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Abstract 
In the present paper, a nano-composite drive shaft of a heavy vehicle is modeled in ABAQUS. The main purposes in designing a 
drive shaft are increasing the critical speed, increasing the critical buckling torque, and decreasing its weight. In this article, the multi 
objective optimizing algorithm, NSGA II, is used to find the optimum design points. In the next step, the objective functions are 
computed in the design points, and then some mathematical equations for the objective functions are calculated using neural network 
GMDH. At last, the final front is extracted and the optimum points are indicated in some diagrams. A point is selected using Near to 
Ideal Point method (NIP) as well. 
Keywords: Multi objective optimization, Nanocomposite, Automotive drive shaft, Neural Network.  
 

1 - ���=�  

 F� �W1
Z� [���2 +� 7F\ �����5 :� ]�.U^ �?�	@ 8�	E

,���� ����=B ������� �1MJ  ,�	I .�	�I ��	^ �+�	E ���� ... � �6�+

���=B ,��E  �E L�� F� L�E F�� 	B �� 7�	� �� +� �1��2 �5�+ 8

�� _�+ A	S� 0� 8�B����5 ��	5 M+  ,�I��F�+ �(� .�B�5 ����

 �E �� ��D`� ��8����  8	�I���E  5�+ A	S� F� �<��� 8�B

 5�+ A	S� �� ��(I	�a�� [���2 F� ��� .��B��E ��5 8�B����5

 �+��-� � ���� �+��-� 7�12  	4�� .+� ,� ,F� �����5 :�

�B� ��P �� :�����  �� +� ��D 8���� ����� �E 	6�� �	�5� 8

=�� �� �M� ,F� �X�5 ����E ������� b��5 <
D�� <MT  ����

�B� �� �� ,���M4��� �c�	� ���� 012  	4�� �E .��
�B  	�5� 8

��;� �E ���	� ���� 5�+ �E d �� ����� ��D ���� ��.E� �� ���B  .���

�1MJ F� �� ���� <�� 8 �������� �E ,��� ��E	� 8�B1  <�� .�	� ���D�

����
+� ���� �� 8	U^ �E 9�@ ���F ����E ��� [��� �E �[�D 8� 

.��
�B ���� �� �-J�� [E�^ ���	
��� � ������� b��5 ������  

 ��>� 8�	E ,���M@� �1E�^ ��+� 	E �?�	@ ����;� <�� A�B

�� ����5 �
�F�G������� H	>� e	D �E ��
E� �� ���K�� <�� �E .�D�E

                                                           
1 Carbon Nano Tubes (CNTs) 
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3 RVE (Representative Volume Element) 
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 R�F�� �E �J�� �E ��V v�.D 8�	E ���E	� �������� ]��� [�D  8�B

 � ,�+��� c�	T �:�
+\� 9��� 8�	E ���� +�E 	���;� l1
Z�

�� ]��W
� ���3P .�D�E  

 �LZE <�� �� ���� +� �E ������� b��5 F� ���W
+� �E VG+

 �
�F�G������� H	>� ��>� [�1>� �E .�D �B��5 �
5��	�  

 9��  ����;� <�� �� ����5 H	>� ��>� ���>� ��=J� 8F�+

7	� m+�� ��= � ABAQUS  :� ]��/ �E ��>� .+� �
 	I 7�6��

����
+� ����  9�@ �E 8�73/1 ��D �
 	I 	K� �� 	
�  � ���� 	U^ .+�

��D �
 	I 	K� �� 	�|
� ]��/ �E ������ ��ZT <��OMB  ���� .���

 	M�1� ��F�G������� ���B� [��4� ����FPmPV  ]�SZ4� �E

E=2.1GPa� ρ � 1150	kg/m-  �ν � 0.34 [9]  	K� ��

�������� 8�	E <��OMB .+� ��D �
 	I  <E	� 8�BE=1 TPa �

ρ � 1400	kg/m-  �ν � 0.3 +� ��D �
 	I 	K� ��]7[ .

