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Fig.1  Schematic of tensile specimen  

�

�Ô¡%¤¥ÚÛÊÜ��9æ WDW-T100 67

8^ÊÜ!�O^?�]¢:���0�¤¥;<��

Ô=$®?��)ÚÛ�	��O^?s�¤¥;<>

x2678^ÊÜ!3�]¢:&w-�O^?W1�

3w-12��0���0&3w-s�-���i&

1.0 mm&?�@���i& Φ8.0 mm&/�ÚÛÊ<

W12)ÊÜ�Ô=$®?� 67� 20�25� 30 kHz) 

�:6��Ô¡%���ø�
��ÚÛ\^&�

��67¹>:A�Ô¡%��Ä¡%� ��Ä¡¢

B<C&�Ô¡%¤¥ÚÛ�ÚÛD�� 5 mm/min)Ê

Ü�	��s�ñO�Ô=$®?�O^?÷]¢:ð

)§�Ä¡%� )s�QE�Ô=$®?F Gi)

§�Ä&¡¢��Ô¡¢67� 10�12� 14 µm)ÕÖ

�	HI9¡%=4Å¿÷�Þ|ê�¾¹>:JD�

Ä¿��Ô¡%¤¥ÚÛÊÜ�wD92¡%�Þ9Ú

Û¬]� 5%� 10%ÆKL�Þ¡%�±Æ2A�Ô¡

%B<CMN¹>ÚÛ�3wD9A�Ô¡%ÚÛ¬]

9 5%� 10%ÆKL�Þ�OÆP��Ô¡%�¡%Å

¿67� 30� 60 s�±ÆMN¹>A�Ô¡%ÚÛ)�

-ÊÜ|QR� 1) 

������	
�

���������	
��
������

 

 1  !"#$%&'()* 

Table 1  Ultrasonic vibration assisted tension test�

��

�

Test number Frequency/kHz Amplitude/µm Vibration mode 

1 0 0 No vibration 

2 20 10 

3 20 12 

4 20 14 

5 25 10 

6 30 10 

Full vibration 

7 20 12 Vibration stretching until the engineering strain reached 5% 

8 20 12 Vibration stretching until the engineering strain reached 10% 

9 20 12 

Stop stretching after the engineering strain reached 5%, and continue to stretch after 

vibration for 30 s 

10 20 12 

Stop stretching after the engineering strain reached 5%, and continue to stretch after 

vibration for 60 s 

11 20 12 

Stop stretching after the engineering strain reached 10%, and continue to stretch after 

vibration for 30 s 

12 20 12 

Stop stretching after the engineering strain reached 10%, and continue to stretch after 

vibration for 60 s 
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� 2  7+BC 20 kHzA��567E�d� TC1QR� ST

SV�� 

Fig.2  Engineering stress-strain curves of TC1 sheet under different 

ultrasonic amplitude with frequency of 20 kHz 

 

 

 

 

 

 

 

 

 

 

� 3  TC1QRYZD\;CU567E�� 

Fig.3  Relationship between strength, elongation and ultrasonic 

amplitude of TC1 sheet 
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� 4  7E 10 µmA��56BC�d� TC1QR� ST-SV 

�� 

Fig.4  Engineering stress-strain curves of TC1 sheet under different 

ultrasonic frequency with amplitude of 10 µm 
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� 5  TC1QRYZD\;CU56BC�� 

Fig.5  Relationship between strength, elongation and ultrasonic 

frequency of TC1 sheet 
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� 6  ��SV���567+�A TC1QR� STSV�� 

Fig.6  Engineering stress-strain curves of TC1 sheet after ultrasonic 

vibration cancellation at different strains 

���Ô¡%� TC1Z�k9:f¬_Å«g&=4�

Å««���Ô¡%��Å¿�ÚÛ]H»¼�R)#

8��Ä¬]q�Ô¡%Å¿� TC1Z�UÛ RS)

2�	¬]� 5%q��Ô¡%Å¿� 30 s Å& TC1

Z�UÛ � 16.8%��Ô¡%Å¿� 60 s Å& TC1

UÛ � 17.6%)2�	¬]� 10%q��Ô¡%Å¿

� 30 sÅ& TC1Z�UÛ � 17.1%��Ô¡%Å¿

� 60 sÅ& TC1Z�UÛ � 18.4%)5´9d�2

TC1 Z�ÚÛÆÇ���Ô¡%at§&Å««��

ª�H¸Ç�ÄÅ�Ô¡%Å¿cè�Ñ[\]H^_

&r�¢�cd) 

���������	
������������

23�ÕÖ�u3�v��Ô¡%¤¥ÚÛÊ<&

�W�����H�¶÷��¹>:6�)# 9��Ä

�Ô¡%B<C& TC1Z�ÚÛÊ<&�W���A�

Ô¡%¶÷�Ô¡%ÚÛÊ<&�W��Ó�9æ αW 

 

 

 

 

 

 

 

 

 

 

� 7  ��SV�xy��567+�GA TC1 QR� STS

V�� 

Fig.7  Engineering stress-strain curves of TC1 sheet with different 

ultrasonic vibration time at different strains 

 

 

 

 

 

 

 

 

 

 

 

� 8  ��SV�xyA567+�GU TC1QR\;C�� 

Fig.8  Relationship between ultrasonic vibration time and the elongation 

of TC1 sheet at different strains 
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mefAab 

Fig.9  Influence of ultrasonic vibration on metallographic microstructures of tensile specimens: (a) no vibration; (b) 20 kHz, 10 µm; (c) 20 kHz, 

14 µm; (d) 25 kHz, 10 µm 
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� 10  567+N:;<dnopqAab 

Fig.10  Influence of ultrasonic vibration on fracture morphologies of tensile specimens: (a) no vibration; (b) 20 kHz, 10 µm; (c) 20 kHz 14 µm;  

(d) 25 kHz, 10 µm 
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Fig.11  Influence of ultrasonic amplitude on hardness of tensile 

specimens: (a) and ultrasonic frequency (b) 
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Abstract: The influences of frequency, amplitude and intermittent vibration modes of ultrasonic vibration on the stress and strain, yield strength, 

tensile strength and elongation of TC1 titanium alloy sheet were investigated by ultrasonic vibration assisted tensile test. The influence of 

ultrasonic vibration parameters on the microstructure, fracture morphology and Vickers hardness of TC1 sheet were studied by analyzing the 

microstructure and properties of tensile specimens. The results show that superimposing a certain frequency and amplitude of the ultrasonic 

vibration in the tensile process can significantly reduce the yield strength and tensile strength of the TC1 titanium alloy sheet. The elongation of the 

alloy can be greatly improved under certain technological parameters, and the effect on the microstructure and properties of TC1 sheet is less. 

Key words: ultrasonic vibration; TC1 titanium alloy; tensile properties; vibration mode  
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