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Tema Ha gucepTauunoHHusa Tpya: MogenupaHe n nscnegsaHe npoleca Ha 3anbfiBaHe Ha
dopmMoobBpasyBaLLM MHCTPYMEHTM Ype3 BUPTYaneH NpoToTun
PeueHseHT: gou. a-p nHx. Neoprn YepHes

1. AKTyanHoCT Ha pa3paboTBaHMA B AUCEPTAUUOHHUA TPyA NpodremM B Hay4yHO U
Hay4YHOMPUITOXKHO OTHOLLUEHME.

KbM HacTosawma MOMEHT MMma 3acureHo pasBuTue B obnactta Ha nnactmacute u
TAXHOTO o6paboTBaHe, nopagn MHOrobpoMHUTE WM NPeaMmcTBa UM NPUMOXKEHUs B
pasnuyHn cdepn. Pa3BuTMETO Ha M3CnefoBaTENCKUTE TEXHUKM B TOBa HarnpaefieHue ce
ABIDKN HA BUCOKUTE U3NCKBAHWS HA KparlHUTE NON3BaTenyn Ha niacTMacoBuTe nsgenus no
OTHOLLEHME Ha 34paBuWHA, TEPMOU3APBXKINBOCT, YCTOMYMBOCT MPU Pa3IIMYHN EKCTPEMHU
cpeau, KakTo 1 ecteTmdeckata oopma, ToBa AaBa MOMe 3a LWUMPOKO MPoyyYBaHe U TbpCEHe
Ha Bb3MOXHOCTM 32 OTCTPaHsIBaHE Ha pas3nuyHuTe AedekTun, NosBsIBaLLM Ce B Mpoueca Ha
NbrHEHe 1 OPMOBaHe.

B 1031 Hacoka nNpeacTaBeHUST AMcCepTauMOHEH Tpyd, NOCBETEH HA MogenvMpaHe U
nscnegBaHe nmnpoueca Ha 3anbfiBaHe Ha ¢opmMoobpasyBaliy MHCTPYMEHTU 4pes3
BMPTyarieH NpoTOTUN, € aKTyarneH M NoflyYeHUTE B HEro pesyntaTtu ca C HayYHOMPUITOXEH
N MNPUNOXEH XapaKkTep, KaTo [Oopas3BMBaT 3HaHMATA M MeToaMTE 3a pellaBaHe Ha
npobnemun B pasrnexgaHarta obnacr.

2. CteneH Ha No3HaBaHe CbCTOAAHMETO Ha Npobnema u TBOpYeCKa UHTepnpeTauuma Ha
nutepaTypHusa maTtepuan.

[loKTOpaHTBLT Cce € 3anos3Han B [AeTanWnM CbC CbCTOSIHMETO Ha npobnema.
BubnuorpadusaTta cbabpxawa 93 nutepatypHu n3TtouHMum, 48 oT KOMTO Ha NaTuHuua, 18
Ha Knpynuua n 28 uHTepHeT Bpb3kM. B nbpBa rmaBa Ha AucepTauuoHHUS Tpyn €
pasrneaHo CbCTOSHMETO Ha npobriemMa n e HanpaBeH AeTauneH aHanu3 Ha BuOoBeTe
nnactMacu M3nosi3aBaHy 3a LUNpuuBaHe Ha AeTannn, Bb3MOXHUTE AedekTn u npobnemu
Bb3HUKBaWM npu wnpuysaHeto. OcobeHO BHMMaHWEe € OTAeneHo Ha nporpamHu
copTyepu 3a cumyrnauma Ha wnpuusaHe. HanpaBeHa e KOHCTaTaumsd, Ye CMMynaunoHHUTe



