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Abstract. Commercially pure titanium has a hexagonal close-packed structure and exhibits unusual anisotropy and 

asymmetry at room temperature. In order to examine the mechanical behaviour of commercially pure titanium, in-situ 

tensile tests are performed under an orientation imaging microscope. The observed microscale behaviour is 

numerically analysed and used for identifying the activated slip systems. This information can be used for 

determining the model parameters of the crystal plasticity constitutive equations of commercially pure titanium.  

1 introduction  

Titanium and titanium alloys have been widely used in 
various industries from medical implants to aerospace 

components because of their high specific strength and 

corrosion resistance. In order to exploit the advantages of 

titanium, the relationship between microstructure and 

mechanical properties should be understood. In 

particular, commercially pure titanium exhibits highly 

anisotropic and asymmetric behaviour at room 

temperature, which may not be favourable in metal 
forming processes. In addition, traditional plasticity 

constitutive models cannot predict such behaviour. In 

order to examine the mechanical behaviour of 

commercially pure titanium, in this work, in-situ tensile 

tests are performed under an orientation imaging 

microscope. The observed microscale behaviour is 

numerically analysed and used for identifying the 

activated slip systems.  

2 Experimental  

2.1 Material 

The commercially pure titanium alloy Grade 2 was used 

for this study. The alloying element compositions are 

listed in Table 1. The sheet thickness was 2 mm. The 

yield and tensile strengths are 394 MPa and 455 MPa, 
respectively.  

Table 1. Alloying element compositions (wt. %) 

Alloy Fe C O N H 

Ti Gr. 2 0.06 0.010 0.13 0.010 0.0020 

2.2 In-situ tensile test 

The in-situ tensile tests were performed under an 

orientation imaging microscope. The tensile stage (TSL 

Solutions K.K., TS-2000) was used to apply tensile strain 
on the miniature tensile specimen.  During the tensile 

test, the tensile stage was stopped at specific strains and 

the orientations were measured using the orientation 

imaging microscope.  

3 Modelling  

3.1. Crystal plasticity constitutive equations  

The Peirce, Asaro, Needleman formulation [1, 2] was 

used to describe the crystal plasticity behaviour. The 

deformation gradient (F) may be decomposed into elastic 

(F*) and plastic (Fp) parts: 
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The elastic constitutive relationship in the crystal 

coordinate system may be given by 
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where  is the stress tensor, C is the stiffness matrix, D is 
the rate of deformation tensor, L is the velocity gradient, 

s and m are the slip direction and slip plane normal, 

respectively. The tensors P and W are symmetric and 

anti-symmetric, respectively.  

The resolved shear stress and shear strain rate are 

given respectively by 
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where g is the hardening variable related to the critical 
resolved shear stress.  

The slip and twin systems used in this work are listed 

in Table 2.  

 

Table 2. Selected slip and twin systems 

Basal <a>  

Prismatic <a>  

Tensile twinning  

 

The crystal plasticity constitutive equations were 

implemented into the commercial finite element program 

Abaqus/Explicit via the user material subroutine.  

3.2 Microstructure modelling  

The finite element model for the crystal plasticity 
analysis was generated based on the orientation map, as 

shown in Figure 1. The plane stress boundary condition 

was applied.  

 

 

Figure 1. Finite element model of the microstructure 

4 Results and Conclusions 

The FSD map measured at the strain of 1% is shown in 

Figure 2. It shows different slip traces for different 

grains. This information is used to identify the activated 

slip systems. 

The crystal plasticity finite element calculations were 

performed for the developed microstructure model. For 
each calculation, only one type of slip or twin system was 

allowed to be activated. The strain map with the most 

active slip planes are shown in Figure 3.  

 

Figure 2. The FSD image  

 

(a) 

 

(b) 

 

(c) 

Figure 3. The calculated strain map (white line: the most active 

slip planes): (a) prismatic slip (b) basal slip (c) tensile twinning 
 

The comparison between the measured slip traces 

(Figure 2) and the predicted slip planes (Figure 3) 

confirmed that the prismatic slip system is the dominant 

slip system in the commercially pure titanium Grade 2 at 
the strain of 1%.  The highly localized bands, which can 
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be identified by the surface undulation, also agree with 

the prediction with the prismatic slip.  
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