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 Due to its complex dynamics, turning process has always been of interest to machining researchers and much 
effort has been made to determine the forces. Various experimental and quasi-experimental methods are used 
to calculate the values of static and dynamic cutting forces. The methods are usually based on chip dimensions. 
Cutting stability amplitude is calculated using these methods. However, there are still a lot of unknown aspects 
about this subject and the aim of this paper is to clarify one of them which is to define the amount of difference 
between Altintas formula, dynamometer value, and the value which is obtained by providing a new method 
based on the equation governing the vibration of tools. Practical tests are done to verify the results. The tests 
are performed for boring state with different parameters and the force signal is simultaneously measured and 
determined at the end of the tool using a dynamometer and the new method in which the acceleration of one 
point of the tool is used. Using the results of these two signals, the parameters needed to calculate the force 
components in Altintas approach and the new method are derived. Finally, for the two tests, radial components 
of the derived force of dynamometer and these two methods are calculated and compared. The results show 
that the tool tip force, resulting from the new method which considered the effects of displacement and 
acceleration tool, obtains the greatest force amplitude. The force at the end of the tool which is derived by 
dynamometer has lower amplitude (about 25% of the amplitude in the new approach). Finally, the force 
resulting from Altintas approach has the lowest amplitude (about 2% of the amplitude in the new approach), in 
which the cutting force is only considered as a factor of chip dimensions. Therefore, because of their important 
differences, these forces should not be used interchangeably. 
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�Ã�{�Á�|�v�» �É �É�•�Y�|�Ë�Z�a �½�Z�Œ�¿ �{�Y�{ �Ä�¯ �¾�Ë�Y �\�Ë�€�¬�e �É�Y�€�]  �¾�Ì�Ì� �e �É�Á�€�Ì�¿ 

�Ê�°�Ì�»�Z�À�Ë�{ �•�{ �Á�{ �d�·�Z�u �•�Y�|�Ë�Z�a �Á �•�Y�|�Ë�Z�a�Z�¿ �\�‡�Z�À�»  �d�‡�Y .�\�Ë�Y�€�“ 

�d�]�Z�i �•�{ �¾�Ë�Y �ª�Ì�¬�v�e �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �É�Z�Å�Á�€�Ì�¿  �Ã�•�Y�|�¿�Y �É�€�Ì�³ �Ã�|�‹ 

�–�‡�Â�e �€�f�»�Â�»�Z�À�Ë�{ �Ä�^�‡�Z�v�» �Á �Z�] �l�Ë�Z�f�¿ �€�f�»�Â�»�Z�À�Ë�{  �Ä�ˆ�Ë�Z�¬�» �Ã�|�‹ �|�¿�Y.   

�Ê�]�Z�e�M  �Á �½�Y�•�Z�°�¼�Å ]4-6[�� �,�•�{ �|�À�Ë�Y�€�§ �¶�y�Y�{ �Ê�‹�Y�€�e �É�Y�€�] �•�Y�‚�]�Y 

 �®�e �Ä�^�· �Á �Ä� �˜�« �•�Z�¯ �Ê�»�Â�Ì�À�Ì�»�Â�·�M���,�Y�|�f�]�Y �Ä�‡�|�À�Å �Ã�{�Y�€�] �Y�• �Z�] �Ã�{�Z�¨�f�‡�Y 

 �•�Y �c�Z�•�z�Œ�» �•�Y�‚�]�Y �|�À�¿�Z�» �•�Z� �‹ ��Â�¿ �•�Y�‚�]�Y�� �,�É�Z�Ë�Y�Á�• �•�Y�‚�]�Y �Á �•�Y�|�¬�» 

 �É�Á�€�Œ�Ì�a �Á �ª�¼�Ÿ �‰�€�] �Ä�] �d�‡�{ �|�¿�{�•�Á�M .�†�b�‡ �Ä�¨�·�R�» �É�Z�Å �É�Á�€�Ì�¿ 

 �Ê�‹�€�] �Y�• �€�] �\�ˆ�u �d�u�Z�ˆ�» �Ã�{�Y�€�] �Á �\�Ë�Y�€�“ �‰�€�] �Ä�¯ �Z�] �Ã�{�Z�¨�f�‡�Y  �•�Y 

�l�Ë�Z�f�¿ �€�f�»�Â�»�Z�À�Ë�{ �Ä�] �d�‡�{ �Ã�|�»�M �{�Â�]�� �,�Ä�^�‡�Z�v�» �|�¿�{�€�¯ .�¾�Ë�Y �‰�Á�• 

 �É�Y�€�] �•�Y�‚�]�Y �Z�] �•�Z� �‹ ��Â�¿ �{�Z�Ë�• �\�‡�Z�À�» �d�‡�Y �Á �É�Y�€�] �€�Å �Á�{ �‰�Y�€�e 

 �|�»�Z� �f�» �Á �¶�Ë�Z�» �Ã�{�Z�¨�f�‡�Y �Ê�» �{�Â�‹ .�¾�Ë�Y �–�]�Y�Á�• �É�Y�€�] �•�Y�‚�]�Y �|�À�q �Ä�^�· 

 �‰�€�f�ˆ�³ �d�§�Z�Ë �Á �†�b�‡ �Z�] �Ä�^�‡�Z�v�» �É�Á�€�Ì�¿ �Ê�°�Ì�»�Z�À�Ë�{���,�¶�°�‹  �t�˜�‡ 

�Ä� �˜�« �•�Z�¯ �¾�Ì�¼�z�e �Ã�{�• �|�‹.   

��Y�{�Â�]  �Á �Â�·�•�Á�Y  ]7-9 [�Y�|�f�]�Y �®�Ì�»�Z�À�Ë�{ �•�Y�‚�]�Y �Y�• �Ä�] �c�•�Â�•  �Ê� �]�Z�e 

�•�Y �•�Z� �‹ ��Â�¿ �Á �Ä�‡�|�À�Å �•�Y�‚�]�Y �•�Y�€�« �|�¿�{�Y�{ �Á �†�b�‡ �½�Á�|�]  �Ä�^�‡�Z�v�» 

�\�Ë�Y�€�“ �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �c�Ó�{�Z� �» �Á�{ �É�|� �] �É�Á�€�Ì�¿  �Ê�°�Ì�»�Z�À�Ë�{���,

�Ã�{�Á�|�v�» �É�•�Y�|�Ë�Z�a �Y�• �É�Y�€�] �Ä� �˜�« �•�Z�¯ �É�{�Ó�Â�§ �Ä�^�‡�Z�v�»  �Ã�{�€�¯ �Á �Z�] 

�Ã�{�Z�¨�f�‡�Y �•�Y �®�Ë �½�Â�§�Á�€�°�Ì�»�� �,�l�Ë�Z�f�¿ �É�•�Y�|�Ë�Z�a �Y�• �|�Ì�Ë�P�e �Á  �€�Ì�i�P�e �•�Z� �‹ 

��Â�¿ �•�Y�‚�]�Y �Y�• �€�] �É�•�Y�|�Ë�Z�a �Ž�z�Œ�» �|�¿�{�€�¯.   

�½�Z�Ì�¨�‡�Â�Ë �Á �½�Y�•�Z�°�¼�Å ]1�,10 [�•�{ �|�À�Ë�Y�€�§ �¶�y�Y�{ �Ê�‹�Y�€�e �Z�] 

 �Ã�{�Z�¨�f�‡�Y �•�Y �®�Ë �Ê�À�v�À�» �ª�^�˜�À�» �Ã�|�‹ �€�] ��Â�¿ �•�Y�‚�]�Y���,�Ä�‡�|�À�Å �Ã�{�Y�€�]  �Y�• 

�Ž�z�Œ�» �|�¿�{�€�¯ �Á �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �‰�Á�• �Ä�¼�Ì�¿ �Ê�]�€�n�e�� �,�Z�] �Ã�{�Z�¨�f�‡�Y �•�Y 

 �€�f�»�Â�»�Z�À�Ë�{�� �,�\�Ë�Y�€�“ �‰�€�] �Á �É�Á�€�Ì�¿ �Ê�°�Ì�e�Z�f�‡�Y �Y�• �É�Y�€�] �Ä� �˜�« �•�Z�¯ 

 �Ê�»�Â�Ì�À�Ì�»�Â�·�M �Á �•�Y�‚�]�Y �É�|�Ì�]�•�Z�¯ �Ä�] �d�‡�{ �|�¿�{�•�Á�M .�†�b�‡ �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y 

 �–�]�Y�Á�• �É�Á�€�Ì�¿ �Ê�°�Ì�e�Z�f�‡�Y �Á �µ�Z�¼�Ÿ�Y �€�Ì�Ì�¤�e �d�»�Z�z�“ �Ã�{�Y�€�]�� �,�É�Z�Å�Á�€�Ì�¿ 

 �Ê�°�Ì�»�Z�À�Ë�{ �Y�• �•�{ �¶�y�Y�{ �Ê�‹�Y�€�e �Ä�^�‡�Z�v�» �|�¿�{�€�¯ �Á �•�{ �d�Ë�Z�Æ�¿ �Z�]  �Ä�§�Z�“�Y 

�½�{�€�¯ �É�Á�€�Ì�¿ �É�•�Â�v�» �É�Á�• �•�Y�‚�]�Y�� �,�É�•�Y�|�Ë�Z�a �º�f�ˆ�Ì�‡ �Y�•  �Š�Ë�Y�‚�§�Y 

�|�¿�{�Y�{ .   

�†�Ì�e�Â�e  �Á �½�Y�•�Z�°�¼�Å ]11-13 [�•�{ �|�À�Ë�Y�€�§ �¶�y�Y�{ �Ê�‹�Y�€�e���,�Z�]  �‰�Á�• 

�Ä�¼�Ì�¿ �Ê�]�€�n�e �Á �¹�Z�n�¿�Y �Š�Ë�Z�»�•�M �Ê�Ë�Z�Å �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �€�f�»�Â�»�Z�À�Ë�{���, �\�Ë�Y�€�“ 

�Ê�‹�€�] �É�Á�€�Ì�¿ �Ê�°�Ì�»�Z�À�Ë�{ �Y�• �Ä�] �d�‡�{ �|�¿�{�•�Á�M .�½�M �Z�Å �•�Y�Â�y 

 �Ê�°�Ì�»�Z�À�Ë�{ �º�f�ˆ�Ì�‡ �Y�• �•�Y �l�Ë�Z�f�¿ �Š�Ë�Z�»�•�M �µ�Y�{�Â�» �•�Y�‚�]�Y �Ä�] �d�‡�{  �Ã�{�•�Á�M 

�Á �•�{ �d�Ë�Z�Æ�¿ �Z�] �µ�|�» �½�{�€�¯ �‰�Z� �e�•�Y �Ê�“�€�Ÿ �€�Ì�e �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y  �É�•�Â�X�e 

�Â�°�À�Ì�‹�Â�¼�Ì�e�� �,�É�Z�Å�•�Y�{�Â�¼�¿ �É�•�Y�|�Ë�Z�a �Y�• �É�Y�€�] �¾�Ë�Y �|�À�Ë�Y�€�§  �Ä�] �c�•�Â�• 

�Ê�¸�Ì�¸�v�e �Ä�] �d�‡�{ �|�¿�{�•�Á�M �Á �†�b�‡ �É�Y�€�] �[�Z�À�f�m�Y �•�Y �€�f�q���, �Z�] �Ã�{�Z�¨�f�‡�Y 

�•�Y �®�Ë �º�f�Ë�•�Â�´�·�Y �µ�Z�¼�f�u�Y �|�À�f�ˆ�¿�Y�Â�e �d�^�ˆ�¿ �µ�Â�— �Ä�]  �€�˜�« �•�Y�‚�]�Y �É�Y�€�] 

�¾�f�‹�Y�{ �®�Ë �‰�€�] �•�Y�|�Ë�Z�a �Y�• �€�] �\�ˆ�u �É�Z�Å�€�f�»�Y�•�Z�a  �‰�€�] �Ä�] �d�‡�{ 

�|�¿�•�Á�M .   