�������� �.E�� L���� <
 	I 	K� �� 8�	E  �E ��>� ��B10  �� ��\

 ,�M�� F� <��OMB .+� ��D 0��;� v�.D 8�
+��S4R 7	�  ��= �

ABAQUS  �E ,�M�� :� ��4  � �	I6 ) 8��F� �J��3  � ,����3 

�� (���6E�J  ��>� <�� ���>� ��=J� 9�� .+� ��D ���W
+� �D�E

 [�D �� H	>�4  [�1>� �� ��>� <�� 7�� � 9�� ��� [�D �

��	  [�D �� ����5 ��D ���� ,�4� ���  

 ���
4I � 9�� �.��@ V���	  8�	E ���� +�E k��
�

 9��J �� �L��M� ���	>E2 .��� ��D ���� ,�4�  

  

  

  

  

  

  

ε" � ∆R��R  
)6(  

 

G�" � TLαJ  )7(  

E4
� 4p�R$E�G�"
p�E�5R$ � r'$6 � 2E�G�" �∆R��R � 5R$ � r'$6 % 4

)8(  

ν�" � E� 8� ν��$E� %
ΔR��Rp�
% #�ν��$E� %

1
E�( #

R$ % r'$R$ � r'$(: 
)9(  

  

 8��4 - #�$%& �'()%*��+%��� ,-�� �%�� $#��� N/O�/ R��  
]  

 8��5-  �'()%*��+%��� ,-�� �%�� <#$ # R#/ $%� 8��

�M��+-K 8��G �$ #�$%& 

 

   R#��1-  .#�5 2()%*��+%��� ./-� ���U 2��� ������ I/%&23�	�-+ �6%6%��� %  

Layer r (m) E1 (GPa) E2 (GPa) G (GPa)  ,�+��� c�	T  ���3P (kg/m3) 

1 0.0145 4.30e+11 34026247206 3.54e+11 0.304321 1250  
2 0.014611 3.34e+11 23588974097 1.98e+11 0.304206 1227.5 
3 0.014722 2.38e+11 17061687299 8.97e+10 0.304043 1205 
4 0.014833 1.42e+11 12088151984 2.69e+10 0.303833 1182.5 
5 0.014944 45560162194 5242583178 2.69e+09 0.311729 1160 
6 0.015056 45560162194 5242583178 2.69e+09 0.311729 1160 
7 0.015167 1.42e+11 12088151984 2.69e+10 0.303833 1182.5 
8 0.015278 2.38e+11 17061687299 8.97e+10 0.304043 1205 
9 0.015389 3.34e+11 23588974097 1.98e+11 0.304206 1227.5 
10 0.0155 4.30e+11 34026247206 3.54e+11 0.304321 1250 
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4 -�	
� .)�� 
 � 7�6�� 8�	E �8F����27 ���D  7�6�� l1
Z� ���>� ��=J� 8F�+

���� 7�M� .��D �� 0��;� 9��J �� �E ���� +�E 8�B  �� �� ���D

 V���	  <���� 	3�� 9��J �� � L��M� ���	>E ���
4I 9��J :�

�� �
 	I 	K� �� �J�	5 ,���2 �E �.��@ 8���� .��D  �� 	B 8�B

 F� ������2 9��JV*
CNT �Rm  �t � �E �� �M6? �/�� 	3���E c��	

 ������ ��ZT � ��>� <�3���� v�.D ��F�G������� �� ��E	� ��������

 0
���3�� F� ���W
+� �E ��S2 ���D ��
5�+ .��
�B H	>� ��>�

'�� <�� �� � ��D �?�	@ :�
�p ����� �.MJ ���.� 9��.� 100 �

 	E�	E d�W1� 9�M
?�0.7 �   	E�	E L-J 9�M
?�0.07  �1000  ��	�� ��E

 .+� ��D �
 	I 	K� �� [�D6  ��
5�+���D   ��S2GMDH 

�E Q�E	�  ��>� 8�	E  �.��@ V���	  <���� � L��M� ���	>E ���
4I

�� ,�4� �� �
�F�G������� H	>� .�B�  

  

  
 8��6- ��'&��  ��^� �^_; GMDH /-� ��/-�� �#�'XW .

