
� � ���� �	
�� 
���� � ������� ��� /������ /���� ���)"#$ (/&
'�( )*+, 

��� 

�$�-.-� ��� /�0 1-� 23
4 ��� �� 5'�� 2	#�6� 7��8� 98:-� �$� 

�'$-8� �;<�)���= �>-
�� ?@�'��
� ;
	� ?*�'��� �;<� �A

�;
BC 

�<� ?5'�� 23
4 DB�� E'-4 F�� 7�$ �$� �$�-.-� ��� G�0 1-� .�� ��IJ$ $� /�0 1-� D�� ��C 1-� 23
4 �$;K�$ ;��?�
� -K'��
�;

L�  ��-
MN4 ��� G�0 �-B��� -� �O 5'�� �$;P� �F��'� ��$� .�;Q�$5��R( E'$?1-S� 2SS3
4 ��� �� 5'�S� 2	#�6� ��� G�S0

 7��8� 98:-� �$� �$�-.-�7�$ ���� �-T��T .2J��J 5'�� �$;P� ?��U�� E'$ 2� 2J$�K�$ F�� �� 2T DV  F$ ���23
4 G�0 W' 1-� ���

 �����<C �$�� 2�
J 5
0 9XJ ; 7��8� Y�( �� ;J��� �,Z?F-K���
T ��7���� �� �K�
� ��� ��# /�0)*�4),;=�� ; E

	4 ?.

2� �$� ���J Y'�KJ 23
4 5'�� -'��P� �� [��\4 �]� 2� L�	� ��^K0$ ?�� 7S $;J ��_� �<JO 5'�� E
`J�
� E
� �$� .?7��8S� 5'$&S�$ �S�

LKa���T �;��� ���J 2T 7��' 5��T 5'�� b��O )Work Hardening(7S�$ G�S0 �� 5'�� -M$ -� �c�� d6� .LJ�
S�-.� �;S� �� 

2T �$� ���J �;  E'�;4 :�$;P� �� 5'�� ��� 23
4 -� L� $� L	��4 2�
�� 2� �$�4�J$�4?���$�4f,/Z� �� E
SS�a4 �;  ���S�
( 7��8�

 5'�� ���23
4 2_�� 
��4 [��= 2� ?G�J �$ 2�=�� 98: -� ��@'-> �� E

�4 9g*/Z7 $� -

34 .2S� hS'�&Jf,%L#�S� 5'�SS�

 2� j��-� 2S3
4 F$;K�$
3
1

��� 2S3
4 G�J �$ 2�=�� .

�k$� ��� �;
�� :?5'��1-� 23
4 ?�$� �$�-.-� ��� G�07��8� ?

2�;P� 

��� �	
��

 ���� �� ����	 ��� ����� ���
��� ������

���  �  !�� "#$)&(.	)��� 
 ���� *+�!!, "
+�-� ����� 

���.�/ "��01�� 1��	
�2��� ��	3 �

)�4.(�

 ���� 


3" 53"�6�� �7 8�3
 )�

 ��� �1�	
 9� :�	3 .��� ;��<!=

 �

 ��� 9�3 
�,)*#�6 >�� +!��� ?�� �@�7 )Wedge(
"

 � �,�� 
 "#.� 2�� /+!.
 A#�.� ���3�� 
" 2�� ��
��� 

�,��) � �B	 C"��� �!7 �, "#$� �@�7 �� �
 ��BD *E��


 ��	 F��	 
 ""�6 G���3 5� C3+H�3�"#$ *+ .�,  7I0J� �� �

 � �K�� �@�7 C3+H�3 ���	 �L3 "#$ �� M#��� ���	 NO	

 ���	3 ��@�7)3���� �J��� 
" �����	 �B��	 ��@�7CP�7"#��� 

)Self sharpening( ��/ ""�6 Q#1O� �	3 .�����	 �L3 �

 7I0J� �@�7 5+$ +!, 
C"��� �3 �1�R:)���� T6"�J�U 

T�� "#R
 �� 
#H/3�7 V�H	W 
 
#7#� :3PR3 �I�H	3 +��� .

)9�3 �� 5
PU3 �� 3 �H�R 
" �

 ��� ��  D���3 C�=
��� +!�

  � 
3�X 3+��� 2�� �3 5+$ +!1� �� ����7 �

 ��� �, "��6 

�.9�$�� >���0�  ��� �3��$ *�<J�3" )C�

�J, *+0J�3" )C�

�J, C�= 

&."�H	3 Y
+� ����7 *�<J�3" )"3#�  	+!�� *+0J�3" )"3#�  	+!�� 
�� 

4.9�$�� >���0� 
��"�H	3 �=C�7 *�<J�3" )C�

�J, ��Y
+� �

Z.Y
+� ����7 *�<J�3" )C�

�J, *+0J�3" ) 	�!$ 2�� 
��"�H	3 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               1 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�	
�� 
���� � ������� ���� � ���� /������ /���� ��� )"#$ (/&
'�( )*+, 

��� 

 � /!+)&
Z(
�=�, [\$ ]�� +��� T� .�=��, ]���

 +�D#7 
 �J�
 +$
 �=�/ �B	 )[\$�G#^-+$ +=3#� .

