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CTAHOBMILE

OTHOCHO IHCEPTAUNOHEH TP/
3a npuaoOuBane Ha o6pa3zoBaTe/iHa u Hay4Ha cTenex ,,A0KTOp”

ABTOp Ha IMCEPTALMOHHUA TPYA: Mar. Hik. UBan CredanoB UBaHoB

Tema na nucepraumonnus Tpya: bbP30 U3I'PAXKIIAHE U BAJIMOAUPAHE HA KAYECTBEHUTE
[TOKA3ATEJIU HA ®OPMOOBPA3YBAILM UHCTPYMEHTH

[Ipodecnonanto Hanparsenue 5.1.  Mammnno MHXKeHepcTBo™, Hayuna cnieumantoct
MAUIHHH U CHCTEMH 32 JIEAPCKOTO NPOM3BOCTBO™

Ynen na Hay4HOTO KYypH: npod. a-p Henu Kocera

» 1 €XHOJIOHMH,

Hucepraunonnusr tpyn e NpeACTaBeH OoT mar. uHxK. Mpan Upanos. Unk. UsaHos e 3aBBPUI
BHCIIETO cH oOpa3zoBanue (Maructhp) B TexHHYecKH yHuBepeuteT (TY) — Codust mpes 2002 r. Cren
TOBa paboTH B uHAycTpusita 10 2022 r. [Ipes mocnenHuTe ABE roguHu € aCHCTEHT B Kareapa ,MTTT/
IITC" na ®UT, TY — Codus.

ChbabpiKaHHETO Ha JAUCePTALOHHUS TPYA € u310KeHo Ha 171 cTpanuum u BKmo4Ba 7 TiaBH,
Kakto U M3soam u [lpunocu Ha aucepraumonnus Tpya, IlyOnukaumn u Wsnonseana nuteparypa. B
AOMBIHCHHE, TEKCTOBOTO CbAbpPKAHWE € OHarjieieHo c¢he 117 durypu, a 54 Ttabmuum noxkpenst
AHAIM3UTE M PE3Yy/NTaTHTEe, MOJY4YeHU no auceprauuata. CNHUCHKLT HAa H3MOM3BaHATA JHTEpaTypa
BK/IOYBA 167 nuTepaTypHu M3TOYHMUM, OT KouTO 137 Ha JTaTHHHLUA W 15 Ha KUpWIMLA, KaKTO M

HHTEPHET mpenpatki. OCHOBHATA 4acCT OT UMTHPAHUTE JIMTEPATYPHH M3TOUHMIM ca ciex 2010 r. Camo
AeseT ca nyOnuKyBanu B nepuoja 1993 r. -1999 r.

1. Axkryaamocr Ha pa3spadoTBaHus B JAHCEPTANMOHHHS TPyA npodjemM B HAYYHO M
HAYYHONPHUJIOKHO OTHOILIEHHE.

H3cnenBanunsaTa no aucepranuoHHaTa TeMa ca HACOYEHH KbM TeXHONOTHUTE 3a pazpaboTBaHe Ha
(opmoobpasyBaiu HHCTPYMEHTH, KOHTO Ja OTrOBOpAT Ha pa3BUBAllMs ce mnaszap. ToBa Hanara aHanus
Ha KOHBCHLUMOHAJIHUTE W HOBOMNOSBABAIUM C€ TEXHOMOTMM M METOIH, KaKTo B o6jacTra Ha
MPOCKTUPAHETO M KOHCTPYWUPAHETO, Taka M B TEXHOJOTHYHHMTE mnpouecH. OTKPHBAT ce HOBM
BB3MOXKHOCTH 32 HOBOBBBEJACHMATA B MPOW3BOJACTBOTO M YIMPABJICHUETO HA JKM3HEHMS LMKBI Ha
U3eIuATa, HaMHpally NpUIoKeHHA B OUTa, 3a10BO/IABALLM MOCTOSHHO HapacTBallUTC H3HCKBAHHUA Ha
noTpeduTe/InTe, Taka U BBB BOKHHU OTPAC/IH KaTo TPaHCTIOPT, CHEPreTHKA, MALUMHOCTPOEHE, 0TOpaHa u
Ap. Te3n u3cnenBanus UMaT OTHOLIEHHWE KBM Ma3apHaTa CTOWHOCT HAa M3ACIIUATA, TEXHUS JKUBOT U
Bb3IMOJKHOCT 3a pPCLMKIHPAHE, ONTHMU3MpaHE HAa KOHCYMAlMS HA €Hepruis W CypoBHMHH. 3artoea
MH)KCHEPHUTE PEUICHMA MO OTHOLIeHHe Ha H30opa Ha MaTepHala, KOHCTPYKLHMATA U TEXHOJOrMATa 3a
(popmooGpasyBaiii MHCTPYMEHTH 3a e(eKTHBHO NPOH3BOACTBO Ha M3E/NHA ca aKTYalTHH U KJIHOYOBHM

