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Zavereéna karta projektu

Nazov projektu Evidenéné cislo projektu APVV-15-0696

Vyskum, vyroba a prevadzkové overenie prototypovych nastrojov pre tvarnenie
vymennikovych rur s tvarovo €lenitym vnatornym povrchom pre zvysovanie
efektivnosti energetickych zariadeni

Zodpovedny rieSitel doc. Ing. Michal Hatala, PhD.

Prijemca Technicka univerzita v KoSiciach - Fakulta vyrobnych technolégii,
PreSov

Nazov pracoviska, na ktorom bol projekt rieSeny

Technicka univerzita v Kosiciach — Fakulta vyrobnych technoldgii, Presov - prijemca
ZP Vyskumno-vyvojové centrum s.r.o. - spoluprijemca

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

1. Bohler - Uddeholm, Germany

2. CERATIZIT GmbH, Plansee, Reutte, Austria

3. CERATIZIT GmbH, Alserio, Italy

4. Tomas Bata University in Zlin, Faculty of Technology, Czech Republic

5. Poznan University of Technology, Faculty of Materials Engineering and Technical
Physics, Poland

6. Faculty of Technical Systems and Energy Efficient Technologies, Sumy State University,
7. Brno University of Technology, Faculty of Mechanical Engineering, Czech Republic
8. Institute of Geonics, Czech Academy of Sciences, Czech Republic

9. Kielce University of Technology, Poland

10. Technical University of Ostrava, Faculty of Mechanical Engineering, Czech Republic
11. Tomas Bata University in Zlin, Faculty of Technology, Czech Republic

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

Patentova prihladka PP 50067-2020 - Tvarniaci nastroj s grafitovymi viozkami na zvySenie
mazacieho efektu

Pévodcovia: prof. Ing. Michal Hatala, PhD., Ing. FrantiSek Botko, PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Prihlagka uzitkového vzoru PUV 50127-2020 - Tvarniaci nastroj s grafitovymi viozkami na
zvySenie mazacieho efektu

Pévodcovia: prof. Ing. Michal Hatala, PhD., Ing. FrantiSek Botko, PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Prihlagka uzitkového vzoru PUV 50125-2020 - Pripravok na kontrolu rotaénych
komponentov virivymi prudmi s kompenzaciou efektu oddialenia

Pb&vodcovia: prof. Ing. Michal Hatala, PhD., Ing. FrantiSek Botko, PhD.

Prihlasovatel: Technicka univerzita v KoSiciach

Prihlaska uzitkového vzoru PUV 50126-2020 - Pripravok na kontrolu tolerancie kruhovych
vyrobkov virivymi pradmi
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Pévodcovia: prof. Ing. Michal Hatala, PhD., Ing. FrantiSek Botko, PhD.
Prinlasovatel: Technicka univerzita v KoSiciach

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

1. Hatala, M., Botko, F., Mital, D. (2020). Non-DestructiveTechniques for Testing Cold
Drawn Tubes, Ram — Verlag, Nemecko. ISBN: 978-3-942303-97-2.

2. Sutak, D., Hatala, M., Mital, D., Duplakova, D. & Botko, F. (2021). Comprehensive
analysis of cold formed tube in drawing process using simuation, International Journal of
Simulation Modelling — article in press

3. Botko, F., Bella, P., Hatala, M., Beraxa, P., Lehocka, D., & Sutak, D. (2020). Effect of
friction coefficient change on internally shaped tubes drawing process using finite elements
method. Materialwissenschaft und Werkstofftechnik, 51(7), 948-956.

4. Neshta, A., Kryvoruchko, D., Hatala, M., Ivanov, V., Botko, F., Radchenko, S., & Mital, D.
(2018). Technological Assurance of High-Efficiency Machining of Internal Rope Threads on
Computer Numerical Control Milling Machines. Journal of Manufacturing Science and
Engineering, 140(7).

5. Sutéak, D., Hatala, M., Dilyova, M., Botko, F., & Poklemba, R. (2020). Reduction of Tubes
Diameter by the Die and Mandrel in Simulation Software. TEM Journal, 9(1), 380-385.

6. Botko, F., Hatala, M., Botkova, D. (2020). Technolégia tvarnenia Procesy objemového
tvarnenia, 1. vyd. KoSice : Technicka univerzita v KoSiciach, 92 s. ISBN 978-80-553-3647-3.
7. Hatala, M., Botko, F., Peterka, J., Bella, P., & Radic, P. (2020). Evaluation of strain in cold
drawing of tubes with internally shaped surface. Materials Today: Proceedings, 22, 287-292.
8. Sutak, D., Zajac, J., Hatala, M., Botko, F., Cizmar, P., Bittner, A., & Betak, P. (2020).
Simulation of rifled tubes drawing process. MS&E, 776(1), 012051.