copTyepyn 3a aHanuM3 Ha LnpuuBaHe UmaT rofieMn Bb3MOXXHOCTU, HO U CbLUECTBEHMU
Mpomnycky B MeToAosorMsaTa 3a npoekTMpaHe, NpeaBxaaHe 1 onTMMM3aums Ha npoueca u
HeroBuTe napameTpu, KakTo U Yye oTAeNHUTe enieMeHTV Ha npoueca He moraT Aa 6baar
oTpaseHu BbB BUpPTyanHa cpefa, KOeTo Hanara HyxgaTa ga ce u3rpagu MeTOAorNorus,
KOATO BKMOYBA MEXOMHEH eTan 3a MpoekTUpaHe Ha uandecku npeasapuTeneH
WHCTPYMEHTarneH nakeT, KOTo Aa Banuavpa BUPTyarnHUST ¢ OU3NYECKUAT NPOTOTUN.

B pesyntaT Ha aHanu3a Ha CbCTOSIHUETO Ha NpobrieMa ca HanpaBeHW 06GOCHOBaHM
M3BOAM Bb3 OCHOBA, Ha KOUTO ca AedUHMpaHM LenTa M OCHOBHUTE 3afauyu 3a HEWHOTO
nocTuraHe.

3. CroTBeTCcTBME Ha M3bpaHaTa MeToAMKa Ha u3cnefBaHe C NocTaBeHaTa uen u
3ajlauv Ha AucepTaLMOHHUA TpyA.

Llenta Ha OucepTauMoOHHMA Tpya € MOAenupaHe W u3cnegBaHe npoueca Ha
3anbnBaHe Ha hopmMoobpasyBaLn UHCTPYMEHTM Ype3 BUPTyarneH NpoToTuNn 3a NpoLecHa
M TOYHOCTHa onTUMM3aUUs. 3a MOCTUraHeTO Ha LenTa ca MocTaBeHW 4YeTupu 3adauu,
GasvpaHM Ha MeTodoriorMsaTa 3a npeaBwkaaHe U ONTUMM3aUMs Ha NpoLecHUTe
napameTpu 1 TOYHOCTHM MoOKasaTenu Ha CrOXHW MIacTMacoBU U3AeNnus Ypes3 BUPTyarHu
NpPOTOTUNM, ONTUMU3UPAHE Ha NpoLieca Ha 3amnblBaHe Npu WNpuLBaHe Ypes aeduHnpaHe
Ha onTUManHuW napameTpu, u3cneaBaHe  BAMAHMETO  Ha  oxnaaaHe  Ha
dhopMoobpasyBaLLnTe enemMeHTn BbpXy kKayecTBaTa Ha M3OenMeTo, KakTo 1 anpobupaHeTo
Ha pa3paboTeHnTe Noaxoamn 1 MeToaororms Ypes prusanyecko NPOTOTUNNPaHe U TECTOBE.

4. Hay4Hu n/vnu Hay4YHONPUNOXHU MPUHOCKU HAa AUCEPTALUNOHHUA TPYA:

[lokTopaHTbT € 0606Wun npuHoCcUTE OT AMCepPTaUMOHHMS CcU Tpya B [ABe
HanpaBneHMs C HayY4YHOMNPUMOXEH U NPUIOXEH XapaKTep.
MpuHOCKTE Ha AucepTaHTa C Hay4YHOMPUITOXEH XapaKkTep ca CBbp3aHu ¢ paspaboTBaHETO
Ha MeToAosiIorMYyHa nocneaoBaTeNHOCT 3a NpeaBMKaaHe M ONTMMU3auMs Ha NpoLecHUTe
napameTpu 1 TOYHOCTHM NOKa3aTenn Ha CMOXHW MIacTMacoBU U3AeNnus Ypes3 BUPTyarHu
NpoTOTUNM; NpeanoXxeH e noaxond 3a 6bp30 onpedensiHe Ha paboTHM MapameTpu npu
LINpYLBaHe, KOMTO JaBa ronsiMa cTerneH Ha TOYHOCT Ha BUPTYanHUST NPOTOTMM, NPU KOUTO
Ce OTYMTaT OCHOBHM (paKTOpU Ha BUSIHUE Ha MpoLeca Ha 3anbrBaHe; NpPearioXeH e
noaxon 3a HaMupaHe Ha afeKBaTHO pelleHue 3a yCTaHOoBsIBaHe Ha Hal-gobpa dopma u
pasMepy Ha oxnaxgalia cucrtema, KoeTo BOAM A0 MUHUMarneH Opoit utepaumoHHM
cumynaumm.

