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

1) MURIN, Justin - GOGA, Vladimir - SEDLAR, Tibor. TImi¢ vibracii s vinutymi taznymi
pruzinami z nylonu : UZitkovy vzor &. 9348, Datum o zapise UV : 27. 9. 2021, Vestnik UPV
SR &. 19/2021. Banska Bystrica : Urad priemyselného viastnictva SR, 2021. 6 s.

2) GOGA, Vladimir - JUSTIN, Murin - SEDLAR, Tibor - MINAR, Martin - SARKAN, Ladislav.
Zariadenie na vyrobu nylonovych pruzin : UZitkovy vzor &. 9647, Datum o zapise UV : 24.
11. 2022, Vestnik UPV SR &. 22/2022.

3) GOGA, Vladimir - MURIN, Justin - MINAR, Martin - SEDLAR, Tibor. Univerzaine
zariadenie na navijanie odporového drétu na vinuté nylonové pruziny. : UZitkovy vzor &.
9786, Datum o zapise UV : 28. 06. 2023, Vestnik UPV SR &. 12/2023.

4) GOGA, Vladimir - BERTA, Simon - MURIN, Justin - SARKAN, Ladislav. Univerzaine
zariadenie pre meranie tuhosti nylonovych taznych pruzin. registracné Cislo: PUV 50042-
2023, Podanie uzitkového vzoru: maj 2023.

Najvyznamnejsie publikacie (knihy, ¢lanky, prednasky, spravy a pod.) zhrnujice
vysledky projektu — uved'te aj publikacie prijaté do tlace

ADC 1) MURIN, Justin - KUGLER, Stephan - HRABOVSKY, Juraj - KUTIS, Viadimir -
PAULECH, Juraj - AMINBAGHAI, Mehdi. Influence of spatially varying material properties
on the bimoment normal and shear stresses by warping torsion of FGM beams. In
Composite Structures. Vol. 256, (2021), Art. no. 113043 [18] s. ISSN 0263-8223 (2019:
5.138 - IF, Q1 - JCRBest Q, 1.784 - SJR, Q1 - SJR Best Q). V databaze: SCOPUS: 2-s2.0-
85092413251 ; DOI: 10.1016/j.compstruct.2020.113043.

ADC 2) KUGLER, Stephan - FOTIU, Peter A. - MURIN, Justin. A novel GBT-formulation for
thinwalled FGM-beam-structures based on a reference beam problem. In Composite
Structures. Vol. 257, (2021), Art. no. 113158 [10] s. ISSN 0263-8223 (2020: 5.407 - IF, Q1 -
JCR BestQ, 1.630 - SJR, Q1 - SJR Best Q). V databaze: SCOPUS: 2-s2.0-85096014351 ;
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CC:000604729600003 ; WOS: 000604729600003 ; DOI:
10.1016/j.compstruct.2020.113158. ) ;

ADC 3) MURIN, Justin - KUGLER, Stephan - HRABOVSKY, Juraj - KUTIS, Viadimir -
PAULECH, Juraj - AMINBAGHAI, Mehdi. Warping torsion of FGM beams with spatially
varying material properties. In Composite Structures. Vol. 291, (2022), Art. no. 115592 [27]
s.ISSN 0263-8223 (2021: 6.603 - IF, Q1- JCR BestQ, 1.452 - SJR, Q1- SJR BestQ). V
databaze: DOI: 10.1016/j.compstruct.2022.115592 ; WOS: 000797218600001 ; CC:
000797218600001 ; SCOPUS: 2-s2.0-8512905414.

ADC 4) MURIN, Justin - GOGA, Vladimir - PAULECH, Juraj -HRABOVSKY, Juraj —
SARKAN, Ladislav — KUTIS, Vladimir — AMINBAGHAI, Mehdi. Modelling and simulation of
nonlinear thermo-elastostatics of the composite nylon springs with negative thermal
extension. Int. J. Composite Structures: zaslané maj 2023.

AFC 1) MURIN, Justin — AMINBAGHAI, Mehdi — KUGLER, Stephan — HRABOVSKY, Juraj
— PAULECH, Juraj — KUTIS, Vladimir. Elastostatic analysis of FGM beams with variable
stiffness in three directions. In ICCS26: 26th International Conference on Composite
Structures & MECHCOMPS - 8th International Conference on Mechanics of Composites.
Porto, Portugal, June 27-30, 2023. ) ’ )
AFC 2) GOGA, Vladimir - BERTA, Simon - MURIN, Justin - PAULECH, Juraj - SARKAN,
Ladislav. Device for measuring the stiffness of the tensile nylon springs. In Computational
Mechanics 2022 : 37th Conference with international participation. Srni, Czech Republic,
November 7-9, 2022. Pilsen : University of West Bohemia, 2022, S. 26-29. ISBN 978-80-
261-1116-0.

