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 ÄÀÌÆ] Á �§�¯ Ä«Z� Ê°Ì¿Z°» �YÂy ¾ÌÌ e x�Za t�� �Á� Ä] ��] ÄËÁY� Á d��� É�Z�  
  

Ê»Ô£ |Ì��1*Ê¿Z]� d¼°u ,2Ê]Y�Æ� ¾Ì´¿ ,3  
 

1ÃZ�¿Z»�¯ ,É�Y� ÃZ´�¿Y{ ,�¬À� É��ÁZ�¯ Ã|°�¿Y{  .  
2  ,É�Y� ÃZ´�¿Y{ ,É�ÁZ�¯ Ã|°�¿Y{ ,ºf�Ì�ÂÌ] ®Ì¿Z°» Ê�|ÀÆ» ÃÁ�³ .ÃZ�¿Z»�¯ 

3 �Ë�^e ÃZ´�¿Y{ ,ºf�Ì�ÂÌ] ®Ì¿Z°» Ê�|ÀÆ» É�f¯{  . 

  
Ã|Ì°q   

Ä] �§�¯d/�Y Ã|/� ÄfyZÀ/� Á�Y{ Á Y~£ ÄÀÌ»� �{ {�]�Z¯�a Á ºÆ» cÓÂ/�v» �Y Ê°Ë ½YÂÀ�  ��] |ÀËM�§ �Y ÊÅZ³M .
µÂ/�v» ¾ËY  Ä¿Z»Z/� ÊuY�� �{�a Á d/�Y{�] ÉZÅÊ» |Ì¨» Á ºÆ» cZ�Ô�Y �Y ½M d/�Y{�] �Y]ZÀ] .|/�Z] ¾ËY �{ ¾ËY�

 É�Ìe ÄËÁY� Z] Ä¤Ìe Á ½Á�f�ÀËY ÃZ´f�{ �Y Ã{Z¨f�Y Z] µÂ�v» ¾ËY ��] |ÀËM�§ Ê/���] Ä] Ä ·Z�»7/1  .|� ÄfyY{�a Äm�{
Ä] �Y �§�¯ ÄfÌ/�Ìf/�ÓY µÁ|» Á ��] ÉY�] ¹�Ó É��¿Y ,��] ÉÁ�Ì¿ �] ��] ÄËÁY� Á d��/� �ÌiPe Á ÃÂv¿ Ê/���] �Â�À»

 d��/� .|/� Ã{Z¨f/�Y x/�Za t�/� �Á� t�/� Ä/� �{ ��]150  ,250   Á350  Ê¸Ì» Ä/� �{ �Ì¿ ��] ÄËÁY� Á Ä¬Ì«{ �] �f»
 ,�¨/� t�/�30   Á45   Ê]ZË ÄÀÌÆ] Á Ê/���] ÊËZ¿YÂe x/�Za t�/� �Á� Ä¯ {Y{ ½Z/�¿ Ä ·Z�» ¾ËY lËZf¿ .|/� Ê/���] Äm�{

Ê» Y�Y{ Y� �§�¯ Ä«Z/� ��] �] º¯Zu �ËY�/� Ä¯ Ã{Y{ ½Z/�¿ lËZf¿ ¾ÌÀr¼Å .|/�Z]¾Ë�f/�Ì]   �Y|¬»¿ÉÁ�Ì   É��¿Y ,��]
  �{ ÄfÌ/�Ìf/�ÓY µÁ|» Á ��] ÉY�] ¹�Ó d��/�150  d/�Y Ã{Â] Äm�{ �¨/� ��] ÄËÁY� Á Ä¬Ì«{ �] �f¼Ì¸Ì» Z] ¾ËY�]ZÀ] .

d��� Á ZËYÁ� �Y Ã{Z¨f�YÊ» �eÓZ] ��] ÉZÅ Y� ��] |ÀËM�§ ½YÂe�e [Â¸�» ÉÂv¿ Ä]  .{Y{ ¹Zn¿Y  
  

:É|Ì¸¯ cZ¼¸¯  
 ,��] É��¿Y ,��] ÉÁ�Ì¿ ,�§�¯ x�Za t�� �Á� ,ÄfÌ�Ìf�ÓY µÁ|»  

  
*Ê»Ô£ |Ì�� 

r.gholami@razi.ac.ir  
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 ÄÀÌÆ] Á �§�¯ Ä«Z� Ê°Ì¿Z°» �YÂy ¾ÌÌ e x�Za t�� �Á� Ä] ��] ÄËÁY� Á d��� É�Z�  

 
Ä»|¬»  

) Ê¼¸� ¹Z¿ Z] �§�¯Apium graveolensÊ» Ä·Z�°Ë Á Ê¨¸� ÊÅZÌ³ ( Ä] Ä¯ ,|�Z] ÄfyZÀ� ÊËÁ�Y{ ÃZÌ³ ®Ë ½YÂÀ�
  d�Y Ã|�]5[Ä] Á{ �Å Á Ã{Â] Ê¨¸fz» cZ^Ì¯�e ÉY�Y{ ÃZÌ³ ¾ËY Ä«Z� Á ±�] ,ÃÂÌ» .�Ã|� ÄfyZÀ� ÊËÁ�Y{ ÃZÌ³ ½YÂÀ  ,|¿Y

 ±�] Á Ä«Z� �{ {ÂmÂ» lËY� cZ^Ì¯�e {�Y{ ÊËY~£ ¥��» ÃZÌ³ ¾ËY Ä«Z� �´Ë{ Ê§�� �Y .d�Y Ã|� Ã{Y{ ½Z�¿ �{ ÉZÅ
 |» ½M É�ÁM�§ Ä¯ d�Y ÊeÓÂ�v» �Y Ê°Ë ¾ËY�]ZÀ] .d�Y �Y{Ây�] Ã�ËÁ ÊÅZ´ËZm �Y Ê¿Y�ËY �YÂ¿Zy ÊËY~£ |^� �{ Á

�Y{ d À� Á{ �Å ��¿Ê» Y~£ Á Á  .d�Y �§�¯ |�Z]  
  