KbM MpunoXxHuTe npuHOCK ce NpuyMcnsiBa, onpeaensHeTo Ha 6posi Ha BXOOoBe
(TOYKM Ha NbfHEHE) Ha cTonurkaTa M TAXHOTO MO3UUMOHMPAHE B reoMeTpusiTa Ha
dopMoobpasyBalnTe BROXKW, [AOKasBaHeTO, MpW 3adafeHn edHakBu  NPOLECHU



napameTpu, KOH(POPMHWUTE OXMaguTENHU cuUcTeMM nNokasBaT no-gobpu pesyntatn ot
KOHBEHLUMOHANHWTE MO OTHOWEHNe Ha edqEeKTUBHOCT Ha oxNaguTenHata cucTtema,
TemnepaTypu creg npouec Ha MbfHEHe W oxnaxaaHe, AedopMauunm M MpOLEHT
AedEeKTHOCT; C MOMOLLTA Ha peaneH UHAYCTpMareH TECTOB NpuMep e NpeacTaBeH aHanms
Ha Bb3MOXHOCTUTE 3a BUPTyanHO MNPOTOTMNMPaHe NpW u3cneaBaHe Mpoueca Ha
LINpULUBaHE Ha WHCTPYMEHT CbC CrioXHa d¢opma, ¢ uen wu3bsreaHe adedekTute Ha
N34enueTo, KakTo U ONTMMU3UpaHe reoMeTpusiTa Mpu LWNpUUBaHE Ha TakbB MOAEN;
obocHoBaHa e HeobGXxoAMMOCTTa OT MfaHMpaHe U OCbLUECTBABAHE Ha npeaBapUTenHO
npoToTUNMpaHe Ha dopmMoobpasyBalunsi WMHCTPYMEHT 3a Banupgauus Ha npoueca U
reomeTpusiTa Ha wu3genueto u4pe3 wu3paboTBaHeTO Ha ,Mek” WHCTPYMEHT nopaau
HEBb3MOXHOCT 3a BMCOKa JOCTOBEPHOCT B NpeaBWKAaHe Ha NOBEAEHMETO HA MaTepuana

B YaCTHU Clly4aun Ha cneu,mcbqua reomeTpus.

5. MNMpeueHka Ha nybnukauMutTe NO AUcCepTauUOHHUA TpyAa: Opon, xapaktep Ha
M3gaHMATaA, B KOUTO ca OoTneYaTaHum.

[lokTopaHTbT npeactasa 4 nybnukauum, 2 OT KOMTO Ca Ha 4yxa e3uk. EgHa ot
nybnukauuuTe e B usganuna pedepmpanm B Scopus. Bemukm nybnukaumm ca KonekTuBHM,
KOETO [OEMOHCTpMpa YMEHusiTa Ha [OKTOpaHTa 3a pabota B ekun. [lpeacrtaBeH e
[l0Ka3aTencTBEH MaTepuan 3a eavH 3abenssaH yutar.

MpeacTtaBeHnTe Nybnukaumm oTpassiBaT 4OCTATbYHO MbIIHO M TOYHO CbLLECTBEHUTE
CTPaHM OT HEWHOTO CbAbpXaHuMe U1 nonynsapuavpaT u3BbplleHaTa pabota B
ANCEPTALMOHHNS TPy,

