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Molecular Dynamics Simulation on the Material Removal Mechanism
in the Nano-polishing Process of Invar Alloy

WANG Wan' ZHOU Qing' HUA Dongpeng' LI Shuo' WANG Zhijun> WANG Haifeng'
(1. Center of Advanced Lubrication and Seal Materials, Northwestern Polytechnical University,
Xi”an 710072, China;
2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University,
Xi’an 710072, China)

Abstract: As a unique kind of low-expansion materials, Invar alloy has been widely used in high-tech fields, such as aerospace, but
few studies are conducted on its ultra-precision machining theory and technology. Among them, nano-polishing is an important method
for ultra-precision machining of Invar alloy. Aiming at showing the material removal mechanism of Invar alloy in the nano-polishing
process, the influence of polishing speed on the material removal rate, subsurface damage and the smoothness of polished surface is
studied based on molecular dynamics simulation. Specifically, through the analysis of polishing chip, energy, polishing force and
dislocation movement, the deformation and damage mechanism of Invar alloy is revealed. It is shown that the material removal rate will
reach a critical value as the polishing speed increases. When the velocity increases, the grinding heat promots nucleation of
dislocations, and therefore the subsurface damage thickness increases. However, with the velocity over than 100 m/s, the drastically
increased strain rate leads to the limitation of dislocation movement, which reduces the thickness of subsurface damage. This paper
enriches the theoretical understanding and provides technological references for realizing the high efficiency and low damage machining
mechanism of Invar alloy.
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Fig. 1 Molecular dynamics simulation model of

high-speed nanopolishing
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