�½�Z�¼�Å �•�Â�— �Ä�¯ �½�Z�Ì�] �|�‹���,�‰�Á�• �É�Z�Å �Ä�^�‡�Z�v�» �É�Á�€�Ì�¿ �¾�Ì�] �•�Y�‚�]�Y �Á 

 �Ä� �˜�« �•�Z�¯ �‰�Á�• �É�Z�Å �Ã�|�Ì�r�Ì�a �É�Y �|�À�f�ˆ�Å �Ä�¯ �•�Z�Ì�¿ �Ä�] �{�Y�|� �e �É�{�Z�Ë�• 

 �Š�Ë�Z�»�•�M �Á �Ã�•�Y�|�¿�Y �É�€�Ì�³ �Á�€�Ì�¿ �–�‡�Â�e �€�f�»�Â�»�Z�À�Ë�{ �É�Y�€�] �Ä�^�‡�Z�v�» 

 �d�]�Z�i �É�Z�Å �Ê�‹�€�] �|�¿�•�Y�{ .�•�{ �¾�Ë�Y �Ä�·�Z�¬�»���,�Y�|�f�]�Y �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �c�Ó�{�Z� �» 

 �‰�Z� �e�•�Y �Ê�“�€�Ÿ �•�Y�‚�]�Y�� �,�Ä�¨�·�R�» �É�Z�Å �Ê�Ÿ�Z� �‹ �Á�€�Ì�¿ �•�{ ��Â�¿ �•�Y�‚�]�Y �Ä�¯ 

 �½�Z�¼�Å �É�Á�€�Ì�¿ �¾�Ì�] �•�Y�‚�]�Y �Á �Ä� �˜�« �•�Z�¯ �d�‡�Y�� �,�Ä�^�‡�Z�v�» �Á �É�Z�Å�€�f�»�Y�•�Z�a 

 �€�i�R�» �€�] �½�M �Z�] �Ê�°�Ë �•�Y �‰�Á�• �É�Z�Å �Ê�¸�^�« )�¥�Á�€� �» �Ä�] �µ�|�»  �‰�Z�f�À�Ì�f�·�M 

]14 ([�Ä�ˆ�Ë�Z�¬�» �Ê�» �{�Â�‹ .�†�b�‡ �É�Y�€�] �Ê�‡�•�€�] �d�v�•  �l�Ë�Z�f�¿���,

�½�Â�»�•�M �É�Z�Å �Ê�¸�¼�Ÿ �¹�Z�n�¿�Y �Ê�» �{�Â�‹ �Ä�¯ �•�Y�Â�y �Ê�°�Ì�»�Z�À�Ë�{  �Ä�Ÿ�Â�¼�n�» 

�Ã�Z�´�f�‡�{ �Á �•�Y�‚�]�Y �{�•�Â�» �Ã�{�Z�¨�f�‡�Y �•�{ �½�Â�»�•�M �É�Z�Å �Ê�¸�•�Y �Y�•  �Ž�z�Œ�» 

�Ê�» �|�À�¯ .�½�Â�»�•�M �É�Z�Å �Ê�¸�•�Y �¶�y�Y�{ �Ê�‹�Y�€�e �Z�] �É�Z�Å�€�f�»�Y�•�Z�a  �¦�¸�f�z�» 

�¹�Z�n�¿�Y �Ê�» �{�Â�‹ �Ä�¯ �•�{ �½�M �Z�Å �Ä�] �•�Â�— �º�Å �½�Z�»�• �µ�Z�À�´�Ì�‡  �Á�€�Ì�¿ �•�{ 

�É�Z�Æ�f�¿�Y �•�Y�‚�]�Y �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �€�f�»�Â�»�Z�À�Ë�{ �Á �µ�Z�À�´�Ì�‡ �[�Z�f�‹ �•�{  �®�Ë 



  

�¶�y�Y�{���|�À�Ë�Y�€�§���•�{���Z�Å�Á�€�Ì�¿���Ê�=�¼�¯���Ê�‡�•�€�] �•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Y�€�]���|�Ë�|�m���‰�Á�•���Ä�W�Y�•�Y���Á���Ê�‹�Y�€�e  �½�Y�•�Z�°�¼�Å���Á���Ê�¿�Z�´�Ì�À�Œ�³���Ê�¸�Ì�¸�y���º�Ë�€�»  
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�Ä�˜�¬�¿ �•�Y �•�Y�‚�]�Y �Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �€�´�ˆ�u �[�Z�f�‹ �� �,�Ã�•�Y�|�¿�Y �É�€�Ì�³  �Ê�» �{�Â�‹ .�Z�] 

�Á�{ �•�Z�] �µ�Y�€�´�f�¿�Y �É�€�Ì�³ �•�Y �µ�Z�À�´�Ì�‡ �[�Z�f�‹�� �,�µ�Z�À�´�Ì�‡  �Ê�Ë�Z�n�]�Z�m �•�Y�‚�]�Y 

�Ä�] �d�‡�{ �Ê�» �|�Ë�M .�Z�] �Ã�{�Z�¨�f�‡�Y �•�Y �€�Ë�{�Z�¬�» �¾�Ë�Y  �µ�Z�À�´�Ì�‡ �Z�Å�� �,�É�Z�Å�€�f�»�Y�•�Z�a 

�{�•�Â�» �•�Z�Ì�¿ �É�Y�€�] �Ä�^�‡�Z�v�» �Ä�¨�·�R�» �É�Z�Å �Á�€�Ì�¿  �•�{ �‰�Á�• �‰�Z�f�À�Ì�f�·�M 

�Ä�^�‡�Z�v�» �Ê�» �|�¿�Â�‹ .�€�Ë�{�Z�¬�» �Ê�Ë�Z�n�]�Z�m�� �,�[�Z�f�‹ �Á  �•�Y�Â�y �Ê�°�Ì�»�Z�À�Ë�{ 

�•�Y�‚�]�Y���,�‚�Ì�¿ �É�Y�€�] �Ä�^�‡�Z�v�» �É�Á�€�Ì�¿ ��Â�¿ �•�Y�‚�]�Y �Z�]  �‰�Á�• �|�Ë�|�m �Ä�^�‡�Z�v�» 

�Ê�» �|�¿�Â�‹ .�•�{ �d�Ë�Z�Æ�¿ �É�Y�€�] �Á�{ �½�Â�»�•�M �Ê�°�Ë  �‰�€�] �•�Y�|�Ë�Z�a �Á �É�€�´�Ë�{ 

�‰�€�] �•�Y�|�Ë�Z�a�Z�¿���,�É�Á�€�Ì�¿ �‰�€�] )�Z�] �Ã�{�Z�¨�f�‡�Y �•�Y  �‰�Á�• �…�Z�f�À�Ì�f�·�M(���,�É�Á�€�Ì�¿ 

��Â�¿ �•�Y�‚�]�Y )�Ä�^�‡�Z�v�» �Ã�|�‹ �Z�] �‰�Á�•  �|�Ë�|�m (�Á �É�Á�€�Ì�¿ �É�Z�Æ�f�¿�Y �•�Y�‚�]�Y 

)�d�^�i �Ã�|�‹ �–�‡�Â�e �€�f�»�Â�»�Z�À�Ë�{ (�º�‡�•  �Á �Ä�ˆ�Ë�Z�¬�» �Ê�» �|�¿�Â�‹ �Á �d�v�• 

�Ê�¼�¯ �€�Å �¹�Y�|�¯ �{�•�Â�» �h�v�] �Á �Ê�‡�•�€�]  �•�Y�€�« �Ê�» �{�€�Ì�³.   

  

2- �…�Z�¼�e���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»  

���|�À�Ë�Y�€�§�� �•�{�� �¶�°�‹�� �€�Ì�Ì�¤�e�� �Ä�¬�˜�À�»�� �d�Ì�Å�Z�»�� �Ê�‡�•�€�]�� �•�Â�œ�À�»�� �Ä�]

�Ã�{�Y�€�] �º�Ì�z�“�� �‰�€�]�� �Ä�v�¨�•�� �d�·�Z�u�� �Á�{�� �0�Z�»�Â�¼�Ÿ�� �,�c�Y�‚�¸�§�� �É�•�Y�{�€�]1 

)Error! Reference source not found.- �¦�·�Y (���‰�€�]���Ä�v�¨�•���Á

��•�Z�¿2 )���¶�°�‹1- �[ (�Ê�»���‘�€�§ �{�Â�‹.  

���–�]�Y�Á�•���½�|�‹���Ã�{�Z�‡���,��•�Z�¿���‰�€�]���Ä�v�¨�•���µ�|�»���•�Y�� �Ã�{�Z�¨�f�‡�Y���¶�Ì�·�{

���•�Y���É�•�Z�Ì�ˆ�]���•�{���d�‡�Y���Ã�|�‹���\�m�Â�»���Ä�¯���d�‡�Y���Ä�¸�X�ˆ�»���€�]���º�¯�Z�u���Ê�“�Z�Ë�•

�µ�|�» �É�•�Z�‡ �Ã�{�Y�€�]�� �|�À�Ë�Y�€�§�� �É�Z�Å �¨�f�‡�Y�� �{�•�Â�»�� �É�•�Y�{�€�]���Z�»�Y�� �{�€�Ì�³�� �•�Y�€�«�� �Ã�{�Z

�p�Ì�Å �µ�|�»�� �¾�Ë�Y�� �•�Y�� �¹�Y�|�¯ ���Ê�Å�Z�´�Œ�Ë�Z�»�•�M�� �l�Ë�Z�f�¿�� �–�‡�Â�e�� �¶�»�Z�¯���•�Â�—�� �Ä�]�� �Z�Å

�Ã�|�Œ�¿���|�Ì�Ë�P�e �|�¿�Y ]15[.  

