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Table 1  Parameters for ABOP potential 
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Table 2  Morse potential parameters for Al-C and Al-Si 
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Fig.1  Molecular dynamics modelling of ultra-precision turning 
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Fig.2  Atomic configuration of periodic boundary along the 

thickness direction 
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Fig.3  Atomic configuration of SiC

p

/Al composites after 

relaxation 
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Fig.4  Energy variation during relaxation 
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Table 3  Summary of cutting details in the MD simulation 

 Items Contents 

Tool material SCD 

Rake angle/(°) -20 

Flank angle/(°) 10 

Edge radius/nm 2.3 

Tooling 

Number of tool 

atoms 

58384 

Workpiece material SiC

p

/Al composites 

Workpiece size/nm

3

 34.01×11.34×57.05 

Number of 

workpiece atoms 

184512 

Workpiece 

Cutting conditions  

Cutting environment Dry 

Depth of cut/nm 0.5, 1, 2, 3 

Operation 

Cutting speed/m·s

-1

 100 
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Fig.5  Machined surface formation process under cut depth of 1 nm: (a) 2000 fs, (b) 10 000 fs, (c) 18 000 fs, (d) 26 000 fs, (e) 34 000 fs, 

and (f) 42 000 fs 
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Fig.6  SEM image of the chip free surface 
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Fig.7  Elastic recovery and high pressure phase transformation 

under cut depth of 1 nm 
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Fig. 8  Brittle-ductile transition of SiC

p

/Al composites under different depths of cut: (a, b) 0.5 nm, (c, d) 1 nm, (e, f) 2 nm, and (g, h) 3 nm 
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Fig. 9  Ductile-regime cutting model for brittle materials 
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Fig. 10  Stress distribution of cutting zone under different depths of cut: (a, b) 0.5 nm, (c, d) 1 nm, (e, f) 2 nm, and (g, h) 3 nm 
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Fig.11  Radial distribution function of SCD tool before/ after 

cutting 
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Fig. 12  Wear morphologies of SCD tool during cutting: (a) 0 fs, (b) 10 000 fs, (c) 18 000 fs, and (d) 45 000 fs 
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Fig.13  Schematic of depth of cut in the workpiece cross section 
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Fig.14  Surface morphology (a) and surface height distribution (b) under different depths of cut 
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Fig.15  Wear morphology of SCD tool: (a) rake face and (b) flank face before cutting; (c) rake face and (d) flank face after cutting 
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Simulation and Experimental Research on Ultra-precision Turning  

of SiC

p

/Al Composites 

 

Xiang Junfeng, Xie Lijing, Hu Xin, Huo Shiyan, Pang Siqin, Wang Xibin 

(Beijing Institute of Technology, Beijing 100081, China) 

 

Abstract: Aimed at the difficulty in producing high-quality machined surface due to the existence of brittle-phase SiC in SiC

p

/Al 

composites, this paper used the molecular dynamics simulation and ultra-precision turning test to investigate the material removal process 

of SiC

p

/Al composites at nanoscale, and focused on the machined surface formation mechanism, brittle-ductile transition and tool wear 

mechanism in single crystal diamond ultra-precision turning of SiC

p

/Al composites. The results indicate that high-pressure phase transition 

is the main reason for the brittle-ductile transition of brittle-phase SiC in SiC

p

/Al composites. With the increase of cutting depth, the 

removal of SiC particles in SiC

p

/Al composites experienced from ductile cutting mode to hybrid brittle-ductile cutting mode and finally to 

purely brittle cutting mode. The SiC-Al interface and soft Al matrix in SiCp/Al composites considerably affects the brittle-ductile cutting 

mode transition mechanism when machining SiC particles in SiC

p

/Al composites. The existence of tensile stress on the uncut chip could 

induce the peak of brittle SiC crack initiation in the cutting zone. The primary wear mechanisms of SCD tools are abrasive wear originated 

from hard SiC particles’ scrape and machining induced graphitization. 

Key words: SiC

p

/Al composites; ultra-precision turning; molecular dynamics; single crystal diamond; brittle-plastic transition 
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