KaKTO B HAay4YHO-NPHJIOKHO OTHOLICHHE, TaKa W B MPUJIO/KEH acreKT. ToBa HECHMHEHO MOTBBPKIABA
aKTyaJIHOCTTa Ha pa3paboTBaHUA B TUCEPTALMOHHMUS TPy MPOOIIEM.



2. Crenen Ha NO3HABaAHEe CHLCTOSSHHETO Ha N

poﬁ.nema H TBOpYeCKa HHTEpnperauusa Ha
JHTEpATYpHUS MaTepual.

[TbpBara rnapa, ozarmapena Jumepamypno npoyueane, cvemosnue u
MPErJIEN Ha NPUIOKEHUATA HA TEXHONOIUATA 3a O

Ouepranu ca oGnacTure B HHOYCTPUATA, B KOU
CKHMHpOBKa OT THMa Obp3n dopmoobGpasy

a npobnema e npeacTaBeH
p3a HHCTpyMeHTaNHa eKunuposka (,.Rapid tooling™).
TO € BL3MOXKHO MNPHIAraHeTo Ha MHCTPYMEHTANHA

BallK WHCTpYMeHTH. Onucanu ca MetoauTe 3a n3paboTBane.
Pasrnenanu ca npere ocHoBHH KaTCTOPUH — KOCBEHH (UHAMPEKTHH) MOAXOOU H AMPEKTHH (TIpeKH)

MeTonu. MHdopmauusata e o6obuiena s ABC CTPABHHTEJIHM TaOJMLUM Ha KOCBEHUTE M JHPEKTHH
AINTHBHU METOJIH 32 OBbP30 NPOU3BOACTBO Ha MHCTPYMEHTH.

Ot HarnpaBeHOTO MpOYYBaHC W aHaJM3 B AUCEpTalmMsaTa ca HaripaBeHW HM3BOAM, 4ye 6'bp3me

METOMH 33 MPOM3BOACTBO HA HHCTPYMEHTAJIHA CKHTIMPOBKA Ca HaB/E3/IM YCIIEIHO Ha Ma3apa, HaMepuJu
Ca LIMpOKO MpUIOKEHHE M MMAT BBH3MOKHOCT 1a PCIIaBaT ToJIiM Kpbr OT 3amaun. Bupsute
Gopmoobpaszypaiu HHCTPYMCHTH TBPIAT Pa3sBUTHE M YCBBbPUICHCTBAHE, KOETO Ce nojanoMara or
HanpeibKa B CbBpeMeHHHTE TexHonoruu. Ot apyra CTpaHa JMNCcBa MH(QOPMALKA 3a YCTAHOBSABAHE HA
FpaHHuATa HA e(EeKTHBHOCT Mpu U3G0p MEKIY KOHBEHIIMOHAIHY U CHCUHaTHU METOM 3a u3paboTBaHe
Ha Obp3u popmoobpasyBamu HHCTPYMCHTH, KaKTO W CHCTEMAaTH3allMs Ha AeMHOCTHTe NpU TAXHOTO
npou3BoaCTBO. [Ipencrasenusr JIATEPATYPEH 0030p AEMOHCTPHPA OTAMYHO MO3HABAHE OT CTpaHa Ha
NOKTOpaHTa Ha 00/1aCTTa HA U3CAEABAHUATA MO AUCCPTALMATA, KOETO MY MO3BO.IsABA 1a PopMympa ScHO
liejira Ha nucepraunmoHHus tpya: Cvsdadasane na cmpameust u paspabomeane Ha memooonous 3a

ipoekmupane u npouseoocmeo Ha 6wp3u popmoodpaszyeauyu UHCmMpYMeHmU,
KOHBEHYUOHAMHU MEXHOI02