  

2-1 - �‰�Z�f�À�Ì�f�·�M���µ�|�»  

���,�d�‡�Y���Ã�{�€�¯���Ã�{�Z�¨�f�‡�Y����•�Z�¿���‰�€�]���Ä�v�¨�•���d�·�Z�u���•�Y���Ä�¯���,�µ�|�»���¾�Ë�Y���•�{

�Ä�¨�·�R�» ���Ä�˜�]�Y�•���•�Y���Ê�¸�•�Y���É�Z�f�‡�Y�•���Ä�‡���•�{���‰�€�]���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���É�Z�Å

)1 (�Ê�»���Ä�^�‡�Z�v�» �|�¿�Â�‹ ]14:[  

  

)�¦�·�Y(  )�[( 
Fig. 1 Two models for studying the cutting area in the cutting process 
A-  thick shear plane B- thin shear plane[15] 
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1 Thick shear plane 
2 Thin shear plane 
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Fig. 2 Force component And main direction[14] 
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3 Side Cutting Edge Angle 
4 Width of cut 
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Fig. 3 Result of acceleration signal before starting the internal turning 
process. A-In time domain. B-in frequency domain. 
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Fig. 4 The transverse motion of the beam with fix and free supports[16]  
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�Ã�•�Y�|�¿�Y���,�Ã�|�‹���Ã�{�Y�{���½�Z�Œ�¿���É�Z�f�‡�Y�•���Ä�‡���•�{���Y�•���[�Z�f�‹ �Ê�»���É�€�Ì�³ �|�À�¯.  

- �� �µ�|�»�� �,�†�·�Z�a�� �Ã�Z�´�f�‡�{3560-B-020 �� �d�¯�€�‹�� �d�y�Z�‡B&K 

�¹�€�¿���–�Ì�v�»���Á���Z�Å�€�´�ˆ�u���¾�Ì�]���–�]�Y�•���,��•�Z�¼�¿�Y�{ ���d�‡�Y���•�Y�‚�§�Y)���¶�°�‹6.(  

 - ���€�f�»�Â�»�Z�À�Ë�{CH-8408���µ�|�»���,9272 ���d�¯�€�‹���d�y�Z�‡KISTLER 

���d�‡�Y) 0 7 (�Ã�•�Y�|�¿�Y���Z�f�‡�Y�•���Ä�‡���•�{���Y�•���Á�€�Ì�¿���Ä�¯ �Ê�»���É�€�Ì�³ �|�À�¯.  

 
Fig. 5 Accelerometer AP2082M-100 

���¶�°�‹5 �[�Z�f�‹���€�´�ˆ�u �l�À�‡  
 

 
Fig. 6 Pulse system 

���¶�°�‹6 �†�·�Z�a���Ã�Z�´�f�‡�{  

  

 

Fig. 7 KISTLER CH-8408 Dynamometer  
���¶�°�‹7 �€�f�»�Â�»�Z�À�Ë�{  

- �¾�Ì�‹�Z�» ���µ�|�»���‰�Y�€�eTN50B �¾�Ì�‹�Z�»���d�¯�€�‹���d�y�Z�‡���Ä�¯���É�•�Z�‡

�d�‡�Y���‚�Ë�€�^�e.  

�Ä� �˜�«�� �Á�� �•�Y�‚�]�Y�� �c�Z�•�z�Œ�» �•�{�� �ª�Ì�¬�v�e�� �¾�Ë�Y�� �•�{�� �Ã�|�‹�� �Ã�{�Z�¨�f�‡�Y�� �•�Z�¯ 

�¶�°�‹ 1 �d�‡�Y���Ã�|�‹���Ä�W�Y�•�Y.  

�¶�Ì�°�Œ�e�� �Ä�r�¤�Ì�e�� �Á�� �•�Y�‚�]�Y�� �Ä�¿�|�]�� �d�¼�ˆ�«�� �Á�{�� �•�Y�� �•�Y�‚�]�Y �d�‡�Y�� �Ã�|�‹ .

�d�¼�ˆ�«�� �Á�{�� �¾�Ë�Y�� �Ä�]�� �•�Â�]�€�»�� �Ê�°�Ì�¿�Z�°�»�� �•�Y�Â�y �¶�°�‹ 2 ���Ã�|�‹�� �Ã�{�Y�{

�d�‡�Y .  

3 -2 - �½�Â�»�•�M���¹�Z�n�¿�Y���¶�u�Y�€�»  

�Ã�•�Y�|�¿�Y���€�´�ˆ�u���\�•�¿���•�Y���†�a �¶�y�Y�{���•�Y�‚�]�Y���É�Á�•���€�]���[�Z�f�‹���É�€�Ì�³ ���,�Ê�‹�Y�€�e

�ª�]�Z�˜�» �¶�°�‹ 8�Ê�»���\�•�¿���€�f�»�Â�»�Z�À�Ë�{���É�Á�•���€�]���•�Y�‚�]�Y���, �{�Â�‹.  
  

Table 1 Specification of tool and workpiece 

���µ�Á�|�m1 �Y�‚�]�Y���c�Z�•�z�Œ�»�Ä� �˜�«���Á���• �•�Z�¯  

�€�Ì�³�•�Y�‚�]�Y���µ�|�»  PARIS-S20R SDUCL 11  

���•�Y�‚�]�Y���¶�¯���µ�Â�—)mm(  200  

���•�Y�‚�]�Y���Ä�¿�|�]���€�˜�«)mm( 20 

���•�|�·�Â�Å���Z�e���•�Y�‚�]�Y����Â�¿���Ä�¸�•�Z�§)mm( 125 

���,�•�|�·�Â�Å���Z�e���Z�Å�€�´�ˆ�u���Ä�¸�•�Z�§s )mm( 45 

�Ä�r�¤�Ì�e���µ�|�» STORM DCGT070202-H01 
�Ä�r�¤�Ì�e���Ä�‡�|�À�Å �¶�°�‹���É�•�Â�· 

���Ä�r�¤�Ì�e����Â�¿���•�Z� �‹)mm( 4/0  

�Ä� �˜�«���†�À�m �•�Z�¯ ���º�Ì�À�Ì�»�Â�·�M7075 

�Ä� �˜�«���Ê�¸�y�Y�{���€�˜�« ���•�Z�¯)mm( 63 ���Ã�•�Z�¼�‹���½�Â�»�•�M���É�Y�€�]1  

68 ���Ã�•�Z�¼�‹���½�Â�»�•�M���É�Y�€�]2 

�Ä� �˜�«���Ê�m�•�Z�y���€�˜�« ���•�Z�¯)mm( 80 

�Ä� �˜�«���µ�Â�— ���•�Z�¯)mm( 80 
  

Table 2 Mechanical specification of tool [1] 
���µ�Á�|�m2 ���•�Y�‚�]�Y���Ê�°�Ì�¿�Z�°�»���•�Y�Â�y]1[  

�•�Â�¿ �†�À�m 
���Ê�·�Z�´�q

)kg/m3( 

���²�¿�Z�Ë���µ�Á�|�»

)N/mm2( 

���\�Ë�€�“

�½�Â�‡�Y�Â�a 

�€�Ì�³�•�Y�‚�]�Y Alloy Steel 7850 105×09/2 3/0 

�Ä�r�¤�Ì�e Tungsten carbide 15800 105×09/2 28/0 
  

Fig. 8 Positions of the accelerometer and dynamometer in setup 

���¶�°�‹8 �[�Z�f�‹���d�Ì� �«�Â�» ���Ã�Z�´�f�‡�{���É�Á�•���€�]���€�f�»�Â�»�Z�À�Ë�{���Á���l�À�‡  



  

�¶�y�Y�{���|�À�Ë�Y�€�§���•�{���Z�Å�Á�€�Ì�¿���Ê�=�¼�¯���Ê�‡�•�€�] �•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Y�€�]���|�Ë�|�m���‰�Á�•���Ä�W�Y�•�Y���Á���Ê�‹�Y�€�e  �½�Y�•�Z�°�¼�Å���Á���Ê�¿�Z�´�Ì�À�Œ�³���Ê�¸�Ì�¸�y���º�Ë�€�»  
 

���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»�½�Z�f�ˆ�»�•���Á���‚�Ì�Ë�Z�a 1396���Ã�•�Á�{���,4 ���Ã�•�Z�¼�‹2  15  

 

�Ä�]���,�½�Â�»�•�M���€�Å���•�Á�€�‹���Z�] �Ã�{�Y�{���•�Z�¯�{�Â�y���•�Â�— ���€�´�ˆ�u���É�Z�Å���Á���[�Z�f�‹

�Ê�»���d�^�i���€�f�»�Â�»�Z�À�Ë�{ �|�¿�Â�‹.  
  

3 -3- �½�Â�»�•�M �•�Y�‚�]�Y���Ê�°�Ì�»�Z�À�Ë�{���•�Y�Â�y���Ä�^�‡�Z�v�»���É�Y�€�]���Ê�¸�¼�Ÿ���É�Z�Å 

�½�Â�»�•�M�� �Y�|�f�]�Y ���•�Y�‚�]�Y�� �Ê�Ë�Y�€�Ì�»�� �w�€�¿�� �Á�� �Ê�f�z�‡�� �\�Ë�€�“�� �¾�Ì�Ì� �e�� �É�Y�€�]�� �Ê�Ë�Z�Å

�Ê�»�� �¹�Z�n�¿�Y �{�Â�‹ .���†�b�‡�� �Á�� �€�f�»�Â�»�Z�À�Ë�{�� �É�Á�•�� �€�]�� �•�Y�‚�]�Y�� �,�•�Z�¯�� �¾�Ë�Y�� �É�Y�€�]

�Ê�»�� �\�•�¿�� �•�Y�‚�]�Y�� �É�Á�•�� �€�]�� �[�Z�f�‹�� �€�´�ˆ�u �|�¿�Â�‹ .���,�Ä�¸�u�€�»�� �|�À�q�� �•�{

�Ä�]�€�“ �Ê�Ë�Z�Å ���Ê�¸�•�Y���É�Z�f�‡�Y�•���Ä�‡���•�{)���ª�]�Z�˜�»���¶�°�‹9 (���Á���{�•�Y�Á���•�Y�‚�]�Y���Ä�]

�µ�Z�À�´�Ì�‡ �[�Z�f�‹�� �•�Y�� �Ê�f�§�Z�Ë�•�{�� �[�Z�f�‹�� �É�Z�Å �l�À�‡ �Ê�»�� �Ã�€�Ì�y�}�� �Z�Å �{�Â�‹ .���Z�]

�Ê�»���,�µ�Z�À�´�Ì�‡���¾�Ë�Y���Ä�Ë�•�Â�§���¶�Ë�|�^�e���•�Y���Ã�{�Z�¨�f�‡�Y ���Ê�Ë�Y�€�Ì�»���Z�]���†�¿�Z�¯�€�§���½�Y�Â�e

�{�•�Á�M���d�‡�{���Ä�]���Y�•���•�Y�‚�]�Y���Á���¾�Ì�‹�Z�»���Ä�Ÿ�Â�¼�n�».  

