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µ8îï��� 1 mm ð��¾1yÀL Q235

¾��=�C�ñò 1�Jj��up 0.1 mmð�ó

Öô�]yÀL��¾õöC 100 mm×30 mm�Öô
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8 DM-200 °±YT	£¤YT���TUâj
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��j� 1 kA�=TU°³�µ8°�p CuCrZr�

 �°��f��p 6 mm�YTâ�]yÀL�9�

°�Ú��PTU�VTU 7 ����2 �89èé
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Table 1  Chemical composition of materials (ω/%) 

Materials C N H O Fe Mn P S Si V Ti 

Ti plate 0.01 0.02 0.002 0.14 0.07 - - - - - Bal. 

Q235 steel 0.14 - - - Bal. 1.0 0.04 0.02 0.4 0.06 - 
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� 1  ST�t� 

Fig.1  Macrographs of joint cross-section at different welding 

currents: (a) 6 kA, (b) 7 kA, and (c) 8 kA 
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� 2  � 1b< EDS����PQ�� 

Fig.2  EDS line scan along line PQ in Fig.1b 
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� 3  � 1a<ST��W RWX@ SEM��6 kA� 

Fig.3  SEM images of interfacial zone R (6 kA) in Fig.1a: 

(a) Q235/Nb interface and (b) Nb/Ti interface 
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Table 2  EDS results of characteristic regions in Fig.3 (at%) 

Region A

1

 B

1

 C

1

 D

1

 E

1

 F

1

 G

1

 H

1

 

Nb 97.60 38.90 21.89 4.49 5.11 0.00 7.75 97.36 

Ti 0.99 0.81 1.18 0.45 0.70 0.24 92.25 1.38 

Fe 1.41 60.29 76.93 95.07 94.19 99.76 0.00 1.26 

�C~�^���IÊ Fe-Nb�pÕ3

[23]

�_Á� 1627 
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iC εÕ Fe

2
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2
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�æª« E
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���C�� Fe�¡3 1a µ«�¼0ç

�Jju Nb HLÚ���i��D;à7^���

$���Q9_Á"-?�~�^���µ�H Vu

���6Gº»# Feæl� 

3 4ª«GTU°³p 7 kAµ,Uo�¼0�»

R3 1bJ S�S� SEM3�� �efçi�êë

STU°³p 6 kAâUo�ef��(3 3)ÕZ��

�LÚiCG NbH FeJ���1�àrR3J Xµ

¡�S:�� NbÚiCG Fe

2

NbuR3J Yµ¡�S:

��Oj�tuup Fe

2

Nb 1 α-Fe�B��S3 3a

Õ+�LÚ����àru;ª�¢�4 Nb Ú�

Fe

2

Nb u.£�C�!pTU°³�>?�¼y� Fe

A>@µ2� 

3 5µ«p3 1bJTU°³p 7 kAµ,Uo�

¼0J»¤¥�efç SEM3��¡3µ«�Q9º

»�Hui�æ�9�efçèé��+.¦§��

¨êëçA£¤GC��æ���©¡ò 3 µ«�I

ÊC��æ�©�A

2

�N

2

S F

2

µ�»��4pË�y

ÀL��SJju Nb�¡3 5a µ«�H��LÚ�

�G¢-Fp 30 µm �©ª�uRR

F

uS�«Z�¬

­H3 3aS3 4J1¢��6�C��æ�©ª«�

©ª�p NbS TiH FeJ��àr�B�®-YF�

G x!��à-�°±YT�_Á���È�ø_

°�£¤��!Z��0�����%�9U�ef�

¼0`���ÒÓl��¯Æ°�HLÚ� FeçA�  

 

 

 

 

 

 

 

 

 

