PEUEH3UA

Ha AucepTauuoOHEH TpyAa
3a npumaobmBaHe Ha obGpa3oBaTesiHa U Hay4Ha cTeneH ,,4OKTop”

ABTOp Ha gucepTaunoHHa Tpya: mar. nHx. Togop Togopos Togopos
Tema Ha gucepTauMoHHMA TPYA:
MOOEJIMPAHE N U3CJTIEOBAHE MNMPOLECA HA 3AIMBJIBAHE HA
®OPMOOBPA3YBALWLN MHCTPYMEHTW YPE3 BUPTYAIEH NMPOTOTWIM
PeueHseHT: npod. A-p Henn Kocesa

-H Topop TogopoB e wuHXeHep, npuaobun obpasoBaTenHO-KBaANU@UKaLMOHHA
crteneH ,marnctbp“ npes 2018 r. B TexHuyeckn yHusepcutet — Codoms (TY-Codms) cbe
crneumanHocTt ,KOMNITbLPHO NPOEKTUPAHE U TEXHOMOrMM B MawmHocTpoeHeTo". OT mapT
2019 r. TOW e pedoBeH [OOKTOPaAHT B kategpa “TexHonorma Ha MalUMHOCTPOEHETO U
MeTanopexewm mMawnHn” Ha MawuHHo-TexHonorndeH dgakyntet, TY-Codus. CbrnacHo
nanckeaHmata Ha 3PACPB wn [lNpaBunHuka 3a HEroBOTO MpunaraHe mar. uHX. Togop
TopopoB e npeacTtaBuin HeobxoauMuUTe AOKYMEHTU: AUCepTaunoHeH TpyAa, aBTopedepar,
aBTobuorpadums, cnucbk c nyénukaumm wu umMtatv, U Konve OT AunsoMa 3a BuUCLIe
obpasoBaHue. B gonbnHeHne e npefcTtaBeH CNUCHK Ha NPOEKTUTE, B KOMTO € yyacTeasn B
nepuoga ot HoemBpu 2019 focera.

lMpeacTaBeHUAT 3a peueHsnpaHe ancepTauuoHeH Tpya cbabpxa 5 rmasu, B KOUTO
Ca W3NOXeHU CbCTOSHMETO Ha npobrnema n pesynrtatute OT u3cneaBaHusTa no 4-Te
nocTaBeHVW 3ajadn 3a MOCTUraHe UenTa Ha AMCEPTAUMOHHOTO u3cneaBaHe. TpyabT
cbabpxa ouwe 3 rnasu, B KOMTO ca 0606LeHn uM3BoguTe M ONMUCaHW NpUHOCUTE OT
n3cnegBaHuaTa Ha OOKTOpaHTa, a B nocrnegHarta rnaea (bubnuorpadusa) e npeacraeeH
CMUCBK Ha m3nonssaHuTe 93 nuTepaTypHU U3TOYHMUM, OT KOMTO 73 Ha natuHuua (Bkn. 22
MHTepHET agpecu), 20 Ha kupunuua (BKN. 2 MHTEPHET agpeca). [lucepTaumMoHHUAT Tpya € B
o6em ot 189 ctpaHuum, Bkntousa 189 durypu n 36 Tabnuumw.

1. AKTyanHOCT Ha pa3paboTBaHMA B AOUCEPTALUOHHMA Tpya npobnem B
Hay4YHO N Hay4YHOMNPUITOXHO OTHOLLUEHME.

lMnactmacoBuTe M3genus ca HaBresnu BbB BCUYKM HULIM Ha nasapa — OT CTOKM 3a
GuTa OO0 KOHCTPYKUMOHHW €NeMeHTUM B CTPOUTENCTBOTO W TpaHCnopTa, OT M3genusa ¢
npocta opmMa [0 TakMBa CbC CIIOXHA NPOCTPAHCTBEHa reoMeTpusi, OT CTOKM 3a
efHOKpaTHa ynoTpeba A0 TakMBa C MHOKpaTHM HaTOBapBaHWs, NOpaan KOeTo ce NocTaBAT
BMCOKM M3UCKAHUSA KbM TEXHWUTE €eKCnnoaTauMOHHM KayecTBa. 3a NPOU3BOACTBOTO Ha
nnacTMacoB/ U3OeNus CbLLEeCTBYBaAT PasfiIMdHU TEXHOMOMMW, KaTo e[dHa OT HanW-MacoBO
npuvnaraHarta e ypes3 usnonssaHe Ha opmMoobpasyBalin MHCTPYMEHTUN. Pa3pacTtBaHeTo Ha
nasapa Ha nnacTmMacoBuUTe U3genus kakto no obem, Taka n No pasHoobpasne Ha CTOKuTE,

1



nocTaBs BbNpoca 3a ONTUMU3NPaHe Ha TEXHONOIMYHUTE npouecu u popmoobpasyBayute
WHCTPYMEHTU 3a MOCTUraHe Ha Mno-rofiiMa Mpou3BOAUTENHOCT OT efHa CTpaHa, KakTo u
nogobpsiBaHe Ha TOYHOCTTA M (PU3MKOMEXAHUYHUTE XapaKTepUCTUKM Ha u3genusata ot
Apyra cTpaHa.

HapactBaHeTO Ha u3MCKBaHMATA KbM nNnacTMacoBuTe w3genus BoaW Ao
paspaboTBaHeTO Ha HOBM MaTtepuanu, B Clyyass Ha OCHOBaTa Ha nonuMmepwu, ¢ TBbpae
pa3HoobpasHu cBoncTBa. ToBa noctaesa npobnema 3a yHuduumpaHe n npotoTunmpaHe Ha
nsgenusTa, KaTo CblUueBpeMeHHO TpsbBa da ce oTuuTaT pasfnuyHUTE CBOWCTBa Ha
N3XOQHUTE MONIMMEpPHU, C KOUTO Aa ce CbobpasdT napaMeTpute Ha TEXHOMNOMMYHUS npouec
M npou3BoaCTBEHOTO obopyaBaHe. TbpcAT ce nogxoau, C KOUTO Ja Ce MOoBULLN
eEeKTUBHOCTTa Ha TEXHOMOMMYHMSA NPOLEC, KaTo ce 3anasdaTt unv nogobpsT kavyecTaTta Ha
nsgenuaTa.

BupTyanHoTo MHXEHEepPCTBO M CbBpPEMEHHUTE KOMMNIOTbpHM cpeactBa kato CAD
(Computer Aided Design), CAM (Computer Aided Manufacturing) n CAE (Computer Aided
Engineering) ca MOLLHM NHCTPYMEHTU, KOUTO criomaraT 3a pa3paboTBaHe 1 onTuMusMpaHe
Ha NPOM3BOACTBEHM TEXHOMOMN C LUen cbkpallaBaHe Ha BPeMEeTO OT KOHCTpyMpaHeTo Ha
Aetanmna [o nyckaHeTo My B MPOM3BOACTBO. Te3M HOBU TEXHONMOrUW ynecHsasaT W
ycKkopsiBaT USAMNOCTHMA Mpouec Ha BHeapsiBaHETO B MPOM3BOACTBO — OT AM3anHa Ha
nsgenusTa OO OLeHKa Ha Bb3MOXHOCTUTE 3a nogobpsiBaHe Ha TexHUTe Ka4vecTsa,
KOHCTpyMpaHe Ha ¢opmoobpasyBawiute UHCTPYMEHTU N onTMMM3NpaHe Ha
TeXHonornyHute napameTtpu. [lpunaraHeTo Ha  BUPTYyanHOTO  WHXEHEepPCTBO U
CbBPEMEHHUTE  KOMMIOTbPHM  TEXHOMOMMKU  MMaT  NPSIKO  Bb3OEWNCTBME  BbPXY
NPOM3BOANTENHOCTTA M KayecTBaTa Ha usgenusita, cnegoBaTeriHo BbpXy TAXHaTa LeHa U
1 NasapHa KOHKYPEeHTOCMOCOBOHOCT.

