PE3IOMETA HA HAYYHMU TPYJIOBE

Ha 1. ac. a-p unxk. Paitdo [lerpoB PaliueB 3a yyacTue B KOHKYpC 3a 3a€MaHe Ha akaJeMHUYHa
JUTBXHOCT ,,IOLIEHT" B TpohecnoHanHo HarmpasiaeHue: 5.1. MalmHHO HHXEHEPCTBO,
cnenuansoct "l[IpunoxkHa MmexaHuka' 3a HykauTe Ha KaTeapa "Mexanuka" kbM TexHUUECKH

yauBepcuret - Codus, punman [Inosaus, mydnaukysan B JIB 6p. 93/ 22-11-2022.

3a ywacTHe B KOHKypca ca MpeicTaBeHH 35 HayuyHU MyOJMKalWW, MOKPHUBAIIU
ChOTBETHUTE MUHUMAIIHU W3uckBaHUA. OT TsaX 14 HayyHu myOiukanuu (B ChbaBTOPCTBO) ca
myOJUKyBaHU B CIIEUANIU3UPAHU HAYYHH W3JIaHUS, KOUTO ca pedeprupaHu U WHICKCUPAHU B
CBETOBHOM3BECTHU 0a3u naHHM ¢ HayuyHa uHpopmarus (Scopus). Tesm myOnukanum ca
BKJIFOUEHU KaTO PaBHOCTOMHU Ha MOHOTpaduueH Tpya. [IpeacraBenu ca u 21 Hayyau Tpyaa (B
ChaBTOPCTBO), MyOIUKYBaHHU B HEpePEpUpaHU CIIUCAHUS C HAYYHO pPEIleH3UPaHE.

Benuky n36poeHu mo-rope nyoJuKanuM He ca MpecTaBeHH B MpoleaypaTa 3a
OHC ,,noxTop*.

*3alesesxkka: IlopenHocTra Ha pe3omMeTrara Ha IPEACTaBEHUTE MaTepualu
CHOTBETCTBA HA OPETHOCTTA HA MyOJIMKALMUTE OT CIMChKA HAa HAYYHHUTE TPYJIOBE 32 y4acTHe
B KOHKYypca

O01mo onucanue Ha NpeACTABEHUTE MAaTepPHaJIH N0 OKa3aTeJauTe, cbriacHo 3PACPD u
ITYP3A/ B TY-Codusn

I'pyna A, noka3area 1: [Jumnoma 3a OHC ,jokTop®, 1Mo Hay4Ha CHEIHAATHOCT
LIIpunoxxna mexanuka®“, or ®MY xem TY-Codus, dunuan [Tnosaus, nuznanena mpes 2015 r.
(50 Toukm).

I'pyna B, noka3arten 4: [IpencraBeH € XaOMIMTALMOHEH TPYJ, cheTosm ce oT 10
Hay4YHHM MyOnMKauuu (B ChaBTOPCTBO), MyOJIMKYBaHU B CICIHATU3UPAHU HAYYHU W3/aHUS,
KOUTO ca pedepupaHy U HHACKCUPAHHU B CBETOBHOM3BECTHH 0a31 TaHHU C HayyHa MH(OpMaIus
(SCOPUS). Ilyonukanuute 00XBaIiaT HayqYHO-U3CIeA0BaTelIcKaTa paboTa Ha TII. ac. A-p UHK.
Paituo PaifueB B oOnacTTa CMHTE3 U aHAJIM3 HA €JIEKTPOMEXaHUYHU BUOPAIIMOHHH CUCTEMH 3a
JOOMB Ha EJIEKTPHYECKA CHEPTHSI.

Ceranacao ITYP3AJl B TVY-Codwus, Bcuukm myOIuKamuu 1o mnoka3zatea 4 ca
pedepupanu u uaaexcupanu B SCOPUS (258 Toukn).
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I'pyna I, moka3zaren 7: IlpeacraBenu ca 4 mnyOmukanuu (B ChaBTOPCTBO),
nyOnuKyBaHU B uznanus, pedhepupanu u uaaexcupanu B SCOPUS (80 Toukn).

I'pyna I', moka3arten 8: IlpencraBenn ca 21 nybOnukanuu (B ChaBTOPCTBO),
nyOIMKYyBaHU B CITUCAHUS W/WIIM TIPEICTaBEHH HA HayuyHu Gopymu (184 Toukn).

I'pyna /I, moka3zaren 12: IIpencraBenu ca 12 nutupanus Ha 6 HAy4yHH TPy/a, KaTo B
JI0Ka3aTeJICTBEHATa YacT Ha MPeJICTaBeHUTE JOKYMEHTHU ca MocoueHu Oubnuorpadcku JaHHU
3a MMUTUPAHUTE MyOJIMKAIIMY U IUTUPAIINATE MyOIUKAIMKA ChC CHOTBETHOTO pedepupane (120
TOYKH).

I'pyna /I, moka3aren 14: IlpencraBeHo e 1 nutupane Ha 1 HayyeH Tpyn, Kato B
JI0Ka3aTeJICTBEHATa YacT Ha MPEACTaBEHUTE TOKYMEHTH ca MOCOoYeHH Onbnmorpad)cku naHHH
3a MUTHpaHaTa MyOJIMKAIUs M LUTHpalaTa myOiauKanus CbC ChOTBETHOTO pedepupane (2
TOYKH).

I'pyna 7K, noka3zarena 30: [IpunoxkeHa e cpaBka 3a XOpapuyM Ha BOJICHH JIEKIIUU T10
CIIETHUTE YYeOHM TUCIUTIINHY: ,,Mexanuka - [ vact®, ,,Mexanuka - Il vact®, ,,I30panu riaBu
OT MexaHukata‘“, ,,Texunuecka Mexanuka“, ,,Mammnao3Hanue* (657 TOUKN).

B Tabnuna 1. e mpeacTaBeHO TOKPUTHUETO HA KPUTEPHUHTE, TI0 TPYIH OT TOKa3aTeld, Ha
1. ac. 1-p urx. Paituo PaifueB, chriocTaBeHO ¢ MUHUMATHUTE U3UCKBAaHUS 32 3aeMaHe Ha A /]
,JTOIIEHT"* 110 TIpohecnoHanHo HanpasieHue 5.1. MamuuaHo uHxenepctBo B TY-Codust, kouto
MOKPYBAT MUHUMAJIHUTE HallMOHAHU u3nckBanus cbriacHo [ITI3PACPD.

Taoauna 1. bpoii ToukM Mo MoKa3zarejun
bpoit mouku

Tpyna om Houenm Houenm
Cvovprrcanue MUHUMATIHU | 271, AC. O-P UHJIC.
nokasameJiu - -
U3UCKaAHUA Paiiuo Paitues
A 1. ucepTaliuoHeH TPy 3a NPUCHKIAHE HA 50 50
OHC ,,noktop*.

4. XaOunurtaoHeH TPy — Hay4YHU
nmyosmkaiuu (He mo-manko ot 10) B

B U3JIaHKA, KOUTO ca pedepupanu u 100 258
MH/IEKCUPaHU B CBETOBHOU3BECTHU 0a3u
JaHHU C Hay4yHa UH(pOpMaIus

7. Hayuna myOnukaIus B u3JaHusI, KOUTO ca 80
pedepupanu u WHJEKCUPAHU B
CBETOBHOM3BECTHH 0a3W JIaHHU C HaydHa
r uHpopMaLus. 200
8. Hayuna nyOnukaunusi B Hepedepupanu 184

CIMCAHMsI C HAay4yHO pELEH3UpaHEe WIH B
penaKkTUpaHu KOJIEKTUBHU TPYAOBE.

12. Iluthpanus win pelieH3u B HAy4HH
u3JaHusd, peepupaHy U UHIEKCUPaHH B 120
CBETOBHOM3BECTHU 0a3M JaHHU C HayyHa
a uHpOpMalLKs WIK B MOHOTpaduu 1 50
KOJICKTUBHU TOMOBE.

14. Ilutupanus win peLieH31! B 2
HepedepupaHy CIUCAHUS C HAYYHO
pELICH3HpaHe.
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30. Xopapuym Ha BOJEHU JIEKIUU 34
MOCTEHUTE TPU TOJUHM B OBIrapcKu
yHuBepcureTd, akpeautupanu or HAOA
WIM B YyXAECTpaHHM BHUCUIM YYMIIUINA,

K ch3galieHdn u  (QYHKIMOHUpAIIA IO 30 657
3aKOHOYCTAHOBEHMSI pel B CBhOTBETHATa
CTpaHa ® Mo  JUCIUILIMHU oT
po(hecHoHAIHOTO HAIIPaBJICHUE, B KOETO €
00sIBEH KOHKYPCHT
Oomo 430 1351

I.

3a npugodouBane Ha AJl ,,qoueHt*

Cnpaska 3a usnbjaHenne Ha ['pyna B noka3artes 4 0T MUHMMAJTHUTE U3MCKBAHUS

Tab6anna 2. Bpoii Toukn no noxkasaren B4

ITyonukanuu Ha 1. ac. A-p uHx. Paiiyo Ilerpos Paiiues

bpoiu
mMouKu

B4.1.

Nikola GEORGIEV, Raycho RAYCHEV, “Study of piezoelectric
spring harvesters”, XVI-th International Conference on Electrical
Machines, Drives and Power Systems ELMA 2019 6-8 June 2019,
Varna, Bulgaria, p. 277-281, ISBN 978-1-7281-1412-5, IEEE Catalog
Number: CFP19L07-USB, DOI: 10.1109/ELMA.2019.8771683

30T.

B4.2.

Nikola GEORGIEV, Raycho RAYCHEV, “Study of a two-spring
electromagnetic harvester”, 8th International Scientific Conference
"TechSys 2019" — Engineering, Technologies and Systems, 16—18 May
2019, Plovdiv, Bulgaria, October 2019, IOP Conference Series
Materials Science and Engineering 618:012021, DOI:10.1088/1757-
899X/618/1/012021.

30T.

B4.3.

Nikola GEORGIEV, Raycho RAYCHEV, “Study of two-spring
piezoelectric harvesters”, 8th International Scientific Conference
"TechSys 2019" — Engineering, Technologies and Systems, 16—18 May
2019, Plovdiv, Bulgaria, October 2019, IOP Conference Series
Materials Science and  Engineering, DOI:10.1088/1757-
899X/618/1/012022.

30T.

B4.4.

Velko Rupetsov, Lilyana Kolaklieva, Vassiliy Chitanov, Milko
Angelov, Raycho Raychev, Zlatko Zlatanov and Chavdar Pashinski,
“Deposition and tribomechanical study of nanolaminate
Ti/TiN/AITiSiN/  (AITiSiN/TiAISiN)n/AITiSIN  hard coating”,
October 2019, IOP Conference Series Materials Science and
Engineering 618:012047,

DOI: 10.1088/1757-899X/618/1/012047

8T.
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N P Georgiev and R P Raychev, “Study of four-spring
electromagnetic harvesters”, IOP Conf. Series: Materials Science and
B4S. | Engineering 878 (2020) 012018,  DOL10.1088/1757- | T
899X/878/1/012018.

N P Georgiev and R P Raychev, “Study of a linear generator with
permanent magnets converting sea wave energy into electricity”,
B4.6. | IOP Conf. Series: Materials Science and Engineering 878 (2020) 30T.
012019

DOI:10.1088/1757-899X/878/1/012019.

N.Georgiev , R. Raychev, “Study of two- and four- spring
electromagnetic harvesters”, Published in: 2020 21st International
B4.7. | Symposium on Electrical Apparatus & Technologies (SIELA), 30T.
Publisher: IEEE,

DOI: 10.1109/SIELA49118.2020.9167100.

N.Georgiev , R. Raychev “Study of a Coupled Piezo-Electromagnetic
Harvester”, Published in: 2020 21st International Symposium on
B4.8. Electrical Apparatus & Technologies (SIELA), Date of Conference: 3-6 30t.
June 2020, Publisher: IEEE, DOI: 10.1109/SIELA49118.2020.9167094.
Nikola Georgiev, Raycho Raychev and Vasilina Zlatanova, "Study of
the Influence of the Translational Magnets on the Electrical
Parameters of Linear Generators with Rotating Magnets in the
B4.9. | Stator Windings", 10th International Scientific Conference “TechSys 20T.
2021”7 — ENGINEERING, TECHNOLOGIES AND SYSTEMS, pp.
030010-(1-7),

https://doi.org/10.1063/5.0090962

Nikola Georgiev, Raycho Raychev and Vasilina Zlatanova,
"Piezoelectric springy wind generator”, 10th International Scientific
B4.10. Conference “TechSys 2021”7 — ENGINEERING, TECHNOLOGIES 20t

AND SYSTEMS, pp. 030009-(1-8), https://doi.org/10.1063/5.0090961
O0mo: 258T.

B4.1. B crarusta € mnpeacTaBeHO W3CJIEABAHE HAa JBa MHE30€IEKTPUUYECKU
npeoOpaszyBares, MPOBEACHO C IeN J1a C€ OMPE/IEIIM ONTUMAIHATA KOHCTPYKIIUS, 32 KOSTO Ce
MOJIy4aBaT MO-A00pU ENEKTPUYECKU XapaKTePUCTHKHU. PasriexnanuTte mpeoOpasyBareinn ce
CbCTOAT OT IMPYKUHHU W KOHILUCHTPUPAHU MACH, 3aKPCIICHU KBbM MHC30CICKTPUICCKHU
npeoOpasyBarenu. M3BwpmieHo € monenupane B cpemata Ha ANSYS, karo e momydeHo
XOPU30HTAJTHOTO OTKJIIOHEHHE HAa MEXaHWYHaTa CHCTEeMa M € M3YMCIICH 3apsaIbT, HaTpyIlaH
BbPXY €JEKTPOAUTE Ha TMHE30€NeKTpUYHUTEe IUIouh. Pa3paboTeHa € M eKBUBaJEHTHA
eJIeKTpUYecka CXeMa Ha MHUEe30eNeKTpUYHaTa Ijloya M € MOJy4YeH HM3pa3 3a MaKCHMallHa
edeKTHBHA MOIIHOCT MpH akTuBeH ToBap. [IpoBelneHu ca eKcliepUMEHTAIHW TECTOBE 3a
BaJUAMpaHe Ha paszpaboreHuTe Mojenu. Pesyiarature OT H3CIEIBAHETO IIOKa3BaT, Ye
MaKCHMaJHUTE MOIIHOCTH Ha €IHOIPYKUHHUS peoOpa3yBaTell ca 3HAUUTEITHO 0-BUCOKHU OT
T€3UM Ha JABYNPYKUHHHUS, KOETO O3HauyaBa, Y€ KOHCTPYKLUMSTa Ha €IHONPYKUHHHUS
npeoOpazyBaren € Mo-onTuManHa. Haii- 1oOpu eNeKTpUYecKd XapakTepUCTHKH Ha
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€HONPYKUHHUA IpeoOpa3yBaTeNl ca MOCTUTHATH IpU KOHILIEHTpUpaHa maca oT 1 rpam, c
u3MepeHa MourHocT ot 25,2 uW npu aktuBeH ToBap oT 120 kQ. To3u npeobpasyBaten e mo-
MOJIXOMASAI 32 TpaKkTU4ecka yrorpeda. J[BympyXMHHHAT CBIIO OM MOT'BI Ja HaMepu
NPUIIOKEHUE, aKO CE YBEJIIMYM KaKTO KOHIICHTpHpaHaTa My Maca, Taka M KOe(hUIIMEHTHT Ha
€JIaCTUYHOCT Ha MPYKUHUTE MY.

B4.2. B crarusTa e u3cneaBaH eIeKTpOMarHuTeH mpeodpasyBaTel, cberosml ce oT [1-
oOpa3Ha 1uio4a ¢ 4 MarHuTa, MOCTaBEHU BBPXY ABE MPYKUHH, HEMOABH)KHO 3aKpEleHH B
JOJTHUS cU Kpail. Mex 1y MarHUTUTe JIe)kH HaMoTKa. M3BbpIiieHo e MojenupaHe ¢ moMoIiTa Ha
ANSYS u e monydeHo XOpU30HTAIHOTO OTKJIOHEHUE HAa MEXaHWUYHaTa cucteMa. MarHuTHOTO
T0JIe Ha eJeKTpOMarHuTHUs npeodpazyBaTell € Moaenupano Femm u e nepunupana nerorara
eneKkTpoaBIkelia cuia. [IpoBeneHn ca eKCHEpUMEHTAIHHM W3CIeABaHUS 3a BalIMJMpaHe Ha
pazpabotenust moxen. IlpeacraBeHa e  eKBUBaJeHTHA e€JIEKTpUYecka cxema Ha
€JIEKTPOMAarHUTHUS MpeoOpa3yBaTell U € HAMEPEH M3pa3 3a MOIIHOCTTA Ha MIOCTOSIHEH TOK MPU
aKTUBEH ToBap. Pe3ynraTute nokasmar, ye:

- C yBenumuaBaHeTO Ha KOHIEHTpUpaHAaTa Maca pE30HAHCHUTE YECTOTH Ha
npeoOpa3yBaTelnnTe HaMamsBaT, JOKATO U3MPaBESHUTE HampexeHus HapacTBaT. Kakto
HU3MCPCHUTC, TaKa W IMOJYYCHHUTC YpC3 MOLACIHMPAHC MAKCUMAJIIHU MOIIHOCTH HapacTBaT C
YBCIINUAaBaAHC HA Macarta.

- Hanpexxenusra Ha mpeobpa3yBaress ¢ TOJIsIMa Maca ca TpU IIbTU MO-TOJIEMH OT TE3H
Ha TpeoOpasyBareisi ¢ Mallka Maca 3a Ielus W3CIeABaH JMAara3oH Ha CHIPOTHBIICHUS Ha
HaTOBapBaHe.