�=
E� �=�, �	3 *"3" 5�J� :3�� ��<� 
" �

 ���� C
3"

 5+$ +!, �3 �BX ��_X#� )�@�7 ��3P�U3 ��� �����4`+�K
" 

 � �J, C
��� +$��)Z(.�J�, C
���� ��3P�U3 ��R#�

a�^� ��3PU3  � ��#	 "#$.

�@�7 
" 2�� �,  J��	  � "�b�3 ?�� C�= +!,)����	 

5�$3�� )Abrasive Wear(�	3 )c)��
�4.()d��_7 ]Be 

5��$3�� ���	 +�=" T�� f
 T���<!= 
" [��R 
" �3 ��,

Y��7 �\	  0� )+�
3" �,�� �<�+0� �� �B�� �, �� 
 �7

 �\	 g3
A C3
3" +$�� �7)h(.�=
E� )��	3 *"3" 5�J�� �= 

�i��!j *+!���	  H\�	 ��� ����	 �-7 *"��  H\	 �B�� 

�3 �H�,h�%+$�� )	3 "��� ���	 [b� �.�/ T��<!= 9��3 

�3 ��� �B��h�%"#$ ) �� �=��, ����	 [�b� +���� 


 ����	���	 �-7 *"��  H\	 �, +$ +=3#� �.K ���&

�74����3 *+!��	  H\	 "#$)�.(5� ��� ��R#7 �� 2��� ��,

 �1�R �3 �\	 g3
A C3
3" P7
3#/ 9$)l�1�	( H\�	 �� 

Mohs m)
+� "Z�` ��n�
 ( �+$��)����	  ����� 
3P��3

2�� NO	  H\	 �, +$ +=3#� �.K �

 5� &��7 4���3�� 

5��0�3 G#�_� 
#e �� �, "#$ l�1�	  H\	 +�=3#\� ��o��

"#�)3��� �="W#U  H\	MPa �```` p&```)"
+��`` p

�&` ��n�
 (+$�� T�)h.(��5� �U�q3 5#j �,���	
 2�� 

 � 
3�X ���q �-7 �

 +���6) 1��  H\	 �� "3#� �3 )W���

����  6+!!0$ ��K�� ��D" ��T�� 53#7 *"�.H	3 "�/.

���� �1��	
 ����	 r#^�
"  7��Ie3 �� 
#J, 
"

�

 ���� "#R#� .T�D
 �3 "#�R#� g���Ie3 ��� ��R#7 ��� 

 H_!K C�=
#J,) �53#7 �U��
" �, �� 5� [�s
 5� 
" ��,

 "W#U �3 �=
#J, �
��� C�= ��� �H  �� *"�.H�	3 ����	 "#�$)

U a�^���"W#�2�� 
3P�3 ���	 �L3 ��

 "���� ��	3 .��� 

G��t� 
#e)*+�-H� gW���3 
" )
3P��3 "W#�U ��W��	 ����	 

2�� "
+� �

hmm �	3 97 
3P= )�.(G��	 
" 3"����, 
"

�ch� 2�� 
3P�3 ���	 �!�P= )�3 ���� �

44
W" 5#��1�� 

��\� 
" ����	 �=��, ��� ��, ��	3 *+$ "

��� 
 *"#�

  � C�

�J, ��W�	 53#7&&4 �U�K 
W" 5#�1��  �#R "��/ 

)�Z.(������ ��
P� C�= C3l�1<�3 
" ��, �	3 *"3" 5�J�

 �� "W#U a�^� �@�7 ���	 �L3 ?�� C�= 53"�6�� �

 ���

 �@�7 �� )
3" 9���, ��� C"W#�U C��= )�`c` 
�`h� (AISI- 

"
+�4�` �7 �&�` ;�6 :3�3 ��� [\�$ 9���� 
��H0= >��

 �  �3
� ��+$)��.(

�@�7 ���	�� �Lu� ��3#� �3 *+$ *"#��� �U��� ?�� C�=


 2�� 
3P�3�
 �+$��.2��	
3 )m(G#�e 
" ������ ��4`` 

��H�#1�,��
��	����h/km 4/�w��	#7 1, >����H���	 
#��73#

 2�� 
" �.�"
 :�= ��#e
 ��  !$ ;#D�&ph�K
" �;#�D 
 +

��#e
 ��  	
&`p��+K
" )��	 �, "3" 5�J� �@�7  D#e �

1, C�!UH3#�#7
)Spring tine cultivator(3
 �U���� ����� 

 � �O�3
 ]Be 53#7����"#��  !��.

