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Abstract 

Numerical model such as finite element analysis can be used for simulation of tillage process and movement of blade in 
soil. In this paper a non-linear 3-D finite element model for analyzing of wide tillage tool moving in soil was developed. It is 
assumed that soil is completely homogenous and modeled based on drucker-pragers elastic perfectly plastic model. Contact 
element was used for modeling of contact surface between soil and tool. By this model, horizontal and vertical forces needed 
for blade moving in soil were predicted and failure surfaces made by tillage operation, distribution of elastic and plastic stress 
in soil and displacement vectors of soil obtained.This model was compared with other models and showed a good agreement. 
Results showed that this method can be used for prediction of tillage operation. 
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3. Discrete Element Method (DEM) 
 



����������������������������������������������������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»�����������������������������������������������������������{Á|v»�Y�mY��Ì·Z¿M��� 

 

 

�¾ÌÌ e�Á�Zy��{��Àe�sÂ���,É��Á�Zy��Y�]Y��ZÌ¿�{�Â»���¯
Ä]ZmÊËZm|�Z]� Zy� ÉZÅ�����¿� {�Â»� Zy� Ä ·Z�»� ¾ËY� �{

�®Ìf�ÓY±�0Ô»Z¯��®Ìf�ÔaÃ|����§��Á�Á���Y��¯Y�{�����³Y�a
¹�¿��{��Y�§Y ANSYSd�Y�Ã|��Ã{Z¨f�Y���

��
���Ä �Âe�µ|»��

Y�mY��Á���{�ZyÉ�½Z¼·Y�{Y| e�Ä]�{Á|v»�Á�®qÂ¯�ÉZÅ
��Z¬¿� �{�{Ây��ÁZn»�½Z¼·Y�Ä]�½Z¼·Y� �Å� Á� Ã|��ºÌ�¬e�É{| f»

�{Â��Ê»�¶�f»�ÊÅ�³�¶°������Zy��f�»�t��±��Ä]��Y�]Y
{Â��Ê»�É�Z��ÄÌ^��Ê�Z¼e�ÉZÅ�½Z¼·Y�Ä¸Ì�Á� �0Z�Z�Y��¶Ì·{�Á{

½Z¼·Y� �Y� Ã{Z¨f�Y� ÉY�]��f�»� t��� Ã|ÀÀ¯� É�Z�� ÄÌ^�� ÉZÅ
{�Y{�{ÂmÁ���Ä]�dyYÂÀ°Ë�c�Â��Ä]�ZÅÁ�Ì¿�µZ¬f¿Y�Ä]��{Z«�|ËZ]��Y�]Y

Á�É{Â¼��ÉZÅÁ�Ì¿�dve� Á� |�Z]�Zy�ÉZÅ� Ã�³� ¹Z¼e��,Ê�Z¼»
Zy�sÂ���¾Ì]�tÌv��Ê^�¿�ÊËZn]Zm�®Ë��{�¶¯���¯����Y�]Y

|ËM�d�{�Ä]��Y�mY�µ|»É�Zy�{Á|v»�±���Y�]YÄ �Âe��Ã|��Ã{Y{
� �Y�§Y� ¹�¿� �{� Á ANSYS|��É|À]|¯� �Ä¤Ìe�c�Â�� Ä]� �Y�]Y�ÉY

��Y��f³��]�½M�ª¼��Ä]�����d^�¿�Ä¯�|����§��Ë����d�Y�� �
� �
�����µ|»�¦Ì�Âe��

Z ]Y�Z]�Ê^ °»�c�Â��Ä]�Zy�ªÌ¬ve�¾ËY��{�Á�����,µÂ��{
\Ìe�e�Ä]��Z¨e�Y���,���Á����f»�Êf¿Z���É|À]��»�Á�É�Z��µ|»

|���Z¼·Y��Y½Brick 8node 185 ( solid 185) �µ|»�ÉY�]�É�Z�
|�� Ã{Z¨f�Y� Ä¤Ìe� Á�Zy� �0Z^Ë�¬e������ÄÌ^��ÉY�]�½Z¼·Y�É�Z�

�Á�Zy�����{ZnËY�Ä¤Ìe�É�Z��ÄÌ^��ÉY�]�½Z¼·Y|Ë{�³���Ä]�Ä¤Ìe
Z]�\ °»�®Ë�c�Â��{Z ]Y���,��Á���¹�¿��{��f»�Êf¿Z��µ|»��Y�§Y

|�����Z��Á�Zy�½Á�{�Ä¤Ìe������Y��f»�Êf¿���½M��f¼Ìf¿Z�
|��Äf§�³� ��¿� �{�Zy�t���ÉÓZ]��½Z¼·Y�CONTA174��Ä¯

Ê»� t��� Ä]� t��� ½Z¼·Y� ®Ë|�Z]�ÄÌ^�� ÉY�]�Á� �Z¼e� É�Z�
|��{ZnËY�Á{�½M��f�»�t����{��Y�]Y�ÄËÁ��Á�Zy�¾Ì]������

ÉY�Y{� ½Z¼·Y� ¾ËY�����Z¼e� sÂ��� �Ì·Z¿M� ÉY�]� Á� Ã{Â]� Ã�³
d�Y� Ã{Z¨f�Y�¶]Z«�É| ]� Ä��ÉZÅ�ZfyZ�� ��½Z¼·Y�¾ËY�¾ÌÀq�ºÅ

���¿�¥���¾eÂÌ¿�Ã|¿Â��Y�°e�¶u��Á��|À»�ZÌ¿�Á�Ã{Â]�Ê�y��Ì£
d�Y�±��]�ZË�®qÂ¯�ÉZÅ�¶°���ÌÌ¤e�µZ¼�Y��Y���t���Ä ·Z�»��{

