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Table 1  Chemical composition of pure Ti (ω/%) 

Fe C N H O Ti 

0.012 0.022 0.003 0.001 0.06 Bal. 
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Fig.1  True stress-true strain curves of UFG pure Ti at different 

strain rates (T=400 )�  
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Fig.2  True stress-true strain curves of UFG pure Ti at different 

temperatures ( ε
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Fig.3  Schematic illustration of artificial neural network 
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Fig.5  ln[sinh(ασ)] vs lnε
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curves (a) and ln[sinh(ασ)] vs 1/T 

curves (b) (ε=0.1) 
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Fig.6  lnZ vs ln[sinh(ασ)] curve (ε=0.1) 
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Table 2  Material parameters under different strain conditions 

ε β n α Q/J·mol

-1

 A 

0.10 0.056 868 11.857 0 0.003 525 169.1452 25.182 

0.15 0.064 445 15.608 3 0.002 956 161.9279 25.969 

0.20 0.065 020 14.209 7 0.003 370 201.4557 31.670 
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0.40 0.107 089 29.421 2 0.002 938 341.5661 61.036 
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0.50 0.151 762 39.855 6 0.002 849 447.3729 83.147 

0.55 0.136 675 35.759 6 0.002 854 410.1803 75.801 

0.60 0.111 821 28.752 1 0.002 887 333.9077 61.215 
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Fig.7  Comparisons between experimental and predicted flow stresses by artificial neural network (ANN): (a) ε
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Fig.8  Comparisons between experimental and predicted flow stresses by Arrhenius constitutive equation: (a) ε
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Fig.9  Comparisons of experimental data to the value of artificial 

neural network (a) and Arrhenius constitutive equation (b) 
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Fig.10  Influence of temperature on the precision of artificial 

neural network (ANN) and Arrhenius constitutive 
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A Constitutive Model of Ultrafine Grained Pure Titanium Deformation at Elevated 

Temperature Based on Artificial Neural Network 
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Abstract: Ultrafine grained (UFG) pure titanium was prepared by ECAP up to four passes. The hot compression experiments were 

conducted at different temperatures (250~450 °C) and strain rates (10

-5

~1 s

-1

). The artificial neural network (ANN) and Arrhenius 

constitutive equation were used for establishing a constitutive model of UFG pure titanium. Experiments show that the flow stress 

increases with the increase of strain at the beginning of deformation, and then increases slowly. Finally, the stress reaches a stable value. 

The experimental and predicted values of flow stress show that the average absolute relative errors obtained from the artificial neural 

network model and the Arrhenius constitutive equations are 2.1% and 11.54%, respectively. The correlation coefficients of the artificial 

neural network model and the Arrhenius constitutive equation are 0.9979 and 0.9464, respectively. This means that the artificial neural 

network model can more accurately describe the constitutive relations of UFG pure titanium. By comparing the errors of the two models at 

different temperatures, it can be concluded that artificial neural network model has better stability under the condition of high temperature. 

Key words: ultrafine grained pure titanium; artificial neural network; Arrhenius constitutive equation; flow stress 

 

Corresponding author: Liu Xiaoyan, Ph. D., Associate Professor, School of Metallurgical Engineering, Xi’an University of Architecture 

and Technology, Xi’an 710055, P. R. China, Tel: 0086-29-82202923, E-mail: xauat-lxyan@hotmail.com 