 µÁ|m1-  �§�¯ �{ ±�] Á Ä«Z� {ÂmÂ» cZ^Ì¯�e]5 [  
 \Ì¯�e  ±�] Á Ä«Z� �{ {ÂmÂ» |��{ �§�¯ ÃZÌ³ ÉZÅ  
 d]Â��  30/80  Ze5/93  
 ¾ÌXeÁ�a  0  Ze8  
 Ê]�q  1/0  Ze6/0  
�^Ì§  2/1  Ze4/1  

 Ê¿| » {YÂ»  9/0  Ze1/2  
ºÌ�¸¯  23/0  Ze3/0  
 �¨�§  14/0  Ze4/0  
¾ÅM  05/0  Ze06/0  

 ¾Ì»ZfËÁA 5800  Ze7500 IV 
 ¾Ì»ZfËÁB   �ÌqZ¿ �Y|¬»  
 ¾Ì»ZfËÁC  6/62  Ê¸Ì» �{ ¹�³100  ¹�³  

  
 ½M ��] �§�¯ |À¿Z» Ê¿ZÅZÌ³ 0Z�Â�y Ã{Z¨f�Y É��ÁZ�¯ cÓÂ�v» É�ÁM�§ ÄÀÌ»� �{®qÂ¯ cZ �« Ä] ZÅ  �Y Ê°Ë �e

Ê» ºÆ» huZ^»  Ê§�� �Y .|�Z]Ê» É��ÁZ�¯ cÓÂ�v» Á ½ZÅZÌ³ Ê°Ì¿Z°» �YÂy �Y ÊÅZ³M �´Ë{ cZ�Ô�Y �Y |¿YÂe
Äf�]  ,É�ÁM�§ ,d�Y{�]  ÄÀÌ»� �{ É|Ì¸¯ Á ºÆ» ½M É�Y|Æ´¿ Á µZ¬f¿Y ,É|À]|�Z]  ZÅ]7  ,8[ Ê°Ì¿Z°» �YÂy ½ZÌ» �{ .

 Ä] ��] Ä] �Â]�» ÉZÅ�f»Y�Za É��ÁZ�¯ cY|Ì·Âe Á cÓÂ�v» ¦¸fz»ÃZ´f�{ ÊuY�� �{ Ä°ÀËY d¸� Á d�Y{�] ÉZÅ
Äf§�³ �Y�« Ã�ËÁ ÄmÂe {�Â» |Àf�Å ºÆ» �ZÌ�] d�Y{�] �Y �a |¿Y]4[  {�Â» É|¼v» ¶³ Ê°Ì¿Z°» �YÂy Ä ·Z�» Á{ �{ .

Ä ·Z�» ¾ËY lËZf¿ Á d§�³ �Y�« Ê���] �]Y�] �{ d»ÁZ¬» Á Á ��] �] �iR» ÉZÅ�f»Y�Za ¾Ë�e�Y~³�iY Ä¸¼m �Y {Y{ ½Z�¿ ZÅ
Ê°Ì¿Z°» cZ�z�» �ËZ� Á ��] Ê» ZÅ�f»Y�Za ¾Ë�e�Y~³�iY Ä¸¼m �Y ��] ÄËÁY� Á d��� ��] |ÀËM�§ �{ ºÆ» |À�Z]]6[ .

 ¾ËY �] ÃÁÔ�ÄWÂ·M ÃZÌ³ ��] ÉY�] É�´Ë{ cZ ·Z�» ½M lËZf¿ Ä¯ |� ¹Zn¿Y �Ì¿ �^� ZÌ]Â· Á ½ZÌ] ¾Ë�Ì� ,Y�Á ½ZÌ] �Ì¿ ZÅ �³
Ê³�ËÁ �] �Ì¤f» Á{ ¾ËY {ZË� �ZÌ�] �ÌiPed�Y É��ÁZ�¯ cÓÂ�v» Ê��] ÉZÅ ]1-3[ .  

  d��� �ÌiPe Ä ·Z�» Á �§�¯ ÃZÌ³ Ä«Z� ��] |ÀËM�§ Ê���] Ä ·Z�» ¾ËY �Y ¥|Å ¾ËY�]ZÀ]  |ÀËM�§ ¾ËY �] ��] ÄËÁY� Á
Ê»Ã�Y|¿Y  ÉZÅ�f»Y�Za �] ¶¬f�» ÉZÅ�Ì¤f» �ÌiPe ÃÂv¿ Ê���] ÉY�] �Â�À» ¾Ë|] .|�Z] x�Za t�� �Á� �Y Ã|� É�Ì³

 .|� Ã{Z¨f�Y  
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�Á� Á {YÂ»  ZÅ  

 Ã�e Á ÃÂÌ» �Y�Z] �Y �§�¯ ÃZÌ³ ��Zu Ä ·Z�» �{Ä¿Â¼¿ �b� ,|� ÄÌÆe ÃZ�¿Z»�¯ �Æ� �Z] �ËY�� dve Á �ZÌfuY Z] ZÅ
 ÃZ�¿Z»�¯  É�Y�  ÃZ´�¿Y{  ºf�Ì�ÂÌ]  ®Ì¿Z°»  ÃÁ�³ É��ÁZ�¯ cÓÂ�v»  Ê°Ì¿Z°»  Á  Ê°Ë�Ì§  �YÂy ÃZ´�ËZ»�M Ä]  Ã�ËÁ

 {Y| e .|¿|� ¶¬fÀ»4   d«{ Z] Ê·ZfÌnË{ ÉÁ�Y�e �Y Ã{Z¨f�Y Z] �ËZ»�M Ä] �Â]�» Ä¿Â¼¿01/0  ½ÁM �{ Á ,|¿|� ½�Á ¹�³
  ÉZ»{ Z]103  �³ Êf¿Z� Äm�{  c|» Ä] {Y24   ÄËZa �] ZÆ¿M Êf]Â�� ÉYÂfv» Á Ã|� ½�Á �b� .|¿|� Ã{Y{ �Y�« d�Z�

Ä] �e ½�Á  .|»M d�{  
�ËZ»�M ÉZÅ ��]  

Ä¿Â¼¿ ��]Ä¿Â¼¿ Ê��� | ] �] Ä¤Ìe ½|� {Â¼� Z] ZÅ.d§�³ ¹Zn¿Y ZÅ   É�Ìe ÄËÁY� Z] �4]�Ìe Ä¤Ìe �Y ��] ÉY�]7/1    Äm�{
  .|� Ã{Z¨f�Y ��¯ ½Â»�M ÃZ´f�{ �Y Ã{Z¨f�Y Z] �§�¯ Ä«Z� ÄfÌ�Ìf�ÓY µÁ|» Á ��] ÉY�] Ê§��» É��¿Y ,��] ÉÁ�Ì¿- 

 �Z�§1   dÌ§�� Z] ¶�{Â· Ä] �Æn»500  d«{ Z] Á ¾eÂÌ¿001 /0  �Z¼e Ä�v· �Y ÊËZm Ä]Zm Á�Ì¿ ÊÀvÀ» .|»M d�|] ¾eÂÌ¿
 Ä¿Â¼¿ ¶»Z¯ ��] ½Z»� Ze Ä¤ÌeÄ�¬¿ ,ÄÀÌ�Ì] ��] ÉÁ�Ì¿ .|Ë{�³ ºÌ��e ZÅ Á�Ì¿ ÊÀvÀ» kÁY É- Ä]Zm ¾ËY �Y Á Ã{Â] ÊËZm

 Á�Ì¿ ÊÀvÀ» �Ë� t�� ¾ÌÀr¼Å .|»M d�|] �Y{Â¼¿-  Ä]ZmÊ» ��] ÉY�] Ê§��» É��¿Y ÊËZm  .|�Z] 
Ä]  �]  ��] d��� Á ��] ÄËÁY� �ÌiPe ÃÂv¿ Ê���] �Â�À»��] ÉÁ�Ì¿    t�� �Á� �Y ��] ÉY�] Ê§��» É��¿Y Á

 Á x�Za¹�¿  �Y�§YDesign Expert   ÄÀÌÆ] s�� �Y �Â�À» ¾Ë|] .|� Ã{Z¨f�Y   ½M sÂ�� Á ZÅ�Ì¤f» ,|� Ã{Z¨f�Y Ê§{Z�e ZÅ
  �{  µÁ|m2   Ã|� Ã{Y{ ½Z�¿¿Y  .| cY�iY ¥~u ÉY�] .|Ë{�³ �Zv· Ä^e�» lÀa Ä ·Z�» ¾ËY ÉY�] Ã�Z] É�¯�» �Z¬¿ �Y�°e

 ¹�¿ ��Âe Ã|� ÊuY�� �ËZ»�M �Å ,Ê§{Z�e ½M ¾Ì´¿ZÌ» Á ¹Zn¿Y �Y�°e Ä� Z] �Y�§Y .d§�³ �Y�« Ã{Z¨f�Y {�Â» ZÅ  
  

 µÁ|m2-  ½M sÂ�� Á ¶¬f�» ÉZÅ�Ì¤f» ÊuY�� ÉY�] ZÅ �ËZ»�M  

Independent 
variables Coded Unit 

Factorial and center level 
1 level 2 level 3 level 4 level 

Angle 1X degree 0 30 45 - 

Speed 2X mm/min 150 250 350 450 

  
Ä]Ã{Y{ ¶Ì¸ve Á ÄË�ne �Â�À»¹�¿ {ZÆÀ�Ìa  �Z�Y �]  ¶�Zu ÉZÅ  �Y�§YDesign Expert   µ|» , Á Ê]ZË��Y ¦¸fz» ÉZÅ

Ä]  lËZf¿  �Z�Y  �]  �b�  .|¿|�  [Zzf¿Y  �Y|¬»  Á  �¿ZË�YÁ  �Ì·Z¿M  �Y  Ã{Z¨f�Y  Z]  Ã|»M  d�{F-test   ÊÀ »  �ÌiPe Á  �Y{
�Ì£ÊÀ » ËZf¿ �b� .|Ë{�³ �z�» ¶¬f�» ÉZÅ�Ì¤f» �Y{�Ìa l \Ë�� Á Ä�ËZ¬» Ê]�ne lËZf¿ Z] µ|» ��Âe Ã|� ÊÀÌ]

) Ê´f�^¼ÅR2 ½M ÉY�] (Ä] ZÅ ºÅ .|»M d�{Ã�Z»M �ËZ� ¾ÌÀq µ|» ÊËM�Z¯ Á dÌ¨Ì¯ Ê]ZË��Y ÉY�] Ã{Z¨f�Y ¶]Z« ÉZÅ
) �ZÌ »  ¥Y�v¿Y |À¿Z»SD)  �ÌÌ¤e  \Ë�� ,(CV % dÌ]Â¸�» �]Ze  ,(2  )DF\�ZÀ» d«{  Á  (3  )AP ��Âe Ã|� Ä^�Zv»  (

¹�¿ .|Àf§�³ �Y�« Ê���] {�Â» ,�Y�§Y  
hv] Á lËZf¿  

  Ä¯ {Y{ ½Z�¿ Ä ·Z�» ¾ËY lËZf¿Ä«Z� d]Â�� |��{  Z] �]Y�] �e ÄËZa �] ZÅ93%   {Â],    Êf]Â�� ÉYÂfv» Ã|ÀÅ{ ½Z�¿ Ä¯
 Ê» �§�¯ ÃZÌ³ Ä«Z� ÉÓZ]  .|�Z] �ËZ»�M ÊuY�� Y|f]Y  �{  É�¯�»  \¯�» s�� lËZf¿ ÊuY�� �Z�Y �]  Ä¯ d�Y ZÅ

 
1 Zwick /roll universal testing machine 
2 Desirability function 
3 adequate precision 
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  ¹Zn¿YÃ{Y{ �b� .|� ¹Zn¿Y �§�¯ Ä«Z� ��] cZ�ËZ»�M ,Ã|�Ä] ÉZÅ�ËZ»�M �Y Ã|»M d�{ ¹�¿ Ä] ,Ê]�ne ÉZÅ  �Y�§Y

