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Fig.1 Inverse pole figures (a,—a,), pole figures (b,—b,), and c-axis direction distributions (c,—c,) of two types of CP-Ti plates after annealing:

(a,—,) 5 mm and (a,—c,) 16 mm
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Fig.2 Schematic diagrams of dimension of different samples: (a) ND tensile sample with a plate thickness of 16 mm; (b) other tensile samples;
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Initial texture used in simulations: (a) BP and (b) DP
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Table 1 Hardening parameters of slip/twinning mode used in the VPSC-PTR model for BP and DP

Latent hardening coefficient

Plate Slip/twinning mode 7/MPa 7,/MPa @/MPa 0,/MPa ez e ey pr s A, A,
Prismatic 20 30 300 30 1 1 1 9 1
Basal 73 40 1600 10 1 1 1 9 1
BP Pyramidal 150 45 1000 210 1 1 1 1 1
Extension twinning 110 0 0 0 1 1 1 1 1 0.05 0.65
Contraction twinning 170 60 800 200 1 1 1 1 1 0.3 0.7
Prismatic 105 35 700 10 1 1 1 8 9
Basal 175 50 800 0 1 1 1 1 1
DP Pyramidal 285 60 1600 320 1 1 1 5 9
Extension twinning 260 0 0 0 1 1 1 1 1 0.05 0.1
Contraction twinning 290 220 3500 1200 1 1 1 1 1 0.3 0.7
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Fig.4 Experimental (symbols) and simulated (lines) true stress-ture strain curves (a,—f,) as well as the relative activity (a,—f,, a,—f}) of slip/

twinning systems for two plates during monotonic loading
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Table 2 Tensile/compressive yield stresses and tensile-compressive yield stress ratio of two plates under monotonic loading

Plate Loading direction Tensile yield stress/MPa Compressive yield stress/MPa  Tensile-compressive yield stress ratio
RD 167 142 1.17
BP TD 252 213 1.183
ND 226
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ND 471 543 0.842
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Anisotropic Mechanical Behavior and Plastic Deformation Mechanisms of Commercially
Pure Titanium with Different Initial Orientations

Ma Chao', Shen Lu?, Yang Shudong’, Wang Yueyue'?, Li Zhiang’, Guo Ying’, Guo Xiaogian’, Zhang Chun*’
(1. School of Physics and New Energy, Xuzhou University of Technology, Xuzhou 221000, China)
(2. School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou 221116, China)
(3. Anhui Shoulder Technology Co., Ltd, Hefei 238014, China)

Abstract: The anisotropic mechanical behaviors of TA1 commercially pure titanium (CP-Ti) rolled plates with two different initial orientations
(bimodal texture and dispersed texture) under uniaxial loading, including stress-strain curves, tension-compression yield asymmetry, strain
hardening, plastic strain ratio (r-value), and texture evolution were investigated using macroscopic mechanical property testing, microstructural
characterization, and crystal plasticity modeling. The simulation results based on the VPSC-PTR model are well agreement with the experimental
data. Compared to the plate with dispersed texture, the plate with bimodal texture presents more prominent anisotropy and tension-compression
asymmetry, accompanied by more significant changes in the r-value and more intense texture evolution during deformation. Combining with the
Schmid factor distribution, the relative activity of slip/twinning system, and critical resolved shear stress, the effect of initial texture on
competition between slip and twinning during the deformation is clarified, revealing the influence mechanism of the initial orientation on the
anisotropy of the rolled CP-Ti plates. The prismatic slip is the dominant mechanism of plastic deformation in CP-Ti. And extension twinning is
more easily activated in plate with bimodal texture, while basal slip and pyramidal slip are more active in plate with dispersed texture, leading to
different anisotropic characteristics. Moreover, the r-value of plate with bimodal texture is higher than that with dispersed texture during
deformation, which is related to the decrease in activity of prismatic slip and the increase in activity of extension twinning.

Key words: initial orientation; commercially pure titanium; anisotropy; r-value; crystal plasticity; Schmid factor
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