CTAHOBHUIIE
BbPXY AHCEPTALMOHEH TPYA 32 NpHAoOMBaHe HA 00pa30BaTE/IHATA H HAYYHA CTeNeH
»/JOKTOP® M0 HAYYHATA CreuHANHOCT ,, TexHoJ0rusi Ha MAIIMHOCTPOEHETO B
npodecuonHanHo HanpaBaenne 5.1 MallnHHO HH)KEHEPCTBO, 06/1aCT HA BHCIIE 00pazoBaHue
5. Texunueckn HAyKH

ABTOp Ha AMCEpTALMOHHUSA TPYA: Mar. nHxK. PaTayme Xamut Kyasanu

Hayunu peroBoaurenu: npog. an unx. I'eopru {umurpos Toxopos, 101 A-p HHXK.
KoncranTnn Xpucros Kambepon

Tema Ha nucepraunoHHus TpyA: ExcriepuMeHTaNIHO H3c/eBaHe HA MATEMATHYECKO
MoJeJHpaHe H ONTHMH3alMs HA npouec Ha crpyrosane Ha INCONEL 718

HsroTeun cranoBumero: npod. a-p umx. Huna Sukosa [TerkoBa, XMMHKOTEXHOJIOTHYEH
METaJlypru4eH YHUBEPCUTET

1. AkTyanHocT Ha pazpaGoTeHHs B AMCEPTALHOHHHS TPYA Mpodiem

B nucepTanuoHHus TPyA ca NMpPOBEJEHH EKCIEPUMEHTATHH M MOJCIHH M3CJICBaHHA 3a
AHAJTM3 Ha BIIUAHUETO HAa OCHOBHY NapaMeTpH Ha Mpolieca Ha CTPYroBaHe Ha HUKEI-XpOM-XKe/IA3Ha
cruias Inconel 718 BBpXy Ka4ecTBOTO Ha MPOLYKTHTE ¥ H3HOCBAHETO HA PEXEIUTE HHCTPYMEHTH.
Inconel 718 e mmpoxo-u3nonN3BaHa 3a INPOM3BOACTBO Ha €JIEMEHTH 3a €HEpPreTHKara,
aBHAllMOHHATa, KPHOT€HHaTa TEXHUKA M TEXHOJOTMM C KHCEIHMHHAa Cpe/la, KOETO IIOCTaBs
H3MCKBAHE 32 BUCOKO KaueCTBO Ha U3/ICNMATA, U 32 €(peKTHBHOCT HA TEXHOJIOTHHUTE 3a MalllHHHATA
1M 00paboTKa, BIUTIOYUTENHO CTpyroBaHeTo. TOBa € eAMH CIIOXKEH M OTBOPEH MpobieM, 3a YHETO
pellaBaHe Cce MpOBEXJAT MHOXECTBO H3cNe[BaHHA. B pesyiarar Ha uH3cleABaHHMATa B
AUCEPTAllMOHHMS TPYA Ha HHXK. JKyasHH ca pa3paboTeHH MaTeMaTH4YHU MOJIENHM 3a Moao0psBaHe
Ha e)eKTHBHOCTTA Ha CTpyroBaHeTo Ha Inconel 718 B rpaHnIKTe HA aHAM3UpPAHHUTE MTAPaMETPH,
KOETO I'l IPaBU aKTyaJIHH H TIOJIC3HU.

2. CreneH Ha NO3HABaHe HA CHCTOSIHHETO HA Mpobyema. -

[IpencraBeHusaT aMcepTanMOHeH Tpyd obxBama 99 crpaHuMiM M 6 NPUIOKEHUS B
aoneiHuTeNIeH 06eM oT 31 crpanuuu. [IpunoxeHHsATa CbABPKAT rpadWkH H pe3yiaTaTH OT
U3MepBaHus, rpaQUYHH 3aBHCHMOCTHM B PE3yNTaT Ha MOJENHHTE H3C/IEABaHHS, FE€OMETPHYEH
MOJIEN Ha u3cieaABaHus obpasell u cepTuduKaTh 3a MaTepuana My. Llutupanu ca 114 mureparypHu
M3TOYHMKA, TOJIIMa 4acT OT KOMTO ca MyOJaMKyBaHM Ipe3 MOCIEAHOTO AeceTHNeTHe. BkmousaT
ny6auKauy, y4eOHHLIM M KHUIM Ha aHIIMHCKH e3uk. OT MHTepnperanysra Ha UHATHPAHHMTE
JIUTEpaTypHH H3TOYHUIIM B TEKCTa HA JMCEPTAlUATA € BHHO, Y€ JOKTOpaHTKaTa e JoOpe 3amo3Hara
¢ mpobieMa M CbC CHBPEMEHHM MOAXOAM 3a peIlaBaHeTO My. B pesynrar ca dopmynupanu
aKTyaJIHH LEJIM ¥ 3a[a4¥l U ca U30paHu MOAXOASAIIM METOAH 3a MOCTHIAHETO UM.