Mopagn ToBa paspaboTBaHETO Ha HOBM MOAXOAW 4Ype3 M3MNON3BaHeTO Ha
BMPTYarHOTO WHXEHEPCTBO M Pa3BUTMETO Ha KOMMIOTbPHUS MHCTPYMEHTapuyMm ca obekT
He caMO Ha Hay4yHOM3CregoBaTemncku WHTepec, HO M HapacTBawa HeobxogumocT 3a
NPOM3BOACTBEHUSA ceKTop. HecbMHeHO ToBa € 6bp30 pa3BuBalLla ce 06racT C MHOXECTBO
HepelweHn 3afjaynm W npeauMsBUKaTencTtsa Mnpea CbBpeMeHHaTa MeTOAOonorms Ha
NpoeKkTMpaHe 1 BHeApsiBaHe Ha us3genusi ¢ HapacTBawa yHKLMOHANHOCT U U3UCKBaHUSA
KbM TEXHWUTE eKCMnfoaTauuoHHM XapaKkTepuctuki. Tpsbea aa ce nogvepTae, Yye ToBa MMa
OTHOLLEHME He CaMO KbM MOBULIABAHE Ha egeKTUBHOCTTAa Ha M3crnegoBaTernickus u
NPOM3BOACTBEH MpoUeCc, HO WM KbM OMNasBaHe Ha OKoNHaTta cpeja M pecypcHaTa
e(EeKTUBHOCT — MO-Manko MPOM3BOACTBEHW OTNadbUM M yOBIMKEH eKcnnoaTauMoHEeH
XMBOT Ha uagenusaTa.

B KoHTekCTa Ha W3MNOXEHOTO MO-rope akTyanHocTTa Ha paspaboTeHuns B
AncepTaLnoHHMA Tpya npobnem e 6e3cnopHa KakTo B HAy4yHO, Taka U B Hay4YHOMNPUIIOXHO
OTHOLLEHME.



2. CteneH Ha no3HaBaHe CbLCTOAHMETO Ha npobnemMa UM TBOpYeEcKa
MHTeprnpeTauus Ha NUTepaTypHUA maTepuman.

MoeTo BrevaTneHve e, Yye OOKTOPaHTbT € MOSIOXKU MHOro YCUnna u no3HaBa
nobpe cbCcToAHMETO Ha npobrnema. ToBa crefBa He caMo OT 6pPOos UUTUPAHN N3TOYHULN,
HO M OT aHanuMsa, KOUTO € HanpaBeH OT AOKTOpaHTa Ha CbLUeCcTByBaluMTe noaxoan u
MEeTOAO0SI0rMs NMpu NpunaraHeTo Ha CbBpPEMEHHUTE KOMMIOTbPHU CpeacTBa npu An3anHa Ha
dopmoobpasyBalute MHCTpyMeHTU. WM3TbkHata e HeobxoaumocTTa OT KOMMSEKCEH
noaxon, nNpu KOMTO KOHCTpymMpaHeTo Ha wnpuudopmata Tpsbea ga e cbobpaseHo Cbe
cBOKMCTBaTa Ha WU3XOAHWUA MNOSIMMEPEH MaTepuarn, oNnTUMU3NPAHETO Ha napamMeTpuTe Ha
opmoobpasyBalna MHCTPYMEHT U3NCKBA OTYUTAHE HA CbBKYMHOCTTA OT TEXHOMOMMYHU
napamMeTpu N PyHKLMOHANHN XapakTepUCTUKN Ha U3OenmneTo.

ToBa HECbMHEHO MNOCTaBs nped AOKTopaHTa HeobxoguMMocTTa da ce 3arno3Hae u
N3y4n BIIMSTHUETO Ha pasfiMyHUTE TEXHOSTOrMYHM NapamMeTpu KaTo HansraHe, Temneparypa,
CKOPOCT Ha wWnpuuBaHe 1 Op. BbpXy AedeKkTnute, KoMTo moraTt ga 6baaT nonyyvyeHu npu
HenpaswusieH Nogdop M CbyeTaHUe Ha TEXHOSOrMYHUTE napamMeTpu. [JOKTOpaHTbT No3HaBa
cblleCTBeHUTE AedeKkTn (3agbpkaHe Ha Bb3QyX, JIMHMM Ha 3acpellaHe, nosisata Ha
OTNMBBK, BCMYKHaTMHM, JdedopMauun U Ap.), KaKTO WU NpUYNHUTE, T.e. OHe3u
HEeCbBbPLUEHCTBA B TEXHOMNOMMYHUSA NpoLec, KOUTO BOAAT 0 nosiBaTa Ha Te3u gedektn. B
ob3opHaTta 4act nogpobHo ca onucaHn npobrnemuTe, BB3HWUKBALWLM MO BpemMe Ha
WwnpvuBaHe KaTo CbAbpXaHWe Ha Bnara B MNOMIMMEPHUTE rpaHynu, HenpaBuiHO
opa3MepeHa cuctema 3a nojaBaHe Ha maTepuana, HeJoCTaTbYyHO BpeMe Ha 3agbpKaHe
Ha MaTepuana n gp. OcBeH c npobrnemuTe, OOKTOPAHTBLT € 3ano3HaT C MeToauTe U
npakTnkata 3a TAXHOTO MAEHTUUUMPAHE, KakTO M CbC CblUEeCTByBalM MNoAXOAM 3a
npeogonasaHeTo UM. Tyk cnefsa ga otbenexa, 4e TO3W aHanua e HafnpaBeH Ha OcHOoBaTa
Ha [o0bpo no3HaBaHe Ha CBOMCTBATa Ha MNONUMEPHUTE MaTepuanun. [JOKTOpaHTbT e
npeacTaBun KpaTko onucaHme Ha Ham-LMPOKO M3MNO0SI3BaHUTE NOSIMMEPU N TEXHU OCHOBHMU
XapakTepuUCTUKM KaTo TemnepaTypa Ha CcTandHe, CTeneH Ha KpWUCTanHoCcT, BuA Ha
nofiMMepHaTa Bepura, KOATO MMa OTHOLWEHME KbM CTOMHOCTUTE Ha BUCKO3UTETaA WU
TeYnMBOCTTa Ha NoNUMepHaTa CTonunka, TepMUYyHa YCTOMYMBOCT Ha MONMMEpPHUS
mMaTtepuarn, T.e. CBOWCTBA, KOUTO Ca MPSKO CBbP3aHU C TEXHOSIOrMYHUTE MapamMeTpu Ha
npepaboTBaHe Ha MaTtepuarna u kouto TpsbBa [a ce oTymTaT NPU KOHCTPyMpaHe Ha
dopmoobpasyBalunTe WUHCTPYMEHTU. [OKTOpaHTbT € wu3bpan norM4yHo MnocTpoeHa
CTPYKTypa Ha usnaraHeto Ha npobrnema — npeacrtaBdAHe Ha npobrnema, HauMHUTE 3a
HEroBOoTO MAEHTUULMPAHE U MNPUYUHUTE 3a NOSIBABAHETO MY, KaKTO M OMNUCaHUTE B
nuTepaTypHUTE U3TOYHUUM MPENOPbKM U pelleHns 3a NpeogonsiBaHETO Ha KOHKpPETeH
npobnem nnn geqgexT.

B ob63opHaTa rnaea ca npencraBeHn OCHOBHWM NporpamMHu codpTyepu 3a cumynaums
Ha LnpuuBaHe, KaTo ca n3bpoeHn OCHOBHUTE ¢ha3n Npu NpoBEXAAHETO Ha CMMynauuuTe.
[MocoyeHun ca KI4YoBU peLleHns, KOMTO MoraT ga ce B3eMaT Bb3 OCHOBa Ha pesynrtature
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OT cumynauuute. TAXHOTO MpunaraHe Kopenupa MNpsiIko C KavyeCTBOTO Ha KPanHOTO
nsgenue u cnomara 3a HamarnsiBaHe Ha NPOU3BOLACTBEHUTE Pa3XOAaMW.

