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1 welding parameters 

2 fusion zone 
3 Mechanical Properties 
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4 laser power 
5 microstructures 
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6 laser beam welding technique 

7 porosity ratio 



(�
 ,"  	� �H�4	�� 6� )(	�'�� 	� (�
 ," ��@�  �0N  �� ,�E� 5�O9� 6	+ .(�V� L�� 6� 7�+� + 7	0�� �K�� 	� 6	

L/min15 � ��	�
�� �#'�� 6� �b	�> ����( N	� v�E�  L�0	� � �&;���- )(	�'�� (��" �0	�  

 .(��+ ,"  

  

 8�
2 –  !����"��  �	��  �	��	'�	��0�6T – 14A2.  

 H�5�2 :.��	�
�� .	G0	"6  �( )5
 )(	�'�� ��	�
�� �	��'"��	�  

  

  

 {	�� �� �	� ���	Q;,��?� ���	�
�� �	��'"��	�8  H�5� �( ��	�
�� �	1G0	"6  �( )(	�'�� (��"2  )(�( 7	G4

 .��� )5
� ���� 	� �V��" �� :0	"6  �� �h�-( ,��?� i0	'4 7(��  ��5 36�� L�J4	�" .5
 �V/
�� 6� <� ���	�

                                                           
8 welding parameters 



 l�� 3�� ,�0�'��� ��&#� )	J'�( A��� 	� �4�@4 ��1� ,$�K [I	D" 6� �'�54  	��9 54�
 ," G" ���� )5�	

) �&9 H�&�" 	� �����;��"Keller) (HF1 % �HCl5/1 % �����5/2 % ����95 % ��	9 }� �  

 ," .54�
  

  

 8�
3 – .,GG9 :0	"6  �	� �4�@4 ��5��  

  

�	'�	��0� � 	� �����;��"�	�  ~�������" 6� )(	�'�� 	� 3�� H5" ��	J4�&;500MR  .545
 )5�	G"  ,'#�

 	� 	� �4�@4 6� )(	�'��)	J'�(  H5" ,'#� �0� :0	"6 A1000 HV  rE� �( 	� ���+ )6�54� � �5
 ���+ )6�54�

 �0 ���+�	�� 	� 3�� [ED"�	�  7���" ��g 100  .5" ��15  ���+ )6�54� ��4	/5
 . .	G0	"6  �h�D�� L0� �( ,GG9

 !	?4� 3�� ����9 ,���� ����5
 ,GG9 �	� �4�@4 .] L�\ ,&" (��54	'�� {	�� ��24 )(�( 3�� [ �0 .545


 ,�	JG0	"6  )	J'�( H5" ,4	1�100 – WDW  :0	"6  !	?4� ����,GG9  �	�� �	"( �( � 5
 )(�� �	�� �K��

,0	?�	� mm/s1  .(�� 8�
3 6  �	� �4�@4 ��5��� ,GG9 :0	"7	G4 �  6� <� .5�( ," :0	"6  rE� �,GG9

�'O�
  )5
7��'��� ~�������" A��� 3�� L���  H5"LV6360 – JSM  .5
 )5�	G"  



  

 8�
4 – �����;��" �� �	� 3�� ,$�K [I	D" � rE� �	�.%&'#" ��	�
�� �	��'"��	� ��� ���� ���� ��  

3- �
 6�� � 7����  

1.3 - #
� ���8 9��   

 8�
4 E� �����;��"� r  ,$�K [I	D" ��� ���� ���� ���� �	� 3�� 7	G4 �� %&'#" ��	�
�� �	��'"��	�

 .5�( ," �( �9 �4�J4	@�8�
 e4  rE� L0� ���� )5
 )(�( 7	G4 8�
 �0 ����( 3�� [ED" �QE- ,��@Q" ,"

 5
	�E� �� L0�'1� �3�� L�0	� � N	� v��G� 8 3�� �06 �( .�5-����  7���" ��W2500 
�� �K�� � �� ��	�

 7���"m/min2  .(��( �� �	� 8�
 �( �9 �4�J4	@�a4  �c4  ���� )5
 )(�( 7	G4���� .�5- �9 ,"	J��2500 