� 4  � 1b<ST��W S�@ SEM���7 kA� 

Fig.4  SEM image of position S of interfacial zone (7 kA) in 

Fig.1b 
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R

N

u��¢-Fp 20 µm�C��æ�©ª«� u

��Q µ Õ FeNb �C�TUJ Nb �¼=� Fe Jà

7��â�Fe1� Nb~��H NbÚiCG� Nb�

Fe-Nbµ��Õ�_Á`�âiCG µÕ FeNb�C�

���©ª«�H R

F

S R

N

uOjRC

2
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2

�SgC

k���Q Fe
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Nb1 α-FeèC�4 Fe
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Nb ��� Ti Jà7�~��_Á`�âiCG�à

r�3 5dJ M

2
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p�TUJ Nb�¼0
¸�� TiJ�à4iC��

3J H

2

S L

2

µ�»�p TiÚ¼0��C����©

ª«�C »�1� Nb H Ti J��àr�B� Nb

�mA!��^�4#µ^�� 

¡�µ��H TiÚ¼0J#ui�æiC�3J

I

2

�K

2

�Ø�S3 1b J Ti Ú¼0�stu�uiæ

luÕ�7:4 J

2

�¹�7��stuuj�ºtu

k\�C��æ�©ª«�stuælup εÕ Fe

2

Nb:

4ºtu�� Nb�TiH FeJ���1�àr��i

CÛ!¡�µ�� 

���©ª«��SyÀLYT��J Nb v�

gàáâ�HLÚ¼0��6ÃA� Ti�4LÚ¼0

èé��� Fe-Nb=�k:H TiÚ¼01��6 Fe�

B� Fe��»J9ui�æ��4�k»���� Nb

H Ti J��àr����HLÚ¼0J��6� Nb

+H TiÚ¼0J��6� Nb@�CD;G� NbpJ

juYT�SyÀLâ�Jju Nb���LÚà7� 

3 6ª«GTU°³p 8 kAâµ,Uo�¼0�

SEM3��3 6aS 6c�4��� Ti�L�¼0 SEM

3�:6b¹�Ûef�RJju Nb�S� SEM3��

¡3 6bµ«� ��Jju Nbàá�� 

3 6 J¨êëçAC��æ��©ª«9ò 4�

�æ�©ª«�A

3

S H

3

��4�Ë� Ti 1L���

TiÚ��6G¢F 25 µm�uik\�C��©ª«

 up TiFe1 α-Ti�IÊ Fe-Ti�pÕ3

[23]

��� Ti

Ú�� Ti�Õ_Á� 1085 ���g��h7�iC

TiFe1 β-Ti:� 590 �â β-Ti�g�æ���iC TiFe

1 α-Ti�HLÚ1��6G¢F 10 µm�uik\�

G

3

��C��©ª« up TiFe

2

1 α-Fe�C�� Fe
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æ�©ª«�3J C
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��IÊ Fe-Ti �pÕ3

[23]
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��J
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S�Ú¼0�C�1+.U��C�Q9Jju Nb
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3 7ª«GTU°³�Uo����õ��mn� 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  � 1b<ST��W@ SEM���7 kA� 

Fig.5  SEM images of interfacial zone (7 kA) in Fig.1b: (a) Q235 

side, (b) near Nb layer, (c) Nb/Ti interfacial zone, and   

(d) Ti side 
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Table 3  EDS results of characteristic regions in Fig.5 (at%) 

Region A

2

 B

2

 C

2

 D

2

 E

2

 F

2

 G

2

 H

2

 I

2

 J

2

 K

2

 L

2

 M

2

 N

2

 

Nb 

2.44 4.33 14.75 16.45 40.66 93.09 13.38 7.80 31.40 9.79 30.55 4.81 3.30 0.50 

Ti 

1.79 3.48 6.88 8.32 5.36 2.44 86.35 88.80 6.34 6.19 6.55 92.74 95.37 99.26 

Fe 

95.77 92.18 78.37 75.23 53.98 4.47 0.27 3.40 62.26 84.02 62.90 2.46 1.32 0.24 
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� 6  � 1c<STUV@ SEM���8 kA� 

Fig.6  SEM images of nugget (8 kA) in Fig.1c: (a) Ti side,  

(b) near Nb layer, and (c) Q235 side 
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¡3µ«�¼0��=TU°³>?4>?�C�!