]�[750/ascZ =

,��
" �5�cZ D#e ���	 (mm) )aq����  <H�� �,  B��

 1, d�"
H3#�#7" 
"
3 
s*+$ *"#��� �U���(km)  �� +�$�� .


" J����� z �/ T�=3#$#, 
 {�3)�Z(G#�e 
"mZ1�, ��� �H�#

 �	 ����h/km Z/m)
"V�B�3 ���� � *
� ����2����  !�$ ;#�D

 ��#e
�Zp��+K
" +��"3" ;�b�3 )��, +�!HU�6 ��b�H� :��O�3
 

�@�7 ���	 C�=:3
3" �$#� 
���H� C�= �U���� ������ g)

�O�3
 :3 O��	3.

�=
E� 9�3 a+=)����	 �_D�O� 
" G#�e ?��� ��@�7

 �\� ���	 �3  B	�!� 9��\7 �7 "#� 
3" 53"�6�� �

 ���

 �@�7 [��))"
3" ���� ?��� ��.�|
 ��/ �U���� ������

"#$ �K��.

1�� � �$�� ��

9��� 
" �=
E� 9�3 *�<J��3" C�

�J�, *+0J��3"  �3
� C�=

 �3��$ )*�<R�� ��O!� 
" FX3
���3���$ ���$ G���$ C�H�#1�, 

+$ ;�b�3 .TH1�	  	
 ;#D 2�� �U��)��%)9$�Z%�1��	 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               2 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�$�-.-� ��� /�0 1-� 23
4 ��� �� 5'�� 2	#�6� 7��8� 98:-� �$� 

��m 

DB  ).2J��J ��	�$ )mm(


4�%Y
(2���� ���#e
 )�4��7 ��*E���
 ;��R 
 +��K
" 

2�� C�=�|Z4/� H��	 �� ;�6 "#� �_0� �H� .���� >�� �3

 � ���� 
���j 
3" 53"�6�� �

 
#�H,3�7 
 ��+���R 
3#�	 ����

 ��+��RZ&4` 
#�7#� g
+�X �� h4+��"�6 *"�.H�	3 g3
#�1�, .

G#e 
" ������&�`T�B���7 ����� 
" 
 �H�#1�/ ��
��Hn= 


��� 
"�4h& +$ ;�b�3 .���#�� �3 )������� ;��b�3 C3��� C��=

��3#H	3 �@�7 :

 �, �n$ :3 �^�� ����� *+��� �BD V�"P� 
 �=

 *"�.H	3 )+�+$ +�"�6 .��#�� "W#U �3 �="Z�Ck "  D�<j ���m/m

 H��	 �� ;�6 +�+$ ���7 �_0� �H� ."W#�U 9�3  �����$ ��,�7

 T���
 +�K
" ����� +$ 9��_7 �H�#H�3#, *�<H	" �� �/:ZZ/`

)9��/&�/`)[���1�	 mZ/`)P!<!� `�/`)"�6#�6`�/`
 �.��U

 "#� 9=� ���� .��#�� �0�$ 
" ��, C"��_�3 ]�Be ��=�*+=�J�� 

 � 
 C
�0$3�7 "#$ +�+�$ T�7
3�� g���1�� l~	 .g���1��

 ��#�� ���q 
 TJ��	 ��
��� ��3PU3 
#�!� �� )T7
3�� 
" )�=

 +$ ;�b�3 ��� ��7�7 �� �1��� 
" .:��" �7 )G
3 �1��� 
"mZ` 

)+�+�$ *"3" g
3��� "3��6 TH��	 �R
"&`��<� ����X" 
 :
3"

 +�+�"�6 "�	 F��	 )Q� 
" l~	 .":��" �7 );
" �1��� 
&&� 

TH��	 �R
" ��<� ����	 V�� )+�+$ *"3" g
3�� "3�6 
 :
3"

+�+�"�6 "�	 )w�-� :��" 
" l~	.

��#��  H\	 8!	  H\	 *�<H	" w	#7 �=)g�� G
 �,�$

Wolpert 
#H�7��" G+� 5��D� m``(*�3+�3 ���3�� 
 C��6 ���4&c 

+��"�6 9��_7 ��0�
)�&.(3  J���	 ���
��� "W#�U 9�� ]�Be 

"
3+��H	3(ASTM – G105- 89) ������� *�<H�	" >�� w	#7

5���$3�� �����	)+��$ 9����_7 ����3" �����	���,���� ����3�� 
4mm 4p�`*m`/c"#� .
""
3+��H	3 ������ 9�3 *+!���	 *"�� )

l�1�	 9$)P7
3#, (��3" �� C+!�4``p&�& �� 
�n�� �, +$��

 �� ��O�� Q� M#�1\�  �� ��� ���#�� )""��6 "��_�3 �`×&�×�h

DB  @.2l�� ��	�$ )mm(

 1�� �H� ��OX ���  0�H	W f�j >� ����� 
"�mh �1�� 
 ��H�

 ���\q�4 1�� �H� :
��� ��&&&  � 
3�X 97#�� "���6 )f��j

 
" ��, ��	3 C"W#�U >���" >� ���$  0�H	W 5� a3��e3

 5��#�� >�H	W)Neoprene("
3" 
3�X .��#�� �=�� �	 
" ��1�

  ��	3  H\�	 ��� ���7�7 ��  0�H	W f�j �	 ���`)�`
m`

#�"

