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10 JMCepTalMOHEH TPYA 3a MpHuI00MBaHe Ha 0Opa3oBaTeIHa U Hay4Ha CTereH ,,JlokTop”

1o Hay‘lHa CIICOUAJIHOCT: «ABTOMaTI/I?-a].[I/Iﬂ HA HHKCHEPHUS TPy H
CUCTEMH 3a AaABTOMATU3HUPAHO MTIPOCKTUPAHE)

B [Ipodecnonanno HanpasiaeHue: 5.1 “MamIMHHO HHKEHEPCTBO*

ABTOp Ha IMCEPTAMOHHUS TPyA: Mar. uHK. biaarosect HukoJioB 3i1aTes,
nokropant B Kareapa ,,TexHnosiorus Ha MallIMHOCTPOCHETO U METAJIOPEKEITN MAIIMHU
®daxkynrer ,,MTD” Ha TY - Codus

Tema Ha aucepTallMOHHUS TPYA: , MoOenupane u uzciedsane npoyeca Ha U3paxcoane Ha
ouzumainen OAU3HAK Ype3 supmyanen npomomun”

CTaHOBHUILIETO € U3rOTBEHO OT mpod. n-p un:k. UBan BacuneB UBaHOB, 4jieH HA HAYYHOTO KypH
omnpeneneHo cbe 3anoBen Ne OX 5.1-17/15.03.2022 r. na Pexropa na TY-Codus.

1. Axmyannocm Ha pazpabomeanus 8 OucepmayuoHHus mpyo npooiemM 8 HaAY4YHO U
Hay4YHOnpunodicHo omuowenue. Cmenen u HUBA HA AKMYAIHOCM HA KOHKpemMHUme 3a0ayu,
paspabomeru 6 oucepmayusama.

I[HC@pTaIII/IOHHI/IHT TPYA 3aciara akTyaJiICH U BaXKCH HpO6JIeM B HAYYHO-IIPHUJIOKHO OTHOIICHUEC, OT
€¢Ha CTpaHa OTHOCHO H606XO,Z[I/IMOCTT3 OT YCKOPCHO HWHOBATHBHO pPA3BUTHC Ha CBHBPEMCHHOTO
MAalIMHOCTPOCHE, W OT J[Jpyra CTpaHa OTHOCHO MNpPWJIaraHeTo 3a Ta3h LCJI Ha TCXHOJIOTHUTC 3a
BUPTYAJIHO MNPOTOTUIIMPAHEC HaA CJIOKHU MYJ'ITI/I(I)I/BI/I‘IHI/I CHUCTCMMU. O6ycnaBﬂma AKTYAaJIHOCTTA Ha
pa60TaTa € ChIIO Taka H€O6XOIH/IMOCTT3, OT HMHOBATHBHHU IIOAXOO H I/IHCprMCHTI/I/I/IHTeJII/IFeHTHI/I
CpC€acCTBa 3a OLCHKA B €Talla Ha IIPOCKTHUPAHC Ha CJIOKHHU MYJITI/IQ)I/ISI/I‘IHI/I CHCTEMH B 00OJacTTa Ha
MalIMHOCTPOCHETO. AKTyaJIHI/I Ca KOHKPCTHUTC 3aaa4u, IIOCTABCHU U PCIICHHU B AUCCpTALlUATA.

CwpBpeMeHHOTO pa3dupaHe 3a MojenupaHe U pazpaboTBaHe Ha BupryasieH npototun (BII) xato
KOMIUICKCEH MPOIIeC 110 H300p | MPUIaraHe Ha HHTEIMTCHTHU HHOBATUBHU PEIICHUS, KOPECIIOHIUPA C
MPEJICTAaBEHUs] B JUCEPTALMOHHUS TPYJ KacKaJeH IMOAXOJ, KOWTO MO3BOJsiBa €(DEeKTHBEH YCKOpPEH
Mporec Mpu pa3padOTBAHETO HA €lHA peaJiHa CIOXXKHA MYITH(U3UYHA CHCTEeMa M TIOBHUIIIaBaHE
JIOCTOBEPHOCTTA NP Ha U3TpaKIaHe Ha quruTanHus i onmsHak ([Ib) Ha 6azara na BIL.