- MomHocTuTe Ha TpeoOpaszyBaTensi C ToJsiMa Maca ca JIeCeT MBTH MO-TOJIEMH OT
MOIIHOCTHUTEC Ha HpGOGpaSYBaTeJIH C MaJika Maca 3a LCJIMAg JUualla30H Ha CBIPOTUBJICHHA Ha
HaTOBapBaHe.

[Momy4enure pe3ynTaTu 1aBaT OCHOBAHUE Jia Ce MpUeMe 4e, peodpa3yBarel ¢ roisiMa
Maca uMa 3HAYUTCIHO HO-I[OGpI/I HU3XOOHU CIICKTPUUYCCKU MapaMCTpUu U € MO-IOAXOMAII 3a
MpakTHYecka yrnorpeoa.

B4.3. CraTusTa pasriex/a IBa Mue30eIeKTPUIECKH Tpeo0pa3yBarTeds, ChCTOSIIIHN CE OT
JIBE TIapajielIHO CBbP3aHU NMPYKUHU, IPUKPETIEHU KbM MTUE30€JIEKTPUIECKH TpaHchopMaTop u
uManM oOlmia KOHIIEHTpUpaHa Mmaca. [IBata mpeoOpasyBarenst MpUTEXaBaT MPYXKUHU C
Pa3IMYHU XapaKTePUCTHKHU, KbM KOUTO ca KOHIEHTPUPAHH Pa3InYHU Macu. MoeanupaHeTo e
u3BbpuIcHO ¢ momomra Ha ANSYS, kaTo € moiay4eHO XOPU3OHTAIHOTO OTKJIOHEHHE Ha
MEeXaHMYHaTa CUCTeMa U € U3YHCIICH 3apsbT, HaTPyIaH BbPXY €JIEKTPOIUTE HA THE30II0YaTa.
Haueprana e exBHBaJIeHTHa eJIEKTpHUYECKa CXeMa Ha MHUe30IUIouaTa M € MOJydyeH u3pa3 3a
MaKCHMajHa MOIIHOCT MPH aKTHUBEH ToBap. OT YECTOTHUTE XapaKTEPUCTUKU CE BIIKIA, Y€ C
HapacTBaHEe Ha KOHIEHTpUpaHaTa Maca pPE30HAHCHUTE YEeCTOTM M Ha JBaTa BHJIA
npeoOpa3yBaTeny HaMasiBaT, a Taka ChIIO U U3IIPABCHUTE HATIPEIKEHUS HA Tpa3eH xoJ. KakTto
HU3MCPCHUTC, TaKa U TOJTYUYCHUTC YpC3 MOACTIUPAHEC MAKCUMAJTHHA MOIITHOCTH HAMAJIAABAT 3aCAHO
C HapacTBaHETO Ha KOHIIEHTpHpaHATa Maca 3a JIBaTa BUAA MpeodpasyBaTess. MakCUMaTHUTE
HaNpe)XeHUsT W MOIIHOCTUTE MNpH NpeoOpasyBaTelns, YMUTO TNPYKUHH Ca C IO-TOJIEMH
KOHCTPYKTHBHH IIapaMETPHU U BHPXY TAX € MPHIOKEHA II0-TOJIIMa KOHIEHTpHpaHa Maca ca
JIeBET ITbTH M10-BUCOKH OT TE3U Ha JApyrust mpeoOpasysarein. CienoBaTenHo mpeoOpasyBarel, ¢
II0-TOJIEMU KOHCTPYKTHUBHHU ITapaMETpH Ha IIPYyXXHUHATa € IO-IOAXOIAII 3a MPaKTHYECKO
M3M0JI3BAHE.
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B4.4. B crarusTa ca uscieiBaHu MEXaHUYHHUTE CBOMCTBA HA HAHOJAMUHATHO TBBPJO
nokputre Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AITiSiN. [Ipuunna 3a n3ciaeIBaHEeTo ca ABEeTe
OCHOBHM TEHJICHLIMU MPU MPUJIATAHETO HA TBBPAM MOKPUTHUS 4pe3 (PU3MUYECKO OTJIaraHe Ha
razose (PVD): kxoMOMHMpaHETO Ha IOBEYE€ XWMHUYHU €JIEMEHTH B €IHO IOKPUTHE H
Ch37aBAaHETO HA HAHOJIAMUHATHH CTPYKTYpH. Thif KaTO ca Bhb3MOKHH MHOTO KOMOWHAITUY TIPU
In3aiiHa Ha MIOKPUTHATA, MOXKE J]a CE 04aKBa T€ J1a UMaT MHOI'O Pa3JIMYHU CBOMCTBA, KOUTO ca
TPYJHO NPEACKA3yEMH.

[IpencraBeHnTe U3cieqBaHUS HA PA3IJIEkKNIaHOTO HAHOJIAMMHATHO TBBPAO IOKPUTHE
Ti/TiN/AITiSiN/(AITiSiN/TiAISiN)n/AlITiSiN mgaBat ocHOBaHWE Ja ce MpHEME, Y€ TO €
MOIXOJISLIO 32 HAHACSHE BbPXY PEKEIIM HHCTPYMEHTH.

HNuctpymentu or Bon(pam-kobantoBu cmiaBu (WC-Co) ca mokputa u
MpEeABAPUTEIIHUTE PE3YATATH MOKA3BAT, Y€ MPOIBKUTEIIHOCTTA HA )KUBOTA UM € YBEJIMYEHa
NpUOMM3UTENHO. 2,9 MBTH CHPSAMO Te3uW 0€3 TOKPHUTHE TNPH ChINUSI PEKHM Ha padorta.
[TomydyenuTe pe3ynTaTH aBaT OCHOBaHHE Jia C€ CMSTa, Y€ M3CJIEIBAHOTO HAHOJIAMUHATHO
TBBP/I0 TIOKPUTHUE MOXKE J1a HAMEPU HIMPOKO MPAKTUYECKO MPHIIOKEHHUE.

B4.5. Crartusta pasriexia €JIeKTPOMAarHUTHH TPeoOpa3yBaTeNH, ChCTOSANUA CE OT
MeTaJIHa TUIoYa, 3aKpereHa BbpPXY YeTHUPU NPYKUHHM B JOJIHMS CU Kpail m umama 2 uiu 4
MarauTa. Hag marauture e pasnosioxkeHa HamoTtka. M3Bbspiieno € moaenupane oT ANSYS u e
MOJYYEHO XOPU30HTAHOTO OTKJIOHEHUE Ha MexaHnyHara cucrema. C momomra Ha FEMM e
MOJIETTMPAaHO MAarHUTHOTO TIOJIe Ha €JEeKTPOMAarHUTHHUTE MpeoOpa3yBaTean U € OmpeesieHa
TAXHATa eJIEeKTPOABMKella cuia. M3rorBeHa e eKBUBaJICHTHATA CXeMa Ha eJIEKTPOMArHUTHUTE
KOMOailHi U € M3BeJeH M3pa3 3a MOCTOSIHHATa MOIIHOCT IMPH aKTHUBEH ToBap. YecToTHHUTE
XapaKTepUCTHKU IIOKa3BaT, Y€ C yBEJIWYaBaHE Ha KOHIEHTpUpaHAaTa Maca PE30HAHCHUTE
YeCTOTH Ha KOMOAHUTE HaMallsiBaT, JOKATO U3MIPABEHUTE HAIIPEIKEHHSI C€ YBEIUYaBar.

OT TEOpEeTHMUHUTE M EKCIEPUMEHTAJIHU H3CIEABAaHUS MOXE Ja C€ 3aKJIIOYH, Y€ C
yBennyaBane: Opost Ha HaBuBkUTE (0T 600 Ha 1200), momra Ha 6oOuHara (ot 315 Ha 1260
mm?), pa3cTosHNETO Mexmy MarauTuTe (0T 0 Ha 8 mm), GpoAT Ha MarHUTHTE (OT JBA HA
YeTUpH) U HaMaJIsIBaHE Ha Bb3AYLIHATa MEXJAMHA TP MATHUTUTE, 3HAUUTEIIHO CE YBEIMYaBaT
U3MPABEHUTE HANPEKEHUS U aKTUBHUTE MOIIHOCTH. KOHCTpyKIUATa HA €1EKTPOMAarHUTHUS
npeoOpasyBartel ¢ YeTHUPH MPYKUHU, HpU HaMoTKa ¢ 1200 maBuBku u 1wiom 1260 mm?, xsa
pa3ganeueHu MarouTa Ha e Mecta (¢ pazmepu 20x10X2 mm) 1 Bb31yIIHA MEKIMHA [T0-MaJIKa
or 1 mm, e HA-MOIXOASAIIMUAT TUN KOHCTPYKLHMS 3a MpaKTHUYECKa ymnoTpeda, Mmopaau Haii-
JNOOPUTE CU €JIEKTPUUYECKH U3XOAHH ITapaMeTpHu.

B4.6. B cratudara ca U3cieIBaHU WU3XOJHUTE €JIEKTPUYECKH NapaMeTpu Ha JIMHECH
reHepaTop C IOCTOSSHHM MarHUTH 0e3 JKeJs3Ha ChpIEBUHA 3a TPU BUJA EIEKTPUUECKO
CBBbpP3BaHE Ha HETOBUTE HAMOTKU. V3BBbpIIEHU ca COPTyepHH CUMYJAlMU C MOMOINTA Ha
ANSYS u FEMM wu ca npoBeieHN €KCIIEpUMEHTATHU U3CIIeIBAaHUS HA JIMHEHHUS TeHEpaTop.
[Tomyden e Mozen, KOWTO cuMyJupa ¢ 100pa cTeneH Ha IPEeUU3HOCT paboTaTa Ha U3CIIeIBaHuUs
reHepaTop.

OT npoBeeHUTE eKCIIEPUMEHTAIHH U3CJIEIBaHUS MOXKE Jla C€ 3aKJII0uH, 4e Bepura 2 -
cxeMara C JB€ IO JBE CBbP3aHU IOCIEAOBATEIHO HAMOTKH - MMa HaW-100pus U3XOIHU
€JIEKTPUYECKH IMapaMeTpy 32 HUICKOOMHU ToBapH 0 1 kW, mopanu no-BUCOKHS TOK U aKTUBHA
MOIITHOCT. Ts e HaI>'I-HO,Z[XO,Z[}ILLIaTa OT TPUTC CXCMU 3a MPAKTHYCCKA pCaiu3alunsd Ha JIMHCCH
réeaeparop ¢ NOCTOAHHU MarnuTu 663 JKCJIsI3Ha ChbpLCBUHA.
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B4.7. Crarusra npeacTaBs U3clieBaHe Ha IBY- U YETUPUIIPYKUHHU €JIEKTPOMArHuTHU
npeoOpaszyBarenu, CbcTosIH ce OT [1-00pa3Hu mnouu ¢ 4 MarHuTa, MOHTHPAHU BEPXY JIBE WIIN
YETUPHU TPYKUHU, HEMOJBHXKHO 3aKpEIEHH B JOJMHUTE MM Kpauiia. Mexay MarHuTuTe €
IIOCTaBeHa HaMOTKa. M3BbpuieHo € monenupane ¢ nomomra Ha ANSYS u e nomydeHo
XOpU30HTATHOTO OTKJIOHEHHE Ha MeEXaHW4YHara cucTteMa. MarHuTHUTE T1I0jJieTa Ha
eJIEKTpPOMarHuTHUTE KoMmOaitHu ca mojenupanu c¢ nomomra Ha FEMM. Omnpenenenu ca
TeXHUTE enekTpoaBkemy cuian (e.m.f.) u momHOCT. IlpoBeneHH ca eKCHEpUMEHTH 3a
BaJIUUpaHe Ha MOJEIIUTE.

UecToTHHUTE XapaKTEPUCTUKHU MOKA3BAT, Y€ C yBEIMYaBaHE HA KOHIIEHTpHUpaHaTa Maca
PE30HAHCHHUTE YECTOTH Ha mpeoOpa3yBaTeNuTe HaMalsBaT, HO M3MPABCHUTE HATPEKEHUS Ce
yBenuyaBaT. KakTo M3MepeHuTe, Taka U MOJYy4YEHHUTE MPU MOACIUPAHETO HANPEKECHUS U
MOIIIHOCTH HapacTBaT M 3a JiBaTa Mpeo0pa3yBarTels C yBeIMyaBaHe Ha TIXHATA Maca, KaKTo H C
HaMaJIsiBaHe Ha BB3IyIIHaTa MexauHa oT 3 1o 1 mm. Korato u nBaTta mpeoOpa3yBaress uMar
MO-rojisiMa Maca, Te UMaT 3HAYUTETHO MO-BUCOKA MOIIHOCT 3a LIeJHs u3cienBaH nquana3oH. C
yBeJIMYaBaHE Ha aKTHBHUS TOBAap H3XOJHATa MOIIHOCT C€ yBelnWYaBa, JOCTHUTAaWKH CBOS
MakcumyMm 1ipu 50 kQ 3a nBynpyxkuaausS u 40 k() 3a yetupunpyXxuHHUS MpeoOpazyBartel.
[IpeoOpa3yBarenss ¢ aBe MPYKUHU MPOU3BEXKJA IMO-BUCOKH HAMPEXKEHUS W MOIIHOCT OT
YEeTUPUNIPYKUHHHUSL TOPaAM TMO-TOJSMOTO CH XOPU3OHTAIHO OTKJIoHeHue. Haii-nobpu
€JEKTpUYECKH Tapamerpu - Hampexenwe 2.4V u momuoct 104 uW ce mosywaBar npu
JIBYIPYKUHHUS TTpeoOpasyBaren ¢ maca 30g, mpu aktuBeH ToBap S50 kQ. JIBynpyKUHHUST TUTT
npeoOpa3yBaren ¢ MO-rojiiMa Maca MMa MO-JOOpPH M3XOAHM EJIEKTPUYECKH HapaMeTpu u
CJIEIOBATEITHO € MO-MOAXO0IAI] 38 MPAKTUYECKO U3MOI3BAHE.

B4.8. B crarusTa e npencTaBeHo u3cieBaHe Ha KOMOMHUPAH MMHUE30-eeKTPOMArHuTeH
npeoOpasyBares, CBCTOSII C€ OT Mue30-lipeodpa3yBaresl M NPUKPENeH KbM HETro
eJIeKTpOMarHuTeH mnpeoOpasyBaten. M3Bbpiieno e mozpenupaHe B ANSYS, upes koero e
II0JIy4E€HO XOPU30HTAIHOTO OTKJIOHEHNE Ha MEXaHUYHATa CUCTEMA U € U3YUCIIEH HATPYIIAHUST
3apsii  BBpPXY ~CIEKTPOJMTE Ha Mue30-peoOpasyBarens. MAarHuTHOTO TojJe  Ha
eJIEKTPOMAarHuTHUA MpeoOpa3yBaren e Mojenupano ¢ nomomra Ha FEMM u e nepunupana
HeroBara enektpojBmkemnia cuwia (e.m.f.). IlpeacraBeHn ca eKBHBaJIGHTHH CXEeMH U ca
MIPOBE/ICHU EKCIIEPUMEHTH 32 BaJUAUPaHEe Ha pa3paOOTeHUTE MOICIH.

[lonyuenure pe3ynraTu OT U3CIEIBAHETO NIOKA3BaT, Y€ MAKCUMAIHUTE MOLIHOCTH U B
YeTUPUTE U3CIIe/IBAaHU BapuaHTa ca moxydeHu mnpu toBap 10 kQ u HamansBar ¢ yBenuyaBaHe
Ha ToBapa. MONIHOCTUTE, NOJyYEHU OT €JIEKTPOMAarHUTHATA YacT €a MET IbTH IIO-BUCOKU OT
Te3W OT IHMe30-4acTTa Ha mpeoOpasysatens. [Ipu mocienoBaTeITHO CBBbpP3aHUTE MUE30- U
€JICKTPOMAarHUTHYU YaCTH, MOITHOCTUTE Ca 3HAYUTEIHO ITO-HUCKH OT TE3U, FTCHEPUPAHU CAMO OT
€JICKTpOMAarHuTHaTa d4acT. Hall-BHCOKM HaIpe)KeHUS W MOIMHOCTH C€ I0JIydaBaT IpH
[apaJIeJIHO CBBP3BAHE HA MIME30- U JIEKTPOMATHUTHY YaCTH U 3aTOBA Ta3U CXEMa Ha CBbP3BaHe
€ Hal-ITOAXOIA1Ia 3a MPAKTHYECKO U3I0JI3BAHE.

B4.9. B Ta3u cratus € u3cienBaHO BIUSHUETO HA CTPYKTYPHUTE E€JIEMEHTH BBPXY
U3XOJIHUTE eJIEKTPUYECKH MapaMeTpu Ha JIMHEEH I'eHepaTop ¢ MOCTOSHHU TPaHCIAUOHHU U
BBPTSAIIM C€ MarHuTH B HeroBute ctatopHu HaMmoTkH (LGRPM). [IpeacraBenu ca cumymnanuu
Ha auHaMuueH pexknuMm ¢ ANSYS kakto u pe3ynaTaTd OT €KCIEpUMEHTATHU W3CIEABAHUS Ha
JIMHECH TICHCpATOp C BBPTAIIMA CC€ CTATOPHU MArHUTH. I/ISCHGI[BaHI/I ca mImeCctT BHIa
TpaHCJIAOUOHHU MArnvuTh M € ONPCHACIICH OITUMAJIHUAT BAPUAHT, IIPU KOHUTO U3XOOAHUTE
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€JIEKTPUYECKH MapaMeTpy Ha TeHepaTopa 3HAUMTENHO ce moaodpsaBar. Paspaboren e mozen,
KOMTO a/leKBaTHO CUMYJMpa padoTaTa Ha JIMHEHHHUS TeHepaTop.

