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à.R·�áâ Tech-sonic ãäo©0 Viper-20 ��

��pRI·�åæç« 3 kW�R·��è« 20.11 

kHz�RIéq 0.005~9.999 s�êë 6~10 µm�åæ

RI§5� 0.65 MPa.RI§SÀì� 7.8 mm×5.2 
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� 1  "#$,-%&�� 

Fig.1  Ultrasonic metal welding system: (a) ultrasonic metal wel- 

ding machine, (b) detailed knurl pattern of the sonotrode 

tip, and (c) dimension of the sonotrode tip 
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Table 1  Chemical composition of the base metal (ω/%) 

Base metal Al Zn Mn Si Mg V Fe O Ti 

AZ31B 2.5~3.5 0.6~1.4 0.2~1.0 0.3 Bal. - - - - 

TC4 5.5~6.8 - - - - 3.5~4.5 0.3 0.2 Bal. 
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Fig.2  Schematic diagram of welding assembly 
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Fig.3  Schematic diagram of shear fixture 
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Fig.4  Welding thermal cycling curves of joints in the interface at 

different welding energy 

 

 

 

 

 

 

 

 

 

 

� 5  "#$%&&7²©?@ 

Fig.5  Appearance of ultrasonic welded joints 

 

�4òÀn4�Ý��B.��<�������R

I{£XT<��4òÀn40�Ý��B»��r

:j���^Â®½¾���þòÀ§B»�0�

r.Ú 6 �:¯RI�Ç4���þòÀ§B0�É

¦Þ.T 500~1700 J0RI�Çé�þ±i"]��

?A�.{RI�Çh 2000 Jé�þ±"]j�0

A���.bcRI�Ç0���§Ý�4f0��

�±�:@
k�îïþ0§B»�:@����Ç

h 2000 Jé§Ý4f���T§Ý§5�$4�Q

}°.RIé�T�èêt©oN<50�$4�T

±0�°3©oA�.�F³��bcRI�Ç0�

��þ±0§B»�fg���{æ0RI�Çuv

þ±îï���°���k��TRIN<5�$

4�îï3©oA���G�ÌÍIS056��. 

�����
������� !"����

Ú 7a	7b a 7c �ûÆRI�Ç� 500	1100 a

1700 Jé0¿À�¦IJ.�ÚX³�a"���¿

À�X����¿À>�kJ��i�]A�	iw

�*����a j�0n#�.Ú 7d	7eZ��R

I�Ç� 1700 Jé����a<��0Z IJ.�

ÚX¡L�¢³�a"��	<��Z ��£¤¿

Àîï30��Z >¥¦��u¡L�0§�¨ 4.7 

µm.��\�E��©¿À�ª���«<©�o�

9£�����v<©¿À�ª<��«�©�o�

9£�����²"]Æ¡L�¢��Z �¶¦�

0IJ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  34%&56¬I³´µ= 

Fig.6  Indentation depth at different welding energy: (a) 500 J, (b) 800 J, (c) 1100 J, (d) 1400 J, (e) 1700 J, and (f) 2000 J 
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Fig.7  Micro-interface morphologies (a~c) of joints at different welding energy; Mg (d) and Ti (e) element distribution of correspond to 

Fig.7c: (a) 500 J, (b) 1100 J, (c) 1700 J 
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Fig.8  EDS line-scan analyses of marked path in Fig.7a~7c: (a) I, (b) II, and (c) III 
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Table 2  EDS analyses of point marked in Fig.7c 

(at%) 

Point Mg Al Ti V 

1 97.30 2.70 0.00 0.00 

2 97.24 2.13 0.63 0.00 

3 52.49 8.28 38.65 0.58 

4 43.15 7.55 46.97 2.33 

5 0.43 5.57 90.75 3.25 

6 0.00 4.49 92.24 3.27 
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Fig.9  Macroscopic fracture surface morphologies of joints at 

different welding energy: (a) 500 J, (b) 800 J, (c) 1100 J, 

(d) 1400 J, (e) 1700 J, and (f) 2000 J 
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Fig.10  Shear force change curve of joints at different 

welding energy 
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Fig.11  Fracture surface morphologies: (a) Mg side, (b) Ti side, (c) region A, (d) region C, (e) region B, and (f) region D 
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Table 3  EDS analyses of points marked in Fig.11c~11f (at%) 

Point Mg Al Ti V 

1 96.02 3.89 0.09 0.00 

2 92.47 7.45 0.08 0.00 

3 99.46 0.47 0.05 0.02 

4 96.21 3.79 0.00 0.00 

5 3.00 11.9 82.54 2.57 

6 30.47 19.16 48.48 1.89 

7 98.13 1.84 0.03 0.00 

8 96.93 3.07 0.00 0.00 
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� 12  	�&'!5� XRD�6 

Fig.12  XRD patterns of the shear fracture: (a) Mg side and 

(b) Ti side 
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Effect of Welding Energy on Microstructure and Mechanical Properties 

of Mg/Ti Joints Welded by Ultrasonic Welding 

 

Gu Xiaoyan, Meng Zhengyu, Liu Jing, Sui Chenglong, Zhu Kaixuan, Di Xing 

(Jilin University, Changchun 130022, China) 

 

Abstract: Mg/Ti dissimilar metals were welded by ultrasonic welding. The effects of different welding energy on the interfacial peak 

temperature, interfacial morphology, interfacial atom diffusion degree and mechanical properties of the joint were investigated. Results 

show that the overall interface of Mg/Ti is relatively straight during the welding process and there are no cracks, incomplete fusion and 

other defects or obvious reaction layer at the local interface. With the increase of welding energy, the interfacial peak temperature increases; 

the thickness of the atomic diffusion layer increases; the area of the joint increases gradually; the mechanical properties of the joint 

improve. However, when the energy reaches 2000 J, the welding cracks appear at the base material of the magnesium side. The joint 

fracture modes include interface fracture and button fracture. The interface fracture occurs at both diffusion layer area and non-diffusion 

layer area of the magnesium side. The analysis of scanning electron microscopy and X-ray diffraction shows that there is no obvious 

intermetallic compound at the Mg/Ti interface. 

Key words: ultrasonic welding; Mg/Ti dissimilar metals; welding energy; mechanical properties 
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