`��+-K # T���+  

  

 mE��� �� L��M� ���	>E ���
4I 8�	E ���� +� �E �T��� ����.�

)10) �� (15) mE��� �� V���	  �E Q�E	� ����.� � (16) �� (19 ,�4� (

��D ���� ���  

)10(  Y� � 		2710.377 � 18217.9V@AB �1958460.879t   		%21512.332V@AB$ %256830439.539t$ % 9348493.24V@ABt  
)11(  Y$ � �1082.413 % 140694.053RE� 1301710.481t �4464134.162RE$ % 180182783.13t$% 78345096.472REt 

  

)12(  Y- � 525.173 � 23203.575V@AB% 114152.605RE %37507.619V@AB$ � 4139517.101RE$ %710872.554V@ABRE 

  

)13(  YF � 36.401 % 7.458V@AB % 0.932Y�% 1.697V@AB$ % 1.760e �05Y�$ � 0.0307V@ABY�         
  

)14(  YH � 147.865 % 0.123Y$ % 0.151Y- % 3.573e� 06Y$$ � 3.89e �05Y-$ % 0.0003Y$Y- 
  

)15(  Torque � �44.345 % 0.664YF % 0.335YH� 0.0001YF$ �7.352e � 05YH$ % 0.0002YFYH 
)16(  Y��		�38.407 % 6324.548RE% 8029.207t�58595.589RE$ �2632150.742t$ % 275490.035REt 

  

)17(  Y$ � 100.704 � 412.464V@AB � 4954.497t% 1424.826V@AB$ �360627.658t$ % 36373.178V@ABt 
  

)18(  Y- � �63.996 � 0.197Y� % 1.693Y$% 0.0019Y�$ � 0.008Y$$ %0.0079Y�Y$ 
  

  

  

 R#��3-  <-� �$ R#/ �L^1 `��+-K # T���+ ��/-�� �#�'XW ./-� ���U 2��� a(�'� 4%+��U �/OK/  

No. V*
CNT Rm t (m) 

 V���	 

)Hz(  
 ���
4I

(N.m)  
No. V*

CNT Rm t (m) ) V���	 Hz(  
 ���
4I

(N.m)  

1  0.15  0.015  0.001  42.2441  63.89  15 0.23  0.025  0.003  86.2730  2686.3  

2  0.15  0.015  0.002  42.2878  269.84  16 0.23  0.035  0.001  120.5430  217.58  

3  0.15  0.015  0.003  42.3499  553.17  17 0.23  0.035  0.002  120.5660  1423.4  

4  0.15  0.025  0.001  70.0511  80.63  18  0.23  0.035  0.003  120.6028  3399.5  

5  0.15  0.025  0.002  70.0764  483.86  19  0.32  0.015  0.001  72.7628  266.57  

6  0.15  0.025  0.003  70.1132  1070  20  0.32  0.015  0.002  72.8548  1182.00  

7  0.15  0.035  0.001  98.3572  95.459  21  0.32  0.015  0.003  72.9905  1182.00  

8  0.15  0.035  0.002  98.3756  654.4  22  0.32  0.025  0.001  121.1226  352.63  

9  0.15  0.035  0.003  98.4032  1666.4  23  0.32  0.025  0.002  121.1755  2101.70  

10  0.23  0.015  0.001  51.7753  142.9  24  0.32  0.025  0.003  121.2583  4947.10  

11  0.23  0.015  0.002  51.8328  656.63  25  0.32  0.035  0.001  169.4019  573.94  

12  0.23  0.015  0.003  51.9179  1342.1  26  0.32  0.035  0.002  169.4410  2813.4  