AFC 3) GALIK, Gabriel - GOGA, Vladimir - ULICNY, Michal Miloslav - MURIN, Justin.
Experimental analysis of the working activity of the coiled nylon spring actuator. In Applied
mechanics 2022 : 23rd International conference : Book of Abstracts. Liblice, Czech
Republic. April 4-6, 2022. Prague : Czech Technical University in Prague, 2022. ISBN 978-
80-01-06974-5.

AFD 1) MURIN, Justin - GOGA, Vladimir - HRABOVSKY, Juraj - KUTIS, Vladimir —
SARKAN, Ladislav. Structural analysis of mechanical and mechatronic systems made of
nylon springs with negative thermal expansion. In Applied mechanics 2023 : 24th
International conference : Book of Abstracts. PieStany, Slovakia. April 19-21, 2023. 1. ed.
Bratislava : Vydavatelstvo Spektrum STU, 2023, S. 85-88. ISBN 978-80-227-5294-7.

Uplatnenie vysledkov projektu

Vysledky projektu je mozné uplatnit’ tak v teoretickej rovine, kde je mozné vyuzit novo-
odvodené konec¢né prvky pre MKP analyzy systémov s nylonovymi pruzinami vykazujucimi
zapornu teplotnu roztaznost a dobré timiace uc€iny, ako aj v technickej praxi, kde na zaklade
vysledkov projektu je mozné navrhnut’ a vyvinut' zariadenia s riadenym ohrevom a
chladenim tychto nylonovych pruzin a vyuZit' tak benefity vo forme pruzin z lahkého a
lacného metrialu, s relativne velkym silovym u€inkom a akénym zéasahom a s dobrymi
timiacimi u€inkami. Uplatnenie takychto systémov je v oblasti mediciny a robotiky v podobe
umelych svalov, ale aj v oblasti mechaniky a mechatroniky, kde pomocou elektrického
ohrevu tychto pruzin je mozné ziskat mechanicky akény zasah priamou konverziou
riadiaceho vykonového elektrického vstupu do systému.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v slovenskom jazyku
(max. 20 riadkov)

Bolo navrhnuté a vyrobené zariadenie na navijanie pruzin z nylonového viakna s
automatickym riadenim otacok elektromotorceka, ktorym sa viakno skrucovalo do stavu od
naskoCenia prvého zavitu az po uplné navinutie pruziny. Kon$trukcia zariadenia bola
schvalena patentovym uradom ako uzitkovy vzor. Zariadenie sluzilo na vyrobu pruzin
pozadovanej dizky z viakien rézneho priemeru, ktoré boli pouzité na meranie ich
termomechanickych, elastostatickych a elastodynamickych vlastnosti, ako aj ako sucasti
senzorov, aktuatorov, ako aj ostatnych pruzinovych systémov vyuzivajucich negativnu
teplotnu roztaznost. Bolo navrhnuté a vyrobené zariadenie na automatické navijanie
odporového drétu na nylonové pruziny. Kon$trukcia zariadenia bola schvalena patentovym
uradom ako uzitkovy vzor. Bolo navrhnuté a vyrobené automatické zariadenie na meranie
pruzinovej charakteristiky a tlakového predpatia nylonovych pruzin. Bol spracovany a
podany navrh Uzitkového vzoru, ktorého schvalenie je v pokraovacom konani. Zariadenie
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sluzilo na meranie elastostatickych a elasto-dynamickych vlastnosti pruzin tak v linearnej
ako aj nelinearnej oblasti zataZovania. Bolo zostavené meracie zariadenie na meranie
zaporného teplotného koeficientu pruzin, ktoré sluzilo na meranie teplotného koeficientu
pruzin zatazenych réznymizatazeniami. Meranim bol potvrdeny fenomenologicky model
zostaveny na stanovenie zavislosti zaporného teplotného koeficientu na mechanickom
podiatoénom prediZeni pruziny, resp. na velkosti napinacej sily. Namerané parametre pruzin
boli aplikované v matematicko-fyzikalnych vypoctovych modeloch navrhnutych senzorov,
aktuatorov a ostatnych modelovanych mechatronickych systémov. Boli taktiez vyuZité pri
aplikacii nového, geometricky nelinearneho konecného prvku nylonovej pruziny, ktory bol
vyvinuty v ramcirieSenia teoretickych ciefov projektu. Tento originalny konecny prvok
mozno pouzit na matematicko-pocitacoveé modelovanie nylonovych mechatronickych
systémov s velkym mechanickymi prediZeniami a tepelnymi skrateniami pruzin. Na vypocet
Jouleového tepla vyvinutého vo vyhrevnom vodi€i bol vyvinuty multifyzikalny pratovy
konecCny prvok. Boli skimané spdsoby automatického ohrevu pruzin Jouleovym teplom
prostrednictvom navinutého odporového drétu. Pre laboratorny vyskum sa osvedcil ohrev v
tepelnej komore s riadenym ohrevom. Ten bol aj vyuzity pre stanovenie zaporného
teplotného koeficientu pruzin. Bol zostaveny vypoctovy model metédy konecnych prvkov pre
elektro-tepelno-mechanické analyzy nylonovych pruzin s vodivym elektrickym jadrom.
Pomocou tohto modelu mozno optimalizovat’ parametre takejto pruziny pre pozadované
tepelné skratenie. V ramcirieSenia bakalarskych, diplomovych a doktorandskych prac boli
navrhnuté a vyrobené mechatronické prvky, systémy vyuzivajuce zapornu teplotnu
roztaznost nylonovych pruzin, ako je automatické ovladanie zaluzii, prototyp jedno a viac
pruzinového linearneho aktuatora, von Misesovho aktuatora s usporiadanim pruzin do tvaru
V, aktuatora torzného momentu, a nylonového tazného aktuatora na zmenu polohy taziska
v malom mobilnom systéme. Pre tieto systémy boli zostavené matematické modely ktoré
simulovali ich funkciu. NajvyznamnejSou aplikaciou bol navrh pasivneho a aktivheho timi¢a
malych mobilnych systémov. Tento timi¢ je chraneny dalSim Uzitkovym vzorom. Na
optimalny navrh a simulaciu funkénosti timi¢a bol vyuzity novy geometricky nelinearny
konecny prvok nylonovej pruziny. Vysledky simul&cii boli vo velmi dobrej zhode s
vysledkami merania na realne zhotovenych timi€och. Vysledky nasho vyskumu potvrdili
vhodnost aplikacie tychto lacnych a lahkych pruzin aj na pruzné ulozenie malych
stacionarnych i mobilnych systémov.

