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lIpasunnuxk 3a yenosusima u peoa 3a npudobusane na nayunu cmenenu ¢ TV- Cogpua (axkmyanuzayus kom

CTAHOBHINE

~

C \Q) 5 BEPXY AMCCPTallMOHEH TPYJ 3a Npu100KBaHe Ha 06pa3oBaTeHa U

Hay4yHa CTelleH ,,JOKTOp Ha HayKHTe”
Ob6nact Ha Buciie o6pa3oBanue: 5. TeXHUUECKH HayKu
I[Ipodecuonanno nanpasnenue 5.1. Mamuano HH)KEHEPCTBO
Hay4na crieumannoct: ,, Teopus Ha MexaHH3MUTE, MAIIMHNTE 1 aBTOMATHIHITE

JTUHUK

ABTOp Ha AMCEPTALHOHHUS TPY/L: MPOd. 1-p HHK. Tonop CronsioB Toxopos
Tema Ha gucepraunonuus Tpya: J/IHHAMHKA Ha MeXaTPOHHH CHCTEMH,

0azsMpaHu HA YMHH MaTepHAJIH

HUnen Ha Hay4yHOTO XypH: mpod. 1-p, HHxK. Ban Hukonos Yagnapos

. AxkTyagHocT Ha pazpaGoTBaHHs B JHCEPTAUHOHHHA TPYA NpoG/1eM B HAYYHO H

HAYYHONPHJIOZAKHO OTHOLIEHHE,

Temara Ha nucepranuaTa € CBbp3aHa ¢ H3CIeBaHe TMHAMAKATA HA MEXATPOHHH CHCTEMH,
0asvpanu Ha yMHM MaTephalil M [O-CIEUMATHO CIUIABH ¢ famer Ha dopmara. Topa e
CbBPEMEHHA, pa3BHBAllla Ce, aKTyajlHa W IIOJe3Ha 00JacT, KOSATO HaMHpa IPAKTHYECKH
NPHJIOKEHH B MEXaHHKaTa, MEXaTpOHUKATa H poOOTHKaTa.

JAucepranuara uscnensa NpHIOKHH, MyTTHQU3HYIHH, TEOPETHYHH MOJIE/IN HA YCTPOICTBA
C OCHHJIALMOHHO NeHCTBHE, Oa3supaHy Ha YMHH MaTepHaliid KaTo CIUIABHU ¢ IIaMeT Ha (opmara
H TIME30€NIEKTPULH, ¢ OKYC BHPXY BIMAHHETO Ha XUcTepesuckTe. [Ipeanarar ce MpoeKkTH u
MPOTOTHITH Ha PeaIHU YCTPOHUCTBA, Ype3 KOUTO Ja Ce BATH/IUPAT TCOPETHUYHUTE U3BO/IM.

[Topaau Te3u npUYHHHE CMSITaM, Ye TeMaTa Ha IUCEPTALHATA ¢ AKTyallHa B HAyYHO, HAy9HO-

IIPUJIOKHO U MPHJIOKHO OTHOIICHHE,

2. CreneH Ha NMO3HABAaHe CHCTOAHHETO HA npoﬁnema H TBOPYECKAa MHTepHNpeTanus

HA JIHTePATYPHHA MaTepHaJl.
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ABTODPBT € U3MON3BAI U IUTHPA 06mo 148 JIMTEPATYPHU M3TOYHHIIM, KATO I10-TOJIIMATA
HacT OT TAX Ca Ha aHIVIMHCKH €3UK. CTaTHUTE 06XBAIIAT FOJISIM nepuon ot Bpeme (1963-2023r.)

H CBIICCTBCHA HacT OT TsAX ca MyOJUKYBaHH B PEHOMHpAHH, pedepupanyu, MeKIyHApOIHH
CIUCaHUs U KOH(pEPEHIUH.