2. Cmenen mna nosmasawe CbCMOSHUEMO HA NpoOiemMa U MEOpUecKa UHmMepnpemayus Ha
JAUmepamypHus Mamepua

JloktopanTsT biarosect 3mareB npeacraBs 0030pHO ChCTOSHHUETO Ha TpolOiieMa Ha Oa3zara Ha 93
MH(OPMAIIMOHHH U3TOYHUIIM, OT KOUTO 6 % ca myOnukanuu Ha 6barapcku, 86 % ca mybmukanuu Ha
aHrauiicku u 8 % ca UHTEPHET aJpecHu.

HanpaBeHnu ca ocHOBaTelHU W3BOJU OT 0030pa C aKIEHT BbPXY Pa3BUTHETO U Bb3MOXKHOCTUTE Ha
BUPTYQJIHUTE TPOTOTHIH. ApPryMEHTHpaHa € KaTo HeoOXoauma MpearnocTaBKaTa ,,BUCOKO HHUBO Ha
nocroBepHocT Ha BII Ha ganen ¢usnuecku o0ekT™ 3a 1a ce mocturHe Haarpaxaane Ha BIT go JIb.

3. Cvomeemcmsue na uzdpanama memoouxka Ha u3cied8ame U NOCMA8eHama yen u 3a0ayu Ha
OucepmayuoHHUsL mpyo ¢ NOCMUSHaAmume NPUHOCU

enecroOpa3eH U epeKTUBEH € METOAMYHUSAT MOAXO0J Ha JIOKTOPaHTa - 3aloyBa C MPOyYBaHE U
aHaJIM3 Ha mpobsema mo uHpopMalus OT JuTeparypara - oT nepuHunuute Ha noustusta BII, JIb u
Ip., CPEeICTBaTa 3a Cbh3/1aBaHETO M IPHIIOKUMOCTTa UM B IpakTHKaTa. Pa3BuBa MeTomonorus 3a
MOJIJIUpaHe, M3TPaKAaHEe M H3CJeBaHE HAa MYJITU(U3NYEH BUPTYyaJeH MPOTOTHUI W TOBHUIIIABaHE
npeuusHoctTa. CHHTE3Mpa M IpHilara KackaJeH MOJXOJ ¢ UTepaTHBHA cBbp3aHocT Mexnay BII u
¢uznuecku nporotun (PII), nzrpaxna u Bepuduuupa b n anpobupa meromonorusrta 3a chb3aaBaHe
MHOBATUBHH €JIEKTPUYECKHU MAIIHHH.



bnarosect 3nareB neduHHpa MHOTO J00pe LeiTa HA JUCEpTAlMsITa U MEeT OCHOBHU 33/1a4M 3a
IIOCTUraHeTo W. Pemasa chIINTE M apryMEHTHPAHO M3BEXKA NPUHOCH, CHOTBETCTBALIM Ha IIEJITA Ha
LSJIOCTHOTO U3CIIEBAHE.

4. Hayunu u/unu HayYHONPULONCHU NPUHOCU HA OUCEPMAYUOHHUSL MPYO

Ilo obmonpueruTte KpUTEpUM 3a MPUHOCU HA AUCEPTALIMOHEH TPYyH, HPEICTAaBEHU IO-I0JYy B
YIBBPACHUTE IPYIH, B ciydas OT (GOpMYyIUpaHUTE MPEIJIOKEHUS Ha JTOKTOpaHTa, Moratr na Obaar
MPU3HATH CIETHUTE HAYYHONPHUIOKHU IPUHOCHU:

I.  cb30asame u npunazane Ha HOBU MEeMOOU HA U3CIEO8AHE:.

e CuHTEe3upaHETO W anpoOUMpaHEeTO Ha WHOBATMBEH KACKaJeH IIOAXO0J 3a Ch3JaBaHE Ha
BUpTyaJeH NPOTOTUIl C BHUCOKA CTENEH aJeKBATHOCT HA pealieH OOEKT, KOHCTPYUpPaHE H
n3paboTBane Ha (U3MYECKH MPOTOTUN, (UHO KamuOpupane Ha BII upe3 urepatuBHaTa My
cebp3anoct ¢ OII, u B KoMyHHKAI[MOHHA cpela Ha mardopmara , Jinrepuer Ha Hemiara (10T)*
— M3rpakJaHe Ha AuruTaieH onmsHak. [logxonsT, 6a3upan Ha TpH eTamna, yOeAUTEIHO TOKa3Ba
BHCOKHU HUBA Ha JIOCTOBEPHOCT M TOYHOCT MPHU U3rPa)KJIaHe HA JUTUTAIHU OJIM3HALIH.