O630pHaTa 4acT 3aBbpLUBa C U3BOAM OT NUTEPATYPHOTO Mpoy4vBaHe no npobnema
Ha QucepTauMOHHOTO M3cnensaHe, kouto oboblasaT npegumcTBata OT NpuraraHeTo Ha
MOZEPHM NporpaMHy copTyepun 3a CMMyrnauma Ha npouecuTe Ha WwnpuuBaHe, ocobeHo Ha
CMOXHWN reoMeTpUYHN (hopMK, KaTo € u3TbkHaTa HeobxogmMmocTTa OT pa3paboTBaHe Ha
MEeTO[OoNorMs 3a ONTUMM3MPaHEe Ha pasnuMYyHM napameTpyu Ha npoueca BbB BUpTyarnHa
cpeda, HO 1 Aa BKIOYBA BanvauMpaHe Ha BUPTyanHusa ¢ omamdeckn npototun. MssoanTte
akueHTMpaT CbLOo W BbPXY funcata Ha noaxogu 3a ONTMMMU3MPaHE Ha npoueca Ha
3anbfBaHe MNpu WNpuuBaHe 4Ype3 AedUHUpaHe Ha ONTUMarnHu napameTpu, KakTo U Ha
HeobxogMmMmocTTa OT OOCTOMHO u3cnegBaHe Ha BIUSHUMETO Ha oOxnaXxaaHeTo Ha
dopmoobpasyBalnuTe eneMeHTM, KOeTO € OT K/4YOBO 3HAaYeHMe 3a KayecTBOTO Ha
KpanHOTO nsgenue. Bb3 ocHOBa Ha aHanu3a Ha CbCTOSIHMETO Ha pasrnexgaHus npobnem
W HanpaBeHUTe W3BOAW, OOKTOPaHTLT € opmynuMpan uenta Ha [UCepTauMOHHOTO
nacnensaHe: ModenupaHe u uscnedsaHe npoueca Ha 3anbrieaHe Ha ¢hopmoobpa3sysauiu
UHCMpPYMeHmMuU 4Ype3 supmyarseH npomomur 3a fnpouyecHa U mo4YyHoCmHa onmumusayusi, n
ca gerHMpaHn YeTnpu 3a4ayn 3a HEMHOTO NOCTUraHe.

3. CboTBeTCTBME Ha M3bpaHaTa MeToAMKa Ha uscneaBaHe ¢ NocTtaBeHaTa uen
M 3apa4vvm Ha gucepTauMoOHHUA TPYA.

ToyHOTO hopMynupaHe Ha LenTa Ha AMCepPTaUMOHHUSA TPya U ICHOTO AeddUHMpaHe
Ha KOHKPETHUTE 3a4ayn 3a HEMHOTO MOCTUraHe € OT KMKYOBO 3HA4YeHue 3a NpPaBUITHOTO
CTPYKTYpupaHe Ha uscnegBaHuata M usbopa Ha MeToAMKa 3a TAXHOTO MNpPOBEXAaHe.
MocTposiBaHETO Ha afeKkBaTeH eKCNepuMMEHTaneH [M3anH, KOWTO Aa BKIHYBA BCUYKM
HeobxooMMM enemMeHTn Ha M3cnefoBaTeNCckusa NPoLUEec € BaXKHO yCrioBMe 3a nonydaBaHe
Ha peneBaHTHU W HaOeXAaHW pes3ynTaTu. TAXHOTO NPaBWUIHO MHTEpPNpeTUpaHe 3aBUCK
OCBEH OT TeopeTMyHaTa NoaroToBka U NpuaobuTn ymMeHust OT CTpaHa Ha AOKTOpaHTa, HO 1
OT CbOTBETCTBMETO Ha M3bpaHaTa MeToAMKa Ha u3crnegBaHe, KOATO Aa rapaHTtupa B
KOHKPETHUA Cny4anl M3sICHABAHETO Ha Bpb3KkaTa Mexay CBOWCTBa Ha Mmartepuana —
TEXHOMOIMYHN napameTpu — Au3anH  Ha  opmoobpasyBalumsi  WUHCTPYMEHT —
PYHKUMOHANMHOCT W KayecTBO Ha wu3genueTto. TasuM crnoxHa KomOuHaumst oT
B3aMMOCBbpP3aHM MapameTpy MNocTaBa HeobxoAMMOCTTa OT MeToauka, KOoATo fAa
CbOTBETCTBA Ha KOMMJIEKCHOCTTA Ha MNOCTaBeHWTe 3ajadn. BbB BTOpa rnaBa Ha
ANCepTauMoOHHNA Tpyd, KOSATO € nocBeTeHa Ha paspaboTBaHe Ha MeTogonorvs 3a
npeaswxgaHe U onNnTMMU3auMs Ha NPOLECHUTE napamMeTpu U TOYHOCTHWM MoKasaTenu Ha
CMNOXHW NIacTMacoBWU M3Lenust Ypes BUPTYanHu NpoToTunu, e npeacraBeHo pasbupaHeTo
Ha [OOKTOpaHTa, 4Ye MeTogoriormsTa TpsbBa Oda ce OcHoBaBa Ha yHOAMEHTarHu
N3NCKBaHMA N NpaBuna 3a wnpuuBaHe n cumynupaHe B CAE cpega 3a HamupaHeTo Ha
onTMMmM3vMpaHa  KOMOuHauusa  mexgy — paboTHuTe  napameTpu, dopmata U
PyHKUMOHANHOCTTa Ha MU3OENMEeTOo, M KOHCTPYKUUATa Ha LINpUL-UMHCTPYMEHTa. BbB Tasm
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Bpb3ka € paspaboTeHa MeTodosfiorMYyHa MNocnefoBaTenHOCT 3a NpeaBwkaaHe U
onTMMM3aUMs Ha MNPOLECHUTEe MapameTpu W TOYHOCTHM MNoKasaTennm Ha CHOXHU
nnacTMacoBu M3Oenus 4pes BUpTyanHuM NPOTOTUMKM, KaTo WHOBATUBHUTE €NEeMEHTM
BKNOYBAT [EMOHCTPUPAHUTE CbLLUECTBEHN Bb3MOXHOCTU 3a KOHTPOS Ha AedopMauuunte
ype3 npaBuneH noabop Ha napaMeTpuTe Ha npoueca, KakTo W WHTErpMpaHeTo Ha
OOMbIIHUTENHA CTbMKa Ha BanuauMpaHe Ha BUPTYanHUsS C (PU3MYECKM NPOTOTMN 4pes
nspaboteaHe Ha npeaBapuTeneH opmMoobpasyBall MHCTPYMEHT, KOMTO MMa 3a uen aa
NOTBBbPAN XenaHuTe pes3ynTaTv Npeau NpPUCTbMBaHe KbM OKOHYATENHO U3rpaxpaHe Ha
WHCTPYMEHTanHaTa ekunupoBka. 3ano3HaBallkM Ce C OUCEepPTaUMOHHWUSI Tpyad, OUeHsiBaM
nsbpaHaTta MeToaMka u paspaboTeHaTa MeTodoMorMYHa NocneaoBaTeNnHOCT 3a NPaBUIHM
M CbOTBETCTBALLM Ha MOCTaBeHaTa Len v 3aadu Ha uscrnegBaHeTo, kaTto ce nogdveprasT
NHOBATUBHTE €MNEHTUN B Hes.

4. KpaTka aHanuTM4YyHa XapakTepucTUKA Ha eCTeCTBOTO M OueHKa Ha
OOCTOBEpPHOCTTa Ha MaTtepuana, BbpXy KOWTO ce rpagsaT nNpuUHOCUTE Ha
AucepTauMoHHUSA TpyA.

