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Abstract  
This study aims at investigation the effects of material distribution and thermal boundary condition on stress 

field of FGM rotating hollow disk. For this purpose, three different problems with four distribution functions for 
material properties and three different thermal boundary conditions have been applied. Young’s modulus, 
density, and coefficient of thermal expansion distributions are defined as functions of the radius, and Poisson's 
ratio is assumed uniformly because it has equal value in two considered materials. The first, with assumption of 
elastic perfectly plastic behavior for material, disk plastic area rate with linear, power, exponential, and 
logarithmic material property distributions at three different temperature boundary conditions is studied and the 
best distribution for minimizing plastic area is detected. In the following with the assumption of constant 
rotational speed, thermal boundary conditions and external and internal radius of the disc, by utilizing criterion 
Von-Mises stress and the Taguchi method, the distribution of material properties for minimizing the maximum 
Von-Mises stress in each of the thermal boundary conditions is introduced. Finally, the sensitivity of Von Mises 
stress subject to the rotational speed, thermal boundary conditions, and material properties of the inner and outer 
radii is investigated by utilizing the Taguchi method. It’s concluded that the sensitivity of maximum Von-Mises 
stress to temperature distribution is more than to material distribution and rotating speed.   
 
Keywords: FGM, Rotating Disk, Thermo Elastic, Stress, Strain. 
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�� )�!� �� .�+�  
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2. Eigenstrains
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E/�� 1- Z�����	�4 ����� � Z�������� ���������	� C��= 

���� Z��  ���������	� C��= 
 ( )E GPa  ( )6 010 / C−α  ( )3Kg / mρ  ( )0K W/ m. C  υ  ( )Y MPaσ  

    (:��)A l  70 23 2700 209 0/3 97 
    (-)

2ZrO
  

151 10 5700 2 0/3 250 
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�_YF �� )� )��� 	��`� ) $��� "x-y (	YF  �
(	# 	A� ��


%� ��6.  $��� �W��= a1%�G�( ������� ��/  ��4� �_1% �


%�� �	/��/�2  )� "�	/ �V�06 9�� 	YF�� �
(	# 	A� �� ��6 .

 "�	�� M�� 4� �;@�� ������� ��/4� *�	#  	u�= �/ �� 
%� *�	�

 ��_� I�J $��� )����z  ��Y���� �
(� . "4	� 5��	6 2��	/��/

 �;@���� :�	0� 	�4 E��F �/ ��6.  

)i  ��                    (r=a      T���� 0=ru  

)ii                 (    ��r=b       T����0=σ r  

�� ������ ��6 ��  �/ �W�� �/N�6 	��`� )��O� $���� 

�6	/ 9�	� ��  �;@���?� ��Y�� .�
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 �"	'�+� �"���6�	�H�% 	/2�/��� ��S0/ "  ��+����	�[ ��+
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/�8 E��F �/ 0C70 ���	�/ 5�_� "��� �0C

