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JucepraltnoHHuAT Tpyx e B 06macTTa Ha CHBPEMCHHOTO MallIMHOCTPOCHE, KaTo Le/iTa Ha paboTaTa e
71a CE€ MPEIUIOKH CTPATErusl U MOAXOAM 3a paspellaBaHe Ha Pa3HOOOpa3HH Ka3yCH, OTHOCHO H3MON3BAHETO
Ha METOMHKH M HA ChBPEMEHHH TEXHOJIOTHH 32 6BP30 IPOTOTHIIHPAHE, MPOU3BOACTBO M MOA00psBaHe Ha

KauC€CTBCHUTE II0Ka3aTeld Ha (bopM006pa3yBanm HHCTPYMCHTH, KakTO M 3a HPAKTHICCKOTO UM

anpoOHpaHe B peajHH NPOH3BOACTBEHHU ycnoBus. M3paboTen e peanen ynmsepcanen HHCTPYMEHT ChC
CMeHsAeMH (popMooGpasyBaly geraiinm, HarpaBeHa ¢ MKOHOMHYECKa OLECHKA H ca (pOpMy/IHMpaHH npasuia
3a MPaKTHYECKOTO NPUTIOKEHHE HA HHCTPYMEHTAIHHTE MaTepHanH H TCXHOIOTHH 3a 6bp30 H3paboTBaHe
Ha (opmooOpasyBaly HHCTPYMEHTH, IIPOU3BEXK/AAHN C KOHBCHUHOHA/IHH MeTOAH. M3ClenBaHusITa u
ACHHOCTHTE TIO OTJACIHHUTE 3aJayd B AUCCPTALMOHHUA TPYX ca M3BBPUIEHH B nabopaTopHuTe
»CAD/CAM/CAE B unayctpusara® koM ®UT Ha TY-Codus n,,3D Kpeatusroct 1 6bp30 IPOTOTHITHpaHe
kbM CHUPJI, kato wact or meiiHocTHTe M M3cnenBaHusTa ca peallu3upaHl TPH H3NBIAHCHHETO Ha
CBbBMECTHH WHAYCTPUAIHHU NPOCKTH C ,,Apekcum urxenepunr AJ[. Haxou PC3YyATaTH OT H3CJICABAHMUATA
€4 BHEAPEHU U CC MMONI3BAT MPH PA3BUTHETO H CH3JaBAHETO HA HOBH NMPOAYKTH Ha ,, APEKCHM MH)KCHEPHHT "
AJl. Hatpynauusr onut B o6nacrra Ha MHCTPYMCHTA/IHATA CKUMKPOBKA € M3I10JI3BaH OILIE ¥ OT (upma
»Conropopm EOO/L“. IMEHHO Taka IMOCTaBEHATA OCJI H PCIICHUTE 3aJa4vM 3a HW3I0JI3BAHETO HA Te3H
MHOBATHBHH M aKTyalHH TEXHOJIOTHH, KAaKTO M HAa MOIXOMANIM ChBPEMEHHH MaTepuanu 3a OBp30

uspabotBane Ha ¢dopmoobpasysamu HMHCTPYMEHTH, OINpPCACNAT HEABYCMHCIIEHO aKTYaJIHOCTTA,

3HAYHUMOCTTa U zmcepra6mmocna Ha TEMaTa, Ha 3aJa4YUTe U Ha CaMHusl AHCCPTALIMOHCH TPy KaTo LsJI0.



2 Cmenen Ha no3Hasane Chcmoanuemo na npooaema u meopuecka unmepnpemauus na

Aumepam VDHUA Mam epuan

Hucepraunonuust Tpya € B obem ot 171 c1p. u ce cheTon OT 7 IJIaBW, COUCBUM Ha NMPHHOCHTE,
nmyOnuKauuuTe 110 AHUCCPTALMATA W M3M0JI3BAHATA mreparypa. lutupanu ca o6uo 167 JUTEPATYPHH
M3TOYHHIM, KaTo 15 ca Ha xupumuua u 137 Ha 7IaTHHHMIA, @ OCTAHAJIUTE Ca HHTEpHeT anpecu. Paborara
BKJIKOUBA 000 117 durypu u 54 Tabmuuu. B [TEPBA T'JIABA Ha AUCEPTALHATA ¢ HalpaBeHa MoApoOHa

/IATCPAaTypHa CTPaBKa OTHOCHO MW3paGoOTBaHETO HA HeTaiiy 3a $opmoobpasysaima uncTpyMeHTAIHA

CKUITNPOBKA, H3paboTeHu 4pe3 RP TexHomorum (Rapid tooling, RT, B®H) u TakHBa, u3paboTeny upes