�Ê�»�� �Ä�À�»�Y�{�� �Ê�¼�f�Ë�•�Z�´�·�� �Š�Å�Z�¯�� �¾�f�‹�Y�{�� �Z�]�� �¾�Ì�À�r�¼�Å ���w�€�¿�� �½�Y�Â�e

�{�€�¯�� �Ä�^�‡�Z�v�»�� �•�Y�‚�]�Y�� �¾�Ë�Y�� �É�Y�€�]�� �Y�•�� �Ê�Ë�Y�€�Ì�» .���É�Z�Å�Z�˜�y�� �Š�Å�Z�¯�� �É�Y�€�]

�Ã�•�Y�|�¿�Y �½�Â�»�•�M���€�Å���,�É�€�Ì�³ �d�‡�Y���Ã�|�‹�� �•�Y�€�°�e���•�Z�]���¾�Ë�|�À�q .���•�Y���Ä�¿�Â�¼�¿���®�Ë

�µ�Z�À�´�Ì�‡ �� �•�Â�v�»�� �É�Z�f�‡�Y�•�� �•�{�� �Ê�f�§�Z�Ë�•�{�� �É�Z�Åy �•�{ �� �¶�°�‹10 ���•�{�� �Á

���•�Â�v�»���É�Z�f�‡�Y�•z ���¶�°�‹���•�{11 �¿�Z�¯�€�§���Á���½�Z�»�•���Ã�•�Â�u���•�{���Ã�{�Y�{���½�Z�Œ�¿���†

���µ�Á�|�m���•�{���Ã�|�»�M���d�‡�{���Ä�]���l�Ë�Z�f�¿���Á3 �Ã�|�‹���Ä�W�Y�•�Y �|�¿�Y.  

�Ä�^�‡�Z�v�»�� �É�Y�€�] �� �Ä�˜�]�Y�•�� �•�Y�� �Ê�Ë�Y�€�Ì�»�� �w�€�¿�� �É)14 (���Ã�|�‹�� �Ã�{�Z�¨�f�‡�Y

�d�‡�Y .  

)14(  ln l
�T�Ü�>�5

�T�Ü
p= F�æ�ñ�á(�P�Ü�>�5 F�P�Ü) 

�½�M���•�{���Ä�¯���,���T�Ü ���k�Â�»���Ä�¸�«���Ä�À�»�Y�{i �¹�Y���,�� �Ê�Ë�Y�€�Ì�»���\�Ë�€�“ ���Á�P�Ü ���½�Z�»�•

���k�Â�»���Ä�¸�«i �¹�Y �Ê�» �|�À�‹�Z�].  
  

 

Fig. 9 Chematic of tool and workpiece and direction of intercept[4] 

���¶�°�‹9 �Ä� �˜�«���Á���•�Y�‚�]�Y���®�Ì�e�Z�¼�‹ �c�Z�•�f�z�»���É�Z�Å�•�Â�v�»���d�Æ�m���Á���•�Z�¯ ]4[ 
  

Table 3 Vibration specification of tool in two reduce direction, z and y 

���µ�Á�|�m3 ���Ê�Ÿ�Z� �‹���É�Z�f�‡�Y�•���Á�{���•�{���•�Y�‚�]�Y���Ê�‹�Z� �e�•�Y���•�Y�Â�yy ���Áz  

�•�Â�v�»���É�Z�f�‡�Y�• ���µ�Á�Y���Ê�Ë�Y�€�Ì�»���Z�]���Ê� �Ì�^�—���†�¿�Z�¯�€�§)Hz( �Ê�Ë�Y�€�Ì�»���\�Ë�€�“ 

y 560 2/0 

z 568 16/0 
  

�½�Â�»�•�M���•�Y���¶�•�Z�u���†�¿�Z�¯�€�§���•�Y�|�¬�» ���Ä�˜�]�Y�•���•�Y���¶�•�Z�u���†�¿�Z�¯�€�§���Z�]���Z�Å

)11 (���É�Z�Æ�f�¿�Y���,�Ä�·�{�Z� �»���•�{���Ä�¯���d�‡�Y���¾�Ë�Y���½�M���¶�Ì�·�{���Ä�¯���d�‡�Y���c�Á�Z�¨�f�»

�Š�Ë�Z�»�•�M���•�{���Ê�·�Á���d�‡�Y���Ã�|�‹���Ä�f�§�€�³���€�œ�¿���•�{���\�¸�•���•�Y�‚�]�Y ���†�¿�Z�¯�€�§���,�Z�Å

���Á�� �d�‡�Y�� �Ã�|�»�M�� �d�‡�{�� �Ä�]�� �½�M�� �Ã�|�¿�•�Y�|�Æ�´�¿�� �Ä�Ÿ�Â�¼�n�»�� �Á�� �•�Y�‚�]�Y�� �Ê� �Ì�^�—

�{�•�Y�|�¿���d�¬�]�Z�˜�»���d�Ì� �«�Y�Á���Z�]���•�Y�‚�]�Y���É�Z�Æ�f�¿�Y���d�Ì�^�¸�•���‘�€�§���¾�Ë�Y�€�]�Z�À�] .  

  

 

�¦�·�Y- �½�Z�»�•���Ã�•�Â�u���•�{ 

 

�[- �†�¿�Z�¯�€�§���Ã�•�Â�u���•�{  
Fig. 10 The acceleration signal of impact test in y direction. A-In 
time domain B- In frequency domain  

���¶�°�‹10 �[�Z�f�‹���µ�Z�À�´�Ì�‡ �Ä�]�€�“���½�Â�»�•�M ���É�Z�f�‡�Y�•���•�{y 

 

 

�¦�·�Y- �½�Z�»�•���Ã�•�Â�u���•�{ 

 

�[- �†�¿�Z�¯�€�§���Ã�•�Â�u���•�{ 
Fig. 11 The acceleration signal of impact test in z direction. A-In 
time domain B- In frequency domain 

���¶�°�‹11 ���µ�Z�À�´�Ì�‡�[�Z�f�‹ �Ä�]�€�“���½�Â�»�•�M���•�{���É�Z�f�‡�Y�•���•�{���,z 



  

�¶�y�Y�{���|�À�Ë�Y�€�§���•�{���Z�Å�Á�€�Ì�¿���Ê�=�¼�¯���Ê�‡�•�€�] �•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Y�€�]���|�Ë�|�m���‰�Á�•���Ä�W�Y�•�Y���Á���Ê�‹�Y�€�e  �½�Y�•�Z�°�¼�Å���Á���Ê�¿�Z�´�Ì�À�Œ�³���Ê�¸�Ì�¸�y���º�Ë�€�»  
 

16  ���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»�½�Z�f�ˆ�»�•���Á���‚�Ì�Ë�Z�a 1396���Ã�•�Á�{���,4 ���Ã�•�Z�¼�‹2  
 

�� �¾�Ì�À�r�¼�Å�½�Z�¼�Å �•�Â�— �� �¶�°�‹�� �•�{�� �Ä�¯3 ���,�d�‡�Y�� �Ã�|�‹�� �Ã�{�Y�{�� �½�Z�Œ�¿

�� �†�¿�Z�¯�€�§�� �,�µ�Z�À�´�Ì�‡�� �\�·�Z�£�� �†�¿�Z�¯�€�§578 Hz ���Ä�]�� �®�Ë�{�‚�¿�� �Ä�¯�� �d�‡�Y

���µ�Á�|�m���•�{���Ã�|�‹���Ä�^�‡�Z�v�»���Ê� �Ì�^�—���†�¿�Z�¯�€�§3 �Ê�»���h�Ÿ�Z�]���Á���d�‡�Y ���{�Â�‹

�|�f�§�Y���©�Z�¨�e�Y���½�Z�]�€�“���Ã�|�Ë�|�a.  

�Ä�¿�Â�¼�¿�� �w�€�¿�� �Ä�¯�� �Z�n�¿�M�� �•�Y �� �Z�]�� �€�]�Y�€�]�� �[�Z�f�‹�� �€�´�ˆ�u�� �É�•�Y�{�€�]65536 

�Ê�»�� �€�j�¯�Y�|�u�� �,�d�‡�Y�� �Ä�Ì�¿�Z�i�� �•�{�� �Ä�¿�Â�¼�¿ �§�� �|�¿�Y�Â�e�†�¿�Z�¯�€  32768 ���Y�•�� �‚�e�€�Å

�Ã�•�Y�|�¿�Y �Ê�¼�¿���¾�Ë�Y�€�]�Z�À�]���,�|�À�¯���É�€�Ì�³ ���Y�•���Ê�·�Â�—���É�Z�f�‡�Y�•���•�{���†�¿�Z�¯�€�§���½�Y�Â�e

�{�Á�|�u�� �•�{�� �Ä�¯ 51360 �Ã�•�Y�|�¿�Y�� �,�d�‡�Y�� �‚�e�€�Å �{�€�¯�� �É�€�Ì�³ .���¾�Ì�¼�Å�� �Ä�]

�d�‡�Y���Ã�|�Œ�¿���¹�Z�n�¿�Y���Ê�·�Â�—���É�Z�f�‡�Y�•���•�{���c�Z�^�‡�Z�v�»���,�¶�Ì�·�{.  
  

3 -4 - �s�€�— �½�Â�»�•�M���É�‚�Ë�• �Ê�¸�•�Y���É�Z�Å  

�½�Â�»�•�M �¶�y�Y�{���É�Z�Å �Y���¦�¸�f�z�»���É�Z�Å�€�f�»�Y�•�Z�a�� �Z�]���É�{�Z�Ë�•���Ê�‹�Y�€�e���Ã�|�‹���¹�Z�n�¿

���½�Â�»�•�M���Á�{���–�¬�§���,�\�·�Z�˜�»���½�|�‹���Ê�¿�Ó�Â�—���•�Y���É�€�Ì�³�Â�¸�m���É�Y�€�]���Ä�¯���d�‡�Y

�c�Z�•�z�Œ�»�� �Z�] �¶�°�‹ 4 �d�‡�Y�� �Ã�|�‹�� �[�Z�z�f�¿�Y�� �Š�Ë�Z�¼�¿�� �É�Y�€�] .���Ä�¼�Å

�½�Â�»�•�M �Ê�»�� �|�Ì�Ë�P�e�� �Y�•�� �Ä�·�Z�¬�»�� �¾�Ë�Y�� �•�{�� �Ã�|�‹�� �½�Z�Ì�]�� �l�Ë�Z�f�¿�� �Z�Å �|�À�À�¯ .���t�˜�‡

�Ä� �˜�«���ž�˜�¬�» ���Ã�•�Z�¼�‹���½�Â�»�•�M���Á�{���É�Y�€�]���•�Z�¯1 ���Á2 �•�{ ���¶�°�‹12 ���½�Z�Œ�¿

�d�‡�Y���Ã�|�‹���Ã�{�Y�{.  
  

4- �€�]���h�v�]���Á���l�Ë�Z�f�¿ �l�Ë�Z�f�¿���É�Á�• 

���•�Y�‚�]�Y���Ê�Ë�Z�n�]�Z�m���Á���[�Z�f�‹���,�Á�€�Ì�¿���€�Ë�{�Z�¬�»���Ä�]���•�Z�Ì�¿���c�Ó�{�Z� �»���Ê�‡�•�€�]���É�Y�€�]

���Ê�¸�•�Y���É�Z�f�‡�Y�•���Ä�‡���•�{x���,y ���Áz )���¶�°�‹���ª�]�Z�˜�»9 0 (�d�‡�Y .���¾�Ë�Y�€�]�Z�À�]

���Á�€�Ì�¿���Á���[�Z�f�‹���l�Ë�Z�f�¿���d�Ÿ�€�‡���Á���d�‹�Y�{�{�Z�Ë���Ä�Ì�¿�Z�i���Ã�{���•�{���½�Â�»�•�M���€�Å���É�Y�€�]

�Ã�|�‹�� �Ä�^�‡�Z�v�»�� �Ê�Ë�Z�n�]�Z�m�� �Á ���É�Y�€�]�� �l�Ë�Z�f�¿�� �¾�Ë�Y�� �•�Y�� �Ä�Ì�¿�Z�i�� �®�Ë�� �Ä�¯�� �|�¿�Y

�d�‡�Y���Ã�|�‹���[�Z�z�f�¿�Y���c�Ó�{�Z� �»���µ�Z�¼�Ÿ�Y���Á���Š�Ë�Z�¼�¿.  