9. Botko, F., Hatala, M., Botkova, D., & Radchenko, S. (2020). Mechanical analysis of the
rotating drawing mandrel with selected bearings configuration. STED Journal, 2 (2), 9-12.
10. Botko, F., Hlavacek, P., Lehocka, D., Foldyna, V., Hatala, M., & Simkulet, V. (2019,
November). Effect of Abrasive Water Jet Machining on the Geometry of Shapes in Selected
Tool Steels. In International Conference on Water Jet-Research, Development, Applications
(pp. 49-55). Springer, Cham.

11. Botko, F., Hatala, M., Beraxa, P., Czan, A., Duplakova, D., & Zajac, J. (2017).
Evaluation of hardness parameters of TiCN coating. In 2nd EAI International Conference on
Management of Manufacturing Systems (p. 88). European Alliance for Innovation (EAI).

Uplatnenie vysledkov projektu

Primarne uplatnenie hlavnych vysledkov projektu APVV je predovSetkym vo vyrobe réznych
priemerov rur s vnatornym tvarovo ¢lenitym povrchom s naslednou aplikaciou v
energetickych zariadeniach (napr. tepelné vymenniky). Rury s vnutornym tvarovo &lenitym
vnutornym povrchom signifikantne zvySuju energeticku u€innost’ energetickych zariadeni,
kde pbsobenim centrifugalneho efektu dochadza ku lepSiemu kontaktu tekutej fazy
tepelného média s vnutornym povrchom takejto rury a vyrazne sa zvacsuje Specificka
plocha rary. Vzhladom na vysoké poZiadavky, ktoré su v su€asnosti kladené na efektivitu
energetickych zariadeni z pohladu zniZovania uhlikovej stopy je toto rieSenie vyznamnym
krokom ku zvySovaniu efektivity energetickych zariadeni. V ramci rieSenia vedlajSich cielov
projektu doslo ku aplikacii materialov na baze praskovych nastrojovych oceli s
vysokovykonnymi Duplex povlakmi do procesu tahania hladkych rur, ako nahrada za
nastroje vyrobené zo spekaného karbidu. Celkovo je mozné konstatovat, ze vysledky
rieSenia projektu maju potencial rozsirit' znalosti v procesoch objemového tvarnenia za
studena.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)
V priebehu rieSenia projektu boli ¢innosti smerované ku komplexnému navrhu nastrojov pre
tvarnenie rur s vnutornym tvarovo &lenitym povrchom v jednotlivych krokoch od analyzy
sucasného stavu problematiky, cez prvotné navrhy nastrojov pre tvarnenie rur a simulacné
overenie geometrie nastrojov a ich pevnostnych charakteristik pomocou metédy koneénych
prvkov. V dalSich krokoch vyskum pokracoval v testovani réznych kombinacii substrat-
povlak, pre dosiahnutie optimalnej konfiguracie tvarniacich nastrojov z hladiska ich
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funk&nych vlastnosti a Zivotnosti. Subezne prebiehalo testovanie inovativnych postupov
nedestruktivneho testovania za ucelom efektivnej detekcie povrchovych a podpovrchovych
chyb nastrojov a kone¢ného produktu. Zaverené fazy projektu boli zamerané na aplikaciu
nastrojov na tahanie hladkych rur v redlnej vyrobe a vyrobu rar s vnatornym tvarovo
¢lenitym povrchom s pouzitim prototypovych nastrojov. Je mozné konstatovat, ze
stanovené ciele projektu boli UspeSne naplnené.

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

During the project solution, activities were aimed at a comprehensive design of tools for
forming pipes with an internal shaped surface in individual steps from the analysis of the
current state of problematics, through the initial design of tools for forming tubes and
simulation verification of tool geometry and strength characteristics using the finite element
method. In the next steps, the research continued to test various substrate-coating
combinations, in order to achieve the optimal configuration of the forming tools in terms of
their functional properties and durability. At the same time, innovative non-destructive
testing procedures were tested in order to effectively detect surface and subsurface defects
of tools and the final product. The final phases of the project were focused on the application
of tools for drawing tubes in real production and the production of tubes with an internal
shaped surface using prototype tools. It can be stated that the set goals of the project were
successfully met.
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