[vcepTauMoHHMAT Tpya NPeAcTaBs B AeTalnu NpunoXeHWeTo Ha paspaboTeHaTa
METOAONIOMMYHa MNOCNEeAoBaTeNHOCT 3a ONTUMM3MpaHEe npoueca Ha 3anbfBaHe npu
lnpuuBaHe ¢ uUen noaobpsiBaHe KayecTBOTO Ha u3genveTo 4Ypes AeduHUpaHe Ha
onTMManHu napamMeTpu (CKOPOCT Ha LUNpULBaHe, HansraHe, TemnepaTtypa Ha cTonunkaTa
N UHCTPYMEHTa M Ap.) U U3crnefBaHe BNUSHUETO Ha OXMaX[4aHeTo BbpXy KayecTBaTa Ha
nsgenueTto. ToBa e HanpaBeHo B FMaBu TPU U YETMPU Ha aucepTauusTa, kaTo pesynratute
OT aHanuM3a W cuMmynauumuTe ca OGorato unCTpUpaHn ¢ durypu, a naHHuTe ca
npeactaBseHn B TabnuyeH BuAa. [eTanHOTO OMNMCaHWE Ha napameTpute, TSAXHOTO
KOHTPONMpaHe W NpPaBWUIHOTO WHTEpPNpeTMpaHe Ha BMNUSHUETO UM BbpXy CBOWCTBATa M
Ka4yeCcTBOTO Ha W3AenMeTo OTHOBO MNOTBbpXAaBaT A00OpWUTE MO3HAHUS M aHaNUTUYHW
yMeHUsi Ha aokTopaHTa. OueHKkaTa Ha Ka4ecTBOTO Ha U3ENMEeTO e HanpaBeHa Bb3 OCHOBA
Ha KOMOWHaUus OT 6a3nCHM KPUTEPUM U TEXHOMOMMYHM MOoKas3aTenu KaTo HansraHe Ha
3anbnBaHe W 3aabpXkaHe, TemnepaTtypa Ha CTonurnkata M MHCTPYMEHTaA U BpeMe Ha
3agbpxaHe W oxnaxgaHe. [NpunaraHeTto Ha wu3bpaHata CTbhNkoBa MeTodonorus 3a
onTMMM3apaHe Ha Mnpoleca Ha LWnpuuBaHe € OEMOHCTpUpaHa BbpXy TECTOB Npumep
(NnpegHa pamka c nela, uM3rpageHa OT [OBa KOMMOHEHTa OT pPasfUYyHU MNONMMEpPHU
matepuanu), 3a Aa ce npocneau BrMSIHUETO BbpXy KOHKPETHM napameTpu Ha npoueca.
MoapobHOTO nNpeacTaBsiHE Ha JaHHWUTE OT CUMYMaLMOHHUTE aHanMaun (BXOASLWM AaHHU U
nonyyYeHn pesynTtaTu), npunaraHeTo Ha GasvMcHUTE KpUTepuUM NpPU MHTepnpeTauusita Ha
pesyntatute, Kakto M o06o6LliaBawmute u3BoAM OT ONTUMM3aAUMOHHATa 3adada Ha
napameTpute Ha TecToBMS Mpumep, YybexaaBaT uuTatenss B CbOTBETCTBMETO M
npakTMyeckaTa NPUNoXMMOCT Ha paspaboTeHaTa MeToAorIorMyHa nocrneaoBaTenHOCT Ha
n3cnenBaHeTo.



MopoobeH cucTematvyeH MOAXOA4 € MNPUMOXEH NpU U3cnedBaHe BIUSAHMETO Ha
oxnaxgaHe BbpxXy KayecTBaTa Ha msgenueto. [lpeactaBeHM ca Bb3MOXHU peLUEeHUd Ha
oxfaxgawmn cucteMmn, pasMep U pasnofioXEeHMe Ha oxnaXpgawuTe KaHanum u
HeobxogMMoCTTa OT TAXHOTO onTuMu3upaHe. [locnegHata € [eMOHCTpupaHa BbpXy
TECTOB NPUMEP - YacT OT BUCOKOrOBOPUTES, YNATO (hopma Brnsie CUIHO Ha Ka4yecTBOTO Ha
npoussexgaHna 3ByK. HanpaBeH e cpaBHUTeNeH aHanuM3 Ha e@eKTMBHOCTTa Ha
oxflaguTenHUTe KaHanuM Ha [Be oxnaXpally CUCTEMM - KOHBEHLOHanHa 1 KoHpopMHa
cuctema. Bb3 OoCHOBa Ha TO3M aHanuM3 M NMokasBaHe Ha npeguMmcTBaTa Ha KOH(opMHaTa
oxnaxpgaila cucTteMa e HanpaBeHa [OMbSfIHUTEeNHa cuMmynauus 3a OonTUMU3MpaHe Ha
oxnaxgawmte kaHanu. [lMpeanoxeH e nogxod 3a HamupaHe Ha Obp30 peleHne 3a
yCTaHOBSIBaHe Ha Han-gobpa opma 1 pasmepu Ha oxnaxgallia cuctema, Koeto Boau o
MUHMManeH 6pon nTepaumoHHM cumynaumn. NokasaHo € OrPOMHOTO 3HaYeHune, KoeTo nva
nobpe opasmMepeHaTa oxfaxjawa cuctemMa 3a HamansgBaHe Ha [fedeKkTHOCTTa Ha
KpanHuTe n3genuvs.

MeTata rmMaBa Ha AWcCepTauMOHHUA TPYA € nocBeTeHa Ha anpobupaHe Ha
pa3paboTeHnTe noaxoau M Metodosiormsa 4pes3 ouM3ndecko MpoToTMNMPaHE N TecToBe.
MpepnoxeHaTta MeTo4ONOMMSA 3a NPOBEXAAHE HA CUMYNALUMOHHU aHanM3nm n onTMMmn3aums
Ha npoueca Ha LwnpuuBaHe c uen msbsareaHe gedekTuTe Ha U3OenueTo e BanuauvpaHa
ype3 U3MYEeCKM MNPOTOTUN U M3BBLPLUEH CPaBHUTENEH aHanM3 Ha TOYHOCTTa Mexay
BUPTyanHUTe U OEUCTBUTENHWU pes3ynTtatv Ha udgenue cbe cnoxHa 3D reomeTpus. 3a
Cb3gaBaHe Ha (U3NYECKUa MpPOTOTUM € W3MNOon3BaHa TEeXHONornsiTa 3a pennukaumsa B
CUNUKOHOBa MaTtpuua. ManonsesaH e TpUnamMepeH CKeHep 3a aHanua Ha peanHusa obekT u
cb3gaBaHe Ha HeroB BupTyaneH 3D moaen, KOWTO € CpaBHEH C BUPTYyanHUS NpoToTuUN.
CpaBHUTENHUAT aHanm3 e nokasasn BUCOKO CbOTBETCTBME MEXAY BUPTyanHUs NPOTOTUM U
dum3myecknss Mogern, KoeTo OT CBOS CcTpaHa e YybeguTenHo [JokasaTenctBo 3a
CbOTBETCTBMETO Ha nNpuroXeHata MeToAMKa M 3a MONe3HoCTTa Ha BUPTyanHuTe
NPOTOTUNN 3a npeackasBaHe Ha npobrnemu npu npoueca Ha npoekTupaHe Ha HOBU
nnactmacoeun msgenusa. lNpunaraHeTo Ha TakbB CpaBHUTENEH aHanM3 uMa 3a uen ga
NoBULLM NPOM3BOAMTENTHOCTTA Ha npoueca, KakTo U Ja Hamanu pucka n pasxogute npu
€BeHTyanHa Kopekumsa cneg npou3BOACTBO Ha OKOHYaTenHus dopmoobpasysall
WMHCTPYMEHT. MoKa3aHo e CbL0 OrPOMHOTO 3Ha4YyeHMe Ha PU3NYECKOTO NPOTOTUMNMPAHE U
BanuavpaHe 4pe3 MeK WHCTPYMEHT, KOoraTto ce npoekTupaT u3genna CcbC crneunduyHa
reoMeTpusi, Ha OCHOBaTa Ha NPUMEP Ha MPOEKTHO PELLUEHNE 3a EKCTPEMHAa KOHUEenumsa Ha
paMKa 3a oudunia C enacTuyHa MnaHTa, KakTO M Ha 3aluTHM ouYuna, 3a KOUTO Ce U3UCKBa
100%-THa Npo3payHOCT Ha U3OenuneTo.