13  0.23  0.025  0.001  86.1879  185.72  27  0.32  0.035  0.003  169.5008  6581.6  

14  0.23  0.025  0.002  86.2224  1083.8              

 R#��3-  -� ���U 2��� a(�'�<-� �$ R#/ �L^1 `��+-K # T���+ ��/-�� �#�'XW ./ 4%+��U �/OK/  

No. V*
CNT Rm t (m) 

 V���	 

)Hz(  
 ���
4I

(N.m)  
No. V*

CNT Rm t (m) ) V���	 Hz(  
 ���
4I

(N.m)  

1  0.15  0.015  0.001  42.2441  63.89  15 0.23  0.025  0.003  86.2730  2686.3  

2  0.15  0.015  0.002  42.2878  269.84  16 0.23  0.035  0.001  120.5430  217.58  

3  0.15  0.015  0.003  42.3499  553.17  17 0.23  0.035  0.002  120.5660  1423.4  

4  0.15  0.025  0.001  70.0511  80.63  18  0.23  0.035  0.003  120.6028  3399.5  

5  0.15  0.025  0.002  70.0764  483.86  19  0.32  0.015  0.001  72.7628  266.57  

6  0.15  0.025  0.003  70.1132  1070  20  0.32  0.015  0.002  72.8548  1182.00  

7  0.15  0.035  0.001  98.3572  95.459  21  0.32  0.015  0.003  72.9905  1182.00  

8  0.15  0.035  0.002  98.3756  654.4  22  0.32  0.025  0.001  121.1226  352.63  

9  0.15  0.035  0.003  98.4032  1666.4  23  0.32  0.025  0.002  121.1755  2101.70  

10  0.23  0.015  0.001  51.7753  142.9  24  0.32  0.025  0.003  121.2583  4947.10  

11  0.23  0.015  0.002  51.8328  656.63  25  0.32  0.035  0.001  169.4019  573.94  

12  0.23  0.015  0.003  51.9179  1342.1  26  0.32  0.035  0.002  169.4410  2813.4  

13  0.23  0.025  0.001  86.1879  185.72  27  0.32  0.035  0.003  169.5008  6581.6  

14  0.23  0.025  0.002  86.2224  1083.8              
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)19(  Frequency � 4.056 � 0.623t % 1.0106Y-� 0.0025t$ %0.0008Y-$ � 66.789tY- 
  

���-E �� �� �B ��P 8F�+ ) �UE�� d�@20 ���
4I <�3���� (

 RE��� ,���2 �E 7	J � 9�� �.��@ V���	  <�3���� �L��M� ���	>E

��D �
 	I 	K� �� A�B .���  

)20(  f � PMeanBR�STU					STDBR�STU			MassY 
) �UE�� d�@ �?�	@ 8�B	�|
�21 <E	� �������� �M6? �/�� (

 � ��>� <�3���� v�.D ��F�G������� �������� ��ZT <��OMB  8

�� H	>� ��>�  .��D�E  

)21(  x � PV@AB∗ 							RE						tY 
���	E ,���� +�E ��K�� �E ���-E ��
E� ����-E �?�	@ 8�B  8F�+

�� ���� 7�6�� � �B �+ ���-E k��
� VG+ .��D �-�J ���6� 8F�+

�� 8��E ���W
+� �E VG+ .��� +�E 	�	E X��J �-�J �� ���D  F�

 '��NIP ���-E �� X�Z
�� ��J�� �?�	@ Q�;� <�	�  <�	
-E .���D

�� X�Z
�� �J�	5 	
����� 	B ���;� .���D  ��-� ��6  ���-E �U;�

���� +�E  <�� ���M� �� ���6 �� �U;�  �e�	@ F��� �E �J�� �E ������

 <�� .��D�E �?�	@ 8�	E ��+��� Q�;�6  9��J �� �U;�3  �����

��D ���.  

