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 ��!� C' �' ( � ��� �!1!� ����'*�)�1 ��� �� �:9; ��!,
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+� q�1*� a��" ()  �� �
���!, .+� ��� a!� ���� ��=M1 ��� ���$�!� . �  ���, ��� a!�

+�!=G ()D� �( � .�)V ()D�g 2 !� ��<
 �� ()D� ����� �� �( � o�� ��<
 ����� �' ��� 

"�9��sa!�  " C' ��<
 �� ��� �:9� �� �"�/�I9�ta!�  "( � .� �� o�� ��<
 (=V �� ��� a!� ��

( � ��$=�  ��*�� �� *�D)1� ��<
 � ��$=�  �"�� o�� ��<
 �� ��� ��� UX"� . �' +1�� �� ��

+� ����� ��<
+� � �' ��� (V*  �� ��<
 �&�' (=V �� �!, a!� �9�� (/�? ��� �� �' �!,

+� �B,+� �B, +��6$& �� a!� �/�I9� ��*��<
 �� ��� ��<
 �' �*�u�+� *��*� *�D)1� ���!, .  

+�!9�� *p� *@�" �� *<�� ��� �/!��$� �� ��<
 �!G� ��� ��v +,�9 ��)� �� �� �� �' �( � 

+� w� 2 !� ��<
 �� ��� � o�� ��<
 �� ��� ���&� . �� ��<
 *p� ��)& *@�" �� ��� a!� ����� ��

+� *)' *�D)1� ��<
+� jV�� �/�D� ��� �' �!, �!& �!, �L�>� �"�� �� *��*  �B� �=?*� ��

�!, .��<' ��$=�  .+� jV�� ��� (V*  ���F
� ��� � �!, x!=M� ��� �� �*<�� ("!  �' �!,

+� ���F
� �!1!� P��� �8�9 ������ .  

[��!  ���*�� �9��� ��:K ��&�!1!� ��+9�,!Y)& *6��B� �� ������ ��$=�  ��&y ��9��� 

� ��=M1 5�6$& �� *�����'F��)1 *p� �!, ��� �!& [��!  ���z+� ���F
� ���� . jV�� +9�,!Y)& ���

                                                 
1
  Head 

2
  Body  

3
  Tail  

4
  Siphoning effect 

5
  Overlap  

6 Scavenging+� ��� �/!��$� ���'F�)1 �� �!1!� ��!1 ���F
� �8�9 �� � ��� �/!��$� 2 !1 (<� ��<
 �&�' ��$�!�.  
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+� a��" .�� ��� �� ��$=�  �"�� ���!, .  
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 � ��<
*� ��:)D� (V*  �� _X��' ���'F��)1 *p� ��F�� ����� +6D� ��� a!� 2 !� �

�&� ���F
� �B)� �? �1 �� ��� (V*  �' �,�� �!>9 �� ���� ��� �/!��$� . ��' ��� ��*� Q�� W�

$1L( � �/!��$� ��&*�D� ��/�� �!@ C� .+� jV�� �/�D� ��� (��V� ��� ��:G!� +/�!1 �' �!,

��� �/!��$� �� .��!)& �' *@�" ��� �� ��*���� ��)� +���  � ��<
 �� ��� �/�I9� �' +��6$& +$�� �9
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a��"�!,  . ��&�!1!� ��{ � | ��$=�  V ��)& ����� �!G� ��� �/!��$� W� �� *<�� �' �B, 

+� (��V� �!%��9!,.  

� ���� �/!��$� +?�*@ 5�6$& �� P�!% 5�o (�� ���� �/!��$� *�� .���9� � �!@ ��!� �

+� �:9� �� ��� (V*  �&�' jV�� *�D� �$=� �!@ �' *@�" ��� �� �*�u� *p� �&�' jV�� �' �!,

+� ���'F��)1�!, . ��� �/!��$� �� ��� a�*" ��*� +
�4� ��*�9 �� �$D& .�1!' ���D� �' +��&*�D�

 (��:9 �� �' ��9��� a��?�+� �!1!� P��� �&�' jV���9!, .  
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m �$�*&�1!' �/!��$� ����� ��&��� �� �B�/�? �� ( � *1( � *<�� +&���� ����� ]i .[  

