
      

  

 
  

 

 �
��

��
 �

��
�	

 
�
���


�
 �

�
�

��
� 

��
�

�
8

1
 �

��
 


47
 �

��
�	

 

4

 
�
��

�
��

 

13

96
 �

"
#$

 

21-

3
0

 
 �

��
��

 �
��

�	
 
�

���

�

 �
�

�
��

� 
��

�
�

8
2

 �
��

 

48

 �
��

�	
 


1
 
�

��
( 


13
97

 �
"

#$
 


3
51

-
3

57
 

* � �����	
 :�
�
���
�� ��� ���� ������ ����
nariman_yoozbashi@yahoo.com 
 :� ���� !����21/10/94                                                    

 :(��)� !����15/02/95 

*����+ ,�-./ ���,( 0�1 �"2� �/�3,4 5��6� 789: �;<�� =39> ,(16MnCr5  

 �7 �7�#��3 7�9��9"� �+,: ?���@�3 �3A:3 B�	��  

  

�	�(�9< ���<,� ,��*  ������+����, � ��	� �+��-�� .���� �/���� ��0�1 .�2��3�4� .��+� 5��3��� �678 9��: ��;<
��  

����D3 ��+  =�� >�?@��� �� �+��1����1���, � ��	� �+��-��  ��0�1 .�2��3�4� .��+� 5��3��� �678 9��: ��;<
�� �/����.����  

 
���
E  

A�1�� �� ���B�+� ��	� C���D+� E	F+ 5��,����
� �3 ��/ � �2��
 �� � ��1 C���D+� GF+ �� H��+ ��2�� I8�3 ���,������ J�8  ��B�� � � � C���D+�

 �� �:��K C	?@��� �L�	K �� �� .�1 N3�F�O�2
�K��� P� ���� �+� �3 O�8QR� A�1�� �P	S �� C�T ��/ � � �8�  �	@�C���D+� �U	  V�: P� �L

16MnCr5 �� ��-�O��768 ��WX� ��Y�S N�Z@� �� .�
	15�L �����S �@F+ A3��.[����
	3�� ��L�A3������
 ��L� � �L� ���3�.[����
 �L�VD+ A3��-

 \� .�	�8 �3) �L� �U	  �<��+ ^�	K 5�� (�3�2� (��16MnCr5 �	`�� �3 �H��/ �  C���D+� 5��� �68 H��+ H���P� .�+� �� �, ���0 �+��3 ��	�

�� a��� 5�� b	73 c	
 P� �N�Z@� A�� �� ���B�+� ��	� ��<3�� �
���
�� d	
+��
�� P� .�1�3 .	�P���e+/�� >�7@� � ��/2� �-: � ��,	���� � �2�+

� f���
�� .�<
 ���� �+� �3 f���
 .�+� ��1 ���B�+�
	6
 �L�.[����
	3�� �����S �@F+ O��768 �@� �� ���L�� �, ���0 �L��
� �<��+ ^�	K P� g

�
	6
 ���+ �3 ����Z� �� 5��-3.����L ����	K�3 �L �A��h6L ����?� �3 �+� P�  d	
+��
�� �
���
��� ���S P� J�8 ��W�� �
 ��i�. ����P O��7685�L �@F+ 

�3 �	@
 ��
1 �
	6
�L ��	3 �+�.  

�F3G 0�1 :0���I gH��+ 16MnCr5A3�� g g�L�.[����
	3���L�����
 gA3��g�L� .[����
�L�.  

 
The effect of Various Surface Heat Treatments on Wear Behavior of 16MnCr5 Steel 

 used in Spindles Axis of Machine Tools 
 

M. N. Yoozbashi Materials Engineering, University of Applied Science and Technology of East Azerbaijan, Tabriz, Iran 

A. Almasi Materials Engineering, University of Applied Science and Technology of East Azerbaijan, Tabriz, Iran 

 
Abstract 
The wear, as a result of contacting of spindle surface with bearings, can be caused the inefficiency of spindle and drop quality of 
produced parts. According to obtained information from factories operating in the field of machine tools, the axis of spindles made from 
16MnCr5 steel. In the current work, the effects of different surface heat treatments involving; carburizing, carbonitriding, 
nitrocarburizing and first carburizing then nitriding (as an empirical method) on wear behavior of 16MnCr5 have been investigated to 
increase the spindle service life. The used wear test type was block on ring. In addition, Scanning Electron Microscopy (SEM), 
microhardness test and metallography have been used for further analysis of results. The wear results showed that, the samples treated by 
carbonitriding, has a good wear resistance compared with the other samples. Also, the analysis images from the SEM show that surface 
treatments has not had significant effect on the fracture mode of the samples. 
Keywords: Wear; 16MnCr5; Carburizing; Carbonitriding; Nitrocarburizing; nitriding. 
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