OT mnpoBeACHUTE TMPOTPAMHU CHUMYJAIMM U TPOBEJICHUTE EKCIEPUMEHTAIHU
W3CIIE/IBAHMS Ha JIMHEWHHU T€HEpaTOpU C MOCTOSHHU BBPTAILM CE€ MAarHUTH € YCTaHOBEHO, 4e
Hal-BUCOKHM HANpEeXEeHMs, TOKOBE U MOIIHOCTH c€ ModydaBaT mpu 5 u 6™ BapuaHT Ha
TPaHCIAIMOHHUTE MarHUTH, KOUTO ca ¢ Hail-roiisiMm o6em choTBeTHO 1600 mm?> u 2400 mm°.
MaxkcumaaHUTe aKTUBHH MOIIHOCTHU ce Habmoaasat rnpu ToBap Rr = 500€2 3a BcU4kH BHIOBE
TpPaHCIAMOHHM MarHuTH, Karo 3a 5™ m 6™ BapMaHT CTOMHOCTUTE MM Ca Hail-BHCOKH,
cboTBeTHO 300,4 mW 1 420,2 mW. C yBenunuaBaHe aebenuHaTa 1 o0emMa Ha TpaHCIAIMOHHUTE
MarHiTH C€ YBEIMYaBaT U M3XOJHHUTE HAIPEKEHHUsS, TOKOBE, MOITHOCTH U e(EeKTHUBHOCT, HO
TOBa, OT Jpyra CTpaHa, BOJU U J0 yBEJIMYAaBAHE HA CHIPOTUBUTEIHUTE CUJIHU, IPUUYUHEHU OT
B3aUMOJICHCTBUETO HA MAarHUTHUTE TMOJIETA, Ch3/IaJICHU OT TPAHCIIALIMOHHUTE U BbPTALIUTE CE
cTaTopHU MarHuTH. Hail-Bucoka oTHOcHuTeTHA MOIIHOCT Pr ce momyuaBa nipu 5™ BapuaHT U
BBIIPEKH Y€ B TO3M CIy4ail MakCMMaliHaTa MOIIIHOCT, HAallPe>KEHUE U TOK ca M0-MaJIKU OT TEe3H,
MOJIy4YeHU IpU 6-THU, CHIPOTHBUTENIHATA CWJIA NPU TO3M BapuaHT € ¢ 36% no-HHCKa.
KoeduuuenTst Ha mose3Ho aeicTBue 3a 5™ BapuaHT € MO-HUCHK, caMo 3%, B CpaBHEHHE C
4,2% 3a 6™ BapuanT. KakTo mosydyeHuTe npu cUMyJllalusaTa, Taka 1 U3MEPEHUTE CTOMHOCTH
Ha MOIIHOCTTA Moka3BaT, ye mMonenbT LGRPM e anekBareH B Auana3zoHa Ha TOBApHUTE
cerpoTusiieans oT 10 mo 4000 €, a MakcumaiaHaTa OTHOCHTEJIHA TPEIIKA € CPABHUTEIHO
Maska, 8,32%. 3a nmpakTudecka peanu3alus Ha JIMHEEH IeHepaTop C BBPTSIIM C€ MarHUTH B
HAMOTKUTE Ha cTaropa € MOAXOIAl] Ja ce u3moi3Ba 5™ BapuMaHT C pa3Mepu Ha
TpaHcJIanMoHHUTE MarHuTu 20x20x4 mm.

B4.10. B crarusta ce pasriexaa NMHE30€NEKTPUUEH MPYKUHEH BETPOreHEPATOp C
BEPTHUKAJIHA [IEPKA C TPU NUE30€JIEKTPUYHH IJIOUH, CBBP3aHH NapajIesIHO WX ITOCJIE0BATENIHO.
VY napHaTa cuiia BbpXy MEXaHM4HaTa cucTema € cumyiaupasa B cpeara Ha ANSYS. C nomorura
Ha CKBUBAJICHTHATA €JICKTPOMEXaHUYHa cxeMa 1 Simulink ca rmoyryueHn HanpeKeHUsATa BbpXy
MUE30€TIeKTPUYHUTE IIACTUHU TPU paboTa Ha Mpa3eH Xo. M3BbpIleH: ca eKClIepUMEHTATHH
U3CJIEIBAaHUS U MOJICIIMPAHE, ONPENEeNSIH BIUSHUETO Ha 000POTHTE HA BUTJIOTO B MUHYTa U
CXeMaTa Ha CBbp3BaHE Ha IUE30IUIOUYUTE BBPXY HU3XOJHHUTE EJIEKTPUYECKH NapaMeTpu Ha
BATBPHUS T€HEPATOP.

OT mpoBeneHUTEe EKCHEPUMEHTAIHM M3CIEABaHUS M Ha 0a3ara Ha CUMYyJAIMHUTE C
ANSYS u MATLAB e ycraHoBeHO, 4e C YyBeJIM4YaBaHe Ha OOOpPOTUTE B MHUHYTA,
HalpeXEeHUsATa, TOKOBETE M MOILIHOCTUTE Ha Ie€HEepaTopa HapacTBaT JIMHEHHO 3a CXEMUTE C
JIBETE MapajiesIHO M MOCIE0BATEIHO CBbP3aHu Nue3oIoun. HampexxeHnusara u TOKOBETe MpH
MIOCJIEIOBATEIHO CBBP3BAHE Ca JABAa I'bTU MO-BUCOKU OT T€3W NPH NapajeaHO CBbP3BaHE, a
MOIIHOCTHUTE ca 4 MMbTH MO-BUCOKHU. [IpencraBeHuAT MoJen Npeuu3Ho cuMyupa padorara Ha
MUE30€TIEKTPUYECKUS BATbPEH I€HEpaToOp, KaTO MaKCUMaJIHATa OTHOCUTENIHA IPELIKa MEXIy
n3MepeHara M IoiydeHata oOT cumyianusata wmomHocT € 10,7%. Ilpu TO3m THI
MIUE30T€HEPATOPU C€ IMOJIy4aBaT OTHOCHTEIHO BHUCOKHM HANpPEXEHUS W MAaJKH TOKOBE IpH
BUCOKOOMHHU ToBapH. Ilpu mocnenoBatesnHo CBbp3BaHE Ha MUE30IUIOUUTE CIIE]] YABOUTEIUTE
Ha HalpeKEHNETO U MPH Haii-rossM 6poit 06opotn B MuHyTa n=1400 min! ce monyyapar Haii-
100puTe M3XOAHU eJeKTpudecku mnapaMeTpu. IlpemiokeHara cxema Ha IOCIIEAOBATEIHO
CBBbp3BaHE € TMO-MOAXOJAINA 3a IpakTHYecKa peanu3alus Ha  pasriekKIaHus
MIME30€JIEKTPUYECKH BETPOTEHEPATOp € BEPTHKaIHA OC. [lOMBIHUTENHO IOBUIIABAaHE Ha
EJIEKTPUYECKUTE IapaMeTpu MOXKE Ja ce IOCTUTHE dYpe3 no0aBsHe Ha ome 3 uim 6
MIME30€JIEKTPUYECKH NPYKUHU U B IBETE€ CXEMU HA CBbP3BAHE.
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I'7.1. B cratusita € u3ciieIBaHO BJIMSTHUETO HA €JIEKTPUUYECKUTE MMapaMETPH NP JINHEECH
TeHepaTop ¢ MOCTOSIHHU MarHuTH U 6e3 xemsi3Ha chpueBrHa (LGPM), B 3aBUCHMOCT OT Opost
Ha HETOBUTE HAMOTKH (CBBP3aHH IIOCIIEIOBATEIIHO), OpOsi Ha TEXHUTE HABUBKH U pa3MepuTe Ha
BB3IYIIHATA MEXJIUMHA MEXIY MarHuTute U HamoTkute. OchliecTBeHH ca codTyepHH
cumynanuu ¢ ANSYS 2019 R1 u FEMM 4.2 u ca npoBeieHN eKCIEpUMEHTAIHN U3CIIEIBAHUS.
[Tonmyuyenusar mozen ¢ 1o0pa TOYHOCT oTpassiBa paborata Ha LGPM B auanazona ot 10Q mo 20
kQ.

[Ipu yBenmuaBaHe OpoSAT HAa HABUBKHTE M Oposi HAa HAMOTKUTE M HaMallsiBaHE Ha
BB3/lyIlIHATA MEKIMHA MEKIY MarHUTUTE U HAMOTKUTE, U3XOJAHUTE €JIEKTPUUECKH ITapaMeTpu
Ha reHepatopa ce nogoopssat. Haii-noOpure cu enekTpuiecku napamerpu (25 mW MoIHOCT
npu 9 kQ akTHBEH TOBap) TMHEHHUAT TEHEPATOpP MMa, KOraTo € ¢ YETHPH IOCIIEOBATEIHO
CBBbp3aHU HAMOTKH 110 2500 HaBUBKHM BCSIKA M C 2 MM Bb3AYIIHA MEXIUHA MEKTy MarHUTUTE
Y HaMOTKHTE. T03M reHeparop € Hal-IpHIIOKUM 3a T€HEPUPAHE HA €JIEKTPUYECTBO OT MOPCKHU
BBJIHH.

I'7.2. B craTusita € onrcaHo u3cieABaHE HA JBa TUIA JUHEHHHU reHepatopu (PMLG)-
ChC M 0€3 BBPTANIM CE MarHUTH B TeXHHTE cTaTopHH HaMOoTkH. C momormra Ha ANSYS e
CHUHTE3UPAH TPUM3MEPEH MOJE]I B IWHAMUYECH PEXKHUM. AHAIM3UPAHO € U BIUSHUETO HA
pa3MepHuTe Ha MOCTOSIHHATE MAarHUTH B JABYCTPAaHHWUTE TPAHCIATOPU BBPXY CIEKTPUUYECKUTE
nmapaMeTpu Ha TeHepatopuTe. M3BbpIIEHM ca EKCIEpUMEHTaJIHM W3CJICIBAaHUSA Ha
TEHEPaTOPUTE, 3a [1a CE JOKaXKe TOYHOCTTA HA CUMYJIALIMOHHUSA MOJEN.

[Ipy excneprMEHTalIHWTE HW3CIEIABaHUSA Ha JABaTa THUIIA JIMHEHHM TeHeparopa ce
3a0ens3Ba, 4e ¢ yBeslnyaBaHe o0eMa Ha TpaHCIallMOHHUTE MarHUTH, HAIIPEXKEHUATA U TOKOBETE
HapacTBaT IPONOPLMOHAIHO, a MOIIHOCTTa HapacTBa KBaJApaTU4YHO. MakcumanHure
MOIIHOCTH 3a JABaTa TUIAa reHepaTopu ca noytu enHaksu: 300 mW npu cbOpoTHBIEHHE Ha
HatoBapsane 100€2 3a renepaTop 6e3 BbPTAILIM C€ MArHUTH U C Jie0eIMHa Ha TPAHCIAMOHHUTE
MarHuTd oT 10 mm. 3a reHepatopa ¢ BBPTALIM € MAarHUTH MomHocTTa € 303mW npu
CBIIPOTUBIICHUE Ha HaToBapBaHe 500€), xoraTo neOenMHaTa Ha HETOBHTE TPaHCIALMOHHU
MarHutd € camo 4 mm. W nBara Buga PMLG umaT cXOOHM €NEKTPUUECKH MapaMeTpu.
IIpenrMcTBO Ha JMHENHHMS T€HEPATOp C BBPTSILM CE MarHUTH B HAMOTKHUTE Ha CTaTropa €
3HAUUTEIHOTO HAMaJsiBaHE HA ChIPOTHBIEHHETO. TOBa M0O3BOJISABA M3MOI3BAHETO HA MHOIO
[10-MaJIK{ TPaHCJIALMOHHU MAarHUTH, KOETO OT CBOsI CTpaHa HaMaJlsBa HAalOJOBHMHA 1IEHAaTa Ha
TO3HU JIMHEEH T'€HepaTop.

I'7.3. Cratusra npeacTaBs M3ClieIBaHUs, CBbP3aHU C HAMAJISIBAHE KOHLIEHTpAIUATA Ha
MEXaHUYHO HaIpeKeHue, Mpu MPU3MaTUIHU 00pa3LH, MOJI0KEHHN Ha aKCHAJTHO HaTOBapBaHe.
OOexTH Ha u3cleABaHE ca MPaBOBI'BIHA IJIOYA ChC CUMETPUYHO PA3MOJIOKEHU HAApEe3u U
npu3MaTHUeH oOpasel] ¢ Halu4he Ha 3akpbrieHus. M3cineaBaHusita ca MpoBENEHU MpU
pa3IMYHU CHOTHOILIEHUS HAa OCHOBHUTE TE€OMETPUYHM pa3Mepu Ha oOpasuute. Upes
AQHAJIMTUYHU 3aBUCUMOCTH, M3BECTHU OT CIelMaIn3upaHara JUTepaTypa ca ONpeaeicHU U
KoepUIMEHTUTEe Ha KOHIEHTpanus Ha Hanpexenue. C momomra Ha codryepa ANSYS e
M3BbpIICHA TOMOJOTMYHA ONTHMHU3ALMS, KOATO MMa 3a IeNl Ja HaMajll HalpeXeHUATa B
3acTpallleHUuTe 30HHU, Upe3 HamalsiBaHe Macarta Ha oOpa3uute cboTBeTHO ¢ 10%, 20% u 30%. C
nmomotra Ha Moxayia "OptiSlang", koiiTo e yact or copryepa ANSYS e peanmuzupana u
UACHTU(UKAIMS HAa TEOMETPUYHHUTE IMapaMeTpu. AHAIM3BT Ha IMOJNyYCHHUTE pPEe3yJITaTH
IoKa3zBa, 4¢€ 4Ypc3 COQ)TyepHaTa TOIIOJIOTMYHA OIITUMHU3aluAaA MOoratr aa 6’bI[aT HaMaJICHHU
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HaIpeXEeHUATa B 3aCTPAIICHUTE ydacTblM ¢ noBede oT 20% mnpu nmpaBobIbiIHATA IUIOYA U C
noseye oT 15% mpu npu3MaTHUHUS 00pasel] C HaTUYMe Ha 3aKPbIJICHUS.

I'7.4. B cratusTa ca npeacTaBeHU COPTYESpHH METOIU 32 HAMAJIIBaHEe KOHIICHTpAIUATA
Ha MeXaHW4YHU HanpexeHus. OOeKTH Ha M3Ccie/BaHe ca LMIMHIPUYEH oOpasel] C LeHpaJeH
Ha/pe3 U MUIMHIpUYEeH oOpasel] ¢ Halnuyhe Ha 3akpbrienue. O0pa3uuTe ca MoJUIoKEeH! Ha
aKcuMaJHO HaToBapBaHe. l3cienBaHudTa ca TPOBEACHM NpPHU PA3IUYHO CHOTHOILICHHE Ha
OCHOBHU T€OMETPUYHH MapaMeTpH. 3a HaMajsiBaHE Ha HAIMlPEKEHUATA B 3aCTPALICHUTE 30HU
BBpXy oOpasuure ca odopmMeHn Haapesw ¢ pa3auyad  GopmMu U pasmepu. Upes
CHelUaIu3upaHuTe BrpajieHn wmoxynun KbM codryepa ANSYS, e ochbiiecTBeHa
UACHTU(PUKAIUSA HAa TEOMETPUYHUTE TTapaMeTpU Ha JOIBJIIHUTEITHUTE HAAPE3H.

[TomydyenuTe pe3ynTaTH IOKa3BaT, Y€ HAJIWYMETO Ha JOMBIHUTEIHH HaJApe3u
3HAYUTEIIHO HaMalsiBa HAIIPEeXKEHUATA B 3acTpalieHuTe 30HU. Hall-chliecTBeHO BIMSHUE MPU
UWIMHIPUYHUA 00pasell ¢ [IeHpaJleH HaJlpe3 OKa3Ba JAONBbJIHUTENHUS ABycTpaHneH U-oOpaseH
Hazapes. [Ipu Hero koepUIMEHTHT HA KOHUEHTPALMs HA HANpeXeHHe HaMalsBa C IMOBEYE OT
30% copsiMo pe3yaTaTure, NoJaydyeHu 0e3 HaJTU4ueTo Ha AOMbIHUTEIHH Hape3u.

[Ipn nunuHApUYeH oOpaselr] ¢ HalW4Yhe Ha 3aKpbIJICHHE Hal-IoOpu pesynratd ca
MOCTUTHATH MPHU Halm4ue Ha aombiaHuTeneH U-o0paszeH Haapes. [Ipu Hero koeuueHThT Ha
KOHLIEHTpaLlMs Ha HallpeKeHUe HamallsiBa ¢ noseue oT 10% cnpsMo pesynraTute, MOJIy4eHn
IIPH OTCHCTBHE HA JOMBJIHUTEITHA HAPE3H.

I'8.1. B crarusita e onucaHo ompefensHe YecToTara Ha COOCTBEHHTE TPENTEHHUS Ha
rpea ¢ MOCTOSHHO CEYEHHe, 0 METoJa Ha TpaHMYHHUTE eleMeHTH. ChIIacHO TO3U METO/,
BCUYKH HEU3BECTHU I'PAaHUYHH ITapaMeTPU ca MPEICTaBeHU B MaTpUyHa GopMa, a peIeHUETO
Ha MaTPUYHHUTE YPABHEHUS Ca MOJIYUYECHHU B Cpe/laTa Ha CIIeHUAIM3UPaHHs IPOTPaMEH MPOIyKT
Wolfram Mathematica. C nomomra Ha copryepa ANSYS ca ocbhliecTBeHH KOMOIOTHPHH
CHUMYJIallMU, TPU KOUTO Ca TOJY4YEHH COOCTBEHUTE HYECTOTH U COOCTBEHHTE (GOpMH Ha
M3ClIeIBaHAaTa eJacTUYHa cucrema. [lomydeHnTe pes3ynrTaTd MokKa3BaT A0OpO ChBHAJICHHE C
TE3H, MOJTY4YEHH Ype3 METOa Ha TPAHNYHUTE CIIEMEHTH.

