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ABSTRACT

ARTICLE INFO

Ceramic matrix composites have immense applications in the aerospace, air-
craft, and automobile industries. Belonging to this class, carbon-fiber rein-
forced ceramic matrix composites (C/SiC) are used for critical applications due
to their superior properties. However, these materials have also stringent
properties of heterogeneity, anisotropy, and varying thermal properties that
affect machining quality and process efficiency. So, developing a cutting force
prediction model and analyzing machining parameters is an essential need for
the accurate machining of such materials. In this study, a mechanistic-based
feed direction cutting force prediction model for rotary ultrasonic profile mill-
ing of C/SiC composites is developed and validated experimentally. The exper-
imental and simulation results closely match each other. The mean error and
standard deviation were recorded as 1.358 % and 6.003, respectively. The par-
ametric sensitivity analysis showed that cutting force decreased with increased
cutting speed, whereas it increased with increased feed rate and cutting depth.
The proposed cutting force model for rotary ultrasonic profile milling of C/SiC
composites is robust and can be applied to predict cutting forces and optimize
the machining process parameters at the industry level.
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Izvirni znanstveni ¢lanek
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POVZETEK

PODATKI O CLANKU

Kompoziti s kerami¢no matrico se v veliki meri uporabljajo v letalski, vesoljski
in avtomobilski industriji. V to skupino spadajo kompoziti s kerami¢no matri-
co, ojacani z ogljikovimi vlakni (C/SiC), ki se zaradi svojih odli¢nih lastnosti
uporabljajo v zahtevnih razmerah. Hkrati pa imajo ti materiali tudi stroge
lastnosti heterogenosti, anizotropije in spremenljive toplotne lastnosti, ki
vplivajo na kakovost obdelave in u¢inkovitost procesa. Zato sta razvoj modela
za napovedovanje rezalne sile in analiza parametrov strojne obdelave nujna
za natancno strojno obdelavo tak$nih materialov. V tej Studiji je razvit in eks-
perimentalno potrjen model za napoved rezalne sile v smeri podajanja, ki
temelji na mehaniki, za rotacijsko ultrazvoc¢no profilno rezkanje kompozitov
C/SiC. Eksperimentalni in simulacijski rezultati se med seboj tesno ujemajo.
Povprectna napaka in standardni odklon sta znasala 1,358 % oziroma 6,003.
Analiza obcutljivosti parametrov je pokazala, da se rezalna sila zmanjsuje s
povecevanjem hitrosti rezanja, medtem ko se povecuje s povecCevanjem hitro-
sti podajanja in globine rezanja. Predlagani model rezalne sile za rotacijsko
ultrazvocno profilno rezkanje kompozitov C/SiC je robusten in se lahko upo-
rablja za napovedovanje rezalnih sil in optimizacijo parametrov obdelovalne-
ga procesa na industrijski ravni.
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