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�� I= €�] ½|À¯ É+�Ì¿ + Ê��] Y»+Z.» OÌÌR!)Rosa hybrids()251(
|Ì-9Ì^uÊ¼� $ ¢Y"#�Y$# #�_1»b£ ,ÊÀÌ=m ZO�2

)'|Ì( 
B�% ,��- Á Q)Z» +)ÁY' CY�LY ,B�% *Â»'M KZn¿Y Z% pÌRve ¾)Y �# +^Z- fU- |uYÁ �# Ê_�6» "h�¿Y Á Ê��% ,»ÁZR» �%

Q('�)Rosa hybrids(|� +3WZU» .‡�% *|À¯ ,��- �ÌL̂Ze ¾ÌÀd¼$ ,"Á� �2% ‡�2% "�2Ì(�Y�^ *Z2Y» Á ?7¯ :Z¼�Y ,Æ8 
+^Z- "h�¿Y Á Á�Ì¿ �%*|À¯ "Y�% Ê_�6» +^Z- 'Y ‡�% |)#�( +3WZU» .?72¯ *Â»'M .Z=/-# 'Y .#Z5/-Y Z% Z$ ?)Z»'M KZ¼e-�Z72_ 

|¿|� KZn¿Y *Y�/�À)Y.9Ìe�e +% Z$ +^Z- fU- |uYÁ �# Ê_�6» "h�¿Y Á Ê� % ,»ÁZR» ¾Ì=¿ZÌ»63/1Á :ZY2-ZN Z=» 16/5Ê2¸Ì» 
|� #�ÁM�% r%�»�/» Ê¸Ì»�% :Áh.'+)ÁYÌLZe +aÌe Q)Z» fU- �# "�Y# ÊÀ3» �1%fU2- |2uYÁ �# Ê_�62» "h�¿Y Á Ê��% ,»ÁZR» �%

*Z7¿ +^Z-#Y# .Z%'Y B�% ,��- ?)YV_Y 10Ze500Ê¸Ì» +^Z2- fU2- |2uYÁ �# Ê_�62» "h�2¿Y Á Ê��% ,»ÁZR» ,+RÌ^# �% �/»
 ?$Z¯,_Z) .Ê» ?)YV_Y VÌ¿ ‡�^»# rUR» fU- ,+^Z- �U^ ?)YV_Y Z%|%Z) .+^Z- �U^ ?)YV_Y Z% 'Z2Ì¿ #�Â2» "h�2¿Y Á Á 2Ì¿ �)#ZR» ,

`)#Â% fU- |uYÁ �% "h�¿Y �Y|R» ?$Z¯ |$Z� +¯ ÊWZu �# ,_Z) ?)YV_Y ‡�% *|À¯ "Y�% .Á ,��- Ê2À3» �ÌLZe ?7¯ ,Æ8 "�Y#
 fU- �#1%,»ÁZR» �%Ê77¯ /�Y# fU- |uYÁ �# "h�¿Y ÁÊ2À3» "h�2¿Y "Y�% ZÆÀe ‡�% "�Ì(�Y�^ *ZY» +¯ ÊWZu �# |À |2� �Y# .

M)Z/¿ 9Ìe�/% Ê5À» Á ,^j» ?7  ̄"Y�% Á�Ì¿ ¾Ì=¿ZÌ» +¯ #Y# *Z7¿ ¾Y¿Y# *Â»'M 21/13Á22/2#Â% ¾eÂÌ¿ .

|Ì,¯'*Y+:*|À¯ "Á�Ì¿ ,B�% ,ÊYÌ¿ZY» �YÂ  ,'� Q(.