KOHBCHIIHOHATTHYU MeToaH. TexHonoruure u PA3BHTHETO Ha TeXHMKaTa 3a GbP30 NPOTOTHIIHpaHE B peluua
CIIyHal ce 3aCTBNBAT H KOHKYPHUPAT ChC CePHIIHOTO TPOH3BOACTBO, HO UMAT CBOS CBUIECTBEH MPHHOC It
IPCIOCTABAT aKTyalHU BB3MOKHOCTH 1A ce H3FOTBAT, U3NPOOBAT M OLEHAT BUPTYAIHO TOJISM Opoii
PelIeHns, 0e3 na ce mpaBAT pa3xou 3a peamnu Tectose. Hanpasena e knacuduxaums ot rremma touxa ga
H3IIOI3BAHNTE TEXHOIOIHYHHU TIPOLIECH 3a H3paboTBaHe Ha $opmMooOpasyBaTe eTailN, KaTo MeTOaHTe
3a 0bp30 U3pabGoTBane Ha uHCTpyMeHTH (RT) ca npencrasenu u pasnenenu na TPH NOAIPYIIH -, Memoou

“pes penaukayusa’, ,, Memoou upes omuemane na mamepuan™ u ,, memoodu ¢ dobassne na mamepuan"”,

B pesynrar na ananusa na JIHTCPATYPHHUA MaTepHal (U3MON3BaHU ca 06mo 167 JIUTEPATYPHH U3TOYHHKA,
OT KOMTO 137 ca Ha naTuHHUa, 15 Ha KupumMia, a octamammTe 12 Ca MHTEPHET aJ{peCH, WIIOCTPUPAHH C
0bmo 117 ¢purypu u 54 tabauun) 858 BTOPA I[JIABA e nedunupana I{EJITA Ha muceprauuonHus TPy,
kato CHCTEMATHM3ALIMA M OLIEHKA HA PAKTOPHUTE, KOHUTO BJIMIAT HA
ITPOU3BOACTBOTO U U3IIOJI3BAHETO HA BEBP3U ®OPMOOEBPA3YBAIIU MHCTPYMEHTH,
38 MOCTUIaHETO Ha KOATO €a pOpMyYIHpAHH, MAKap U B HEABEH BHL, KOHKPETHH 33/1a4H, KaTo: J1a Ce HANpaBH
KIacu(puKaLKsi U NoapasaeNnsHe Ha HHCTPYMEHTAIHATA €KHIIMPOBKA OT Tuna Obp3u dopmoobpasysawu
HHCTPYMEHTH; N1a C€ ONPEMALNAT KPUTEPHHTE, TEXHHYECKH MPEINOCTABKA M HKOHOMHYECKITE (akropu 3a
npuiarane Ha Obp3u  popmooOpasysaim HHCTPYMEHTH. Ilo-koHKpetHo ¢okyc Ha paGorata e
H3BDBPIIBAHETO HA TEXHHYECKH H MKOHOMHYECKH AHANHM3 HA KOHBEHIMOHAIHHTE K KOHKYPEHTHHTE MM
CICLHAIHH MCTOAH 3a NMPOHM3BOACTBO Ha OBP3H (opmoobGpasysary HHCTPYMEHTH, pa3paboTBaHeTO Ha
CTPAaTCris 3a aHaIN3 Ha KU3HEHHS [UKBJI U Ha HHOBATHBHH MOAXOAM H METOMOIOIUS MpH NPOEKTUPAHE,
KOHCTpyHpaHe M MNpOU3BOACTBO Ha OBp3H  (opmoobGpazyBaim HHCTPYMEHTH, H3paboTBaHM upe3
KOHBCHIMOHATHH TCXHOJIOTHH, KAKTO M anpobaliis Ha CTPATerusTa M METONONOIHSTA 4pes MPHI0KHU
MPAKTHICCKH PCIICHNS U TEXHHKO-HKOHOMHYECKA OLEHKA HA KOHKPETHH npumepu. OT HHTepnpeTaLuATa
Ha H3I0XKCHHs JIMTEPATYPeH MaTephal H HA MOJIYYEHHTE eKCIepUMEHTAIHH PE3yNTaTH ce BHAKa, ye

dBTOPBT € HAIIbJIHO 3aI103HAT H OCBEIOMEH 3a CBCTOSHHETO Ha npoGnema, KaKTO B TCOPCTHYEH, TaKa H B

IIPAKTHYECKH acCIIEeKT.



< Cbomeemcmeue Ha ll36]7(l}l(lill(l Memoouxa HaA uzcnedearne u nocmasenama yen u 3a0auu na

Oucepmauuomum mpyo ¢ nocmuznamume npunocu.

