducting the
research. The simulation of the electromagnetic field was done by taking into account the cross-
section of the magnetic circuit of the motors. A step rotation of the rotor was simulated at an angle,
corresponding to one self-inductance period of the winding and the electromagnetic torque of each
of the two motors. The exciters of the magnetic field were represented by direct current that did not
change when the rotor rotated.

Scientific contributions: A method of comparative analysis of brushless reactive motors
was established, based on computer modelling of the electromagnetic field using the finite element
method. The comparison criteria were the static electromagnetic torque, the intrinsic inductance of
the stator phase and the specifics of the inverter.

Scientific and applied contributions: The possibility to determine the duration of the
switching interval in motors with three-phase and four-phase note was proven. In the case of forced
switching, it was possible to accelerate the increase of the start-up current so that the motor operated
at the desired current value, which provided higher efficiency. With the correct switching angle, the
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phase current reached the desired value before the rotor assumed a position that significantly
affected saturation.

Applied contributions: The dependences of the static electromagnetic torque and the
intrinsic inductance of the stator phase, depending on the position of the rotor relative to the stator,
were obtained. The dependence of the intrinsic inductance on the rotor rotation angle is applicable
for determining the current in a given operating mode in simplified models.

43. Sotirov  D., P. Rizov, |. Panayotov, D. Bozhov, B. Krachev, V. Doychev. Study of a
synchronous excitation generator with rotating rectifier. Bulgaria, Sofia, ELMA — 2008, p.
51 — 55, ISSN 1313-4965.

The report is dedicated to a study on a synchronous excitation generator with a rotating
rectifier. Any attempts to use it at higher powers has led to problems related to overheating of the
magnetic conductors of the excitation generator. The analysis of these problems, in particular the
study of the magnetic field of the excitation generator, as well as their elimination is the subject of
the present study. A computer model was developed for modeling the electromagnetic field in a
synchronous excitation generator, taking into account its peculiarities during operation due to the
presence of a rotating rectifier. The research took into account the fact that current flew through each
of the phases of the generator only during the time interval when the respective thyristor switches
were unlocked.

Scientific contributions: It has been proven that due to the peculiarities of the excitation
synchronous generator with a rotating rectifier, a pulsation of the magnetic induction occurs at the
poles of the inductor and the armature teeth due to the strong periodically repetitive demagnetizing
action of the armature current.

Scientific and applied contributions: The pulsation of the magnetic induction leads to
losses of eddy currents and hysteresis in separate zones of the magnetic system of the excitation
synchronous generator. In this case, it is necessary to blend the inductor poles of electrical steel,
although the magnetic flux has been excited by the direct current.

44. Rizov, P., R. Spasov, T. Stoyanov, V. Zahariev, The application of finite element method
for determining the THD in the electromotive force in a synchronous machine with
permanent magnets under different loads, Proceedings of the 14-th International Conference
on Electrical Machines, Drives and Power Systems ELMA 2015, 1-3 Oct. 2015, Varna,
Bulgaria, pp. 7 — 13, ISSN 1313-4965.

In the report there is an algorithm given for determining the Total Harmonic Distortion
(THD) in the electromotive force under different loads. Object of the study is a synchronous
machines with excitement from permanent magnets imbedded in the rotor (SPMM), widely used in
hybrid vehicles. The tests were performed for two variants of the stator winding. the first case is a
three phase, ten pole machine with g = 2 (q - number of slots per pole and phase) and the second
case is with two independent three phase, ten pole windings with q = 1. To conduct the study,
computer models were developed in the "FEMM" software environment, which were used to model
the magnetic field in the machine, while taking into account the saturation of the magnetic circuit’s
materials. The rotation of the rotor is simulated in uniform steps, which corresponds to a time
interval of 20 ms. In both variants, the tests were performed at three different values of the stator
current. The modes of operation with active-inductive and active-capacitive load are modeled, and in
both studied cases cosg is in the range from 0.8 to 1.

Scientific contributions: A complex approach has been developed for modeling and
simulation of the operation modes of a synchronous machine with permanent magnets in generator
mode at different types of the load.

Scientific and applied contributions: Results for the harmonic composition of the
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electromotive forces of the synchronous machine depending on the type of the stator winding and
the type of the load are obtained.

Applied contributions: The developed computer models and algorithms have been
introduced in the teaching process of students at the Faculty of Electrical Engineering of the
Technical University - Sofia.

45. Georgiev, V., P. Rizov, Energy efficiency in capacitive loads compensation, Proceedings of
the 14-th International Conference on Electrical Machines, Drives and Power Systems
ELMA 2015, 1-3 Oct. 2015, Varna, Bulgaria, pp. 218 — 222, ISSN 1313-4965

The report presents the results of a study of the approaches for reactive energy compensation
in medium voltage cable lines and overhead power lines. Uncompensated reactive energy is being
returned to the grid, causing penalty payments by many companies during the last decade. The
information of the main approaches for compensation is systematized: overcompensation, switching
of reactors and capacitors, reactors with thyristor control, static compensators. Different approaches
for compensating reactive energy generation are compared according to their performance, energy
efficiency and financial benefit.

Scientific and applied contributions: Different compensation strategies were compared. It
is pointed out that the most common approach for compensation - the installation of an
overcompensating reactor, is not the best solution and the more complex approaches - the use of a
switched reactor or TCR offer certain advantages.