1-¾Ì�Z» &Ì¿ZY» |��Y Ê-ZÀ��Z¯ "Ân7¿Y# Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ "Z$&Ì¿Á�/YWY ,�N ,*Zv)�Â%Y :hhashemifard@ut.ac.ir 
2-"Z$ ¾Ì�Z» &Ì¿ZY» .Á�( �Z)#Z/-Y*Zv)�Â%Y Z)#�N ,*Y�Æe .Z=7¿Y# ,"'�ÁZ7¯ 
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1-Ä»|.» :
|¿Á� Á | WÂe CY�#Z! Q(+ Z� .|)�% �# Ê4 *Y�)Y :Z- |�� �Ì Y "Z$ �Y'Z2% �# Y� "�ZÌ�% *Z)�/7» Á +/�Y# Ê^-ZÀ» "Z$�Â72¯

 ,-Y .#�ÁM ,-# +% i¸/;» .:Z- �# *Y�)Y �# Ê/À)' *Z$ZÌ( Á Q( ,7¯ �)' fU-1385#Á|u 11400 ,2-Y .#Â% �Z/Y$ )Q»Z2�
 'Z2% "Z�_ Á *�|» ,Ê/À- "Z$ +¿Z;¸((+¯1/3|�Z% Ê» ZÌ¿# Q¯�# Ê/À)' *Z$ZÌ( Á Q2( ,7¯ �2)' fU- |!�# .]1[:Z2- �#85

&) Á #�ZÌ¸Ì»300Q( + Z� *ÂÌ¸Ì» *Y�)Y �#.|� |ÌWÂe,-Y ]1[.�$ "ZÆ%50Q( + Z� '�+Y7% &) :#Z3» Ê¿ZÆ8 "Z$�Y'Z% �# 
,5¿#�Y# "�ÁM'�Y.]1[

.|)�% + Z� Q( ,Ì5Ì¯ Á �¼� ?$Z¯ Á Q( ÊWÂ!Y QR¿ Á Q¼u +% Ê_Z¯ +8Âe K|� +/�2% 9-ZÀ» CYVÌÆne #Â8Á K|� ,,"|2À%
|À)Y�_ + Z� Q( |ÌWÂe �<¿ 'Y *Y�)Y +YÀ)Y Z% ,-Y .|� h�Z% *Y�)Y �# 9-ZÀ» "�Y#�Z^¿Y Á ,�Y#�% 'Y ZN �# `$|5$ +^e� "Y�Y# .|)�%

 ,,-Y *ZÆ8¾)Y CY�#Z! �<¿ 'Yi)#� �# :Â6v»107 �Y�^ *ZÆ8 #�Ì(.]1[¾Ì2�Z» 'Y .#Z5/2-Y .'Á�»Y CZ2Ì¸¼� �# .VÌeZ2Y» CAM
 ,�Y#�% 'Y ZN "�ÁY�_ Á ,�Y#�% ,-Y "�Á�O "�»Y .|)�% + Z� Q( .Q( ‡�% '�Á ž�Z2^ B�/�2( Q2»YÂ� ¾)�2/¼Æ» 'Y Ê2Y)

 Q( ,�Y#�% 'Y ZN "�Z¼Ì%,�# �Â6;% QuY�» ,-Y Ê)Zn%Z8 Á "�Y#�Z^¿Y .�Z2¯ ¾2)Y ¾ÌÀd¼$ ,,-Y "�Á�O ‡�% q]u ¾)Y�%ZÀ%
 h�Z% Q( Z5Àe ?$Z¯ ,[M � ;^e |¿Á� *|� |À¯ ,Q( �¼� :Â4 ?)YV_Y Á» "h�¿Y ?$Z¯ *#�2¯ &À  ,Æ8 'ZÌ¿ #�Â +2¸u�» �# 

Ê» "�Y#�Z^¿Y#Â�.]5[¾Ì�Z  ÊuY�4 �Â<À¼% Q( ÊYÌ¿ZY» Á ÊY)VÌ_ �YÂ  *#�ÁM ,-|% ,,2-Y "�Á�O "�»Y Q( Z-Á�N CAM
 ¾Ì�Z» ÊuY�4 +% �Â^n» ¾Ì-|ÀÆ» CZ�b4Y ¾)Y *Á|% +¯ Y�mÊ» Ê%�ne BÁ� +% CAM �# Y� *Z»' Á +À)V$ q�! ?)YV_Y +¯ |¿Â�

#�Y# ÊN.]10[
RveÌCAÂ6v» Ê��% ,»ÁZR» +^-Zv» "Y�% Ê¿YÁY�_ CZÌR "'�ÁZ7¯ ,-Y +/_�( KZn¿Y .&2»�Y|2¿:˺&2» ÁÊ/WZ2¿˻:Z2- �# 

1980"'YÂ¯ P)Y�� �# Y� +_Â¸� +^Z- Ê��% ,»ÁZR» -|¿#�¯ Ê-��% &ÌeZ/-Y .,��-�ÌLZe ZÆ¿M15,28, 41 mm/min)(+)ÁY' ,
Q)Z»)45o10, 30 ,(^Z- �U^ ÁÊÀ3» �LY Q)Z» +)ÁY' Á B�% ,��- +¯ |À/_Z)�# Á |¿#�¯ Ê-��% Y� Ê��% ,»ÁZR» �% +�2% "�Y#

 fU- �# ZÆ¿M Q%ZRe +¯ ÊWZu �# ,|¿�Y|¿ Ê��% ,»ÁZR»5%,-Y �Y# ÊÀ3»]9[.#Z-Y�N˼Z/NÂ( Á˽:Z- �# 1975Ê��% "h�¿Y Á Á�Ì¿ 
|¿#�¯ ¾ÌÌ3e Y� C�y +^Z- ._�( +nÌ/¿ ZÆ¿Y Ê2» ?$Z2¯ Ê2��% "h�2¿Y Á B�2% CÁZ2R» ,,��2- ?)YV2_Y Z% `ÌR/�» B�% �# |À/-

|À%Z)]13[.¾)Z-˾@�Â% ÁC#�Z$„:Z- �#1974Ê2-��% Y� &ÌeZ/2-Y "'YÂ2¯ �Z2% ,ve +¿Y# ?)Y|8 ,Æ8 K'A Ê77¯ ,»ÁZR» 
|¿#�¯]18[.:Z- �# Ê)YV 2002- 'Y KÁ�e�ÌN Q( *|À¯ "Á�Ì¿ �% Y� ,��- Á +^Z- �U^ �ÌLˆZe #�¯ Ê-��% +^Z .�2% *|2À¯ ,��2-

ÊÀ3» �ÌLZe ,fU- |uYÁ �# "h�¿Y Á Ê77  ̄CÁZR» fU- �# "�Y#1%,�Y#]7[.cÀ)¾87:Z- �# *Y�ZY¼$ Á2004,%Â4� �ÌLZe 
|¿#�¯ Ê-��% Y� +¿Y|$Z� +^Z- Ê��% .g)Á "h�¿Y Á Ê��% ,»ÁZR» �% +^Z- �U^ Á.ZÀ)M8:Z2- �# *Y�Z2Y¼$ Á2005Z2% |2À/_Z)�# 

)YV_Y Ê» ?)YV_Y *Y#�=%Z/_M +^Z- fU- |uYÁ �# "h�¿Y Á Ê��% ?Àe ,,%Â4� ?¾Ì)ZN ,¼�^ �# +¯ |¿#Y# *Z7¿ ZÆ¿M ¾ÌÀd¼$ ,|%Z)
 ,-Y �/7Ì% +^Z- "AZ% ,¼�^ 'Y Ê��% ?Àe Á "'�¿Y +^Z-]6[.Á�Ì¿ Á Q( +^Z- Ê��% ,»ÁZR» ¾ÌÌ3e Z% +U%Y� �# ÊRÌRve *ÂÀ¯Ze

 =¿ C�Â! +^Z- 'Y ‡�% *|À¯ "h�¿Y Á,-Y +/_� .,2Æ8 ,,��2- �2LY Á Ê2��% ,»ÁZR» �% Q)Z» +)ÁY' Á ,��- �LY pÌRve ¾)Y �#
‡�% .Z=/-# , Z- Á ÊuY�4 �Â<À¼% +^Z- 'Y ‡�% *|À¯ "Á�Ì¿ "Á� �% +^Z- *ZY» Á Ê77¯ "Á�Ì¿ :Z¼�Y|� Ê-��% Q( �Ì(.

