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Fig.1  Microstructures of TA2 under different heat treatments: (a) M0, (b) M1, (c) M2, and (d) M3 
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Table 1  Mechanical properties of TA2 

Heat treatment No. σ

y

/MPa δ/% J

IC

/MPa·m 

As received M0 339 32 0.21 

750 �/1 h/WQ M1 375 30 0.56 

850 �/1 h/WQ M2 407 29 0.61 

850 �/1 h/FC M3 334 30 0.24 
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Fig.2  Schematic drawing of the standard CT specimen 
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Table 2  Data of the stable fatigue crack growth prediction 

Loading condition Coefficient Index Heat treatment No. Scope, da/dN(mm/cycle) 
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-3
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D - - None - 

 

w 2 º jky�mn)iº�z _{) Paris

º�w 3 º oymn)|v�jº/0'`7ÆQ

%&2C34) Paris 6 Erdogan

[26]

s 1963 }ô(

)_{) Paris~K� 

( )

d /d ∆

m

a N C K=                           (1) 

KQ�aCjkî�@NCàá��@∆K C%N
�

g±²³@C Cjky�mnÝ�@m Cjky�m

n��/]���Z�Û~K(1)��),r�5��

Ujkmnè` KJg)y�mnºh�jkmnÛ

j¸�j�?∆K�«�@ÇÈâuÙÚ)[\/ 

� 3T�jkmnvw da/dNÛ∆K)«Ý/��

3a  ��(YZjkmnoCúû�Ã�Õ)ij

�j��êmn) 3Eµ¶��/Xs M0ð�.�

]jkmnvwÞï 1.25×10

-4 

mm/cycle�jkmnë

�y�mnº@Xs M1 Û M2 �.�]jkmnv

wÞï 1.76×10

-4 

mm/cycle�jkmnë�y�mn

º@Xs M3 �.�]jkmnvwÞï 3.52×10

-4 

mm/cycle�jkmnë�y�mnº/·�UçèV

��´���ô�/`´��µ¶�jkmnvw�

sð�.��; M1 Û M2 �.�´��ºjkm

nvwU^ê}/`y�mnµ¶�çèVXjkm

nvw%&'�[\��Ujkmnvwúû�∆K

��/]jkmnvwÞï 3.39×10

-3 

mm/cycle�jk

mnë�|vmnµ¶/��)����T 2/ 

�� 3b ���jkmn@�`´��º��¼

�nès K Jg)y�mnº�çèV'�jkmn

vwúû�∆K ��/]jkmnvwÞï 2.55×10

-3 

mm/cycle�jkmnë�|vmnµ¶(����T 2)/ 

�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 3  ��:;<=>?@��CDEFGH6de�∆K\�� 

Fig.3  Crack growth rate da/dN vs ∆K under different loading conditions: (a) R=0.1, ∆F=1922 N; (b) R=0.1, ∆F=4803 N; (c) R=0.8,  

∆F=1441 N; (d) R=0.8, ∆F=2400 N 
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Fig. 4  Comparison of normalized opening stress intensity factor range versus ∆K under different loading conditions: (a) R=0.1,  

∆F=1922 N; (b) R=0.1, ∆F=4803 N; (c) R=0.8, ∆F=1441 N; (d) R=0.8, ∆F=2400 N 

9 18 27 36 45 54 63

0.0

0.2

0.4

0.6

0.8

1.0

 

 

 M 0

 M 1

 M 2

 M 3

a

K

o
p

/
K

m
a
x

24 32 40 48 56 64

0.0

0.2

0.4

0.6

0.8

1.0

 

 

 

 M 0

 M 1

 M 2

 M 3

b

6 8 10 12 14 16 18

0.0

0.2

0.4

0.6

0.8

1.0

∆K/MPa·m

0.5

 

 

 