3. CpoTBeTcTBHE Ha H30paHATA METOOHKA HA H3C/IeBAHE, MOCTABEHHTE WeJ B
3a/1a4M HA JUCEPTALHMOHHHSA TPY/ C OCTHIHATATE NPHHOCH

B nucepTranmoHHMS TPY/ Ca H3C/IEABAHM BIMSHUETO HAa CKOPOCTTA Ha PA3aHe M Ha II0JaBaHe,
¥ Abn0oYMHATa Ha psA3aHEe BBPXY TIpamaBoCTTa Ha CTPYroBaHus obpasell, M3HOCBAHETO H
TEXHHUYECKHS KHUBOT Ha PEXELIUs HHCTPYMEHT 3a LMIMHAPHYEH eeMeHT oT Inconel 718 ¢ ornexn
TNOBHLIABaHE HA KaYeCTBOTO Ha CTPYToBaHe IPH HaMaJIsBaHE Ha CBbP3aHHUTE pa3Xo/d. 3a elTa ca
IIPOBEICHU CEPHH OT €KCIEPHMEHTAHO CTPYTOBAaHE M CHOTBETHH M3MEPBAHMS 3a KAYECTBOTO HA
IeTaiiya ¥ 3a H3HOCBaHE Ha MHCTPYMEHTA. EKCIepUMEHTHTE ca OpraHu3MpaHH 110 METOJO0JIOTHATA
Ha Tary4y, BKJIFOYBAIIa CTATUCTHYECKH METOAM 32 IUIaHHpaHe Ha eKCIIEPUMEHTHUTE 32 OLEHKa Ha
BIMSHHETO HA Da3jM4YHM IlapaMeTpU BBPXY KaueCTBOTO Ha NPOAyKTHTE. Pesynrtature ca
00paboTeHn ¢ moAXoaam codTyep U ca aHAIM3MPAaHH aJeKBATHO C OrJIE] HAa NOCTABEHUTE IIEJIH.



OnpeneneH: ca ONTHMANHHTE NapaMeTpH Ha CTPYroBaHe B PAMKHTE Ha W3OpaHHTE rpaHHULM HA
BapHpaHe Ha POMEHIMBHUTE 3a H3C/IeBAHATA FeOMETPHs Ha aeTaina ot Inconel 718.

4. Hay4HO-NPHJIOKHH NPHHOCH HA JHCEPTAUHOHHHSA TPYA

CwrnacHa ¢bM ¢ (OpPMYJIMpaHHTE B AMCEPTALMOHHMA TPYA HHXEHEPHO-TIPHJIOKHHU
npuocH. CuutaM, 4e BBB (OPMyNMpaHHTE HAyYHH M HAYYHO-TIDUJIOXKHM HMa MHOXECTBO
MOBTOPEHHS 1 NO-CTErHATOTO MM ONUcaHKe 61 JOMPHHECIIO 3a ACHOTATa M. Te 6uxa moryu aa ce
CBEJAT J0:

- IOKa3aHO MPHJIOXKEHHE HA METONONoruaTa Ha Tary4ys 3a KOHTPOJI Ha KayeCTBOTO MpH
CTpYrOBAHE;

- HOBH BaJIMIMPaHK MATeMATHYHH MOJIEJIH, 1aBalll¥ BB3MOXKHOCT 32 KOHTPOJI Ha Ka4eCTBOTO
TpH CTPYroBaHe HA JeTallu ¢ reoMeTpHs, Oiu3Ka 10 reoMeTpusaTa Ha M3MOJI3BaHHA obpasel, B
PaMKHTE HA aHATM3HPAHUTE MPAHMIH HA BapHpaHe Ha MapaMeTPHTE Ha CTPYroBaHETO.

JlonbnHATENHO paboTaTa MO AMCEPTALMOHHMS TPYA MMa H 00pa3oBaTE]HM NMPHUHOCH —
JOKTOpAHTKAaTa € pa3y4yu/ia METOAHM 3a KOHTPOJ Ha KayeCTBOTO MPH MAIIMHHO obpaboTBane Ha
METaJIHH eJIEMEHTH, METO/H 3a W3MepBaHe ¥ 006paboTka Ha eKCIIEPUMEHTAIHH PE3Y/ITaTH.

