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R� :� �	� ���1< �
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Abstract 
Aluminum extrusion processes is a common method for production of prismatic aluminum profiles with identical cross-section. In 
extrusion process, friction is one of the most important factors and it plays a crucial role in this process. Friction affects the output 
profile shape, temperature distribution, extrusion load and etc. One of the best methods to control and reduce the friction between 
different surfaces during extrusion process is using a lubricant. The aim of this paper is studying the effect of lubricant in aluminum 
extrusion process of the AA6082 alloy by employing the varying friction coefficient between interfaces. For this purpose the finite 
element analysis has been adopted by using the commercial DEFORM 3D finite element software and in order to verify the obtained 
results, the experimental results which are available in the literature have been used. The results show that, the friction reduction 
decreases the required extrusion force and maximum temperature of work piece significantly. In addition, by reducing the amount of 
friction between interfaces, the more uniform velocity distribution at the output profile is obtained which leads to improvement in 
the output profile shape and reduction in the dead metal zones. 
Keywords: Aluminum extrusion process, Aluminum profiles, Friction, Lubricant, Finite element method. 
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���6� /�- �U��H��;�E ;�� N�C2 �< 
I2 0�	� 
Q�< ����- .

L��bIE �< :��� ����� hC2 
Q�< WQq� ;���� ���E����� 

/�bIEAl2O3   �� MgAl2O �
2� L�� /c�2 L�I� 
2� kK�< 

��Z�� �.�;�E ;����� �� /��� =�UY� ;��	
���  ��-]1[ .  

 ����� ;��	
��� Tj�UY� �� r�UH �< �YC2 F	� ��Z��

 .
2� /8�	
��� l��K kY�� �� �I1� n�X�� 
R2 ;�E8���� ?� ��-

�� 9�Z�� 	�j�< ;��� � 
K	2 �� /8�	
��� �� ���5�E :�- ��-

������
I�\ �� ����� ��G�< �G�	H :� �	� ?� ���E 
�3X� L�� .���

�[Y� �.����a ?� �3X�� J��0 � :��� �< W��\ hC2 �< :� �	� ;�

�� ��Z�� :� �	� �� �����- .  

�� :�- 	��V� :��� �< �/8�	
��� ����	  �� L5IE :<�\ T��O�

�[`c� ��	
��� :� �	� 7� ;�1
�� � ��
<� r��H � ��
H�2 �� ;�

 �-	< :�- 	��V� ;��	
��� Tj�UY� �YC2 ��j .���� ��G� ��-

�� :IY� ;0�	� g@��� �< 
��� �� ;	����- �� F��C4� .���

 ;��� J��0 � �� �� 	E �:�- 	��V� �3X�� J��0 � � W��\ hC2

 �< 
��� =�UY� hC2hC2 �� ��� J��0 � L�� .����� JD� /� 0�	� 

Tj�UY� ���� :��6� kK�<
-�� ;�E :��� �< :� �	� hC2 �� ;	�

�- �E��H ��Z� ��Q��]2[.  

 ��Z�� ;��Y�� �/8�	
��� ����	  �� ��- ��Z�� l��K ?� 	5�� ���

 	�� L�� :��� .
2� /� W2����� :�- � �G�	H =�UY� �� ��-

�D� �� 
K	2 Sc
H��� =�UY� BCD� hC2 PQ
R� d L�� .�-�<

�� 
K	2 Sc
H�
I�\ 
��RX T��O� :��� �< ����� PQ
R� ;�E

 W�K L�� B � ;�	< :IK �� .�-�< F��C4� ?� �-�� 
���D� � :� �	�

�� ���O
2� W��\ PQ
R� d�D� �� s��	�< =�@ 	��V� ?� �< �� ��-

�� 9�Z�� �CH � �32 T��4 .�	�. 

����� ?� ��� �� ���E	
 /8�	
��� ����	  �� ;���? /�DDY� �G��

�� F��C4� 
2� ��	� WQG ��H �< �� L�� �� F��C4� .�-�< ����	 

����� .
2� ��6� F�� :��� ��@ �< ME ?��E � ���< ���b�� ;�

 ����	  �� /� T�	�A�� �2�	< � 	
����� L�� h�Y4 ���D� L��3� L��	<��<

 ;��	X 9�������� /8�	
��� L�	
1< ?� ��� �?�	�� .
2� �3��C� :<�\ �

(�� ������� ?� ���O
2� �N�C2 L�< F��C4� ���D� =	
�� ;�	< �E

 �� ����� �H	< �� � �	2 � 9	. /8�	
��� �� ;������� .
2� W2���

 �� ���O
2� ���� ;�E������� .
2� ���O
2� :<�\ 9	. t�  /8�	
���

�� �� ����? L�� ��	. �� �< /����	� ;��< M��D�]3[:  