[Ipu paspaboreanero na ANCCPTALMOHHHUS TPY Ca H3MON3BAHM H OLEHCHH uscnedosamencku

Memoouxu,
Memoou,

exnonozuu, kato Metonure 3a Gup3o H3pabOTBAHE HA HHCTPYMEHTH (Rapid tooling, RT, BOU),

1 MCTOINTE ,,Ype3 penaukayus *, pes omuemane Ha mamepuan‘“ v ,, ¢ dobasane na Mamepuan ', KakTo U

HAJIMYHATA TCXHUKA ¥ IPOTPAMHM TIAKEeTH B nabopatopuute
Ha TY-Codus u

+CAD/CAM/CAE“ B HMHAYCTpHUATa KbM OUT
»3D Kpearusnocr u 0Bp30 npoToTHmHpane® KEM CHHP], a eana gact ot neiiHocTHTe 1
M3CICABAHUATA Ca PCATU3UPAHH IIPH W3NON3BAHE HA onuta Ha ¢upmure ,,CIIAPKU EJITOCH All,
»COJITO®OPM*“ EOO/I, JIabopaTopus ,,3CLab, AHCA Bopuma“ u npu mnsnnennero na CBBMECTHH
HHIYCTPHAIHU MPOEKTHU C ,, Apekcum HHKeHepuur™ AJl. Ilpunaranu ca orme METOAMKA H IOIXOAH 3a
TCXHHKO-MKOHOMHYECKA OLEHKA HA MATePHANHTE, TEXHOIOIHHTE H TEXHOJIOTHYHUTE MApIIPYTH,
M3TI0/I3BaHM 33 U3paboOTBAHETO Ha (opMoobpasyBammmTe exeMenTH, KakTo 1 e NpEeanokKeHa CTpaTerus 3a
aHAITH3, peaTn3alus U 3a ONpeIe/IAHe Ha JKU3HEHHUS LKL Ha H3CIICIBAHATa HHCTPYMEHTATHA EKUITHPOBKA.

Ot H3JIOKEHOTO ce BHXKa, 4ye dBTOPBHT € UMaJl Bb3MOKHOCT Aa H3II0JI3BA U J1a HpHiIara peauua CbBPEMECHHHU

MCTOIH, TEXHOJIOTHH H NPOM3BOACTBEH ONHUT HA BOIEIIH $upmu U 1a ananM3Hpa HHpOpMaLHs, 1oayyeHa
C IIOMOIITa Ha MOJICPHH H3CIICIOBATENCKH METOJUKH, MCTO/H, IIPOTPAMHH IMaKETH U PUPMEH OTIHUT, Koento

MY € no36onuno da noznedne axmume noo pazauuen v2va u da docmuzie 00 060duenus u u3600u,

Koumo 3eyuam yoeoumenno u ne nodnexcam na comuenue.

4. l(pamka AHATUMUYHA XAPDAKMEPUCMUKA HA ECHeCHeoOmo U OueHKa Ha 006”11086’[)}!0(‘"1”1(1 Ha

Mamepuanda, evpxy Kouumo ce 2paosm RPpUHOCUme nHa ducepmauuoumm mpyo

Wscnensanuara no pucepranusra ca U3BBPIIECHH B Jlaboparopuute ,,CAD/CAM/CAE® 5 UHIYCTPHSTA
kbM OUT na TY-Codusa u ,,3D Kpearusroct u OBP30 MPOTOTHIHUpaHE" KbM CHHP]I, a egna yact ot
ACHHOCTHUTE U H3CIICIBAHUATA Ca PCATM3HPAHH TIDH U3MIOJI3BaHe Ha ontuTa Ha pupmure ,,CITAPKU EJITOC
All, ,COJITO®OPM*“ EOQOQ/, JIaboparopus ,,3CLab, AHCA Bopuma®“ u npu wusnmbnsenmero Ha
CbBMCCTHH HHAYCTPHAIIHHU IIPOEKTH C ,,APEKCHM HHXEHepHHT" . BCHYKO H3I0KeHO 0-TOpe B T.3, OTHOCHO
H3TIOJI3BAHHTE U3CIICIOBATEICKH METOANKH, METONH, TEXHOIOTHH M NPOrpaMHM NAKeTH, e apanyus 3a
0oCmoseprocmma u Hayunama cmoiiHoCHm Ha nonyvenume om OOKMOPARMA EKCREPUMEHMATHU

pesyamamu, NOKa3aTeJICTBO 3a KOETO ca IIPHETHTEC U OTIIEYaTaHU B PCHOMHPAHU CIIUCAHUS ny6mu<aul--m

Ha JOKTOpaHTa.

5. Hayunu w/unu HAVYYHORPUNONCHU RPUHOCH HA QUCePIMAUOHH U mpyo

IlpencTaBenuaT Tpyx MMa HAYYHN H IPHIOKHMY NPHHOCH, KOUTO IPYNHpaM I10 CIEAHHUS HAYHH:



5.1. Dopmyaupane unu odocrosasane na 1og Hayuen npoonem (oonacm) unu HO6d meopus

(xunomesa)

C‘IPITaM, 9¢ Iuceprauusita HIMa IIPHHOCH B Ta3u rpymna.

