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Fig.1  Initial microstructure of TC11 alloy 
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Fig.2  Typical flow stress-strain curves of TC11 alloy: 

(a) 850  � and (b) 1000 � 
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Fig.3  Hot processing map of TC11 alloy 
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Fig.4  Flow instabilities of TC11 alloy during hot deformation: 

(a) shear crack at 5 s
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, 800 � and (b) shear band at 
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Fig.5  Microstructures of TC11 alloy deformed at (α+β) phase 

field at strain rate of 0.05 s
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: (a) 850 � and (b) 950 � 
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Fig.6  Microstructures of TC11 alloy deformed at 900 :�  
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Fig.7  Microstructures of TC11 alloy deformed at β phase field: 

(a) 0.05 s
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, 1000 � and (b) 5 s
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Fig.8  Microstructural deformation mechanism map 

for TC11 alloy 

 

��������

1) �wα+βxÞ´��&ºTU!F�- TC11

����ä~;@A�w0.005�0.05s

-1

x¯R;< 

h�Î�F�!òóæ;<��!ûä'~;@A!

ç8_ç81Þ´�	~;@A�w0.05~5 s

-1

x;<

â�Le8{!���à��ML4567'458

�}~1 

2) � β ´�;<â�ä~;@A�w0.005~0.05 

s

-1

x�L�sI/J�	~;@A�w0.05~5 s

-1

x�

L�s���Î�~;@AH� 0.1 s

-1

â����L

k��à��j1 

3) /�e8{|±h-·¸TU¸Ý/ó�xy

TC11���!e8{�����45 900~950 ��~

;@AË� 0.1 s

-1

â6K��1 

 

����    References 

[1] Bai Xiaohuan(¡¢£), Feng Yongqi(¤¥¦), Wang Weiqi 

(§¨©) et al. Titanium Industry Progress((��ª«)[J], 

2005, 22(5): 37 

[2] Prasad Y V R K, Gegel H L, Doraivelu S M et al. Metal- 

lurgical Transactions A[J], 1984, 15(10): 1883 

[3] Srinivasan N, Prasad Y V R K. Journal of Materials 

Processing Technology[J], 1995, 51(1~4): 171 

[4] Ravichandran N, Prasad Y V R K. Metallurgical Transactions 

A[J], 1991, 22: 2339 

[5] Murty S V S N, Rao B N, Kashyap B P. Journal of Materials 

Processing Technology[J], 2005, 166(2): 268 

[6] Prasad Y V R K, Seshacharyulu T. Materials Science and 

Engineering A[J], 1998, 243(1~2): 82 

[7] Nho-Kwang Park, Jong-Taek Yeom, Young-Sang Na. Journal 

of Materials Processing Technology[J], 2002, 130~131(sp): 

540 

[8] Prasad Y V R K. Journal of Materials Engineering and 

Performance[J], 2003, 12(6): 638 

[9] Prasad Y V R K. Indian J Tech[J], 1990, 28: 435 

[10] Ziegler H. Progress in Solid Mechanics[M]. New York: 

Wiley Press, 1963, 4: 93 

[11] Zeng Weidong(¬­®), Zhou Yigang(¯°±), Zhou Jun(¯

²) et al. Rare Metal Materials and Engineering(�~*��

����)[J], 2006, 36 (5): 673 

[12] Kobayashi S. Technical Report AFML-TR-70-90[R]. Berkeley: 

University of California, 1970 

[13] Zeng Weidong(¬­®), Zhou Yigang(¯°±), Shu Ying(³

´) et al. Rare Metal Materials and Engineering(�~*��

����)[J], 2007, 36 (1): 1 

[14] Zhou Jun(¯ ²), Zeng Weidong(¬­®), Shu Ying(³ ´) 

et al. Rare Metal Materials and Engineering(�~*���

���)[J], 2006, 35(2): 265 

50 µm�

a 

100 µm�

b 

0.01

0.005

0.1

800 900 950

Crack

Adiabatic shear bands

Gloubularization

D
R
X

D
R
V

Instability

Transus temperature

800  850  900  950  1000  1050 

Temperature/� 

5

1

0.1

0.01

0.005

S
t
r
a
i
n

 
R

a
t
e
/
s

-
1

 



�636�                                           �~*������                                           � 38� 

[15] Seshachacharyulu T, Medeiros S C, Frazier W G et al. Materials Letters[J], 2001, 47(3): 133 

 

 

Hot Deformation Mechanism and Processing Map of TC11 Alloy 

 

Shan Debin, Shi Ke, Xu Wenchen, Lü Yan 

(Harbin Institute of Technology, Harbin 150001, China) 

 

Abstract: The hot deformation behaviors of TC11 alloy were investigated at temperature range of 800~1050  and strain rate range of �

0.005~5 s

-1

. Based on dynamic materials modeling (DMM) the processing map was established. Combined with the microstructure 

observation the hot deformation mechanism of TC11 alloy was worked out. The results show that the globularization of lamella α is the 

main deformation mechanism at low strain rate (0.005~0.05 s

-1

) in the (α+β) phase field. The globularization intensities increasing 

obviously with decreasing of temperature and increasing of strain rate. The unstable flowing will occur at high strain rate (0.05~5 s

-1

), and 

shear crack and shear bands will take place. In the β phase field, the dynamic recrystallization occurs at low strain rate (0.005~0.05 s

-1

) and 

the dynamic recovery occurs at high strain rate (0.05~5 s

-1

). Furthermore, the flow instability maybe occur when the strain rate is higher 

than 0.1 s

-1

. The peak efficiency of power dissipation of about 57% is obtained at about 900  and 0.005�  s

-1

. 

Key words: TC11 alloy; deformation mechanism; processing map; flow instability 
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