  
Table 4 The variable parameter of tests. 

���µ�Á�|�m4 �½�Â�»�•�M���€�Ì�¤�f�»���É�Z�Å�€�f�»�Y�•�Z�a   

���Ã�•�Z�¼�‹

�½�Â�»�•�M 

�Ê�‹�€�]���d�Ÿ�€�‡  

 )m/s( 

���É�Á�€�Œ�Ì�a���w�€�¿

)mm/rev( 

���‰�€�]���ª�¼�Ÿ

)mm( 

���d�·�Z�u

�‰�€�] 

1 4257/2 12/0 5/1 �•�Y�|�Ë�Z�a�Z�¿ 

2  9032/0 24/0 0/1 �•�Y�|�Ë�Z�a 

 

  
Fig. 12 The surface of workpiece in test No.1 (unstable) and test No.2 
(stable) 

���¶�°�‹12 �Ä� �˜�«���t�˜�‡ ���Ã�•�Z�¼�‹���½�Â�»�•�M���Á�{���•�{���•�Z�¯1 ���Á2  

�Ã�•�Y�|�¿�Y�� �É�Y�€�] ���€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �‰�Y�€�e�� �É�Z�Å�|�À�Ë�Y�€�§�� �•�{�� �Á�€�Ì�¿�� �É�€�Ì�³

�Ê�»�� �Ã�{�Z�¨�f�‡�Y �{�Â�‹ .�Ê�»�� �\�•�¿�� �€�f�»�Â�»�Z�À�Ë�{�� �É�Á�•�� �•�Y�‚�]�Y�� �•�|�·�Â�Å �{�Â�‹ .���•�Y

���µ�Â�—�� �•�{�� �Á�� �d�‡�Y�� �Ê�°�Ì�»�Z�À�Ë�{�� �|�À�Ë�Y�€�§�� �®�Ë�� �‰�Y�€�e�� �|�À�Ë�Y�€�§�� �Ä�¯�� �Z�n�¿�M

�Ê�»���‰�Z� �e�•�Y���•�Z�q�{���•�Y�‚�]�Y���|�À�Ë�Y�€�§ ���,�d�‡�Y���[�Z�f�‹���É�Y�•�Y�{���•�Y�‚�]�Y���Ä�¿�|�]���Á���{�Â�‹

�Ë�{���•�Y���¶�•�Z�u���Ê�°�»�Z�À�Ë�{���É�Á�€�Ì�¿���¾�Ë�Y�€�]�Z�À�]���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���Z�]���€�f�»�Â�»�Z�À

�Ê�¼�¿���Á���d�ˆ�Ì�¿���€�]�Y�€�]���•�Y�‚�]�Y����Â�¿ ���•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���½�Y�Â�À�Ÿ���Ä�]���½�M���•�Y���½�Y�Â�e

�{�€�¯���Ã�{�Z�¨�f�‡�Y���‰�€�]���É�Á�€�Ì�¿���Z�Ë .���¾�e�Â�Ì�¿���¹�Á�{���½�Â�¿�Z�«���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���Y�€�Ë�•

���[�Z�f�‹���•�Y���¶�•�Z�u���É�Á�€�Ì�¿���Z�]���|�Ë�Z�]���•�Y�‚�]�Y����Â�¿���Á���Z�Æ�f�¿�Y���É�Á�€�Ì�¿���Á�{���•�Â�¼�n�»

�|�‹�Z�]�� �€�]�Y�€�]�� �•�Y�‚�]�Y�� �É�Á�• .�� �l�Ë�Z�f�¿�� �Ä�]�� �Ä�m�Â�e�� �Z�]�� �¾�Ì�À�r�¼�Å���•�Y�� �¶�•�Z�u

�� �•�{�� �Ä�¯�� �€�f�»�Â�»�Z�À�Ë�{�� �¶�°�‹13 ���Á�€�Ì�¿�� �€�Ë�{�Z�¬�»�� �,�d�‡�Y�� �Ã�|�‹�� �Ã�{�Y�{�� �½�Z�Œ�¿

�Ê�»�� �½�Z�Œ�¿�� �Ä�¯�� �d�‡�Y�� �Ê�¨�À�»�� �Á�� �d�^�j�»�� �{�Y�|�Ÿ�Y�� �¶�»�Z�‹ ���Á�€�Ì�¿�� �d�Æ�m�� �|�Å�{

�d�‡�Y���Ã�{�€�¯���€�Ì�Ì�¤�e .  
  

 

�¦�·�Y- ���É�Z�f�‡�Y�•���•�{x 

 

�[- ���É�Z�f�‡�Y�•���•�{y 

 

�k - ���É�Z�f�‡�Y�•���•�{z 
Fig. 13 Recorded force signals of dynamometer, test No. 1 (sampling 
rate= 25000 Hz). A-In x direction B- In y direction C-In z direction 

���¶�°�‹13 �µ�Z�À�´�Ì�‡ �É�Z�Å ���É�Á�€�Ì�¿���€�f�»�Â�»�Z�À�Ë�{)�Ä�¿�Â�¼�¿���w�€�¿ ���É�•�Y�{�€�]25000 ���•�{���Ä�¿�Â�¼�¿

�Ä�Ì�¿�Z�i (���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  



  

�¶�y�Y�{���|�À�Ë�Y�€�§���•�{���Z�Å�Á�€�Ì�¿���Ê�=�¼�¯���Ê�‡�•�€�] �•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Y�€�]���|�Ë�|�m���‰�Á�•���Ä�W�Y�•�Y���Á���Ê�‹�Y�€�e  �½�Y�•�Z�°�¼�Å���Á���Ê�¿�Z�´�Ì�À�Œ�³���Ê�¸�Ì�¸�y���º�Ë�€�»  
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���Ä�f�§�€�³���€�œ�¿���•�{���Ã�{�Y�€�]���{�Z� �]�Y���•�Y���Ê� �]�Z�e���–�¬�§���•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���€�³�Y
�½�Z�Œ�¿�� �€�¨�•�� �É�Á�€�Ì�¿�� �{�Â�‹ �� �Ã�|�À�Å�{���€�Ì�Ì�¤�e�� �Á�� �d�‡�Y�� �€�¨�•�� �‘�€�Ÿ�� �Z�]�� �Ã�{�Y�€�]

�d�‡�Y�� �Ê�À� �»�� �½�Á�|�]�� �,�†�°� �·�Z�]�� �Á�� �Ê�¨�À�»�� �Ä�]�� �d�^�j�»�� �•�Y�� �Á�€�Ì�¿�� �d�»�Ô�Ÿ .
���É�Y�€�]���¹�•�Ó���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���‰�Z�f�À�Ì�f�·�M���€�œ�¿���ª�^�—���Ä�¯���d�‡�Y���d�‡�•�{
���¾�Ë�Y�� �Z�]�� �•�Y�‚�]�Y�� ��Â�¿�� �É�Á�€�Ì�¿�� �Z�»�Y�� �d�‡�Y�� �Ã�{�Y�€�]�� �d�u�Z�ˆ�»�� �•�Y�� �Ê� �]�Z�e�� �‰�€�]
���•�Y�‚�]�Y�� ��Â�¿�� �Ä�]�� �Ã�{�•�Y�Á�� �É�Á�€�Ì�¿�� �•�Y�‚�]�Y�� �Ê�u�Y�€�—�� �•�{�� �Á�� �d�ˆ�Ì�¿�� �€�]�Y�€�]�� �•�Y�|�¬�»

�{���|�Ë�Z�]�{�Â�‹���Ä�f�§�€�³���€�œ�¿���•.  
�[�Z�f�‹�� �–�‡�Â�e�� �,�[�Z�f�‹�� �€�Ë�{�Z�¬�» �� �Ä�¸�•�Z�§�� �•�{�� �Ã�|�‹�� �\�•�¿�� �l�À�‡s 

)�� �¶�°�‹1 (���•�Z�]�Á�{���Z�]�� �Ê�Ë�Z�n�]�Z�m���€�Ë�{�Z�¬�»�� �Á���Ã�|�‹���Ä�f�§�€�³���•�Y�‚�]�Y�� �É�Z�Æ�f�¿�Y���•�Y
�µ�Y�€�´�f�¿�Y ���Ä�¸�•�Z�§���•�{���,�[�Z�f�‹���€�Ë�{�Z�¬�»���•�Y���É�{�|�Ÿ���É�€�Ì�³s ���•�Y�‚�]�Y���É�Z�Æ�f�¿�Y���•�Y

�Ê�»�� �Ä�^�‡�Z�v�» �|�¿�Â�‹ .�µ�Z�À�´�Ì�‡ ���Ä�‡�� �É�Y�€�]�� �Ê�Ë�Z�n�]�Z�m�� �Á�� �[�Z�f�‹�� �É�Z�Å
�� �Ê�¸�•�Y�� �É�Z�f�‡�Y�•)�� �É�Z�Å�•�Â�v�»x�� �,y �� �Áz �Z�]�� �ª�]�Z�˜�» �¶�°�‹ 9 (���•�{

�¶�°�‹ ���É�Z�Å14 ���Á15 �Ã�|�‹���Ã�{�Y�{���Š�Ë�Z�¼�¿ �|�¿�Y .  