Harpasen e nmurepatypen nperien u anams va ChbBPEMEHHOTO HAYy4YHO HUBO B 06J1aCTTa Ha
MEXATPOHHHTE, CHEPro0OHBHY U eHeproeeKTHBHY cHcTeMu. Tol BKIIOYBA AHANK3 Ha rOJISIM
Opoil OCHOBHH BHOBETE MeXaTPOHHH CHCTEMH, TOMIEXKAIlA HA MOJEUpaHe, CBBP3AHU C
epekT Ha mamer Ha (opmara Karo ce MOJ3BAT pasmuyHn MaTtepuanu. [Ipencrasenu ca
OCHOBHHTE METOIM 33 MOJENHMpaHE HA CIUIABH C nameT Ha (opmata Karo: €IHOIIOCOYEH,
ABYIIOCOYEH H Cynep eJ1aCTU4YECH C(pCKT. Onucanu ca MCTOOUTE 3a TEPMOJHHAMHYHO
MOJIC/IHPAHE Ha CTJlaBH € [TaMeT Ha opmara. B murepatyprus 0630p 1 anamms JIOKTOpaHTa ce
C 3all0o3Hal1 ¢ OI'POMHO KOJIMYECTBO MaTepHalId 110 TeMara. Pe3YJITaTHTe OT Ta3u JAECHHOCT ca
CHCTEMAaTH3UPAHH H OHATJICACHH C aJleKBaTHH GUrypH 1 Tabluny.

3. CboTBercTBHE HA M3GpaHATa METOAMKA HAa H3C/IeIBAHE H NMOCTABEHATA WeJ U

3ala'iTH HA JUCePTalHOHHH A TPYA € MOCTHIrHATHTE INPHHOCH.

B mucepranmsra ce mon3Bar aiekBaTHH H3BECTHH METOIM 32 Ch31ABAHE HA KOHLENTYaJIHH
MOJCIIH Ha TEpMO-€/IekTpo-MexaHnyeH pesonatop (TEMP). Monenupanero e 6asupano na
ypaBHenusATa Ha Jlarparx-Makcyen o1 Bropu poa. M36panu ca MCXaHHWYHH, €ICKTPUYECKH H
TOIIMHHHA CTENEHH Ha cBOOO/a, ONpe/eeH: ca KUHETHYHATA M MOTeHLIHATHATA €HEPruy Ha
CHCTEMaTa Kato KbM TAX Ca J00aBCHH CKBUBAJICHTHHTE KHHETHYHH M MOTEHIHATHH,
CICKTPOMAarHuTHH M TOIIMHHU €Hepruu. B pesynrar e chcTaBeHa CHCTEMa OT HeIHHEHHH
JH(EepeHIHATHE YPAaBHEHHS, 33 KOSTO C€ THPCAT YHCIEHH pewenus. [Ipwioxken e "esseH
MeTol Ha Offiiep, KaTo ca H3MON3BAHN AeKBATHU HAYAIHN YCIOBUS H YHCIICHH TAHHIL

W3pbpienn ca cumynanuu B cpenara Ha codryeprns maker SolidWorks Simulation, kato
ca MOZCTHpaHH pa3luyHU BapUaHTH Ha rpead. [IpoBeneHH ca eKCHEPUMEHTH ¢ KOH30/HH
FPEI KaTo €/aCTHYHH €IEMCHTH H H3TOYHHLM Ha IHME30€TCKTPUYHH 3apsiaM, TIPH KOETO €
CBCJICHO 10 MUHHMYM JIEMII(pEPUPAHETO OT CTpaHa Ha IMPOBOJAHHIIATE HA IHE30€JICKTPHYHHTE
cioese. [Ipu npoBexiane Ha eKCriepIMEHTHTE € IONI3BaH CEMUATH3HPaH copryep LabVIEW.