5.2. [Mokazeane ¢ noeu cpeocmea Ha cohutecmeenu HOGU CIMPAHIL ¢ Chlyecmeyeanu nayurnu
npodsiemu u meopuu

5.2.1. ]JlokasaHa e BL3MOMKHOCTTA 32 U3MOJI3BAHE HA M3BEACHATA OT aBTOPA BEIUYHHA Cvi, kosTO

OTHTa XapAKTEPHCHKHTE U LICHATA HA KOHKPETEH MATCpHa [pH U3pabOTBAHETO Ha LINPHLBAHMU Jerannu,

KaKTO W Ha Benu4uHaTa St 3a M3cieaBaHe HA POU3BOUTEIHOCTTA npu GuuniHa 06paboTka;

3.3. Cw»30aeane na nosu Kracugpuxayuu, vemodu na Hu3cneoeane, HOGU KOHCmpykuuu,

mexHoio2uu, npenapamu u m. H.

5.3.1. Paspadomena e memoduxa 3a KOJIMYECTBCHA OLICHKA OTHOCHO NMPHJIAraHETO Ha KOHKpPETEeH

MaTepHai BbB (popMooOpa3yBanuTe HHCTPYMEHTH;

5.3.2. Paspabomenu ca crpaterus u METO/I0IOTHA 32 MPOCKTHPAHE, U3pabOTBAHE U IIPHIIOKUMOCT

Ha Obp3uTe popmooGpasysaum HHCTPYMCHTH B UHAYCTPHATA,

S5.3.3. Upes usnonssane Ha BeimauuuTte Cvi u Sf ca pa3pabOTeHN METOAMKHU 3a KONHYECTBEHA
OLCHKA 38 IPHTONHOCTTA Ha KOHKPETEH MaTepHa 3a H3paboTBaHe Ha (hopmoobpasysamure HHCTpYMeHTH

1133 M3CIC/BaHe HA IIPOU3BOUTEIHOCTTa NPH (HHAIIHA 06paboTKa;

3.4. Honyuagane u doxazeane na nosu daxkmu

5.4.1. HHonyuenu ca noeu dannu 3a TIPHIIO’KUMOCTTA Ha ,,IUPCKTHUTE™ U ,,KOCBEHHTE" METOIH, a
HMEHHO Y€ ,,JUPEKTHUTE" METOAH OTrOBapAT Hail-100pe, 10KATO ,,KOCBEHHTE" MeTomH He OTrOBapAT Ha

CTAHTAPTHUTE M J0OpHTE MPAKTHKH, W3MOM3BAHM OT (upmuTe 3a NPOM3BOACTBO Ha (hopmoobpasysarua

HHCTPYMCHTaIHA €KUITHPOBKA;

5.4.2. Ycmanoeeno e, 4e M3MON3BAHETO HA HATHUHUTE MTOHACTOSIIEM aJINTHBHU TEXHOJIOTHH He €
IOAXOMAIIO 32 H3pAabOTBaHE Ha HHCTPYMEHTH ChC CIIOKHH N/ THTEIHI 1 (opmoobpasyBaum nosspxuHoOCTH,
TBH KaToO C OoIpeaeeHu OI'PAHHYECHUA IO OTHOLIEHHE HAa AKOCT, TOYHOCT H Ka4YeCTBO HAa HOB'prHOCTHTe )51

C€ Hasara JOMbIHATENHA MeXaHHYHA 00pa00TKa Ha TE3H MOBBPXHOCTH,

5.5. Hpunocu, cewpzanu ¢ npakmurama

5.5.1. Ha 6a3a Ha HanpaBeHaTa OLEHKA M CHCTEMATH3ALIA HA METOAMTE 3a MPOM3BOACTBOTO Ha

0bp3u popmooGpasyBaly HHCTPYMEHTH 4p€3 KOHBCHLHOHAIHN TEXHOJIOTHH € onpedenena .. Hap. 30ma



na egexmusna npunoscumocm DQopmynupanu ca hpasuna OTHOCHO mpuIAraHeTo Ha OBp3u

(GopmooGpasyramm HHCTPYMCHTH, H3pabOTBAHH C KOHBEHIIMOHATHH METO/IH;

5.5.2. Yemarnoseno €, 1C MCTOIM 3a NPOM3BOACTBO Ha (opmoobpazysanra UHCTPYMEHTATHA

CIHMIPOBKA 32 CepHilHO M MacoBO NPOM3BOICTBO ca NPUIOKUMH TIPH TNPOM3BOIACTBO Ha OBp3u

hopmooGpasysamu HHCTpYMEHTH. IToHacTosmem cumectBysar PEIIILA FOTOBH PELICHHS 33 CTAHJAAPTHH
CJACMCHTH, KOMTO MOraT [Ja Cce H3II0J3Bar YCICIIHO 32 MPOM3BOACTBOTO Ha GBp3n ¢opmoobpasysarmu

HHCTPYMEHTH. BB3MOXHO e na ce H3paboTBaT Obp3H (hopmooGpasyBanu HHCTPYMEHTH C roJIsIMa TPAtHOCT:

5.53. Pazpasomen e y anpooupan nodxod 3a YCbBBPIICHCTBAHE M nogobGpsBaxe Ha

e(CKTUBHOCTTA HA U3CIICABAHNTE MCTOJIM, KaKTO U € npednosiceno pewenue u nodxod 3a MPOH3BOACTBOTO
Ha MAJIKH CepHH OETAHIM U H3ICIUS C YHUBEPCAICH HMHCTPYMEHT M CKbCEH CPOK Ha BHE/IpsABaHE.