e [lpeanoxeHara MHOBAaTHMBHA KOHIICTILMS HAa BUCOKO €(EKTHBHA CHHXPOHHA OE3KOJEKTOPHA
MamyHa 0e3 MOCTOSHHM MarHuTH, 0a3upaHa Ha NMPUHIMIA HAa CUHXPOHEH PEaKTUBEH e(dekT
(SynRM). Konuenmusita € ycnemHo BaluAupaHa ype3 U3rpajeH MyATHGU3NYEH BUPTYyaleH
HIPOTOTHIL.

ii.  cb30asane na Hosu Knacuuxkayuu, KOHCIMPYKUUU UU MEXHONOZUU:

e Cw3naBanero Ha BII Ha crnoxHa MynTH(U3WYHA CHCTEMa 332 HENPEKHCBACMO 3aXpaHBAHE C
KAHETHYEH aKyMyJIaTOpP Ha €HEPrusl — MaXOBUK Upe3 BaIUAMs C (GU3NIECKH HAJMYEH OOCKT
3a U3cleiBaHe Ha CUCTeMara Mo Merona ,.bsna kyrus/UYepna kyTus‘.

e CsznpaBanero Ha BII Ha crokHa MynTH(HU3NYHA cHCTEMa - XUOPUIHA paJdaiHa eJIeKTpUIecKa
MallMHa C BIPaJCHU IOCTOSHHM MArHUTH B POTOpa 3a MOAJAbp)KaHE BB30YKIAHETO Ha
CTaTOPHHUTE HAMOTKU U Obp30 mpeBkitouBaHe (1moa 20 ms) MeXIy reHepaTopeH U JBUTATENIeH
pexum. Upes @Il na mammHara € nokazana agekBatHoctra Ha BII.

e Cn3gaBanero Ha BII u pazpaboTBaHeTo Ha MHOBAaTMBHA aBTOPCKA KOHCTPYKIIMS HAa aKCHAJIHA
WHJYKLIMOHHA EJEKTpUYEecKa MalluHa, [O03BOJIsIBAalla MPOM3BOJACTBOTO HAa Ppa3IMYHU
TUTIOpa3MepH OT MalIiHaTa 0€3 HATMYMETO Ha MIAHIIOBY ITaKETH 32 BCEKH OT THIIOPAa3MEPHTE.

ili.  nonyuasamne u doxazeane na nosu paxmu, u nomevpoumennu akmu:

e [IpakTM4yeckOTO NOKa3BaHE, Y€ NPEIIOKEHUAT KAaCKAJCH ITOAXOJ OCUTYpsIBa BB3MOKHOCT 32
Obp30 OCBIIECTBSIBAHE HA CJIOKHU MYITUPU3NYHU MOJEIH, KOUTO €A C HEJOCTaThbUHO MIO3HATO
[IOBEJICHUE.

e [Ipwiaranero Ha mnpuHIUna Ha ,bana kyrus/UepHa KyTus“ MHOTOKpaTHO B HUTEpaTUBHA
CBBP3aHOCT, 3a IOCTUTaHE Ha (UHO KAIMOpaHe Ha BUPTyaJleH IPOTOTHII.

5. [Ilpeyenka na nyoruxayuume no OucepmayuoOHHUs mpyo

OT MoKTOpaHTa ca MOCOYCHH 2 JOKJIaaa Ha MEKIyHAPOIHU KOH(EPESHIIMH, KOUTO Ca WHICKCUPAHH
B SCOPUS u 2 nybnukauuu B Obarapcku nepuoaudnu cicanus. IIpencraBeH e eauH MoJjie3eH MoJien
4045 Ul 15.06.2021, cBbp3an ¢ uscienBanero. B enna ot myOnukanuute biarosect 3mareB e [-Bu
ChaBTOP, a B OCTAHAIIUTE € Ha 2-pO WU 3-TO MSICTO B KOJeKTHBA. [lyOnukanunTte mpeicTaBiT OCHOBHU
pe3yNITaT W MPUHOCH Ha JWCEpTAIUATa, M Ca OTIEYaTaHU B CHOTBETHU W3JIaHUS, KOETO IO3BOJISIBA
JOCTBITHOCT U IIUTUPAHETO UM OT APYTH aBTOPH.