H3crnenBagusTa CBBbpP3aHH ¢ OMCTAOMIIHO yrpaBjieHNe Ha KIAIAHU H3I0I3BAT KJIACHYECKH
TCOPCTHYHH METOAM 3a KMHEMATH4YCH W CHIIOB aHAJU3 Ha MEXaHU3MH. Pesyirrature ca

BalIMIUpaHu C TIPaBHIIHO [IOCTPO€HA CKCICpUMEHTAJIHA VCTAaHOBKA, KOSATO BKJIKOYBA
CHeUHANH3HPAHH H3MEPBATEIIHH YPEIH.

Mertonute ca aneKkBaTHM M CBHOTBETCTBAT HA II0CTaBeHaTa men. M3BbpuieHH ca
CKCIICPHMCHTH IIPH KOHTO € TOJI3BaHa aJeKBaTHa W3MepBaTe/(HAa anapaTrypa H TeXHHKA 3a
ceOMpaHe Ha TaHHH.

4. Hayunn n/man Hay9HONPHIIOKHH NPUHOCH HA JHCEPTAMMOHHMS TPYA:
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B mucepraunonnus tpyx ca nedunupane jpe XHIIOTE3H, KOUTO CE NPEJICTABAT 3a HAyYeH

npuHoC. JToOpe € na ce nmocovar MUTATH Ha dBTOpa B KOM CTaTHH Ca alpoOUpPaHU XHIIOTE3HUTE

1 KakBH Ca ocHOBaHMATA 3a (opmymupanetro uM. B paGorata ca NPEJICTAaBEHU TEOPEMH C

JA0Ka3aTelIcTBaTa KoeTo CIIOpPEa MCH € 4acCT OT TE3H IIPHHOCH.
B AHCEPTALUATA UMaA MMOCTHTHATH BAKHU HayYHO-IIPHIIOKHH [IPUHOCH KaTo:

- Jlokazano e TeopetHyHO 1 BaJIMANPAHO CKCIICPUMEHTAIHO, Y€ NP HAJIMYHE HA TOILUIMHHO
MOJIE C MOHOTOHHO IIPOMEHJIUB NIPOCTPAHCTBEH TeMIIEpaTypeH IpaJIi€HT € BB3MOXKHO 11a ce
Ch3/laZic OCIMIIMpallla MeXaHHYHA CHCTeMA Ype3 HUIIKA OT CIIAB ¢ [aMeT Ha dopmara (CIID).
- Cp3manena e HOBa Teopus 3a MoOJ€anpane Ha xuctepesucu B CII® ypes koeduimentu Ha
HPOIOPLMOHAIHOCT, MO3BOJIABAILM €/IHA aHAIUTHYHA (opMa 1a ce pujiara MHOIOKPaTHO
KaKTO 33 OCHOBCH MajKOPCH XHCTEPE3HC, TaKa M 38 MHHOPHH H CyOMUHOPHHU XUCTEPE3UCH.

- Ch3laZeHH ca OpHIMHAIHM MATeMaTHYeCKH MOJETH 33 OIMCBAHE Ha JIMHAMHYHOTO
[IOBEACHHE Ha TEPMOCTACTHYHH eleMeHTH 0T CIID B OCHuIHpaIH pexkuMH.

ExcriepuMeHTanHOTO MOTRLpXKIaBaHe HA TEOPETUYHHUTE PE3YyNTATH U CH3JaBaHe HA HOBHU
KOHCTPYKIHH, CMSITaM, Y€ ca BaXKHHU MPUIOKHU IIPUHOCH.

[IpunocuTe B ucepTanusaTa ce OTHACST 10 dbopmyupane 1 060CHOBKA Ha HOBH XHIIOTE3HU:
AOKa3BAHE C HOBH CPE/ICTBA HA CHIIECTBEHH HOBH CTPAHHU B CHLICCTBYBALIN HAYYHH npodyieMu

A TCOPHH H TI0JIyYyaBaHe Ha HOTBBPIUTECIIHHA (I)&KTH. anHOCHTC Ca 3Ha4YUMH 32 HaykKara Hu

IpaKTHKAaTA.