1 -?� 	
I� ;��� ;�	< ���E�������C  ˚ 1000  �v�	. �����

 �
� �	.MoS2� ���� �Q� � ���3� 	�\ �
���
�< �/�<�4 ����� ��� ;�E

.j�< 

2 -?� 	�j�< ;�E��� ;�	< ���E�������C  ˚ 1000  ��6�- �����

.���
��	� ;�E���� � 
����< 

 �4��H �
���< �E������� L�� �� 
[ �Y� � /��< �
2��� �����

 �N�C2 L�< ��G�� ;j�< ��6  	@�H �< .��-�< ���� �� /�- ����� 	<�	<

 ?� ���O
2� �����	  �@ �� j�< ;�E��� � ME �< 
��� N�C2 M� 
K	2

�� ���G ;�E�������.�-�< ����? L�� �� �<�H ���0. �����  

bIE � /8�	
��� ����	  �� F��C4� W�	X L��3� ��Z�� L��

 W2��� ����C4� =�� 	�5I6a (	
�. 	@�H �< 	�H� ;�1��2 ��

(�� ��@ �< ���Y� ;�0G� ;�E 
2� �
 	. ��	\ �2�	< ���� �3�2�

�� .
H��	� M�E��H T�3��C� L�� ?� ;���3� ]��
� �2�	< �< ����� ��  

;�����G �6R<]4[  =�2 ��2002  F��C4� �3��C� 
1G

 .�	� M��D� JR< �2 �< �� /8�	
��� ;�	< ?��� ���� ;�	�� �/8�	
���

JR< L��;�	�� :��- �E  ;�	�� ��[OY� � 
Q�< L�< F��C4�

 /8�	
��� �� .����< :�- 	��V� ;�	�� � W��\ � 
Q�< L�< F��C4�

 �< /� F��C4� ;�	�� ����� ?� W��\ ;�	Z� :��� /�- 	� �< M�D
��

 0�� :�- 	��V� ;�	< ?��� ���� ;�	�� � ���2� 	_���` ���	D� �\�< 
<�A

�� � 
Q�< L�< ��I� hC2 �<�� ;�	6�� �< 	5�� S	@ �� ��� .����

�� 	
I� ��	� �< �[OY� �@ �� /� F��C4� ;�	�� �Z�
� �� � ��-

�� JE�� ����	  /��2� ?� �3< M�D
�� /8�	
��� �� L��	<��< .�<��

�� ;�	�� �
 � �
 � /8�	
��� ;�	�� �	_���` ���D� �< :� /8�	
�

�� JE���C� L�� �� .�<�� N�C2 L�< F��C4� W�	X ���D� �3�84/0 

.
2� ��- ���� ��1�6��  

 T	w- � �
�Q ]5[  =�2 ��2002  W�	X ���D� ;�� ��� 	�A��

�C4� �1�� .����� ��	\ �3��C� ���� �� 9�������� /8�	
��� ����	  �� F�


Q�< ?� PQ
R� ;�E��� �< ���E300  ��450  �< �� ����Q2 �G��

 	���D� �< �<	Z� 	���D� ����D� �< vw2 .���	� ��	
��� �<�6� e��	-

 ;�E��� �� PQ
R� F��C4� W��	X ;�?� �< ;?�2 ���- ?� ���� 
2�<

D� �T��O
� ���� 
2�< ]��
� .���	� o�	R
2� �� F��C4� W�	X ���

 J��0 � �< � ���< ��� �< ���` F��C4� W�	X ���D� �� ��� /�6�

����� ;����� ���� ;��34 
��` /� ���D� 
Q�< ; L�� �� .���

 ���D� ?� F��C4� W��	X J���?�654/0  ����� ;��� ;�?� �<300 

 �<  ����Q2 �G��917/0  ;��� ��450  J��0 � ����Q2 �G��

.
 ��  

 J�����IE � M��]6[  =�2 ��2006  �� F��C4� 	��V� 	A� ���<��

.����� 9�Z�� ���3��C� F?�� ���G �Q�C
�� :� �	� �G�	H :�-  �1��

 7�
2c� T��4 �< �� 9�������� �;?�2 ���- ��WQ41  .��
 	. 	[� ��

 :<�D� �� /��< 0�a�� 	@�H �< ���� 7�
2j� :�- 	��V� ?� ����� ��3�

:�- 	��V� �� ��� /�6� �1�� �2�	< .���	� 	[� S	4 7�
2c� ;�E

�� �G�	H :� �	� :�- 	��V� kK�< F��C4� W�	X T�	��V�.��-  

J�����IE � �����- ;	5�� g�DY� ��]7[  =�2 ��2007  ���<��

G :�- ;�� F��C4� 	�A�� .����� 9�Z�� ���3��C� ���� /��	 �2�	<