6. Mnenus, npenopvku u OenexcKu.

I.  INoaxombT B AMCEPTALMOHHHS TPYA € Pa3BUT XPOHOJOTMYHO - OT MPOCKTUPAH BUPTYyaleH
npototurl/BII (anamor/rectBan kato ,,bsna kytus®) ce KOHCTpyupa U u3padboTBa HU3HIECKU
nporotun/®II (ananor/recTBan kato ,,UepHa KyTus), c UTEpaTUBHA CBBP3AHOCT MEKAY TAX CE
noctura ¢uHo Kamubpupane Ha BII, u orram npe3 ,uzuucten” ®II u upe3 usnona3BaHe Ha
wiargpopmara 0T kKaTo KOMyHHMKAallMOHHA Cpela MeXAy peadHus OOeKT W OnM3Haka, ce
mrpaxkaa JIb. Ha Mecra B gucepranusita TO3M XPOHOJOTHYEH PEJ HE € SCHO NPEACTaBEH.
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Hanpuwmep B I'n. 2 ,,...nmpunarane Ha metona ,YepHa u bsna xyrun™ - 6u ciensano cbe
3arylaBUETO M B TEKCTa Ja ce moscHu, ye metoasT “Black box/White box hybrid method” ce
MpuJiara XpoHOJIOTUYHO B 00paTeH pell, KaKTo TOBa € HampaBeHo B M3Boau kM ['11.2.

ii. JlomycHaT ca Ha HSKOM MeCTa ICYaTHH TPEIIKA M HEYMECTHU/HEIOBBPIICHU H3Pa3H,
HAaIMPUMED ,,.. KOJIMYECTBOTO TOK WJIM HAMpPEKEHHUE, MPUIIOKEHO B TAX', BMECTO rOJIeMHHa Ha
TOKAa WJIM TIPUJIOKEHOTO HampexeHue™ (cTp.66); B YBoma: “....eJeKTPUUYECKH T'€HEPATOPH 3a
BATHPHU TYpOMHH BMECTO ,,CNIEKTPUYECKH TE€HEepPaTOpH, MpEIHA3HAYCHH 3a KYIUIMpPaHE C
BITBPHU TYpOWHM; B 3ariaBueTo Ha T.2.5 m ap. A 3armaBuero Ha ¢ur.3.11 6u OGuio mo-
Mpenu3Ho Karo ,,2D Mojen Ha MOJIOBUH aCMHXPOHHA 1. MalluHA..." BMECTO ,,2D MoJIOBUH

MO/ Ha aCHHXPOHHA €J1. MallliHa. ...

[Tpuemam nuceprauusara kato 3aBbpuieH npoaykt Ha OHC ,,Jlokrop”, B KOUTO JTOKTOPAaHTHT
[IOCTUIa 3HAUYUMHU HAy4YHOIPUJIOKHM pe3ynraTH. ChlieBpeMeHHO ce pa3dupa, ye bnarosect 3mareB
MOJKE U € IPEMOPBUUTENTHO J1a MPOABIKY J]a pabOTH B TOBA HAIIpaBJICHHE, BKJI. KaTO HAIpPaBH aHAIU3
Ha BIMACLINTE BHTPEIIHY 32 Ja/ieH 00EKT U BBHIIHU (PAKTOPH, JepUHUpaHE HA HEONPEAEICHOCTUTE U
TSXHOTO YIpaBJICHHE, 32 MOCTUTAaHE MO-€(EKTHUBHO NpUJIaraHe Ha KAaCKaJIHHs IOAXOJ, B IOJ3a Ha
JOCTOBEpHOCTTa U mpuioxkumoctra Ha BIl-u m JIb-u B CIOKHM MAalIMHOCTPOMTEIHM OOEKTH U
CHCTEMH.