2-Z/�+� + {Y »:
"ZÆ¸( VÌe "Â^Zm &) +¸Ì-Â% *Y�Æe V^- *ZÌ�M +¿Z;¸( 'Y '�?)Z2»'M "Z2$ 'Á� f^2! �# +2¿Z;¸( *Z2À¯�Z¯ 'Y Ê2Y) P2-Âe 

|¿|� ,�Y#�% .+/�% *Â¸)Z¿ Q Y# .|� .|)�% "ZÆ¸( + Z� +^38 Q Y# Á .|� "|À% ÊYÌ¿Z2Y»ÂÌ% �YÂ2  .Z=72)Z»'M +2% p)Z2� "Z$

 
1-Mcrandal 
2-Mcnulty 
3-Prasad 
4- Gupta 
5-Singh 
6- Burkhardt 
7 -Ying Chen 
8 - IÇnce 
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,Ì%�e .Z=7¿Y# |� QR/À» ,�e KZn¿Y ,Æ8 ,��|» .+¿Â¼¿ "Z»# Z% :Zd;) �# Z$co4=¿|� "�Y|Æ .�/72Ì% +m �$ ,��- Z% ZÆ/�e
+^Z- .|� &7  �LY ?$Z¯ �Â<À¼%,_�( KZn¿Y Z$.

*Á�/�À)Y ,�e .Z=/-# 'Y˺Q-#ÂW Z% 500,^# Z% ¾eÂÌ¿ ½/ƒŽÈ•Ér€ ‡�2% *|2À¯ "Á�Ì¿ Á +^Z- B�% CZ7)Z»'M KZn¿Y ,Æ8 
|� .#Z5/-Y '� Q( .+¿Â¼¿ �U^ ,^# Z% ZÌWÂ¯ P-Âe B�% Qv» �# Z$01/0/¼Ì¸Ì» .'Y|¿Y �+¿Â¼¿ Z„- ,|� "�Ì( �# ,.|2� *'Âe Z$

 "Z»# Z% *ÁMo60 "Y�% 72,�Z- 2|� *'Á #|n» ,+¿Â¼¿ ,%Â4� "Â/v» +^-Zv» "Y�% Á .|� &7  .Ê/%Â24� "Â/v» ¾Ì=¿ZÌ»
 +^Z- "AZ% ,¼�^ "Y�% Z$ +¿Â¼¿82%¾Ì)ZN ,¼�^ �# Á65%#Â% .

2-1-ÄdZ� Ê��] Y»+Z.»:
�Â6;» +¸Ì-Á &) )QY�1(|� +/ Z- +^Z- `ÌR/�» B�% ,Æ8 .*Á�/�À)Y ,�e .Z=/-# @�v/» &_ +% Â^Zm)QY�2(

Ê»�Y�^ *Á�/�À)Y .Z=/-# VÌ» "Á� �% +¿Â¼¿ .|¿�Y|Æ=¿ ,¼�^ Á .|� Q6/» +¿Â=% +^Z- Á #�Ì(+ÌYe Q Y# "YÊ» �Y�^ .Z( +2  ̄#�2Ì(
 +¸!Z_ �# B�%5^Z- "ZÆ/¿Y 'Y "�/¼Ì/¿Z- #�Ì( KZn¿Y +.Á z;72» ,��- Z% *Á�/�À)Y .Z=/-# @�v/» &_ *|»M ¾Ì)ZN Z% B�%