 9��J Q�;� F� 7��� 	B X�Z
�� 123 :+� ���� 	�F ��  

 A.���� �� ���
4I <�	
4�E �U;� <�� :  

B.���� �� V���	  <�	
4�E �U;� <�� :  

C.���� �� 7	J <�	
M� �U;� <�� :  

D:��=� '�� F� ���W
+� �E ��D X�Z
�� ���-E �U;� :  �U;� <�	�

�U;� �E ���� 8 9� 	�u 8�z  �� .��\�M
?�  

E  �F ��+��� V���	  0B � ���
4I 0B �� ��D ��-�4�� Q�;� :

.�����  

 9��J ��3 ) �UE�� 8�B��^ >� ��D 9�M
?�22 ��+�>�  (

:+� ��D  

 ���
4I � �.��@ V���	  <���� 	���;� �E �J�� �E 	���;� <�� ��

 ���	;� ,F� <��OMB � �8�\�  8�B��>� 8�	E L��M� ���	>E

�\�  H	>� 8�B��>�.��� ��D X�Z
�� 8  

 [�D 8�B����M� �� ���� +�E k��
�7 ��D ����� .���  

  

�   

  

V���	  c�? 	E ���
4I ����M� (l�   

  
  

���
4I c�? 	E 7	J ����M� (X   

  

  

  

  
V���	  c�? 	E 7	J ����M� (r   

 8��7- JL� 8��G �$ ���U 2��� .�A�/$%��  

  

5-��'� .-W  

 ��;� � �+�	E �E ���;� <�� ���� ���-E k��
� 8  � � �B��P 8F�+

:� ��\ ]��/ �E H	>� ��>� .�D �
5��	� � �B  	K� �� �E � 8�

�������� F� ����W
� 06? <
 	I  �
 	I 	K� �� ���\ 	B �� ��E	� 8�B

7	� �� ���>� ��=J� [�1>� F� V� .�D  ��= �ABAQUS +�E k��
� �

7	� �E 8���� ,���2 �E ����  ��= �GEvoM �� �UE�� :� � �D ��

�1?	� �� .��� +�E A�B RE��� F� :�	B 8�	E �T���  �.E 8

���-E  �E �J�� �E . 	I 7�6�� � �B ��P � � �B :� ]��/ �E 8F�+

 LZE �� ���� +�E k��
�4�� �  '�� F� ���W
+� �E ��  ���� ,���

���-E  R^�� �� .��� �B��5 +�E �E�1U� k��
� �� �B��P 8F�+

�� ���������� F� 8	
M� 06? 8	�I���E �E ,�  �� ��E	� 8�B

 V���	  L��= � �	K� ���� 7��>
+� �E ,��+� 	E ��`2 ��F�G�������

�F���� �E 9�� �.��@ �F���� �� =�� �� ,F� ��J�� [E�^ 8  9��^ [E�^ 8�

.��� LB��  
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6 - b(c; 2�-
K  

\ ) ���
4IN.m(  

] V���	  (Hz) 

_̂`a∗  �F�G������� �� ��E	� �������� �M6? �/��  

bc H	>� ��>� <�3���� v�.D  

t H	>� ��>� ������ ��ZT  

V���	�F�B  

CNT ��E	� ��������  
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 R#��3- �	
� �	(/-K �1 ��� S�7'�/ d�=� .)��  

 �?�	@ 8�B	�|
�  <�.� �?�	@ ��D 9�M
?�  

  V*
CNT Rm  t  f  T  M f  T  

A  0.312  0.033  0.003  157.67  5725.2  1.31879  0  0  
B  0.312  0.033  0.003  157.67  5725.2  1.31879  0  0  
C  0.3  0.028  0.002  131.71  2024.9  0.73594  0  0.9834  
D  0.3  0.028  0.002  131.71  2024.9  0.73594  0  0.9834  
E  0.187  0.034  0.003  97.5561  2015.6  1.324  0.5834  0.9976  

F  0.197  0.03  0.003  93.1002  2239.2  1.17102  0.8399 0.0485  