 � .���(��� .���> 6� �'@9 kJ/m 60  rE� �5
	� ,��@Q" 8�
 �0 3�� [ED""V" E� �(��( v� 3�� �N	�

��( ,��� 8�
4 	"� �5 (7���;) ,
�?@� �0_-	4 3�� L�0	� v�E� �( � )5�	G"  

 .(�
 ,"8�
 �( �9 ��E4	@� f4  ���� )5
 )(�( 7	G4��/q�  6�	?� � ��� ��5D" L0�'G�� ���K � ,
�?@� �&;

 �( 3�� rE�8�	D"  L0�'G�� (��� �&K �� �9 �5
	� ," ��5D" L0�'G�� ��4 �3���(��� .���>  �( .5
	� ,"



�O0	D"  8�
b4 ����� .�5-) W3000  �5
	� ,"
�� �K�� ��	�m/min3  � �5
	� ,".���> �(���9 kJ/m60 

 �(5
	� ,"8�
 	� c4 ���� .�5-) W2500  �5
	� ,"
�� �K�� ��	� m/min5/2  �5
	� ,"	"�+ �(��� � 

kJ/m60  �9 ��� )5
 )5�	G" P�$�" L0� �(5
	� ,"7���; ���4 :0��;� mK	� ��N	� ���� .�5-10  ��� .���>

�(���  L0� .50(�+ ��	G",$�K [ED"  54��� ,"3�� ��K � 7���; ���4 v�$� �� 5�( 7	G4 ����; ���4 . 7� �

 :0��;���K�  :0��;� 	� .5�	0 ," :0��;� ��(��� .���>  

2.3 –  ���������� ��3�8:��  

 ���� ���� A��� )5
 )(�( 3�� .N	^�� �	��	'�	��0��	��  �O0(  !����"�� 6T – 14A2 � �	��'"��	� ���

 8�
 �( %&'#" ��	�
��5  .��� )5
 )(�( 7	G4 !	��'��
�� �#'��A� 6� ���	� 7���; 	�  �9�" �#'�� 

��	�
��  .(�
 ," 6	a  �	� �4�( �&;(���" �0	��  �( 7���K �� 7���; 6�" ��'O� ���� ,0�6 �4��� 8@K 5��9 ,"

]25�'O� .[ ( H	'O0�95
� �� P��
 ,
�?@� 6�" � " �� � 5�9 ,�	� �0�54( (�	� �4�54() �����  .(�
 ," 805V�

 ����� �	� �0�54( �7  6� <�," �� �
�(  :�	9 ,'�	-� 5
� �&K �� 	14  (�5Q� � 54�
 .5�	0 ,"  

�0�54(  ����� �	�� (�5'"� �( � 3�� �9�" �� ,
�?@� A� 6 f�
 .���> ���(�5�� :0��;�  ��� .5��9 ,"

) ,
�?@� �DE�" �( ��	'�	� )(	Q�� ��; ,+5��9FZ (��	�
�� �#'�� �6	� 5"	� 	� �9 ," �5�� :0��;�5 � �

�( H	'O0�9 �	� �'O� 6� ��	�O� (	?0� ,
�?@� �DE�" .54�
 ,"  5
� �� P��
 H	'O0�9 �	� �'O� L0� �<=�

 � 5��9 ,"805V� ��0� �	� �4�( �� " 8�
 �( �9 ��E4	@� .54�
 ,5  �0(	D" L�J4	�" ���� )5
 )(�( 7	G4 �&�	;

�6	��  �0�54( �( �����,
�?@� A�  �( �4�( )6�54� �,
�?@� �DE�" �06 8�
 �� (�
 ," ���+ )6�54�  

   

 7  �( �9L  A� H�I �:0	"6 n 	� �0�54( (�5Q� )5
 3�	@
 ����� �	� �4�( 	0 �λ�  ����� �0�54( ��6	� �&�	; �(

,
�?@� A� � �λ	  .��� ,
�?@� �DE�" �( �4�( )6�54� 8�
6 �4�( )6�54� 8"	�� �� :0��;� 	�  �(��� .���> �(

                                                           
9 heat input 
10 fusion penetration 
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11 Porosity defects 
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12 Porosity defects 
13 fusion boundary 
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