µ|»  µÁY  Ä¸u�»  �{  .|�  Ã{Y{  �{  ¶�Zu  lËZf¿  Á  |¿|�  Ê���]  Ã|�  {ZÆÀ�Ìa  ÉZÅ  µÁ|m3    .d�Y  Ã|�  Ã{Y{  ½Z�¿
½Z¼ÅÊ» Ã|ÅZ�» Ä¯ �Â�µ|» �f»Y�Za Ä� �Å ÉY�] µ|» ¾Ë�fÆ] {{�³ Ê» ¹Á{ Äm�{.|�Z]  

  
 µÁ|m3-  µ|» ¾ÌÌ^e \ËY��Ã|� Ê���] ÉZÅ  

�f»Y�Za   Ê�y µ|»   µ|»2FI  µ|»¹Á{ Äm�{  
 ��] ÉY�] ¹�Ó ÉÁ�Ì¿  8694/0  9416/0  9972/0  
 ��] ÉY�] ¹�Ó É��¿Y  8380/0  9917/0  9989/0  

 ÄfÌ�Ìf�ÓY µÁ|»  9107/0  9579/0  9697/0  

  
Ã{Y{ ½{Â] µZ»�¿ ��§ �b�  �Y{Â¼¿ ½M ÉY�] Ä¯ d§�³ �Y�« Ê���] {�Â» ZÅ�¯Z]-) |� º�� �¯Z¯  ¶°�1  .(

½Z¼ÅÊ» Ã|ÅZ�» Ä¯ Ä¿Â³�¯Z] �Y{Â¼¿ �Z�Y �] {Â�-�¯Z¯   µ|» ÉY|¿Ó �Y|¬»  Ê¸ § ÉZÅ1  Ê» Ä¯ Ê·Zu �{ |�Z]
  ��] É��¿Y ÉY�] ½M �Y|¬» ¾Ë�fÆ]73 /0    ½ZÀÌ¼�Y Ã�Z] �{ Ä¯ Ã{Â]95%   �]Y�]  Z]1/0    Ze24/1  Ä] .{�Y{ �Y�«  ¾Ë�fÆ] ÃÁÔ�
  �]Y�] ��] ÉÁ�Ì¿ ÉY�] Y|¿Ó �Y|¬»84/0  Ä]  ½ZÀÌ¼�Y Ã�Z] �{ Ä¯ |»M d�{95%    �Y67/0    Ze02/1   �Å ¾ËY�]ZÀ] .{�Y{ �Y�«

  ½ZÀÌ¼�Y Ã�Z] �{ µ|» Á{95%   µÁ|» µ|» Ä] �Â]�» ÉY|¿Ó �Y|¬» ¾Ë�fÆ] Z»Y .|¿�Y|¿ µZ¬f¿Y �]Ze Ä] �ZÌ¿ Á Ã{Â]   ÄfÌ�Ìf�ÓY
84/0-   .|� µZ¼�Y �Â° » Ê·Z¬f¿Y µ|» �Ì¤f» ¾ËY ÉY�] ¾ËY�]ZÀ] ,{�Y|¿ �Y�« �Ì¿ ½M ½ZÀÌ¼�Y Ã�Z] �{ Á Ã{Â]  
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 ¶°�1- �¯Z] �Y{Â¼¿-  (k ,��] É��¿Y ([ ,��] ÉÁ�Ì¿ (¦·Y �¯Z¯ ÄfÌ�Ìf�ÓY µÁ|» 

  
µ|»Ä·{Z » �{ ÄfÌ�Ìf�ÓY µÁ|» Á ��] É��¿Y ,��] ÉÁ�Ì¿ Ä] �Â]�» ÉZÅ ÉZÅ)1(  Ze)3(    .d�Y Ã|� Ã{Y{ ½Z�¿  

)1 (  2
2

2
121211 X00003.0X004.0XX0007.0X052.0X251.047.26Y +−+−−=

)2 (  2
2

2
121212 X004.0X01.0XX007.0X575.0X98.295.213Y +−+−−=

)3 (  2
2

72
121

6
21

3

X1097.8X00001.0XX1089.5X0001.0X0001.0063.0
Y
1 −− ×++×+−−=

  
  cÓ{Z » ¾ËY �{1X    ,Äm�{ \�u�] ��] ÄËÁY� Ã|ÀÅ{ ½Z�¿2X  Ê¸Ì» \�u�] ��] d���  ,Ä¬Ì«{ �] �f»1Y    ÉÁ�Ì¿

  ,¾eÂÌ¿ \�u �] ��]2Y   Ê¸Ì» \�u�] ��] É��¿Y  Á µÁ�3Y   Ê» µZ°�ZaZ´»  \�u �]  ÄfÌ�Ìf�ÓY µÁ|» lËZf¿  .|�Z]
 µ|» Ä] �Â]�» �¿ZË�YÁ �Ì·Z¿M �Y ¶�Zu �{ ©Â§ ÉZÅ µÁ|m4 ½Z¼Å .d�Y Ã|� Ã{Y{ ½Z�¿Ê» Ã|ÅZ�» Ä¯ �Â� �Å {Â�

¼fuY t�� �{ µ|» Ä�  µZ99%  ÊÀ »  �Y|¬» Á Ã{Â] �Y{lack-of-fit  ÊÀ »�Ì£ µ|» Ä� �Å Ä] �Â]�»Ê» �Y{ ½Z�¿ Ä¯ |�Z]
Ê»µ|» |Å{ Ä] ÉZÅ�Ìa ÊËZ¿YÂe Ã|»M d�{  \ËY�� Ê»Z¼e .|¿�Y{ Y� �§�¯ Ä«Z� ��] �{ ��¿ |» ÉZÅ�f»Y�Za ÊÀÌ]

