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Fig. 1 Molecular dynamics model of twin boundary spacing 2=2.73 nm
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Fig. 4 Atomic force distribution of single crystal tungsten and twin tungsten with different TBS under different strain during
tensile deformation: (a) Single crystal; (b) 4=1.09 nm; (c) 2=2.73 nm; (d) 2=5.48 nm
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Molecular dynamics simulation of effect of
twin boundaries spacing on mechanical properties of nano-tungsten

XUE Ke-min, ZHANG Yong-qiang, WANG Lu-sheng, YAN Si-liang, LI Ping

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to study the effect of twin boundaries spacing on the mechanical properties and deformation
mechanism of nano-tungsten, uniaxial tensile simulation of twin tungsten with different twin boundaries spacing
was carried out by molecular dynamics. The deformation failure process and microstructure evolution of
nano-tungsten during tension were characterized and analyzed by using common neighbor analysis(CNA) and
dislocation analysis method (DXA).The micro mechanism of the influence of twin boundaries spacing on the
mechanical properties of nano tungsten was revealed. The results show that the phase transformation, the
deformation of twin boundary and the phenomenon of de-twinning in the process of twin tungsten deformation will
change the mode of crack propagation in twin tungsten and improve the deformation ability of twin boundary.
With the decrease of twin boundaries spacing, that is, the increase of twin density, the number of deformable twin
boundaries increases, resulting in the increase of fracture strain of nano-twin tungsten. Due to the existence of a
special triatomic structure with high energy interaction in the twin boundaries, crystal defects are more likely to
appear in the nano tungsten. The defects will form cracks quickly under the tensile load, resulting in the crystal
fracture failure and seriously reducing the yield strength of the nano tungsten. Additionly, the existence of twin
boundaries significantly reduces the number of geometric necessary dislocations and hinders the slip movement of
dislocations, which makes it difficult for dislocations to emit and move, resulting in poor plasticity.

Key words: tungsten; nano twin boundary; twin distance; dislocation; molecular dynamics
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