 ~�  +
�%�9 ��!)9 ����? ��*' (��V� ���� ��� �/!��$� ("�  �� �' ����!� �� +B�

( � ��� *�D� +="�� . 5�6$& �� ��� +6�,; � +6M�� C& �� ���F
� jV�� ��� *�D� +
�%�9

+� ��� �/!��$� �� a�*"���� *p� �!1!� +����' �&�' *� _�)��D� �' �!, �&�' jV��  ��$])& � 

+� ��� �/!��$� ���'F��)1 *p��!, .  
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Mashiro Kanazaki�  �9���B)& ��  �� h��S .�6<9�� �� Tohoku �/!��$� +?�*@ Q�� 

�/!/ �=� !� ���.�, ��$� C�D�1 .*D� �� .��� � �� +@�*M� ��&s MOGA 5�9 ��)& (>1 �� 
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 Respond  
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  Divided Range 
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�/!/ ��� �.�, �*
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����� �!G� +?�*@ ��*� *�\�  d�/!/ J��, �/!/ ��!"*� x��9 � �&�&- ��:?*@ S � h �D���� ��*� 

.�, �3��� *6��B� ���9� .�/!/ J��, *"; (/�? ��.�<9 �*
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�
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�/!/ J��,�/!/ ��!"*� x��9 � �& � ����� ��&��� �� o�� ���� x*, �� *& � ( � .�, �$�:� �&

�/!/ J��, ���F
� �� �!�$�)& � ( � .�, �4�� o�� ��&��� �� P��� ��? �� �*1o�� ��&��� �� �&

+� ����� ��&����� � ��!1 .�/!��$� 5!  �*@ �� ����1 ���F
� �� �G!1 �� ��� �&*�\� � �$& �� �

 �� (ID9 o�� ��&��� �� �� �*1o�� ��!1 ( � ���� ��� �/!��$� �*@ ��� �( � .�, .�� � �*:�

�/!/ J��, �' ( � .�, �8�9 �!�$�)& ��$' ��? +=I� �*@ P��� ��? �� *�p�1 ��*<�� ����� �&

( � o�� ��&��� �� �/!��$� . +B� �� .��; ( � �� k��9 �' ( � ��� �/��� ��� 0�4 x��9 ��

� �$& �� *8$� (��:9 .�<9 ��:$<�� +"�  Q�� ��& �; ("�  ��B�� ��!� �� �' ( � .�, ��

( �.  

W.Schmitt ('*, �� Q��B)& � BMW�/��� ��  (>1 �� ��!$V" (DB, *)V ���  ���

��� CD�  ��FG� " ��  ��h��h ���u���� *p�  �� �/!��$� ��FG� *� +B�9�B� � +1��*? ���F)&

 �9�*' + �*�]� .[��I, .�*)& �� �/��� ��� �� + �*� ��*� +=�=>1 Q�� W� �/!��$� ���V ��� 

+1��*? ���u����d.�$$' m�'*1  W� X�!BD�� ��� �� +B�9�B� s( � .�, �3��� . �/��� ��� �� 
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1
  Divided Range Multi objective Genetic Algorithm (DRMOGA)  

2
  Viscoplastic constitutive 
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*�� P��IV �� �G!1 �� (TSI)9 �� ���� �� ��� �/!��$� �� ��

�/!/ �' +G�*" k$=
 �&+� *6��B� �� �$�:� (/�? � �( � .�, +
*�� +9�*>� ���9 ��!$V �� �$ �

 ��F�� ��*' ����? �� ��� �/!��$�TSI( � .��; ( � �� .+=V  �B$�� Cf�TSI W� o� �$1 (ID9 

+)9 *����� ��� +/� ( � C�=D1 �$1 �� *p!� �� ��� �/!��$� (DB, *)V ���V P�!% �� �9�!1

���F� ��$' +$�� �/!��$� +?�*@ ��&*����� *��\1 �� �; #�*  ��)M1 ��B�� �'�$�� ��� +=%� (�

 ����1 ��*� �( �TSI�=)G �$K W� P�!% �� �� �/!��$� �� ��� ���*G *�D� �' ( � 5�o 2�
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���; ( � �� �*IG �� .�/!/ *�� ���� P�*��\1 ���F
� �� ��F�� ��� �/!��$� (��M4 � �&TSI 