µ|» µZ¼fuY t�� �{ �Ì¿ ZÅ99% ÊÀ »¿|� �¨u µ|» �{ ¾ËY�]ZÀ] |Àf�Å �Y{ .| ½Z¼Å» Ã|ÅZ�» Ä¯ �Â�Ê {Â� ��\Ë  
^^e¾Ì  Ä] �Â]�» µ|»��] ÉÁ�Ì¿  Z] �]Y�]998/0  »Ê|�Z]  » ¥Y�v¿Y �Y|¬» Á,�ZÌ  »¾Ì´¿ZÌ �� Á\Ë ¤e½M cY�ÌÌ  Ä]e�e \Ì  

222/0  ,365/9  Á ,371/2%   Ä] .|� Ä^�Zv»�� ÃÁÔ�\Ë  ^e¾ÌÌ  a Ä] �Â]�»�ÌÊÀÌ]    µ|»997/0  Ä]  ½Z�¿  Ä¯ |»M d�{
»Ê|Å{  »µ|  Z¿YÂeÊË  ÓZ]ÊË  a �{�ÌÊÀÌ]  Ã{Y{Ã{Y{ Á {�Y{ ZÅZÅÉ  Z»�M �Y ¶�ZucZ�Ë  Ã{Y{ Z]ZÅÉ  ¼ze¾Ì   Ã|� Ã{�

 �] µ|» ��Âe�ZÌ   {�¿®Ë  Ä]» ºÅ Ê|À�Z]Àr¼Å .¾Ì  ��\Ë  ^^e¾Ì    Ä] �Â]�» µ|» É��¿Y    Z] �]Y�] ��]999/0  » Ê|�Z]   Á
 » ¥Y�v¿Y �Y|¬»,�ZÌ  »¾Ì´¿ZÌ  �� Á\Ë  ¤ecY�ÌÌ   Ä]e�e\Ì  843/0,  28/56  Á ,50/1%  Y .|� Ä^�Zv»¾Ë   {Z¬»�Ë  ½Z�¿ Ã|ÀÅ{

³|À¯Y�aÊ  Ã{Y{ º¯ {�¿ Á ZÅ®Ë   ½M ½{Â]» ��Âf» �Y|¬» Ä] ZÅÊ|�Z]�� .\Ë  ^^e¾Ì    Ä] �Â]�» µ|»µÁ|»  ÄfÌ�Ìf�ÓY 
  Z] �]Y�]990/0  » Ê|�Z]   » ¥Y�v¿Y �Y|¬» Á,�ZÌ  »¾Ì´¿ZÌ   �� Á\Ë  ¤ecY�ÌÌ  Ä]e�e \Ì  391/0,  49/8  Á ,60 /4%   �Y .|� Ä^�Zv»

 ½MZmÊË �� �Y|¬» Ä¯\Ë ¤ecY�ÌÌ  µ|» Ä� �Å �Y �f¼¯10%  µ|» Ã{Â]ÉZÅ  Ä] ,Ã|»M d�{reproducibility » Ê |�Z] 
]7.[      Ã�Z»M �Y|¬»AP    Ä] �Â]�» µ|»,��] ÉÁ�Ì¿    É��¿Y��]  ÄfÌ�Ìf�ÓY µÁ|» Á  Ä]e�e\Ì    Z] �]Y�]24/136  ,26/260   Á
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56/56  Y Ä¯ |� Ä^�Zv»¾Ë  Z�¿ Ã�Z»M½� w�¿ Ã|Å{µZÀ´Ì  Â¿�Ë  ] ½M �Y|¬» �³Y Á ,d�Y�f�Ì    �Y4   ½Z�¿ |�Z] §Z¯ ,Ã|ÀÅ{ Ê  

� ½{Â]µZÀ´Ì ] d�Y8 .[  
 

 µÁ|m4-   Ê���] {�Â» �f»Y�Za Ä� �Å ÉY�] ¹Á{ Äm�{ µ|» Ä] �Â]�» �¿ZË�YÁ �Ì·Z¿M lËZf¿  

a Degree of freedom, b Mean of Square, ** Significant relationship at 1%, * Significant relationship at 5%, ns Not significant 

  
  �ÌiPe  ½M �{ Ä¯ Ê³|Ì��a �Y{Â¼¿ ,¶¬f�» ÉZÅ�Ì¤f» �ÌiPe ÃÂv¿ ½ZÌ] ÉY�]Ê» Ã|ÅZ�» ¶¬f�» ÉZÅ�Ì¤f» º�� {Â�

) |Ë{�³ 

Source df 
Cutting Force  Cutting Energy  Elastic Modulus 

MSb F-value  MS F-value  MS F-value 

Model 5 98.85** 2005.46  4674.13** 6583.93  0.0094** 1400.15 

X1 1 424.83** 
8618.46 

 
15518.18*

* 

21858.74 
 

0.02** 2946.74 

X2 1 53.69** 1089.10  6046.17** 8516.57  0.023** 3444.67 

X1X2 1 23.57** 478.06  2210.24** 3113.31  0.001** 216.26 

X12 1 18.77** 380.81  88.87** 125.18  0.0001** 14.94 

X22 1 0.3971** 8.06  67.04** 94.43  0.0004** 58.35 

Residual 15 0.0493 -  0.71 -  6.74×10-6 - 

Lack of Fit 3 0.0740ns 1.717  0.59ns 0.801  1.53×10-6ns 0.191 

Pure Error 12 0.0431 -  0.739 -  8.04×10-6 - 

Cor Total 20 - -  - -  - - 

Model Summary Statistics 

Response 
Std. 

