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Table 1  Composition of the test TC31 Ti alloy (ω/%) 

Al Mo Sn Zr Nb W Si Ti 

6.0~7.2 1.0~3.2 2.5~3.5 2.5~3.5 1.0~3.2 0.3~1.5 0.1~0.5 Bal. 
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Fig.1  Original microstructure of TC31 Ti alloy 
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Fig.2  Dimensions of tensile sample 
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Fig.3  Tested specimens of TC31 Ti alloy sheet at 840 � (a), 880 � (b), 920 � (c), and 960 � (d)
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Fig.4  True stress-strain curves of TC31 titanium alloy at different deformation temperatures: 

(a) 840 �, (b) 880 �, (c) 920 �, and (d) 960 � 
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Fig.5  Tested specimens of TC31 titanium alloy 

at different strains 
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� 6  uv?7B23 TC31+,-_FHI 

Fig.6  Microstructures of TC31 titanium alloy at different strains: (a) 0, (b) 0.15, (c) 0.3, (d) 0.45, (e) 0.6, and (f) 0.9 
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Fig.7  Phase content (b) and mean grain size of β phase (b) of TC31 titanium alloy at different strains 
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Fig.8  Microstructures of TC31 titanium alloy at different strain rates: (a) 0.1 s
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Fig.9  Phase content (a) and mean grain size of β phase (b) of TC31 titanium alloy at different strain rates 
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Fig.10  Microstructures of TC31 titanium alloy at different deformation temperatures: (a) 840 �, (b) 880 �, (c) 920 �, and (d) 960 � 

 

 

 

 

 

 

 

 

 

 

 

 

� 11  uv7<5=23 TC31+,-¢rsB���ghop 

Fig.11  Phase content (a) and mean grain size of β phase (b) of TC31 titanium alloy at different deformation temperatures 
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Fig.12  Relationship curves of lnσ-ln ε
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Table 2  Solving parameters when the strain is 0.1 

Temperature/ 

Parameter 

840 880 920 960 

Mean value 

n

1

 2.955 2.748 2.284 2.253 - 

β 0.021 4 0.028 5 0.037 5 0.071 6 - 

α 0.007 24 0.010 37 0.016 42 0.031 78 0.016 45 

n

*

 1.218 7 1.489 7 1.602 4 1.989 0 1.575 0 

v 40.695 49 25.805 06 20.206 03 20.041 20 26.686 945 

 

�������� Q	
 349.29 kJ/mol�����

�������������
 0.1 �������

��� !"�#$�%&'
( 

( ) ( )

( )

1/2

1/1.58 2/1.58

29.20 29.20

1

ln /e /e 1

0.016

exp 349.29/

Z Z

Z RT



 

 

= + +

 



 

 

 





=



σ

ε

�

)12* 

�����Arrhenius ����	
������ 

+��� Arrhenius ,-./012��3

���45�6789�:�;<=>?����@

A�3B#CD���E�F�GH89���4

5�01IJKL�� 0.02
MN3 0~2OP��Q

R�ST/� Arrhenius UVWXYZ�[��

Arrhenius UVWX\GH]^_�%`
GH��

��ab'./�cE( 

6 5 4 3 2

i i1 i2 i3 i4 i5 i6 i7

α α ε α ε α ε α ε α ε α ε α= + + + + + + )13* 

6 5 4 3 2

i i1 i2 i3 i4 i5 i6 i7

n n n n n n n nε ε ε ε ε ε= + + + + + +  )14* 

6 5 4 3 2

ij ij1 ij2 ij3 ij4 ij5 ij6 ij7

Q Q Q Q Q Q Q Qε ε ε ε ε ε= + + + + + + )15* 

6 5 4 3 2

ij ij1 ij2 ij3 ij4 ij5 ij6 ij7

A A A A A A A Aε ε ε ε ε ε= + + + + + + )16* 

de�Sfg ArrheniusUVWX�.h�ij2

Matlabkh�lmno#$pno��� C���

�q��:2r 13s`� TC31tZu�vwxyF

�z{E�|}9|~���YZ@A�3�r� 


2�Kno#$�no��� EWX89�

vwxyF�z{E�F���@A��}q��

������o<��H�%`�cr 14s`���

�5\GH] R q!?^.� MSE ���WX��

�w���k�'
( 

1

2 2

1 1

ˆ ˆ

( )( )

ˆ ˆ

( ) ( )

n

i i i

n n

i i i i

R

σ σ σ σ

σ σ σ σ

=

= =

∑ − −

=

∑ − ∑ −

           

)17* 

( )

2

1

1

ˆ

MSE

n

i i i

n

σ σ

=

= ∑ −

                   

)18* 

'�(σ C

ˆ

σ ��
|}����C3�89����

��σ C

ˆ

σ ��
�}CWX89�����?^q� 

6T ArrheniusUVWX3 TC31tZuB#F�

��QR89��5�'(17)C(18)�k�s�#$C

��� OP�� MSE 
 4.173�R q
 0.9698�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 13  TC31�������	
������������������������ � 

Fig.13  Comparison between experimental test point and theoretical fit curves of TC31 titanium alloy under plastic steady-state stage at 

different deformation temperatures: (a) 840 ,�  (b) 880 �, (c) 920 �, and (d) 960 � 
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Fig.14  Correlation between flow stress curves and experimental 

results in plastic steady-state stage Arrhenius modified 

constitutive model 
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High Temperature Flow Behavior and Microstructure 

Evolution of TC31 Titanium Alloy Sheets 
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Abstract: The high temperature flow behavior of TC31 titanium alloy at 840~960 °C and 0.0001~0.1 s

-1

 was investigated and the effects of 

the deformation temperature, strain rate and strain on flow stress and microstructure were studied. The Arrhenius constitutive equation of 

TC31 titanium alloy was established and verified. The results show that when the temperature is lower than 880 °C and the strain rate is 

higher than 0.01 s

-1

, the material exhibits obvious dynamic softening. When the temperature is higher than 920 °C and the strain rate is 

lower than 0.001 s

-1

, the coarse grain increases flow stress. It is indicated that the strain, strain rate and deformation temperature have 

different effects on grain size, shape and phase content. In addition, it is confirmed that the strain-corrected Arrhenius constitutive equation 

has higher prediction accuracy, and its MSE is 4.173 and the R value is 0.9698. 

Key words: TC31 titanium alloy; high temperature flow behavior; Arrhenius constitutive model; microstructure 
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