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The Influence of Welding Parameters in Weld Metal 

Solidification Mode 
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    The purpose of the research was to study 
the influence o f TIG welding parameters on the 

solidification structure in austenitic stainless 
steel and aluminum alloys.This research 

determined the relationship of the heat input and 
the welding speed to the weld macrostructure. 

Six dif ferent macrostructures have been 
identified. Dif f e rent thermal gradient and 

cooling rate on weld matals could ef f ect the 
microstructure. Planar growth was found in the 

fusion boundry. Equiaxed grains were found in 
some stainless steels at welding speeds greater  

than 6.67mm/sec or heat input greater than 850 
joule/mm. 

    Diff erent fe rrite morphology can be found 
at dif f erent position. The weld cooling rate was 

an important factor in fluencing the fe rrite  
morphology. Plane front solidification model 

and solid state ferrite -to-austenite trans formation 
model could be used to predict microsegregation 

pro files. The ferrite number was dependent on 
heat input. Clear dendrite structure was observed 

on the fracture sur face o f hot cracking of  
austenitic stainless steel and aluminum alloys. 
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(solidification condition)·�"23 (welding 

parameters)1�"D�4�X��<=§�s

t� (planar)�¸¹� (cellular)�º���

(columnar dendrite)�xy��� (equiaxed 

dendrite)1bXEF§�y+4(axial)�»¼

4 (stray)�½¾+4 (competitive)��½¾+

4�¿Àp�(centreline)�Á¢xy� (partially 

equiaxed)1 

    � � 4 D � ² 8 q v � � �

(microsegregation)r�L���Â�ÃÄ+C
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3.1 TUËó 

    3mmô4 316Q 304�	
t1õö÷

øJ 3ù60ù120mm1 

3.2 �"úû 

    9TUüý(TIG�þó�"ILG'(

4)�J LINDE � Heliarc 300�K�)1 

3.3 �"õU 
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EF 
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(1)56¬­®¯4£PLA.'( 5 liter/min 4

£P1B.'( 24 liter/min4£P1 

(2)� TIG 4�-.��g/011�#L/

0�.H�M12�/0îÅ�-&H11
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4.1 ��4�XEF 
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EF~jF%����LÜ%

�{�"#���âZ4h]i]L�wSm

(growth rate)AklSm (cooling rate)G��

a1�HLI'�a����gL¨~jqr

�a4�
��1316�	
TIG�þó�"

¿L���4ãä~j���«ÃÄ4st�

(planar)4vwEFjAJ�4Þz�w

(epitaxial growth)L�K 4-4Q 4-31��<=

% columnar dendrite Q cellular dendrite L`

�uL�K 4-71���4RS=L~j��

�4¿Àqrxy���EF (equiaxed 

dendrite structure)L�K 4-81Å{¸¹�4v

w(cellular growth)��%�MNqrLO§0

 %%���4ãäL�st�vwP"ç�

�¿À4èHL�K 4-51st�Q¸¹�v

w4ÃÄ0 �«LQ§RS�µm0«TU1 
    Savage xVqWX�{�"RS4Y

�LnÒ8Z[�6�\[�2�]^�1n

Ò��456³"-.��âZ4�wSm

R1 

_ú%`a4MbL�wSm·�"RS4�

üJ�     R=VwCOSθ 
Üc4 Vw %��"RS(welding speed)Lθ%
nÒg�d4�wHe·�-. He4f

�1K 4-1%gu4gK1hiEjqr�n

Òãä4�wSm´µkL���4¿l§�

Ã4�wSm
01 

    ���4RS=���¿À~j��x

y���EF1Ü%�{ R=VwCOSθLθx{
0m#L�wSmR"64�01ï�wSm6

4�0#L�
EFÕ8�exy���EF

vw1��"n&o	4èHL¨8qr� 

4xy���EF1Ü%�{o	#Lx{�

=�î�MêLklSm64�p1��4�

wSm¨864�p1Gj¨8�exy��

�EF�w1 

    6061BCD1j TIG�"L��nop

ãägaq¨§Þz�w (epitaxial growth)4

(�L�K 4-91BCD4����	
PM

Nðvxy���EF(equiaxed dendrite)LK

4-8 %�	
��g4xy���EFLK

4-107%BCD 6061��g4xy���E

FLLr���sLìí²%��r�
0R

SQnÒ4¿À1ÜFJt�wSmu&�


EF�v%�$({�`Ëó1BCD4�


EF§� ws�	
4èHLxy�Lr²

§Þz�wL��g²§� `EFLy¸¹

������xy���EF1�r4èH¨

0z�a1 

    â`�a4�
EF4�\]"¨��

aLJK 4-2G{L316�	
4stu�w

4�\]"�6�0|J 162.1Lìxy��

�EF4"n�~} 184.31ì�nopãä

�wSm~kGÂ�404���EF4�

\]"n�LQ§ 149.91á�y¸¹�Q�

��EF4�\]"²ß� 1 

4.2 �����(Ferrite Morphology) 