VCR08uA.

uzpabomeanu upes
Ut U Rpakmutieckomo um anpooupaxe € peneeaHmHu npou3soOCmeeni

3. CroTBeTCTBHE HA H30PAHATA METOAMKA HA H3CHCABAHE C NOCTABEHATA LEJ H 3aJa4H Ha
AMCEPTANHOHHHSA TPYA.

B nucepraumonnus tpya ca gedunupany mect KOHKPCTHH 3a[a4u 3a NOCTUTaHEe Ha Herosara
LUEJI, ¥ T€ ca B OCHOBATa Ha MPABUIIHOTO CTPYKTYPHPaHe Ha W3CICABAHUATA W 1300pa Ha METOJMKa 3a
TAXHOTO NpoBekKaaHe. Besika cresBaina riaga e nocreTeHa Ha M3NBLAHEHHETO HA MOCTABEHITE 3aJa4H,
Harpaxnia v 10NbJBa Pe3yJTaTHTE OT H3C/IeABaAHUATA.

M3cnensanero 3amousa cbe cucTematHzaums M olieHKa Ha (akTopuTe, KOMTO BAMAAT Ha
MIPOM3BOACTBOTO M M3MOJI3BAHETO Ha Obp3n hopMooOpasyBallM HHCTPYMEHTH, JIncepTaHThT pa3BHBa
00CTOMHO KIacu(uUKaLMATa HAa THOA ObP3H (opmMoOOpasyBalln MHCTPYMEHTH, 3a f4a ce W3BenaT
KPHTCpUM 32 TAXHOTO mnpunaraHe. B TbpceHe Ha HMCKAa LieHAa Ha MHCTPYMEHTa M OLEHKA Ha
ceOecTOMHOCTTAa Ha [JeTaiiia ca M3CIeABAHH MKOHOMMYCCKHTE akTopu npu npunarane wa Gnps3m
dopMooOpasyBam  MHCTpyMEHTH B uHAycTpuata. Chemsamara CTbiKa e TEXHUYECKUSI U
MKOHOMHYECKH aHa/lM3 HAa KOHBCHUMOHA/IHWTE W KOHKYPEeHTHHTE WM CHELMalHH MEeTOAM 3a
MPOU3BOACTBO Ha Obp3u ¢opmooOpasyBalin WHCTPYMEHTH. B Tasu riasa ca pasriie1aHl KOHKPETHM
MPUMEPH 332 MHCTPYMEHTH W MaTepuanu Ha (HopmooOpasyBallUTe eeMEHTH U TEXHOMOTHH 33 TSXHOTO
MIoOTy4aBaHe, KaTO € HampaBeHO CpPaBHEHWE Ha TEXHUYECKHUTEe XapaKTePUCTHUKH Ha fAeTaiinu 3a
$popmooGpasyBailla HHCTPYMEHTAIHA EKHIHPOBKA M MKOHOMHYECKHUS eeKkT OT mnpuiaaraHeTro Ha
CIEUUGUYHN 1 KOHBEHUMOHANHH MeToIn. CHIOpea pesy/ITaTHTe OT CPABHUTENHHS AHAJIH3 He € HaaudHa
MbIHA MHQOpMAaUKMs W MeToZoNOrHs 3a M3paGoTBAHETO Ha CKUMHMPOBKa OT THNa Ha Obp3u
(hopmooGpasysaiyn HHCTPYMEHTH 4pe3 KOHBEHIMOHAIHU METOIH, BBIIPEKH Y€ TE CBILO MOraT jJa ce
W3MO/I3BAT 32 U3pabOTBAHETO M M JOPH UMAT B HAKOM CTy4yad MpearMcTBa npea aJuTUBHUTE METOJIH.