 +ÌYe Á +^Z- 'Y Â^Zm �Â^� B�% .Z(3Ê» C�Â! #�Ì( .Á�Ì¿ ÊÀvÀ»-Ê)Zn%Z8)QY�3(Ê2» .�2Ì y �eÂÌ„»Z¯ �# B�% CZÌ¸¼� Ê4-
#Â� .Ê» ¾ÌÌÌ3e Y� "'�ÁZ7¯ #YÂ» Ê��% �Z/_� +¯ Ê)ZÆ6 Z� ̄ Z2» Ê2��% ,»ÁZR» |ÀÀ¯ `¼)VsVfU2- |2uYÁ �# Ê2��% "h�2¿Y Á

sE|À/�$ .+U%Y� 'Y `¼)V¯Z» Ê��% ,»ÁZR»)1(Ê» ,-|%|)M.

+U%Y�1
A

F
s

maxV

+¯sV`¼)V¯Z» Ê��% ,»ÁZR» ):ZY-ZNZ=»(,maxF2» Ê2��% "Á�2Ì¿ `¼)V¯Z)¾e 2Ì¿ (ÁAfU2- +^Z2- r2UR» B�2% +v52!�#
)r%�»�/¼Ì¸Ì» (,-Y.

Ê��% "Á�Ì¿ ÊÀvÀ» +¸Ì-Â% fU- |uYÁ �# "h�¿Y-Ê» ¾ÌÌ3e +^Z- rUR» fU- Á Ê)Zn%Z8 +U%Y� 'Y Á #Â�2Ê» +^-Zv» ##�(:

+U%Y�2
A
fndxF

A
Ess ³  .1

+¯sE,fU- |uYÁ �# "h�¿Y FÁ�Ì¿ ,Ê��% "xÁ Â^Zm Ê)Zn%Z8 nÁ�Ì¿ ÊÀvÀ» �)' "ZÆ¿Z¼WY #Y|3e -*Á�/�2À)Y ,�e �# Ê)Zn%Z8
,-Y.

I(�1:ÄdZ� hÌ.f]» @�] Ä,Ì�+ I(�2:½+�f]ÀËY 'ZPf�{ 

1-µ|ÃZ´  
2 - ASAE, 2000a 
3 - ledger plate 



2181

B�% CZ7)Z»'M �# ,�e �$ "Y�%10|� KZn¿Y �Y�Ye .fU- +- �# Q)Z» +)ÁY' �LY20,30Á50,��2- +2- �# Á +8�# 10,
100Á500 +RÌ^# �% �/¼Ì¸Ì» ,_�( KZn¿Y +^Z- i¸/;» "Z$�U^ "Y�% .+2ÌYe Á +2aÌe ¾Ì% +¸!Z_ CZ7)Z»'M +Ì¸¯ KZn¿Y �# .Z2(25/0

#Â% �/¼Ì¸Ì».

I(�3:+�Ì¿ ÊÀ;À»-�� ÄdZ� @�] ÉY�] ÊËZ4]Z\ 
2-2-ÄdZ� �Y €�] ½|À¯ É+�Ì¿:

Ê!Z  .�Ì( �Â<À» ¾)|%)QY�4(‡�^»# +¯ |� +/ Z- Á ÊuY�4Ê» .Z=¿ Y� *Á�/�2À)Y ,�2e .Z=/2-# Ê)AZ% &_ +% Á #�Y#
Ê» Q6/»#Â� .Ê» ,%ZL .Z=/-# ÊÀÌ)ZN &_ P-Âe VÌ¿ +^Z- Ê)ZÆ/¿Y ,¼�^#Â�.

