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ABSTRACT

ARTICLE INFO

The paper presents the numerical simulation of quenching cylindrical steel
sample immersed in three different quenchants: water, 5 % aquatensid solu-
tion, and isorapid oil. The quenching process starts from the initial tempera-
ture of the cylinder at 850 °C and moves through the air until it reaches the
quenching bath. The quenchant is held at constant temperature of 40 °C. The
cylinder is made of carefully selected steel which does not change its structure
during quenching and heating. Cylindrical samples were manufactured in three
different dimensions (R, H), (mm): (12.5 x 100), (25 x 150) and (37.5 x 225),
so that four measuring points were installed in each sample. Each measuring
point consists of thermocouple installed beneath the cylinder surface, capable
of measuring the temperature every half second. Based on the experiment, the
numerical simulation is recognized as transient and nonlinear two-dimen-
sional heat conduction problem consisting of the two main tasks: direct heat
transfer problem (DHTP) and inverse heat transfer problem (IHTP). The paper
proposes a new multi-objective optimization approach for the estimation of
heat transfer coefficients during the numerical simulation of quenching cylin-
drical steel sample. The proposed approach gained better results and less con-
vergence time compared to the results from the literature. The paper includes
methods, algorithms and the source code for the calculation of the temperature
fields in time and heat transfer coefficient estimation of the IHTP. The simula-
tion software has been implemented in C# programming language and can be
found at http://github.com/bhrnjica/quenching_simulation.
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Izvirni znanstveni ¢lanek

Nov pristop za veckriterijsko optimizacijo procesnih
parametrov med numeric¢no simulacijo kaljenja jeklenih

delov

Hrnjica, B.>", Behrem, 8.

aFaculty of Technical Engineering, University of Biha¢, Biha¢, Bosnia and Herzegovina

POVZETEK

PODATKI O CLANKU

V prispevku je predstavljena numeri¢na simulacija kaljenja vzorcev jeklenih
valjev, z uporabo treh razlicnih sredstev za kaljenje: vode, 5 % raztopine aqu-
atensid in olja isorapid. Postopek kaljenja se zac¢ne pri zacetni temperaturi
valja 850 °C, ki potuje skozi zrak, dokler ne doseZe kopeli za kaljenje, v kateri
je sredstvo za kaljenje pri konstantni temperaturi 40 °C. Valj je izdelan iz jekla,
ki med kaljenjem in segrevanjem ne spreminja svoje strukture. Valjasti vzorci
so izdelani v treh dimenzijah (R, V), (mm): (12,5 x 100), (25 x 150) in (37,5 x
225). Na vsakem vzorcu so pod povrsino valja Stiri merilna mesta. Na merilnih
mestih so names$ceni termoelementi, ki lahko izmerijo temperaturo vsake pol
sekunde. Na podlagi eksperimenta je numeri¢na simulacija zastavljena kot
prehodni in nelinearni dvodimenzionalni problem prevoda toplote, sestavljen
iz dveh glavnih nalog: neposrednega problema prenosa toplote (DHTP) in
inverznega problema prenosa toplote (IHTP). V ¢lanku je predlagan nov vec-
kriterijski optimizacijski pristop za oceno toplotne prestopnosti za numeri¢no
simulacijo kaljenja jeklenega valja. Predlagani pristop je dosegel boljSe rezul-
tate in krajsi Cas stekanja v primerjavi z rezultati, objavljenimi v literaturi.
Prispevek vkljucuje metode, algoritme in izvorno kodo za izracun prehodnih
temperaturnih polj in oceno toplotne prestopnosti za IHTP. Programska
oprema za simulacijo je bila razvita v programskem jeziku C# in je dostopna
na http://github.com/bhrnjica/quenching_simulation.
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