 	���� ;0�	� ��`�� �� 0Q  /��	G �� �� ��� /�6� ���� 
2�< =��-�

�� 
Q�< ������ � ;���� �`��� ?� ��G� 	@�H �< B\�� �� �� �-�<

 .
2� /� ��G� ?� �-�� �.����a � F��C4� 

J�����IE � s��� e2�� ;	5�� J���?�]8[  =�2 ��2010  9�Z��

 J���?� ?� ��H �3��C� �� �1�� .�-٢DAE  J���?� L�� .���	� ���O
2�

���	� ���3� /8�	
��� �� ?� � �< =�@s��	�< mm 2  �mm 8  ��<

/� �� ��  ��	
��� W��\ �� g�	@ ?� /��0IE � ���3� T��4 �< 
Q�<

�- =�@ �< s��	�< ?� ��- o��H :� �	� =�@ �� ��� /�6� ]��
� .

 	
6�< =�@ �< s��	�< ?� ��- o��H :� �	� =�@ ?� 	
6�< ����< 	
I�


2�� n�X�� L�� 
QK . 	
6�< =�@ �< W��\ �� 	
6�< ����C4� 
���D

=�� ]��
� �� ����� /�6� �1�� L��bIE .
2� /8�	
��� ����	  ;?�2

 F��C4� W�	X �<1 .���� �<	Z� ]��
� �< �� 
D<�C� L�	
6�<  

                                                             
1  Rigid plastic 
2   Double action extrusion 
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R� ;�E�������

 � ���	� ���O
2� /8�	
��� ����	  9�Z�� ;�	< T��4 �� �� ����� /�6�

 N�C2 L�< F��C4� �9�������� /8�	
��� ����	  �� ������� ?� ���O
2�

�� ���� JE�� T�- �< =�2 �� .���2012 J�����IE � ���]10[  

�	  �� F��C4� W�	X ���D� ;�� PQ
R� ;�E������� 	�A�� ���

 9�������� /8�	
���6063  JE�� ���E� /�6� ]��
� .���	� �2�	< ��

 ���D� .��< ������� ?� ���O
2� �< N�C2 L�< F��C4� �[`c� :<�\

 L�< PQ
R� ;�E������� ?� ���O
2� �< ���� 
2�< F��C4� W�	X

06/0  ��23/0  =�2 �� L��bIE .��<2013 J�����IE � z� �`]11[ 

 �� ����� /�6� /8�	
��� ����	  �� ������� ?� ���O
2� e��	- ��

 L�< F��C4� W�	X ���D� 9��������09/0  ��4/0 ��.�-�<  

 ;�	< �UR6� ����Y� 	5��6� /�DDY� e2�� ��- �^��� ]��
�

�� /�6� ]��
� .
2� /8�	
��� ����	  �� F��C4� W�	X ���D� �E�

� �� (������� /��<) 76H 
��` F��C4� W�	X ������	  � �< ���E

 ?� 	�j�< ;�E���400 L�< ��	�5�� 9�Z�� ����Q2 �G��8/0  ��1  .
2�

=�� �� �)� �� 9�Z�� ������� /��< WQq� �� /8�	
��� ����	  ;?�2-

�� ��- .�	� ���O
2� ����Y� L�� ?� /��� ���� 
2�< ]��
� L��bIE

�� /�6� ���O
2� T��4 �� F��C4� W�	X ���D� �� �E� ������� ?�

�� JE�� �1G�� :<�\ ���D� �< �W2���.�<�� �
��� ���< �< L�� �
�� 

�G�� ��I� �� ���D� W�	X F��C4� �� �`��� PQ
R� 
<�A �I��-�< 

� �� e��	- PQ
R� /���� 	��V� ���� .��� ?� ���Z�� �� �?����;	�. 

F��C4� �� �`��� PQ
R� /���� T��U< �<	Z� � �� L�` ����	  

/����	�)� �
��� �)� 	���D� �^��� ��- �� T�D�DY� �<	Z� ;�	< W�	X 

F��C4� �� ����	  /8�	
��� 9�������� 7� ���D� L�5���� ���-�<.  

 

2-   .'� � ���2& 7��� B��  

 ���Y� /�I�� ��0 � 9	� ?� g�DY� L�� ��   Deform 3D  ;�	<

���- ���O
2� 9�������� /8�	
��� ����	  ;?�2 L�� �� .
2� ��-

���- .
2� ��- ���O
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