5. Ipenenka Ha mMyGJIHMKALMATE MO AHCEPTAUHOHHHAS TPYA

M3cnensanus no qMCEpPTALMOHHHS TPYA ca IyOnuKyBany B 6 myOIMKaLMH B 1y)XAECTPAHHH
W3JaHHs, [BE OT KOMTO ca pedpepupany B Scopus u exna - B Web of Science. B cnuceka ¢ Hay4HH
TPY/IOBE Ca BKIIOYEHH U 4 JOK/IaJa Ha MeXTYyHAPOAHH KOH(EPEHLHH.

Ha 4 ot ny6mukanuute datnyme XKyasuu e mepsu apTop. [TybimkanuuTe ca A0CTaThIHH
3a MoNyyaBaHe Ha 00pa30BaTENHATA U HAY4HA CTENEH JOKTOp CHIVIACHO 3aKOHA 3a Pa3BHTHE HA
aKajeMMYHHs ChCTaB Ha PenyGmuka Buirapus, mpaBriIHKKa 3 NpuiaraHeTo My u IIpaBuiHuK 3a
YCIIOBHATA M pe/a 3a NpuaoGuBaHe Ha Hayunu creneny B TY—-Codust.

MHueHHs, NPENOPBKH H 3a0€/1eKKH.

JIMCepTAlMOHHUS TPYA CBABPXA aKTyaJHH W MOJIE3HM 3a HHXKCHEPHATa NpaKTHKa H
Hay4HAaTa OOIHOCT K3cneaBanus. PopMyIMpaHH ca X HACOKH 3a OB/CIIO Pa3BHTHE HA H3C/IC/BaHE
Mo Temara Ha TpyHa. JluTepaTypHHAT 0630p M ONMCAHHETO Ha M3C/IeJOBaTeNcKara paboTa ca
NpeJCTABEHH CTETHATO, MPH Cra3BaHe HA JIOTHYECKa MOC/EN0BATENHOCT, ¢ A0bpe odopMeHO
KHIDKHO TSUIO.

Ilpn npernefa Ha AMCEPTAMOHHMS €A YCTAHOBEHH HSKOM TpPEUIKH B TEKCTa OT
PENAKIMOHHO ECTECTBO M HE3HAYHTENIHHU IPELUKH BbB (popMyiuTe (BBB ¢dopmyna 2.16 6u cneasano
na ce usnonssa VBmax smecto VD, BbB dopmynn 3,4, 3.5 1 3.6 He € 03HAYEHO, Y€ JIOTaDUTBMBT
e necermuer). CroMEHaTHTe NPOIYCKH HE OMAJOBAXABAT CTOMHOCTTA HA H3CICNOBATENICKHUTE
pe3yJITaTH.

3akioveHne.

CuuTaMm, Ye AMCEPTALMOHHUAT TPyJ, paspaboren oT mar. unk. Pariyme JKymuaHu nox
PBKOBOACTBOTO HAa HEHHHUTE PHKOBOAHUTEIH, oOxBallla MoJIe3HH H3CJIeABaHUs C MPUHOCH B obslacTTa
Ha MauMHHaTa 06paGoTKa Ha cIIaBH. B3 0CHOBA Ha TOBa Mpe/UIaraM Ha yBaXxaeMHTE WICHOBE Ha
Hay4HOTO JXypPH Jla I7IaCyBaT 3a NPUCHKIAHE Ha obpasoBaTenHaTa M Hay4Ha creneH , JIokrop* Ha
mar. umx. @amiyme Xamur XXyiMaHd no HayyHata CHEUHATHOCT ,»JEXHOJIOTHSI Ha
MAIIMHOCTPOEHETO B Mpo(ecHOHANHO HanpasieHue 5.1 MamMHHO HHKEHEPCTBO, obnact Ha
Buciie oOpazoBanue 5. TeXHHYECKH HAaYKH.