M3paboTBaHeTo Ha cTpaterms M MeTOZONOrMs € HeoOXOmHMO 3a dupMuUTE, KOWTO pasnojarat c
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oAXoAswo obopyaBaHe, 3a Aa MpousBekaaT YCTCIHO HHCTPYMEHTAIHA eKUIMPOBKA OT THMa Gbp3u
$opmooBpasysaim uucTpymMenTH. ToBa e OCHOBATC/ICH MOTHMB OKTOPAHTBT /A MPEMIOKH CTPaTerHu,
KOUTO OTHMTAT B €MHHA CXeMa I0CJIe0BATeIHOCTTA U Pa3saHYHUTE (PAKTOPH, KOHTO BJIMSAT BBPXY
peammsalmita Ha Obp3n GopMooGpasysal HHCTPYMEHTH, HoMararT 3a B3CMaHe Ha pelIeHHs], CBbP3aHH
¢ BaJIMAMpaHe Ha NpouecH, noadop Ha MaTepHay 1 KOHCTPYKLHS, OLlCHKA HA KU3HEHUS LIMKDBJI HA Te3H
HHCTYMEHTH, KaKTO M Ha MOJy4aBaHUTE MW3IE/Hs 4pe3 Obp3u (opmoobpasyeaiu HHCTPYMEHTH.
Pasrnenanu ca crparernn npunaranu HpH MHCTPYMEHTH 3a €AMHMYHO, ApeGHOCepHiiHO U cepuiiHo
NIPOM3BOACTBO M € HANpaBeH W3BOABT, Y€ CTPATErMYECKOTO MPOEKTUPaHE MOXKeE Ja CHKPATH KaKToO
BPEMETO 32 BHEApsBAHE HA EKUNIMPOBKATA, TAKA M HA M3MbIHEHUETO Ha uenust npoekr. Cnenpaiiku
u30paHaTa METONOJIOIMS, B CIEArNABAATA [IaBA e pasriejiHa BbB3MOXKHOCTTAa 3a INpUIaraHe Ha
WHOBATUBHH MOAXOAM NMpPH MPOEKTHPAHE H KOHCTPYHpaHe Ha Obp3u opmoobpasy
H3pabOTBaHH 4pe3 KOHBEHLMOHAJHMU TEXHOJIOTHH, T.€. Karato
[IPOM3BOACTBO Ca OrpaHUYEHU OT IJIeJHA TOYKA HA U3MEHEHMUe Mopajau pas/iu4Hu npuuuau. Hanpasena
€ TCXHUKO-WKOHOMHYECKA OLIEHKA Ha TroNisiM Habop OT HaNMYHHUTE Ha nasapa MaTepuaiu, U3MoJI3BaHu 3a
uspaborBane Ha (opmMooGpasyBamy meTaliTH, MOCOYCHH ca MOAXOAAIMTE CTOMAHU M aJyMUHHEBH
CIUIaBH 32 popMooGpasyBamnuTe eleMeHTH, H3padOTBaHM Ype3 KOHBEHLIMOHAIHH mMeToau. PaspaboteHu
¢4 KOHCTPYKTHBHH PEILCHU C BB3MOXKHOCT 3a NPUIAraHe npu Gbp3u hopmooOpasyBalii HHCTPYMEHTH.
Ha ochoBata ma paspaGorenara CTPaTerus ¢ MpeuloKeHa METOJONOTHA 33 MPOEKTHUpaHe

MPOH3BOACTBO Ha Obp3u (hopmooOpazyaiiu MHCTPYMEHTH, M3pabOTBAHH upe3 KOHBEHLMOHAIHMU
TeXHoJoruH. [locsennara rnaBa e noceerena Ha anpoOupaHe Ha cTpaTerusrta M

