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Crystal plasticity finite element study of tensile behavior of
two-phase titanium alloy Ti-6A1-4V

Zhang Long"’, Chang Le"”, Lin Hongyun"’, Zhou Changyu"*

(1. School of Mechanical and Power Engineering, Nanjing Tech University, Nanjing 211816, Jiangsu, China; 2. Institute
of Reliability Centered Manufacturing, Nanjing Tech University, Nanjing 211816, Jiangsu, China)

Abstract: The influence of o/f volume fraction and grain size on the tensile mechanical properties of Ti-
6Al-4V dual-phase titanium alloy was investigated in this study using the crystal plasticity finite ele-
ment method. The contribution of different slip systems to plastic deformation was evaluated quantitat-
ively by slip relative fraction. The results demonstrate that the stress-strain distribution during the tensile
deformation of Ti-6Al-4V titanium alloy is non-uniform. The stress is primarily concentrated on the [
phase grain and grain boundary, while the strain is concentrated on the a phase grain. Increasing the
volume fraction of B phase leads to a larger stress concentration area, easier generation of strain concen-
tration at the triple-junction of grain boundaries, and a significant increase in contribution from the 8
phase{110} slip system to the plasticity deformation. Increasing a, B or two-phase grain size results in
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decreased stress-strain curve in the plastic region, where initial deformation is predominantly governed
by prismatic slip system while pyramidal <c+a> slip system contribute slightly less. An increase in o-

phase grain size leads to a decrease in the activity of pyramidal <c+a> slip system, resulting in reduced
stress values in the plastic region. Increasing the f-phase grain size results in a reduction of stress dur-
ing the plastic stage, which is attributed to the decreased activity of {110} slip system within the f-

phase. Simultaneously increasing the grain size of both the o and § phases will affect the activation frac-
tion of prismatic and {110} slip systems. The reduction in stress is associated with the significant de-

crease in the number of interfaces.

Key words: Ti-6Al-4V, tensile behaviors, crystal plasticity, stress-strain, slip system, finite element

method
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Fig. 1 (a) Phase, grain, Euler Angle and grain boundary distribution in Dream3D microstructure, (b) stress-strain compar-

ison between uniaxial tensile simulation and experiment
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Table 1 Crystal plastic parameters of Ti-6Al-4V""

BBAR 70/MPa m jo/st ho/MPa  a
JLIH (a) 390 0.01 1.0 190 50
T (a) 390 0.01 1.0 190 50
HET (c + ) 663 0.01 1.0 190 50
B{110}(111) 390 0.01 1.0 190 50

®2 ofnpARSEMEEY
Table 2 Elastic constants of single crystal a and p phase
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HH C11/GPa C12/GPa C13/GPa C44/GPa
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B 133.10 95.10 42.7
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Fig.2 Tensile simulation results with different -phase volume fractions
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Fig. 7 Slip activity analysis under different a-phase grain sizes
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