6. MHeHuMs, NpenopBbLKU N BenexKu.

AncepTaHTbT € NOCTUrHan 3HaYMMKM HayYHOMPUIIOXKHU U MPUMOXHU pesynTaTu.
OueBugHO € ronsamMoTO Mnofie 3a TAXHOTO MNpakTU4ecko npunoxeHune. [Jobpata wmy
nutepaTypHa OCBELOMEHOCT, W3MNOM3BaHUTE MNOAXOOAWM MeTOOM 3a MpPOeKTUpaHe W
copTyep 3a MyNTUPU3UYHM  UHXKEHEPHU MNPECMATAHUSA, MPEeaNOXXEHUTE MNOAXOAM,
anroputMiM, MoLenu W TSXHOTO Wu3cnegBaHe, KakTo M NpeacTaBeHUTe MHOXECTBO
eKcnepuMmeHTanHu pesyntaTtu, ca aTecTtaT 3a BUCOKaTa npodecmoHanHa kKesanugukaums
Ha JOKTopaHTa.

Hsmam cbLueCcTBEHU KpUTUYHN Benexkn KbM anceptaumoHHunsa Tpya. MNpenopbkaTa
MM € OJa Ce NpoabiiKaT 3anoyHaTUTE U3cneaBaHus U pesynTtatute ga ce nybnukyeBaTt B
nsganus c IF/SJR.



7. 3aKknioyeHue.

Bb3 ocHOBa Ha 3ano3HaBaHeTO MU C AUCEPTALUOHHUA TPya U MaTepuanure
Nno Hero, M3nbfiIHEHaTa obpa3oBaTesiHa Len Ha AOKTOpaHTypaTa U U3UCKBaHUATA Ha
3akoHa 3a pa3BUATMETO Ha akageMuyHua cbctaB B Penybnuka bBbnrapus,
MpaBunHuka 3a npunaraHeto My wu [paBunHuKa 3a ycrnoBusiTa M peaa 3a
npuaobmBaHe Ha Hay4dHu cteneHu B TY-Codma, akTyanHocTTa M 3HA4YMMOCTTa Ha
NOCTUrHaTUTE HaAy4YHOMPUNOXHU U TMPUIIOXKHU MNPUHOCK, C YybedeHOCT pAaBam
MOJNTOXWUTEJIHA oueHka Ha gucepTauMoHHaTa paboTa.

lNMpeanaram Ha MHoroyBaxaBaHOTO Hay4yHO Xypu Aa npucbAu Ha Mar. UHX.
Tonop TopmopoB TopmopoB oOpas3oBaTtennHata WM HaydyHa cCTeneH ,,A4OKTOp” no
npocgecnoHanHo HanpasneHue 5.1 MalWMHHO MHXEHepCTBO, Hay4yHa cneuuanHocT
» T€XHOJIOrMA HA MAaLLMHOCTPOEHeTo”.

09.05.2022 PEUEH3EHT:
Codus (mou. o-p nHx. I'. YepHeB)



OPINION
on a dissertation for obtaining an educational and scientific degree "Doctor"

Author of the dissertation: MSc. Eng. Todor Todorov Todorov

Topic of the dissertation: Design and Simulation of Mould Tools with a Virtual
Prototype

Professional field: 5.1 Mechanical Engineering

Scientific specialty: Technology of Mechanical Engineering

Member of the scientific jury: Assoc. Prof. PhD. Eng. Georgi Chernev

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

At present, there is an intensified development in the field of plastics and their processing,
due to their numerous advantages and applications in various fields. The development of research
techniques in this direction is due to the high requirements of end users of plastic products in
terms of strength, heat resistance, resistance to various extreme environments, as well as
aesthetic form, this gives room for extensive research and search for ways to eliminate various
defects appearing in the process of filling and molding.

In this regard, the presented dissertation, dedicated to modeling and research of the
process of mold tools through a virtual prototype, is relevant and the results obtained are
scientifically applied, further developing knowledge and methods for solving problems in this area.