fU- +- �# *|À¯ ,��- �ÌLˆZe pÌRve ¾)Y �#10,200Á500 Á AZ2% ,¼2- +% ,Æ8 Á# �# ?7  ̄"Z/-Y� ,+RÌ^# �% �/¼Ì¸Ì» 
Y +ÌuZ¿ Á# �# Á ¾Ì)ZN ,¼- +% "Á�2Ì¿ *#�ÁM ,2-|% �Â2<À¼% ,+^Z2- ¾Ì)Z2N ,¼�2^ Á Q2( +% &)#V¿ +^Z- "AZ% ,¼�^ ,+^Z- '

|� Ê-��% ‡�% *|À¯ ,Æ8 'ZÌ¿ #�Â» "h�¿Y Á `¼)V¯Z».ÊÀvÀ» Á�Ì¿ "Z$-Ê)Zn%Z8)QY�5(*|2À¯ "h�2¿Y Á Á 2Ì¿ Ê%Z2)'�Y "Y�2%
 |� .#Z5/-Y .Z% ,�e �$15|� KZn¿Y �Y�Ye .YÁ �% "h�¿Y *#�ÁM ,-|% "Y�% +^Z- +% :Z6eY Qv» �# ‡�^»# rUR» fU- ,fU- |u

 KZ2n¿Y 'Y ZN Á |  +/_�( ZY� ‡�^»# rUR» fU- 'Y ,*Á�/�À)Y .Z=/-# P-Âe ,�e �$ KZn¿Y 'Y ZN QÌW# ¾Ì¼Æ% ,|� +^-Zv»
9¸/» +»Z¿�% �# ZÆ�Y� ,CZ7)Z»'M1|»M ,-|% ZÆ¿M rUR» fU- Á .|� QÌ¸ve .

I(�4:'ZTP¿ ÉY�T] Ä,Ì�+ €�T] OfT�Y{ +
½+�f]ÀËY 'ZPf�{ Ä] ½1 µZ?!Y 
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deformation,mm
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I(�5:+�Ì¿ ÊÀ;À»-ÄdZ� �Y €�] ½|À¯ ÉY�] ÊËZ4]Z\ 

1 matlab 
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3-:;] + <ËZf¿:
3-1-+^Z- Ê��% ,»ÁZR» :

:Á|28 �# fU2- |uYÁ �% "h�¿Y Á Ê��% ,»ÁZR» "Y�% �ZÌ3» qY�v¿Y Á `¼ÌÀÌ» ,`¼)V¯Z» ,¾Ì=¿ZÌ» "Z$�/»Y�ZN M)Z/¿1,2-Y .|2»M .
��% ,»ÁZR» ¾Ì=¿ZÌ» fU- |uYÁ �% "h�¿Y Á Ê34/1Á :ZY-ZNZ=» 77/6Ê¸Ì» #Â% r%�» �/¼Ì¸Ì» �% :Áh.

µ+|\1:�� ÄdZ� ÉY�] te� |8Y+ �{ Ê��] É*�¿Y + Ê��] Y»+Z.» <ËZf¿ Ä�9y 
`¼ÌÀÌ» `¼)V¯Z» ¾Ì=¿ZÌ» �Z 3» qY�v¿Y 

Ê��% ,»ÁZR»)Mpa(0,85 3,57 1,63 0,375 
|222222222uYÁ �# "h�222222222¿Y

fU-)2mj/mm(
3,02 95,16 1,05 

Z¿Z)�YÁ VÌWZ¿M M)Z/¿ Q2( +^Z- B�% fU- |uYÁ �% "h�¿Y Á Ê��% ,»ÁZR» "Á� �% Q)Z» +)ÁY' Á B�% ,��- �LY Ê-��% "Y�%
 :Á|8 �# '�2,-Y .|»M .ÊÀ3» �ÌLZe B�% ,��- fU2- �# "�Y#01/0#�Y# fU2- |2uYÁ �2% "h�2¿Y Á Ê2��% ,2»ÁZR» "Á� �2% .

QY� �# +¯ +¿Â=¿Z¼$6Ê» .|$Z7» Â�,_Z) ?$Z¯ Ê��% ,»ÁZR» P-Â/» �)#ZR» B�% ,��- ?)YV_Y Z% ,#.

