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Fig. 1 Schematic diagrams of nano-twinned titanium grain structure with different twin spacings: (a) 5.0 nm; (b) 9.0 nm;

(c) 13.5 nm
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Table 1 Lattice constant, elastic modulus and bulk
modulus of a -Ti bulk from MD, ab initio DFT and

experiment

) Elastic Bulk
Lattice
Method modulus/ modulus/
constant/A
GPa GPa
a=2.949
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Fig. 2 Uniaxial tensile stress — strain curves of nano-
twinned titanium with different twin spacings (Average

grain size 25 nm)
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point of nano-twinned titanium with different twin spacings

Total segs and length of dislocations at yield
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nm dislocations/Segs dislocations/ANG
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15.0 2255 28554.9649
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Fig. 3 Schematic diagrams of dislocation structure in nano-twinned model: (a) Twin spacing of 5.0 nm; (b) Twin spacing of

9.0 nm; (¢) Twin spacing of 15.0 nm
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Table 3 Total segs and length of dislocations at yield
point of nano-twinned titanium with different grain sizes

under condition of critical twin density

Grain size/ Total segs of Total length of

nm dislocations/Segs dislocations/ ANG
20 1739 17130.977
25 2287 24393.7297
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Effect of twin density and temperature on mechanical properties of
nano-twinned titanium

WANG Hao"2, SUN Yu"? YANG Zhi-bo' 2, CHEN Xue-feng'->

(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University,
Xi’an 710049, China)

Abstract: The mechanical behavior of nano-twinned titanium under uniaxial tension was simulated by molecular
dynamics at different twin densities and temperatures. The simulation results show that with the decrease of twin
density, the yield strength of nano-twinned titanium first increases and then decreases at room temperature, and
there is a critical twin density in the material. When the twin density is less than the critical twin density, the grain
refinement effect of twins leads to the increase of the strength of the material. When the twin density is larger than
the critical twin density, the nucleation and increment of dislocations at twin boundary, grain boundary and their
intersection become the dominant factors of material deformation, which affect the mechanical properties of nano-
twinned titanium. When the twin density is far away from the critical value, the twin spacing becomes smaller, the
nucleation and proliferation of dislocations become more intense, and the strength of the material decreases. The
change of temperature can affect the activity of atoms and the deformation mechanism of lattice. With the increase
of temperature, the bonding force between atoms decreases, the disorder of atomic structure near the grain
boundary and the degree of HCP-BCC phase transformation increase, resulting in the decrease of elastic modulus
and yield strength, and the increase of dislocation nucleation and movement affects the plastic deformation of the
material.

Key words: nano-twinned titanium; twin density; dislocation; temperature; molecular dynamics
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