 

�¦�·�Y- ���É�Z�f�‡�Y�•���•�{x 

 

�[- ���É�Z�f�‡�Y�•���•�{y 

 

�k - ���É�Z�f�‡�Y�•���•�{z 
Fig 14 Acceleration signals measured in test No. 1 (sampling 
rate=65536 Hz) ). A-In x direction B- In y direction C-In z direction 

�� �¶�°�‹14 �µ�Z�À�´�Ì�‡ �Ã�•�Y�|�¿�Y�� �[�Z�f�‹�� �É�Z�Å �Ã�|�‹�� �É�€�Ì�³ )�Ä�¿�Â�¼�¿�� �w�€�¿ �� �É�•�Y�{�€�]65536 

�Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1 

  

  
�¦�·�Y- ���É�Z�f�‡�Y�•���•�{x 

  
�[- ���É�Z�f�‡�Y�•���•�{y 

  
�k - ���É�Z�f�‡�Y�•���•�{z  

Fig 15 Displacement signals in test No. 1 (sampling rate=65536 Hz) ). 
A-In x direction B- In y direction C-In z direction 

�� �¶�°�‹15 �µ�Z�À�´�Ì�‡ �É�Z�Å ���Ê�Ë�Z�n�]�Z�m)�Ä�¿�Â�¼�¿���w�€�¿ ���É�•�Y�{�€�]65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (

���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  
  

�½�Z�¼�Å �•�Â�— �¶�°�‹���Ä�¯ 14 �Ê�»���½�Z�Œ�¿ ���[�Z�f�‹���É�{�|�Ÿ�� �€�Ë�{�Z�¬�»���,�|�Å�{
�º�Œ�q�� �¶�]�Z�«�� �Á�� �d�‡�Y�� �±�•�‚�]�� �•�Z�Ì�ˆ�] �d�ˆ�Ì�¿�� �Ê�‹�Â�a .�½�Z�¼�Å �•�Â�— ���•�{�� �Ä�¯

���¶�°�‹3 ���•�Y�|�¬�»���¾�Ë�Y���•�Y���|�•�•�{���®�Ë���•�Y���€�f�¼�¯���,�d�‡�Y���Ã�|�‹���Ã�{�Y�{���½�Z�Œ�¿

�•�Y���€�f�Œ�Ì�]���Á���d�‡�Y���–�Ì�v�»���Á���Ã�Z�´�f�‡�{���c�Z�‹�Z� �e�•�Y���•�Y���¶�•�Z�u 99% ���½�M���•�Y
���•�Y�� �Ê�‹�Z�¿�� �Á�� �|�À�Ë�Y�€�§�� �¹�Z�n�¿�Y�� �½�Z�»�•�� �•�{�� �Ä�¯�� �d�‡�Y�� �•�Y�‚�]�Y�� �‰�Z� �e�•�Y�� �•�Y�� �Ê�‹�Z�¿

�Ä� �˜�«���Á���•�Y�‚�]�Y���¾�Ì�]���É�Á�€�Ì�¿ �Ê�»���{�Â�m�Á���Ä�]���•�Z�¯ �M�|�Ë .  
�{���µ�Y�€�´�f�¿�Y���•�Y�|�¬�»���½�{�Â�]���É�{�|�Ÿ���Ä�]���Ä�m�Â�e���Z�]���Ä�^�‡�Z�v�»���Ä�¸�u�€�»���Á�{���•

���•�Y���¶�•�Z�u���Ê�Ë�Z�n�]�Z�m���l�Ë�Z�f�¿���d�v�•���Ê�‡�•�€�]���É�Y�€�]���,�Ê�Ë�Z�n�]�Z�m���Á���d�Ÿ�€�‡
�µ�Y�€�´�f�¿�Y���¾�Ë�Y �½�Â�»�•�M���•�Y���Ê�y�€�]���¹�Z�n�¿�Y���•�Y���†�a���,�É�{�|�Ÿ���É�Z�Å ���•�Z�¯���Ä� �˜�«���,�Z�Å

���t�˜�‡���É�€�]�•���Á���|�‹���Ã�|�Ë�€�])Ra (�É�€�]�•���Z�] �Ã�•�Y�|�¿�Y���l�À�‡ ���l�Ë�Z�f�¿���Z�]���Á���É�€�Ì�³
���É�Z�f�‡�Y�•���•�{���Ê�Ë�Z�n�]�Z�m���•�Y���¶�•�Z�uy ���,�|�‹���Ä�ˆ�Ë�Z�¬�»���½�Â�»�•�M���½�Z�¼�Å���É�Y�€�]

���l�Ë�Z�f�¿���Ä�¯�Ê�»���|�Ì�Ë�P�e���Y�•���€�´�Ë�|�¼�Å���¶�•�Z�u �|�¿�{�€�¯.  
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4-1 - �‰�Z�f�À�Ì�f�·�M���‰�Á�•���•�Y���¶�•�Z�u���l�Ë�Z�f�¿  

�Ä�^�‡�Z�v�»�� �Ä�]�� �•�Z�Ì�¿�� �Y�|�f�]�Y�� �‰�Á�•�� �¾�Ë�Y�� �•�{�� �–�]�Y�Á�•�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �É�Y�€�] ���É

�d�‡�Y���Á�€�Ì�¿���Ä�¨�·�R�»���€�Å���Ä�]���•�Â�]�€�»���‰�€�]���\�Ë�Y�€�“ .���É�Y�€�]���Ê�‹�€�]���\�Ë�Y�€�“

���€�Ë�{�Z�¬�»���•�Y���Ã�{�Z�¨�f�‡�Y���Z�]���Ä�¯���Ê�Ÿ�Z� �‹���É�Z�f�‡�Y�•���Á�{���•�{���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿

�Ã�|�‹���Ä�^�‡�Z�v�»���Ê�°�Ì�e�Z�f�‡�Y���É�Á�€�Ì�¿ ���•�{���,�|�¿�Y���µ�Á�|�m5 �d�‡�Y���Ã�|�‹���Ã�{�Y�{ .  

�Á�•�� �•�Y�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �Ä�^�‡�Z�v�»�� �É�Y�€�]���¾�Ë�Y�� �É�Y�€�]�� �‰�Z�f�À�Ì�f�·�M�� �‰

�½�Â�»�•�M �Ã�{�Y�€�]�� �‘�€�Ÿ�� �Z�Ë�� �‰�€�]�� �É�Z�À�Æ�a�� �Ä�]�� �•�Z�Ì�¿�� �Z�Å ���Ã�{�Y�€�]�� �d�»�Z�z�“�� �Á

�Ä�f�§�Z�Ì�¿���¶�°�‹�€�Ì�Ì�¤�e �d�‡�Y .���,�d�‡�Y���|�»�Z� �f�»���Ã�|�‹���¹�Z�n�¿�Y���‰�€�]���Ä�¯���Z�n�¿�M���•�Y

���d�Æ�m�� �Ä�‡�� �•�{�� �•�Y�‚�]�Y�� ��Â�¿�� �Ê�Ë�Z�n�]�Z�m�� �¾�f�‹�Y�{�� �Z�]�� �€�f�»�Y�•�Z�a�� �Á�{�� �¾�Ë�Y�� �Y�~�·

���,�Ê�¸�•�Y���Ä�˜�]�Y�•���•�Y)15( �Ê�»���Ä�^�‡�Z�v�» �|�¿�Â�‹ ]14:[  

  �D= F[�T(�P) F�T(�PF �6)] 

)15(  �>= F[�U(�P) F�U(�PF �6)] 

�½�M�� �•�{�� �Ä�¯�� �,x �� �•�Â�v�»�� �É�Z�f�‡�Y�•�� �•�{�� �•�Y�‚�]�Y�� ��Â�¿�� �Ê�Ë�Z�n�]�Z�mx���,

y�� �•�Â�v�»�� �É�Z�f�‡�Y�•�� �•�{�� �•�Y�‚�]�Y�� ��Â�¿�� �Ê�Ë�Z�n�]�Z�my �� �ÁT ���•�Á�{�� �®�Ë�� �½�Z�»�•

�Ä� �˜�«���Š�y�€�q ���Ä�˜�]�Y�•���•�Y���Ä�¯���d�‡�Y���Ä�Ì�¿�Z�i���\�ˆ�u���€�]���•�Z�¯)16( ���Ä�^�‡�Z�v�»

�Ê�» �{�Â�‹:  

)16(  �6=
60
�0

 

���,�½�M���•�{���Ä�¯N �Ä� �˜�«���Ê�¿�Y�•�Á�{���d�Ÿ�€�‡ ���Ä�¬�Ì�«�{���€�]���•�Á�{���\�ˆ�u���€�]���•�Z�¯

�d�‡�Y.  

���Ä�˜�]�Y�•���•�{���Ä�¯���d�‡�Y���€�¯�}���Ä�]���¹�•�Ó)15(���ª�]�Z�˜�»���Ê�¸�•�Y���É�Z�Å�•�Â�v�»���,

�� �¶�°�‹9 ���Ä�f�§�€�³���€�œ�¿�•�{���É�Z�Å�•�Â�v�»���Z�]���Ä�¯���d�‡�Y���Ã�|�‹���Ä�f�§�€�³���€�œ�¿���•�{

���•�{���Ã�|�‹���¶�°�‹2 �d�‡�Y���c�Á�Z�¨�f�».  

�Ê�»�� �Ê�‹�Z� �e�•�Y�� �µ�Á�Y�� �{�Â�»�� �•�Y�� �Ã�{�Z�¨�f�‡�Y�� �Z�] ���Ê�Ë�Z�n�]�Z�m�� �¾�f�‹�Y�{�� �Z�]�� �½�Y�Â�e

���Ä�¸�•�Z�§���Ä�]���•�Y�‚�]�Y���•�Y���Ä�˜�¬�¿���®�Ës ���Ê�·�Â�—���Ê�Ë�Z�n�]�Z�m���•�Y�|�¬�»���,�½�M���É�Z�Æ�f�¿�Y���•�Y

�•�{���Ê�“�€�Ÿ���Á ���Y�•���•�Y�‚�]�Y����Â�¿���Ä�˜�]�Y�•���•�Y)17 (���Á)18( �{�€�¯���Ä�^�‡�Z�v�»:  

)17(  �Q(�H, �P) = �7�5(�H)�ß�5(�P)
�Q(�O, �P) = �7�5(�O)�ß�5(�P)

`�\ �Q(�H,�P) =
�7�5(�H)

�7�5(�O)
�Q(�O, �P) 

�S(�H, �P) = �9�5(�H)�ß�5(�P)
�S(�O, �P) = �9�5(�O)�ß�5(�P)

`�\ �S(�H,�P) =
�9�5(�H)

�9�5(�O)
�S(�O, �P) 

)18(  

�½�M�� �•�{�� �Ä�¯���,�7�5(�T) ���É�Y�€�]�� �Ê�·�Â�—�� �‰�Z� �e�•�Y�� �•�{�� �{�Â�»�� �¶�°�‹�� �¾�Ì�·�Á�Y

���Ä�¸�•�Z�§���•�{���{�Y�•�M���É�Z�Æ�f�¿�Y���®�Ë���Á���•�Y�{�€�Ì�³���É�Z�Æ�f�¿�Y���®�Ë���Z�]���€�Ì�ex ���É�Z�Æ�f�¿�Y���•�Y

���½�Z�»�•���•�{���Á���•�Y�‚�]�Yt ]16[ ���Á�Q(�T,�P) ���É�Z�f�‡�Y�•���•�{���•�Y�‚�]�Y����Â�¿���Ê�Ë�Z�n�]�Z�m

�� �Ê�·�Â�—)�� �•�Â�v�»x  (���Ä�¸�•�Z�§�� �•�{x �� �½�Z�»�•�� �•�{�� �Á�� �•�Y�‚�]�Y�� �É�Z�Æ�f�¿�Y�� �•�Yt ]16[ 

�Ê�» �|�À�‹�Z�]. 
  

Table 5 Cutting constant of dynamic force 

���µ�Á�|�m5 �d�]�Z�i ���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���Ê�‹�€�]���É�Z�Å  

�½�Â�»�•�M���Ã�•�Z�¼�‹  Ky  Kz  

1  107×4/5  108×5/1  

2  107×8/4  107×5/9  

�•�{�� �‰�Z�f�À�Ì�f�·�M�� �–�]�Y�Á�•�� �•�Y�� �¶�•�Z�u�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �l�Ë�Z�f�¿ �¶�°�‹ 

16 �d�‡�Y���Ã�|�‹���Ã�{�Y�{���½�Z�Œ�¿ .���Ê�°�Ì�e�Z�f�‡�Y���É�Á�€�Ì�¿���Ä�¯���d�‡�Y���€�¯�}���Ä�]���¹�•�Ó

�d�‡�Y���Ã�|�Œ�¿���Ä�f�§�€�³���€�œ�¿���•�{.  
  