BalllH HHCTPYMEHTH
H3MOJI3BAHUTE TEXHOJIOrMu 3a

METOJ0JIOrUATa 3a
MPOCKTHpaHe, u3paboTBaHe W MpuIaraHe Ha Gbp3u (opmoobpasyBaiy MHCTPYMEHTH. [IpoexkTupanu u

M3paboTeHu ca yHuBepcanta wnpuudopma 3a MPOU3BOACTBOTO HAa MaJIKW CEPHH AETaii/H, wnpuudopma
3a UV sammnrHa macka, wnpuudopma 3a vama 3e00HT W wnpuudopma 3a ekH oumna. 3a Beska
wnpuugopMa noApoGHO ca pasriiefaHd BCHYKH YacTH Ha KOHCTPYKLUATA, TEXHOJOrHuATa 3a
NMPOCKTHPaHe W U3paboTBaHE HA MPO(MIHUTE €NEMEHTH, KAKTO U e onpenesieHa ce0ecToiHOCTTa Ha
MaTepuanuTe, Ha GopMooOpa3yBalUTe eNeMEHTH U U3IEIHETO. [Ipennoxkenu ca pewenns na peanHu
Ka3yCH B NpakTHKaTa U € HarpaBeHa TeXHMKO-MKOHOMHYECKa OLIeHKa,

OuensBam wm3GpaHata MeToauKa M paszpaboTeHaTa METONOJIOTMYHA MOC/IE0BATEHOCT 3a

MPaBHJIHK KW CHOTBETCTBALIM HAa MOCTaBEHATa LeJ M 3aJa4d HA M3C/IEIBAHETO. Hanpagseun ca o6wm
H3BOZIH, KOHTO MMAT CBIIECTBEHH MPAKTUYECKH HACOKH, OTHACALIM Ce 10 BH/Ia HA U3MOI3BAHMS NaKeT 1
TEXHOJIOr U, CPOKOBETE 3a U3padoTKa M ceOGecTOMHOCTTa HAa MHCTPYMEHTHTE.

4. Hayqnu n/nian HAYHONPHIOAKHH NPHHOCH HA AUCEPTALHOHHHSA TPYA:

IlpuHocuTe OT mucepTauMOHHATa paboTa ca rpymupaHd Ha HAYYHO-TIPUJIOKHU TIPUHOCH U
PUIOKHH NpUHOCH. ITbpBUAT M Hali-CBILECTBEH Hay4HO-TPUIIOKEH MpUHOC € paspaboreHara
CTparerus W  METOJOJIOTHA 32 MPOEKTHpaHe, W3paboTBaHE M  MPHIOKHUMOCT Ha Obp3uTe
¢opmoobpasypaimit MHCTpYMEHTH B uHAycTpuaTa. CJEHBAILHTE [1CT NMpUHOCA ca IOAYMHEHHW Ha
OCHOBHHA, HO MMAT CBOCTO 3HAYCHHE M TEKECT B LWIOCTHMA TPYyA. KBM NpUIOKHMTE mpHHOCH
AOKTOPaHTBT MNPaBUIHO € OTHECH] HANPABEHHTE HKOHOMHYECKM OLIEHKM 3a u3paboTRaHe Ha
hopmooOpasyBaiuTe eneMEHTH, NPeAIOKEHOTO pelleH e 3a CTPAaHHYHO LINPULUBAHE HA IJIACTMACOBU
n3nenus ¢ Osp3u GopmoobpasyBald HHCTPYMEHTH. KAKTO M KOHKPETHO M3paloTeHHHs yHHBepcaneH
MHCTPYMCHT CBC CMeHseMH (dopmoolpasyBaiiy aeraitiv, Koiito e anpoOHpaH B MPOHU3BOIACTBEHH

ycaoBus. CuutaM, 4Ye NPHHOCHTE Ha JMCEPTALMOHHHS TPYA ca CBIIECTBEHH M J0CTaThYHM 3a
npunobusane Ha o0pazoBaTe/iHaTa M Hay4Ha CTEMEeH , JOKTOP®,



S. Ilpenenka na nmy6ankauumnre no AucepTauHoHHus Tpya: Gpoi, XapaKkTep HA U3TAHHSATA,
B KOHTO ca ornevarann. Orpaxkenune B HAYRATA — H3MO0JI3BAHE H UMTHPAHE OT APYrH aBTOpH, B
APYTH Ja00opaTOpuH, CTPAHM M mp.