I'8.2. B HacrosmaTta cratus € MpEJACTaBeH CHUMYJIAIMOHEH MOJEN Ha MOHOTPBHOEH
aMOpPTU3aTOp, KOMTO € CHAOJeH C IONMBbIHMUTENEH MHEPLUOHEH KialaH, YyBCTBUTEIEH KbM
YCKOPEHMETO Ha TMOABIKHUTE YacTU. MojenupaHeTo Ha €IHOTPBOHHMS aMOpTH3aTop, €
OCBIIIECTBEHO B cpemara Ha crenuanusupanus codryep Lab Amesim. WsrpapeHust
CHMYJIALIMOHEH MOJIEJI C€ ChCTOU OT CEJIeM HEM3BECTHM MapaMeThbpa, KOMTO Ca CBBP3AaHU C
JMaMEeTPUTE Ha OTBOPUTE IIPU KJIallaHOBAaTa CUCTEMA, HEOOXOIMMOTO HAJIATaHE 32 OTBAPSHETO
Ha KJIallaHUTE, a TaKa ChIIO M I'PaJMEHTa Ha HAJATAHETO Cle] OTBApsHE Ha KiamaHUTe. 3a
HacTpOWKa Ha Te3U MapaMeTpH ca U3IO0J3BAHU METOAA 32 COHJIMPAHE Ha JIOIyCcTUMaTa 00JacT
U METOJa Ha CUMIUIEKCHOTO ThpceHe. M3caenBaHeTo € MpoBeIeHO PH CUHYCOUJAIIHO BXOJHO
CMYILIEHHE C aMIUIUTY 1M B IMana3zoHa oT Smm 10 40mm 1 4ecTOTH CbOTBETHO B AMAIAa30HA OT
2,5Hz no 6,5Hz. AHanu3bT Ha NOJIYYEHUTE PE3YIATaTH OT EKCIEPUMEHTAIHOTO U3CJIEIBAaHE U
CHUMyJIalusiTa MOKa3BaT, 4ye IUIOWITa Moja Auarpamara ,,Cujiga — mpemecTBaHe, IMoJyuyeHa
€KCIIEPUMEHTAJIHO € 10- rojisiMa ¢ 3,3% oT IuIoIITa Ha ChlllaTa AMarpaMa, oxydeHa B pe3yJirar
Ha cuMmynanusTa. To3u pe3yinTaT JaBa OCHOBAaHUE Ja Ce€ IpUEME, Y€ BIUSHUETO Ha
MHEPLMOHHUS KJalaH IPU CUHYCOUJIATHO CMYIIIEHUE HE € ChILECTBEHO.
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I'8.3. B HacrosmaTa craTus € mpeacTaBeHa KOMITIOThpPHA ITporpama, 3a yrnorpedara Ha
yHHBepcaliHa JienuTenHa riaBa. OCHOBHUTE MPUYMHM 3a Ch3[aBaHE HA TakaBa Iporpama ca
CBBbp3aHU ChC 3ary0a Ha BpeMe U JIOIMyCKaHE Ha eKCIUIOATAIMOHHU T'PEUIKH B PEXUM Ha
mudepeHnuaniHo nenene. KommorbpHaTta mporpama, peanusupaHa B cpegara Ha Microsoft
Visual Studio 2013, u3BbpiIBa BCHUYKH HEOOXOIUMH M3YUCIICHHS 3a HY)KHaTa HaCTPOWKa Ha
rjlaBaTa Mpu JeJieHe Ha 3aroTOBKaTa Ha IMpOHU3BoJieH Opoii uyacTu. [IpencraBen € u noapodeH
W3YHMCIUTEIICH AITOPUTHM BbB BUJ] HAa OJIOK-CXeMa.

I'8.4. B cratuara e mnpencraBeH MAaTpUYEH MOJAXOJ 3a pPEUICHHE Ha CTaTUYHO
HeolpezenuMa paBHUHHA paMKa, HaTOBapeHa Ha orbBaHe. B pasriexxgaHus ducieH npumep
pamKara € TpU IMbTU CTAaTHYHO Heollpeaeanma. 3a onpeessHe Ha CTAaTUYHO HEOIpeleIuMHTE
BEJIMYMHHU, C€ MU3MO0J3Ba cUCTeMaTa KaHOHMYHU YPAaBHEHHMsI, XapaKTEPHU 3a CHJIOBUS METO,
KaTo Koe(pUIMEeHTUTE U CBOOOHUTE YJICHOBE ca NPEACTaBeHU B MaTpudeH BuJ. Pemenusita Ha
MOJTyYEHUTE MATPHITH ca OCBIIIECTBEHHU B cpenara Ha copryepa MATLAB.

I'8.5. B craTusita € onucaHo CTaTUCTUYECKO U3CIIeIBaHE HAa HAICBTEKTUYHA AlTyMUHUM-
cunuipena ciiaB AlSil8, koaro e moauduiupana ¢ Hanomoaudukarop Hanoguamantu (ND).
W3cneaBano € BIMSHUETO HA PAOOTHHUTE TEMIIEpATypH (TeMIleparypa Ha JIeeHe U TeMIeparypa
Ha Jespckara (opma) BbpXY MbPBHYHUTE CHIIMIIMEBU KPUCTAIH, MMOTCHIIMATA Ha KOPO3UsS U
CKOpPOCTTa Ha KOpO3Us CIIeJl MbPBO M BTOPO MpETOlsBaHE Ha cruiaBTa. [IpoBeaeHuTe
EKCIIEPUMEHTH TIPU Pa3InYHu PaOOTHH TEMIIepaTypH HE YCTAHOBSIBAT 3HAYUTEIIHA pas3liuKa B
pasMepuTe Ha TBPBUYHHUTE CUJIMIIMEBH KpHUCTAW Ha u3cieaBaHata cruiaB AlSil8. Haii-
OTpHUIIaTEJIEH € KOPO3HMOHHUST MOoTeHITMal Ha criaB AlSi18 mpu remneparypa Ha neene 730°C
u temneparypa Ha dopmara 210°C. Ilpu Ta3u cruiaB € M3UMCIEHA HAW-roJisiMa CKOPOCT Ha
KOpO3Hsl.

C nomomra Ha nporpama STATISTICA e onpeneneH perpecMOHHUS MOJIEN, KOWTO
OTpa3siBa BIMSHUETO HAa TEMIlepaTypara Ha ciulaBTa 11 M Temmeparypara Ha MeTajaHaTa
eKUnupoBKa T2 BbpPXy KOPO3HOHHUAT oTeHuuan Exop , ckopocTTa Ha Kopo3us Km u pazmepa
Ha KPUCTAJIUTE IbPBUYEH CHIIULIAMN.

I'8.6. Hanerrektnuna amymuHmidi-cuiuieBa crutaB AlSil8 e mommdumnupana cbe
crangapten moaudukarop dochop (P), manomomudpukaropu SiC m Hanommamantu (ND),
KakTo ¥ ¢ koMmOuHamuu ot Qochop u SiC, u dochop u nHaHogmamantu (ND).
ExcriepuMeHTanHO ca ONpeNe/ieHH MEXaHWYHHTE CBOWCTBA HA HeMOAW(UIMpaHaTa U
Momudunmpanute craBd. UYpe3 wusnomsBaHe Ha codryepa ANSYS ca cumynupanu
W3MHUTBAHUS 32 OIIpe/ieITHE Ha MEXaHUYHUTE CBOWCTBA HA M3cieNBaHuTe cruiaBu. [lomydueHure
pe3yNTaTu ca UIACHTHYHU C €KCIIEPUMEHTAIHO IMOJIYYCHUTE pe3yiTaru. ToBa MOTBBPKIaBa
aJIeKBaTHOCTTA HA U3TPAJCHUS CUMYJIALIMOHEH MOJIEN U Bb3MOXKHOCTTA 32 U3IMOJI3BAHETO MY 3a
oTpesieTisTHe SKOCTTA Ha HATHCK U SIKOCTTa Ha yMOpa Ha M3CJIeIBaHaTa CILIaB.

PesynTarture 3a SIKOCT Ha HATUCK MOJIYYCHU OT cOoTyepHATa CHMYJAIHATA MOKa3BaT
Hail-Hucku croifHocTH 3a cruaB AlSil8 momudunupana ¢ nHanomonudukatop SiC mopamu
TOBa, Y€ TO3U MOAM(HUKATOP HE OKa3Ba IMOJIOKHUTEITHO BB3JCHCTBUE BHPXY CTPYKTypara Ha
u3cneaBaHara ciuiaB. JlaHHUTE OT MpoBeieHaTa coTyepHa CUMYJIalks TOKa3BaT MOBHILIABaHE
Ha SKOCTTa Ha HATUCK Ha u3cieaBaHuTe obpasmnu ot criaB AlSil8 mogudunmpanu ¢ ND, ND
+ P, SiC + P mopagm momuduimupamusat uM edeKT BBPXY CTPYKTypaTa Ha CILIaBTa.
Pesynrarure oT mpoBeaeHaTa copTyepHa cuMyanys 3a ONpeessiHe TpaHuilaTa Ha yMopa Ha
cutaB AlSil8 Hemomudunmpana, momuduIMpaHa CcbC CTaHAapTeH Moaudukatop P,
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Moaudunupana ¢ Hanomoaudukaropu SiC u ND, kakTo 1 KOMOMHHpPaHO MoaUdHITpaHa ca
CBhIIOCTaBHUMU.

I'8.7. B HacTosimaTa cTaTus € MpeACTaBeHo ONpeesiHe KOeUITUEHTa Ha KOHIIEHTPAIUs
Ha HAMpEeKEeHHsI PU MPU3MATUYCH U IWIHHpUYEH MpobeH oOpaserr, ¢ moMoIira Ha codryepa
ANSYS. O6pa3uure ca NMOUIOKEHU Ha CICAHUTE HATOBApBaHU: NMpHU3MaTH4YeH oOpaser —
MOJIJIOKEH Ha OIMbH W OI'bBaHE; IWIMHIPHYEH O0pasel — MOJIOKEH Ha ONbH U YCYKBaHE;
MWIMHIPUYEH oOpasern ¢ Hanwuue Ha U-o0pa3eH Haapes — MOJIOKEH HA OMBbH, OT'bBAHE U
ycykBaHe. KoedunneHta Ha KOHIICHTpaIlMs HAa HANpPEXKEHUS € OMpeeNieH 3a pazIudyHH
CHOTHOIIICHUSI HAa TEOMETPUYHHTE pa3Mepu MpH uscieaBaHuTe oOpasmu. [lomydeHnute
pe3yaTaTH OT CHUMYJAIUsATa ca CPABHEHU C TEOPETUYHU U EKCIIEPUMEHTAIHU PE3YITaTH,
OMKCaHU B CTICLMAIU3UPAHATA JINTEPATypa. AHAINU3BT HA MOJYUSHUTE PE3yJITaTH MOKa3Ba, Ye
uMa J00po ChBIAJCHHE MEXKIY TEOPETUUHHUTE JaHHU U JAaHHUTE, MTOJIyYeHU OT CUMYJIalUsiTa.
ToBa maBa OCHOBaHHE Ja CE€ MPUEME, Y€ C MOJAXOMAAIIAa HACTPOKa Ha KpalHO-EJIEMEHTHaTa
Mpeska, copTyepbT MOXKe aIeKBaTHO J1a OTPa3u KOHIIEHTpAIMATa Ha HAIPEKEHUS TIPU CII0KHU
JIETANIH.

bazupaiiku ce Ha moOMydYeHUTE pe3yiATaTH OT CHUMYJIAlMUTE, C TOMOINTa Ha
cnenmanusupanus copryep MATLAB, ca omnpenenenn u ypaBHEHUsTa Ha rpadUIHUTE
3aBHCHMOCTH 32 MOJy4YeHUTE KOe(PUIIMEeHTH Ha KOHLIEHTPAILHsI Ha HAlIPEKEHUSI.

I'8.8. B mHacrosimara cratuss € NPEACTABEHO ONpeAessiHE KOHIIEHTpaluara Ha
HarpexxeHus mpu nepdopupana Iioda, ¢ MOMOINTa Ha crenuan3upanus copryep ANSYS.
[Tnodyara e moayiokeHa Ha OITbH U OT'bBAHE M € MPEJCTAaBeHA B JiBa BapuaHTa: epdopupaHa
io4ya C IEHTPAJICH OTBOP U IUIoYA C HAIMYME HA CUMETPUYHO pasmoyiokeHu U-oOpasHu
Hajape3u. Koeduimenta Ha KOHLEHTpAlMs HA HANpPEXKEHUS € OINpENeieH 3a pa3IuyHH
CbOTHOLICHUA HAa TCOMCTPUYHHUTC pa3sMCpU Ha II0YATAa U 3a pas3IM4YHU BIJTIM HA HAKJIOHA Ha
neHTpanHus oTBop. [lomyueHure pesyaTatu OT CUMyJAlMsATa ca MPEICTaBeHU B rpaduyeH
BH/JI, KATO € HAllpaBEHO CPAaBHEHHE C PE3yJITaTH, ONMKUCAHM B CHEUAIN3UpaHaTa JIUTepaTypa.
AHanuM3bT Ha TIOJIyYEHUTE pe3yJTaTd II0Ka3Ba, 4Ye HMa J00pO ChBHAJECHUE MEXIY
TCOPCTUYHUTC JAHHU U JAHHUTC, ITOJTYYCHH OT CUMYJIAllUATA.

I'8.9. Ilpenmer Ha cTaTusATa € HaMaJIsIBaHETO Ha Koe(dUIIMEHTa HA KOHIICHTpAIHs Ha
HaIlpeXEHUETO B CTAHJAPTHU TPOOHW oOpaslM ¢ MOMOINTAa Ha CHEIUaIu3upaH codTyep.
OO6exTH Ha U3CleBaHe ca MpU3MaTHuyeH o0pasel] ¢ HalM4YKe Ha 3aKPbIVICHUE U HUIMHIPUYEH
oOpaszery ¢ Hannuue Ha U-oOpaszeH Haape3. OOpa3uTe ca MoJIoKeHH Ha OCEBO HATOBAapBaHE.
3a HamasIsiBaHE KOHILIEHTpalMITa Ha HANpeXeHHs MpU MPU3MATUYHMS o0pasel] € MPHIIoKEH
MOJX0Jl, KOUTO € M3BECTeH KaTo TOMOJOTMYHA ONTHMHU3ALUS, KOHTO € OCBHIIECTBEH upe3
cnernuanuzupanus copryep ANSYS. 3a HamansiBaHe KOHIIEHTpAIUATA HAa HANPEKCHUs TIPH
WIMHAPUYHUS 00paszer] ca U3paboTeHM AOMBIHUTEIHM HaJape3u B OJIM30CT 1O 30HATA C
KOHIICHTPALIMs Ha HAIIPEXKEHUSI.

[lonmyuenure pe3ynratu OT CUMyJAlMATa ITOKA3BaT, Y€ B PE3yNTaT Ha TOMOJOTHYHATA
ONITUMU3AIMA TPU MPU3MATUYHUSA 00pazel, KoepHIMeHTa Ha KOHIIEHTPAIUs Ha HAIPEKECHUs
MOXE Jla Hamajee ¢ moBede oT 25% mnpu HamamnsiBaHe MacaTa Ha oOpaseua c 20%. Ilpu
WIMHAPUYHUS 00pasel] pe3ysTaTh MOKa3BaT, 4e KOHIEHTpalKUATa Ha Halpe)KeHNe HaMasiBa
¢ noBeye oT 29% npu HaIM4YMe Ha YETUPU JOIIBIHUTEIHHU HAJIpe3a.
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I'8.10. Ilpenmer Ha craTusATa € HaMalsBaHe Koe(HIMEHTAa HAa KOHIEHTpaIus Ha
HanpeXeHue npu nepgoprupanuTe MI0YH ¢ MOMOIITA Ha crienuanu3upan copryep. Odpasuute
ca MOJUIOKEHU Ha OITbH, KaTo ¢ momolnra Ha codpryepa ANSYS e u3BbpIeHa TOMOJIOrHYHA
ONITUMH3AIIMS C 1Ie]l HAMaJIIBaHE Ha HAPE)KECHUATA B 3aCTPALLICHUTE 30HU. Y CTAHOBSIBAHETO HA
pasMepuTe U MECTOMOJOXKEHUETO HAa OTHETHS OT 00pas3lUTe MaTepHall € OCHIIECTBEHO Upe3
moayna Design Study Ha codryepa SolidWorks. B mocnencteue e u3BbpIiiieH HOB CTaTHUEH
ananu3 B uatpopmara ANSYS Workbench 3a na ce ycTaHOBST cTOMHOCTHUTE Ha MOTyYEHHUTE
ClieZl TOMNOJIOTMYHATa ONTHUMM3AllMs HalpeXeHWs B 3acTpaiieHute 30HU. [lomyueHure
pe3yaTaTu MOKa3BaT, ye B Pe3yJITaT Ha TOMOJIOTMYHATA ONTHMHU3ALMS, KOHIICHTpaLUsATa Ha
HanpeXeHue Npu u3cielBaHUuTe oOpasiy HamassiBa ¢ moBeue oT 30% npu HamansBaHE Ha
Mmacara ¢ 10%.