5. Ilpenenka Ha nyGJIHKANMUTE MO AUCEPTANMOHHUS TPYA:

3a yuactue B KOHKypca KanauaatsT npod. Tonop ToaopoB e mpeacTaBmiI CIHCHK OT 06O
13 3arnaBus pedepupanu B SCOPUS, B T.u. 7 cTaTHH B MEXKIyHapOJHU HAY4YHHU CITHCAHHIA, 6
MyOJHMKAMH B HAyYHH H3JaHUS HAa MEKIyHAPOIHH HayyHu ¢opymu. ExHa cratus uma

kBaptua Q1 (IF = 7.3 3a 2024r.) cnopex Web of Science; 3 cratuu ca ¢ xsaptan Q2 criopen
Web of Science.

[IpencraBeH € cnuchK ¢ 3 naTeHTa U JiBe 3adBKHM 3a MaTeHT. M3qaneHnTe maTeHTHTe ca 1o
eIHH! CHOTBETHO EBponeticku, bpurancku u Bearapeku.

Hutupanusra ot cratun pedepupanu B SCOPUS Ha cratuuTe Mo guceprauusra ca 64 na
Opoii.

CratuuTe M UMTAaTHTE IOKPHBAT HeoOXommmust Opoit Toukm cmpsmo [IpaBuiHmka 3a
pUIaraHe Ha 3aKOHA 3a Pa3sBUTHETO Ha akKaJeMH4YHHs CbCTak B PemyGnmka Bwrarapus, 3a
oOpasoBaTesiHa U Hay4Ha cTeneH JJOKTOp Ha HayKUTe.

6. Muenusi, npenopbLKH H OeIeKKH.
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[TpaBu Bniewatsnenue, ye auCepTaNMOHHIS TPYA € IIOJ Ha IBJITOTOJHUINEH LedeHacoYeH

TPYZD, BCICICTBHE Ha KOETO HMMa NOCTUTHATH 3HAYHUTECIIHU HAYYHO-IIPHUJIOXKHHU PE3YyJITaTH.

Pabotara e noGpe crpykrypupana u noapenena. Mucns, de npurocure morar na ce neguaMpaT
MO-KpaTKO U 5ICHO, KaTo ¢& HOMEPHPAT CAMHUTE IPUHOCH a He KaTeropuu. OcBeH ToBa 100pe 61

OHJIO CJICH BCCKH IIPUHOC Ja MMa LHUTATH Ha PCLCH3UpPaHu H pe(bepupaHH CTaTHH KOHUTO I'0

IIOJKPETIST.

ﬂHCGpTaHHHTa NpeacrtaBst HE caMo TCOPETHYHH H CKCIIEPUMCHTAJIHU PE3YJITaTH HO €

[IOOKPEIEHa ¢ HAKOJIKO [IaTEHTAa, KaKTO U Ch30aJCHHU (I)YHKL[HOHHpaIHH I[IPOTOTHIIH.

7. 3arkJIl0oYeHHe

JucepTaloHHus TPy 3acsra aKTyanHa Hay4YHO-NPUJIOKHA NpobieMaTuka. B
HCTO HMa IOCTUTHATH OPUTHHAIIHY HAYYHO-TIPUIOKHH TprHOocH. Crien noapoGen
HPEriclia Ha MPEACTaBCHUTE B NPOLENypaTa NOKYMEHTH ¥ HAyYHHM MaTephaH,
B3 OCHOBa Ha aHalM3a HA TAXHATA 3HAYUMOCT U CHIBPXKALIUTE CE HAYYHH
PUHOCH, CBM yO€/ieH, Ye HayYHUTE IOCTHKEHUS OTTOBAPST HA U3HCKBAHMSTA Ha
3aKOHa 3a pa3BUTHE HA aKaJEeMUYHUS ChCTAB B Peny6nuxa benrapus (3PACPB),
pe€lla 3a HEroBOTO NpWJIaraHe M CHOTBETHHTE NpaBHJa Ha TeXHHYECKHs
yHusepcuter - Codus, 32 akafgeMHYHATa IUIBKHOCT , JOKTOp Ha HAYKHUTE" B

Hay4qHaTa 00JyiacT Ha npouenypara. OCBeH TOBa He ca OTKPUTH JOKA3aTeNCTRA 3a
IUIarMaTCTBO B IIPEACTABEHUTE HAYYHH TPYIOBE.

