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Influences of temperature and strain rate on deformation twinning
of polycrystalline titanium
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Abstract: The influences of temperature and strain rate on the deformation twinning of polycrystalline titanium were
studied by tensile experiments in a temperature range of 298—973 K and a strain rate range of 0.001—1 400 /s. The tests at
elevated temperatures and high strain rates were carried out using a modified split Hopkinson tension bar apparatus. The
experimental results show that deformation twinning is dependent on both temperature and strain rate. The density of
deformation twinning increases with increasing test strain rate. However, it decreases with increasing test temperature. A
constitutive model based on the dislocation kinetics and twinning effect was used to describe the stress-strain relationship
of commercially pure titanium (CP-Ti) at the investigated temperatures and strain rates. The simulated results show that
the model can well describe the stress-strain relationship of CP-Ti in tensile deformation.
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Fig.2 True stress—true strain curves of poly-crystal titanium at various temperatures and strain rates (Solid lines are simulated

results based on model in section 3.1)
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Fig.3 Microstructures of fracture surface at various temperatures and strain rates: (a) undeformed; (b) 1400, 298 K; (¢) 0.01 s,

298 K; (d) 1400s", 423 K; () 0.01 s, 423 K; () 14005 ', 523 K
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Table 2 Parameters in constitutive model
79/GPa n P q [
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4.22(quasi-static)
4.8(dynamic)

0.51(quasi-static)
0.58(dynamic)
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Fig.4 Simulated stress—strain curves of poly-crystal titanium at various temperatures and strain rates (incorporating twinning effect)
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