[lOpe-ka3aHOTO MM AaBa OCHOBaHWE 3a MOSIOXKUTESNHA OLEHKa Ha OOCTOBEPHOCTTa
Ha NonyvyeHnTe pesyntaTn U TaxHaTa UHTepnpeTaums, Bb3 OCHOBA Ha KOMTO Ca HanpaBeHu
CbOTBETHUTE M3BOAN M 3aKMIOYEHUSA MO MOCTAaBEHUTE 3a[auun, KakTo M obmte n3BoaMm,
npeacTaBeHn B LLECTa rnaBa Ha AUCepTaunoHHUA TPYA.



5. Hay4Hun u/unu Hay4HONpPUIOXHU NPUHOCK HAa AUCEePTaLMOHHUSA TPYA:

[IOKTOpaHTBLT € npeAacTaBun CcnpaBka C MPUHOCKU, KOUTO ca rpynupaHn B AOBe
KaTteropum - Hay4yHO-MPUMOXHU W MNPUAOXKHM nNpuHOCK. CbrnacHa CbM C HayMHa Ha
dopMynupaHe Ha MpUHOCUTE M CMsATaM, Ye OTpassBaT WMHOBATUBHUTE €fleMEeHTU Ha
ANCEPTaUNOHHOTO wm3cnefBaHe. PasrpaHnyaBaHETO Ha Hay4HO-MPUIIOXHMSA OT YUCTO
NPUNOXHNA XapaKkTep Ha NPMHOCUTE € TpyAHa 3a4aya U npuemMam HavvHa Ha rpynmpaHeTo
UM, C WU3KNIOYEHME Ha HOMEp 5 OT NPWUMOXKHUTE MPUHOCK, KOWTO MMa CbLUECTBEH
Hay4yHou3cnegoBaTenckn enemeHT. Mosata oueHka e, Ye NPUHOCUTE Ha ANCEepPTaLNOHHUA
TPyA ca 3Ha4YMMKn 1 goctaTtbuyHM 3a npugobveaHe Ha obpas3oBaTenHaTta M HayyYHa CTeneH
,A0KTOp“. Te ca 6e3cnopHoO goka3aTencTso 3a gobparta TeopeTMyHa NoAroTOBKa U YMEHMS
Ha r-H Togop TogopoB Aa aHanuavMpa W UHTepnpeTupa AaHHUTE OT NpoBedAeHUTEe
n3crneaBaHus.

6. OueHKa 3a cTeneHTa Ha JINYHOTO y4yacTMe Ha AucepTaHTa B MPUHOCUTE.

Be3cnopHo BCAKO AucepTauMOHHO M3cnegBaHe U NMPUHOCUTE OT HEro ca pesynraT
OT paboTaTta M BINOXEHUTE YCUMUS Ha [OOKTOpaHTa, CrneaBavikM HACOKUTE Ha CBoOuUTe
Hay4Hu pbkoBoauTeNU. ToBa € CbBMECTEH TPYA, KOWTO MMa 3a Lefn OCBEH NpoBeXaaHe Ha
Ka4yeCTBEHN U3cneaBaHus U NOCTUraHe Ha 3Ha4YMMKU pes3ynTaTtu, HO M U3rpaxgaHeTo Ha
nscregoBaTenl C yMEHMS 3a CaMOCTOATENHO W KPUTUYHO aHanuanpaHe Ha [OaHHU W
WHTEpNpeTMpaHe Ha pe3ynTtaTu, C MHOBAaTMBHO M TBOPYECKO MucneHe. Cuntam, 4ye ToBa €
MOCTUrHATO B 3HauuTenHa crteneH. B aBe oOT npeactaBeHute nybnukaumm no
ancepTaumoHHna Tpya r-H Togop TogopoB € nbpBM aBToOp, a 4eTBbpTarta e
camocToATenHa nybnukauma. Tean aktu My gaBaT OCHOBaHME [a OLEHs CTeneHTa Ha
FNINYHOTO yYacTue Ha OOKTOpaHTa B NPUHOCUTE KaTo BMCOKA.

7. MpeueHka Ha nyonukauumTe No gUCepTaLMOHHUA TPYyA: Opon, xapakTep Ha
M3pgaHUATaA, B KOUTO ca OoTnevyaTaHu.

[lokTopaHTbLT € npeacTaBun 4 nybnukauuun, ABe OT KOMTO Ca Ha aHIIMNCKN e3UK U
ca BKIIHOYEHM B MaTepmann oT MeXayHapoaHn KoHdepeHLmmn, kaTo nybnmkaumaTa B MbreH
Tekct ,Design and simulation of mould tools with multi-material structure for plastic
injection moulding based on Additive Technology“ ot 2019 r. e B n3gaHue, koeTo ce
pedepupa B 6asa-gaHHM SCOPUS. lNybnukaummte Ha 6bnrapcku e3vk ca B CrvcaHue
,MawunHocTpoeHe K1 EnekTpoTexHuka“, KoeTo ce wu3gaBa CbC CbOENCTBMETO Ha
Bbnrapckata acoumaumsi No enekTpPoTEXHUKA U enekTpoHuka. Tpu oT nybnukauunte ca B
CbaBTOPCTBO M efHa e caMmocTosTenHa. 3abenssaH e eamH uMtaT Ha nybnukauusa Ne1 ot
npeacTaBeHnst CNNCHK

MpeacTtaBeHuTe nyénukauun BKMOYBAT  CbLUECTBEHMU pesynTtaTtu oT
ANcepTaunoHHNA Tpyd, C KOETO pasnpocCTpaHsBaT Cpeq LuMpokaTa HayvyHa M ekcnepTHa
0OLHOCT NPUHOCKTE Ha OUCEPTaLMOHHOTO U3cneaBaHe.



8. U3non3BaHe Ha pe3ynTtaTuTe OT AUCEPTALMOHHUA TPyA B HayyHaTa M coumanHara
npakTuka.

lMpuHoCKUTE U pesynTatuTe OT AUCEPTAUMOHHUA Tpyd MMaT CUMHa MNpUIToXHa
HaCO4YeHOCT U MoraT NecHo ga 6baaTt U3non3BaHu B AEMHOCTTA HA PUPMK U OpraHn3auuu,
3aHMMaBalln ce C NpoeKTUpaHe U NpPou3BOACTBO Ype3 hopmoobpasyBaLLn MHCTPYMEHTH
Ha nnacTMacoBM U3OenNns CbC CHOXHa NPOCpaHCTBeHa reomeTpusi. PaspaboTeHaTa
METOAONIOrMYHa nocnegoBaTeniHOCT MoXe pna ©Oboe agantupaHa M KbM  Bede
CblLleCTByBalLUM MNPOU3BOACTBA 3a ONTUMU3UPAHE Ha TEXHOMOIMMYHUSA TMpouec W
NoHmXaBaHe Ha AeeKkTuTe Ha NpPou3BeXaaHUTe U3genus.