#$ �H�A �J����� "#$)��1��� ��= 
"  0�H�	W f�j

�``` ���	 �� 

" &Z�+��j T� ���X" 
" 

" )���� ��#�� 

�3 l��� 
���1��� ���=)���X" ���� 5� ;���R �=���/ 
 P����7�/`

 1�� ;�6 +$ +=3#� 9��_7 )�`.(

�j �3 l� ��#�� �=T����  ���
3�7 ��� )5"��, P��7 
 C��6

 �X"`�/`;�6 )Y#��7
�	 �,�$Sartorius G3 G+�� 5���D� 

4�` (+$ 9��#7 .���#�� �^� 
#�!� ����= )��@�7 C

 ��� ��=

 �0$ 
" �, C"�_�3 �� �X#e >� 5

" ��#��&*+�$ *"3" 5�J�� 

��#�� C

 �� ?#R g3
A �7 �U�6 
3�X �	3 "���<� 
3��X �=.

�X#e l~	 C

 ��� 9��_� ��K3#U 
" C
�0�$#R ?

 �� �=

�@�7 +�+�"�6 �^� �= .���#6 �� ��#�� �= 
3��H	3 �3 ��, "#�� C3

 �
P� FO�� NO	 >�j#, FO�� NO	 �3 
 �@�7 C

 �� �7 )��7

�/& � 
3�X 5
��� �X#e NO	 �3 �H�  1�� �U�6 .��= C

 ���

 �@�7��0�$ T	+!= "�_�3 �� ��#�� 4+��"�6 �^�� .���1�� g

]�� 
" G#�_� 
#e �� [\$&`p&�����	 
 ��H�  H���	 Z

 D3�+$ ;�b�3 ���	 �� �H�#1�, .�n�$ 
"Z <�#�<j d�D3 

��#�� 
3��H	3 �n�$ 
" 
 ��@�7 V�� :

 �� �=Z���_X#� Q

��#�� �	3 *+$ *"3" 5�J� ��� �� �B�� �=.

�� 
��$�H�#1�, Y�	3 
#H,3�7)��@�7 ��,  HU���� ���� ��=

 b�3 3
 [\$ +�"�6 9��_7 +�"3" ;�.�U���  e �3 l� C��=�`)

�`` )��`)&`` 
&�`�H�#1�, )�X#e ?#R �-� *"3" ?�� �=

 
 +��$����#�� ���@�7 ���= C���= �3 l��� 
 �
���� �����63+R 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               3 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�	
�� 
���� � ������� ���� � ���� /������ /���� ��� )"#$ (/&
'�( )*+, 

��h 

DB *.2J��J 2�=�� � 23
4 ��	�$ ��)mm(

)"#$ ()m(

DV A.2J��J EK�-. �$-l L`J�`C 23
4 F�� ��)"#$ (5
0 F�� 23
4 �)m(

��;_).�-_ 5��T n��I� )5'�� (2J��J ���-�23
4 2
#�$ ��� 2� 7�8J 

��#�� ���	 �@�7 C�= );�6(

;
��j ;#	 ;
" G
3 

�U��� 

)km(

`�/h hc/m �/c 4&/�� �` 

�&/�� �c/�Z h�/�m 4&/&` �`` 

��/�c �&/�c mm/&� mZ/&m ��` 

��/&4 �m/&� 4&/&m c�/4� &`` 

��/&� �4/&c �c/4& �m/4Z &�` 

)5+$P��7 �<�+0� �� +��+�"�6 9��#7 .����	 
���_�)�#��b� 

�3 *+$ �H	�, ;�R�
" 5�
 ��q�.7 �3 ��, "#� �@�7 �= ��#�� 

�1��� �=)+$ �B	�-�  �3+H�3 5�
 �3 .3 l� ��#�� )9��#7 ���=

 *
��
"
"
3�X �X#e 5
T�HU�6+!C��R 
" 
"#�� �� ����#6 C3

��H��T���BX ���R 5��= 
" �, +�+$)����� C

 ��� 2��� 

�,��T���#".