13.09.2023 r. MBTOTRINS o s smmoisanavonmmaissasssavions .
Mpod. a-p urmx. H. [Tenkosa/



OPINION

on a PhD thesis for the acquisition of an educational and scientific degree "PhD" on the
scientific specialty ""Machining technology" in professional direction 5.1 Mechanical
engineering, field of higher education 5. Technical sciences

Author of the PhD thesis: M.Sc. Eng. Fatlume Hamit Zhujani

Research supervisor: Prof. D.Sc. Eng. Georgi Dimitrov Todorov, assoc. prof. PhD Eng.
Konstantin Hristov Kamberov

Topic of the PhD thesis: Experimental Research of Mathematical Modeling and Optimization of
INCONEL 718 in the CNC Turning Process

Member of the scientific jury: Prof. PhD. Eng. Nina Yankova Penkova, University of Chemical
Technology and Metallurgy

1. Relevance of the problem developed in the PhD thesis

Experimental and model studies were conducted to analyze the influence of basic parameters of the
turning process of nickel-chromium-iron alloy Inconel 718 on the quality of the products and the
wear of the cutting tools. Inconel 718 is widely used for the production of elements for energetics,
aviation, cryogenic technology and technologies with an acid environment, which sets a
requirement for high quality products and for the efficiency of technologies for their machining,
including the turning. This is a complex and open problem, for the solution of which many studies
are being conducted. As results of the research in the dissertation work of Eng. Zhujani,
mathematical models were developed to improve the turning efficiency of Inconel 718 within the
limits of the analyzed parameters, which makes them relevant and useful.

2. Degree of knowledge of the state of the problem.

The presented dissertation covers 99 pages and 6 appendices in an additional volume of 31 pages.
The appendices contain graphs and results of measurements, graphical dependences as results of
model studies, a geometric model of the studied specimen and certificates for its material. 114 in
number literature sources are cited, most of which were published in the last decade. They include
publications and textbooks in English. From the interpretation of the cited literary sources in the
text of the dissertation, it is clear that the doctoral student is well acquainted with the problem and
with the modern approaches for its solution. As results, current goals and objectives were
formulated and appropriate methods were chosen for their achievement.

3. Correspondence of the chosen research methodology with the set goals, objectives and the
achieved contributions.

The influence of cutting speed, feed rate and depth of cut on the roughness of the turned specimen,
wear and service life of the cutting tool for a cylindrical element of Inconel 718 were investigated
in order to increasing the turning quality while reducing the associated costs. For this purpose,
series of experimental turning and corresponding measurements for the quality of the sample and
for tool wear were carried out. The experiments are organized according to Taguchi's
methodology, which includes statistical methods for planning the experiments to evaluate the
influence of various parameters on the quality of the products. The results have been processed
with suitable software and analyzed adequately in view of the set objectives. The optimum turning
parameters within the selected variable limits for the studied geometry of the Inconel 718
workpiece were determined.



4. Scientific and applied contributions of the PhD thesis
| agree with the engineering-applied contributions formulated in the dissertation work. However,
there are many repetitions in the formulated scientific and scientific-applied contributions, and a
tighter description of them would contribute to their clarity. These could be reduced to:
- proven application of the Taguchi methodology for the quality control in the turning;
- new validated mathematical models, enabling quality control at turning details with a geometry
close to the geometry of the used sample, within the analyzed limits of variation of the turning
parameters.

In addition, the work on the dissertation also has educational contributions - the doctoral student
studied quality control methods for machining of metal elements, methods for measuring and
processing experimental results.

5. Estimation of the publications on the PhD thesis

Research on the dissertation work has been published in 6 publications in foreign journals, two of
which are referenced in Scopus and one - in Web of Science. The list of the scientific works also
includes 4 reports at international conferences.

Fatlume Zhujani is the first author of the 4 of the publications. The publications are sufficient to
obtain the educational and scientific degree of doctor according to the Law on the Development of
the Academic Staff of the Republic of Bulgaria, the regulations for its implementation and the
Regulations on the conditions and procedures for acquiring scientific degrees at TU-Sofia.

6. Opinions, recommendations and remarks.

The dissertation contains current and useful research for the engineering practice and the scientific
community. Guidelines for the future development of research on the topic of thesis have also been
formulated. The literature review and the description of the research work are presented concisely,
observing a logical sequence, with a well-formed book.

During the review of the dissertation, some editorial errors in the text and minor errors in the
formulas were found (VBmax should be used instead of VD in formula 2.16, it is not indicated that
the logarithm in formulas 3,4, 3.5 and 3.6 is decimal). The mentioned omissions do not decrease
the quality of the research results.

Conclusions.

I believe that the dissertation work developed by M.Sc. Eng Fatlume Giuliani under the guidance
of its supervisors, covers useful research with contributions in the field of alloy machining. Based
on this, I propose to the respected members of the scientific jury to vote for awarding the
educational and scientific degree "Doctor" to M.Sc. Eng. Fatlume Hamit Zhujani in the scientific
specialty " Machining technology" in professional direction 5.1 Mechanical engineering, field of
higher education 5. Technical sciences.

Date: 13.09.2023 Member of the jury:
/Prof. Nina Penkova/