4-2- �|�Ë�|�m���‰�Á�•  

�µ�Á�|�m���€�Ë�{�Z�¬�»���½�{�Y�{���•�Y�€�«���Z�]  3 ���Ä�˜�]�Y�•���•�{)10 (���É�Z�f�‡�Y�•���Á�{���É�Y�€�]y ���Á

z �Ä�¨�·�R�» �Ê�»�� �Ä�^�‡�Z�v�»�� �‰�Á�•�� �¾�Ë�Y�� �•�{�� �Á�€�Ì�¿�� �É�Z�Å �|�¿�Â�‹ .���Ä�°�À�Ë�Y�� �É�Y�€�]

���•�Y�|�¬�»�� �•�{�� �Ä�¿�Z�³�Y�|�m�� �•�Â�—�� �Ä�]�� �Y�•�� �•�Y�‚�]�Y�� �[�Z�f�‹�� �Á�� �Ê�Ë�Z�n�]�Z�m�� �€�Ì�i�P�e�� �½�Y�Â�f�]

���Ä�¿�Z�³�Y�|�m���•�Y�{�Â�¼�¿���Á�{���•�{���•�Y�|�¬�»���Á�{���¾�Ë�Y���Y�|�f�]�Y���,�{�€�¯���Ê�‡�•�€�]���Á�€�Ì�¿���Ê�Ë�Z�Æ�¿

�Ã�|�‹�� �º�‡�• �Ê�°�Ë�� �Ä�¯�� �|�¿�Y �� �Ê�Ë�Z�n�]�Z�m�� �Ä�]�� �Á�€�Ì�¿�� �Ê�´�f�ˆ�]�Y�Á)�� �¶�°�‹17 (���Á

�Ê�»�� �½�Z�Œ�¿�� �Y�•�� �[�Z�f�‹�� �Ä�]�� �Á�€�Ì�¿�� �Ê�´�f�ˆ�]�Y�Á�� �É�€�´�Ë�{ �� �|�Å�{)�� �¶�°�‹18 .(

���•�Y�|�¬�»�� �Á�{�� �¾�Ë�Y�� �ž�¼�m�� �¶�•�Z�u�� �Ä�¯�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �Ê�Ë�Z�Æ�¿�� �€�Ë�{�Z�¬�»

���,�d�‡�Y���¶�°�‹19 �d�‡�Y���Ã�|�‹���Ã�{�Y�{���½�Z�Œ�¿.  

�½�Z�¼�Å �•�Â�— �¶�°�‹�� �•�{�� �Ä�¯ �� �É�Z�Å16 �� �Á17 ���,�d�‡�Y�� �Ã�|�‹�� �Ã�{�Y�{�� �½�Z�Œ�¿

�]�Z�m���•�Y���Ê�‹�Z�¿���Á�€�Ì�¿���Ä�¨�·�R�»���É�{�|�Ÿ���€�Ë�{�Z�¬�»���d�Æ�m���Á�{���•�{���•�Y�‚�]�Y���Ê�Ë�Z�ny ���Áz 

���Z�f�‡�Y�•���Á�{���¾�Ë�Y���•�{���‰�Z�f�À�Ì�f�·�M���‰�Á�•���•�Y���Ã�|�‹���Ä�^�‡�Z�v�»���É�Á�€�Ì�¿���Z�]���0�Z�^�Ë�€�¬�e

�d�‡�Y���®�Ë�{�‚�¿ .���|�Ë�Z�]���‰�€�]���\�Ë�Y�€�“���Ä�^�‡�Z�v�»���É�Y�€�]���‰�Z�f�À�Ì�f�·�M���‰�Á�•���•�{

�½�Â�»�•�M �½�M�� �•�{�� �Ä�¯�� �{�Â�‹�� �¹�Z�n�¿�Y�� �Ê�¸�¼�Ÿ�� �É�Z�Å ���Z�]�� �Ê�°�Ì�e�Z�f�‡�Y�� �É�Á�€�Ì�¿�� �Z�Å

�Ã�•�Y�|�¿�Y�� �€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �Ã�{�Z�¨�f�‡�Y �Ê�»�� �É�€�Ì�³ ���É�|�À�Ë�Y�€�§���½�M�� �Ä�^�‡�Z�v�»���Á�� �{�Â�‹

�{�•�Y�{���•�Z�Ì�¿���Y�•���‰�Y�€�e���Á���Ä�r�¤�Ì�e���Ä�‡�|�À�Å���Ä�¯���d�‡�Y���Ê�¿�Ó�Â�—���Á���¶�°�Œ�» .  
  

  
�¦�·�Y- ���É�Z�f�‡�Y�•���•�{y 

  
�[- ���É�Z�f�‡�Y�•���•�{z  

Fig 16 Calculated dynamic forces of Altintas method, test No. 1 
(sampling rate=65536 Hz) ). A-In x direction B- In y direction C-In z 
direction 

�� �¶�°�‹16 �� �É�Á�€�Ì�¿�� �‰�Z�f�À�Ì�f�·�M�� �‰�Á�•�� �•�Y�� �Ã�|�‹�� �Ä�^�‡�Z�v�»�� �Ê�°�Ì�»�Z�À�Ë�{)���w�€�¿



  

�¶�y�Y�{���|�À�Ë�Y�€�§���•�{���Z�Å�Á�€�Ì�¿���Ê�=�¼�¯���Ê�‡�•�€�] �•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Y�€�]���|�Ë�|�m���‰�Á�•���Ä�W�Y�•�Y���Á���Ê�‹�Y�€�e  �½�Y�•�Z�°�¼�Å���Á���Ê�¿�Z�´�Ì�À�Œ�³���Ê�¸�Ì�¸�y���º�Ë�€�»  
 

���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»�½�Z�f�ˆ�»�•���Á���‚�Ì�Ë�Z�a 1396���Ã�•�Á�{���,4 ���Ã�•�Z�¼�‹2  19  

 

�Ä�¿�Â�¼�¿ ���É�•�Y�{�€�]65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  
  

  
�¦�·�Y- ���É�Z�f�‡�Y�•���•�{y 

  
�[- ���É�Z�f�‡�Y�•���•�{z  

Fig 17 Calculated force of displacement signals in new method, test 
No. 1 (sampling rate=65536 Hz) ). A-In x direction B- In y direction 
C-In z direction 

�� �¶�°�‹17 �� �|�Ë�|�m�� �‰�Á�•�� �•�{�� �Ê�Ë�Z�n�]�Z�m�� �µ�Z�À�´�Ì�‡�� �•�Y�� �Ã�|�‹�� �Ä�^�‡�Z�v�»�� �,�Á�€�Ì�¿)���w�€�¿

�Ä�¿�Â�¼�¿ ���É�•�Y�{�€�]65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  

  
�¦�·�Y- ���É�Z�f�‡�Y�•���•�{y 

  
�[- ���É�Z�f�‡�Y�•���•�{z  

Fig 18 Calculated forces of acceleration signals in new method, test 
No. 1 (sampling rate=65536 Hz). A-In x direction B- In y direction C-
In z direction 

�� �¶�°�‹18 �É�Á�€�Ì�¿ ���|�Ë�|�m���‰�Á�•���•�{���[�Z�f�‹���•�Y���Ã�|�‹���Ä�^�‡�Z�v�»)�Â�¼�¿���w�€�¿�Ä�¿ ���É�•�Y�{�€�]

65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿( ���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  
  

  
�¦�·�Y- ���É�Z�f�‡�Y�•���•�{y 

  
�[- ���É�Z�f�‡�Y�•���•�{z  

Fig 19 Calculated forces in new method, test No. 1 (sampling 
rate=65536 Hz). A-In x direction B- In y direction C-In z direction 

�� �¶�°�‹19 �� �|�Ë�|�m�� �‰�Á�•�� �•�Y�� �Ã�|�‹�� �Ä�^�‡�Z�v�»�� �,�Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �µ�Z�À�´�Ì�‡)���w�€�¿

�Ä�¿�Â�¼�¿ ���É�•�Y�{�€�]65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���Ã�•�Z�¼�‹���½�Â�»�•�M���•�{1  

  

���Á�€�Ì�¿���¾�Ë�Y���Ä�^�‡�Z�v�»���É�Y�€�]���c�Z�•�z�Œ�»���Ä�]���•�Z�Ì�¿���–�¬�§���|�Ë�|�m���‰�Á�•���•�{

�Ä�]���Ä�¯���d�‡�Y���•�Y�‚�]�Y���Ê�°�Ì�¿�Z�°�»���Á���Ê�‡�|�À�Å �d�‡�Y���…�€�f�‡�{���•�{���Ê�f�u�Y�•.  

�½�Z�¼�Å �•�Â�— �•�{���Ä�¯ �¶�°�‹ 18 �Ê�»���Ã�|�Ë�{ ����Â�¿���É�Á�€�Ì�¿���€�Ë�{�Z�¬�»���,�{�Â�‹

�[�Z�f�‹�� �Ä�]�� �Ä�f�ˆ�]�Y�Á�� �Ä�¯�� �•�Y�‚�]�Y �|�À�f�ˆ�Å�� �Ê�³�•�‚�]�� �€�Ë�{�Z�¬�»�� �,�|�¿�Y .���¾�Ë�Y�€�]�Z�À�]

���‰�Á�•���•�{���Á�€�Ì�¿���€�Ë�{�Z�¬�»���•�Y���€�f�Œ�Ì�]���|�Ë�|�m���‰�Á�•���•�{���¶�¯���É�Á�€�Ì�¿���€�Ë�{�Z�¬�»

�Z�f�À�Ì�f�·�M�Ê�»���d�‡�{���Ä�]���‰ �Ê�»���½�Z�Œ�¿���Ä�¯���|�Ë�M ���Ä�¯���•�Y�‚�]�Y����Â�¿���•�{���Á�€�Ì�¿���|�Å�{

�Ê�»�� �•�Y�‚�]�Y�� �•�{�� �‰�Z� �e�•�Y�� �½�|�»�M�� �{�Â�m�Á�� �Ä�]�� �h�Ÿ�Z�]�� �0�Ó�Â�¼� �» ���•�Z�Ì�ˆ�]�� �,�{�Â�‹

�d�‡�Y���‰�€�]���•�Y���¶�•�Z�u���É�Á�€�Ì�¿���•�Y���€�f�³�•�‚�].  