TD#�e ����	 T<�#�<j T�	
�� 
#�!� �� ��� 9��#7 
"

 �R#7 �� 
 +$ 5�
 ���63+R 
#e �� ��#�� �= )?�� �@�7 :3+H�3 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               4 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�$�-.-� ��� /�0 1-� 23
4 ��� �� 5'�� 2	#�6� 7��8� 98:-� �$� 

��c 

������� 
	
%

�����
� 
	�%

�����
� 
	�%

��������� 
	�%

��;_@.Y'�KJ23
4 9
4-4 -M$ L��-� oJ�'�$� 2'&I4 ��� �� 5'�� -� ��km250

Fs g�_��� 9�<���� :"3�� �R
" g�_��� �#�b� ���@7 F��!� 

ns4�/` &`/4 4 �`/c ?�� �@�7 

``/c �� `�/�ZZ ������ :�O� 

�c ��/��4 �/ 

ns :T!_� ��s �H�3 NO	 
" 
3" G��+K 
" 

DV ,.2J��J 5'�� ;=�� E
`J�
� 2� 7�8J 23
4 -� F�� 

5'��2J��J DT ��

���#�� 5� ;��R �=�/ 
3+�� )��D
3 5�
 �� �3 l�� &�` �H�#�1�, 

"�/
�/ +�"�6 9��_7 .��#�� �= 9HU�6 
3�X �-� ������ G#e 
"

 3���!� )"#� ���L ���#�� ;��R �=��/ ��"��� aIH�3 9� 5�J�� )��=

"#� ���� :��6
3�X ��_X#� ����� )���	 ��"��� g
�.7 *+!=" .


 TU"�^�7 ����/ ���e �3 �K�� l���
3
 ��Pb7 ?

 ��


����7 V�� 53#�!� ��� �@�7 �= 9HU�6 ��� 
" �� 
 9n�3" 5#���

 
3�n7 +$ �_D�O� �#q#� 
" :�

 ���� :

 �@�7 ��7�7 ��L�7 

?�� �@�7 TD#e ���	 �� )G
+R&(��@�7 �#�� �3 �1K�U �L3 


?�� �@�7 TD#e ���	 �� )G
+R4(.

pq� � Y'�KJ 
��#�� �3 *+$ �H	�, ;�R �� ���	 
3+�� �3 l�� ��@�7 ��= C�=

�U��� C�=�`�7&�` G
+�R 
" �H�#�1�, �*+�$ *"3" 5�J�� 

DV r.2J��J 5'�� ;=�� -� �� ��,Z-K���
T 

3  e�	.5�J� )"+� �= �|��!H� �H�#�1�/ �7 ���	 
3+�� *+!="

T� +$��.9��HJ�� G
3 �@�7 
" ��7�7 �� ���	 
3+�� 9��H�/ 


"#� ��� 
.��#�� ���	 +K
" �n�$ 
" �@�7 �= :�= �5�J�� 

�	3 *+$ *"3" .�@�7 ���	 
" �/ T7
�.7 "#R
 �� ��	3 *"#� �=

 l���
3
 ��Pb7)G
+R&(��/ "3" 5�J� NO�	 
"�%aIH��3

T!_� �@�7 ���	 9�<���� 9�� :
3" "#�R
 �U���� ��� �� �=

"
3+� .T!_� g
�.7 ;+� ���#�� ���	 9�<���� 9�� 
3" ��= :��=

 T� 5�J� �@�7 �@�7 �/ +=" �=*+����	 5���n� ���
 [/ G#e 
"

 +�"#� *+$ .�@�7 )[\$ g��1�� ��3"3 g
#K 
" 9�3���!� �=+����

[= �� ��#_7 5���T����R 
 +�+�$ ���.�/ 
" ����� 5"��/ ��R

� :��L�7 �

 ��� "�n1��+�$3.

������ :3+H�3 
")�`G
3 �H�#1�/ (���#�� ���	 +K
" ��=

 �� 
 *"#� �HJ�� ��#�� ���	 +K
" )�	3 �HU�� �=�/ 8�
+7 ��=

 �U��� 
" ���� :�=)&`` 
&�` �H�#�1�/ ("#�� ����L ���B���7 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               5 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�	
�� 
���� � ������� ���� � ���� /������ /���� ��� )"#$ (/&
'�( )*+, 

�m` 

DV f.L�T 26�$��5'�2J��J 23
4 F�� -� -PK8� F�� 7��8� 98: -� �� 

��;_*.1-� 23
4 F$;K�$ 5'�� -� 23
4 G�J �$ 2�=�� -M$ L��-� oJ�'�$� 2'&I4 Y'�KJ 

Fs g�_��� 9�<���� :"3�� �R
" g�_��� �#�b� ���@7 F��!� 

*m�/��c h&/�44 � �`/��c �1K�U 

mc/` �h �c/�Z ������ :�O� 

&4 &c/�h4 �/ 

*:T!_� G��H�3 NO	 
" 
3"�
"+K

)�n$�.(T� ��� ��)���	 {!=� ���@7 �1� +	
»TH\�	
�/ «

�	3 *"#� .�n�$���@7 �3 ��	3 g
��B� ��/ TH\�	
�/ ��L3 
"

 T� ��3PU3 NO	  H\	 )Tn���n� 
�/ �L3 
" V�H	I� �� �7 +���

 +	�� TH��L ��B���7 
3+�� .�3���!� T�� ���	 {!=� �=�/ 9+��3#7

 *"#�� TH\�	
�/ ��L3 
" )NO	 TH\	 Tb�
+7 ��3PU3 ��D" ��

+$�� .����q 
 ���D
3 TH\�	 ��� T<H�� TH\	 ��3PU3 {!=�

 "
3" "W#U TH\	
�/)�(��� P��� ����	 {!=� �=�/ 9�3���!�

 �$3" +=3#� T<H�� ���� 
" 9�3 .�t/3+�� )������� 9��3 
"

 �3 l� TH\	��`�H�#1�/ +$ �K�� .