CbC curypHOCT pesyntatute W W3Non3BaHUs Nogxo4 npu paspaboTBaHETO Ha
ANcepTaunoHHUA Tpya MoraT ga 6baaTt msnonssaHn B y4ebHMSA npouec Ha CTyaeHTU m
AOKTOPaHTU OT MalUMHOCTpouTenHute cneynanHoctn Ha TY-Coduma un gpyrm TexHn4eckm
BUCLUM yynnuuia. YBepeHOCT 3a ToBa MW AdaBaTt pesyntaTuTe, nofnyyYeHn 3a KOHKpeTHUTe
TECTOBW MPUMEPU, KOUTO Ce pasnmyaBaTt Mo COXHOCT, U3XOAEH MONMMEpPEH martepuan,
AM3anH Ha  copmoobpasyBalunTe UHCTPYMEHTM W TEXHOSIOTMYHM  napameTpw,
YHKLMOHANTHOCT U NPUIIOXEHUe Ha NnacTMacoBuTe U3genus.

9. OueHKka Ha CbBLOTBETCTBMETO Ha aBTopedepaTta C MU3UCKBaAHUATaA 3a
M3roTBSIHETO MYy.

ABTopedepaTbT € WM3roTBEH CbIlTACHO M3UCKBaHMATA W OTpassiBa B MbJIHOTA
CbLLHOCTTa Ha ANCEPTAUNOHHOTO U3cneaBaHe n OCHOBHUTE MPUHOCK OT HErO.

10. MHeHus, NnpenopbKU N BenexkKu.

OcHoBHUTE 0Oenexkn, KOMTO McKamM fa oTnpaBs ce OoTHacAaT Ao 3abenssaHuTe
TEPMUHOMOMMYHU, CTUITOBU U TEXHUYECKN HETOYHOCTU B ANCEPTALMOHHUA TpyA. Te HaAmMaT
Xapaktep, KOWTo 6M MOrby ga BHECe HesiCHOTa B ONUCaAHMETO U MHTeprnpeTauusita Ha
pe3yTaTtuTe, HO NPaBAT SIOLWO BnevaTnieHMe n ou cnegsasno Aa He ce JornyckaT B CEPUO3HU
TpyOoBe, KakbBTO € ancepTaumoHHnda. Modata npenopbka KbM AOKTOpaHTa € Aa 6bae no-
B3NUCKaTteneH KkbM cebe cuM npuM noarotoBkata Ha TEKCTOBOTO CbAbpXKaHue U
dopmaTupaHeTo W nNpeacTaBAHETO Ha pesyntatute. B Havanoto Ha peueHsusiTa
otbensasax KaTO MOMNOXWUTENHa OueHKa 3arno3HaBaHETO Ha [JOKTOpaHTa C OCHOBHUTE
BWOOBE M KfacoBe MNonMMepu, KOUTO ce M3non3eaT 3a MNPOM3BOACTBO Ha NiacTMacoBuU
nsgenus. Ho He mora ga He oTnpaBda KPUTUYHU Benexkn BbB Bpb3ka C MHOXECTBOTO
TEPMUHOMOMMYHN HETOYHOCTU. LLle aam camo Hsakonko npumepa. ObwonpueTmsaT TEPMUH €
NPUPOLHU NOMNMEPU, @ HE HaTyparnHu, U nonu(MnedHa KucenvHa), a He NonuakTuyHa
KMcenuHa, a KpbCTOCAHOTO CBbp3BaHe € MNpMeTo Ada Ce Hapuya ompexBaHe. He ca
npeunsmpaHn TBbLPAEHUS, KaTO TOBa, Y€ CUMHTETUYHUTE MONMMEpPU Cce nonyyaBaT KaTo
BTOPUYHMN MPOAYKTU OT npoueca Ha AobuBaHe Ha HedT, UM CNOXHUTE NoNuUMepu ce
CbCTOAT OT ABa WNU noBede NpoaykTa, U Ap. NnogobHu. 3atoBa MosiTa nNpenopbka KbM
Obagewarta pabota Ha OOKTOpaHTa €, KoraTto M3crneaBaHeTo MMa MHTepAUCUMNIIMHAPEH



Xapaktep unuM e HeobxoamMma KOHCynTauums oT cneunanucty OT Apyra HaydyHa obnacrt, ga
ce NOTbPCU CbAENCTBUE OT CbOTBETHU KOMErN.

OcBeH Tasn npenopbka OuMx pgoGaBuna pa ce wu3bareaT MNOBTOPEHUATA,
BKIMIOYUTENHO W Ha uUrypn, He3aBUCMMO Ye MNOLKPENAT pasfiMyHM YacTu  oT
AncepTaunoHHUA Tpya, Oa ce NpoBepsABa 3a HECLOTBETCTBUSA MexXay NoAMUrypHuUst TEKCT
M NpeacTaBeHaTa 3aBMCUMOCT Ha camaTta urypa (Hanpumep durmnpa 2.8 Ha cTp. 56). bux
nckana ga o6bpHa CEPUO3HO BHMMAHWE Ha OMUCAHMETO Ha NUTepaTypHUTE U3TOYHULM.
[okTopaHTbT 61 MOrbn Aa M3nona3sa yegHakBEH HaYMH Ha nNpeacTtaBsHEe U MbIHOTa Ha
OrnucaHneTo, 3a [a MOXe YnTaTendaT NnecHo Aa OOCTUIHE M ce 3arno3Hae C U3TOYHWUKa npu
XenaHue.

OcHoBHaTa MM npenopbka, obaye, ce OoTHaca A0 No-ambuumMo3HO NybrvKyBaHe B
MeXOyHapoaHU U3faHus, KoUTo ca pedepupaHn U UHAEKCUpaHU B MexayHapoaHun 6asn
AaHHW.

11. 3aknto4yeHue

MpencraBeHNAT gucepTauMOHEH Tpyd M MaTepuanuTe Mo Hero CbOTBETCTBAT Ha
N3NCKBaHUATa Ha 3akoHa 3a pa3BUMTMETO Ha akageMmnyHus cbetaB B Penybnvka bBvnrapus,
MpaBunHuka 3a npunaraHeTo My u lNpaBunHWKa 3a ycrnosusTa u peda 3a npngobveBaHe Ha
Hay4YHu cteneHun B TY—Codumsa. AncepTaunMoHHNAT Tpya NpeacTaBnisBa akTyanHo, aobpe
nnaHMpaHoO wu3cnegBaHe CbC 3HAYUMU MPUHOCKU, KOUTO UMAT HaYYHO-MPUITOXKEH U
NpunoXxeH xapaktep. [locTaBeHaTa uen u cneuMduyHM 3af4aynm Ha AUcepTaunMoOHHOTO
n3cnegBaHe ca M3NbISIHEHW, TbJIKyBaHETO W obobWaBaHeTO Ha pesyntatute ca
ybeoutenHn, Koeto MW [aBa OCHOBaHWEe [a OueHa npeacraBeHna Tpyd KaTto
anceptabuneH v ga gam CBOsiTa NOMOXUTENHA OLEHKa 3a Hero, Kakto 1 Aa npegnoxa Ha
mar. uHx. Togop Topopos TogopoB ga 6bae npucbaeHa obpasoBaTenHaTa U HayyHa
cTeneH ,JOKTOp” No npodecnoHanHo HanpaeneHve 5.1 MawwWHHO MHXEeHepCTBO, Hay4yHa
crneumnanHocT ,, TeXHONorMs Ha MalnMHOCTPOEHETO”.

09.05.2022 PeueH3eHT:
Codhus (npodp. a-p Henu Kocesa)
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Mr. Todor Todorov is an engineer who acquired in 2018 a master's degree in
Computer Design and Technology in Mechanical Engineering at the Technical University -
Sofia (TU-Sofia). Since March 2019, he is a PhD student at the Department of Technology
of Mechanical Engineering and Metal-Cutting Machines, Faculty of Mechanical
Engineering, TU-Sofia. According to the requirements of Development of Academic Staff in
the Republic of Bulgaria Act (DASRB) and the Rules for the Application of DASRB, M.S.
Eng. Todor Todorov has presented the required documents: dissertation, abstract, CV, list
of publications and citations, and a copy of the diploma of higher education. In addition, a
list of projects in which he has participated since November 2019 has been also presented.