Pesynratn ot auceprammonnoto mcnensane ca BKJIIOYEHH B 0010 neT nyGaukaumy, YETHPH OT
TAX nyOnnKyBaHM B Matepuanu Ha HAYHHH W IpUNOXKHM KOHpepeHuun. [[Be ca oTmeyaTtanu s
Environment.Technology.Resourccs, hn3lanue Ha Rezekne Academy of Technologies, JlaTBus, Koeto ce

uHaekcHupa B SCOPUS ot 2024 r. Hetupn or nyGaukauuute ca B CbaBTOPCTBO, a eJHa €
camocTtoATeNnHa. Hama nawnu 3a 3aGenszann uuraty,

HpeﬂCTaBeHl/lTe ny6nm<au1m BKJIOYBAT CBLUICCTBEHU pe3yiTatu oT AUCEPTALIMOHHUA TPYA, C

KOCTO pasnpocTpaHsBar Cpea wuMpoKara Hay4yHa # CKCNEpPTHa 06LL1HOCT [IPUHOCHUTE
AUCEPTALIHOHHOTO M3CJieaBaHe. B AOI'bJIHEHHE,

Ha
PE3yATaTHTE M pa3pabOTEHUTE METOAOJIOrMH MOraT aa
OBIAT U3MON3BAHN KAKTO B 00y4YeHHETO Ha CTYIeHTH 1 AOKTOPAaHTH, TaKa U B MPaKTHKATA.

6. Muennsi, npenopbku u 6e1e/KKH.

OcBeH paspabotenuTe MeTomonoruu, B ANCEPTALHOHHAS TPYA ca MPEACTABEHH M KOHKPETHH

KOHCTPYKTHBHH pelieHus. BurpochT MH e, 1anu HAKOM OT Tsx ca O0EKT Ha 3aKpHJIA HAa MHTENEKTYalHa
COHCTBEHOCT?

7. 3akaouenne

[IpencraBennsar aucepraumonen TPYA U MaTCpHaIMTE M0 HEro ChbOTBETCTBAT HA M3HMCKBAHMSTA
Ha 3aKOHAa 3a pa3BUTHETO HA aKAJEMMYHHS CbCTAB B PenyGnuka Boarapus, ITpaBununka 3a
fpunaraHero My wu IlpaBuiHuKa 3a ycnoBusTa W pepna 3a NpuaoOMBaHe Ha HAay4YyHM cTereHd B TY-—
Codus. JlucepraumoHHUST TpyA NpeACTaB/isABa AKTYallHO M3CJIE[BAHE CbC CHLIECTBEHH Hay4HO-
[IPUIIOKHHU U MPHJIOKHH TIPHHOCH. [locTaBenara LEJI U 3a0a4YU Ca U3ITBJIHEHH, HalpaBeHUTE HU3BOOH ca
PE3y/ITaT OT 3abJI0OYEH aHANM3, KOETO MM JaBa OCHOBAHHE na OLICHs MPEACTABEHUs TPYJl Karo
AucepTabuIIeH U Ja 1aM CBOSATA TIONOKHTENHA OLECHKA 3 HET'0, KaKTO M Aa npeaioka Ha mar. MHxK. UBan
MBanos na Obme mpucbaena obpasoBarensata Hay4yHa CTEMeH ,,JOKTOp™ no mnpodecHoHaNIHO

Hanpassienue 5.1 MalwnMHHO HH/KEHEPCTBO, HayYHa CHELHAIHOCT »» | €XHOJIOTHH, MAILIMHK U CUCTEMH 3a
JICAPCKOTO MPOU3BOACTBO™ .