Dev.(SD) 
Mean 

Coefficient of Variance 

(C.V. %) 
R2 Adj-R2 Pred-R2 AP 

Cutting 

Force 
0.222 9.365 2.371 0.9985 0.998 0.997 136.24 

Cutting 

Energy 
0.843 56.28 1.50 0.9995 0.9994 0.9989 260.26 

Elastic 

Modulus 
0.391 8.49 4.60 0.9898 0.9864 0.9697 56.56 
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  ¶°�2½Z¼Å .(Ê» Ã|ÅZ�»  Ä¯ �Â� c�Â� Ä]  ��]  ÄËÁY� Á  d��� �ÌiPe  Ê���]  {�Â»  �Ì¤f» Ä� �Å {�Â»  �{  {Â�

Ê» �Â° » d��� �{ Êe�Z^� Ä] |�Z] ±��] ��] ÄËÁY� Á  .d�Y ÄÀÌ¼¯ ZÅ�f»Y�Za ¾ËY �Ë{Z¬» �e  
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 ¶°�2-  ÄfÌ�Ìf�ÓY µÁ|» (k ,��] É��¿Y ([ ,��] ÉÁ�Ì¿ (¦·Y Ê³|Ì��a �Y{Â¼¿  

  
  ÉZÅ�Y{Â¼¿ �{  ¶°�2  Ä·{Z » Á  ÉZÅ)1(    Á)3(  Ê» Ã|ÅZ�» ¶¬f�» ÉZÅ�Ì¤f» Ä] x�Za dÌ�Z�u  ÉZÅ�Ì¤f» �Ë{Z¬» Z»Y {Â�

Ê» Ê «YÁ �Y|¬» ¶¬f�»Ê» �Ì¿ �Ì¤f» ½M É{|� �Y|¬» �ÌiPe dve \ËY�� �Y|¬» Ê°qÂ¯ Á Ê³��] Á |�Z]  ÉY�] .|�Z]
  ÉZÅ�Ì¤f» �ÌiPe ÃÂv¿ Ê���] Ä] ºÅ Z] ¶]Z¬f» cY�ÌiPe Á ¶¬f�» ½M ÉY�] Âe�Za �Y{Â¼¿ Ã|� |¯ c�Â� .|Ë{�³ º�� ZÅ

  �{ ,Ê���] {�Â» Äf�]YÁ �Ì¤f» Ä� �Å ÉY�] Âe�Za �Y{Â¼¿  ¶°�3  ½Z¼Å .d�Y Ã|� Ã{Y{ ½Z�¿» Ä¯ �Â� Ê» Ã|ÅZ� {Â�
 �] Y� �ÌiPe ¾Ë�f¼¯ ��] d��� ¹Á{ ½YÂe Á {�Y{ ��] É��¿Y Á Á�Ì¿ �Y|¬» �] Y� �ÌiPe ¾Ë�f�Ì] ��] ÄËÁY� µÁY ½YÂe

 ) {�Y{ ZÅ�Ì¤f» ¾ËY  ¶°�3-Â¼¿ ¾ËY �] ÃÁÔ� .([ Á ¦·YÊ» ½Z�¿ �Ì¿ ÄfÌ�Ìf�ÓY µÁ|» Ä] �Â]�» Âe�Za �Y{ d��� Ä¯ |Å{
) d�Y ��] ÄËÁY� ¹Á{ ½YÂe Ä] �Â]�» �ÌiPe ¾Ë�f¼¯ Á Ã{Â] �Ì¤f» ¾ËY �] �f»Y�Za ¾Ë�e�iR» ��] ¶°�3-  .(k  
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 ¶°�3- ÊÀ » cÔ¼m Ê»Z¼e �ÌiPe |��{ Âe�Za �Y{Â¼¿µ|» �{ {ÂmÂ» �Y{ÄfÌ�Ìf�ÓY µÁ|» (k ,��] É��¿Y ([ ,��] ÉÁ�Ì¿ (¦·Y ZÅ  

  
½Z¼ÅÄ·{Z » �Y Ä¯ �Â�  ÉZÅ )1(    Ze)3(  ,  ¶°�3  Á    µÁ|m4  Ê» Ã|ÅZ�»  {�Â» �Ì¤f» Ä� �Å �] ZÅ�Ì¤f» ¶]Z¬f» �ÌiPe {Â�

ÊÀ » Ê���]¾ËY �Y .d�Y �Y{  Ê���] ÉY�] Á�Ä� ÉZÅ�Y{Â¼¿ Äf�]YÁ �Ì¤f» Ä� ¾ËY �] ZÅ�Ì¤f» ¶]Z¬f» �ÌiPe  cY�ÌiPe Ä  ̄É| ]
 ½M �{ ¶]Z¬f»Ê» Ã|ÅZ�» ZÅ) d§�³ �Y�« Ê���] {�Â» ,{Â�  ¶°�4½Z¼Å .(Ê» Ã|ÅZ�» Ä¯ �Â�f» �ÌiPe {Â�  d��� ¶]Z¬

) ��] ÄËÁY� Á  ¶°�4- Ê» ½Z�¿ ��] É��¿Y Á ��] ÉÁ�Ì¿ �] ([ Á ¦·YÄËÁY� �{ Ä¯ |Å{ �ÌiPe d��� �ÌÌ¤e ¾ÌËZa ÉZÅ
Ê» Ã|ÅZ�» ¾ËY �] ÃÁÔ� .{�Y{ ��] É��¿Y Á Á�Ì¿ �] É�f�Ì]  ÄËÁY� �{ {{�³45   d��� Ê»Z¼e �{ Äm�{ 0Z^Ë�¬e ��] ÉZÅ

Ê» ÊÆ]Z�» �Y|¬» ��] ÉY�] ¹�Ó É��¿YÊ» ¾ËY�]ZÀ] |�Z]nÌf¿ ½YÂe �{ \�ZÀ» ��] ÄËÁY� ¾f§�³ ��¿ �{ Z] Ä¯ d§�³ Ä
d���Ê» ¦¸fz» ÉZÅ lËZf¿ �Ì¿ ÄfÌ�Ìf�ÓY µÁ|» ÉY�] .{Y{ ¹Zn¿Y É�f¼¯ É��¿Y Á Á�Ì¿ ¥�� Z] Y� ��] |ÀËM�§ ½YÂe

