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Numerical simulation of dynamic mechanical behavior of
near lamellar TiAl at elevated temperature with
influence of grain boundary
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Abstract: Based on the rate dependent crystal plasticity theory, a constitutive relationship of near lamellar TiAl was
presented to account for the influence of dislocation slip, twinning evolution and grain boundary movement. With the
help of the Voronois arithmetic, a three-dimensional polycrystalline finite element framework, in which the shell elements
were used to describe the grain boundaries, was constructed for the implementation of the proposed constitutive model.
Numerical simulations of the plastic mechanical behavior of near lamellar TiAl under temperatures of room temperature,
500 °C, 700 °C and tensile strain rates of 10° s, 320 s', 800 s and 1 350 s ' were conducted, subsequently. The
results drawn from the simulations agree well with the experimental data. The influence of grain boundary on the
mechanical behavior of the near lamellar TiAl was also investigated. The results show that the stress distribution within a
grain is significantly changed by the grain boundary, and certain stress concentration appears near the grain boundary.
In addition, the calculated results also show that the grain boundary can obstruct the twinning evolution, leading to the
volume ratio of deformation twinning around the grain boundaries smaller than that of the whole model.
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Table 1 Elastic constants of y-TiAl at different temperatures

Elastic constant ~ Cy/GPa  A4/(GPaK'')  B/(GPaK?)
Ch 186.56  —8.24X10° —1.58X107°
Cs3 18292  -1.90X102% -3.77X10°¢
Cu 10882  —1.71X102% -3.34X10°¢
Ces 81.15 -1.59X 1072  1.75X10°°
Cp 75.20 0 0
Cx 75.00 0 0
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Table 2 Simulated parameters of critical shear stress vs temperature (73=965 K)

Phase Deformation mechanism A /MPa B/K ! C/MPa D/K?
Ordinary dislocation 128.2 —0.000 98 22.7 -107°
y Super dislocation 167.2 —0.000 79 26.5 -2X107
Deformation twins 122.2 —0.001 09 25.5 -1%X107°
Cylindrical slip 138.2 —0.000 84 21.3 -2X107°
o Bottom slip 380.0 —0.000 89 62.8 -2X107°
Pyramidal slip 1 468.8 —0.003 02 3953 -4%10°°
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