
� 48�    � 3�                               ��������	                                Vol.48,   No.3 

2019�      3�                      RARE METAL MATERIALS AND ENGINEERING                    March   2019 

 

�����2018-03-10 

���	����	
��
(51675256)�����������������(J201201) 


��
��� !"!1975�#!$%!&'(!������)*�+!,- �� 730050!./00931-2972765, E-mail: guyf@lut.cn 

 

�/����� A-TIG ��	
��
�� 

�

���������  ��	  
��  � 

(������ 123456
789:�;<=>��?@ABC!,- �� 730050) 

 

�  ��D>EFGHIJK(TIG)LM/ENO
79PKQ!RSLTU SiO

2

VWTU SiO

2

XHYZ[\9P]Q

@K!^LK@_`aQbcdefg_`Vhi9PRjklmno!WTU SiO

2

ZK@pqrs!tuvw!x

dlyz{|}~Z����!TU SiO

2

ZK@�����_��!xdz��������Qbxdz��#�M/

EZ���!TU SiO

2

Z[\�WTUZxd�:�����.��!TU SiO

2

ZQbhi�WTU SiO

2

Z�!^t

Qb����o�u�k 

����TIG@K�XHY� g_`�fg_`�hi 

��	
���TG444; TG146.1

+

1        
�����A        
����1002-185X(2019)03-0947-06 

 

��������	
��
��������

�������
�������� !"#$%&

�'�
�
()*)+,-./012��345

�&�
67892:1;<=�>?@A!"=B

C%DEFGAH���=

 [1,2]

$I�ED%(J�,

K�LF�MNOP2QRLSTUVW5
XYZ

%/E[����\]^_$̀ aE/%���bcd

3�2ef�,gh�,i�,jLHklm�b    

2

[1-12]

$�2efC(nonfpq�%/E\JHk

���
rAstu
��vw

[3,4]


�xyz��{


3�|}x~��

[4]

$������Z~����x

��
���nstu���L-

 [5,6]

�gh��d

(�
���|��D%/E���#��Hk
7

Ni

[7]

,CuMn 

[8]

,Ti/Ni/Ti

[1]

�i��d(�
���|

J����
�i�
% /E��X�i�cd�

Cu-MnAH� Ag-Cu AH

[9,10]

�jLHklm�bC

���Elm(%��
���~01���
�2

ef��i�D Cu AH����

[11,12]

$ ¡¢£


(�¤¥¦#
�x§%¨©v�ª«¨
�d¬�

­L®¯�E¨&�°¨��©v
I�©v~ #

±¦¥²°{
XYZE/%����³L-3®n�

d´$I�YT���µ¶·(8¸�¹ºL
»¼

�d�½8�¾�¿�q�E/%���$ 

ÀTXÁ
Â�%¨©v~ #
ZE/%�³�

��Ã]3®nd´
ÄÅ�xÆÇ�È
ÉÊ�¿$

È��°}xjL0Ë��µ¶
¬� TIG��
(

ÌÍÎ SiO

2

/ÍÎ SiO

2

jLÏ�ÐÑp
¬�ÒÄ

�0ÓZE/%��Hk��Ô���$ÕZ�³��

�ÖÐÑ,�³Ö×,�³Ø{���Ù$>Ú�¼

jL��µ¶°}ÛE/%��Hk��#$ 

1  �  � 

qÜX?���%(W1)/�EÝT2ÞcdQRL

-ß� 1$G#%¨�àá� 100 mmâ30 mmâ0.5 

mm
E¨�àá� 100 mmâ30 mmâ1 mm
qÜX

?��jLÏ� SiO

2

$��a�ãäIåÛæ�ç�


�èæéê
ëì��íî
��ï�ðñ/òó

��ªôõö÷
øùú�$ûüÛ%ÈýþL_


������®_

[13,14]


XYÈÚ�Ü�E����

�
¬� TIG ��µ¶ZE/%�=(ÌÍÎ SiO

2

/

ÍÎ SiO

2

jLÏ�ÐÑp����Ô���
��0

Ó��?� 110,140,170 A$(E���	�
�

ÍÎ SiO

2

jLÏ
ÍÎ��� 12 mmâ12 mm
ÕÍ

Î
�
ÍÎ� ]Y���E�Hk����$q

Ü?������p��(YC-300WP)
%����:

�=��:� 3 mm
��Å�� 4 s$��~ #¬

�����;���
�;Ó�� 10 mL/min$ÄÅ, 

 �n!"#$%(ÍÎjLÏ/ÌÍÎjLÏÐÑ

p0ËÖ×$��&��vúHU�'/Ø(�'


¬�)*� Quanta 450FEG+,01-./(SEM0$

1��.$Ö×/2�!AÐÑ
 � WDW-300J)

01Ø(�Ü�%��³Ø{$���³�{3L- 



¡948¡                                          ¢5
7)*;�£                                            � 48� 

� 1  ���������� 

Table 1  Main physical properties of tungsten and copper 

Materials¤

Coefficient of thermal 

expansion/¥10

-6 

¦

-1

 

Coefficient of thermal 

conductivity/W·(m·K)

-1

 

Melting point/¦ 

Strength§¤

MPa¤

Elastic modulus§¤

¥10

5 

MPa 

Density§g·cm

-3

 

W (W1) 4.5 164 3410 550 3.45 19.32 

Cu (T2) 16.6 390 1083 120 1.29 8.96 
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Fig.1  Appearance of welding spot before (a~c) and after (d~f) SiO

2 

coating at different currents: (a, d) 110 A ; (b, e) 140 A; (c, f) 170 A  
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Fig.2  SEM images (a, c) and the corresponding EDS element line scanning (b, d) of the uncoated joints : (a, b) I=140 A and  

(c, d) I=170 A 
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Fig.3  SEM images (a, c, e) and the corresponding EDS element line scanning (b, d, f) of the SiO

2

 coated joints: (a, b) I=110 A,  

(c, d) I=140, and (e, f) I=170 A 
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Fig.4  Phase portrait of Cu/W 
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Fig.5  Form of the arc for the uncoated (a~c) and SiO

2

 coated (d~f) samples at different currents: (a, d) 110 A;

 

(b, e) 140 A; (c, f) 170 A  
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Table 2  Pull force of the samples uncoated and SiO
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Fig.6  Fracture position of the uncoated (a, b) and the SiO
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coated (c~e) joints at different currents: (a, d) 140 A; (b, e) 170 A; (c) 110 A ¤
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Process and Performance of Cu/W Dissimilar Metal Welded by A-TIG Arc Spot 

Welding 

 

Gu Yufen, Deng Zhiran, Shi Yu, Li Guang, Zhang Gang 

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,  

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: Dissimilar metals Cu/W were welded by Tungsten Inert Gas (TIG). In the case of coating SiO

2

 activating flux and uncoating 

SiO

2

, the spot welding of W overlapped by Cu was conducted, and the appearance of spot welding, cross-section, microstructure and 

tensile strength of joints were analyzed. The results indicate that top surface of the welding spots without SiO

2 

are convex and irregular, 

and there are many holes at the interface. In the case of coating SiO

2

, however, the center of the welding spot exhibits round pits, and the 

number of holes at interface declines. Interdiffusion occurs between Cu and W, and the interface of samples coated with SiO

2

 is tighter than 

that of the uncoated. When the welding current is the same, the strength of SiO

2

-coated joint is higher than that of the uncoated. In addition, 

fracture appears at markedly different positions in the two cases of welding, 

Key words: TIG spot welding; activating flux; macroscopic feature; microstructure; pull force 
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