7. 3axnrouenue ¢ ACHA NONONHCUMETHA UTU ompuuamesiia OUeHKa Ha Oucepmauuouuu}l mpyd

[IpencraBeHuAT nucepTaMOHEH TPYA 3aciay’kaBa IOJIOKHTEJIHA OLEHKA OT HAail-BUCOK paHr,
MpEeIBU TOKA3aHUTE PE3YJITATH W IMPUHOCH, U BB3MOKHOCTUTE Ha JOKTOPAHTa 3a W3CJIECABaHHUS,
aHanu3 U JeUHUpaHe Ha MPUIIOKUM B MPAKTHKATa MOJXOJ 332 M3rpa)<JIaHe Ha JUTUTANICH OJHM3HAK
Ype3 BUPTYAJICH MPOTOTHIIL.

Cnazenu ca umsuckBanusara 3a OHC ,,JIokTrop” u mpemiaram T ga ObjJe NPHCHICHA HA HHIK.
Baarosect HukoJsoB 371aTeB.

Codust, 03.05.2022 . YJIEH HA HAYYHOTO XVYPU:

Inpod. n-p urwk. MBan MBanos/



STANDPOINT
on dissertation for obtaining an educational and scientific degree "Doctor"
in Scientific specialty: «Automation of engineering work and
automated design systems »
in Professional field: 5.1 "Mechanical Engineering”

Author of the dissertation: Mag. Eng. Blagovest Nikolov Zlatev,
PhD student in the Department ,,Technology of Machine Tools and Manufacturing*
Faculty of Industrial Technology (FIT) of TU-Sofia

Topic of the dissertation: **Modelling and research of the building’ process of a digital twin
through a virtual prototype™

The standpoint was prepared by Prof. Dr. Eng. Ivan Vassilev Ivanov, a member of the scientific jury
determined by order Ne OZ 5.1-17 / 15.03.2022 of the Rector of TU-Sofia.

1. Topicality of the problem developed in the dissertation in scientific and applied relation.
Degree and levels of topicality of the specific tasks developed in the dissertation.

The dissertation deals with a topical and important problem in scientific and applied terms, on the one
hand on the need for accelerated innovative development of current mechanical engineering, and on
the other hand on the application of virtual prototyping technologies for complex multiphysical
systems. Determining the topicality of the work is also the need for an innovative approach and
instruments / intelligent assessment tools at the design stage of complex multiphysical systems in the
field of machine building. The specific tasks set and solved in the dissertation are topical.

The modern understanding of modelling and developing a virtual prototype (VP) as a complex process
for selecting and implementing intelligent innovative solutions corresponds to the cascade approach
presented in the dissertation, which allows effective accelerated process in developing a real complex
multiphysical system and increasing reliability of building its digital twin (DT) on the basis of VP.

2. Degree of knowledge of the state of the problem and creative interpretation of the
information sources

The PhD student Blagovest Zlatev presents an overview of the state of the problem on the basis of 93
information sources, of which 6% are publications in Bulgarian, 86% are publications in English and
8% are Internet addresses.

Reasonable conclusions have been drawn from the review with an emphasis on the development and
capabilities of virtual prototypes. It is argued that the prerequisite "high level of reliability of the VP of
a given physical site” is necessary in order to upgrade the VP to DT.

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

The methodical approach of the PhD student is expedient and effective - it starts with research and
analysis of the problem on information from the literature - from the definitions of the concepts VP,
DT, etc., the means for their creation and their applicability in practice. Develops a methodology for
modelling, building and researching a multiphysical virtual prototype and increasing precision.
Synthesizes and applies a cascade approach with an iterative connection between VP and physical
prototype (FP), builds and verifies DT and approves the methodology for creating innovative electrical
machines.

Blagovest Zlatev defines very well the purpose of the dissertation and five main tasks for its
achievement.