[Ipennoxeno e pewrene 3a CTPaHHYHO IIMPHIBAHE HA IUIACTMACOBH M3/ICIIHS C OBp3u hopMoobpasysarmy
HHCTPYMCHTH;

5.5.4. Ycemanoseno e, e usnompanero Ha ATYMHHUEBH CIUIaBH, 00pabOTBAaHH ¢ KOHBEHIIHOHAIHIH
TEXHOJIOrMH, € NEPCNEeKTUBHO MPH H3paboTBAHETO Ha $opmoobpasysamm enementn u ce KOHKYpHpa

YCIICIIHO CBC CBbBPEMCHHUTE aJJUTHBHHU MCTOH II0 OTHOLLIEHHE HA BpEME M II€Ha;

5.5.5. VYemanogeno e, ue TMUIAHNPAHCTO HA UEAMA KH3HEH LMKBI UIPae ChIICCTBEHA poJis 3a

e(PeKTHBHOCTTA 10 OTHOLICHHE HA $uHaHCH ¥ BpeMe NpU IPOU3BOACTBOTO Ha 6bp3ure popmoobpasysawu

MHCTPYMCHTH, H3pabOTeHH ¢ KOHBEHUHMOHAHH METOIH. Hoxazano e, 4e Obp3ure HHCTPYMeHTH,

H3p360TBaHI/I UpE3 KOHBCHUMOHAIHHU TEXHOJIOTUH, CA UKOHOMUYECKHU H3IrOJHHU WM MOTrarT Ja ce KOHKYypHpaT

YCIICIIHO C MHCTPYMEHTHTE, H3pAOOTBAHH Upe3 pasrielaHuTe QJITEPHATUBHY METOIH;

5.5.6. Ha 6asata Ha pa3spaGorenara CTpaTerus M MeTomonorus 3a 6upsu dopmoobpasysanm

MHCTPYMCHTH € INpPOeKTHpaH H € u3paboTeH peaseH YHHBCPCAICH HHCTPYMEHT CBC CMEHAeMH

(opmoobpasyBawu AeTailnm, KOHTO e anpoOUpaH B IPOH3BOICTBEHH YCIOBHA.

B 001 IMHMH TOBA Ca OCHOBHUTE NPUHOCH HA ANCEPTALHOHHNA TPYA. Benvku Te ca ¢ xapakmep
HA »HAYUHO-NPUNONUCHUT U  RPUTONCHU NPUHOCU W onpedensm HeO8yCMUCIeHO akmyanHocmma u

JHaAuuUmMocmma na ducepmauuonnuﬂ mpyo 3a Raykama u cvepemennama npakmuka.

6. QOuenkaza cmenenma na JAUUHOMO YUACHIUE HA QUCEPMANMA 8 HPUHOCUmM e

OT H37105K€HOTO 110-rope B T.2 1 T.3 OTHOCHO JHTEPATYPHHA NPETIICH, KAKTO H OT 00CHKIAHETO U aHAIH34
Ha CKCINCPHMEHTATHUTE PE3yJITaTH U HAa BCHYKO M3JIOKEHO B IJIABH III+=VII, BKI. U oT HanpaBeHmuTe

myOJIMKalMH, MOXKE [a Ce 3aK/IIOuM, e aemopvm He CamMo e HANBIAHO 3ANO3HAM U 0CECOOMEH 3a

CHCMOARUCINO A NPODIeMa, HO 6/iadee, U3NON36a U npunaza ycnewino uHosamugnu memoou, nodxoou,

5



Rpocpamuu nakemu u Cvepemennu mMexnonocuu, KAKmo u ye Uma akmueno u 60081&(0 yuacmue npu

npoee.m*dauemo Ha cvomeemmume uzcneoeanus u ananuza naq noayuenusa ex
Mamepuan,

CRepumenmaiien

7. Ipeuenkxa na RyOauKauuume no oucepmauuonnus mpyo

OcHosuuTe pesyntatu or AUCCPTAllHOHHHA TPYH ca MyOIMKYBaHH B 5 Opost cTatun B Gwarapckn u
MEKAYHAPOAHH H3[aHUS, HAKOH OT KOHTO ca pedepupanu u 8 SCOPUS. Ot Ts1x €lIHa € CaMOCTOATeNIHA H
¢ otneyarana B Proceedings of the Technical University of Sofia - 2024, nse ca oTneyarany & cOOpHHIH
Ha Latvia Proceedings of the 15th International Scientific and Practical Conference u apyru nse ca
AOKTAlIBAHH HA KOH(EPEHUHHI ¢ MeKayHapOAIIO ydactue B bearapus. B ase ot crartuure JOKTOPaHTBT €

Ha TPETO MACTO, B €/1HA — HA YETBBPTO U B €IHA — HA METO MSCTO. Cuuram, ye my6nukanuure otpassear

OCHOBHHTE€ MOMEHTH OT AUCEPpTALUATA U 4Ye HAYYHHUTC NMOCTHIKCHUA Ha dBTOpa Ca OrjaceH” A0CTATBYHO

[IHPOKO HE CaMO Yy HAc, HO U B YyKOMHA.

