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� 1  TC489�]^ EBSD��T�|��c��� 

Fig.1  EBSD orientation map and inverse pole figure of TC4 

titanium alloy sheet 

10 µm 



�2656�                                          ����^ ¡%&                                           � 48� 

�� EBSD ©ëìí#K|âãîï�"¬ðñc�

æ�#ò����óôõêTÎ�ðñÓåö»÷ø

ùÓwæ��úû#�:æ�jü��"ýþÖ»j

ñÓå#Î:K|�k�ðñÓå����2�TÎ

çK�#ä TC4ÔeÖÓå���� 10 µm� 	Ó

²³T��
YZ�� Channel 5��ä EBSDç
#

�âJ�÷Óå���Ö 1.25 µmT 

��Wµ�©��àá�Ð�g�¸� TC4 Ô

e#âã���ì#èç 2 éêT�ì�=�C�Ö

35 mm#ï�C�Ö 25 mm#��Ö 6 mmTÖn��

ì¬���jk�12>?Þ��	°qr ß# !

"�ì)%&�!��#�1#¦Ö 1$10

-3 

s

-1

#B�

¦%ã 10%&'~Þ�ì��ã 10.4%()*+ß#è

ç 3 éêT���Í�,-Ö CMT5305 ./ SANS

ef�ÍË#���
#�ìï�01h01Ö 5.7 

mm$0.66 mmT 

; TC4 ����ì<=�WYZ#W2,-Ö

TSGZ-2.0KVAUVW2T"UVWX345�6¸)

�12�ì7�#�pÔ<=8k#9~�W�¡-

�ìz�12TÌæUVWX¥¦Ö 120#140#160 Hz#

UVW: 40 V#�W\a 30 s#;�¶W<=>�W

�¡-�ì�&�1�#;��?�&��6Ö 142#

160� 177 @#ABUVWXYZ�=Ö 0 HzT�W

YZ
#)������ì�ï��-C1æ��Ö

6 mm$5 mm�Cg2DE#"DE�Ö A	B7²T

" A ²DE<=Fì#G
H) Buehler IuJKË

L<=lJ	KM#KM
��ìBNOPQ
#R

�MwS°TU±È�ì�>?VWX" B²DEY

JZD[Õ�� 70 µm#��VìËV�\]Ö 3 mm

��^E#� MPA-1A.W_`aZDb"^EZD

�âcÜ�ì#W_d7�Öe6%�fg+34%3h

O+60%iOÞ�0�jßT�� JEM-2100F.kzÜ

cÜWT±È�ìS°ùl�1�Tmn�����

�ì��o%&pqú����Í#�1#¦Ö 1$

10

-3 

s

-1

#âã��r�U��v-�1s©#ÖnHI

�Íùt�jü��KPA�#ður�U����

Í[ÀPA 3qT 

������	
�

���������	
��
������

ç 4 ÖUVWXYZ¹
#�ì)MwS°TU

����vTwç 4a-K|x�#TC4�ì)By%

&�!��
#¬�÷ø�vz{|��#��)}

°~���TUVWXYZ
#�ì¬������	

j`�2�z�®1TUVWX¥¦Ö 120 Hz\#è

ç 4béê#��AB�WYZ��ì#��j`Oj

k¡��ZÀ#Áúñ�����OjkZ�X�U

VWX¥¦�¸ã 140 Hz \#èç 4c#���SZ

À#Á������SZ�#2����2X���

�WX¥¦[ 160 Hz#èç 4d#ef¬����5� 

 

 

 

 

 

 

� 2  IJOP¢£� 

Fig.2  Schematic diagram of tensile specimen 
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Fig.3  Initial specimen (No.1) and pre-stretch specimens (No.2~No.5) 
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Fig.4  OM images of void distribution in pre-stretch specimens: (a) as-received, (b) 120 Hz, (c) 140 Hz, and (d) 160 Hz 

 

|#Á���"�{��¿����T 

Önk`��UVWXYZ¹
�ì¬����

j`#;� Image J ��;��çE<=YZTç 5

tên���0�jGUVWX¥¦�1���#Î

çK�#ABUVWXYZ��ì���0�jÖ

2.21%#�UVWX¥¦�[ 140 Hz\#��?À#

�0�jÖ 0.86%#����¥¦[ 160 Hz#�ì¬

����5�|#�0�j��[ 1.99%#ùt�ç 4

-�1���jüT 

���0�Z���������#��Ë�j

�þÖO 2ueju»�Ù�sÛ��

[11]

#UVWX

�<�ÙsÛ#"O9�Ù�^��Y#Ö���� 

 

 

 

 

 

 

 

 

 

 

� 5  ./)0123MNd{|p>?@ 

Fig.5  Effect of pulse current frequency on void volume fraction 
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Fig.6  Engineering stress-strain curves of pre-stretch TC4 alloy 

specimens with different pulse current frequencies 
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Fig.7  Curves of strength and elongation with different pulse 

current frequencies 
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Fig.8  TEM images of pre-stretch TC4 specimens with different pulse current frequencies: (a) as-received, (b) 120 Hz, (c) 140 Hz, 

and (d) 160 Hz 
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Effect of Pulse Current Frequency on Mechanical Properties 

of TC4 Titanium Alloy with Prefabricated Defects 

 

Li Xifeng, Jia Guopeng, Jiang Jun, Chen Jun 

(Shanghai Jiao Tong University, Shanghai 200030, China) 

 

Abstract: In order to study the effect of pulse current frequency on microstructure and mechanical properties of TC4 titanium alloys with 

prefabricated defects, TC4 specimens with void defects were firstly prepared by pre-stretching at room temperature and then treated by 

pulse current with different frequencies. The microstructural variations of void and matrix before and after pulse current treatment were 

compared. The mechanical properties were obtained by second room-temperature tension. The results indicate that the void volume 

fraction decreases from 2.21% to 0.86% when the pulse frequency increases from 0 to 140 Hz. Meanwhile, the yield strength and ultimate 

tensile strength increase from 916.7 MPa to 990.9 MPa and from 951.2 MPa to 997.5 MPa, respectively. Moreover, the elongation 

increases by 1.65 times. However, the void volume fraction increases to 1.99% when pulse frequency increases from 140 Hz to 160 Hz. At 

the same time, the yield strength and ultimate tensile strength decrease to 975.1 and 988.5 MPa, respectively. The elongation decreases by 

37.70%. Void volume fraction almost determines the mechanical properties of TC4 alloys with prefabricated defects. 

Key words: TC4 titanium alloy; prefabricated defect; pulse current frequency; void; mechanical property 

 

Corresponding author: Li Xifeng, Ph. D., Associate Research Fellow, National Engineering Research Center of Die and Mold CAD, 

Shanghai Jiao Tong University, Shanghai 200030, P. R. China, Tel: 0086-21-62830509, E-mail: lixifeng@sjtu.edu.cn 