ÄdZ� @�] ÉY�] te� |8Y+ �{ É��¿Y + Ê��] Y»+Z.» �] YX�� �ÌvZ!
�� I= 

B�% ,��-)mm/min(Ê��% ,»ÁZR»)Mpa(|uYÁ �# "h�¿Y-fU(mj/mm2)

10 1,92 5,41 
100 1,61 4,97 
500 1,43 4,76 

Ê» *Z7¿ ¾Y¿Y# *Â»'M M)Z/¿ 'Y ,��- ?)YV_Y Z% +¯ |$#10Ze500 'Y Ê2��% ,2»ÁZR» �Y|2R» +2RÌ^# �2% �/¼Ì¸Ì» 977/1+2% 
433/1,_Z) ?$Z¯ :ZY-ZNZ=» ."ZÆ/��- �# Ê��% ,»ÁZR» ¾Ì=¿ZÌ» �)#ZR» ¾Ì% CÁZ5e200Á500fU- �# +RÌ^# �% �/¼Ì¸Ì» 5%

#Â^¿ �Y# ÊÀ3» .,-Y ¾Y¼» ,��- ?)YV_Y �LY �# Ê��% ,»ÁZR» ?$Z¯ |�Z% +^Z- &Ì/-AYÂY�)Á �Z/_� ,¸3% .,,��2- ?)YV_Y Z%
 ,_Z) ?$Z¯ fU- |uYÁ �# Ê��% "h�¿Y)QY�7.('Y ,��- ?)YV_Y Z%10+%500'Y fU2- |2uYÁ�% "h�2¿Y �Y|R» +RÌ^#�%�/¼Ì¸Ì» 

991/1+%516/1#Y# *Z7¿ ?$Z¯ :ZY-ZNZ=» ):Á|82.(�2% fU- |uYÁ �% "h�¿Y ¾Ì=¿ZÌ» �Y|R» +¯ ,-Y fOYÁ B�2% ,��2- "Y
200 Á500fU- �# +RÌ^# �% �/¼Ì¸Ì» 5%ÊÀ3»,�Ì¿ �Y# .�# *Y�ZY¼$ Á Ê)YV 2002B�YV2( KÁ�2e�ÌN #�Â2» �# Y� ÊÆ%Z7» M)Z/¿ 
|¿#�¯ .'Y ,��- ?)YV_Y Z% +¯ |¿#�¯ B�YV( ZÆ¿M20+%500'Y fU2- |2uYÁ �% "h�¿Y ,+RÌ^# �% �/¼Ì¸Ì» 3,3 +2% 2,8 :ZY2-ZNZ=» 
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Determining the shear strength and picking force of rose flower (Rosa hybrids) 

S. H. Hashemi Fard, GH. R. Chegini 

Abstract: 
 In this research the effect of bevel angle and shear velocity were studied on shear strength and 
shearing energy of rose flower stem by using direct shear tests. Also, the effect of picking 
velocity, stretch direction and sample groups (near growth tip, near root internode) was studied 
on force and energy required for picking up the leaves. All experiments were carried out with 
Instron Universal Test Machine. Mean of values shear strength and energy were estimated 1.63 
Mpa and 5.16mj/mm2, respectively. With increasing the shear velocity, from 10 to 500 mm/min, 
the mean values of shear strength and energy per unit area decreased. Picking force and energy 
data ranged from 4.5 to 12.2 N and from 8.6 to 16.9 mJ, respectively. The mean values of 
tensile strength and energy per unit area for picking up the flowers were 1.6 MPa and 
3.7mJ/mm2, respectively. The effect of picking velocity and starch direction on tensile strength 
and energy per unit area was significant (P=0.01), but sample groups not significant difference 
on picking force. Results of Duncan’s multiple range test shows that means value of picking 
force for positive and negative direction was 13.21 and 2.22(N), respectively. 

Keywords: Rose flower, mechanical properties, shear, picking, stem. 
 