8. Muenus, npenopwvru u benericxu

KBM ucepTaMorHus Tpys 6HX MMAan HAKOM Geleskki ot PEAKIIOHHO €CTECTBO, HO HAMaM 3a0elIeKKI
10 CBIIECTBO, KAKTO M NPENOPBKH KbM JOCErallHaTa H ObJemaTa IeHHOCT Ha JOKTOpaHTa. 3acera 3a

CHXKAICHUE HE pasnoynaram ¢ HHpOpMaLUs H He ca MH H3BECTHH LMTHPAHUA BbB BPB3Ka C MyOIHKALMHUTe
Ha JIOKTOPAHTA.

9. H3znonszeane na pezyanmamume om oucepmayuoOHHUA MPyo € HAVYHAINA U couuainama

npakmuka.

Kaxto 6e mocoueHo mo-rope B T. 1 wact or M3CACABAHUATA Ca PCAIM3HPAHU NPU M3MBIHCHUETO Ha
CBBMECTHH HHAYCTPHANIHU NPOEKTH C ,,ApeKcuM HEDKCHEPUHT™ AJl, KaTo HAKOM OT pe3yiaTaTHTe OT
H3CICABAHNATA Ca BHCAPEHH U CC IT0JI3BAT NPH Pa3BUTHETO M CH3MABAHETO HA HOBH NPOAYKTH Ha ,,ApeKcum
nxeHepuHr™ AJl. HatpynanusT onur B 061actra na MHCTPYMCHTAIIHATA €KHITHPOBKA € M3IIOI3BAH OLLE U
or ¢upma ,Conropopm EOOJ“. Hamam o6aye CBCACHHA W JIOKA3ATCJCTBA 3a IOCTHIHAT IPAK

HKOHOMHYECKH €()CKT OT BHEAPABAHETO HA MOCTUTHATUTE OT AOKTOpPaHTa Pe3y/ITaTH B MPaKTUKATA.

10. Ouernka na cvomeemcemeueno na asmopeghepama ¢ uzucKeanuImMa 3a U320MEAHCIIO MY, KAKIO U

Ha adexkeamuocmma HA Ompa3Aaeane Ha OCHOBGHUME ROTONCCHUA U fIpUHOCUmMeEe Ha

oucepmauuoHHUA Mpyo.

Cuumam, ue asmopegpepamvm e uszomeen cvonacno usuckeanusma u ompasaea WAIOCHINO



Colgnocmma u ocnosnume npunocnu movenmu na oucepmayuonnama pasoma. Havanm Oenexku kM

HCroBmara CTPYKTypa H CbABPIKAHHUE, Makap 4y¢ He pasriojiaraMm ¢ oTneyarau CK3EMILIAP.

SAKJIIOYEHMUE

Karo wusxoxmam ot IIOCOYEHHUTE TIIO

-r'op€ IPHHOCHH MOMEHTH Ha AHCepPTAaLlHOHHUA pya, OT

HECbMHEHaTa TEOpEeTHYHA U IIPAKTHYCCKa 3HAYUMOCT Ha ITIOJIYYCHHUTEC PC3YITATH, KAKTO H OT HaIllpaBCHHUTE

myOIHKalMH, CH MO3BOMABAM 14 fpenopryam Ha [lountaemoro HAYYHO JKYPU na NPHCHAH Ha

Mar.
un:x. UBAH CTE®AHOB UBAHOB 00pa3oBaTeNHATA U HAYYHA CTENCH
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REVIEW

a dissertation for obtaining an educational and scientific degree “Doctor”

opic of the dissertation: Rapid manufacturing and validation of quality indicators of

forming tools

duthor of the dissertation: MSc. Eng. IVAN STEFANOV IVANOV

Member of the scientific jury: Prof. DSc Eng. VENTSESLAV TSVETANOV
TOSHKOV

Relevance of the problem developed in the dissertation in scientific and applied scientific aspects.

Degree and levels of relevance of the problem and specific tasks developed in the dissertation.

The dissertation is in the field of modern mechanical engineering, with the aim of proposing a strategy

and approaches for solving various cases related to the use of methodologies and modern technologies for
rapid prototyping, production, and improvement of the quality indicators of forming tools, as well as their
practical validation in real production conditions. A real universal tool with replaceable forming
components has been developed, an economic evaluation has been conducted, and rules for the practical
application of tooling materials and technologies for the rapid manufacturing of forming tools produced
using conventional methods have been formulated. The research and activities related to the individual

tasks in the dissertation were carried out in the "CAD/CAM/CAE in Industry" laboratories at the Faculty
of Industrial Technology of TU-Sofia and "3D Creativity and Rapid Prototyping" at SNRID. Some of the

research results have been implemented and are used in the development and creation of new products by
"Arexim Engineering" AD. The accumulated experience in the field of tooling has also been utilized by

"Soltoform Ltd." The formulated goal and addressed tasks related to these innovative and relevant
technologies, as well as the selection of appropriate modern materials for the rapid manufacturing of

forming tools, unequivocally determine the relevance, significance, and dissertation-worthiness of the

topic, the tasks, and the dissertation as a whole.