2. Degree of knowledge of the state of the problem and creative interpretation of the
literary material.

The PhD student got acquainted in detail with the state of the problem. The bibliography
contains 93 literature sources, 48 of which are in Latin, 18 in Cyrillic and 28 Internet links. In the
first chapter of the dissertation the state of the problem is considered and a detailed analysis of the
types of plastics used for injection molding, possible defects and problems arising from injection
molding. Particular attention is paid to software for simulation of injection molding. It was found that
the simulation software for injection molding analysis has great potential, but also significant
shortcomings in the methodology for design, prediction and optimization of the process and its
parameters, and that individual elements of the process can not be reflected in a virtual
environment. requires the need to build a methodology that includes an intermediate stage for
designing a physical pre-toolkit to validate the virtual with the physical prototype.

As a result of the analysis of the state of the problem, substantiated conclusions have been
made on the basis of which the goal and the main tasks for its achievement have been defined.

3. Correspondence of the chosen research methodology and the set goal and tasks of
the dissertation with the achieved contributions.

The aim of the dissertation is to model and study the process of mold tools filling through a
virtual prototype for process and accuracy optimization. To achieve this goal, four tasks are set,
based on the methodology for predicting and optimizing process parameters and accuracy of
complex plastic products through virtual prototypes, optimizing the filling process by injection
molding by defining optimal parameters, studying the influence of cooling of forming elements on
the qualities of the product, as well as the approbation of the developed approaches and
methodology through physical prototyping and tests.



4. Scientific and/or applied scientific contributions to the dissertation.

The PhD student has summarized the contributions from his dissertation in two directions
of scientific and applied scienctific aspects.

The contributions of the dissertation of scientifically applied character are related to the
development of a methodological sequence for predicting and optimizing the process parameters
and accuracy of complex plastic products through virtual prototypes; an approach is proposed for
rapid determination of operating parameters during injection molding, which gives a high degree of
accuracy of the virtual prototype, which takes into account the main factors influencing the filling
process; an approach is proposed to find an adequate solution for determining the best shape and
dimensions of the cooling system, which leads to a minimum number of iterative simulations.

Applied contributions include the determination of the number of inlets (filling points) of the
melt and their positioning in the geometry of the forming inserts; proving, with the same process
parameters, conformal cooling systems show better results than conventional ones in terms of
cooling system efficiency, temperatures after filling and cooling process, deformations and defect
rate; with the help of a real industrial test example, an analysis of the possibilities for virtual
prototyping in the study of the injection molding of a tool with a complex shape is presented in
order to avoid product defects and optimize the geometry of injection molding of such a model.
The need to plan and carry out preliminary prototyping of the mold tool for validation of the process
and geometry of the product by making a "soft" prototyping tool due to the impossibility of high
reliability in predicting the behavior of the material in particular cases of specific geometry.

5. Evaluation of the dissertation publications.

The PhD student presents 4 publications, 2 of which are in a foreign language. One of the
publications is in editions referred to in Scopus. All publications are collective, which demonstrates
the PhD student's teamwork skills. Evidence for one observed citation is presented.

The presented publications sufficiently fully and accurately reflect the essential aspects of
its content and promote the work done in the dissertation.

6. Opinions, recommendations and remarks.

The dissertation has achieved significant scientific and applied results. Obviously, there is a
lot of room for their practical application. His good literary knowledge, the appropriate design
methods used and software for multiphysical engineering calculations, the proposed approaches,
algorithms, models and their research, as well as the presented many experimental results, are a
testament to the high professional qualification of the PhD student.

I have no significant critical remarks on the dissertation. My recommendation is to continue
the research and publish the results in IF / SIR publications.

7. Conclusion

Based on the presented dissertation, the educational goal of PhD studies and the
requirements of the Law on the Development of Academic Staff in the Republic of Bulgaria,
the Regulations for its implementation and the Regulations on the terms and conditions for
obtaining degrees in TU-Sofia, the relevance and significance of the achieved scientific and
applied contributions, | confidently give a POSITIVE assessment of the dissertation.

On these grounds, | propose to Mag. 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".

Date: 09.05.2022 Member of the Jury:



