
  
  دانشكده فني مهندسي

  گروه مهندسي مكانيك

  

جهت اخذ درجه كارشناسي ارشد رشته مهندسي مكانيك  پايان نامه

  گرايش طراحي كاربردي
 

  

  

  :عنوان

 

  به روش بدون المان FGMتحليل ارتعاشات اجباري استوانه 

  
  

  :استاد راهنما

  دكتر مهرداد فروتن

  

  

  

  :نگارش

  رسول مرادي دستجردي

  

  

  

  1389شهريور  



����� :������ ��	
� �� ��	
� � �	��	�� ��� �� ����� �� �������   ��� ���� 
 !�"
 �� # �$%  � � &��� ��'� 

%
 ��(") *)� +�
��) %
 ���,� *(�	�$ �	- �. /0"1 #���� 2�	( �� ��	- �. ���	3 ��� . 5� �� �6��� ��

 7&� ��	
 !���� /�$8� ��	
 %�61�    ����,� *�(�	�$ %9."�� :�	0 �.       ���; �"�("�)��$�
 �"�6� <�=". � !����

%
 ��)	�> :����,� ". �"�(")���"
 + � *(�	�$ �	3.  

?��"�� �&
 �. ��	� ". @"�A� @��."% ?�� �. *B�� ��"�� C") �� ����� �	D
 @"�A�"�� (��"� �� !"'!E�� 

!�	1 ��� �"$
 /F"�
�> :��
"� +�!��� �����. � ��"> 5@" 
"�� ���"� �� ���D� ���� /�"
�$% ���	�)� "�%  ��

 ������ ��	
 G��)�	D
 @�"I� *A"1 ���(� ��  %$��"$
 2�	(C�
 KB- L"93 �"�)�� �� @M  %N�� 
 �"� ���,�

%
 ���� )��. @"�A� @��. ?�� �.% *)� !�3. "�� !�
M *)�. O �"� 5� ��"��"� ".� �BP% "I
 *I."Q
 � ��

�.�.	( �"% �� &*)� !�3 /0"1 .?�� �� %"6�M ��%
 ��9R S�� �"> �. �� %�"�A� @��. �"� �. *B�� ���3".

?��C��'��� �P"� �� %"������ ���T %
 ����	(�. ����. *P� � ����"> �� �58��	A"� ?�� ���"
 �� �UA ���3".

%
 *��1 �A�"9
 ��9R S�� �. %��B
 �� !�3 !�"N�)� %�"�A� @��. ?�� �3". .C��'��� ���. G> �$B3 �� ����T -

C��'��� ?�� � ���
�*)� !�3 !�"N�)� V	T ���= ���T . /$3 W.�	� �"> �. !�"N�)� ��	
 @"�A� @��. ?��

MLS %
  /$3 W.�	� @	X %��- �� ��3".MLS %�� 7"R�� �� �$����� �"�A� *�0"( Y��3 C"�=� ���. �����

�)� /�B� ?�� �� %)")� ���
*)� !�3 !�"N. S�� �� @"�A� @��. ?�� �. /F"�
 5� /1 Z��	'A� �. ��	� ".  ��&��

MATLAB ���" �9)	� ��� )	. ����D� @M ���� /
"��$%  ���	�)�FGM*)� !�3 S"6�� � .� ���D� 5� /

 %)��� �"9.� ��["����	�)���$� L	� � !"T  � "�Z�
 ��� ��  ��:����,� !	D� �"$
 2�	(�$% 
G�"��� �. !�" "�� 

B-�9%�"B�� :"3"9��� �� �\�� ��)��. ]�� ^	
 �"8��� �. 5% *)� !�3 . *��."P ���= �"�3�� �$�� �. ��	� ".

 /1 ��� ��"� _"Q9�������� /F"�
 L	� 5�A	A " � @�" 
 %1��- ���. @M O"�� � K�ID� 5� � �"� �"8� *D� 

 ��	
 G�� �������� %
 #)"�
 �"��. .�3".  

  



 � 

����� ��	
�  

  

����                                                                    ���� 

  

��� ��� :�����  ..................................................................................................................................  �  

���� ����� �	 
������ ��  ...............................................................................................................................................�  

   ���� ��
������ ����...................................................................................................................................................�  

   ������ 
������ ����� �����  .................................................................................................................................�  

   ������ 
������ 	��� � !"  ......................................................................................................................................�  

   ����#� $%��&� ����' ( 	��)
������ 	��"  ...............................................................................................................*  

   ����+� ,&�'�- .� �'/��0 	��  ...........................................................................................................................*  

���� ����� ���-�� "�1� �� 	�  ........................................................................................................................................2  

���� ����� 3���� 3(�� 4(� �� 	�  .................................................................................................................................5  

   6���6� �7"(�8�"(�8� 3���� 4(� 	��  ...............................................................................................................9  

   6����� 4(� �� :;�<� :�=8� �&(�3���� 3(�� 	��  ..............................................................................................>  

   6����� 4(� 	%��& /� 	�7�?�� �� 3���� 3(�� 	���@� 	���  .............................................................................66  

   6���*� 3���� 3(�� :@� A��1� /B !1�C..................................................................................................................6�  

   6���2� 4(� ( "(�8� D�?E� 4(� �<7���/���!�8� $�)�7" %� 3���� 3(�� 	��  .............................................6�  

   6���5�  /!�!� 	%�� F7��� .��G�  ..........................................................................................................................6*  

��#� � �H) 	����' �� 	�(��  ........................................................................................................................................62  

��� ��� :�� ��! ���  ......................................................................................................................  �"  

���� �����  ..........................................................................................................................................................................�I  

���� ���-�� "�1�  ..............................................................................................................................................................�I  

  ������ ���-�� "�1� �����  .........................................................................................................................................�I  

  ������ ���� ���-�� "�1� J7���C  ..............................................................................................................................�6  

  ������ ���-�� "�1� K�1&�  .............................................................................................................................................�6  

���� ���-�� "�1� ���1� 	�L�(�  ....................................................................................................................................��  

   ������ �"1C 	M�1�� �  ...................................................................................................................................................��  

   ������ 4(� N�� 
���O �E�" ( 	�P!� ��!QC  .....................................................................................................��  

   ������ /R7?�-(� R�� 	�L�(�  ....................................................................................................................................�*  

   ����*� � ��S� �T&U"�1  /R7?�- ( /7����� 	�L�(� F!1�.................................................................................�*  

   ����2� 	M1�V7� &�! 4(�  )?'�� %� ?7�) X�@V�(  ................................................................................................�2  

��#� ���-�� "�1� 	��"����Z  ..........................................................................................................................................�5  

��2� .�� ���-�� $"�� /@�&�@� [�1\ 3��� �1]�� �� /^�7� 	��  ........................................................................�_  

   ��+��� .(� .��� /7��& A��� %� $"�V !�  ...................................................................................................................�9  

   ��+��� `(" .��� �� %� $"�V !�/&�1� A�  ....................................................................................................................�9  



 �  

 ����                                                                      ���� 

  

   ��+���  `1! .��� $"�! /&�1� A��� :�-(�C  ............................................................................................................�9  

   ��+�#� `��La .��� /�\ ��b ����� %� $"�V !�  ....................................................................................................�9  

   ��+�+� cd�C .��� "�1� 	��" %� �e� � /�\ ��b ����� %� $"�V !�  ....................................................................�>  

   ��+�f� cT� .���  /�\ ��b ����� %� $"�V !�)����� ���	 "7��� �B	 �dO �<'/(  ....................................�>  

�� ��� :�	 �� ���# $�%  ...............................................................................................................  &�  

��6� �����  ..........................................................................................................................................................................��  

���� 4(� /-��3���� 3(�� 	��  ..................................................................................................................................��  

���� 4(� 	��� � !"3���� 3(�� 	��  .........................................................................................................................�*  

   ����6� � !".1��- g�!� �� 	�����7h�- 	���  .....................................................................................................�2  

   ������ � !"�i7��� A��� X����� g�!� �� 	��  ..................................................................................................�_  

   ������ � !"�=j<� :O ����" g�!� �� 	���  ........................................................................................................�9  

��#� :@� A��1�  ..................................................................................................................................................................#k 

   ��*�6�  "(�8� D�?E� :@� A��1�  ...............................................................................................................................*6  

   ��*���  l�8 � 
���� :m��O :@� A��1�)MLS(   ...........................................................................................*�  

      ��*���6�  :@� A��1� n�\�!MLS =8� i7��� 	��\ 
���� 	%�! :m��O 4(� �� /.......................**  

      ��#�����  :@� A��1� 
�� T�MLS  .................................................................................................................#o  

      ��*�����  :@� A��1� [�1\MLS  ....................................................................................................................*>  

      ��#���#�  :@� A��1� /=�=8� /��7%��MLS  	��("[ ]yx,=Χ  ��]& �L&h 
�� T� (1=n  ..............+�  

   ��#��� 3%( A��1� p�S &�  .............................................................................................................................................+�  

      ��#����� O $%��&�3%( A��� �e� $%1  ........................................................................................................................+�  

      ��#����� `�-3%( A��� /^�7� 	��  .......................................................................................................................+#  

   ��#�#� 3(��( 3��� ,7���� 	�7HC  ............................................................................................................................++  

��+� .��B &� 4(� �" 	��)q�^ `�- 3���� 3(�� 	��  .............................................................................................+f  

   ��+��� G�1m.��B &� � 	"�G 	��)..............................................................................................................................+f  

   ��+��� .��B &� �m"	��)  ...........................................................................................................................................+r  

��f�  3"�' ��1! �7 ( i�'����"����  ............................................................................................................................+r  

��r� /!�!� 	%�� F7��� .��G�  .....................................................................................................................................+s  

   ��r��� :7��� 4(�.......................................................................................................................................................+s  

      ��_�6�6� "(�8� D�?E� 4(� �� /!�!� 	%�� F7��� .��G�  ...........................................................................56  

��o� ��"�� $�B !" :O/7�L& 	��  .................................................................................................................................f�  

��s� 	��� A�E  .................................................................................................................................................................f�  

�%	�' ��� :���� �()*� +��#  ........................................................................................................  ,- 

#��� �����  ..........................................................................................................................................................................f+  

#��� �=j<� 3���  .................................................................................................................................................................f+   



 �  

����                                                                      ���� 

  

   #����� 	�18� 3��� � �=j<� �� c'�O F��(�  .........................................................................................................ff  

   #����� .1��- 3���� 3(�� 	���  ..................................................................................................................................fr  

   #����� /@����7" �=j<� :O 	��� `%N F��(�  .........................................................................................................rk  

#��� �=j<� :O c 7�1B��  ..................................................................................................................................................r�  

   #����� 4%�"�C J�C �=O��  .......................................................................................................................................r�  

      #������� �"(�( t��	 ��	 �=j<�  ......................................................................................................................r�  

      #������� �7��h "�d7$�) J �	  ................................................................................................................................r�  

      #������� �=j<� :O $%1O �" /���B &� u��& 3"�' "��(  ..................................................................................r�  

      #�����#� "�1� [�1\ 
����v� $18& 3"�' "��(  ................................................................................................r+  

   #����� :O �=O��  .........................................................................................................................................................r+  

      #������� ,7���� ��!�8� / S! ( `�E 	��  ....................................................................................................rr 

      #������� 8�(��& ��"�� ��!�  ..................................................................................................................................rr 

      #������� /!�!� 	%�� F7��� .��G�  ..................................................................................................................rr  

      #�����#� ,&�'�- ��!�8� c <�! /��0 	��  .................................................................................................ro 

      #�����+� 3��% �� �" /7�d��E 3���� ��!�8�  ..................................................................................................ro  

   #����� 4%�"�C ,C �=O��  .........................................................................................................................................ro  

#�#� 	��� A�E  .................................................................................................................................................................rs  

 ���.�/0 :�	1� 	!+  � 2�3 �4	567�4 8  .......................................................................................  9:  

+��� �����  ..........................................................................................................................................................................o�  

+��� "�%h 
������ /!���  ................................................................................................................................................o�  

   +����� �&�1 !� "�%h 
������ /!��� tB�� 	��  ....................................................................................................o�  

   +����� �&�1 !� "�%h 
������ /!���  	��FGM   .................................................................................................o#  

+��� ���^ ��� �8� w1� ��T &� /!��� �&�1 !� �" 	�  /7��FGM  ..........................................................................oo  

   +����� ���^ ��� �8� w1� ��T &� /!��� �&�1 !� �" 	�  /7��FGM �� ��=� .10  ...........................................oo  

   +����� ���^ ��� �8� w1� ��T &� /!��� �&�1 !� �" 	�  /7��FGM $��1' .10 ��  .........................................s�  