I'8.11. B HacrosmaTa cTaTus € MPeACTaBeHO M3CJEABAHE HA CTAaHIAPTHHU MPOOHU Tena
¢ Hanmmyue Ha V-o0pa3Hu Hajape3u. OOpa3uuTe ca MoANI0KEeHN Ha 0CEBO HAaTOBapBaHe, KaTo ca
W3CNeBaHN YETHUPU XapaKTEepHH ciyyas 3a pa3IMyHHU BIUIM Ha Hagape3ute. C momolnra Ha
ANSYS ca peanusupaHu KOMIIOTBPHM CHUMYJIAllMM, TIPU KOUTO ca OMNPEIETICHU
€KBUBAJICHTHUTE HANpPEXEHUs] U OTHOCUTEIIHUTE YIBDKEHUS NMPHU Pa3IUYHU IbJIOOYUHU U
paauycu B OCHOBaTa Ha HAJpe3UTE, KAKTO M 3a YETUPU XapaKTepHU BIJIM HA HaKJIOHA Ha
Hagpesute. Upes gombiaHuTenHo BrpaneHus KkbM ANSYS monyn optiSLang e ochiecTBeHa
ONTUMHU3AIMOHHA 3aJlaya, B KOSATO OCHOBHATa 1€l € Ja ObJaT MOJyYeHH ONTHUMAIIHUTE
CTOMHOCTH Ha T€OMETPUYHHUTE pa3MepH MpH Haape3uTe B U3Clie[BaHUs auamna3zoH. lleneBarta
GyHKIMS TpU  ONTUMU3ALMATA € MHUHUMH3UpPAHE Ha MAaKCUMaJHUTE CTOWHOCTH Ha
€KBUBAJICHTHUTE HanpexxeHus. Peannsupanero Ha ONTUMH3AIMOHHATA 3a/1a4a TI0Ka3Ba, ye Mpu
TOYHO OINPEIEIIEHN I€OMETPUUYHU pa3MepH Ha HAJApPE3UTE, CTOMHOCTUTE HAa HANpEKEHMSTA
HaMaJsBaT MpH MpU3MaTHUYHHS oOpasel] ¢ moeue oT 15% mpu ombH U noseue ot 11% npu
orbBane. [Ipu mumHApHYHUS 00pa3el] HamallsiBaHEeTo Ha HanpexeHusra ca ¢ 9,07% npu onbH
u ¢ 2,7% nipu orbBaHe.

I'8.12. B crarusita, C10oXHO JIETHpaHa HAJEBTEKTHUYHA AIIyMHUHUN-CUJIUIIMEBA CIUIAB
AlSi118Cu3CrMn e Mmogudunupana ¢ komOunanus ot moguduxatopu (P, Ti, B, Be). Criasra
€ MoJI0KeHa Ha TepMudHa 00padoTka T6. TemneparypaTa Ha HarpsiBaHe 3a 3akaisBaHe € 510-
515°C , a BpemeTO Ha 3a7bprKaHe MpHU Tazu Temneparypa € 6 h u 30min. Oxnaxaamara cpeaa
e Boga ¢ Temneparypa 20°C. MU3KkyCcTBEHOTO CTapeeHe € MPOBEICHO MPHU Pa3IuYHN paOOTHHU
napametpu: 210°C 3a 16h; 250°C 3a 12h; 330°C 3a 8h

C momouita Ha crneuMagu3upaH copTyep € H3CIEeIBAHO BIMUSHHETO Ha PAOOTHUTE
rapamMeTpy Ha TepMUYHATa 00padOTKa BHPXY MOBEJACHUETO HA Taka MoAU(HIIMpaHaTa CIIJIaB
MIPH CJI0HO HAPErHaTo ChCTOSIHUE (OM'BbH — OI'bBAaHE; OI'bBaHE — YCYKBaHE; OI'bH - YCYKBaHe).

Ot npoBeeHUTE COPTYEPHHU CUMYJAIMK € YCTAaHOBEHO, Ye CIUIaBTa MOAU(UIIUpPaHA C
P, Ti, B u Be, 3akanena u nojuiosxeHa Ha u3kyctBeHo crapeene npu 210°C 3a 16h npurexana
Hall-BUCOKM CTOMHOCTH Ha Aedopmaius U OTHOCUTENHO yabbkeHue. [lpuumHM 3a ToBa e
MOJTy4eHaTa CTPYKTypa v GUHO TUCHIEPTUPAHUTE ysSKUYaBaIIK a3y 1Mo TPaHUIUTE Ha 3bpHATA
CIIe]] CTapecHE.

I'8.13. B crarusta, anymunuii-cunumuena cruias AlSil8Cu3CrMn e Mmonudummpana ¢
KoMOuHaims ot Moaudukaropu. CruiaBra e 3aKajieHa M IMOAJI0KEeHa Ha N3KYCTBEHO CTapeeHe.
W3cnensaHo € BAMSHUETO HAa paOOTHUTE MapaMeTpH Ha peKuMa Ha cTapeeHe (Temmeparypa u
BpeMe) BbpXy I'paHHUIlaTa Ha yMOpa Ha CIulaBTa. EXCIIEpUMEHTAIHO ca yTOUYHEHH pabOTHUTE
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napaMmeTpu — TEeMIIepaTypa Ha HarpsBaHe M BpeMe 3a 3aIbpkKaHe Ha pekKHMa Ha W3KYCTBEHO
crapeene. Ilpu Taka mpoBeneHaTa TepMHYHa O00pabOTKa CIUIaBTa MpUTEXkKaBa Hail-100pu
SKOCTHH M TJIACTUYHM XapaKTEPUCTUKH, B CIEJCTBHE Ha MoJlyuyeHara cTpykrypa. C momornra
Ha pormeaauTenHus Mmoxyn nCode DesignLife, koiito ycnemno ce umnoptupa kbM ANSY'S, ca
peanu3upaHu CUMYJAllMKd CBBP3aHM C OIpENeNssHE IpaHuIlaTa Ha yMopa HpU CTaHAAPTHO
POOHO TAJIO.

Pesynrature oT mpoBeaeHUTE COPTyepHH CHUMYJIALMU 3a ONpeNeNsHe TpaHuIaTa Ha
yMOpa IpU ONbH, OI'bBAaHE M YCYKBaHE IOKa3BaT Hal-BHCOKUM CTOMHOCTH HA H3CIICABAHUTE
napaMeTpd Ha CIUIaBTa, IOJUIOKEHAa Ha M3KYCTBEHO CTapeeHe (Cliel] 3aKajsBaHe) IpH
temneparypa 210°C 3a 16h.

I'8.14. B crarusra ca nmpencTaBeHU U3CIIE€IBAaHNUs, CBbP3aHU C IpaHUIaTa Ha yMopa pu
npoOHu oOpa3iu ¢ Hanuuue Ha Haape3u. C momoinra Ha cneruanu3upanus copryep ANSYS
€ OCBIIECTBEH CTaTUYEH aHaIM3, IPU KOWTO 00pa3luTe ca MOAJI0KEHU Ha OCEBO HATOBapBaHE
U ca ONpeJIelIeHH CTOMHOCTUTE Ha HAIIPEXKEHUATA B 3aCTPAIICHUTE YUaCThIIH.

3a ga ObIaT HaMaJeHNU MaKCUMAaJHUTE CTOMHOCTH Ha HANpeXEeHUsTa, KbM 00pasluTe
ca 100aBeHU JTOMBIHUTEITHU HaApe3u cbe crienuduana Gopma. Upes Brpagenus B codryepa
moayn OptiSLang e ochlnecTBeHAa ONTHUMHU3ANMS, KOSATO HWMa 3a IeJ Ja OINpeaein
r€OMETPUYHUTE TMapaMeTpu Ha JONBIHUTEIHUTE HAApe3d Taka, 4Ye CTOWHOCTHTE Ha
HampexeHusita na Opaar MuHuMusupanu. Cre ompenensHe TeOMeTpUYHUTE pa3MepH Ha
JTOMBJIHUTETHUTE Haape3u, upe3 moxayiaa nCode Designlife na ANSYS e ompenenena
rpaHuIlaTa Ha yMopa MpHu U3caeIBaHUTe 00pa3Iy.

[TomydyenuTe pe3ynTratd 3a MAaKCHUMAJIHUTE HAMpEXEHUs Clell ONTUMHU3ALUITA
MOKa3BaTr, 4Ye MpH TOYHO OMNpPENEICHH TEOMETPUYHH pa3Mepu U pPa3MoJIOKCHHE Ha
JOMBTHATEITHUTE HAAPE3W CHOPSIMO OCHOBHUTE, HAMPEKEHUSATA B 3aCTPAIICHUTE Y4YacThIU
MOTaT Jla HaMaJesT 3HAuMTENHO. ToBa MOHI)KaBaHE HAa HANPEKEHUSITAa OKa3Ba CHINECTBEHA
MOJIOKUTEITHA POJIS BHPXY IPAHUIIATa HA YMOpa IIPU U3CIEABAHUTE 00pasIIy.

I'8.15. Hacrosiata craTust € cBbp3aHa ¢ onpeaessiHe Koe(uIueHTa Ha MHTEH3UBHOCT
Ha HAMpPEKCHUETO, TPACKTOpHUSATAa HAa NyKHAaTHMHATa M Opos Ha YMOPHUTE LHKIUA TIpU
CTaHJAPTHU NPU3MATHYHU M IMJIMHAPUYHU CTOMAHEHM OOpa3ld, IMOAJIO0KEHH Ha OCOBO
HaToBapBaHe. OOEKTH Ha HACTOALIOTO M3CIIECABAHE Ca: MPU3MATUYECH 00pasell ¢ eHOCTpaHHA
NyKHAaTWHA; MpHU3MAaTH4YeH oOpasell ¢ ABYCTpaHHA MyKHATHWHA; LWIMHAPUYEH oOpaser c
KpbroBa mykHatuHa. M3cienBanero € ochinecTBeHo upe3 BrpagaeHaTta pynkius SMART Crack
Growth xpM cnemumanusupanus codryep ANSYS, 3a pasnmuuHd CHOTHOIICHHS Ha
reOMETPUYHUTE pa3Mepu Ha oOpasuute. 3a onpenessHe Ha TeopeTHuHuTe KoedpuiueHTn Ki
MpHU U3CleABaHUTe 00pa3ly ca W3MOJI3BaHU 3aBUCMMOCTH, ONKCAaHU B CleLUaIN3UpaHaTa
mutepatypa. [lomydyenure pe3ynraTtd oT cumyianuure 3a koepuuuenrta Kj mokassar m1o0po
CBBIIQJICHUE C PE3YJNTATUTE OT AHAIUTUYHHUTE 3aBUCUMOCTH. ToBa J1aBa OCHOBaHHUE Jla Ce
[IpUEME, Y€ U PE3YJITATUTE MOJYUCHH 34 PA3BUTHETO HA MyKHATHHATA U YMOPHUTE LUKIIH CHIIIO
ca aJIcKBAaTHH.

I'8.16. B nacrosmara cratus e mpeacTaBeHo cOPTyepHO onpeaessiHe KoeHUIMeHTa Ha
MHTEH3UBHOCT Ha HANPEXEHUATA, TPACKTOPUATA HA TyKHATUHATA U OpOS HA YMOPHUTE LIUKIIH
IIPU CTAaHIAPTHU MPABOBI'BIHA CTOMAHEHH IJIACTUHH, MTOJIJIOKEHN Ha aKCHAJIHO HAaTOBapBaHE.
OOekTHu ca: mpaBOBI'bIICH KOMIAKTEH 00pa3ell M INIOCHK MPAaBOBI'bIIEH 00pa3ell ¢ IeHTpaIHa
nykHaTtuHa. V3cienBaHETO € OCHUIECTBEHO 33 PAa3JIYHU CHOTHOIICHUS HA T€OMETPHUYHUTE
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pasmepu Ha oOpas3uure. 3a onpeesiHe Ha ThPCEHUTE MapaMeTpu € U3MOJI3BaHa BrpajeHaTa
¢ynkuus SMART Crack Growth kM crienmanusupanus copryep ANSYS, a 3a onpenensiae
Ha TeopeTuuHuTe Koeunmentu Kinpu uscneaBanure o0Opa3nu ca U3MOI3BaHU 3aBUCUMOCTH,
M3BECTHH OT CHEIMATN3UpaHaTa JIUTEpaTypa.

CpaBHEHHETO MEX/Ty TTOJIydeHUTE pe3ynTaT 3a koepurnuenrta Ki upes mogyna SMART
Crack Growth u pe3ynrature OT aHAIMTUYHUTE 3aBUCHUMOCTH TOKa3BaT JO0OPO CHBIAJCHHE
(pasznmukara u mipu aBata obpaserna e mo- Manka ot 6%). ToBa qaBa oOcCHOBaHUE Ja c€ JIOMYCHE,
Ye MOJIy4EeHUTE PE3yJITaTH 3a TPACKTOPHUsATA HA TyKHATHHATA ¥ OPOS HA YMOPHUTE LIUKJIU CHILO
ca aJIeKBaTHU.

I'8.17. B crarusita e onucaHo copTyepHOTO HaMaJIIBaHE HA MEXaHUYHUTE HAIPEKECHUS
npu npoOHM 00pasly, MOJIOKEHH Ha CIOXKHO HaroBapBaHe. OOEKTH Ha HACTOSIIOTO
u3cleBaHe ca MPU3MaTHYHU U HUJIMHAPUYHH CTHIATIOBUIHU MPOOHU 00pa3y ¢ HaJIu4ue Ha
3akpbryieHnsa. OOpasuure ca MOUI0KEHHU Ha CIEIHUTE HAaTOBAapBaHUS: MPU3MATUYEH MPOOeH
oOpasell, TMOMJIOKEH €IHOBPEMEHHO HAa ONMBbH M OTr'bBaHE; IMIIMHAPWUYCH MPOOCH oOpaserl,
MTOJJIOKEH €THOBPEMEHHO Ha OITbH U YCYKBAHE;

3a HamaisiBaHe Ha MEXAaHUYHUTE HaIPEeKEHUs BBPXY oOpaszuuTe ca HU3pabOTEeHU
JOMBJIHUTEITHU OTBOPU U Hajzpesu ¢ omnpexaeneHa Gopma. C momornnra Ha Moayna optiSLang
kbM codTtyepa ANSYS e ochliecTBeHa ONTHUMHU3ANMS, IPH KOSITO ca OMpeIeTeHU
F€OMETPUYHUTE MTapaMeTpPU Ha OTBOPUTE U HAAPE3UTE, IPU KOUTO MEXAHUYHUTE HATIPEKEHUS
ca MUHUMAJIHU.

AHanu3bT HA MOJYYEHUTE PE3YNITATH MOKA3Ba, Y€ JOIBJIHUTEIHUTE OTBOPU U HAJPE3U IIPU
u3cleBaHUTEe 00pa3ld HamalisgBaT EKBUBAJIEHTHUTE CTOMHOCTM Ha HampexeHusara. llpu
NPU3MATUYHUSL 00pa3el] Hal-ChIIECTBEHO € BIMSHUETO Ha JONBIHUTEIHUS IUIUHIPUYCH
OTBOP, IIPU KOMTO HAW-TOJIEMUTE CTOMHOCTH HAa €KBHUBAJIEHTHUTE HAIIPEKEHHS HAMAJSABAT C
noseue OoT 30%. Ilpm mmmuHIpuyHHS oOpaszel] HAJMYMETO Ha JOMBJIHUTEIHU HaJIpe3u
HaMaJsiBaT EKBUBAJCHTHUTE HAINIPEKEHUs, KATO Ha-rojsiMo BIMSIHHME OKa3BaT JBaTa
nonbiaHuTENHU U-Hajgpes3a, NpU KOUTO MAaKCHMAaJIHUTE CTOMHOCTM Ha EKBUBAJICHTHUTE
HaInpeKeHusl HamaisaBar ¢ noseue ot 20%.

I'8.18. B cratusaTa e onucaHo copTyepHO U3CeABaHE HA MEXaHUYHUTE HAIPEKCHMUSI,
KOUTO BB3HUKBAT MpU MephopupaHH IUIACTUHH, TMOJJIOKEHH Ha CJI0KHO HaTOBapBaHE.
W3cneaBaHeTo € OCBHIIECTBEHO 3a IJIACTHHH ChC creuuduyHa ¢opma U pa3mMepu Ha
neHtpaitaus otBop. C momorira Ha Moaysa optiSLang keM codryepa ANSYS e peanusupana
ONTUMHU3ALINS, TIPU KOSTO € OMPEENICHO MOJI0KEHUETO Ha OTBOPUTE NMPU KOUTO MEXAaHUUHUTE
HaIpeXKeHUsl ca MUHUMAJIHU. 3a OIpe/esisiHe Ha TeopeTUuHuTe KoehuueHTH Ky npu ombH 1
OrbBaHE, Ca W3MOJI3BAaHM aHAJUTHUYHU 3aBUCUMOCTH, M3BECTHH OT CIeHUaIN3upaHara
JuTepaTypa.

Pesynrature oT cuMynanuuTe MOKa3BarT, ue MpPHU CIOXKHO HATOBAapBaHE Hall-HUCKUTE
CKBUBAJICHTHH HANpPEXEHUs C€ TOJy4yaBaT mpu oOTekaemure ¢GopmMu Ha oTBOpa. Tyk
NPEJUMCTBOTO € 32 OTBOpPA C EJIMIICOBHJIHA (OpMa IpU KOMTO MOIyUYEHUTE EKBHUBAJICHTHH
HaIPE)KEHUs ca MO-HUCKU ¢ noBede oT 17% cnpsiMo oBaJIHUS OTBOP U 1oBede 0T 29% cupsamo
UUITUHIPUYHUS OTBOD.