4. Scientific and / or scientific-applied contributions of the dissertation

According to the generally accepted criteria for dissertation contributions, presented below in the
approved groups, in the case of formulated proposals of the PhD student, the following scientific-
applied contributions can be recognized:

I. creation and application of new research methods:

» The synthesis and testing of an innovative cascading approach to create a virtual prototype with a
high degree of adequacy of a real object, design and construction of a physical prototype (FP), fine
calibration of VP through its iterative connection with FP, and in the communication environment of
the Internet of Things platform ( 10T) - building a digital twin (DT). The three-step approach
convincingly shows high levels of reliability and accuracy in building digital twins.

» The proposed innovative concept of a highly efficient synchronous collectorless machine without
permanent magnets, based on the principle of synchronous reactive effect (SynRM). The concept has
been successfully validated through a built multiphysical virtual prototype.

ii. Creation of new classifications, constructions or technologies:

* The creation of the VP of a complex multiphysical system for uninterruptible power supply with
kinetic energy storage - flywheel through validation with a physically available object for testing the
system by the method "White Box / Black Box".

* The creation of VP of a complex multiphysical system - a hybrid radial electric machine with built-in
permanent magnets in the rotor to maintain the excitation of the stator windings and fast switching
(less than 20 ms) between generator and motor mode. The adequacy of the VP is proven by the FP of
the machine.

* The creation of VP and the development of an innovative author's design of an axial induction
electric machine, allowing the production of different sizes of the machine without the presence of
punch packages for each of the sizes.

iii. Obtaining and proving new facts and confirmatory facts:

* The practical proof that the proposed cascade approach provides an opportunity to quickly implement
complex multiphysical models that are with insufficiently known behaviour.

* The application of the principle of "White Box / Black Box" repeatedly in iterative connection, to
achieve fine calibration of a virtual prototype.

5. Evaluation of the publications on the dissertation

The PhD student has cited 2 papers at international conferences, which are indexed in SCOPUS and 2
publications in Bulgarian periodicals. A useful model 4045 Ul 15.06.2021 related to the research is
presented. In one of the publications Blagovest Zlatev is the first co-author, and in the others he is on
the 2nd or 3rd place in the team.

The publications present the main results and contributions of the dissertation, and are printed in
relevant issues, which allows their accessibility and citation by other authors.

6. Opinion, recommendations and notes

i.  The approach in the dissertation is developed chronologically - from the design of a virtual
prototype/VP (analog/tested as a "White Box™) is constructed and developed a physical
prototype/FP (analog/tested as a "Black Box™), with an iterative relationship between them fine
calibration of the VP is achieved, and from there, through a "cleaned” FP and by using the 1oT
platform as a communication environment between the real object and the twin, DT is built. In
some places in the dissertation this chronological order is not clearly presented. For example, in
Chapter 2... the application of the “Black and White boxes” method - the title and the text
should clarify that the “Black box/White box hybrid method” is applied chronologically in
reverse order, as it is done in Conclusions to Chapter 2.



ii.  Typographical errors and inappropriate / incomplete expressions have been made in some
places, such as ".. the amount of current or voltage applied to them" instead of "the magnitude
of current or voltage applied" (p. 66); in the Introduction: ".... electric generators for wind
turbines " instead of "electric generators designed for coupling with wind turbines™; in the title
of item 2.5, etc. And the title of Fig. 3.11 would be more precise as "2D model of half part of
asynchronous electric machine™ instead of 2D half part of the model of asynchronous electric
machine,, ".

| accept the dissertation as a completed product of the educational and scientific degree "Doctor", in
which the PhD student achieves significant scientific and applied results. At the same time, it is
understood that Blagovest Zlatev can and is recommended to continue working in this field, incl. for
analysing the impact of internal and external factors, defining uncertainties and their management, to
perform the effectiveness of the cascade approach, in favor of the authenticity and application of VP
and DT in complex mechanical sites and systems.

7. Conclusion with a clear positive or negative assessment of the dissertation

The presented dissertation deserves a positive evaluation of the highest rank, taking into
account the showed results and contributions, and the opportunities of the PhD student for research,
analysis and definition of an applicable in practice approach to building a digital twin through a virtual
prototype.

The requirements for the educational and scientific degree "Doctor” have been met and |
propose that it be awarded to Eng. Blagovest Nikolov Zlatev.

Sofia, May 3, 2022 MEMBER OF THE SCIENTIFIC JURY:
/ Prof. Dr. Eng. Ivan lvanov /



