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� �D� ��+�  ���9� 
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 -/�9�%� 1+
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 �� 7<��� 	��35 156  
80 mm/min     d��10- �/&0� S��� S&� ��+�%�� #��%��� �� � 7<�� 
��:� 7��� rpm 355  
�� 7<��� 	��mm/min 35 156  
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��: 7<��� ����� 
 7��� rpm 355  ���] � .7�� -/� -+�+\�&�H� 	��+ #� #&�
�� �!�� ��S  � 7<� ��� � S����/� �/&�� .�&L  �!�� ��S  �� 7<���  )� mm/min 80  ��35 �#&�
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��: 7<�� �rpm 355 . -)�/�� .7�� -/� #����	�� �B��  C�8� #� �+ >�<� "�� A;�B�  	
� �� 
2  8�N� Y�\� � =�Q�� -/ i� ��/8� .7��P���� �B�� '( �+O�� ��#   #��%�mm/min 35 �� +!���  #8�&�  "��) #;���4 ��;� j��
� d`� )� 	��� ��'(\�&� +I��(  -+
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� d`� )�\�&� �/8� +I�� � �B�� �!��S  HN�� #���+ #� +�8��  90-80 
)��  ��/�� . ��]�� 7%N] �+�  #��%�mm/min 35 �B� ��/8� ����/$� -)�/�� 	��. ��� #� -/�D�  �����143 
)��  ��/���.  i� -�F�P���� �B��  �+ #8�&� �+ #��%� 
+ �� "�� ��]�� 7%N]1� �#��� � 
#
  �8� "��#��
� �H  �� )� 
 -+  ��/8�78 
)��  ;%< )� ����� #8�&� �+P�� �����������  #�  +
/$96 
)��   �+"�� #8�&� �/�������&� .9   ��/8� �B��  �+ #8�&���'( 7%� "��\�&� ��I�� )� �B�� �� )�*��� 7%N] 7��.  
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 7<�� ��� A'� ( 35 (f 156 ([ 180 mm/min   d�� �+12 �� 7<��� ����� 
 7��� mm/min 35  �+ 
��: 7<�� �+ .7�� -/� #���. �y� �355 1� 	��+#&�
�  �����503 �;�9  �!�� �� 
 7��S  
��: 7<���  #�450  
560 1� 	��+#&�
� ��� #�D�  #�516  
522 �;�9  ��/�� . �!��S  
��: 7<��� �19� �!�� X<��S  � 	��+
�#&�  �+  #L�]��1+�� � #�9  '+d� �!�� �� #�S  
��: 7<���1 '�� P���$/� �!�� -/�S  ��/� ��/&�!�� .�S  �� �� ��+�!S  
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��: 	��� � ��%� I��1+�
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� ;H] 7<�� 6�%� ��� �!��S  �%1/���� � �+ 
7 �0 �#&�
�  	������ �+ -/�( 7�+ #� 	��+ ������� ��
���� % ����� 1M&Q%�90-80  !;� f
R 	��+ ��#  ��/���.     d��12- ����$ ������� �� 7<�� �+ #L�]�  7���mm/min 35  
 
��: 7<���	�� rpm 355  
450 
 560    d�� �+13 i� ��+�%�P���� �!  �����  #%�+ C�8� �+ #��%� "��
��: 7<�� �� -/� 	������ 	�� �rpm 355 1450  
560 �� 7<�� 
� mm/min 35  #���� -/� � �+ .7��9  #��%��B� ��� '( �+O�� ��#  +!� �� 
2  #%�+ ���� -+
/F� �+ 72-65 
)��  i����  #%�+ �+ 
 -+�� �� "�� 480 
� �!�� )�S  #���   X<�� ��!�� 6��
+ .7�� �+�Q  $�� d��+ �+ ���.#� ����� � "���+������&� .9  � ��/8� #:��9  �!�� �������S  /��  '�� 	���./� � -/���
� ) �� /� /����+�  
��: 7<�� 6/��  6���� 1��!�� ��4� +��� 6/� |�;B�2� $�� �+ -/�#� �!�� "��S   /����7��  � #�9  2  � f�NF� 7H�� ��������+��.  )� ��V� �!�� ��S  � S��: 7<��9�  #��� S��: 7<�� � ��!�� 	
�!� �!��S  ��/� ��/&�� .9  �!��S  � X<�� +�Q � 	���.��
� $�� �+#� /� /���� 	������ Z�� 	I��.  '�� �+ #���/� � S8� ���.	��
� � #� 7HN�9� �� 	)�/&��  +
/$ �+ 
90 '�� 	���. d� )� /��+/�  #��� Y��� -/� �+�Q  ��+��. � PI�`�� �+�� �!�� 1M&Q%�S   	��+ '�� ?�%�$� "�� Z��/� � +�� ������9� �� �+ 	!;� Z  �� "���!��S  �� �+ 
