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Table 1  Chemical composition of the materials (ω/%) 

Material Ti Ni C Cr Mn Si P S Fe 

TiNi 44.34 55.66 - - - - - - - 

SS321 0.54 9.72 0.08 18.07 2 1.0 0.04 0.05 Bal. 

Ni - 100 - - - - - - - 
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Table 2  Physical properties of the materials 

Material 

Density/ 

g·cm

-3

 

Melting 

point/� 

Linear 

expansion 

rate/�10

-6

·�

-1

 

Thermal 

conductivity/ 

W·(m·�)

-1

 

TiNi 6.5 1310 10 12.85 

SS321 7.9 1440 17 15.21 

Ni 8.9 1453 13 90.70 
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Fig.1  Schematic of laser welding method 
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Table 3  Process parameters of experiment 

Laser 

power, P /W 

Frequency, 

f/Hz 

Welding speed, 

v/mm·s

-1

 

Pulse width, 

t/ms 

17.6 4.5 0.3 5.1, 6.2, 7.3 

�© HF:HNO

3

:H

2

O=1:4:5���9��}¼�(ÎË

£	x: MR5000 :;�"Àß<=>}¼65Ò�

?�ß=]á¹@?x: NOVA NANOSEM 450�A

0BCDE<�eFG� OXFORD X-Max ��H1

ÎIY«ÑÒÚ]á?x: QnessQ10 J!KLMN

�OP�}YY«ÀßN�ÎQ	PÕRS© 0.05 

mm	­TU© 1.96 N	­Tz� 10 s? 

��������

���������	
���
������

'	Vï3��W	MN��d��wXÆY»

ÀZ[�Y«?+ 2 	
©MN��d�"Y«�6

5Ò\=�??Y«!]^_�w`Î© TiNi��Ë

£�}¼�321 MVWË£?a�w�bc	þd�

�d��e­	}¼fgahij�k�ahl�k?

mZn©��d�Ü�z	oKpqr(Îp s�

½tR±:	"(Îc|s�½tR±:	7F��

�£I�Fu(U��v
Yw	QX"(ÎË£|

�Ür(ÎË£ÉXØ	`asr(ÎË£xy��

É¿z��{	"(ÎË£xy��{¿z��É�

�|	aAQXr(ÎË£p �Ø"(ÎË£p 

�Â	�ahij�k}¼�??@A	þd��d

�e­	�±:z�e­	QXpqW��s}~­

��¯Î	����~És}Æ"(ÎË£	aA"

�(ÎË£p ­É	�ahl�k}¼�??}¼

�w�=>Æ»À�h.��k	mZ����}Yµ

��É1���ÇÈ	���p ±:`a�?F}

¼U¡ÊË£��»À�p�ìÎ�	w�0�¡Ê

p�ì�}¼Ê��'ÑÒ�?°;�	�	TiNi�

�ÊÑÒ©Y«��Û�	nÙ"Ò�&ÎI TiNi

��ÊÑÒß=]á? 

�����TiNi �������� 

+ 3	
©+ 2���d�Î2© 5.1�6.2�7.3 ms

z TiNiÊÑÒÚ A�8� SEM�??a�w�bc	

MN��d�"	Y« TiNiÊÑÒ�ß=]á"�?

,-]á�?�aÎwTÑÒ�Î©+ 3 	
� 2 �

�8?+ 3c�MN�8"9�aÎ°3 4	
? 

��+ 3�3 4p TiNi��ÊÑÒß=]á�a

Î�ÎI	�� Ti-Ni����"+���p TiNi�

�}Y�a���� �!�uv

[7,13]

	w��×c

�8 1 © TiNi ��]á	e�a+nZ TiNi ��Ë

£Upq��p&�
	�ah���k\=�I

[14]

`a�?�8 2��� TiNi

3

+TiNi���]á	��

TiNi

3

��� �!?w�bc	�8 2 �� TiNi

3

�

�� �!©tR]á	nÙ��8 2 ë© TiNi

3

� 

X 

Z 

Y 

X 

Y 



�1918�                                          � 
uJK21¡                                           � 48� 

 

 

 

 

 

 

 

 

 

 

� 2  Ek^`lPZ¢£¤¥ 

Fig.2  Macroscopic morphologies of joints under different pulse widths: (a) t=5.1 ms, (b) t=6.2 ms, and (c) t=7.3 ms 
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Fig.3  SEM morphologies of A area in Fig.2 under different pulse widths: (a) t=5.1 ms, (b) t=6.2 ms, and (c) t=7.3 ms 
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Table 4  Components of the different points in Fig.3c (at%) 

Point Ti Ni Fe Cr 

A 47.92 50.81 1.27 - 

B 37.38 58.79 3.83 - 

C 22.22 63.62 12.22 1.94 
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Fig.4  Average width of each area under different pulse widths 
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Fig.5  Microhardness distribution of TiNi alloy side interface 

under different pulse widths 
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� 6  ^_`BC 5.1 msQ TiNibcd EDS«¬­ 

Fig.6  EDS line scan of TiNi side interface under pulse width 

of 5.1 ms 
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Effect of Pulse Width on TiNi Side Interface of Laser Welded Joint 

of TiNi/Stainless Steel 
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Nanchang Hangkong University, Nanchang 330063, China) 

(2. Beihang University, Beijing 100191, China) 

 

Abstract: TiNi alloy/Ni/321 stainless steel laser welding joint with thickness of 0.2 mm was obtained using Ni as filler material in laser 

micro-welding. The effect of laser pulse width on the TiNi side interface of the welding joint was studied. The results show that the interface 

zone of TiNi alloy side under different pulse widths is composed of TiNi eutectic layer and TiNi

3

 intermetallic layer with different widths. With 

the increase of pulse width, the average width of TiNi eutectic layer gradually decreases, the average width of TiNi

3

 intermetallic compound 

layer increases gradually, and the microhardness of interface zone increases. The change of the melting amount of TiNi and the flow of 

Marangoni are the main reasons that affect the width and microhardness of the interface zone. 

Key words: TiNi alloy; stainless steel; laser weld; interface; intermetallic compound 
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