)�U��� ����� ?�� �@�7 G#e 
" ���	 F��7 9��_7 :3��

 ��	�!� T�$�3�� ���� T�3#7 F��7 T�#�	�6
 w�3

 �3 *"�.H	3 ��

)8902 /R =(*"3" �� �="3" 5�J� ������ 9�3 :)�n$m.(

]&[750510 /L/W =

5�
" �/W���	 
3+��)g(
L*+�$ *"#���� �U���� 

)km( �+$�� .

���	 :��� �O�3
)4
h(
��=
z "
#� 
" 53�<�" :�=

 T�!��� ��	 �$3"�� 9�$�� 
" ��� ?�� �@�7)�(��@�7 )


#73#��H1/ :�!U)m(:��s �b!� 
)�Z(T� 5�J� "��/ +�=

 �� )T�3#�7 F��7 g
#�K �� �U���� ��� �� ���	 �O�3


 53#7m�/`+$�� T� V� �7 .9��3 8���H� �� �R#7 �� 9�3���!�

T� �=
E� �@�7 G#e 
" ���	 �O�3
 �/ �U�6 �b�H� 53#7

 53#�7 ��� P��� 
3" 53"��6�� �

 ���� ?��m�/`�U���� 

"
3" T<H�� .T�3#7 �O�3
)V� �3 �H�/ (5�J� +!=" �=�/ *

T� �U��� ��3P�U3 �� ����	 g+�$ T�� ��/ +�$�� +��3#7

 T�6E�
 *+!!/ #6���»TH\�	
�/ «��� ����	 ��L3 
" "W#�U 

+$�� ���.

���q��/`�O�3
 
" &�=
E�� 9��3 w�3��$ ��� M#���� 

T� ""�6 9��_7 ���63+R +��� �<�" w�3�$ 
" 
 +$�� .��D�� 
"

 1�R�3 d1H\� ��3#� �� T<H�� "+� 9�3 T1/�:w�3��$ 
 ���

 5� r3#� 
 
3P�3 "W#U �#� )5�)��TH\	 *E�
(
 T<�#�<j )

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               6 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�$�-.-� ��� /�0 1-� 23
4 ��� �� 5'�� 2	#�6� 7��8� 98:-� �$� 

�m� 

��;_A.2J��J 5'�� �$;P� 23
4-� F��)�-.(?(�$ s@,Z23
4 G�J �$ 2�=�� 98: -� ?�-T��T -K���
T 

�@�7 ��7�7 
" ���	 9�<����

 �1K�U �= 

���	 +K
"

�1K�U �= 
" 

F�R 

;
��j ;#	 ;
" G
3 

�1K�U �#� �3 

�@�7)mm(

&h /��dD3# �Z �&/�� ��/�Z cc/�� c�/�� m�/�m Z� 

��/�Q &` ZZ/&Z hc/Z 4h/� �&/� ��/m �4` 

��/4� �` Z4/�& mc/� &4/4 ��/4 h`/4 &�� 

`&/&g m `c/h �h/� �m/& �`/& �Z/& 4`` 

&Z/�g Z cm/Z cm/` 4`/� Z�/� &c/� 4h� 

�`/�g � ``/� h&/� `�/� �Z/� �h/� Zm` 

`�/�&� ��/&� �4/&c �c/4& �m/4Z F�R 
#:5�J� 5��n� ��s a
�� T!_� aIH�3 *+!=" G��H�3 NO	 
" 9n�3" 5#��� 
" 
3"��	3 +K
" .

"
3" ��/�� ����	 
 
��/ ]�� )�_D�O� "
#� NO	 "�_�3 .���

 5"#�� T�I<!�	 +�!��� T1�3#� )�U��� �3 ��s �� �<�" g
�B�

 9���)c
�4([\$ ]�� ��3PU3 �� )Z
�(��3P�U3 ���� �/

 � ���	 ����q ��3P�U3 �B	 )+�#$��/`+�!��� T1�3#�� 


NO	 TH\	 ��3PU3)4
h( � ���	 �=�/ ���� �/ +�#�$

T� ���q 9�3 
3+�� 5+$ [/ �B	 +�"�6.

�� �@�7 G#e 
" ���	 T<�#<j �_D�O� 
#�!� aIH��3 )��=

 ��#�� �= 5�
��3 l�U��� Te&�` 
" �/ +$ 9��_7 �H�#1�/ 

G
+RZ��	3 *+�$ *"3" 5�J�� ��@�7 �#� �3 �1K�U ����� .