pTU°³>?�¶g�0A.@�¼0��=O>

?���TU°³!�NbpJju�YTUoS^v

8Jju�UoÕ+�¼0��ÕÂÂ��1Ø�D�

µTË��TU�VÕ�¬­!�JÍu Nb �TU

Jæl�·¸0mn�$� 

¡3 7 µ«�=TU°³�>?�� Nb pJj

u�Uo�õ��Ó>?ýq���=��:TU°

³p 7 kAâ�µ,�SyÀLYTUo�õ�M?�

Fp 4.7 kN�S^ÍJju�UoÕ+�� Nb pJ

juUo��õ�.?�X���µ,Uo��õ�

ÂäH 7 kATU°³âM?:wÃ>?TU°³��

õ��Âä³´���X�Uo��õ��9U��

D¥¦µ,Uo�ÄÅiÆ�pefÇVÄÅ�!Z�

mnUo�õ��!����¼0����èé�H

�°³���mnÍ Nb Jju��/yÀLUo�õ

��B�!��¼0���!¼0��=TU°³>

?4>?�Uo�õ�1Õ7�>?�H?°³�� 
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Table 4  EDS results from characteristic region in Fig.6 (at%) 

Region A

3

 B

3

 C

3

 D

3

 E

3

 F

3

 G

3

 H

3

 

Nb 0.79 2.85 9.22 8.30 8.07 7.48 4.83 0.30 

Ti 99.04 77.47 29.97 29.85 28.27 24.53 21.62 1.92 

Fe 0.17 19.68 60.80 61.85 63.65 67.99 73.55 97.79 

 

 

 

 

 

 

 

 

 

 

 

� 7  PS1aF Ti/Q235STUVbcHefg@hi 

Fig.7  Effect of welding current on the nugget diameter and 

tensile shear load of Ti/Q235 joint 

 

��mnUo�õ��B�!��¼0èé�HZ�

��=TU°³�>?�Jju Nb àá�-.?�

¼0�iC Fe-Ti È) [j=�k�¹Uo�õ�

!²:ETU°³Â?â�Jju Nb àá�ÉÊJ

ju±ÙÛÜ~��Ì8�� Nb pJju��/yÀ

LYTUo��õ�1U�9�UYT�Uo�õ

��!Z�� NbpJjuYT�SyÀLâ�Nb�

àá�Uo)	mn+.B�� 

��������

1) v8 0.1 mm ð� Nb ôÌpJju��Sy

ÀL£¤YT��HP�ãeTU°³ä�ETUâ

jp 10
��°�
�p 4 kNâ�ãeTU°³p

8 kA�TU°³?9ãeäâJju Nb HTUJ�

gàá� 

2) Jju Nbvàáâ��/yÀLYTUo¼0

çAèé��Q Fe-Nb=�kS�àrèC:Jju

Nbàáâ�Uo¼0çAèé��Q Fe-Ti [j=

�k�C� 

3) � Nb pJju��/yÀLYTUo�õ�

=TU°³�>?��Ó>?ýq���=���T

U°³p 7 kAâUo�õ�M?�Fp 4.7 kN�   
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Resistance Spot Welding Between Titanium and Mild Steel with an Insert of Nb 
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Abstract: Titanium and Q235 mild steel sheets were welded by resistance spot welding with an insert of 100 µm thick niobium foil. The 

interfacial microstructure characteristics were analyzed; the effects of welding current on the nugget diameter and tensile shear load of the 

joint were studied. The results reveal that the niobium foil disconnects during spot welding when the welding current is greater than 8 kA; 

the nugget is mainly composed of Fe-Ti intermetallic compounds in the case; and that the nugget is mainly composed of Fe-Nb compounds 

and some solid solution when the niobium foil does not disconnect during spot welding. The tensile shear load of the joint increases and 

then decreases with the increase of welding current. A maximum tensile shear load of 4.7 kN is obtained at a welding current of 7 kA.  

Key words: titanium; niobium; mild steel; resistance spot welding 
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