K

o
p

/
K

m
a
x

 M0

 M1

 M2

 M3

c

10 12 14 16 18 20

0.0

0.2

0.4

0.6

0.8

1.0

∆K/MPa·m

0.5

 

 

 

 M0

 M1

 M2

 M3

d 



� 11�                    �  �����	
��������������������� !"#              $3749$ 

��������	
������������

������������������ �!"#

$%&'( A )��*+,-���./'01�2

3456789*+,-�2:;<=>?�@A�B

./CD�EFG C )H D )�������I��

���JKL&M������NO./'����

��PQ7(RS����T D )���EU7V;

W 4X�YZV[�\] C)H D)������^

_@`��234@A�B�!"#$%&'( C )

H D )������./'01�23456789

����� a�bcGCD�Ede�Bfg�Bh

�>?������ I�234ij��klE(0

1�234�mn34op�Tq534op����

rst�u=Hv�w�xy>?�zG{|'���

�� �bc'01�23456E 

2.2  ��������	
 

W 6~W 9}~'����R��v� �WEQ

XW 6a1~6d1 ���234��op� ��W 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% 5  ����&�'()*�+',-./∆K!01 

Fig.5  Comparison of load line displacement versus ∆K under different loading conditions: (a) R=0.1, ∆F=1922 N; (b) R=0.1, ∆F=4803 N;  

(c) R=0.8, ∆F=1441 N; (d) R=0.8, ∆F=2400 N 
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Fig.6  Fracture surface morphologies of CT specimens under loading A condition: (a1) M0, initial stage; (b1) M1, initial stage; (c1) M2, 

initial stage; (d1) M3, initial stage; (a2) M0, intermediate stage; (b2) M1, intermediate stage; (c2) M2, intermediate stage; (d2) M3, 

intermediate stage 
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Fig.7  Fracture surface morphologies of CT specimens under loading B condition: (a) M0, intermediate stage; (b) M1, intermediate stage; 

(c) M2, intermediate stage; (d) M3, intermediate stage 
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Fig.8  Fracture surface morphologies of CT specimens under loading C condition: (a1) M0, initial stage; (b1) M1, initial stage; (c1) M2, 

initial stage; (d1) M3, initial stage; (a2) M0, intermediate stage; (b2) M1, intermediate stage; (c2) M2, intermediate stage; (d2) M3, 

intermediate stage; (a3) M0, intermediate-late stage; (b3) M1, intermediate-late stage; (c3) M2, intermediate-late stage; (d3) M3, 

intermediate-late stage 
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Fig.9  Fracture surface morphologies of CT specimens under loading D condition: (a) M0, intermediate stage; (b) M1, intermediate stage; 

(c) M2, intermediate stage; (d) M3, intermediate stage 
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Effect of Heat Treatment on Fatigue Crack Growth Behavior of Commercially Pure 

Titanium under Different Crack Tip Deformation Conditions 

 

Li Jian, Lu Lei, Zhou Changyu, Chang Le, Miao Xinting, Zhou Binbin, He Xiaohua 

(Jiangsu Key Lab of Design and Manufacture of Extreme Pressure Equipment, Nanjing Tech University, Nanjing 211816, China) 

 

 

Abstract: Fatigue crack propagation experiment of commercially pure titanium TA2 under different load levels after heat treatment was 

carried out. With consideration of the degree of plastic deformation of crack tip, the adaptability of heat treatment state to different stages 

of fatigue crack growth was investigated. The results show that heat treatment has different effects on the fatigue crack growth rate under 

different loading conditions. The decrease of fatigue crack growth rate with heat treatment in loading A condition is due to the reduction of 

the effective load near the threshold region and the increase of the near threshold value. Heat treatment in loading B condition has little 

effect on the effective load and the plastic deformation of crack tip. The plastic deformation of crack tip is restricted after heat treatment 

under loading C and D conditions, which decrease the fatigue crack growth rate. 

Key words: commercially pure titanium; fatigue crack growth; heat treatment 
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