T� ���I� �i��!j M#���� ��@�7 �= ���	 
3+�� �t/3+� )"#$

 ��#�� ��V�"P� �@�7 �#� �� �/ :3 T�� ��	3 *"#�� ��7 
 +�$��

 ���	 
3+�� 9��H�/)��;#	 �@�7 
" PR (���#�� ��� M#���� :3

/ �	3 �$3" 
3�X ;
" ���� w	
 ��_X#� 
" �.T7
�.7 [s
 ��

��#�� ���	 9�<���� 
" �/�#�� �3 �1�K�U ��= ��� M#��� :�=

 
" �/ "3" 5�J� 9n�3" 5#��� )�$3" "#R
 �@�7 NO�	�%9���

 T!_� T7
�.7 �@�7 T���H�3 ��_X#� �	����	 9�<����� 9��� 
3"

 "
3+� "#R
 ����)G
+R4(.a�� »g«G
+R 
"Z5�J� *+!="

 T� �#q#� 9�3 +$��)
" 9n�3" 5#��� �� M#��� l���
3
 ��Pb7 

G
+R4�	3 *+$ *"3" 5�J� .

��@�7 �#� �3 �1K�U ����� ���	 �O�3
 )T�#�	�6
 G+�

 T� 3
 �R
" F��7 g
#K �� 53#7&)�O�3
4(9���B7 ����q ���

c4/`"3" 5�J� )�n$h.(

]4[�&�/�c+x�`mh/`p&x```&/`=y

5� 
" �/y���	 
3+�� )g(
x��@�7 �#�� �3 �1�K�U )mm(

T� +$��.

T���� �J�
 �#U �D"�_�)�.K ���	 ("
3+� .9HU�6 ]HJ� ��

 �O�3
 �34�1�K�U 
" ���	 �X3+� �/&�c T�1�� )�#�� �3 :��H�

 T� 9��_7 �@�7 w	
 "
+� 
" T!_� "#$ .��O�3
 ]�Be4����	 )

�@�7 �1K�U 
" �=�/&�cT1�� )�H��/�T� "

��� ;�6 "#$.

G
+R 
" �i��!jZT�� ���I� �3 ���� ""��6�`+�K
" 

"
+�� 
 ��@�7 �#�� ��� V��"P� ��_X#� �� M#��� ���	m�

��@�7 :3+�H�3 ��_X#� 
" �� M#��� ���	 +K
")
3
1�3 G#�e 

�@�7 �#� (T�+$�� .�R#7 �� 9�3���!� ��= 
" ����	 +�K
" ���

 T� �@�7 �#� �3 �1K�U �nJ�� �=�/ :3�� �/ "�/ "��!J�� 53#7

 �@�7 ���	 53"��6�� :��=�

 ���� ?��� :��= ��� :����� 
3"

 ��@�7 ;����7 :3���� ���X 53�6 
 Q#s�� :�="W#U �3 *"�.H	3

���� .*"
+-� 
" w�U ��i��!j �n1�
3
1��@�7 G#e :3+�H�3)


��� 
" �B�� 9��= �� �t/3+� (����	 ��� ;
���� "W#�U �3

 5��� �3 )"#$ *"�.H	3 F��	 ���	 �3 T$�� :�=�@�7 ?��� :��= 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�	
�� 
���� � ������� ���� � ���� /������ /���� ��� )"#$ (/&
'�( )*+, 

�m& 

DV +.23
4 G�J �$ 2�=�� � 1-� 23
4 F$;K�$ �� 5'�� 26�$� 

T� �H	�/ "��� :
3+�� �� "#$ .)?

 9��3 ��� ��/ �	3 �/A ���X

 V� ��s " ����	 TH�3#� T�� �=��/ ��@�7 G#�e 
��@�7 
 +����

T� +=" ?�� 3
 ��� )G#e ;��7 
" :�HJ�� 5��� g+� 
" +�3#7 .

[= �� 5#j 9�!j TH\�	 ����	 ��� ;
��� :�="W#U G#�_� 
#e

 T� d�_q ���q ��3�� 
" 
 +�
3" :"��� �3 ��@�7 ;���7 �63 )+!$��

 ����q ��L3 ��� 5� ��n$ 5�n�3 )"#$ ���7 ���	 �� ;
��� "W#U 

T�D
 )"
3" "#�R
 *��s 
 5�H�
" �J�
 ){!	 �� "
#��� �3 T$��

 T� )?

 9�3 �� ���q �� ;
��� "W#U �3 53#7)TD#��_� :�="W#U

 +��
3" [�= TB	�!� ���X TB�� 
#e �� �/ (���!7 
 "��/ *"�.H�	3

 T� 
3�X +�+$ ���	 �-7 �/ 3
 TH��X NO	 ���\�q �� )"��6

&�74T1�� _q#� :
�/ �\	 �H� ����	 ��� ;
���� ��7 "#��� T

"#��$ .?