I'8.19. B craTudara e npeacTaBeHO M3CIEIBaHE Ha CIOKHOJIETHUPAaHA HAJIeBTEKTUYHA
anymuauii-cumnuena criaB AlSi18Cu3CrMn, momudunmpana ¢ Gocdop B KOHIIEHTpAIHS
0,04%. CnaBra € mojajokeHa Ha TepMHYHa oOpabotka T6. 3a mpoBexkaaHe mpoleca Ha
3aKajsiBaHE € M3IOJI3BaHa OXJIAXKIalla cpela Boja ¢ paznudyHa Temneparypa (20°C u 50°C).
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ITocnenBamoTo U3KyCTBEHO CTapeeHe € MPOBEACHO MpHU pa3uyHKu paboTHUTe napamerpu. C
MOMOIITA Ha CIEHHUaTU3UupaH copTyep € M3CIeABAHO BIMUSHUETO HAa TepMHYHATa 00paboTKa
BBPXY MOBEJEHUETO HA CIUIABTA IIPU CJIOKHO HAIPETHATO ChCTOSIHUE, KAKTO U BHPXY HEMHATa
rpaHuLiaTa Ha yMopa.

[lonmyuenure pesynraTH IMOKa3BaT, 4Ye Hail- BUCOKM CTOWHOCTH Ha Aedopmanus H
OTHOCHUTEIIHOTO yabibkeHue (o Musec) npu pa3inyHuTe KOMOMHAIIMK OT HaTOBAPBaHMS ca
YCTaHOBEHH IPH CILJIaBTa MOJII0KEHAa Ha M3KyCcTBeHO ctapeene mpu 210°C 3a 16h u uznon3pana
oXJIaXKJallla cpena 3a 3akansBaHe Boja ¢ Temneparypa 20°C. Ilpu crutaBuTe NMOAJIOKEHHU Ha
M3KYCTBEHO CTapeeHe NpHU IM0-BUCOKH TeMIepaTypH, CTOWHOCTUTE Ha jaedopmarus u
YABIKEHHE Ca I10- HUCKHU.

I'8.20. B crarusra, HaneBTekTHuHATa amymuHui-cunnueBa craB AlSil8Cu3CrMn e
MojyIoKeHa Ha Moaudumupama oO6padoTka kKakto ¢ ¢ocdop, Taka U ¢ KOMOWHAIUS OT
moaudukatopu (P; Ti; B; Be). CrutaBra € monioxkena Ha TepMuyHa obpabotka T6, kaTo 3a
3aKayigBaHE € M3IMOJ3BaHa OXJIaXKIallla cpella BojAa ¢ pa3jinyHa TemrmepaTrypa. M3kycTBeHOTO
CTapeeHe cle]l 3aKajisiBaHe € MPOBEICHO IPH pa3NudyHu paboTHUTe napamerpu. CodryepHo e
W3CJIEIBAHO BIMSIHUETO Ha Moauduimpamara oOpadoTka W Ha MPOBEICHAaTa TEPMUYHA
o0paboTka BBPXYy MYKHATHHOYCTOMYMBOCTTAa Ha chcTaBuTe. OOCEKT HaA W3CIeABaHE €
MPaBOBI'bIICH KOMIIAKTEH 00pasell, C HaTMYKhe Ha PeIBapUTETHO HHUIIMUPAaHa TyKHATHHA.

AHanu3bT HA MPOBEEHUTE COQTYyepHU CUMYJIALUU € MOKa3Ba, 4Ye MoAudUIupaHara ¢
0,04% P crnaB AlSi18Cu3CrMn 3akanena BbB BoAa ¢ Temreparypa 20°C u noajiokeHa Ha
JTUCTIEPCUOHHO TBBpAeeHe pu Temneparypa 210°C 3a 16h npurTexaBa Hali- BUCOKa CTOWHOCT
Ha Koe(HUIMeHTa Ha MyKHATUHOYCTOWYMBOCT OT BCHYKHU ChCTaBU. 3a MOJIy4yaBaHe Ha MOBUIIIEHA
SIKOCT Ha OITbH Rm 1 10-BHCOKHM cTOIHOCTH Ha KoedunmenTa Ky Ha u3cineiBaHuTe CIUTaBH, CIIE]
MojuduIpaHe ¥ TepMUYHa 00paboTKa € HE0OXOIUMO KPUCTAIUTE MbPBUYEH CHIIMLUN Ja
Obaar u3apeOHEeHHu, ¢ mpaBwiHA (GopMa M PaBHOMEPHO paslpelesieHH B CTPYKTypara Ha
CIUIaBTa U €BTEKTHYHATA MATpHUIIa J1a ObJIe ySIKYEHA 10 CTETCH, MMPU KOSATO TSI HE TyOH CBOSATA
TJIACTUYHOCT.

I'8.21. AnyMHHMI-CHJIIMLINEBU CILJIaBU C EBTEKTUYEH M HAJIEBTEKTUYEH CBHCTaB ca
nerupanu ¢ men u MarHesuwid. CmmaBute AlSillCuSMg u AlSil8CuSMg ca crnoxHO
Moaudummpanu upe3 usnonzpanero Ha P, Ti, B u Be. CrutaBute ca moaiokeHu Ha TepMHUYHA
obpabotka T6. C momornra Ha criequanTu3upan copTyep € U3CIeIBaHO IMOBEJICHUETO Ha TaKa
MOAUGUIIUPAHUTE U TEPMUIHO 0OPAOOTEHH CIUIaBH MPHU CI0KHO HAIIPETHATO ChCTOSIHHE.

Pesynarature oT mpoBeaeHHUTEe COPTYEpHH CHMYJIAllMM IOKa3BaT, Y€ CIUIaBTa OT
esrektTuueH Tunm (AlSil1CuSMg) mnputexaBa TMO-BUCOKM CTOMHOCTHM Ha OTHOCHTEIIHO
yABIDKEHHE U 1epopMaliiy CIpsSMO CIUIaBTa C HA/IEBTEKTHUYEH ChCTaB. [lomyueHuTe CTOMHOCTH
Ha OTHOCUTEIIHOTO yIBJKEHUE Ha JBaTa ChCTaBa Cca 3HAYUTENHO MO0- BUCOKU OT U3UCKYEMUTE
KbM TO3M THIl CTaHAAPTH3UpaHU OyTaiHM CIIaBU. ToBa MOKa3Ba, Y€ JIETUPAHETO C MeA U
MarHesui e nenecho0paszHo, a usnon3Banute moaudukaropu P, Ti, B u Be B choTBeTHUTE
KOHIICHTpallUM ca aJCeKBAaTHO mojaOpanu. [Ipm Taka mpoBemeHaTa TepMUYHA 0OpaboOTKa
U3CIEIBAHUTE CIUIABH MPUTEKABAT 3HAYUTEIHO BHUCOKH CTOMHOCTH Ha SKOCT Ha OMBH MpU
MOBUIIIEHA TIACTUYHOCT.
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SUMMARY OF THE SCIENTIFIC PUBLICATIONS

of Chief Assistant Professor, Eng. Raycho Petrov Raychev, PhD for participation in a
competition for academic position “Associate Professor” in professional field 5.1. Mechanical
engineering, specialty "Applied mechanics" for the needs of section “Mechanics” at the

Technical University - Sofia, branch Plovdiv, announced in SG issue 93 from 22.11.2022.

For participation in the competition are presented 35 scientific publications covering the
relevant minimum requirements. Of these, 14 scientific publications (in co-authorship)
published in a specialized scientific edition, which is referenced and indexed in world-famous
databases of scientific information (Scopus) are included as equivalent to monographic work.
There are also 21 scientific publications (in co-authorship) published in unreferenced journals
with scientific review.

All of them are not represented in the procedure for the PhD.

*Note: The order of summaries of the submitted materials corresponds to the order of
the publications from the list of scientific papers for participation in the competition.

General description of the materials submitted under the indicators

Group A, Indicator 1: Diploma for PhD, in scientific specialty "Applied mechanics",
from Faculty of Mechanical Engineering to TU-Sofia, branch Plovdiv issued in 2015 (50
points).

Group B, Indicator 4: A habilitation work is presented, consisting of 10 scientific
publications (in co-authorship), published in specialized scientific publications, which are
referenced and indexed in world-famous scientific information databases (SCOPUS). The
publications cover the research work of Chief assistant Professor Raycho Raychev, PhD in the
field of synthesis and analysis of electromechanical vibration systems for the production of
electrical energy. All publications under Indicator 4 are referenced and indexed in SCOPUS
(258 points).

Group G, Indicator 7: 4 publications (in co-authorship), published in issues,
referenced and indexed in SCOPUS (80 points) are presented.

Group G, Indicator 8: 21 publications (in co-authorship), published in journals and/or
presented at scientific forums are presented (184 points).
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Group D, Indicator 12: 12 citations of 6 scientific works are presented, and in the
evidentiary part of the presented documents, bibliographic data for the cited publications and
citing publications with the corresponding referencing are indicated (120 points).

Group D, Indicator 14: 1 citation of 1 scientific work is presented, and in the
evidentiary part of the presented documents bibliographic data for the cited publication and the
citing publication with the corresponding referencing are indicated (2 points).

Group J, Indicator 30: Attached is a reference for the horarium of lectures in the
following subjects: "Mechanics - Part I", "Mechanics - Part II", "Selected chapters from
mechanics", "Technical mechanics", "Mechanical science" (657 points).

Table 1 presents the coverage of the criteria, by groups of indicators of Chief Assistant
Professor Raycho Raychev, PhD compared with the minimum requirements for the loan of
academic position "Associate Professor" in professional field 5.1. Mechanical Engineering at
TU-Sofia, which meet the minimum national requirements.

Table 1. Number of points by indicators

Number of points
Associate | Associate
Sclore.board Content Pr.ofessor Professor
of indicators minimum Raycho
requirements Raychev
A 1. Dissertation on awarding the educational 50 50

and scientific degree PhD

4. Habiliting work — scientific publications
(not less than 10) in publications that are 100 258
referenced and indexed in world-famous
databases of scientific information

7. Scientific publication in publications that 80
are referenced and indexed in world- famous
databases of scientific information.

G . . . . . 200

8. Scientific publication in unreferenced

. . 1011C , . : 184
journals with scientific review or in edited
collective works

12. Citations or reviews in scientific
publications, referenced and indexed in 120
world- famous databases of scientific
information or in monographs and collective 50
volumes.

14. Citations or reviews in non-reference
journals with scientific review

e
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30. Horarium of guided lectures for the last
three years in Bulgarian universities
accredited by THEA or in foreign higher
J schools, established and functioning

according to the legal order in the respective 30 657
country in disciplines of the professional
direction in which the competition is
announced.
Total 430 1351

I.

Performance report of Group B, Indicator 4 minimum requirements for the

acquisition of academic position Associate Professor

Table 2. Number of points by indicator B4

Publications of the Chief Assistant Professor Raycho Petrov
Raychev, PhD

Number
of points

B4.1.

Nikola GEORGIEV, Raycho RAYCHEV, “Study of piezoelectric
spring harvesters”, XVI-th International Conference on Electrical
Machines, Drives and Power Systems ELMA 2019 6-8 June 2019,
Varna, Bulgaria, p. 277-281, ISBN 978-1-7281-1412-5, IEEE Catalog
Number: CFP19L07-USB, DOI: 10.1109/ELMA.2019.8771683

30p.

B4.2.

Nikola GEORGIEV, Raycho RAYCHEV, “Study of a two-spring
electromagnetic harvester”, 8th International Scientific Conference
"TechSys 2019" — Engineering, Technologies and Systems, 16—18
May 2019, Plovdiv, Bulgaria, October 2019, IOP Conference Series
Materials Science and Engineering 618:012021, DOI:10.1088/1757-
899X/618/1/012021.

30p.

B4.3.

Nikola GEORGIEV, Raycho RAYCHEYV, “Study of two-spring
piezoelectric harvesters”, 8th International Scientific Conference
"TechSys 2019" — Engineering, Technologies and Systems, 16—18
May 2019, Plovdiv, Bulgaria, October 2019, IOP Conference Series
Materials  Science and  Engineering, @ DOI:10.1088/1757-
899X/618/1/012022.

30p.

B4.4.

Velko Rupetsov, Lilyana Kolaklieva, Vassiliy Chitanov, Milko
Angelov, Raycho Raychev, Zlatko Zlatanov and Chavdar Pashinski,
“Deposition and tribomechanical study of nanolaminate
Ti/TiN/AITiSiN/ (AITiSiN/TiAlISiN)n/AITiSiN hard coating”,
October 2019, IOP Conference Series Materials Science and
Engineering 618:012047,

DOI: 10.1088/1757-899X/618/1/012047

8p.
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N P Georgiev and R P Raychev, “Study of four-spring
electromagnetic harvesters”, IOP Conf. Series: Materials Science
B4S. | and Engincering 878 (2020) 012018, DOI:10.1088/1757- | S0P
899X/878/1/012018.

N P Georgiev and R P Raychev, “Study of a linear generator with
permanent magnets converting sea wave energy into electricity”,
B4.6. | IOP Conf. Series: Materials Science and Engineering 878 (2020) 30p.
012019

DOI:10.1088/1757-899X/878/1/012019.

N.Georgiev , R. Raychev, “Study of two- and four- spring
electromagnetic harvesters”, Published in: 2020 21st International
B4.7. | Symposium on Electrical Apparatus & Technologies (SIELA), 30p.
Publisher: IEEE,

DOI: 10.1109/SIELA49118.2020.9167100.

N.Georgiev , R. Raychev “Study of a Coupled Piezo-
Electromagnetic Harvester”, Published in: 2020 21st International
B4.8. | Symposium on Electrical Apparatus & Technologies (SIELA), Date of 30p.
Conference: 3-6  June 2020, Publisher: IEEE, DOI:
10.1109/SIELA49118.2020.9167094.

Nikola Georgiev, Raycho Raychev and Vasilina Zlatanova, "Study of
the Influence of the Translational Magnets on the Electrical
Parameters of Linear Generators with Rotating Magnets in the
B4.9. | Stator Windings", 10th International Scientific Conference “TechSys 20p.
2021”7 — ENGINEERING, TECHNOLOGIES AND SYSTEMS, pp.
030010-(1-7),

https://doi.org/10.1063/5.0090962

Nikola Georgiev, Raycho Raychev and Vasilina Zlatanova,
"Piezoelectric springy wind generator", 10th International Scientific
B4.10. | Conference “TechSys 20217 — ENGINEERING, TECHNOLOGIES 20p.
AND SYSTEMS, pp- 030009-(1-8),
https://doi.org/10.1063/5.0090961

Total: 258T.

B4.1. The paper presents a study of two piezoelectric harvesters conducted with the aim
of determining the optimal design for which better electrical characteristics are obtained. The
considered harvesters consist of springs and concentrated masses attached to piezoelectric
transformer. Modeling in the ANSYS environment was performed, obtaining the horizontal
deflection of the mechanical system and calculating the charge accumulated on the electrodes
of the piezoelectric plates. An equivalent circuit diagram of the piezoelectric plate was also
developed and an expression for the maximum effective power under an active load was
obtained. Experimental tests were conducted to validate the developed models. The research
results show that the maximum powers of the single-spring converter are significantly higher
than those of the double-spring, which means that the design of the single-spring harvester is
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more optimal. The best electrical performance of the single-spring harvester was achieved at a
concentrated mass of 1 gram, with a measured power of 25.2 uW at an active load of 120 kQ.
This converter is more suitable for practical use. The double spring could also find use if both
its concentrated mass and the spring rate were increased.

B4.2. The article examines an electromagnetic harvester consisting of a [I-shaped plate
with 4 magnets placed on two springs fixed at its lower end. A coil lies between the magnets.
Modeling was performed using ANSY'S and the horizontal deflection of the mechanical system
was obtained. The magnetic field of the electromagnetic transducer is modeled Femm and its
electromotive force is defined. Experimental studies were conducted to validate the developed
model. An equivalent circuit diagram of the electromagnetic harvester is presented and an
expression for the DC power at an active load is found. The results show that:

- As the concentrated mass increases, the resonant frequencies of the harvesters
decrease, while the rectified voltages increase. Both measured and modeled peak powers
increase with increasing mass.

- The voltages of the large-mass harvester are three times larger than those of the small-
mass harvester for the entire range of load resistances investigated.

- Large mass harvester powers are ten times greater than small mass harvester powers
over the entire range of load resistances.

The obtained results give reason to assume that a harvester with a large mass has
significantly better output electrical parameters and is more suitable for practical use.

B4.3. The paper examines two piezoelectric harvesters consisting of two parallel-
connected springs attached to a piezoelectric transformer and having a common concentrated
mass. The two harvesters have springs with different characteristics to which different masses
are concentrated. Modeling was performed using ANSY'S, obtaining the horizontal deflection
of the mechanical system and calculating the charge accumulated on the piezo plate electrodes.
An equivalent circuit diagram of the piezo plate is drawn and an expression for the maximum
power at an active load is obtained. From the frequency characteristics, it can be seen that as
the concentrated mass increases, the resonant frequencies of both types of harvesters decrease,
and so do the rectified no-load voltages. Both measured and modeled maximum powers
decrease with increasing concentrated mass for both types of harvesters. The maximum
voltages and powers of the harvester whose springs have larger design parameters and a greater
concentrated mass applied to them are nine times higher than those of the other harvester.
Therefore, a harvester with larger design parameters of the spring is more suitable for practical
use.

