l ' a PV v Agentura na podporu vyskumu a vyvoja
A 4

Formular ZK

Zaverec€na karta projektu

Nazov projektu Evidencné ¢&islo projektu APVV-0246-12

Pokrocilé metédy modelovania a simulacie SMART mechatronickych systémov

Zodpovedny rieSitel  prof. Ing. Justin Murin, DrSc.
Prijemca Fakulta elektrotechniky a informatiky STU

Nazov pracoviska, na ktorom bol projekt rieSeny
1. Slovenska technicka univerzita v Bratislave, Fakulta elektrotechniky a informatiky
2.

3,
4.
5

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni
1. Technische Universitat Wien, Rakusko

2. Fachhochschule Wiener Neustadt, Rakusko

3.

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

1. ziadne
2.
3.

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

1. AMINBAGHAI, Mehdi - MURIN, Justin - HRABOVSKY, Juraj - MANG, Herbert A. Torsional
warping eigenmodes including the effect of the secondary torsion moment on the
deformations. In Engineering Structures. Vol. 106, (2016), s. 299-316. ISSN 0141-0296. V
databaze: SCOPUS: 2-s2.0-84946426777 ; CC: 000367022000023. Received 11 May 2015,
Revised 9 October 2015, Accepted 11 October 2015, Available online 11 November 2015,
Paper form 1 January 2016.

2. KUGLER, Stephan - FOTIU, Peter, A. - MURIN, Justin. Thermo-elasticity in shell structures
made of functionally graded materials. In Acta Mechanica. DOI 10.1007/s00707-015-1550-9.
Springer Vienna, ISSN 1619-6937, Received 20 August 2015, Revised 27 November 2015,
Available online 20 January 2016.



3. MURIN, Justin - AMINBAGHAI, Mehdi - HRABOVSKY, Juraj - GOGOLA, Roman -
KUGLER, Stephan. Beam finite element for modal analysis of FGM structures. In Engineering
Structures. Vol. 121, (2016), s. 1-18. ISSN 0141-0296.

4. DOBROCKA, E. - NOVAK, P. - BUC, D. - HARMATHA, L. - MURIN, J. X-ray diffraction
analysis of residual stresses in textured ZnO thin films. In Applied Surface Science. ISSN
0169-4332. In Press, Corrected Proof.

5. BOCK, Igor - JARUSEK, Jifi - SILHAVY, Miroslav. On the solutions of a dynamic contact
problem for a thermoelastic von Karman plate. In Nonlinear Analysis : Real World
Applications. Vol. 32, (2016), s. 111-135. ISSN 1468-1218.

Uplatnenie vysledkov projektu

Rozvoj modernych numerickych postupov pri rieSeni funkcionalne gradovanych materialovych
Struktur a materialov s tvarovou pamatou. Vyvoj novych elementov metddy konecnych prvkov
pre uvedené SMART Struktury a materialy a ich implementacia do pocitacovych kodov.
Ziskanie novych poznatkov z oblasti experimentalneho merania mechanickych viastnosti
viacvrstvovych Struktur s premenlivymi vlastnostami. Uplatnenie novych poznatkov v
pedagogickom procese vo vSetkych troch stupfioch vysokoSkolského vzdelania.

CHARAKTERISTIKA VYSLEDKOV

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Vysledky rieSenia projektu je mozné rozdelit do 3 hlavnych oblasti:

- V oblasti vyvoja a vyskumu matematicko-fyzikalnych modelov vytvorenych z kompozitnych a
FGM materialov boli odvodené nové postupy pre homogenizaciu materialovych vlastnosti
FGM, odvodené MKP rovnice pre nové FGM elektro-tepelno-mechanické koneéné prutové a
nosnikové prvky a termo-elastické FGM Skrupinové prvky. Bola realizovana programova
implementécia odvodenych MKP rovnic a overené odvodené nové konecné prvky na
multifyzikalnych mechatronickych systémoch riadenych pomocou spatnovazobnej riadiacej
slucky.

- V oblasti tvorby fyzikalnych vzoriek uréenych na verifikaciu numerickych vysledkov bolo
vytvorené pracovisko nanasania tenkych vrstiev z FGM, vyhotovené vzorky a ich identifikacia.
Dalej boli realizované merania mechanickych vlastnosti nosnikovych a $krupinovych $truktar
s premenlivymi materialovymi vlastnostami za u¢elom validacie odvodenych numerickych
postupov.

- V oblasti vyskumu SMA aktuatorov bolo vytvorené pracovisko SMA standu za ucelom
merania vlastnosti SMA aktuatorov, dalej boli vytvorené komplexné multifyzikalne MKP
modely SMA aktuatora s réznymi modifikaciami uchytavacich ¢lenov a boli tiez vytvorené
zjednoduSené statické a dynamické modely SMA aktuatora so sustredenymi parametrami,
pre ktoré boli tiez vytvorené linearne a nelinearne riadiace Struktury

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v anglickom jazyku
(max. 20 riadkov)

The results of the project can be separated into 3 main areas:

- In the area of research and development of mathematical and physical models for
composite and FGM materials, new procedures for the homogenization of FGM material
properties were derived, new FEM equations were derived for new FGM electro-thermo-
mechanical line and beam finite elements and thermo-elastic FGM shell elements. FEA
software implementations were realized based on the derived equations and new finite
elements. These Software Implementations were validated on multiphysical mechatronic
systems controlled by feedback control loop.

- In the area of physical sample manufacturing for numerical result verification, an FGM thin-
layer deposition workplace has been established, physical samples were created and
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identified. Furthermore, measurements of mechanical properties were performed on beam
and shell structures with varying material properties for the validation of the derived numerical
procedures.

- In the area of SMA actuator research, a new workplace with an SMA measuring stand has
been assembled to facilitate the measurement of SMA actuator properties and complex
multiphysical FE models of SMA actuators were created with various modifications of
fastening clamps. Additionally, simplified static and dynamic models of SMA actuators with
lumped parameters have also been created, together with their linear and nonlinear control
structures.
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Svojim podpisom potvrdzujem, Ze Uudaje uvedené v zaverecnej karte su pravdivé a uplné
a suhlasim s ich zverejnenim.

Zodpovedny riesitel Statutarny zastupca prijemcu
prof. Ing. Justin Murin, DrSc. prof. Dr. Ing. Milo§ Oravec

V Bratislave 24.10.2016 V Bratislave 28.10.2016

" podpis zodpovedného riesitela podpis Statutarmeho zastupcu prijemeu
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