350  5�_� � $��� �W��= a1% 2�/ ��� /�W K�	L �

 3�	u�2 0W / m C20 .�6�/  B	6 2�� "�	/ �W��= M�06 "���

 "4	�����	#  I�O
�� NJ 5%�� ���� 
��J �/ )��%� 4� �0/��	# 

.�6 �+��= ��%�_� �;@��  �� 
%� �
��J "�	/ "4	� B	6 2��

 �1�_� �� � Nt
� �
/�8 � U<!� "��� �/ "��_� �/ $���

.
%� �
(	# ��	G ������ � Z�;0� "��� �/  4� )�	� 	A� 3	F �/

 I�O
��"��	# �!/��  "4	� B	6����	# (-) ����  "�	/ K%���

���� $���  Nt
� 2�0� "��� �/ "��_� �/
/�8 �  I�J �� �

 $� N=�� ����� �� 5�_� 2�� .
%� �S= �1�_� �� X�	#

 "4	� B	6 2�� �� .�6�/ 2��4 �W 4� ���= "�f( �� [��Y�	
��%

����	#   �� ��� � x��V �W��= M�06 �� $��� �� ��6 Q	(

�;=�� M�060C150  "4	� B	6 �� .
%�����	# )� Q	( (

�� �� ��6�;=�� M�06 �� $��� "�0C70  �W��= M�06 �� �
0C250 .
%�  I�O
�� 4� )�	� 	A� 3	F �/"��	#  �� �
(	?+

 �W��= M�06 "4	� B	6 2������	# �� ��  "�	/ ���� )���


/�8 "��� �/ "��_� �/ ��6 Nt
� $���  	A� �� �t<!� �

�� �� 
(	#  X�	# I�J �� Z�;0� � 
/�8 "��� �/ ����% N=��

.
%�  

  

2 -4 - 1-+2  �0�� G.29 *�;   

���� C��= 7�4�� "�	/ 7�4�� �  � ���?� ������ ��1= "�+

��'��?
 K��	� �/ �E��F �/ 5/��� )3) �(4) �(5) � (6 (

��  .���6  
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:)� �� ��  

  

  

  

)5(  

:)� �� ��  

  

  

  

)6(   

:)� �� ��  

  

inF �outF �a �b ���+� )�!� K��	� �/ ���� C��= "   ��

���� C��= ��;=�� M�06   �� M�06 ��W��= M�06 �� M�06 � �;=

�� $��� �W��= .��6�/ ) 7/���3) �� (6/ ( � ��6 :�	0� ����F

C��= �;=�� M�06 �� $��� �� 
%�inF �W��= M�06 �� �

 C��=outF .�6�/ N��6 ��  

  

2 -5- �A24�  H�>-��+I �<.(J C/�  

)�%��&� ����?+ �/ I���� 
�Y�� 	
&/ ��
�+ � ��� 4� 

X�� �+" ���&/ 
�Y�� X�� �D�#�� 
%�. �D�#�� 4� �	u 

N��V �+" �s*W �� ����� "�+ ���0
� �� K�% 9+�� ���0� 

��4�9� �+ �� ����6 ���Y
%� �� ��� . T&� 	�2� 9</ $���� 

�D�#�� �J�	u 
%�+	
����� �� �� )� "�+	
����� 8.���y#	� 	/ 

$� ����� ���%��6 ��6 � ���&/ "4�% �/ $?� T�A�� 	���O� 

n
0F(r ) F ( r ) β=

r
0F(r ) F eβ=

a
0 in

in out

F F e

1
ln(F / F )

a b

−β=

β =
−

0 in

out in in out

F F Ln( a)

exp((F ln a F ln b) (F F ))

= β
β = − −

0F(r ) F Ln ( r )= β

0 in out

out in

F (F F ) (a b)

(aF bF ) (a b)

= − −
β = − −

( ) ( )( )in outln F F ln b a

0 in

out in

F F a

ln(F F ) ln(b a)

=
β =

0F(r) F r= + β
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)� �+	
����� Z� �� ��  �/ � ��
��( �+	
����� 2�� �/ .��6��O� 	�

�� �
Y# a1% �)� "�	/ ��6 �
(	# 	A� �� 2�� .��6 $���� �� 
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1��
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%� ��6 �
(	# 	A� �� ��&D 
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��D�#�� E�!���4� �J�	u ����� ���0
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K%��� -�<
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6�� ���0� ���+��
��( �� 	8� 
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�� ��6 . ��1% � �+��
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%� ��6 ���Y
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%� ��6 �
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%� �/  2( 9�� "

�/ �4*�� E�!���4� Z� �� �J�	u .�6 �+��= �
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X4��	� "�	/ ���
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%� �/ ���� 4� ��� 4� I����( "�+ �D�#�� 
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%����Y �� )�D .��6 �� 2�� 

x�O_� 	+ �D )�*�� ���!�/ �� " ��6�/ 	
?�4*�� 2( 9

&/��� 2�	� 
��J 4� 	A� �
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!�/ " �D�#�� X�� ��  �/ )���
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 ��
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 F��3-  �V�06 9�� 7�4��K�J 	/  4� ���Y
%� �/ ��6 I��	� M�06
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r r
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