�¶�°�‹���•�{ ���É�Z�Å13���,16 ���Á19 ���•�Y���¶�•�Z�u���É�Á�€�Ì�¿���€�Ë�{�Z�¬�»���Ä�ˆ�Ë�Z�¬�»

���,�Ê�Ÿ�Z� �‹���É�Z�f�‡�Y�•���Á�{���•�{���|�Ë�|�m���‰�Á�•���Á���‰�Z�f�À�Ì�f�·�M���‰�Á�•���,�€�f�»�Â�»�Z�À�Ë�{

�Ê�»���Ã�|�Å�Z�Œ�» ���‰�Z�f�À�Ì�f�·�M���‰�Á�•���•�{���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���€�Ë�{�Z�¬�»���Ä�¯���{�Â�‹

)�‰�€�]���É�Á�€�Ì�¿ (���€�Ë�{�Z�¬�»���½�M���•�Y���†�a���Á���{�•�Y�{���Y�•���Ä�À�»�Y�{���•�Y�|�¬�»���¾�Ë�€�f�°�q�Â�¯

�� �€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �¶�•�Z�u)�•�Y�‚�]�Y�� �É�Z�Æ�f�¿�Y�� �•�{�� �Á�€�Ì�¿ (�€�Ë�{�Z�¬�»�� �d�Ë�Z�Æ�¿�� �•�{�� �Á 

���|�Ë�|�m���‰�Á�•���•�Y���Ã�|�‹���Ä�^�‡�Z�v�»)�•�Y�‚�]�Y����Â�¿���•�{���Á�€�Ì�¿ (���•�Y�|�¬�»���¾�Ë�€�f�Œ�Ì�]

�{�•�Y�{���Y�•���Ä�À�»�Y�{ .���É�Z�m���Ä�]���Z�Å�Á�€�Ì�¿���¾�Ë�Y���•�Y���¹�Y�|�¯�€�Å���•�Y���Ã�{�Z�¨�f�‡�Y���¾�Ë�Y�€�]�Z�À�]

�d�‡�Y�� �d�‡�•�{�Z�¿�� �Ê�¼�¯�� �€�œ�¿�� �•�Y�� �É�€�´�Ë�{ .�Ê�¼�¿�� �¾�Ë�Y�€�]�Z�À�] ���É�Á�€�Ì�¿�� �•�Y�� �½�Y�Â�e

���‰�€�]�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �½�Y�Â�À�Ÿ�� �Ä�]�� �€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �¶�•�Z�u�� �Ê�°�Ì�»�Z�À�Ë�{

�Ê�¼�¿�� �¾�Ì�À�r�¼�Å�� �Á�� �{�€�¯�� �Ã�{�Z�¨�f�‡�Y ���Ä�]�� �‰�€�]�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �•�Y�� �½�Y�Â�e
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20  ���,�½�Y�€�Ë�Y���|�Ì�·�Â�e���Á���d�y�Z�‡���Ê�‡�|�À�Æ�»�½�Z�f�ˆ�»�•���Á���‚�Ì�Ë�Z�a 1396���Ã�•�Á�{���,4 ���Ã�•�Z�¼�‹2  
 

�{�€�¯���Ã�{�Z�¨�f�‡�Y���•�Y�‚�]�Y����Â�¿���Ê�°�Ì�»�Z�À�Ë�{���É�Á�€�Ì�¿���½�Y�Â�À�Ÿ.  

4-3 - �¹�Á�{���½�Â�»�•�M���l�Ë�Z�f�¿  

�� �Ã�•�Z�¼�‹�� �½�Â�»�•�M�� �É�Y�€�]�� �,�µ�Á�Y�� �½�Â�»�•�M�� �Z�]�� �Ä�]�Z�Œ�»2 �Ã�•�Y�|�¿�Y�� �‚�Ì�¿ �É�€�Ì�³ ���Á�� �Z�Å

�¿�� �Ä�¯�� �d�‡�Y�� �Ã�|�‹�� �¹�Z�n�¿�Y�� �c�Z�^�‡�Z�v�»���•�{�� �½�M�� �•�Y�� �¶�•�Z�u�� �É�Z�Å�•�Y�{�Â�¼

�¶�°�‹ ���É�Z�Å20 ���Z�e26 �Ã�|�»�M �|�¿�Y .  
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�k - ���É�Z�f�‡�Y�•���•�{z 
Fig 20 force signals measured by Dynamometer, test No. 2 (sampling 
rate=65536 Hz). A-In x direction B- In y direction C-In z direction 

�� �¶�°�‹20 �� �€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �¶�•�Z�u�� �É�Á�€�Ì�¿�� �µ�Z�À�´�Ì�‡)�Ä�¿�Â�¼�¿�� �w�€�¿ �� �É�•�Y�{�€�]25000 

�Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���•�{���Ã�•�Z�¼�‹���½�Â�»�•�M2 

  

�½�Z�¼�Å �•�Â�— �¶�°�‹�� �¾�Ë�Y�� �•�{�� �Ä�¯ ���½�Â�»�•�M�� �¾�Ë�Y�� �•�{�� �,�d�‡�Y�� �Ž�z�Œ�»�� �‚�Ì�¿�� �Z�Å

�� �Ã�•�Z�¼�‹�� �½�Â�»�•�M�� �Ä�]�Z�Œ�»�� �Ê�n�Ë�Z�f�¿�� �‚�Ì�¿1 �Ê�»�� �d�‡�{�� �Ä�] ���½�Z�Œ�¿�� �Ä�¯�� �|�Ë�M

�Ê�» ���‰�Á�•�� �,�€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �¶�•�Z�u�� �Ê�°�Ì�»�Z�À�Ë�{�� �É�Á�€�Ì�¿�� �€�Ë�{�Z�¬�»�� �|�Å�{

�|�À�f�ˆ�Å���c�Á�Z�¨�f�»���º�Å���Z�]���|�Ë�|�m���‰�Á�•���Á���…�Z�f�À�Ì�f�·�M.  
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Fig 21 Acceleration signals measured in test No. 2 (sampling 
rate=65536 Hz). A-In x direction B- In y direction C-In z direction 
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5- �Ä�n�Ì�f�¿ ���É�€�Ì�³  

�Ê�»�� �Ä�·�Z�¬�»�� �¾�Ë�Y�� �•�{�� �Ã�|�‹�� �½�Z�Ì�]�� �{�•�Y�Â�»�� �Ä�]�� �Ä�m�Â�e�� �Z�] ���d�§�€�³�� �Ä�n�Ì�f�¿�� �½�Y�Â�e
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�Ê�»�� �\�•�¿�� �•�Y�‚�]�Y�� �É�Z�Æ�f�¿�Y�� �•�{�� �Ä�¯�� �É�€�f�»�Â�»�Z�À�Ë�{�� �•�Y�� �¶�•�Z�u ���½�Y�Â�À�Ÿ�� �Ä�]�� �,�{�Â�‹
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�Ê�»�� �–�¬�§�� �Ä�°�¸�]�� �,�{�€�¯�� �Ã�{�Z�¨�f�‡�Y�� �•�Y�‚�]�Y�� ��Â�¿�� �É�Á�€�Ì�¿�� �Z�Ë�� �‰�€�]�� �É�Á�€�Ì�¿ ���•�Y�� �½�Y�Â�e

�Ë�{�Z�¬�»�� �¾�Ì�´�¿�Z�Ì�»���Á�� �•�Y�‚�]�Y�� �¾�Ì�]�� �Ê�°�Ì�e�Z�f�‡�Y�� �É�Á�€�Ì�¿�� �½�Y�Â�À�Ÿ�� �Ä�]�� �Á�€�Ì�¿�� �µ�Z�À�´�Ì�‡�� �€

�Ä� �˜�« �{�€�¯���Ã�{�Z�¨�f�‡�Y���•�Z�¯.  

- ���É�Z�Æ�f�¿�Y���®�Ë���Z�]���€�Ì�e���®�Ë���½�Y�Â�À�Ÿ���Ä�]���•�Y�‚�]�Y���Ê�“�€�Ÿ���‰�Z� �e�•�Y���Ä�·�{�Z� �»

���½�Z�Œ�¿���,�{�Y�•�M���É�Z�Æ�f�¿�Y���®�Ë���Á���•�Y�{�€�Ì�³�Ê�» �|�Å�{ ���•�{���•�Y�‚�]�Y����Â�¿���É�Á�€�Ì�¿���Ä�¯

���•�{�� �•�Y�‚�]�Y�� ��Â�¿�� �[�Z�f�‹�� �Á�� �Ê�Ë�Z�n�]�Z�m�� �€�f�»�Y�•�Z�a�� �Á�{�� �Ä�]�� �Ä�f�ˆ�]�Y�Á�� �Z�f�‡�Y�•�� �€�Å

�� �Z�f�‡�Y�•�� �½�Z�¼�Å���Z�f�‡�Y�•�� �€�Å�� �•�{�� �€�f�»�Y�•�Z�a�� �Á�{�� �¾�Ë�Y�� �¾�f�‹�Y�{�� �Z�]�� �Ä�¯�� �d�‡�Y

�Ê�» �{�€�¯���Ä�^�‡�Z�v�»���Y�•���•�Y�‚�]�Y����Â�¿���•�{���Á�€�Ì�¿���•�Y�|�¬�»���½�Y�Â�e . 

- �Ê�¼�¿ �‰�Á�•���•�Y���Ã�{�Z�¨�f�‡�Y�� �Z�]���½�Y�Â�e ���Ä�¯���Ê�‹�€�]���É�Á�€�Ì�¿���Ä�^�‡�Z�v�»���É�Z�Å

���€�Ë�{�Z�¬�»���,�…�Z�f�À�Ì�f�·�M���‰�Á�•���|�À�¿�Z�»���,�|�À�f�ˆ�Å���Ã�{�Y�€�]���{�Z� �]�Y���€�]���Ê�À�f�^�»���–�¬�§

�Ä� �˜�«���Á���•�Y�‚�]�Y����Â�¿���¾�Ì�]���É�Á�€�Ì�¿ �{�€�¯���Ä�^�‡�Z�v�»���Y�•���•�Z�¯. 
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Fig. 22 Displacement signal in test No. 2 (sampling rate=65536 Hz) ). 
A-In x direction B- In y direction C-In z direction for x, y and z 
directions. 

�� �¶�°�‹22 ���Ê�Ë�Z�n�]�Z�m���µ�Z�À�´�Ì�‡)�Ä�¿�Â�¼�¿���w�€�¿ ���É�•�Y�{�€�]65536 �Ä�Ì�¿�Z�i���•�{���Ä�¿�Â�¼�¿ (���•�{
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Fig. 23 Calculated dynamic forces of Altintas method, test No. 2 
(sampling rate=65536 Hz) ). A-In x direction B- In y direction C-In z 
direction 
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Fig. 24 Calculated forces of displacement signals in new method, test 
No. 2 (sampling rate=65536 Hz). A-In x direction B- In y direction C-
In z direction 
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Fig. 25 Calculated force of acceleration signals in new method, test 
No. 2 (sampling rate=65536 Hz) ). A-In x direction B- In y direction 

C-In z direction  
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Fig. 26 Total forces in new method, test No. 2 (sampling rate=65536 
Hz). A-In x direction B- In y direction C-In z direction  
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���Y�|�m���Ã�|�À�Å�{���½�Z�Œ�¿���Ê�¨�À�»���€�Ë�{�Z�¬�»���,�d�‡�Y���Ã�{�Y�€�]���{�Z� �]�Y���•�Y���Ê� �]�Z�e���Á�€�Ì�¿���Ä�¯
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