Advances in Production Engineering & Management
Volume 9 | Number 3 | September 2014 | pp 119-127
http://dx.doi.org/10.14743 /apem2014.3.181

APEM
journal

ISSN 1854-6250

Journal home: apem-journal.org

Original scientific paper

Optimal fractal dimension on grain structure robot

laser-hardened tool steel

Babic, M.*’, Balic, J.?, Kokol, P.

®EMO-Orodjarna d.o.o., Celje, Slovenia
bFaculty of Mechanical Engineering, University of Maribor, Slovenia

“Faculty of Electrical Engineering and Computer Science, University of Maribor, Slovenia

ABSTRACT

ARTICLE INFO

In order to optimize the structure and properties of tool steel, it is necessary
to take into account the effect of the self-organization of a dissipative struc-
ture with fractal properties at load. Fractal material science researches the
relationship between the parameters of fractal structures and the dissipative
properties of tool steel. This paper describes the application of fractal dimen-
sion in robot laser-hardening specimens. By using fractal dimensions, chang-
es in the structure can be determined because the fractal dimension is a pre-
sent indicator of the complexities of the sample forms. We hardened tool steel
at different speeds and different temperatures. By researching the fractal
dimensions of the microstructures of the hardened specimens we could bet-
ter understand the effects of the parameters of robot cells on the material. We
show the experimental results and an analysis of those fractal patterns that
occur during robot laser hardening with the different parameters of tempera-
ture and speed. Finally, we present the relationship between the fractal di-
mensions and the parameters of temperature and speed of robot laser hard-
ening. The hardening of various metal alloys showed that when melting oc-
curs, fractal geometry can be used to calculate the fractal dimension. The
dependence of the fractal dimension on the hardness was ascertained. This
finding is important when we realize that certain alloys mix poorly because
they have different melting temperatures but such alloys have a much higher
hardness and better technical characteristics.
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Izvirni znanstveni clanek
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POVZETEK

PODATKI O CLANKU

Da bi lahko optimirali strukturo in lastnosti orodnega jekla, moramo uposte-
vati vpliv samoorganizacije disipativnih struktur z lastnostmi fraktalov. Frak-
talna znanost o materialih raziskuje odnos med parametri fraktalne strukture
in disipativnimi lastnostmi orodnega jekla. Clanek opisuje uporabo fraktalne
dimenzije pri laserskem kaljenju vzorcev s pomocjo robota. Z uporabo frak-
talnih dimenzij se lahko doloc¢ijo spremembe v strukturi, ker je fraktalna
dimenzija pokazatelj kompleksnosti oblike vzorcev. Orodno jeklo smo kalili z
razli¢nimi hitrostmi pri razli¢nih temperaturah. S studijem fraktalne dimenzi-
je mikrostrukture kaljenih vzorcev, se da bolje razumeti vpliv procesnih
parametrov pri kaljenju na proucevan material. V ¢lanku prikazujemo ekspe-
rimentalne rezultate in analizo fraktalnih vzorcev, ki se pojavijo med robot-
skim laserskim kaljenjem, izvedenim pri razli¢nih hitrostih in temperaturah.
Na koncu predstavljamo Se povezavo med fraktalnimi dimenzijami in tempe-
raturami ter hitrostjo kaljenja. Kaljenje razli¢nih kovinskih zlitin je pokazalo,
da lahko tedaj, ko se pojavi taljenje, fraktalno geometrijo uporabimo za izra-
cun fraktalne dimenzije. Ugotovljen je bil tudi vpliv fraktalne dimenzije na
trdoto. Ta ugotovitev je pomembna, saj vemo, da se nekatere zlitine medse-
bojno slabo mesajo, ker imajo razlitne temperature talis¢, vendar pa imajo
vi$jo trdoto in boljSe tehni¢ne lastnosti.
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