The dissertation contains 5 chapters, in which the state of the art and the results of
the investigations on the 4 set tasks for achieving the goal of the dissertation are
presented. The paper contains 3 more chapters, which summarize the conclusions and
describe the contributions of the doctoral research. The last chapter (Bibliography)
presents a list of 93 cited literature sources, of which 73 in Latin (including 22 Internet
links), 20 in Cyrillic (incl. 2 internet links). The dissertation has a volume of 189 pages, it
includes 189 figures and 36 tables.

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

Plastic products have entered all market niches - from household goods to structural
elements in construction and transport, from products with a simple shape to such with a
complex spatial geometry, from disposable goods to durable ones with multiple loads and
high requirements for their performance. There are various technologies for the production
of plastic products among which the use of mould tools is one of the most widely used. The
growth of the market for plastic products in both volume and variety of goods raises the
guestion of optimizing technological processes and mould tools to achieve greater
productivity on the one hand, as well as improving the accuracy and physico-mechanical
characteristics of products on the other hand.

The increased requirements for plastic products lead to the development of new
materials, in the case of polymer-based, with very diverse properties. This raises the
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problem of unification and prototyping of products, while taking into account the different
properties of the starting polymers, which take into account the parameters of the
technological process and production equipment. Approaches are being sought to increase
the efficiency of the technological process by preserving or improving the quality of the
products.

Virtual engineering and modern computing tools such as CAD (Computer Aided
Design), CAM (Computer Aided Manufacturing) and CAE (Computer Aided Engineering)
are powerful tools that mediate development and optimization of manufacturing
technologies to reduce the time from the product design to setting it into production. These
new technologies facilitate and accelerate the overall process of implementation in
production - from product design to assessment of opportunities to improve their quality,
design of moulding tools and optimization of technological parameters. The application of
virtual engineering and modern computer technologies directly impacts the productivity and
quality of products, and therefore, their price and market competitiveness.

Therefore, the development of new approaches through the use of virtual
engineering and the development of computer tools are not only a subject of research
interest, but also a growing need for the manufacturing sector. Undoubtedly, this is a
rapidly developing field with many unsolved problems and challenges to the modern
methodology of design and implementation of products with increasing functionality and
requirements for their performance. It should be emphasized that this concerns not only the
efficiency increase of the research and production processes, but also environmental
protection and resource efficiency - less production waste and extended service life of
products.

In the context of the above, the relevance of the problem developed in the
dissertation is indisputable both from scientific and application oriented point of view.

2. Degree of knowledge of the state of the problem and creative interpretation
of the scientific literature

My impression is that the PhD student has put a lot of effort and knows well the
state of the problem. This follows not only from the number of cited sources, but also from
the analysis of the existing approaches and methodologies in the application of modern
computer software in the design of mould tools. The need for a complex approach, in which
the design of the injection mould must comply with the properties of the source polymer
material, the optimization of the parameters of the forming tool requires taking into account
the set of technological parameters and functional characteristics of the product.

This undoubtedly motivates the PhD student to get acquainted with and study the
influence of various technological parameters such as pressure, temperature, injection rate
and others on the defects that can be obtained by incorrect selection and combination of
technological parameters. The PhD student has knowledge about the significant defects
(air retention, lines of contact, the appearance of castings, suctions, deformations, etc.), as
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well as the causes, i.e. those deviations in the technological process that lead to the
appearance of defects. The overview describes in detail the problems that arise during
injection moulding such as moisture content in the polymer granules, improperly sized
material feed system, insufficient retention time of the material and more. Besides with the
problems, the PhD student is acquainted with the methods and practice for their
identification, as well as with the existing approaches for overcoming them. It should be
noted that this analysis is based on a good knowledge of the properties of polymeric
materials. The PhD student presented a brief description of the most widely used polymers
and their main characteristics such as melting temperature, degree of crystallinity, type of
polymer chain which is related to the values of viscosity and flowability of the polymer melt,
thermal stability of the polymer material, i.e. properties that are directly related to the
technological parameters of material processing and which must be taken into account
when designing the moulding tools. The doctoral student has chosen a logically structured
problem presentation - description of the problem, ways to its identification and the reasons
for its occurrence, as well as recommendations and solutions for overcoming a specific
problem or defect as described in the literature.

The overview chapter presents the main software for injection molding simulations,
listing the main phases of the simulations. Key decisions that can be made based on the
results of the simulations have been also identified. Their application correlates directly
with the quality of the final product and contributes to reduction of the production costs.

Conclusions from the literature overview on the dissertation subject have been
drawn. They summarizes the advantages of applying modern software for simulation of
injection molding processes, especially for complex geometric objects, emphasizing the
need to develop a methodology for optimizing various parameters of process in a virtual
environment, but also to include validation of the virtual with a physical prototype. The
conclusions also emphasize the lack of approaches to optimize the filing process by
injection molding by defining optimal parameters, as well as the need for thorough study of
the cooling effect of molding elements, which is crucial for the quality of the final product.
Based on the analysis of the state of the problem and the conclusions made, the doctoral
student formulated the aim of the dissertation research: Modeling and investigating of the
process of filling mould tools through a virtual prototype for process and accuracy
optimization, and four tasks have been defined.

3. Compliance of the chosen research methodology with the formulated goal
and tasks of the dissertation work.

The precise formulation of the aim of the dissertation and the exact definition of the
specific tasks for its achievement is crucial for the proper structuring of the investigations
and the choice of methodology for their implementation. Building an adequate experimental
design that includes all the necessary elements of the research process is an important
condition for obtaining relevant and reliable results. Their correct interpretation depends not
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only on the theoretical training and acquired skills of the PhD student, but also on the
compliance of the chosen research methodology to ensure in this case the elucidation of
the relationship between material properties - technological parameters - design of the
mould tool - functionality and quality of the product. This complex combination of
interrelated parameters raises the need for a methodology that corresponds to the
complexity of the tasks. The second chapter of the dissertation, which is devoted to
developing a methodology for predicting and optimizing process parameters and accuracy
of complex 3D plastic products via use of virtual prototypes, presents the doctoral student's
understanding that the methodology should be based on fundamental requirements and
rules for injection moulding and simulation in CAE environment to find an optimized
combination of the operating parameters, the shape and functionality of the product, and
the design of the injection moulding tool. In this regard, a methodological sequence has
been developed for predicting and optimizing process parameters and accuracy of complex
plastic products through virtual prototypes, as the innovative elements include
demonstrated significant capabilities for deformation control through proper selection of
process parameters and the integration of additional steps of validation of the virtual with a
physical prototype by making a preliminary moulding tool, which aims to confirm the
desired results before proceeding to the final construction of the tool. Getting acquainted
with the dissertation, | can conclude that the chosen methodology and the developed
methodological sequence are correct and relevant to the set goal and objectives of the
research, emphasizing on the innovative elements in it.
4. Brief analytical characteristics of the content and assessment of the
reliability of the results on which the contributions of the dissertation are derived.
The dissertation presents in detail the application of the developed methodological
sequence for optimizing the filling process during injection moulding in order to improve the
quality of the product by defining optimal parameters (injection speed, pressure, melt and
tool temperature, etc.) and study the effect of cooling on the product quality. This is done in
chapters three and four of the dissertation, as the results of the analysis and simulations
are richly illustrated with figures, and the data are presented in tables. The detailed
description of the parameters, their appropriate input values and the correct interpretation
of their influence on the properties and quality of the product confirm the good knowledge
and analytical skills of the doctoral student. The quality assessment of the product is made
on the basis of a combination of basic criteria and technological indicators such as filling
and holding pressure, melt and tool temperature and holding and cooling time. The
application of the developed step methodology to optimize the injection moulding process
has been demonstrated on a test case (front frame with a lens made of two components of
different polymeric materials) to track the impact on specific process parameters. The
detailed presentation of the data from the simulation analyzes (input data and obtained
results), the application of the basic criteria in the interpretation of the results, as well as
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the generalizing conclusions from the optimization task of the test example parameters
convince the reader of the conformity and practical applicability of the methodology.