 +�+ /����#Q�  "�� Z�� 	+��  #��� I��
 � ?�%�$�+�Q  �!�� 7N��S   /����7�� .  )� ��V� '�� 	���. �.�/�  ��)�/��0� ��!�� 6��
+ ��� �+ -/� ���� '�� 6���� /��H�/� ��� ?�`��� � 7;< #� D��&� \ �� +��� 	��+ 6+��6�  ��/� ����&� /� /���� \� -+��9  
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� =�Q�� 9 '+d� �� +I�� Z�� #� 7�� � 6��
+ 7<�� 6+�� \� ����9 .+��( 
 D��&� 	��+ #�� ���� � 70�+�Q   D��&� ?�`�� ���-/� 7��.         d��13- �!  �B�� ��]�� CV�8� �+1� ����� � 
#
   �+ "�� #��%�A'� 	��( 35/355 1f( 35/450  
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�
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�
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R 	��+ f � +I�� ��I��#��. 9  �7N� �!�� 
S  �!�� �� ��+S   7<�� �!�� S��:S  �/��  � .     d��14- i�P���� �	
�� ������� 
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 	������ ?�V �+ -/��  ��L� �+ -+�� #� � -+�+ ���] 	������+�
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�
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� ����$ #��:� '�� D���/� ��+# -  +/Q� ��;H� 	��#���  � 7��+�+�� &g%� 
9� �Q&� � # #��+ /��� #y$4� d��] 	�++�..   d�� �+15 ��\�&�� � #:�� +
�
 
 7N�( ?�%<� �� #��S - � ��9� � I�� P/� #� ��+ +I�� d��+ #��+
��'�$ �+ .�  #� �9� ��'( �+ 4���=��&� � 7��$/&��  6/
� -+��( 7;< #�� 6���� 16( Z�� 	��+ 6+�� \� 
 +I�� Z��Q +� 2  � D��&� ?�`��6�� ��'( 
 +I���&�'
 +��/� +��
 =�� � � �!��S  �6�!� � \Q$ 7N�(�S� )� 	��9�  +I�� +��
 ����&� 1/� /����9   /&���� ��.�!� +I�� )� -/� -/&� P��R ��V )� /�� �!�� ��S  �6�!� .�+	�� �9� 	��+ +I�� �� (��/&  � 6���� 
 -/� #��>�+�Q  � .+�� ������9� !;� 	 �!��S   /����7�� ���&� .9 � �!�� ��S  �6�!� 7N�(  )� /L� ��6/� 0� ��/8� #�#&� /� S���	/  � �+6�!�  =��F��� ��V )� ./� /���� -/��
�� )+�   +I�� �+ 7N�( 6/� �� 7<��S  � �� ��!����
� �4�
� +�� #� +�%� /����� �+�Q  .+�� /����    d�� 15- �����+ ����  7N�( �+#��%� �+ ��!�� P
�@�� 	�� 80/355 7N�( �+A;�B� 	��  � 
 ��+ 9���+�Q  ��� 1"�� !;� ������ �+ f�3�P�H� �9� � +�� 	!;�+�Q  � =��F��� S��� #� �Q&� #� /� /�����- +����V )� .�  )�� �+ 7��$ +I�� ��I�� =��F��� 7;< #��� X<�� "��S  ��C  � #� /� /���� ��!��9   #� �Q&� ���F��� ���� S��� 
 ��!�� 7� 2��  /���� "�� ����&� ./�9  � P
�@�� ���� �� P�!;� 	������ 	����9 y&� �� 
 -/� +��
 ����� !;� �+\�  !;� +��
 	��/8� 7N�(./� /���� ��I�� f
R 	��+ �� 
 ���B�   d�� �+15 ��\�&�� 
 
 7� c( ?�%<� �� #�� #:�� +
�� � ���9� � I�� P/� #� ��+ +I�� d��+ #�+
���'�$ �+ .�  #� �9� ��'( �+ 4���=��&� � 7��$/&��  6/
� -+��( 7;< #�� 6���� 16( Z�� 	��+ 6+�� \� 
 +I�� Z��+�Q  2  � D��&� ?�`��6�� ��'( 
 +I��=��&� '
 +��/� +��
� � � �!��S  �6�!� � \Q$ 7N�(�S� )� 	��9�  +I�� +��
 ����&� 1/� /����9  � +I�� )� -/� -/&� P��R��.�! � /&��� ��V )� /�� �!�� ��S  �6�!� .�+	�� �9� 	��+ +I�� �� (��/&  � 6���� 
 -/� #��>�+�Q  � .+�� ������9� !;� 	 �!��S   /����7�� ����&� .9  �!�� ��S  �6�!� 7N�(  )� /L� ��6/� 0� ��/8� #�#&� /� S���	/  � �+6�!�  =��F��� ��V )� ./� /���� -/��
�� )�  +I�� �+ 7N�( 6/� + �� 7<��S  � �� ��!����
� �4�
� +�� #� +�%� /����� �+�Q  .+�� /����  4  .;A�?!