2. Degree of familiarity with the state of the problem and creative interpretation of the literary

material

The dissertation comprises 171 pages and consists of seven chapters, lists of contributions,

publications related to the dissertation, and references. A total of 167 literature sources are cited. including



15 in Cyrillic, 137 in Latin, and the remaining ones as internet sources. The work includes a total of 117
figures and 54 tables. The FIRST CHAPTER of the dissertation provides a detailed literature review

regarding the production of parts for forming tooling, manufactured using RP technologies (Rapid

RT, BFI) and those produced through conventional methods, Technologies and advancements in
rapid prototyping in many cases overlap and compete w

Tooling,

ith serial production, but they also have significant
contributions and provide relevant opportunities to prepare, test, and evaluate a large number of solutions

virtually without incurring costs for real tests. A classification of technological processes for

manufacturing forming components is made, with rapid tooling (RT) methods presented and divided into
three subgroups — "replication methods," "material removal methods," and "material addition methods."
As a result of the analysis of the literary material (a total of 167 sources, of which 137 are in Latin, 15
in Cyrillic, and the remaining 12 are internet sources, illustrated with 117 figures and 54 tables), in the
SECOND CHAPTER, the OBJECTIVE of the dissertation is defined as the SYSTEMATIZATION AND
EVALUATION OF FACTORS INFLUENCING THE MANUFACTURING AND USE OF RAPID
FORMING TOOLS. To achieve this objective, specific tasks have been formulated, though implicitly,
such as: classifying and subdividing tooling of the rapid forming tool type; determining criteria, technical
prerequisites, and economic factors for the application of rapid forming tools. The research specifically
focuses on performing a technical and economic analysis of conventional and competing special methods
for manufacturing rapid forming tools, developing a strategy for life cycle analysis and innovative
approaches and methodology in the design, construction, and production of rapid forming tools
manufactured by conventional technologies, as well as validation of the strategy and methodology through
applied practical solutions and a techno-economic evaluation of specific cases. From the interpretation of
the reviewed literature and the obtained experimental results, it is evident that the author is fully familiar

with and informed about the state of the problem, both in theoretical and practical aspects.

3. Compliance of the selected research methodology with the set goal and tasks of the dissertation and

the achieved contributions

In the development of the dissertation, research methodologies, methods, and technologies have been
used and evaluated, including rapid tooling (RT, BFI) methods, as well as "replication methods," "material
removal methods," and "material addition methods," alongside the available equipment and software
packages in the "CAD/CAM/CAE in Industry” laboratories at the F aculty of Industrial Technology at TU-
Sofia and "3D Creativity and Rapid Prototyping” at SNRID. Some of the activities and research were
carried out utilizing the experience of companies such as "SPARKY ELTOS" AD, "SOLTOFORM" Ltd.,
Laboratory "3CLab, ANSA Borima," and within the framework of joint industrial projects with "Arexim

Engineering" AD. Furthermore, methodologies and approaches for the techno-economic evaluation of



materials, technologies, and technological routes used in the production of forming components were

applied. A strategy was proposed for analyzing, implementing, and determining the life cycle of the

studied tooling. The presented information demonstrates that the author had the opportunity to utilize and

apply a range of modern methods, technologies, and industrial experience from leading companies, and to

analyze information obtained through advanced research methodologies, methods, software packages, and

industrial expertise, enabling a comprehensive perspective on the facts and the derivation
conclusions and summaries.

of convincing

4. Brief analytical characterization of the nature and reliability of the material on which the

dissertation’s contributions are based

The research in the dissertation was conducted in the "CAD/CAM/CAE in Industry" laboratories at
the Faculty of Industrial Technology of TU-Sofia and "3D Creativity and Rapid Prototyping" at SNRID.
Some activities and research were carried out utilizing the experience of "SPARKY ELTOS" AD,
"SOLTOFORM" Ltd., Laboratory "3CLab, ANSA Borima," and joint industrial projects with "Arexim

Engincering." Everything outlined in section 3 regarding the applied research methodologies, methods,
technologies, and software packages guarantees the reliability and scientific value of the experimental

results obtained by the doctoral candidate, as evidenced by accepted and published articles in reputable

journals.

5. Scientific and/or Applied Scientific Contributions of the Dissertation

The presented dissertation has scientific and applied contributions, which I categorize as follows:

5.1. Formulation or Justification of a New Scientific Problem (F, ield) or a New Theory (Hypothesis)

I believe that the dissertation does not contribute to this category.

