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Mechanism Analysis of Material Remove and Subsurface Layer Damages
for SiC during Nanocutting Processes
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Institute of Technology,Nanchang, 330044

Abstract: The plastic removal mechanism of SiC was investigated by molecular dynamics method and
micro-cutting experiments. It is found that the high lattice distortion effectiveness of SiC materials induced
by extrusion force may lead to the reverse flow trend of the atomic vector displacement in elastic stages dur-
ing nanoscale cutting, and the eddy current trend of the atomic vector displacement occurs in elastoplastic-
ity deformation stages. The plastic deformation-mediated amorphous layer coverages, the phase transfor-
mation from cubic structure to wurtzite structure, and the formation of shear bands and cracks on the ma-
chined surfaces of SiC nanocutting obtained from molecular dynamics simulations are consistent with the ex-
perimental results. The random surface roughness in machined surface areas is easy to form a stepped type,
which increases as cutting temperature and speed increases. The plastic removal mechanism in nanocutting
processes is that the high pressure and high temperature induced by loads in closely contact areas between
cutting tool and SiC workpiece result in the shear band flow outflow from the rank face and the cutting mor-
phology and configuration are formed finally. The subsurface damage degree gradually decreases with cut-
ting distance and cutting speed increases. Nevertheless, the subsurface damage degree gradually increases
with the increase of cutting temperature and depth. Furthermore, with cutting speed increase, chip mor-
phology of SiC materials gradually changed from convolution state to bar state, and the chip morphology is
of mainly convolution as the temperature of system increases.

Key words: micro-structural evolution; molecular dynamics simulation; plastic remove; phase transi-
tion; hard brittle material
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Tab.1 Simulation parameter setting of SiC material on

nano cutting process

B % 1 BRI E
BRI S Ly X Ly XL, 5.3 nm X 48 nm X 23 nm

VIHI v 50.,100.200.250.400 m/s

VI3 d 2.0,2.6,3.5,4.4 nm
ERR 2.5nm
fHIRET 1.150,300,500,800 K
Hifh B 0°.15°.25°
Jifda 0°.15%,25°
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evolution and subsurface damage of SiC
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Fig.9 Effect of cutting parameters on phase transition and displacement amplitude of SiC hard and brittle materials
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Fig.10 Effect of cutting parameters on atomic

migration trajectories of SiC hard and brittle materials
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Fig.11 Stress quantization effect of cutting parameters on cutting direction of SiC hard and brittle materials
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