+� ���F
����� . ��=>1 �!�$�)& �/��� ��� ��FEM ��� ����� ����; ( � �� ��*� TSI �9*' � 

( � .�, 5�89� ��=>1 k��9 �� �D���� ��*� W� X� .��I, ��' ��� ��*� 5�89� P�!% ��� �� ��� 

 �� �� +1��*? �B�  �� �/!��$� �' ( � .�,|��+9�  �G��  �� ��*�h� �� .����� � �G�� |�� 

�G��+9�   ��*�( � .�*' +@ . ��=>1 �� .��; ( � �� k��9FEM .��; ( � �� k��9 �� +�!" �� 

�9��� (�����  +=�=>1 2���� �� .  

Samso Yoonl ��  �� �9���B)& � h����/��� ��  ��!$V (>1 ��" ��=>1 � +1��*? �$1

��� �/!��$� (DB,] "�[� +1��*? ���� ���u���� (>1 ��� �/!��$� � ��!� �� +B�9�B� �Y  

.��� ��*� + �*��9� . �
*� *L9 �� �� ��� �/!��$� ��=>1 ��*� .��� � ��!� +=I� ��:/�� �/��� ��� ��

.�, .��� �!I:� �W� o� �? �� �9*' .*D� +6D����9� . W� �$1 ��=>1 �/��� ��� �� ��$])&

5*9 �� .��� � �� ��� �/!��$� ��F
�ABAQUS, 5�89� ( � �=?*� �� ����� ��=>1 ��� �( � .� . ��

( � .��; ( � �� ��� �/!��$� P��*? ���9� ��F�� ��� �=?*� . �D� ��*�9 ���� 5�� �=?*� ��

��� 2 !1 �� �/!��$� �' P�!% ��� �� +1��*? �B�  W� �Y  �( � .�, ��$� ��� �/!��$� �� �&

 ���� �1 2�>� ����|��+9�  �G�� *� ��*�+� 5+� .�9��*�*� 2�>� ���� �� � �!, ��� �� ��!,

+� ��*B1�!, .+��*" ��F�� +1��*? ��:=B�  ��)V� ����� �� ��t �' �( � .��; ( � �� �/!��$� 
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J.Galindo$� +?�*@ �$��� �� .�, 5�89� ��&��' ����� �� +B� �9���B)& �  ��*� ��� �/!��

(V*  A��,!��!1 �F�� �!1!� d�/��� �� �� ��u� 2��*, �!I:� ��*� o�� ��  �� 5�9 ��)& (>1 ��
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  Thermal stress index  

2
  Fatigue 

3
  Damage 
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h��� �9�*' �3��� ]| .[ ���F
� ����� *& �' (,�� �G!1 �B9 ��� �� ���� ��� �/!��$� +?�*@ ��

+� +1��*? �A*9� P��=1 ��F�� ���F
� jV�� ��� �/!��$� ~�  �' ��!, ��9 +1��*? �A*9� �&�'

 �/!��$� �$G ���� ���*��$� �( � ���� ��u� ���u���� (/�? �� �!1!� +B���$�� +����' �� + � �

�*�u� P�!% �; �� �A*9� P��=1 ��F�� ����? �' �*' q�M9� �!>9 �� �� �F�� �!1!� �� ��� . ��
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 �5*G ���� Po���� ���F)& x��9 ��� �� � ( � .�, C�D�1 +1�I �>� x��9 ��!$V �� +@��9 ��

.�, �? ��)� � �A*9��9� .�M�� �$9�� 0=M� +��:D$G �� �/!��$� �/��� ��� �� � +$&; ���K �*�
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�9� .+1��*? + *$�� 0�*�1 ��g W� *& ��*� 

�/!��$� ��.�, �D���� *6��B� �� ��u� (/�? +@ �� .�, 0=1 �A*9� ��F�� �.�, *'� ��&�9� .
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 �/!�

' ��? �� *<�� ��)� *�� ��? ��� �� �( � + *$�� �� �/!��$� �� .��� � ( � ���9 ��!� �!1!� ��
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Yasar Degar ��  �� �' +D9�*�$' �� �9���B)& � h���5*9 .�����  ��F
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