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Fig. 2 MD results compared with experiments!'®'!: (a) Dai-EFS potential; (b) Ravelo-EAM potential; (c) Experimental results

obtained from nanoindentation on Ta on three different orientations
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Fig. 5 Dislocation distribution under different crystal structures in process of nanoindentation'®’: (a) Single crystalline;

(b) Polycrystalline; (c) Nanotwinned polycrystalline
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Fig. 6 Distribution of dislocations under different twin lamellae thicknesses!'®: (a) 0.903 nm; (b) 2.71 nm; (c) 3.61 nm
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Fig. 8 Role of grain boundary blocking dislocations®”: (a) Before load drop; (b) After load drop; (c) Dislocation reaches GB at end

of phase 3 and merged into grain boundary plane
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Fig.9 3D model of polycrystalline copper®!: (a) 3D model of single compressed grain with probe; (b) Nanoindentation molecular

dynamics (MD) model
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surface®: (a) Cutting distance / is 25 nm; (b) Cutting distance Fig. 11 Sectional view of local atomic structure distribution
[32]

/is 35 nm in subsurface of workpiece

" o011
o2 [100] € | [100]
B 12 4 Cu 9K R b A St b £ 45
Fig. 12 Defect structure inside workpiece during single crystal copper nanomachining®®>! (Atoms are colored based on following
scheme, yellow for marked SFT atoms, red for hexagonal close-packed (HCP) atoms, blue for body-centered cubic (BCC). Atoms in

perfect face-centered cubic (FCC) are removed for a better view)
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Fig. 13 Effect of hard particles on nano-cutting process”®: (a) Article is either above or below the cutting plane and particle size is
smaller than tool edge radius; (b) Particle center lies at cutting plane and particle size is smaller than tool edge radius; (c) Particle is

at cutting plane, and particle size is equal to tool edge radius
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Fig. 14 Equivalent stress distribution of diamond tool atoms®®: (a) Initial stage; (b) Particle location
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Research progress on nano-machining mechanism of
metallic materials based on molecular dynamics simulation

LIU Huan, GUO Yong-bo, ZHAO Peng-yue, SU Dian-cheng

(School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Micro-nano devices are widely used in the fields of optics, electronics, medicine, biotechnology,

communication, aerospace and other fields. It is of great significance to study the deformation characteristics of metallic

materials at the nanometer scale and the removal mechanism of materials to realize the function of micro-nano devices.

Molecular Dynamics (MD) simulation methods can be used to achieve "real-time online" observation of nanofabrication

process, so as to better understand the nanofabrication mechanism of plastic materials. From the aspects of

nanoindentation and nanofabrication, the research progress of nanomaterial processing mechanism of metallic materials

in recent years was expounded. Some shortcomings of current MD simulation methods were pointed out and several

suggestions for improvement were put forward.

Key words: molecular dynamics; metallic material; processing mechanism; nano-cutting; nanoindentation
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