A similar systematic approach has been applied in the study of the influence of
cooling on the properties of the product. Possible solutions of cooling systems, size and
location of the cooling channels and the need for their optimization are presented. The
latter have been demonstrated on a test example - component of a speaker tool which
shape strongly affects the quality of the sound produced. A comparative analysis of the
efficiency of the cooling performance of two cooling systems - conventional and conformal
system. Based on this analysis and showing the advantages of the conformal cooling
system, an additional simulation has been made to optimize the cooling channels. An
approach has been proposed to find a quick solution to determine the best shape and
dimensions of the cooling system, which leads to a minimum number of iterative
simulations. The great importance of a well-sized cooling system for reducing the defect of
the end products is shown.

The fifth chapter of the dissertation is devoted to approbation of the developed
approaches and methodology through physical prototyping and tests. The proposed
methodology for conducting simulation analyses and optimization of the injection moulding
process in order to avoid product defects has been validated by means of a physical
prototype and performed a comparative analysis of the accuracy between virtual and actual
results of a product with complex 3D geometry. Silicon matrix replication technology was
used to create the physical prototype. A three-dimensional scanner was used to analyze
the physical object and create its virtual 3D model, which was compared with the virtual
prototype. The comparative analysis has shown a high correspondence between the virtual
prototype and the physical model, which in turn is convincing evidence of the compliance of
the applied methodology and the usefulness of virtual prototypes for predicting problems in
the design of new plastic products. The application of such a comparative analysis aims to
increase the productivity of the process, as well as to reduce the risk and costs of possible
adjustment after the production of the end moulding tool. The great importance of physical
prototyping and soft tool validation has also been shown when designing products with
specific geometry, based on an example of a design solution for an extreme concept of a
frame for goggles with elastic hinge, as well as goggles for which product transparency of
100% is required

The above said gives me grounds for a positive assessment of the reliability of the
results and their interpretation, on which bases the relevant conclusions on the tasks, as
well as the general conclusions have been drawn and presented in the sixth chapter of the
dissertation.

5. Scientific and/or application oriented contributions of the dissertation work

The PhD student has presented a report on the contributions, which are grouped
into two categories - scientific-applied and applied contributions. | agree with the way the
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contributions are formulated and believe that they reflect the innovative elements of the
dissertation research. Distinguishing the scientific-applied from the purely applied nature of
the contributions is a difficult task and | accept the way they have been grouped, with the
exception of conclusion number 5 from the list of the contributions, which has an essential
research element. My assessment is that the contributions of the dissertation are
significant and sufficient for acquiring the educational and scientific degree "Doctor". They
are indisputable proof of Mr Todorov’'s good theoretical training and skills to analyze and
interpret the data from the research performed.

6. Assessment of the degree of the PhD student’s participation in the
contributions of the dissertation

Undoubtedly, each dissertation research and its contributions to the development of
the specific field are the result of the activity and efforts made by the doctoral student,
following the guidelines of the supervisors. The dissertation work is a joint activity, which
aims not only to conduct high quality research and achieve significant results, but also to
train a researcher with skills for independent and critical analysis of data and interpretation
of results, with innovative and creative thinking. | believe that this has been achieved to a
significant extent. In two of the presented publications on the dissertation, Mr. Todor
Todorov is the first author, and the fourth is authored by him. These facts give me grounds
to assess the degree of personal participation of the doctoral student in the contributions as
high.

7. Evaluation of the publications on the dissertation: number, nature of the
sources in which they have been published
The doctoral student has presented 4 publications, two of which are in English and are
included in materials from international conferences, as the publication in full text "Design
and simulation of mold tools with multi-material structure for plastic injection molding based
on Additive Technology" from 2019 is in an edition that is referenced in the SCOPUS
database. The publications in Bulgarian are in the "Mechanical Engineering and Electrical
Engineering” journal, which is published with the support of the Bulgarian Association of
Electrical Engineering and Electronics. Three of the publications are co-authored and one
is stand-alone. One citation of publication Ne1 from the presented list was observed.

The presented publications include significant outcomes from the dissertation work
and disseminate the contributions of the dissertation research among the scientific and
expert community.

8. Using the results of the dissertation work in scientific and social practice

The contributions and results of the dissertation are strongly application-oriented
and can be easily used in the activities of companies and organizations engaged in design
and production via mould tools of plastic products with complex spatial geometry. The
developed methodological sequence can be adapted to already existing productions to
optimize the technological process and reduce the defects of the manufactured products.
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Certainly the results and the approach used in the development of the dissertation
can be used in the educational process of students and PhD students in mechanical
engineering at TU-Sofia and other technical universities. My confidence in this is due to the
results obtained for the specific test examples, which differ in complexity, starting polymer
materials, design of mould tools and technological parameters, functionality and application
of the plastic products.

9. Assessment of the compliance of the author’s abstract with the
requirements for its preparation.

The abstract is prepared according to the requirements and fully reflects the
essence of the dissertation research and its main contributions.

10. Opinions, recommendations and remarks

The main remarks | would like to make relate to the noticed terminological, stylistic
and technical inaccuracies in the dissertation. They do not have a character that could
create ambiguity in the interpretation of the results, but they make a bad impression and
should not be allowed in serious works such as the dissertation. My recommendation to the
PhD student is to be more self-demanding in preparing the textual content and formatting,
as well presenting the results. At the beginning of the review, | have outlined as a positive
assessment the doctoral student's acquaintance with the main types and classes of
polymers used in the plastic products manufacturing. But | have to make critical remarks
concerning the many terminological inaccuracies. In addition, statements such as the fact
that synthetic polymers are obtained as by-products of the oil production process, or
complex polymers consist of two or more products, etc. are not precisely articulated.
Therefore, my recommendation for the future work of the doctoral student is, when the
research is interdisciplinary or requires consultation from specialists from a specific
scientific field, to seek assistance from colleagues possessing the relevant expertise.

In addition to the above recommendation, | would add to avoid repetitions, including
figures, although supporting different chapters of the dissertation, to check for
inconsistencies between the figure title and the presented dependence in the figure itself
(e.g. Figure 2.8 on page 56). | would like to recommend also a serious attention to be paid
to the description of the literature sources. The doctoral student could use a uniform way of
presentation and provide complete description of the references, so that the reader can
easily reach and get acquainted with the source.

My main recommendation, however, is to target publishing in international journals
that are referenced and indexed in the international databases.
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11. Conclusion

The presented dissertation and the materials on it correspond to the requirements of
the Development of Academic Staff in the Republic of Bulgaria Act (DASRB) and the Rules
for the Application of DASRB, as well the Rules of the Procedure for Obtaining Scientific
Degrees at Technical University of Sofia. The dissertation is a topical, well-planned study
with significant contributions that have a scientific-applied and application-oriented nature.
The set goal and specific tasks of the dissertation research have been fulfilled, the
interpretation of the results is convincing, which is a strong ground to evaluate the
presented work as dissertable and give my positive assessment of it, as well as to suggest
M.S. Eng. Todor Todorov Todorov to be awarded the educational and scientific degree
"Doctor" in the professional field 5.1 Mechanical Engineering, scientific specialty
"Technology of Mechanical Engineering".

09.05.2022 Reviewer:
Sofia (Prof. Dr. Neli Koseva)
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