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 1  TC11!"�#� 

Table 1  Chemical composition of TC11 alloy (ω/%)OO

Al Zr Mo H N Si Fe C O Ti 

6.6 1.8 3.3 0.004 0.01 0.29 0.07 0.01 0.13 Bal. 
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Fig.1  Shape and size of TC11 titanium alloy tensile specimen 
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Fig.2  Strain signal of incident bar and transmission bar in 

dynamic tensile recovery experiments 
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Fig.3  Isothermal and adiabatic curves of TC11 alloy at different 

strain rates: (a)

ε

�

=190 s
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 and (b)

ε

� =500 s
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Fig.4  Quasi-static stress-strain curves of TC11 alloy at different 

temperatures 

�������������������

Johnson-Cookùú`ab���w�01�¸

¹§�Ã+IJKNOÅ����ï�

[19]

�ïmnY

,²ùú�w TC11 ����¸¹§�K�+N+I

r®w\v1xV�� 

( )

r

p

0 m r

1 ln 1

m

n

T T

A B C D

T T

ε

σ ε

ε

 

   

−

= + + − 

   

−

 

  

 

�

�

   (1) 

\(1)`�rU,·��+I e+, �2U��+

IJ e+�� 3U��§�« e+-Ó7

p

,  ,  ,  Tσ ε ε

�

Z=���+N
��+I
Çµ+IJ

ÃÇµ§�;

0 r m

, , , A T Tε

�

Z=� ¡�M�tu+N


 ¡+IJ
§�Ã01�¢Pf ,  ,  ,  ,   B C D n m`0

1�¯- 

�´s01�¯ø�fgy£wK� 

v1x¡¤yzM
¥¦§��§§T T=293 K

K�ï�r®w\v2xV�-�4¨��7§§K�

dµ¯©ì'(01�¯ ,  ,  A B n�ø- 

( )

p

n

A Bσ ε= +

                            (2) 

v2x¡¤yzMK¸¹¥¦§�K�ï�r®w

\v3xV�-���7¸¹¥¦§�K�dµ¯©�

õ TC11 ����¢P

m

1875 KT = �ì·¨�'(0

1�¯ ,  D m�ø- 

( )

p

293

1

1582

m

n

T

A B Dσ ε

 

−

 

= + −

 

 

 

 

 

             (3) 

v3x¡¤�+IJK$§ÁÂ�ï�r®w\

v4xV�����v4x7¸¹+IJK�LM��

ÕÖdµ¯©�ì¨�'(01�¯C �ø- 

( )

p

0

1 ln

n

A B C

ε

σ ε

ε

 

= + +

 

 

�

�

                  (4) 

�4·Éy£'(�01�¯øe�m	Xªg

� 45�¥¦«ð�Ó7 ¡+IJõ�

1

0

0.001 sε

−

=

�

� m > ' ( 0 1 � ¯ �  ø �

791.3A =

�

842.5B =

�

0.342n =

�

1.12m =

�

5.03D =

�

0.0263C =

-±Ó¬ð\(3), ì'¨�+

N-+IÁÂw�5V��ýþÍÎ�ÇµÁÂ��

®�ì¼²ùú�¯®n�wyzMK§�¬TC11�

���I+N�º�- 

¹����+IJv190
500 s

-1

x$§|}K�

ï�ùúýþÍÎ�LM��ÕÖdµ¯©w� 6 V

��X¿��®��LM��ÕÖdµ7§�« 

�+�Ì�H��Y,\v4x�w$§ÁÂ�ï�r

®`�è�- 

0.00 0.04 0.08 0.12

0

400

800

1200

1600

·

·

 

 

T
r
u

e
 
S

t
r
e
s
s
/
M

P
a
 

 Adiabatic ε=190 s

-1

 Isothermal ε=190 s

-1

 Isothermal ε=0.001 s

-1

 Recovery results

a

·

0.00 0.04 0.08 0.12 0.16

0

400

800

1200

1600

·

·

 

 

T
r
u

e
 
S

t
r
e

s
s
/
M

P
a
 

True Strain

 Isotherm al ε=500 s

- 1

 Isotherm al ε=0.001 s

- 1

 Adiabatic ε=500 s

- 1

 Recovery result s

b

·

0.00 0.04 0.08 0.12

0

400

800

1200

·

 

 

Strain rate: ε=0.001 s

-1

 213 K

 253 K

 293 K

T
r
u

e
 
S

t
r
e
s
s
/
M

P
a

 

True Strain



� 7�                           ������	
�� TC11������������������              �2059� 

 

 

 

 

 

 

 

 

 

 

 5  TC11!"	#$�%&�'()*+,-./01 

Fig.5  Comparison of model calculation and testing results at 

different temperatures  
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Fig.6  Comparison of the calculated results of the model and 

experimental data at high strain rates and isothermal 

condition 
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Fig.7  Conversion factors of plastic dissipation work to heat at 

different strain rates: (a)
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=190 s
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 and (b)
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Determination of Conversion Factor in Adiabatic Temperature Rise of Dynamic Tensile 

Behavior of TC11 Alloy 

 

Li Yunfei

1, 2

, Zeng Xiangguo

1 

(1. Sichuan University, Chengdu 610065, China) 

(2. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621999, China) 

 

Abstract: Split Hopkinson tension bar system was improved by adding wave absorbers into the incident bar and the transmission bar, to 

eliminate the reflected waves in the input and output bar in dynamic tension experiments. The dynamic tension recovery technique was 

developed by adopting the improved bar system. Dynamic tension and recovery experiments were conducted to obtain adiabatic and 

isothermal stress-strain responses of the TC11 alloy at high strain rates. And the adiabatic softening effect was experimentally uncoupled 

from the strain-rate strengthening and strain hardening effects. The quasi-static tensile tests at different initial temperatures were also 

carried out to study the thermal softening effect which was described by Johnson-Cook model. The model was modified by introducing the 

value of adiabatic temperature rise in dynamic tensile process. When the adiabatic curves of the modified model and the experimental data 

are in good agreement, the conversion factors of plastic dissipation power to heat at different strain rates can be determined. And the 

conversion factor of the strain rate of 500 s

-1

 is found to be less than that of the strain rate of 190 s

-1

. 

Key words: dual-phase titanium alloy; dynamic tension recovery experiments; conversion factor in adiabatic temperature rise; modified 

Johnson-Cook model 
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