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Numerical Analysis of Strain Rate Dependency on

Activities of Slip Systems in Polycrystalline a-Ti
by

Taiki Okamoto*, Yoshiki Kawano**, Tsuyoshi Mayama***
b b b

Masatoshi MiTsunara™*** Shigeto Y amasakr***** and Michihiro Sato**

Uniaxial tensile deformation of single-crystalline and polycrystalline o-Ti models was numerically simulated with
strain rates ranging from 10 to 107! [/s] using a crystal plasticity finite element method, and we investigated the
relationship between the activities of the basal and prismatic <a> slip systems and the critical resolved shear stresses
(CRSSs) depending on the strain rates. The simulation of single-crystalline model showed that CRSS of prismatic <a>
slip system was easier to increase than that of basal slip system although CRSS of both slip systems increased with strain
rates. The nature of strain rate dependency affected the deformation mechanism of polycrystalline model: the simulation
of polycrystalline model showed that the activity of basal slip system increased locally with strain rates, instead of
reducing that of prismatic <a> slip system. However, the local activation of basal slip system was inhibited when 1*
pyramidal <a> slip system was activated. These results indicate that the local activation of basal slip system can occur
by strain redistribution between preferred regions for basal and prismatic <a> slips with strain rates while activation of
another slip system can inhibit that of the basal slip system.
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Fig. 1 IPF map of the test material 2.
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Fig. 2 Geometric model for CPFEM.

Table 1  Elastic compliance of pure titanium [(TPa)'] 2.

Sni S S13 S33 Sy

9.581 -4.623 -1.893 6.983 21.413

Table 2 Values used for the Voce equation [MPa] '".

Slip systems T T 6y 6,
Basal 2200 400.0 100.0 200.0
Pri<a> 2100 400.0 100.0 200.0

cogg}km Non active
Pyr-1<a>

AS-
condition 223.0 400.0 100.0 200.0

BP-

Pyr-1&Pyr-2 condition Non active
<=c+a= Ag.
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400 e — o — ¢ o s e m— e == - =
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g 200 T o L
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100
====Pyr-l<a> =='== Pyr-1&Pyr-2<c+a>
0
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r
Fig. 3 CRSS for each slip system as a function of slip strain '".

Table 3 Conditions of strain rate sensitivity m '>.

. Pyr-1&Pyr-2
Basal Pri<a> Pyr-1<a= eta>
0.025 0.041 0.020 0.020
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Fig. 4 Stress-strain relationship in a single crystal model.
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Fig. 5 Relationship between CRSS and strain rates.
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Fig. 6  Stress-strain relationship in a polycrystalline model under BP-
condition.
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Fig. 7 Distributions of slip strain for the basal and prismatic <a> slip
systems at different strain rates under BP-condition. Normal
strain is 2.0%.
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Fig. 8 Line profiles of plastic shear strain under BP-condition.
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Fig. 9 Stress-strain relationship in a polycrystalline model under AS-
condition.
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Line profiles of plastic shear strain under AS-condition.
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