 Ê» ��] É��¿Y Á Á�Ì¿ |À¿Z»Ê» �eÓZ] ��] ÄËÁY� Á d��� �{ �Ì¤f» Ä� �Å �Y|¬» ÄÀÌ¼¯ ¾ËY �] ÃÁÔ� -|�Z]  .|�Z]  
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 ¶°�4-  ÄfÌ�Ìf�ÓY µÁ|» (k ,��] É��¿Y ([ ,��] ÉÁ�Ì¿ (¦·Y ¶¬f�» ÉZÅ�Ì¤f» ¶]Z¬f» cY�iY Ä] �Â]�» ÉZÅ�Y{Â¼¿  

  
Ä� ÉZÅ�Y{Â¼¿ �{Ä] ¶¬f�» ÉZÅ�Ì¤f» Ä] �Â]�» ÄÀÌÆ] �ËY�� É| ]  ¾ÌÌ e ÉY�] Z»Y |� Ã{Y{ ½Z�¿ Á{ Ä] Á{ c�Â�

 ºÅ .|¿�Y|¿ Y� ¹�Ó dËZ¨¯ ZÅ�Y{Â¼¿ ¾ËY ,Ê¸¯ ÄÀÌÆ] �ËY�� Ä� ÉZÅ�Y{Â¼¿ �{ ¾ÌÀqÊ¼¿ É| ] |» [Â¸�» �ËY�� ½YÂe
¾ËY �Y .{Â¼¿ µZ¼�Y Y� ��¿Ä¯ Ê�ËY�� ¾f§ZË ÉY�] Á�   Ä] ZÅ�Ì¤f» Ä¼Å ½M �{ Ä] Á [Â¸�» c�Â� Ä¿Â³  É��¿Y Ä¯ |À�Z] ÉY

 Ä]  ,|À�Z]  ÄÀÌ¼¯  ��]  ÉÁ�Ì¿  Á  ��]  ÉY�]  ¹�Ó  ÄÀÌÆ]  .|�  ÄfyY{�a  ZÅ�f»Y�Za  É�Z�  ¶°�5    Ä]  �Â]�»  ÉZÅ�Y{Â¼¿
¶ËZ§Á�a ½M �{ ÄÀÌÆ] �Z¬¿ Ä¯ ¶¬f�» �Ì¤f» �Å Ê «YÁ ÉZÅ Ä] Ã|Ë{�³ �z�» ZÅ ÄÀÌ¼¯ Á ÄÀÌ�Ì] Ä] �Â]�» �Y{Â¼¿ ÃY�¼Å

 Ê» ½Z�¿ Y� ��] ÉÁ�Ì¿ Á ��] ÉY�] ¹�Ó É��¿Y½Z¼Å .|Å{Ê» Ã|ÅZ�» Ä¯ �Â� �{ �§�¯ Ä«Z� ��] |ÀËM�§ �{ {{�³
  ��] ÄËÁY�45    ��]  d��� Á Äm�{346    0Z^Ë�¬e ZË350  Ê¸Ì»  �f»  ÉÁ�Ì¿ Á ��] ÉY�] �ZÌ¿  {�Â» É��¿Y �Y|¬» Ä¬Ì«{ �]

 Ä] ��]  Z] �]Y�] \Ìe�emJ  81 /18    ÁN  07/3    �ÌaÊ» ÊÀÌ]  Z] �]Y�] �ËY�� ¾ËY ÉY�] ÄfÌ�Ìf�ÓY µÁ|» ¾ËY �] ÃÁÔ� .{Â�
GPa  4/4    Á Ã|� ¹Zn¿Y �Â¯~» �ËY�� �{ ��] �ËZ»�M lËZf¿ ¾ËY Ê]ZË��Y �Â�À» Ä] .d�Y Ã|� Ã{� ¾Ì¼ze ¹�Ó É��¿Y

Ä] �Ë{Z¬» .|Ë{�³ Ä^�Zv» �ZÌ¿ {�Â» ÄfÌ�Ìf�ÓY µÁ|» Á ��] ÉÁ�Ì¿ ,��] ÉY�]  ��] ÉY�] �ZÌ¿ {�Â» É��¿Y Ã|»M d�{
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Ä] Ê]�ne �ËZ»�M �{ ��] ÉÁ�Ì¿ Á  Z] �]Y�] \Ìe�emJ  01 /19    ÁN  28/3  Ê»Ê» ½Z�¿ º¯ cÁZ¨e ¾ËY .|�Z] s�� Ä¯ |Å{

 Ä] x�Za t�� �Á� Á ÄÀÌÆ]  É�iR» �Â� Ê» �z�» Y� ÄÀÌÆ] �ËY�� Á Ê���] Y� �§�¯ Ä«Z� ��] |ÀËM�§ �ËY�� |¿YÂe
 .|À¯  

  
 ¶°�5-  ¶ËZ§Á�a�Ìa �Z¬¿ ¾f�Y{ Z] Ê «YÁ ÉZÅ ��] ÉY�] �ZÌ¿ {�Â» ÉÁ�Ì¿ Á É��¿Y ��À» �Y �§�¯ Ä«Z� [Â¸�» ��] ÊÀÌ]  

  
ÄnÌf¿ Á É�Ì³ ZÅ{ZÆÀ�Ìa  

 Ä] ��Zu Ä ·Z�» �{Ã�Y|¿Y Á �§�¯ Ä«Z� ��] ÉY�] \�ZÀ» �ËY�� Ê���]  ��] É��¿Y ,��] ÉÁ�Ì¿ �Ë{Z¬» Á É�Ì³
Ä] lËZf¿ .|� ÄfyY{�a µÂ�v» ¾ËY ÄfÌ�Ìf�ÓY µÁ|» Á  É{ZË� �ÌiPe ��] ÄËÁY� Á ��] d��� Ä¯ |¿{Y{ ½Z�¿ Ê¸¯ �Â�

 ½M \�ZÀ» �Ë{Z¬» ¾f§�³ ��¿ �{ Á ¾ÌÌ e Z]  Á |¿�Y{ ��] ÉY�] ¹�Ó É��¿Y �]Ê» ZÅ Ä] Y� ��]  |ÀËM�§  ½YÂe Êe�Â�
 \�ZÀ»ÄÀË�Å Z] Á �eº¯ ÊeZÌ¸¼� ÉZÅ ÉÁ�Ì¿ �Y|¬» ¾Ë�f�Ì] Ä¯ |� Ã|ÅZ�» �§�¯ Ä«Z� ��] {�Â» �{ .{Y{ ¹Zn¿Y �e