Tesn MOTHBM MM NaBaT OCHOBaHHe Ja IpenopbyaM Ha HayusoTO XKypH J1a
npuchau Ha npo¢. Togop Toaopos, o6pazoBarenna u HayuHa cterner JOKTOP

HA HAYKUTE.
Hara: 07.01.2025r. YJIEH HA JKYPUTO:
Codus /TIpod. Ban YaBmapos/



STATEMENT
considering the procedure for
higher doctoral degree “Doctor of Sciences”

in the field of 5. Technical Sciences

5.1. Mechanical Engineering

(Theory of Mechanisms, Machines, and Automatic Lines)

for the needs of Technical University of Sofia (TU)

The statement is written by: prof. Ivan Nikolov Chavdarov, PhD, Sofia University, Faculty of
Mathematics and informatics, 4.6. Informatics and computer sciences / Robotics, as a member of
the Scientific Committee on the procedure, in accordance with Order No. OXK-5.1-96/13.11.2025 of
the dean of Technical University of Sofia.

The only candidate in the procedure who submitted documents is Prof, Dr. Todor Stoiloy

Todorov, PhD, Faculty of Industrial Technology. Title of the Dissertation: Dynamics of

Mechatronic Systems Based on Smart Materials.

I. GENERAL DESCRIPTION OF THE SUBMITTED DOCUMENTS

1. Information on the application

All the documents presented by the applicant are in accordance with the requirements
ofrequired laws in republic of Bulgaria, namely: 3PACPB, ITII3PACPB; as well with the
requirements of Technical University of Sofia.

In his application Prof. Todor Todorov has presented a list of 13 publications, indexed in
SCOPUS, including 7 articles in international scientific journals and 6 publications in proceedings
of international scientific forums. One article is ranked in Q1 (Impact Factor 7.3 for 2024)
according to Web of Science, and three articles are ranked in Q2. A list of three granted patents and
two patent applications is also presented. The granted patents include one European, one British,
and one Bulgarian patent. The total number of citations of the dissertation-related publications
indexed in SCOPUS is 64.

Notes and comments on the documents.

All submitted documents are in agreement with requirements and rules of TU.

2. Relevance of the research problem in scientific and applied aspects

The topic of the dissertation is devoted to the study of the dynamics of mechatronic systems

based on smart materials, with particular emphasis on shape memory alloys. This is a modern,



rapidly developing, relevant, and practically significant research area, finding wide application in
mechanics, mechatronics, and robotics.

The dissertation investigates applied multiphysical theoretical models of oscillatory devices
based on smart materials such as shape memory alloys and piezoelectric materials, with a focus on
hysteresis effects. Designs and prototypes of real devices are proposed to validate the theoretical

conclusions.

For these reasons, the dissertation topic can be regarded as highly relevant from scientific,

applied scientific, and practical perspectives.

3. Degree of familiarity with the state of the art and creative interpretation of the
existing scientific literature

The author has used and cited a total of 148 literature sources, the majority of which are in
English. The publications span a long period (1 963-2023), and a substantial portion has appeared in
reputable, peer-reviewed international journals and conference proceedings.

A comprehensive literature review and analysis of the contemporary state of the art in
mechatronic, energy harvesting, and energy-efficient systems has been conducted. It includes an
analysis of a large number of fundamental types of mechatronic systems subject to modeling and
related to shape memory effects using various materials. The main modeling approaches for shape
memory alloys—one-way effect, two-way effect, and superelastic behavior—are presented.
Thermodynamic modeling methods for shape memory alloys are also described.

Through the literature review and analysis, the doctoral candidate has demonstrated
familiarity with an extensive body of research on the topic. The results of this work are
systematically organized and illustrated with appropriate figures and tables.