B4.4. In the article, the mechanical properties of Ti/TiN/AITiSiN/(AITiSiN/TiAlISiN)n
/AITiSiN nanolaminate hard coating are investigated. The reason for the research is the two
main trends in the application of solid coatings by physical vapor deposition (PVD): the
combination of more chemical elements in one coating and the creation of nanolaminate
structures. Since many combinations are possible in the design of coatings, they can be expected
to have very different properties that are difficult to predict.

The presented studies of the considered Ti/TiN/AITiSiN/(AITiSiN/Ti1AISiN)n/AlTiSiN
nanolaminate hard coating give reason to assume that it is suitable for application on cutting
tools.
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Tungsten-cobalt (WC-Co) alloy tools are coated and preliminary results show that their
life expectancy is increased by approx. 2.9 times compared to those without coverage in the
same mode of operation. The obtained results give reason to believe that the investigated
nanolaminate hard coating can find wide practical application.

B4.5. The article examines electromagnetic harvesters consisting of a metal plate
mounted on four springs at its lower end and having 2 or 4 magnets. Above the magnets is a
coil. ANSYS modeling was performed and the horizontal deflection of the mechanical system
was obtained. With the help of FEMM, the magnetic field of the electromagnetic harvesters
was modeled and their electromotive force was determined. The equivalent circuit of the
electromagnetic harvesters has been prepared and an expression for the constant power at an
active load has been derived. The frequency characteristics show that as the concentrated mass
increases, the resonant frequencies of the harvesters decrease while the standing voltages
increase.

From the theoretical and experimental studies, it can be concluded that with an increase:
the number of windings (from 600 to 1200), the area of the coil (from 315 to 1260 mm?), the
distance between the magnets (from 0 to 8 mm), the number of magnets (from two to four) and
reducing the air gap at the magnets, the rectified voltages and active powers are significantly
increased. The design of the electromagnetic harvester with four springs, with a winding of
1200 turns and an area of 1260 mm?, two magnets spaced at two places (with dimensions of
20x10x2 mm) and an air gap of less than 1 mm, is the most suitable type of construction for
practical use. due to its best electrical output parameters.

B4.6. The article investigates the output electrical parameters of a linear generator with
permanent magnets without an iron core for three types of electrical connection of its windings.
Software simulations using ANSYS and FEMM were carried out and experimental studies of
the linear generator were carried out. A model was obtained that simulates with a good degree
of precision the operation of the studied generator.

From the experimental studies carried out, it can be concluded that circuit 2 - the scheme
with two-by-two series-connected coils - has the best output electrical parameters for low-
resistance loads up to 1 kW, due to the higher current and active power. It is the most suitable
of the three schemes for the practical realization of a linear generator with permanent magnets
without an iron core.

B4.7. The paper presents a study of two- and four-spring electromagnetic harvesters
consisting of Il-shaped plates with 4 magnets mounted on two or four springs fixed at their
lower ends. A coil is placed between the magnets. Modeling was performed using ANSYS and
the horizontal deflection of the mechanical system was obtained. The magnetic fields of the
electromagnetic harvesters are modeled using FEMM. Their electromotive forces (e.m.f.) and
power are determined. Experiments were conducted to validate the models.

The frequency characteristics show that as the concentrated mass increases, the resonant
frequencies of the harvesters decrease, but the standing voltages increase. Both measured and
modeled voltages and powers increase for both harvesters as their mass increases and as the air
gap decreases from 3 to | mm. When both harvesters have more mass, they have significantly
higher power over the entire range studied. As the active load increases, the output power
increases, reaching its maximum at 50 kQ for the two-spring and 40 kQ for the four-spring
harvester. The two-spring harvester produces higher voltages and power than the four-spring
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due to its greater horizontal deflection. The best electrical parameters - voltage 2.4V and power
104pW are obtained at the two-spring harvester with a mass of 30g, at an active load of 50kCQ2.
The double-spring type harvester with a larger mass has better output electrical parameters and
is therefore more suitable for practical use.

B4.8. The paper presents a study of a combined piezo-electromagnetic harvester
consisting of a piezo harvester and an electromagnetic harvester attached to it. Modeling was
performed in ANSYS, through which the horizontal deflection of the mechanical system was
obtained and the accumulated charge on the electrodes of the piezo harvester was calculated.
The magnetic field of the electromagnetic harvester is modeled using FEMM and its
electromotive force (e.m.f.) is defined. Equivalent circuits are presented and experiments are
conducted to validate the developed models.

The obtained results of the study show that the maximum powers in all four investigated
variants were obtained at a load of 10 kQ and decrease with increasing load. The powers
obtained from the electromagnetic part are five times higher than those from the piezo part of
the harvester. With the piezo- and electromagnetic parts connected in series, the powers are
significantly lower than those generated by the electromagnetic part alone. The highest voltages
and powers are obtained when piezo- and electromagnetic parts are connected in parallel, and
therefore this connection scheme is most suitable for practical use.

B4.9. In this paper, the influence of structural elements on the output electrical
parameters of a linear generator with permanent translational and rotating magnets in its stator
windings (LGRPM) is investigated. Simulations of dynamic mode with ANSY'S are presented
as well as results of experimental studies of a linear generator with rotating stator magnets. Six
types of translational magnets were studied and the optimal variant was determined, in which
the output electrical parameters of the generator are significantly improved. A model has been
developed that adequately simulates the operation of the linear generator.

From the performed program simulations and the performed experimental studies of
linear generators with permanent rotating magnets, it was found that the highest voltages,
currents and powers are obtained with the 5™ and 6™ versions of the translational magnets,
which are of the largest volume 1600 mm?® and 2400 mm? respectively. The maximum active
powers are observed at load Ri = 500Q for all types of translational magnets, and for the 5%
and 6™ variants their values are the highest, 300.4 mW and 420.2 mW, respectively. As the
thickness and volume of the translational magnets increase, so do the output voltages, currents,
powers and efficiency, but this, on the other hand, also leads to an increase in the resistance
forces caused by the interaction of the magnetic fields created by the translational and rotating
stator magnets. The highest relative power Pr is obtained in the 5" variant, and although in this
case the maximum power, voltage and current are less than those obtained in the 6'", the resistive
force in this variant is 36% lower. The efficacy factor for the 5 variant is lower, only 3%,
compared to 4.2% for the 6th variant. Both the simulated and measured power values show that
the LGRPM model is adequate over the range of load resistances from 10 to 4000 €, and the
maximum relative error is relatively small, 8.32%. For the practical implementation of a linear
generator with rotating magnets in the stator windings, it is suitable to use the 5" variant with
dimensions of the translational magnets 20x20x4 mm.
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B4.10. The article discusses a piezoelectric springy wind energy generator with a
vertical propeller, having three piezoelectric plates, connected in parallel or in series. The
impact force on the mechanical system is simulated in the ANSYS environment. With the help
of the equivalent electromechanical circuit and Simulink, the voltages on the piezoelectric
plates during idle operation were obtained. Experimental studies and modeling have been
carried out, determining the influence of the propeller revolutions per minute and the connection
scheme of the piezo plates on the output electrical parameters of the wind generator.

From the conducted experimental studies and based on the simulations with ANSYS
and MATLAB, it was found that with the increase of revolutions per minute, the voltages,
currents and powers of the generator increase linearly for the schemes with both parallel and
series connected piezo plates. Voltages and currents in series connection are twice as high as in
parallel connection, and powers are 4 times higher. The presented model precisely simulates
the operation of the piezoelectric wind generator, with the maximum relative error between the
measured and simulated power being 10.7%. With this type of piezo generators, relatively high
voltages and small currents are obtained with high resistance loads. When the piezo plates are
connected in series after the voltage doublers and at the highest number of revolutions per
minute n=1400 min™', the best output electrical parameters are obtained. The proposed series
connection scheme is more suitable for practical implementation of the considered piezoelectric
wind generator with a vertical axis. A further increase in electrical parameters can be achieved
by adding 3 or 6 more piezoelectric springs in both connection schemes.

II.  Performance report of Group G, Indicator 7 and Indicator 8 of the minimum
requirements for the acquisition of academic position Associate Professor

Table 3. Number of points according to indicators G7 and G8.

e Publications of the Chief Assistant Professor Number of
B Raycho Petrov Raychev, PhD points
N.Georgiev, R. Raychev “Study of a Linear Generator,
Converting Sea Wave Energy into Electricity”, Published in: 2020
G7.1. |21st International Symposium on Electrical Apparatus & 20p.

Technologies (SIELA), Publisher: IEEE,
DOI: 10.1109/SIELA49118.2020.9167118.

Raycho Raychev and Nikola Georgiev, "Study of linear generators
with and without rotating permanent magnets in their stator
G7.2. | windings", 2021 17-th International Conference on Electrical 20p.
Machines, Drives and Power Systems (ELMA), 1-4 July 2021, Sofia,
Bulgaria, DOI: 10.1109/ELMA52514.2021.9503053.

Raycho Raychev, Ivanka Delova, "Reduction of the Stress
Concentration Factor of Prismatic Specimens Through the Use of
Topological Optimization", Environment. Technology. Resources.
Rezekne, Latvia Proceedings of the 13th International Scientific and
Practical Conference. Volume 3, 296-299,

doi: 10.17770/etr2021vol3.6536.

G7.3. 20p.
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Raycho Raychev, Ivanka Delova, Methods for Reducing the Stress
Concentration in Cylindrical Specimens, at Axial Loading",
Environment. Technology. Resources. Rezekne, Latvia Proceedings
of the 13th International Scientific and Practical Conference. Volume
3, 300-303, doi: 10.17770/etr2021vol3.6535.

20p.

G8.1.

Z. Zlatanov, D. Ruschev, R. Raychev, I. Tashev, "Determining the
frequency of self-oscillations of a beam using the boundary
element method (BEM)", Scientific research of the Union of
Scientists in Bulgaria - Plovdiv Series C. Techniques and
Technologies, volume VIII., 2010., pp. 23-26, ISSN1311-9192.

G8.2.

D. Ruschev, R. Raychev, C. Pashinski, "Acceleration sensitive
monotube damper modelling in Lab Amesim", Fourth
International Scientific Conference Techniques, Technologies and
Systems - "TECHSYS 2015"

6p.

G8.3.

C. Pashinski, D. Ruschev, R. Raychev, "Computer program to
facilitation of wuniversal indexsing head wusage", Fourth
International Scientific Conference Techniques, Technologies and
Systems - "TECHSYS 2015".

6p.

G8.4.

Z. Zlatanov, R. Raychev, C. Pashinski, "Matrix examination of static
undefined planar frame under the static load", International
Scientific Conference on Engineering, Technologies and Systems
"TECHSYS",2018, Plovdiv, Bulgaria.

6p.

G8.5.

Raycho Raychev, Kalina Kamarska, Ivan Panov, Boyan Dochev
"Statistical study of the structure and corrosion properties of
aluminium ALSI18 alloy", Youth Forum "Science, Technologies,
Innovations, Business", 2019 autumn, Plovdiv, pp. 114-117,

ISSN 2367-8569.

Sp.

G8.6.

Ivan Panov, Raycho Raychev, Boyan Dochev, "Determination of the
mechanical properties of hypereutectic aluminum-silicon alloy
ALSI18", Youth Forum "Science, Technologies, Innovations,
Business", 2019 autumn, Plovdiv, pp. 118-121, ISSN 2367-8569.

6p.

G8.7.

Iv. Delova, R. Raychev, "Determination of the stress concentration
coefficient for prismatic and cylindrical test specimens, using
specialized software", Mechanics of Machines, volume 125, pp. 13-
17,2021, ISSN 0861-9727.

10p.

G8.8.

Iv. Delova, R. Raychev, "Investigation of the stress concentration in
a perforated plate, using specialized software", Mechanics of
Machines, volume 125, pp. 18-21, 2021, ISSN 0861-9727.

10p.
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Iv. Delova, R. Raychev, "Reduction of stress concentration in
prismatic and cylindrical specimens using specialized software",
Scientific works of the Union of Scientists in Bulgaria - Plovdiv. Series
C. Technique and technologies. Volume XIX, pp. 43-46 ISSN: 1311-
9419 (Print); ISSN 2534-9384 (Online), 2021.

10p.

G8.10.

Iv. Delova, R. Raychev, "Use of topological optimization to reduce
stress concentration in perforated plates", Scientific works of the
Union of Scientists in Bulgaria - Plovdiv. Series C. Technique and
technologies. Volume XIX, pp. 47-50 ISSN: 1311-9419 (Print); ISSN
2534-9384 (Online), 2021.

10p.

G8.11.

Raychev, R. P, Delova . L., 2021, "Study of standard specimens
with V-shaped notches under axial loading", Youth Forum
"SCIENCE, TECHNOLOGIES, INNOVATIONS, BUSINESS" -
spring 2021, pp. 92-95, ISBN ISSN 2367 - 8569.

10p.

G8.12.

Raychev, R. P., Dochev B. A. "Investigation of the behavior of
aluminum alloy in a complex stressed condition", Youth Forum
"SCIENCE, TECHNOLOGY, INNOVATIONS, BUSINESS"
spring, 2021, no. 1, pp. 108-111, ISBN ISSN 2367 - 8569.

10p.

G8.13.

Raychev, R. P., Dochev B. A. "Determining of the aluminum alloy-
tired limit with the use of specialized software", Youth Forum
"SCIENCE, TECHNOLOGY, INNOVATIONS, BUSINESS"
spring, 2021, no. 1, pp. 117-120, ISBN ISSN 2367 - 85609.

10p.

G8.14.

Delova LL., Raychev, R.P., "Study of the fatigue limit under
standard test specimens with the presence of notches", Youth
Forum "SCIENCE, TECHNOLOGY, INNOVATIONS, BUSINESS"
- spring 2021, pp. 125-128, ISBN ISSN 2367 - 8569.

10p.

G8.15.

Delova 1. L, Raychev, R. P. "Determination crack resistance
characteristics of prismatic and cylindrical test specimens using
specialized software", Youth Forum "Science, Technologies,
Innovations, Business" - autumn 2021, pp. 124-127.

ISBN ISSN 2367-8569

10p.

G8.16.

Raychev, R. P, Delova 1. L "Determinination of characteristics on
crack resistance in rectangular plates using specialized software",
Youth Forum "Science, Technologies, Innovations, Business" -
autumn 2021, pp. 128-132. ISBN ISSN 2367-8569

10p.

G8.17.

R. Raychev, Iv. Delova, "Reduction of Mechanical Stresses in Test
Specimens Subjected to Complex Loading", Mechanics of
Machines, Vol. 126, pp. 101-106, ISSN 0861-9727

10p.

G8.18.

Iv. Delova, R. Raichev, "Study of mechanical stresses in perforated
plates subjected to complex loading", Mechanics of Machines,
Volume 126, pp. 107-111, ISSN 0861-9727

10p.
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Raychev, R., Dimova D, "Software investigation of the mechanical
characteristics of AISi18Cu3CrMn alloy", Youth Forum "Science,
Technologies, Innovations, Business" - Spring 2022, pp. 27-30, ISBN
ISSN 2367-8569

G8.19. 10p.

Raychev, R., Dimova D, "Determining the crack resistance of an
aluminum-silicon alloy through specialized software", Youth
Forum "Science, Technologies, Innovations, Business" - Spring 2022,
pp. 31-35, ISBN ISSN 2367-8569

Raychev, R., Delova, 1. "Study of the behavior of non-standard
aluminum-silicon alloys AlSil1Cu5Mg and AlISi18Cu5Mg under

combined loads", Youth Forum "Science, Technologies, Innovations,
Business" - Spring 2022, pp. 36-39, ISBN ISSN 2367-8569

G8.20. 10p.

G8.21. 10p.

Total: 264T.

G7.1. The article investigates the influence of electrical parameters in a linear generator
with permanent magnets and without an iron core (LGPM), depending on the number of its
windings (connected in series), the number of their windings and the dimensions of the air gap
between the magnets and the windings. Software simulations were performed with ANSYS
2019 R1 and FEMM 4.2 and experimental studies were conducted. The resulting model reflects
the performance of the LGPM in the range of 10Q to 20 kQ with good accuracy.

By increasing the number of windings and the number of coils and reducing the air gap
between the magnets and the coils, the output electrical parameters of the generator are
improved. The linear generator has its best electrical parameters (25 mW power at 9 kQ active
load) when it has four series-connected coils of 2500 turns each and with a 2 mm air gap
between the magnets and the coils. This generator is most applicable for generating electricity
from sea waves.

G7.2. The article describes a study of two types of linear generators (PMLGs) - with
and without rotating magnets in their stator windings. A three-dimensional model in dynamic
mode was synthesized using ANSYS. The influence of the dimensions of the permanent
magnets in the double-sided translators on the electrical parameters of the generators was also
analyzed. Experimental studies of the generators were carried out to prove the accuracy of the
simulation model.

In the experimental studies of the two types of linear generators, it was noticed that as
the volume of the translational magnets increased, the voltages and currents increased
proportionally, and the power increased quadratically. The maximum powers for both types of
generators are almost the same: 300 mW at a load resistance of 1002 for a generator without
rotating magnets and with a thickness of translational magnets of 10 mm. For the rotating
magnet generator, the output is 303mW at a load resistance of 500€2, when the thickness of its
translational magnets is only 4mm. Both types of PMLGs have similar electrical parameters.
An advantage of the linear generator with rotating magnets in the stator windings is a significant
reduction of the reluctance. This allows the use of much smaller translational magnets, which
in turn halves the cost of this linear generator.
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G7.3. The article presents research related to reducing the concentration of mechanical
stress in prismatic specimens subjected to axial loading. The objects of study are a rectangular
plate with symmetrically located notches and a prismatic specimen with fillets. The studies
were carried out at different ratios of the main geometric dimensions of the specimens. The
stress concentration coefficients are also determined by means of analytical dependencies
known from the specialized literature. Using the ANSY'S software, a topological optimization
was carried out, which aims to reduce the stresses in the threatened areas by reducing the mass
of the specimens by 10%, 20% and 30%, respectively. With the help of the "OptiSlang" module,
which is a part of the ANSYS software, the identification of the geometrical parameters is
realized. The analysis of the obtained results shows that the software topological optimization
can reduce the stresses in the endangered sections by more than 20% in the case of the
rectangular plate and by more than 15% in the case of the prismatic specimen with fillets.