 Z] �]Y�] \Ìe�e Ä] ÄfÌ�Ìf�ÓY µÁ|» Á ��] É��¿Y ,��]N 26/19 ,mJ 9/137  ÁGPa 23/17 Ê» ¾Ë�f¼¯ ¾ÌÀr¼Å .|�Z]
  Z] �]Y�] \Ìe�e Ä] ÄfÌ�Ìf�ÓY µÁ|» Á ��] É��¿Y ,��] ÉÁ�Ì¿ �Y|¬»N  93/2  ,mJ  28/18    ÁGPa  21/4  Ê» ¾ËY�]ZÀ] .|�Z]

 Ê» ÄÌ�ÂeÃZ´f�{ �Y Ã{Z¨f�Y Á ÊuY�� �{ {{�³ ¾ÌÀr¼Å .{�Ì³ �Y�« ��¿ |» cZ°¿ ¾ËY �§�¯ µÂ�v» É�ÁM�§ ÉZÅ
Z¿YÂe x�Za t�� �Á�ÄÀÌÆ] Á Ê���] ÊË  .{�Y{ Y� �§�¯ Ä«Z� ��] ÉY�] \�ZÀ» �ËY�� Ê]ZË  

  
  
  
  

1274



 

مکانیکسیزدھمین مھندسی ملی کنگره
مکانیزاسیون و ایرانبیوسیستم

بیوسیستم  )١۴٠٠(مکانیک
 

 
  

 �]ZÀ»:  
١ .   .� ,Ê»Ô£ Á ¾Ì´¿ ,Ê]Y�Æ//� .s ,Ê¿Z/]�1398  . e¾ÌÌ  ¿,Á�Ì  f//�ÓY µÁ|/» Á �Z/̄Ä/fÌ//�Ì  //��]Ê ³ÃZ/Ì   ,Y�Á Ä/WÂ·M

¼Å{�YÁ{¾Ì  ¸» Ã�´À¯Ê �|ÀÆ»Ê ¿Z°»®Ì ]ºf�Ì�ÂÌ ¿Z°» Á½ÂÌ�Y�Ì Y½Y�Ë  
٢ . .¥  ,{Y�¿�^n¿�  Á  .½  ,Ê]Y�Æ�  .s  ,Ê¿Z]�  2014.   e¾ÌÌ  ¿Z°»  �YÂyÊ°Ì  ³ÃZÌ  Á�Y{ ÊË  �¾Ë�Ì  ] ½ZÌ  

)Glycyrrhizaglabra L¿Z°» ¹Â¸� ,(®Ì �Z» �{¾Ì ZÅÉ ��ÁZ�¯É 1)2(, 39-48 .  
٣ . � ,Ê»Ô£ Á .s ,Ê¿Z]� .½ ,Ê]Y�Æ�  .1392 .   e¾ÌÌ  ��] d»ÁZ¬»,Ê   �¯ d»ÁZ¬»,Ê�  ��¿YÉ   ±�^¸³ ½|À¯ Á ��]

|¼v» ¶³ ±�^�Z¯ ÁÉ�|ÀÆ» ,Ê �Y��Ê 36)2(, 93-104. 
4. Bochat, A., Zastempowski, M., and Wachowicz, M. 2021. Cutting Tests of the Outer Layer 

of Material Using Onion as an Example, Materials, 14(9) 23-60 . 
5. Fazal, S.S., Singla, R.K. 2012. Review on the pharmacognostical & pharmacological 

characterization of Apium graveolens Linn, Indo Global Journal of Pharmaceutical Sciences, 
2(1), 36-42 . 

6. Rabbani, H., Sohraby, N., Gholami, R., Jaliliantabar, F., and Waismorady, A. 2015. Determination of 
mass density module, crush resistance coefficient and cutting efficiency of rose (Rosa Damascene 
Mill), Scientia Horticulturae, 190, 144-148 . 

7. Sharma, B., Gatóo, A., and Ramage, M.H. 2015. Effect of processing methods  on the 
mechanical properties of engineered bamboo, Construction and Building Materials, 83, 95-
101. 

8. Yilmaz, M. and Gokduman, E.2017. Determination of Cutting Properties of Sage (Salvia Officinalis 
L.) at Different Harvesting Time, Scientific Papers-Series A, Agronomy, 60, 443-446. 

1275



National Congress on Biosystems Engineering and Agricultural Mechanization th13 
Tehran, 15-17 September 2021 

 
 

Determination of mechanical properties of celery stalk and optimization of 
cutting speed and angle by response surface method 

 
3, Negin Sohrabi 2, Hekmat Rabbani *1Rashid Gholami 

 
1. Agricultural Faculty of Songhor, Razi University, Kermanshah 

2. Mechanical Engineering of Biosystems Department, Razi University, Kermanshah 
3. Ph.D. of Mechanical Engineering of Biosystems, Tabriz University 

 

Abstract 

Celery is known as one of the most important and widely used products in the field of food and medicine. 
Knowledge of the cutting process of this product is important and useful in designing harvesting and 
post-harvesting systems. In this study, the cutting process was investigated by using an Instron machine 
equipped by a blade with a sharp angle of 1.7 degrees. In order to investigate the effect of cutting and 
angle speed on the cutting force, the energy required for cutting and the modulus of elasticity of celery, 
the response surface method was used. Cutting speed at three levels (150, 250 and 350 mm / min) and 
cutting angle at three levels (zero, 30 and 45 degrees) were assessed. The results showed that the response 
surface method has the ability to investigate and optimize the conditions governing on the cutting of 
celery stalks. The results also showed that the maximum amount of cutting force, energy required for 
cutting and modulus of elasticity were at the minimum amount of cutting speed and angle. Therefore, 
by using higher angles and cutting speeds, the cutting process can be done at a lower cost. 
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Celery, shear force, shear energy, modulus of elasticity, response surface methodology 
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