4. Adequacy of the research methodology to the objectives and tasks of the dissertation
and the achieved contributions

The dissertation employs appropriate established methods for the development of conceptual
models of a thermo-electro-mechanical resonator (TEMR). The modeling is based on the second-
kind Lagrange-Maxwell equations. Mechanical, electrical, and thermal degrees of freedom are
selected, and the kinetic and potential energies of the system are determined, supplemented by
equivalent kinetic and potential electromagnetic and thermal energies.

As aresult, a system of nonlinear differential equations is formulated and solved numerically.
An implicit Euler method is applied, using appropriate initial conditions and numerical parameters.

Simulations are carried out using the SolidWorks Simulation software environment, modeling

various beam configurations. Experimental investigations are conducted on cantilever beams



serving as elastic elements and sources of piezoelectric charges, with damping effects from the
piezoelectric layer wiring minimized. The experiments utilize specialized LabVIEW software.

Studies related to bistable valve control employ classical theoretical methods for kinematic
and force analysis of mechanisms. The results are validated using a properly designed experimental
setup equipped with specialized measurement instruments.

The applied methods are appropriate and fully consistent with the stated objectives. The
experiments are conducted using suitable measurement equipment and data acquisition techniques.

S. Scientific and/or applied scientific contributions of the dissertation

Two hypotheses are defined in the dissertation and presented as scientific contributions. It
would be advisable to specify the author’s publications in which these hypotheses have been

validated and to clarify the grounds for their formulation. The dissertation also presents theorems

with proofs, which I consider part of the stated contributions.
e The dissertation achieves important applied scientific contributions, including:

* Theoretical proof and experimental validation that, in the presence of a thermal field
with a monotonically varying spatial temperature gradient, it is possible to create an

oscillatory mechanical system using a shape memory alloy (SMA) wire.

* Development of a new theory for modeling hysteresis in shape memory alloys using
proportionality coefficients, allowing a single analytical form to be applied repeatedly

to major, minor, and sub-minor hysteresis loops.

e Development of original mathematical models describing the dynamic behavior of
thermoelastic SMA elements operating in oscillatory regimes.

The experimental validation of the theoretical results and the development of new structural
designs are considered significant practical contributions.

Overall, the contributions relate to the formulation and justification of new hypotheses, the
demonstration of new essential aspects of existing scientific problems and theories using novel
approaches, and the acquisition of confirmatory evidence. The contributions are significant for both
science and engineering practice.

6. Critical notes and recommendations

It is evident that the dissertation is the result of long-term, focused research work, leading to
substantial applied scientific outcomes. The dissertation is well structured and well organized. The
contributions could be presented more concisely and clearly by numbering individual contributions
rather than grouping them by category. It would also be beneficial to include references to peer-

reviewed publications supporting each contribution.



The dissertation presents not only theoretical and experimental results but is also supported
by several patents and the development of functioning prototypes.

7. Conclusions about the application

The dissertation addresses a topical applied scientific problem and presents significant applied
scientific contributions. After reviewing the documents and scientific materials presented in the
procedure, based on the analysis of their importance and the contained scientific contributions, [
concur that the scientific achievements fulfill the requirements of the Law for Development of the
Academic Staff in the Republic of Bulgaria (3PACPB), the order of its application, and the
corresponding rules of Technical University of Sofia, for the academic position of “Doctor of
Sciences” in the scientific field of the procedure. In particular, the candidate fulfills the minimal

national requirements in that field and no evidence for plagiarism has been found in the presented

scientific works.

[ give my positive evaluation of the candidate.

II. GENERAL CONCLUSIONS

Based on the above considerations, I recommend that the Scientific Jury award Prof. Todor
Todorov the higher doctoral degree “Doctor of Sciences.” in the scientific field 5. Technical

Sciences; 5.1. Mechanical Engineering.

Sofia, 07.01. 2026 r. Written by: Professor Ivan Chavdarov, PhD