24.03.2025 r. M3roTBUI CTAHOBULLETO:
Codus (npo¢. a-p Henn Kocesa)
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on a dissertation thesis for acquiring the educational and scientific degree "PhD"

Author of the dissertation: M.S. Eng. Ivan Stefanov Ivanov

Topic of the dissertation: RAPID MANUFACTURING AND VALIDATION OF QUALITY
INDICATORS OF FORMING TOOLS

Professional field 5.1. "Mechanical engineering", Doctoral program
systems for foundry production""

Member of the Scientific Jury: Prof. Dr. Neli Koseva

"Technologies, machines and

The dissertation was presented by M. Eng. Ivan Ivanov. Eng. Ivanov completed his higher
education (Master’s degree) at the Technical University (TU) — Sofia in 2002. He then worked in the

industry until 2022. Over the past two years, he has been an assistant professor in the "MTTT/PTS"
department of the Faculty of Industrial Technology (FIT) at TU — Sofia.

The content of the dissertation is presented on 171 pages and includes 7 chapters, as well as
Conclusions and Contributions of the dissertation, Publications, and References. Additionally, the
textual content is illustrated with 117 figures, and 54 tables support the analyses and results obtained in
the dissertation. The reference list includes 167 sources, of which 137 are in English, 15 in Cyrillic, and

some online references. Most of the cited sources have been published since 2010, with only nine
published between 1993 and 1999.

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

The research in the dissertation focuses on technologies for developing rapid tooling that meet
the demands of an evolving market. This necessitates an analysis of both conventional and emerging
technologies and methods, not only in design and construction but also in technological processes. New
opportunities arise for innovations in production and lifecycle management of products, which are used

in everyday life to meet the constantly growing consumer demands, as well as in key industries such as
transportation, energy, mechanical engineering, defense, etc.

These studies are directly related to the market value of products, their lifespan, recyclability,
and optimization of energy and raw material consumption. Therefore, engineering decisions regarding
the selection of materials, design, and technology for rapid tooling for efficient production are highly

relevant and crucial both in applied research and practical applications. This undoubtedly confirms the
relevance of the problem addressed in the dissertation.

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

The first chapter, titled Literature Review: State of the Art, presents an overview of the
applications of rapid tooling technology. It outlines the industrial sectors where rapid tooling can be
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applied and describes the manufacturing methods used. The two main categories — indirect and direct
approaches — are analysed, and the information is summari

zed in two comparative tables that contrast
these additive methods for rapid tooling production.

Based on the conducted review and analysis, the dissertation concludes that rapid tooling
methods have successfully entered the market, found widespread application, and are capable of
addressing a wide range of challenges. Rapid tooling continues to evolve and improve, supported by
advancements in modern technologies. However, there is a lack of information regarding the efficiency
threshold when choosing between conventional and specialized methods

for rapid tooling
manufacturing, as well as a systematic approach to the production processes.

The presented literature review demonstrates the PhD student’s excellent knowledge of the
research field, enabling to clearly define the aim of the PhD thesis: To develop a strategy and

methodology for designing and manufacturing rapid tooling using conventional technologies and to
validate their practical application in relevant production environment.

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

The dissertation defines six specific tasks aimed at achieving its main objective, forming the
foundation for structuring the research and selecting an appropriate methodology.

chapter is dedicated to accomplishing these tasks, building upon and complemen
findings.

Each subsequent
ting the research

The study begins with the systematization and evaluation of factors influencing the production
and application of rapid tooling. The PhD student develops an in-depth classification of rapid tooling to
establish criteria for implementation. To optimize tool costs and assess the cost-effectiveness of
manufactured parts, the economic factors associated with using of rapid tooling in industry are analyzed.

The next step involves a technical and economic comparison of conventional and specialized
competing methods for manufacturing rapid shaping tools. This chapter examines specific examples of
tools, materials for shaping elements, and their manufacturing technologies. A comparative analysis of

the technical characteristics of tool components and the economic impact of applying conventional
versus specialized methods is also presented.

