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Table 1 Nanometric cutting simulation parameters

Simulation condition Parameters setting

Model dimension/A 261.4 x138.5 x130.9
Cutting speed /(m/s) 100
Cutting depth/A 239
Radius/A 20
Rake angle/® 10
Clearance angle/° 10

Equilibration temperature/K 100. 300+ 500. 600. 800. 1000

Timestep/ps 0.01
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Table 2 Relaxation steps at different cutting temperatures

temperature relaxation steps
100/K 50000
300/K 30000
500/K 50000
600/K 70000
800/K 90000
1000/K. 120000
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Fig.1 Thermally assisted nanometric cutting model
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Table 3 The parameters of LJ potential between the tool and the

workpiece
Pair a(A) £(eV)
C-C 3.8983 0.00412
C-Si 4.158 0.00412
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Fig.3 Curves of cutting force versus cutting distance at different temperatures

(a) Tangential cutting force; (b) Normal cutting force
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under different cutting temperatures
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Study on the Material Removal Mechanism of 4H-SiC in Thermally Assisted
Nanometric Cutting

3, Tuliajun? , Tian Zhuxin'?, Xie Qiming*, You Jinjing*, LiLijun'?, Wu Haihua !

Geng Ruiwen 1>
(1.Hubei Provincial Engineering Research Center for Graphite Additive Manufacturing Technology and Equipment, China Three Gorges
University, Yichang 443002, China)
(2.College of Mechanical and Power Engineering, China Three Gorges University, Yichang 443002, China)
(3.State Key Laboratory of Disaster Prevention and Mitigation for Tunneling and Underground Engineering, Shandong University, Jinan 250061,
China)
(4. Kunming Institute of Physics, Kunming 650223, China)

Abstract: Owing to its excellent thermal conductivity, high breakdown voltage, and high-temperature stability, 4H-SiC is a promising material
for power electronics and high-frequency devices. However, its extreme hardness and low fracture toughness cause severe subsurface damage and
rapid tool wear during nanoscale cutting. Thermally assisted machining can improve machinability by promoting plastic deformation and
enhancing efficiency; therefore, understanding the temperature-dependent material removal mechanism in nanometric cutting of 4H-SiC is
essential. This study employs molecular dynamics simulations to systematically investigate the cutting mechanical behavior, surface morphology,
subsurface damage, stress distribution, and dislocation evolution of 4H-SiC under different cutting temperatures (100 - 1000 K). The results show
that the average cutting forces decrease markedly with increasing temperature. At 1000 K, the tangential and normal forces are reduced by 15.4%
and 29.3%, respectively, compared with those at room temperature (300 K). Cutting at intermediate temperatures (500 - 600 K) effectively
suppresses subsurface damage, alleviates stress concentration, and reduces dislocation density. However, excessively high temperatures (=800 K)
aggravate damage and broaden the stress distribution due to enhanced dislocation multiplication and tangling. This work reveals the plastic
removal mechanism and damage evolution of 4H-SiC under different temperatures, offering a theoretical basis for efficient, low-damage
nanometric cutting.

Key words: 4H-SiC crystal; Cutting temperature; Ultra-precision cutting; Subsurface damage; Molecular dynamics
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