
 

 

�
�

��
� 

��
	

�

 

��

�

�
�� 

� �
��

��
�

��

 

97
 �

��
 �

5
1

 �
��

��
 �

4 �
�

��
�

��
 �

14
00

 �
!

"#
 �

69 -
7

8
 – 

'
��

( 



)
*+

,�
  -  

10
.2

20
34

/jm
eu

t.2
02

2.
95

73
 

D
O

I:
  

* ��� ���	
�� :���������� �	� ���� ������ ���kh.khalili@birjand.ac.ir 

 :� �
�� !
���06/05/98                                                    

 :(�
)� !
���27/08/98 

�-.�/� 
01	2 ��3415 
6�(12 �7+1��(8 
)9�� + :�;��� 10   

<8=> 

���
� + 

31�
.8 ?� @.�> A��	2  
  


.=��0 ���B   ,���� ,�-.���� �/����� �0��1� ���2 3��
� ���4��5 ���4��5 ��6.���  


���> '��>*  ���0�� /����� �0��1� ���2� 3��
� ���4��5 ���4��5 ��6.���  


��(��� D��B ��!� ���  ���.���� ���2 �0��1� �/����� ��6.��� ���4��5 ���4��5 3��
� 

 
���
E  

�� 7
� 8�9:� ;�< ��
��  /
 =�>� �� ,��-� ?��@ A� B��C /
 D� ��E�� 7
� ,��5 .�0� �� �2 ���C ������ �G� �4��@ H���� �5 �.I�� 3J���	��

K��L�	�0 .�0� ��< ���M�0� ����<N��� H�OP� ;��� �5 �<�5 Q�� D� ����M�� �<RS� ,�G�� H�>  ���O� �� ���T � �P�>< ,�G��< � U��@  � �������

�� ���C ��VW� �:� �� 3� ��
R� .�G� �� 3�.� ���� �0�5 X
���P �5 A� RY  ���@�0 R
� �� �G� �5 ���� �D���� � ��< 3�2�2� �.I�� 3J���	�� B��C D� ���

�� NG�� Z�<76OG 3� ,�� L�9�	� 3J���	�� H�OP� � �4��@ H���� D� ���P �5 ���� ,��5 ���� ���@�0 .�5�
�� ���D���� NG�� ���� � ��< ����� ���� ,�G

�� ���� ��
��  H�OP� �5 .����.I�� 3J���	�� �A� RY  ,�� �5  D� 3� ,��.  L�Y	� [��:�0�115  �5167  D� ��]0 7�6���� ���9� � H��0���6�80  �5127 

�� N
�R � D��
� �5 ���O� ,�� �5 L�9�	� 3J���	�� ��
��  H�OP� �5 �
��9� 7
� .�5�
192  � H��0���6�140 �� 3�.� X
��� 7��IOG .�0� ���0� D��
� �G�

3J���	�� ������ ��
��  H�OP� �5 ����� _��O� �5 ��	� 3� �:`0 ��
����� ����9� ���9� �A� RY  ,�� �5 L�9�	� � �.I�� ���a 7  �� �
 N
�R � �b��

.�0�  

�78+ A�* A���(:  �������� U��@ ����� R
� c�  ���� ��.I�� 3J���	�� ��
�< /��0d� ;�< ���S��
���0� ��
�����. 

  

Experimental Study on Combined Twist and Direct Extrusion on the Mechanical 
 and Electrical Properties of Commercial Pure Copper  
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Abstract  
In this study, commercial pure copper was subjected to a combined forming process. For this purpose, a twist extrusion die with an 
outlet channel narrowed was used. In this technique, by applying radial and longitudinal strains, different shear sliding systems were 
activated which leads to a change in mechanical and physical properties of the sample. The results showed that the microstructure of 
the sample was changed via passing through the twist extrusion die and a very fine gain size was obtained.The grain size was further 
decreased by passing through the outlet channel and applying direct extrusion, and more homogeneous grains were achieved. The 
compressive yielding strength was increased from 115 to 167 MPa and the average hardness value was raised from 80 to 127 
Vickers by applying the twist extrusion process to the copper. After applying the direct extrusion process to the sample, these values 
reached 192 MPa and 140 Vickers, respectively. The results also showed that by applying twist and direct extrusion to the copper, its 
surface electrical resistance increased about 7 %, compared with the reference sample. 
Keywords: Severe Plastic Deformation, Twist Extrusion, Ultra fine Grained Materials, Mechanical Properties, Electrical 
Conductivity. 
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1
 Conventional coarse-grains 

2
 linear Intercept 

3 Elongated laminar substructures 
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3 High angle grain boundaries 
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