5��  =�� �+ ���
��� ������� 	������ /& (�� 	)�� ?/�  ��!��M�N�� #� /� -/ + P��R ����� �� .7��. =�Q��  #F@� �+ �� ���
��� #8�&� 2  #F@� ?�V �+ 9�� 7��$�� +�Q � #� 7�� -/� DH� ���
��� #8�&� 9 � ./&�.+��. P��� ��0� 	������  ?�%<� �� #� 7�� -/� -/��
� #8�&� �+ #� ����R 19�� Y��� S&�HAZ #��� !�� /&�N� - #8�&� � I�� Z�� )� 7��$ ��N� �� D��&�� 
 #���+ � ������ )� 
 -/� +��
 	�� Z���� [��� 6( 9� �� ./��� �+ ���:�� ���
��� #8�&� 2  P��R 9 � 7��$ 9 ����&��� / /� �;�� ���
��� #8�&� c��V�.+�
(  #� /� -/��
�  7 )�*��� 	������ /& (�� �+ ���;�� P��� #� \�&���'(�� 7��� ���
��� ������� /& (�� 9 � �+ #L�] 
 /&�



������ ���� ����� ���� ���� �� ����� � �  � !"� ���#$� %�&' �� (�)
)*+ �	&' ,�-�  ��� 1�  ���	
3 ��
��� 1401(�*./ � 461 55                        55   �%� D��( ./&��U ��� d��$ )� #�H� 	)�� /& ��� ������� 	������ 1���
��� 6�
� -/&�+ 9 � 7�� � # 9 ��
�� ��+ 
 S&� �+ � ) 7�� 9�� .�;F� #� �+ L��� S��9 �� ��
� 
 9 ��
�� j����� ���] .+��+ 	��+  #�'
� ?/� 9 � �+ 	)��6/21 ����� #��+�� +��. Y ��� ./���  �&L  1+��� #�'
� ������� 	������ /& (�� =�Q�� Y ��� P����`� 
 � �0� 	�������� �� /���� �� ���
��� ./��� #���+ � �!N� ����� -/� -+�+ "�� O��'( �������S�� �� 9 ����&� /& (�� +�H0� 6���� #F@� 6+�� =�. �
+ S �!�� #� )��� 6
/� ���
��� ������� 	������S�� 7<�� �  
 9��� 6( 	
��� 	��+ ./���#&�
� + � ������ 	������� ��
���1� ) �+ 
 "�� Y� �+�  .+�� /���� ��!�� #��� �+ 
��: 7<��� 355 �!�� ��S  �� 7<���  )�35  #�80 1�#&�
�  )� ��+776  #�754 9 �;� � S����/� �� �� 7<�� �+ 
 /&�� 35 �!�� ��S   7<�� 
��:�  )�355  #�560 	��+ �#&�
�  )�776  #�795 �;�9  ��./��  BC5	�)  ]١ [ .[,	��5��0� .W  /& (�� 	��������� ����� 1��+
)�( �$4� �� M� #� =��&���'( M&Q%� ��� ���
��� ������� 	������ .������� ���� 
 ������ ! � 	
� ��/&0� �
�
T� �%;< #;Q� 6�� � /�'�� 
 7��� .3 )1394 (51.  [2] JY. Sheikh-Ahmad, DS. Ali, S. Deveci, F. Almaskari, Fahad Almaskari, and Firas Jarrar. "Friction stir welding of high density polyethylene—Carbon black composite." Journal of Materials Processing Technology 264 (2019) 402. [3] W. Shen, L. Yu, H. Liu, Y. He, Z. Zhou, Q. Zhang. "Diffusion welding of powder metallurgy high speed steel by spark plasma sintering." Journal of Materials Processing Technology .275 (2020) 116383.  [4] C.L. Yang, C.S. Wu, X.Q. Lv, "Numerical analysis of mass transfer and material mixing in friction stir welding of aluminum/magnesium alloys." Journal of Manufacturing Processes, 32 (2018) 380. ]5 [.( ,�&�NF'� ~��� =,�;��
 ,6!� .[  ������� 	������ ����� =��&���'( O��'( �.+��� ����� �� ���
���1050 ?�;F� �+5/3  .\ /� / �;� ��)
 /��+Z�� ��/&0� 
 =�;< # �
� ,12 )1395( 15-24.  [6] W. Zhang, Y. Shen, Y. Yan, R. Guo, "Dissimilar friction stir welding of 6061 Al to T2 pure Cu adopting tooth-shaped joint configuration: microstructure and mechanical properties." Materials Science and Engineering: A. 690 (2017) 355. [7] M.M.Z Ahmed, S. Ataya, MMES, Seleman "Friction stir welding of similar and dissimilar AA7075 and AA5083. Journal of Materials Processing Technology. 242 (2017) 77. [8] H.K. Sharma, K. Bhatt, K. Shah, U. Joshi. "Experimental analysis of friction stir welding of dissimilar alloys AA6061 and Mg AZ31 using circular butt joint geometry." Procedia Technology. 23 (2016) 566. [9] I .Feddal, A. Khamlichi, K. Ameziane. "Resistance to buckling of a stiffened panel under axial compression; Effect of imperfections resulting from welding process." Procedia Manufacturing .32 (2019) 921. [10] E. Gao, X. Zhang, C. Liu, "Numerical simulations on material flow behaviors in whole process of friction stir welding." Transactions of Nonferrous Metals Society of China. 11 (2018): 2324. [11] S .Hassanifard, M. Mohammadpour, H.A. Rashid. "A novel method for improving fatigue life of friction stir spot welded joints using localized plasticity", Materials & Design. 53 (2014) 962. ]12 [ .6c ,�%������.  d��
� �� 	������ Y ��� �����  1SB�/��� 1\�&���'( 	��O��'( ���
��� ������� 	������ �+ �;��� D�< 	O��'��� 
 +��� ��/&0� �;;%'� 9�� -�5
 �%� 
 M���@&� 9�%�
��'��� ��/&0� 9%Q�� j��
� �;� S �%� 9�%�+!�� 
 +��� 
 	O� 6�� � 	�. #�B � 9%Q�� 
 6�� � 	O��'��� ��/&0� 9%Q�� 16��0� 1  6�� � +��� 
-) .6�� � 	�. #�B � 9%Q��1398.(  [13] V.A. Karkhin, A. Pittner, C .Schwenk, "Simulation of inverse heat conduction problems in fusion welding with extended analytical heat source models", Frontiers of materials science, 2 (2011) 119.  [14] R .Kumar, V. Pancholi, R.P. Bharti, "Material flow visualization and determination of strain rate during friction stir welding." Journal of Materials Processing Technology , 255 (2018) 470. [15] V. Kumar, P. Joshi, S. Dhakar, H .Shekhar, "Analysis of the effect of sensitization on austenitic stainless steel 304L welded by GTAW process." HCTL Open International Journal of Technology Innovations and Research (IJTIR) 14 (2015) 2321.  ]16 [ .~ ,�����]( .6 ,���+�� .~ 7<�� ��� d�;F� ,4�)��+ �����]( +��� 6� �� �� ���
��� ������� 	������ ��!�� ����
+ 
 ��� ?�`��T  =��&���'( O��'( d��6061 . -�5
��+ 2����� ��/&0� ! �H� ,1 )1398 (1.  [17] W. Li, A. Vairis, M. Preuss, T. Ma, "Linear and rotary friction welding review." International Materials Reviews, 2 (2016) 71.   