��Z¼e�t���½YÂÀ��Ä]�¹Z�mY��Y�Ê°Ë�t���,º�m�Á{�¾Ì]��Z¼e
�t��Á�t���½YÂÀ��Ä]��´Ë{�º�m¥|Å��Ê»�Äf§�³���¿��{{Â���

ºÅ���§�\¸��É�´Ë{� Á� �Ë~a�¶°��sÂ���¾ËY� �Y�Ê°Ë�¾ÌÀq
�\¸��º�m�t���Á��Z¼e�t���,�Ë~a�¶°��º�m�t���Á�Ã|�

Ê»�{ZnËY�Y��¥|Å�t��|À¯��¶¼ ·Y��°��Ä ·Z�»�ÉY�]�Á�ZÅ]���

                                                           
1.Target 

 

�Y�]Y� Á� Zy� ¾Ì]� ,|�� Ã{Z¨f�Y� \¼·Â¯� Z°��Y� Ä�]Y����ÉY�]
Â�u�,É��»��ËY���µÄ]ZmÃ�³�¹Z¼e�ÊËZm�d¼�«��{�{ÂmÂ»�ÉZÅ

�Ä�¬¿��{�\ °»�Ê¿Zfvey = 0 ����Äv¨�xz����dÆm�Ä���Å��{z, 

y,x �|�� Ã{Y{� �Y�«� �¨���]Y�]� Á� Ã|��{Á|v»��Ä]Zm�Ê»Z¼e�ÊËZm
Ã�³� Äv¨��É�YÂ»� Äv¨��ÉÁ�� ÉZÅyz�� �{x= 0�Áx=60 ���{

�Âv»�{Y|f»Yx��|��Ã{Y{��Y�«��¨���]Y�]�Á�{Á|v»�Ä]ZmÃ�³�ÊËZm��

�Äv¨��É�YÂ»�Äv¨��ÉÁ��ÉZÅxy���{z=0��Áz=50 ��{Y|f»Y��{
��Âv»z�|��Ã{Y{��Y�«��¨���]Y�]�Á�{Á|v»���cZÆm��{�Ä¤Ìe�d¯�u

x��Áy���Âv»�{Y|f»Y��{�d¯�u�Ä]��{Z«�ZÆÀe�Ä¤Ìe�Á�Ã|��{Á|v»x�
|�Z]�Ê»���

 
�����{YÂ»�cZÌ�Â�y 

f�ÓY��Zf§��®Ì���0Ô»Z¯�Zy�®Ìf�Ôa�ºÅ�Ä¸Ì�Á�Ä]�,Ê^�q
� ½Â�YÂa� d^�¿� Á� ÄfÌ�Ìf�ÓY� µÁ|»� ,Ê¸yY{� Z°��Y� ÄËÁY��Z]

Ã{Y{� �Y� Ã{Z¨f�Y�½Y�Z°¼Å�Á�É{ÁÁY{�ÉZÅ]�[���Y�§Y�¹�¿�Ä¸Ì�Á�Ä]
|��É�Z��ÄÌ^���y��Z¼e�t���Á�Ä¤Ìe�Zy��YÂy�Z���Ä¤Ìe

�µÁ|m� �{���ÁMd�Y� Ã|�� Ã{� ��ÉZÅ� Ã{Y{�½YÂÀ��Ä]� ZÅ� Ã{Y{�¾ËY
� Ã{Z¨f�Y� ¶]Z«� É{Á�Á|¿{Â]� �Zy� Ê³|À^�q����ÄËÁY�� Z]� Ä¤Ìe

Z°��Y�Ä¤Ìe�Á�Zy�¾Ì]�|��¾ÌÌ e�µ|»��{���Y�ÀË�³Äcontact 

pair ��{ ANSYS {ZnËY� ÉY�]�½Z¼·Y� ÉZÅCONTA 174�Á� �
� TARGET��Z¼e�t����Ã{Z¨f�Y�|Ë{�³��½Z¼·YCONTA174�

�½Z¼·Y�Z]TARGET170��Zy�¾Ì]��Z¼e��t���Ze�d§���Z¯�Ä]
�{Â��É�Z��ÄÌ^��Ä¤Ìe�Á�¶°������{Y| e�\Ìe�e�¾Ë|]�����½Z¼·Y

|��{ZnËY�Ä¤Ìe�Á�Zy�t���¾Ì]�Ê�Z¼e���Ê»Z¼e�Ä]�Ä¸u�»��Å��{
�Ä¤Ìe�ÉZÅ�Ã�³����Âv»�{Y|f»Y��{��f¼Ì¸Ì»x��Ã|��Ã{Y{�ÊËZm�Ä]Zm

Àe� Á� ZÅÁ�Ì¿� ,ÊËZm� Ä]Zm� ,µ|»� Ê¸¯� ¶°�� �ÌÌ¤e� Á�½Á�ÉZÅ��
|»M�d�{�Ä]�Zy�ÉZÅ�Ã�³�¹Z¼e�Ä]�Ê·Z¼�Y���Ì»� ���Â¼n»��{

�¶¯�{Y| e����|��Y�mY��Y�§Y�¹�¿��Y�Ã{Z¨f�Y�Z]�{Á|v»�Y�mY�µ|».� �
� �

� �
¶°�����Zy�É��»��ËY���Á�É| ]�Ä��É|À]��»±�Ä¤Ìe� �
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