I'pyna 3. Scientific publications in journals with impact factor (IF - Web of
Science) and scientific journal ranks (SJR - SCOPUS)

S1. Lazarov, V., P. Rizov. Magnetic permeance of the air gap between two toothed structures,
Journal of Materials Processing Technology 161, 2005, pp. 96-100 , Elsevier. ISSN 0924-
0136, doi: 10.1016/j.jmatprotec.2004.07.059. 1F=0.856/2005,

(SCOPUS, SJR = 0.758/2005)

The article is devoted to a study, aimed at improving the Pohl method applied to determine
the magnetic conductivity of the air gap in electrical machines with teeth and slots of different
widths, assuming that the slots have infinite depth. In the Pohl method, the magnetic permeability
calculation expressions refer primarily to the case where the stator and rotor teeth are with equal
widths. When the tooth widths of the stator and the rotor are different, the set of expressions in the
above method is quite inconvenient for practical purposes. In the study, the angle between the sides
and crowns of the teeth B is corrected in such a way that the magnetic conductivity of the air gap,
calculated by analytical expressions is equal to that obtained by modeling the magnetic field with the
finite element method at relative displacement of the tooth respective to the slot.

Scientific contributions: The Pohl method for calculating the magnetic conductivity of the
air gap in a toothed structure has been improved. This improvement allows a number of complex
cases to be drastically simplified for practical purposes by averaging the teeth of the stator and rotor
and by appropriately adjusting the angle .

Scientific and applied contributions: The study showed that all cases concerning different
tooth widths of the rotor and stator can be reduced to the case with the same width of the teeth of the
rotor and stator, which is equal to their average value.
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S2. Sotirov, D., P. Rizov, Panayotov. I. Study on harmonics spectrum in wave form of magnetic
induction in air gap and E.M.F. of the synchronous hydro generators, Proceedings of XVIth
International Symposium on Electrical Apparatus and Technologies, SIELA 2009, Volumel,
pp. 262-271. ISBN: 978-954323530-8. (SCOPUS, SJR = 0.1/2009)

The article presents an approach for determining the harmonics of the magnetic induction
in the air gap, the phase and linear electromotive voltages in a synchronous hydro generator. The
algorithm comprises of three stages. In the first stage the electromagnetic field is modelled using
the finite element method. In the second stage, the harmonic spectrum of the magnetic induction
in the air gap is determined by Fast Fourier Transform. In the third stage, the fundamental and
higher harmonics of the magnetic flux, phase and linear voltages in the stator winding are
calculated. The algorithm thus described was applied to the study of four hydro generators.

Scientific and applied contributions: An approach for computing the harmonics,
magnetic induction and voltages in synchronous generators was initiated, taking into account the
cross-section plane of the magnetic circuit. The methodology allows for calculation of the tooth
harmonics of the first and higher order.

Applied contributions: The established approach was applied to the design and
production of synchronous hydro generators in Elprom ZEM AD and IHB Electric OOD.

S3. Stoev, B., G. Todorov, P.Rizov, G. Pagiatakis, L. Dritsas, Finite element analysis of rotating
electrical machines - An educational approach. An educational approach IEEE global
engineering education conference, EDUCON 2017, pp. 262-269. ISBN: 978-150905467-1,
doi: 10.1109/EDUCON.2017.7942857. (SCOPUS, SJR = 0.197/2017)

The article is concerned with the application of the finite element method in teaching
undergraduate students the fundamental theoretical basis of rotating electrical machines. The scope
of the article is to highlight the basic principles of operation of electrical machines by modelling and
analysis of the electromagnetic field using the 2D finite element method. This approach is suitable
for teaching undergraduate students, as the finite element method is based on the direct integration
of Maxwell's equations for first-order elements, avoiding the use of complex mathematical
processing. The preparation of the models of the electric machines and the analysis of the results
obtained are presented in the simplest possible way in order to be more accessible for the students.
The explanation of the processes taking place in electrical machines is illustrated by various results
that learners can directly obtain, observe and analyse using the finite element method. The
application of the finite element modelling method makes it possible to explain and discuss the
behaviour of rotating electrical machines in normal operating modes and in emergency situations.

Applied contributions: The approach developed for applying the results of the study on
electrical machines by the finite element method is used in the training of students at the Faculty of
Electrical Engineering of the Technical University - Sofia.

Group E23. Published university textbook

VY1.Rizov, P., A. lvanov. Computer modelling of fields and processes. Sofia, TU-Sofia
Publishing House, 2015. ISBN: 978-619-167-158-8

This textbook was compiled according to the lecture material for the Computer Modelling of
Processes and Fields course which also includes part of the lecture material taught in the course on
Numerical Methods and Modelling of Circuits and Fields — Part Il. Attention was placed on the
application of the finite element method for the study of electrical machines. The textbook displays
mathematical algorithms, which model numerically the magnetic field in induction motors. The
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algorithms are applicable for modelling the electromagnetic field in synchronous machines. The
textbook manifests considerations on the topic by home and foreign publicities, as well as other
research of the authors.

Conclusion

The studies presented in the works can be grouped as follows:

1. Research and analysis of asynchronous, synchronous, DC electric machines and
transformers, using computer modelling techniques of electromagnetic and thermal fields.
[1]. [5], [6], [8], [9], [10], [11], [12], [13], [14], [15], [17], [18] ], [21 [22], [23], [24], [27],
[28], [29], [30] [31], [32], [33], [34], [35] , [36], [38] [39], [40], [41], [42], [43], [44], [S1]
[S2], [S3], [V1].

2. Research and analysis of processes in electrical systems accommodating electrical
machines and transformers. [2] [3], [7], [19], [20], [25], [26].

3. Novel insulation systems for high voltage electrical machines. [M1]
On the educational side, these contributions are also employed for the tuition of students in

the disciplines related to electrical machines, making use of some educational techniques and
scientific and technical achievements discussed in the articles.
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