The findings indicate that there is no comprehensive methodology for manufacturing rapid
tooling using conventional methods, despite their potential advantages over additive manufacturing in
some cases. Developing a strategy and methodology for companies with suitable equipment is essential
for successfully producing rapid shaping tools. This justifies the PhD student’s proposal for strategic
approaches that integrate the sequence of operations and various influencing factors. These strategies
facilitate decision-making related to process validation, material selection, tool design, lifecycle
assessment, and evaluating the products manufactured with rapid tooling.

Strategies for tools used in single, small-batch, and mass production have been analyzed, leading
to the conclusion that strategic design can reduce both the time required for equipment implementation
and the overall project execution. Following the chosen methodology, the next chapter explores the
application of innovative approaches in the design and construction of rapid tooling using conventional

technologies—particularly in cases where manufacturing technologies are constrained due to various
limitations.



A technical and economic evaluation of a wide r
for shaping components has been conducted. The stud
shaping elements produced through conventional
applicable to rapid tooling have been developed.

ange of commercially available materials used
y identifies suitable steels and aluminum alloys for
methods. Additionally, constructive solutions

Based on the developed strate

gy, a methodology for designing and manufacturing rapid tooling
using conventional technologies h

as been proposed. The final chapter focuses on validating the strategy
and methodology through design, production, and application. Several injection molds have been

designed and manufactured, including a universal mold for small-series production, a mold for a UV
protective mask, a mold for a zeolite cup, and a mold for lightweight glasses. For each mold, all

constructive components, the design and manufacturing technology of the profile elements, and the cost
of materials, shaping elements, and final products have been thoroughly analysed.

Practical solutions to real-world challenges have been proposed, and a technical-economic
evaluation has been performed. The selected methodology and the developed methodological sequence
are assessed as appropriate and well-aligned with the research objectives and tasks. The general

conclusions provide valuable practical insights regarding the choice of technology package, production
timelines, and the cost-effectiveness of the tools.

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

The contributions of the dissertation are categorized into scientific-applied contributions and
practical contributions. The most significant scientific-applied contribution is the development of a
strategy and methodology for the design, manufacturing, and industrial applicability of rapid tooling.
This main contribution is supported by five additional contributions, each having a key role in the
overall research.

Among the practical contributions, the PhD student has correctly included economic evaluations
related to the manufacturing of shaping elements, a proposed solution for lateral injection moulding of
plastic products using rapid tooling, and the development of a universal tool with interchangeable
shaping components, which has been successfully tested in a production environment.

The dissertation’s contributions are substantial and sufficient for awarding a PhD degree
(Doctor).

5. Evaluation of the publications on the dissertation: number, nature of the sources in

which they have been published. Impact in science — use and citation by other authors, in other
laboratories, countries, etc.

The findings of the dissertation research have been included in a total of five publications, four
of which were published in the proceedings of scientific and applied conferences. Two of these papers
were published in Environment. Technology. Resources, a journal of Rezekne Academy of
Technologies, Latvia, which has been indexed in SCOPUS since 2024. Four of the publications were co-
authored, while one was independently authored by the PhD student. No citations have been observed.

The presented publications include essential results of the dissertation work, thereby
disseminating the contributions of the dissertation research to the wider scientific and expert community.
In addition, the results and the developed methodologies can be used both in training of students and
doctoral students, as well as in practice.



6. Opinions, recommendations and remarks

In addition to the developed methodologies, the dissertation also presents specific design
solutions. My question is whether any of these solutions are subject to intellectual property protection?

7. Conclusion

The presented dissertation and the materials on it comply with 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 relevant study with substantial contributions that have an
application-oriented nature. The set goal and specific tasks of the dissertation research have been
fulfilled, and the conclusions drawn are based on in-depth analysis, which is a strong ground to evaluate
the presented work as dissertable and give my positive assessment of it, as well as to propose M.S. Eng.
Ivan Ivanov to be awarded the educational and scientific degree "Doctor" in the professional field 5.1

"Mechanical engineering", Doctoral program "Technologies, Machines, and Systems for Foundry
Production."

24.03.2025 Member of the Jury:
Sofia (Prof. Dr. Neli Koseva)