    316 �	
��yj%y+(axial)4bX

EFL���¿Ày+4ÃÄ0 %tö�

(lathy)4�����( f errite morphology)L�K

4-141���4á�èH7 %���

(skeletal)Q��� (vermicular)GF�4L�K
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4-13QK 4-151»¼4(stray)bXEFL7%

j�§He+4���J<1½¾�4

(competitive)4bXEFLáº�z%�tö

�Q���L`�uG��L¿Àp�4bX

EF¨%�tö�Q���GF�41 

    §#8���4¿Àè�L�wSmnp

4ÃÄQ���ãä�w�¿Àz���4

èHLqr�«ÃÄ4�������

(widmanstaten austenite)�����4z��

(habit plane)g��L�K 4-121§#8���

nopãäLå��«ÃÄ4���EF4�

��w4´µwí01�� Fleming��L�

�
?�L04����w#8���«4�

��1�J«4���§604 surface 

area/volume1yj04�����w?���

�«4���L~j'�
��4�W�Û�

�1�6k4klSmL~j§6w4#�É

�Ü`��)F (coarsening mechanism)4%

(LìÉ�604���� (dendrite arm 

spacing)1�{��nopãä4�wSm´

µ4kL'4���§��4#��w1Ü*

�tJ�����nop�ç4�����

�¿À4���=04 1 

    �� Savage ��L�	
��4���

��L�t· Creq/Nieq4�"§�1klS

m (cooling rate)¨%�����=4-.�

�1â`�a4�����4\]"��aL

�K 4-11 1���¿À�wSmnpèHL

ðv4tö�(lathy)�����4\]"n�

~} Hv=1781 

4.3 �"23�bXEF4-. 

    316�	
�TIG�þó�"L~j��

�g�� `�a4EF11���4¿À~

j��y+4(axial)�� 4(stray)Qxyz

(equiaxed),w1��¿À4bXEF·MN

OPQRS4�üL�K 4-161��g~j�

�� 4(stray)�½¾+(competitive)��½¾

+Q¿Àp�(centreline)¡w1��4bXE

F·MNOPQRS4�üL�K 4-171�J

��4¿À4�wSm�pLGj��¿À4

EFQá�4èH8§J�4�a1§#QÛ

������`EF¢§#l~j��,�¡

`EF1���4ãäå��½¾�L"ç�

�¿À6�½¾�L2"ç£6�� �

(stray)1n&���4�¿Àqr�«Á¢4

y+4(axial)EF1��g8£yH 64E

FLÜ%�{��g�a|}4klSmQh

]i]²§�04�a1 

    ��¿À4y+EFqv��MNOP

(joules/mm)A�RSL�K 4-181»¼¤J�

He4� EF(stray structure)L0 qv�

�y+04MNOP (heat input)Q�"RS

(welding speed)1�
04RSábXEF¨

%� �4L�K 4-21(a)�(b)1ÍìL�4

�XEF��864�¸«1xy���EF

qv�0RS$%04MNOPL�K 4-191 

    ½¾�4EF0 qv��RSL�K

4-22(a)� (b)1�½¾�(epitaxial )7%�6�

4RSL�K 4-191Å{¿Àp�7%qv�

�RSA�MNOPL�K 4-201ì¥���

²%� �4EFqv���RS$%�


0RSL�Ã�1 
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1.316 �	
���4RS(400mm/min)$%

�04MNOP(850J/mm)4��¿À~j

��xy���EF1�nop¦qr�Ã

4���EF4���´µw£0Lá�\

]"%��g4n�1 

2.���g4�a|}~jqr�a4��

���Ly+4bXEFL���¿Ày+

4ÃÄ0 %tö�4�����1���

4á�èH7 %���Q���GF�

41»¼4bXEFL7%j�§He+4

���J<1½¾�44bXEFLáº�

z%�tö�Q���L`�uG��L¿

Àp�4bXEF¨%�tö�Q���

GF�41 

3.���¿À4bXEFL�RSQMNOP

Lr²²�6«#L8É�y+4EF1L

r4"Y086�� �4EFL2Y08

É�xy���4EF1RSQMNOP²

�04#§£8É�� �4EF1 

4.��4bXEFL�RS#%½¾�u4�

w1¿xRS%�½¾�u4�wL���

RS#%� �u4�w1��MNOPL

�RS#8É�¿Àp�4EF1 
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K 4-9 6061BCD��4Þz�w(X 400) 
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K 4-18 ��¿À�y+EF(X 50) 
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K 4-22(a) ��¿À�½¾�EF(X 18) 
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