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

A device for winding springs from nylon fiber with automatic control of the speed of the
electric motor which was used to screw the fiber from the first thread into the state of the
complete winding of the spring, was designed and manufactured. The design of the device
was approved by the patent office as a utility model. The device was used to produce
springs of the required length from fibers of different diameters, which were used to
measure their thermomechanical, elastostatic and elastodynamic properties, as well as used
as components of sensors, actuators, and other spring systems using negative thermal
expansion. A device for automatic winding of resistance wire on nylon springs was designed
and manufactured. The design of the device was approved by the patent office as a utility
model. An automatic device for measuring spring characteristics and compression preload
of nylon springs was designed and manufactured. An utility model proposal was processed
and submitted, the approval of which is in the ongoing process. The device was used to
measure the elastostatic and elasto-dynamic properties of springs in both linear and non-
linear loading areas. A measuring device for measuring the negative temperature coefficient
of springs was assembled, which was used to measure the temperature coefficient of
springs loaded with different loads. The measurement confirmed the phenomenological
model built to determine the dependence of the negative temperature coefficient on the
mechanical initial extension of the spring, or on the value of the tension force. The
measured parameters of the springs were applied in the mathematical-physical calculation
models of the designed sensors, actuators and other modeled mechatronic systems. They
were also used in the application of a new, geometrically non-linear finite element of a nylon
spring, which was developed within the framework of solving the theoretical goals of the
project. This original finite element can be used for mathematical computer modeling of
nylon mechatronic systems with large mechanical extensions and thermal shortenings of
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springs. A multiphysics rod finite element was developed to calculate the Joule heat
developed in the heating conductor. Methods of automatic heating of springs by Joule heat
through a coiled resistance wire were investigated. For laboratory research, heating in a
thermal chamber with controlled heating has proven. It was also used to determine the
negative temperature coefficient of springs. A computational model of the finite element
method for electro-thermal-mechanical analyzes of nylon springs with a conductive electric
core was developed. Using this model, the parameters of nylon spring can be optimized for
the required thermal shortening. As part of the bachelor, diploma and doctoral theses,
mechatronic elements were designed and manufactured, systems using the negative
temperature expansion of nylon springs, such as automatic control of louver, a prototype of
one and more spring linear actuators, a von Mises actuator with a V-shaped arrangement of
springs, a torsional-moment actuator, and a nylon traction actuator to change the position of
the center of gravity in a small mobile system. Mathematical models were built for these
systems that simulated their function. The most significant application was the design of a
passive and active damper for small mobile systems. This damper is protected by another
utility model. A new geometrically non-linear nylon spring finite element was used for optimal
design and simulation of the damper's functionality. The results of the simulations were in
very good agreement with the results of measurements on real damper. The results of our
research confirmed the suitability of the application of these cheap and light springs also for
flexible foundation of small stationary and mobile systems.
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