5.2, Proof of Essential New Aspects of Existing Scientific Problems and Theories Using New
Methods

5.2.1. The dissertation demonstrates the possibility of using the author's derived parameter Cvi.
which accounts for the characteristics and cost of a specific material in the production of injection-molded

parts, as well as the parameter Sf for evaluating productivity in finishing processes.



3.3. Creation of New C lassifications, Research Methods, New D
ele.

esigns, Technologies, Preparations,

3.3.1. A methodology for quantitative assessment of the application of a specific material in

forming tools has been developed.

5.3.2. A strategy and methodology for the design, manufacturing,

and applicability of rapid
forming tools in the industry have been developed.

5.3.3. By utilizing the Cvi and Sf parameters, methodologies for quantitative assessment of

material suitability for forming tools and productivity analysis in finishing processes have been developed.

5.4. Discovery and Proof of New Facts

5.4.1. New data have been obtained regarding the applicability of “direct” and “indirect” methods,

demonstrating that “direct” methods are most suitable, whereas “indirect” methods do not comply with

industry standards and best practices used in forming tool manufacturing.

5.4.2. It has been established that currently available additive manufacturing technologies are not
suitable for producing tools with complex parting and forming surfaces due to limitations in strength,

precision, and surface quality, requiring additional mechanical processing.

5.5. Contributions Related to Practical Applications

5.5.1. Based on an evaluation and systematization of conventional rapid forming tool production
methods, the so-called "zone of effective applicability" has been defined. Guidelines for the use of

conventionally manufactured rapid forming tools have been formulated.

5.5.2. It has been established that methods for manufacturing forming tools for serial and mass
production can be applied to rapid forming tools. Numerous existing standardized clements can be

successfully utilized in rapid forming tool production, enabling the manufacturing of durable rapid forming

tools.

5.5.3. An approach for optimizing and improving the efficiency of studied methods has been

developed and tested. A solution and approach for producing small series of parts and products using a



universal tool with a shortened implementation period have been proposed. A method for side injection
molding of plastic products using rapid forming tools has also been suggested.

S.5.4. It has been determined that aluminum alloys processed with conventional technologies offer

a promising alternative for forming tool components, competing successfully with modern additive methods
in terms of time and cost.

5.5.5. It has been established that comprehensive lifecycle planning plays a crucial role in financial

and time efficiency when producing conventionally manufactured rapid forming tools. The research

confirms that such tools are economically viable and competitive with alternative manufacturing methods.

3.5.6. Based on the developed strategy and methodology for rapid forming tools, a real universal

tool with interchangeable forming components has been designed, manufactured, and tested in production
conditions.

In summary, these are the main contributions of the dissertation. They are all characterized as

“scientific-applied” and “applied” contributions, unambiguously confirming the relevance and

significance of the dissertation for both science and modern industrial practice.

6. Evaluation of the Doctoral C andidate’s Personal Contribution to the Research

From the literature review (Sections 2 and 3), as well as from the discussion and analysis of
experimental results in Chapters ITI-VII, including published research, it can be concluded that the
author is not only well-acquainted with the state of the problem but also successfully applies innovative
methods, approaches, software packages, and modern technologies. The doctoral candidate has played an

active and leading role in conducting the research and analyzing the experimental data.

7. _Assessment of Publications Related to the Dissertation

The main results of the dissertation have been published in five articles in Bulgarian and international
journals, some of which are indexed in SCOPUS. One article, independently authored by the candidate,
was published in Proceedings of the Technical University of Sofia — 2024. Two articles were published
in Latvia Proceedings of the 15th International Scientific and Practical Conference, and two were

presented at international conferences in Bulgaria. In two of the articles, the doctoral candidate is listed as

the third author, in one as the fourth, and in another as the fifth. I consider these publications to
sufficiently reflect the key aspects of the dissertation and believe that the candidate’s scientific

achievements have been widely disseminated both domestically and internationally.



8. Opinions, Recommendations, and Notes

I have some editorial remarks regarding the dissertation but no substantive criticisms. Additionally, I

do not have any specific recommendations for the candidate's future work. At present, I am unaware of

any citations related to the doctoral candidate’s publications.

9. Utilization of the Dissertation Results in Scientific and Social Practice

As mentioned in Section 1, some of the research has been conducted within joint industrial projects
with “Arexim Engineering” AD, with certain results already implemented in the development of new

products by the company. Furthermore, the accumulated experience in tooling equipment has also been
utilized by “Soltoform” Ltd. However, I do not have information or evidence of a direct economic

impact resulting from the implementation of the candidate’s research in practice.

10. Assessment of the Dissertation Abstract’s Compliance with Requirements

I believe that the abstract has been prepared in accordance with the required standards and adequately

reflects the core essence and key contributions of the dissertation. I have no comments on its structure or

content, although I do not possess a printed copy.

CONCLUSION

Based on the above contributions, the undeniable theoretical and practical significance of the
obtained results, as well as the published research, I respectfully recommend that the Honorable

Scientific Jury award M.Eng. IVAN STEFANOV IVANOV the educational and scientific degree

“Doctor”.
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