+�#� �&�1 !� �" 	���E� 
������ /!���  /7��FGM  ...............................................................................................�kk  

   +�#��� �&�1 !� �" 	���E� 
������ :�=8�  	��FGM ��=� .10 ��  .................................................................�kk  

   +�#��� �&�1 !� �" 	���E� 
������ :�=8� 	�� FGM $��1' .10 ��  ...............................................................�kf  

+�+�  &�) �d��	  ...............................................................................................................................................................�ks  

+�f� �^�O ��' ���"� 	��� /7��"�L�T�C  ........................................................................................................................��k  

;<���  ..................................................................................................................................................  ===  

>'?(@6� 2�?*A  



 �  

 ������>3	!  

  

  

����                                                                    ����  

 

:@�)6�6(�  ( "(�8� D�?E� 4(� �� :;�<� :�=8� �&(� �<7���3���� 3(�� 	�L�(�  .........................................6I 

:@�)6��(� ��E 3h 	��%�� ( �=j<� $%1O 	%�!  ........................................................................................................6I 

:@�)6��(� $�) .�x�� �B7�@7 �� ��  ...............................................................................................................................66 

:@�)6�*(� �@�� "(�8� D�?E� 	����?-� `�& X�' �� :���1�� �1�1� ���=�! 	���  .............................................66  

:@�)6�2(� 3���� "�7% :@� ���v� 8� D�?E� 4(� �� `�E y��G JT' ��7h�- :�=8� �" ��"(�  .......................6�  

:@�)6�5(�  y=�� :@� A���)/&�LE (	�� ("  ...........................................................................................................6�  

:@�)6�_(� ���& �" i7��� ��!�8�  ..............................................................................................................................6*  

:R�)��6(� ���-�� "�1� �" �� \�!?7� ���v� $18&  ....................................................................................................�� 

:@�)���(�  ���1� X�����FGM �"1C 	M1�� � 4(� ��  .........................................................................................�� 

:@�)���(�  ���1� X�����FGM ��!QC 	�P!� 4(� ��  .......................................................................................�* 

:@�)��*(� T& 4(� X�����U"�1� ��S� �  /R7?�- ( /7����� 	�� 4(� F!1�  ..............................................�2  

:@�)��2(�  ���1� X�����FGM ?'�� %� ?7�) 4(� ��  ..........................................................................................�2  

:@�)��5(�  	�%� �� �&�1 !� �" � -� ��@� "�1� /�dO �<' ��"1�&nq= S� 	��.................................................�>  

:@�)��_(� /=\�" K�� �" � -� ��@� $"�� /�dO �<' 
����v� $18& .�z� 3�1�G ��  .......................................�I 

:@�)��6(�  y=�� :@� A���)/&�LE ($�)i "(�8� D�?E� 4(� �" /�\ {=z� 	�L&���� ��]& `�  ...................*� 

:@�)���(� /�\ �7�C ��"�� ��]& "���&� !� 
���� :m��O i7���  .........................................................................*�  

:@�)���(� ��1�� ( "(�8� n���e 3%( A��1� ( /�\ �7�C ��"�� ��]& l�8 � 
���� :m��O i7���  ...............**  

@�:)��*(�  	�� X7 A��� /=8� i7���)(xu  ���e ( $�1S�" ���& .1Ox  .....................................................*2 

:@�)��2(�  	�� X7 /=8� i7��� 	��\)(xuLx 3h 3%( ()( ixxw −  $�)�"i `�  .....................................*5  

:@�)��5(�  �� ���& �'�O3%( A��� ���&w  i7��� �\�! (MLS  ....................................................................*_  

:@�)��_(�  :@� A��1�MLS ( /�\ �7�C ��"�� ��]& �L&h 
�� T� ( 3max =d  .............................................2I  

:@�)��9(�  :@� A���MLS  	�%� �� J�(" ( .(� 
�� T� (n = 1, d = 2  ......................................................2�  

:@�)��>(� ( �e� $%1O 	� $�7�"( /=�� <� 	�L=@� 	�1<&�� p�^ `�-)/=�� <� (3%( A���  ........................2� 

:@�)��6I(� "(�8� D�?E� 4(� �� :' / S! ,7���� :�@T� c 7�1B��  ..............................................................29  

:@�)��66(� 4(� �� :' / S! ,7���� :�@T� c 7�1B��3���� 3(�� 	��  .........................................................29 
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