 ���� 3
 T_��q#� :
���/ �\��	 �3 d��1H\� :���= 

�1�R :�	�!� ?#R [�	 �� :
�n$#R)����	 �� ;
���(;��6 )

5"���/ "���	 F����	 
 5"���/)Quenching()�TH\��	 �H��	
 

)Case hardening(:�<!=� 
)Forging(T�"3" ;�b�3 53#7 .

2I
KJ F-
. 

�.�7 ���	 9�<���� 9���@G��H�3 NO	 
" 9n�3" 5#��� 
" )�=

�%T!_� aIH�3 )�$3+� "#R
 �U��� ��� �� :
3".

&.��#�� ���	 +K
" ��� 
 "#�� �HJ��� ������� :3+�H�3 
" �= 

�U�� �=�/ 8�
+7 .��T� ��� )���	 {!=� ���@7 �1� +	


»TH\	
�/ «�	3 *"#�.

4."
+�m���#�� ���	 +K
" 
" �=
3
1��@�7 �#�� �3 G#�e 

"#�.

Z.*"
+��-� 
" w���U ���@�7 ���= ����i��!j
3
1G#��e :3+���H�3 )


���� 
" �B�� 9��= �� �t/3+� (T_�q#� :
��/ �\�	

 5��� )"#$ *"�.H	3 ���	 �� ;
��� "W#U �3 �� ""�6 T$�� :�=

 �@�7 F��	 ���	 �3 +=3#� �=�/ "��� :
3+�� �� ?�� :�=

��U�.

F�$&`��t� 

9�+� ��	���	 )T�#D
���� G���R :��X� g����� �3 �1��	


 *�<H��3 ;�H-� 5�!/
�/ P�� 
 5�J�3
�n�= 
 :
�n$3�7 *�6
�/

 ;��b�3 
" 3
 ��� ��/ �3��$ *�<J�3" :�

�J/ *+nJ�3" T�3
�

+�"3" :
�� �=
E� 9�3)T� T�3"
+X 
 �nJ7 "#$.

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html


�$�-.-� ��� /�0 1-� 23
4 ��� �� 5'�� 2	#�6� 7��8� 98:-� �$� 

�m4 


���� ���\K�$ ���� 

1. Davis, J. R. 2001. Surface Engineering for Corrosion and Wear Resistance. 2nd ed., ASM International, Ohio, U.S.A. 
2. Kepner, R. A., R. Bainer and E. L. Barger. 1982. Principles of Farm Machinery. 3rd ed., AVI. Pub., Westport, 

U.S.A. 
3. Khruschov, M. M. 1974. Principles of abrasive wear. Wear 28: 69-88. 
4. Miller, A. E. 1980. Wear in tillage tools. pp. 987-998. In: Wear Control Handbook, ASME. pub., U.S.A. 
5. Moore, M. A. 1975. Abrasive wear by soil. Tribol. Int. 8: 105-110. 
6. Owsiak, Z. 1997. Wear of symmetrical wedge shaped tillage tools. Soil and Till Res. 43(3-4): 295-308. 
7. Owsiak, Z. 1999. Wear of spring tine cultivator points in sandy loam and light clay soils in southern Poland. Soil 

and Till Res. 50: 333 – 340. 
8. Rabinowicz, E. 1995. Friction and Wear of Materials. 2nd ed., John Wiley and Sons pub., U.S.A. 
9. Scheffler, O. and C. Allen. 1988. The abrasive wear of steels in South African soils.   Tribol Int, 21(3): 127-135. 
10. Standard Test Method for Conducting Wet Sand/Rubber Wheel Abrasion Tests, G105-89, Annual Book of ASTM 

Standards, 2002, Philadelphia, Vol 3.02. pp. 443-451. U.S.A. 
11. Stolk, D. A. 1970. Field and laboratory tests on plowshares. S. A. E. J. Automotive Eng., SAE 700690. pp: 1-8. 
12. Test Method for Vickers Hardness of Metallic Materials, E92 – 82(1997), Annual Book of ASTM Standards, 1999, 

Philadelphia, Vol 3.01. pp. 216-224. U.S.A. 
13. Yu, H.J. and S.D. Bhole. 1990. Development of a prototype abrasive wear tester for tillage tool materials. Tribol. 

Int. 23(5): 309-316. 
14. Zhang, J. and R.L. Kushwaha. 1995. Wear and draft of cultivator sweeps with hardened edges. Canad. Agric. Eng. 

37(1): 41-47. 
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

47
63

59
4.

13
85

.1
0.

3.
13

.2
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 js
tn

ar
.iu

t.a
c.

ir
 o

n 
20

26
-0

6-
22

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.24763594.1385.10.3.13.2
https://jstnar.iut.ac.ir/article-1-574-en.html
http://www.tcpdf.org