G7.4. The article presents software methods for reducing the concentration of
mechanical stresses. Objects of research are a cylindrical specimen with a central notch and a
cylindrical sample with fillets. The specimens were subjected to axial loading. The studies were
carried out at different ratios of basic geometrical parameters. In order to reduce the stresses in
the threatened areas, incisions of different shapes and sizes are formed on the samples. Through
the specialized built-in modules to the ANSYS software, the geometric parameters of the
additional cuts have been identified.

The obtained results show that the presence of additional notches significantly reduces
the stresses in the threatened areas. The most significant influence on the cylindrical specimen
with a central notch is the additional double-sided U-shaped notch. With it, the stress
concentration factor decreases by more than 30% compared to the results obtained without the
presence of additional grooves.

In the case of a cylindrical specimen with fillets, the best results were achieved with the
presence of an additional U-shaped notch. With it, the stress concentration factor decreases by
more than 10% compared to the results obtained in the absence of additional notches.

G8.1. The article describes the determination of the frequency of natural oscillations of
a beam with a constant section, using the boundary element method. According to this method,
all unknown boundary parameters are presented in matrix form, and the solution of the matrix
equations is obtained in the environment of the specialized software product Wolfram
Mathematica. With the help of the ANSYS software, computer simulations were carried out, in
which the eigenfrequencies and eigenforms of the studied elastic system were obtained. The
obtained results show good agreement with those obtained by the boundary element method.

G8.2. In this paper, a simulation model of a monotube damper is presented, which is
equipped with an additional inertial valve sensitive to the acceleration of the moving parts. The
modeling of the single-tube damper was carried out in the environment of the specialized
software Lab Amesim. The built simulation model consists of seven unknown parameters,
which are related to the diameters of the openings in the valve system, the pressure required to
open the valves, and also the pressure gradient after opening the valves. The admissible region
probing method and the simplex search method were used to set these parameters. The study
was conducted under a sinusoidal input disturbance with amplitudes in the range of Smm to
40mm and frequencies in the range of 2.5Hz to 6.5Hz respectively. The analysis of the obtained
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results of the experimental study and the simulation shows that the area under the "Force-
displacement" diagram obtained experimentally is larger by 3.3% than the area of the same
diagram obtained as a result of the simulation. This result gives reason to assume that the
influence of the inertial valve under sinusoidal disturbance is not significant.

G8.3. This article presents a computer program for the use of a universal dividing head.
The main reasons for creating such a program are related to wasting time and making
operational errors in differential division mode. The computer program, implemented in the
environment of Microsoft Visual Studio 2013, performs all the necessary calculations for the
necessary adjustment of the head when dividing the workpiece into any number of parts. A
detailed computational algorithm is also presented in the form of a flowchart.

G8.4. The paper presents a matrix approach for the solution of a statically indeterminate
plane frame loaded in bending. In the considered numerical example, the frame is three times
statically indeterminate. To determine the statically undeterminable quantities, the system of
canonical equations characteristic of the force method is used, with the coefficients and free
terms presented in matrix form. The solutions of the obtained matrices were carried out in the
MATLAB software environment.

G8.5. The paper describes a statistical study of a hypereutectic aluminum-silicon alloy
AlSi18, which has been modified with a nanomodifier nanodiamonds (ND). The influence of
operating temperatures (casting temperature and mold temperature) on primary silicon crystals,
corrosion potential and corrosion rate after first and second remelting of the alloy was
investigated. The experiments carried out at different operating temperatures did not establish
a significant difference in the sizes of the primary silicon crystals of the studied AlSil8 alloy.
The most negative is the corrosion potential of AlSil8 alloy at a casting temperature of 730°C
and a mold temperature of 210°C. The highest corrosion rate was calculated for this alloy.

Using the STATISTICA program, the regression model was determined, which reflects
the influence of the temperature of the alloy T1 and the temperature of the metal equipment T2
on the corrosion potential Ecor, the corrosion rate Ky, and the size of the primary silicon crystals.

G8.6. Hypereutectic aluminum-silicon alloy AlSil8 was modified with standard
modifier phosphorus (P), nanomodifiers SiC and nanodiamonds (ND), as well as combinations
of phosphorus and SiC, and phosphorus and nanodiamonds (ND). The mechanical properties
of the unmodified and modified alloys were determined experimentally. By using the ANSY'S
software, tests were simulated to determine the mechanical properties of the studied alloys. The
obtained results are identical to the experimentally obtained results. This confirms the adequacy
of the built simulation model and the possibility of using it to determine the compressive
strength and fatigue strength of the studied alloy.

The compressive strength results obtained from the software simulation show the lowest
values for AlISi18 alloy modified with SiC nanomodifier because this modifier does not have a
positive effect on the structure of the studied alloy. The data from the conducted software
simulation show an increase in the compressive strength of the investigated AISil8 alloy
samples modified with ND, ND + P, SiC + P due to their modifying effect on the alloy structure.
The results of the conducted software simulation for determining the fatigue limit of AISil8
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alloy unmodified, modified with standard modifier P, modified with nanomodifiers SiC and
ND, as well as combined modified are comparable.

G8.7. This article presents the determination of the stress concentration coefficient for
a prismatic and cylindrical specimens, using the ANSYS software. The specimens are subjected
to the following loads: prismatic specimen - subjected to tension and bending; cylindrical
specimen — subjected to tension and torsion; a cylindrical specimen with a U-shaped notch -
subjected to tension, bending and twisting. The stress concentration coefficient was determined
for different ratios of the geometric dimensions of the studied specimens. The obtained
simulation results are compared with theoretical and experimental results described in the
specialized literature. The analysis of the obtained results shows that there is a good coincidence
between the theoretical data and the data obtained from the simulation. This gives reason to
assume that with an appropriate finite element mesh setup, the software can adequately reflect
the stress concentration in complex parts.

Based on the obtained results of the simulations, with the help of the specialized
MATLAB software, the equations of the graphical dependencies for the obtained stress
concentration coefficients were determined.

G8.8. This article presents the determination of the stress concentration in a perforated
plate using the specialized ANSYS software. The plate is subjected to tension and bending and
is presented in two versions: a perforated plate with a central hole and a plate with the presence
of symmetrically located U-shaped notches. The stress concentration coefficient was
determined for different ratios of the geometric dimensions of the plate and for different angles
of inclination of the central opening. The results obtained from the simulation are presented
graphically, and a comparison is made with results described in the specialized literature. The
analysis of the obtained results shows that there is a good coincidence between the theoretical
data and the data obtained from the simulation.

G8.9. The subject of the article is the reduction of the stress concentration factor in
standard test specimens using specialized software. Objects of study are a prismatic specimen
with the presence of rounding and a cylindrical specimen with the presence of a U-shaped notch.
The specimens were subjected to an axial load. To reduce the concentration of stresses in the
prismatic specimen, an approach known as topological optimization was applied, which was
carried out using the specialized ANSYS software. In order to reduce the concentration of
stresses in the cylindrical specimen, additional noches were made near the area with
concentration of stresses.

The obtained simulation results show that as a result of the topological optimization of
the prismatic specimen, the stress concentration factor can decrease by more than 25% when
the mass of the specimen is reduced by 20%. For the cylindrical specimen, results show that
the stress concentration decreases by more than 29% with the presence of four additional
notches.

G8.10. The subject of the article is the reduction of the stress concentration factor in
perforated plates with the help of specialized software. The specimens were subjected to
tension, and with the help of the ANSYS software, a topological optimization was performed
in order to reduce the stresses in the threatened areas. The determination of the dimensions and
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location of the material taken from the samples was carried out using the Design Study module
of the SolidWorks software. Subsequently, a new static analysis was performed in the ANSYS
Workbench platform to determine the values of the stresses obtained after the topological
optimization in the threatened areas. The obtained results show that as a result of the topological
optimization, the stress concentration in the studied specimens decreases by more than 30%
when the mass is reduced by 10%.

G8.11. In this paper, a study of standard test specimens with the presence of V-notches
is presented. The specimens were subjected to axial loading, and four characteristic cases were
investigated for different angles of the cuts. With the help of ANSYS, computer simulations
were implemented, in which the equivalent stresses and relative elongations were determined
at different depths and radius at the base of the notches, as well as for four characteristic angles
of inclination of the notches. By means of the optiSLang module additionally built into ANSY'S,
an optimization task was carried out, in which the main goal is to obtain the optimal values of
the geometric dimensions for the incisions in the studied range. The objective function in the
optimization is to minimize the maximum values of the equivalent stress. The implementation
of the optimization task shows that with precisely determined geometric dimensions of the
incisions, the stress values decrease in the prismatic sample by more than 15% in tension and
more than 11% in bending. In the case of the cylindrical specimen, the stress reduction is 9.07%
in tension and 2.7% in bending.

G8.12. In the paper, complex alloyed hypraeutectic aluminum-silicon alloy
AISi118Cu3CrMn is modified with a combination of modifiers (P, Ti, B, Be). The alloy is
subjected to T6 heat treatment. The heating temperature for tempering is 510-515°C, and the
holding time at this temperature is 6 h and 30 min. The cooling medium is water with a
temperature of 20°C. Artificial aging was carried out at different operating parameters: 210°C
for 16h; 250°C for 12h; 330°C for 8h

With the help of specialized software, the influence of the working parameters of the
heat treatment on the behavior of the thus modified alloy under a complex stress state (tension
- bending; bending - torsion; tension - torsion) was investigated.

From the software simulations, it was found that the alloy modified with P, Ti, B and
Be, hardened and subjected to artificial aging at 210°C for 16h has the highest values of
deformation and relative elongation. The reasons for this are the resulting structure and the
finely dispersed strengthening phases at the grain boundaries after aging.

G8.13. In the paper, an aluminum-silicon alloy AlSi18Cu3CrMn was modified with a
combination of modifiers. The alloy is hardened and subjected to artificial aging. The influence
of the operating parameters of the aging regime (temperature and time) on the fatigue limit of
the alloy was investigated. The working parameters - heating temperature and retention time of
the artificial aging mode - have been specified experimentally. With the heat treatment carried
out in this way, the alloy has the best strength and plastic characteristics, as a result of the
resulting structure. With the help of the additional module nCode DesignLife, which was
successfully imported to ANSYS, simulations related to determining the fatigue limit of a
standard specimen were realized.
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The results of the performed software simulations for determining the fatigue limit in
tension, bending and twisting show the highest values of the studied parameters of the alloy
subjected to artificial aging (after hardening) at a temperature of 210°C for 16h.

G8.14. The article presents studies related to the fatigue limit of test specimens with the
presence of notches. With the help of the specialized ANSYS software, a static analysis was
carried out, in which the specimens were subjected to an axial load and the stress values in the
threatened sections were determined.

In order to reduce the maximum values of the stresses, additional notches of a specific
shape were added to the specimens. Through the OptiSLang module built into the software, an
optimization has been carried out, which aims to determine the geometric parameters of the
additional notches so that the stress values are minimized. After determining the geometric
dimensions of the additional notches, the fatigue limit of the tested specimens was determined
using the nCode DesignLife module of ANSYS.

The obtained results for the maximum stresses after the optimization show that with
precisely defined geometrical dimensions and location of the additional notches relative to the
main ones, the stresses in the endangered sections can be significantly reduced. This lowering
of stresses exerts a significant positive role on the fatigue limit of the tested specimens.

G8.15. The present paper is concerned with the determination of stress intensity factor,
crack trajectory and number of fatigue cycles for standard prismatic and cylindrical steel
specimens subjected to axial loading. Objects of the present study are: a prismatic specimen
with a one-sided crack; prismatic specimen with two-sided crack; cylindrical specimen with a
circular crack. The study was carried out using the built-in SMART Crack Growth function to
the specialized ANSYS software, for different ratios of the geometric dimensions of the
specimens. To determine the theoretical Kj coefficients for the studied samples, dependencies
described in the specialized literature were used. The obtained simulation results for the K
coefficient show good agreement with the results of the analytical dependences. This gives
reason to assume that the results obtained for crack development and fatigue cycles are also
adequate.

G8.16. This paper presents software determination of stress intensity factor, crack
trajectory and number of fatigue cycles for standard rectangular steel plates subjected to axial
loading. Objects are: a rectangular compact specimen and a flat rectangular specimen with a
central crack. The study was carried out for different ratios of the geometric dimensions of the
samples. The built-in SMART Crack Growth function of the ANSYS specialized software was
used to determine the required parameters, and dependencies known from the specialized
literature were used to determine the theoretical K coefficients for the studied samples.

The comparison between the results obtained for the Ki coefficient by the SMART
Crack Growth module and the results of the analytical dependences shows a good coincidence
(the difference in both spesimens is less than 6%). This gives reason to assume that the obtained
results for the crack trajectory and the number of fatigue cycles are also adequate.

G8.17. The paper describes the software reduction of mechanical stresses in test
specimens subjected to complex loading. Objects of the present study are prismatic and
cylindrical step-shaped test specimens with fillets. The specimens were subjected to the
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following loads: a prismatic test specimen subjected to both tension and bending; cylindrical
test specimen subjected to both tension and torsion;

To reduce the mechanical stresses on the spesimens, additional holes and notches of a
certain shape were made. With the help of the optiSLang module to the ANSYS software, an
optimization was carried out, in which the geometrical parameters of the holes and notches,
where the mechanical stresses are minimal, were determined.

The analysis of the obtained results shows that the additional holes and notches in the
studied spesimens reduce the equivalent values of the stresses. In the case of the prismatic
specimen, the influence of the additional cylindrical opening is most significant, where the
largest values of the equivalent stresses decrease by more than 30%. In the cylindrical specimen,
the presence of additional notches reduce the equivalent stresses, with the two additional U-
notches having the greatest impact, where the maximum equivalent stress values decrease by
more than 20%.

G8.18. The paper describes a software study of the mechanical stresses that occur in
perforated plates subjected to complex loading. The study was carried out for plates with a
specific shape and dimensions of the central opening. With the help of the optiSLang module
to the ANSYS software, an optimization was realized, in which the position of the holes where
the mechanical stresses are minimal was determined. To determine the theoretical coefficients
Ky in tension and bending, analytical dependencies known from the specialized literature were
used.

The results of the simulations show that under complex loading, the lowest equivalent
stresses are obtained for the streamlined hole shapes. Here, the advantage is for the elliptical
hole, where the resulting equivalent stresses are lower by more than 17% compared to the oval
hole and more than 29% compared to the cylindrical hole.

G8.19. The article presents a study of a complex alloyed hypereutectic aluminum-
silicon alloy AlSi18Cu3CrMn, modified with phosphorus in a concentration of 0.04%. The
alloy is subjected to T6 heat treatment. To carry out the hardening process, a cooling medium
of water with different temperatures (20°C and 50°C) was used. The subsequent artificial aging
was carried out at different operating parameters. With the help of specialized software, the
influence of heat treatment on the behavior of the alloy under a complex stress state, as well as
on its fatigue limit, was investigated.

The obtained results show that the highest values of deformation and the relative
elongation (von Mises) for the different combinations of loads were found for the alloy
subjected to artificial aging at 210°C for 16h and used cooling medium for quenching water
with a temperature of 20°C. In alloys subjected to artificial aging at higher temperatures, the
deformation and elongation values are lower.

G8.20. In the paper, the hypereutectic aluminum-silicon alloy AlSi18Cu3CrMn is
subjected to a modification treatment with both phosphorus and a combination of modifiers (P;
Ti; B; Be). The alloy was subjected to T6 heat treatment, and for quenching, a water cooling
medium of different temperature was used. Artificial aging after quenching was carried out
under different operating parameters. The influence of the modifying treatment and the thermal
treatment on the crack resistance of the compositions was studied by software. The object of
study is a rectangular compact specimen, with the presence of a pre-initiated crack.
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The analysis of the performed software simulations shows that the AlSi18Cu3CrMn
alloy modified with 0.04% P quenched in water at a temperature of 20°C and subjected to
dispersion hardening at a temperature of 210°C for 16h has the highest value of the crack
resistance coefficient of all compositions . To obtain increased tensile strength Rm and higher
Ki values of the studied alloys, after modification and heat treatment, it is necessary that the
primary silicon crystals are crushed, properly shaped and uniformly distributed in the alloy
structure, and the eutectic matrix is strengthened to the extent that it does not lose its plasticity.

G8.21. Aluminum-silicon alloys with eutectic and hypraeutectic composition are
alloyed with copper and magnesium. AlSil1Cu5Mg and AlSi18Cu5Mg alloys are complexly
modified by the use of P, Ti, B and Be. Alloys are subjected to heat treatment T6. With the help
of specialized software, the behavior of the modified and heat-treated alloys in a complex stress
state was investigated.

The results of the software simulations show that the eutectic type alloy (AISil11Cu5Mg)
has higher values of relative elongation and deformations compared to the supereutectic
composition alloy. The obtained values of the relative elongation of the two compositions are
significantly higher than those required for this type of standardized piston alloys. This shows
that alloying with copper and magnesium is appropriate, and the used modifiers P, Ti, B and
Be in the respective concentrations are adequately selected. With the thermal treatment carried
out in this way, the studied alloys have significantly high values of tensile strength with
increased plasticity.
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