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Multidisciplinary Design Optimization of Supersonic Transport Wings Using Multiobjective GA
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Yukihiro TAKEGUCHI, Tohoku University

A multiobjective GA is applied to multidisciplinary design optimization of supersonic wings and its feasibility
is examined. First, several generational and sharing models as GA operators were examined by using a simple
test case and an appropriate combination was identified. Then, the resulting GA was applied to design
supersonic wings. The present multidisciplinary optimization problem looks for optimal supersonic wing
planform shapes using linearized aerodynamics and wing weight algebraic estimation.

`̀ÔÔt]�t]�pp

»*Âs,ho!Ý¼�ÈKÁpt�*!�º!og���i

êÑh×Ùog�Ò��ÂÑ«i$X�oÚ�onÒ´�oð

^�¿yQG��X��syæt�aIp��^�yæ��h

kI�sl�o-��ÈKÁpt�/yæs/·®Ñ6Q�-

o-®Ò�¤�XmQ×ylG��

Xs�KoíçpV\kt�>Ï%�P�O�EÑ*$Ò�

ñB\dÒy%>Ï%�P�O�EÑ02*$Ò�;Ido-�

Qt?lG��02*$ p�hk<Ns6Q�-o-®�7æ

pº��XmQlR�Q�Xs�³�PP^d�ptö�Z`

�è�pÒrû��d`�XmQ×ypo��

bXl��&lt�*$ s×yoyælG��©s©G,P

m0(&X��Núõþ�3�`�1»oÒy%o-�íçp

;Ik�Òrû�Gfii6Q�-o-®�?|%p¤�d�

pt?o *$ s���óÂ^��Z�p���;%oíçm\

k¡±é,ho!o-������

aaÔÔ**$$

*$ t2ÿsö��¤�\d�P�O�ElG��*$ sV

��«�pv^�

`Ô¼Í�è�½�NX%Ep�2^��

aÔy%GNp hk/hês-ÈÒ�¼ö%½^��

bÔö%p hk�mo�hê�¼<Á½^��

cÔ¼sÿ½�ÈI�Â�ó��

dÔG�=|l¼1oÅx½�ÈK�

eÔ¼�©s©½�^��

`s��aP�e�è�Q�¸^��lÑ�®^�

02*$ lshêsö%pt�<Nsy%GN�»ùGNp

þ�3�`�¿ysoI¼6Q�-�NX�X���½Ñ̀ Ò�;

I��Òy%o-�lt<Nsy%GN>s×�QG�P]�

À=loIXmQÒI�ù½%pXK\dK3t»ùso-®

��d_�G�y%GN��T\�Km^�mÏsy%GNQ

_To��Ko-Q�.�:��ia)®sè3Q®mo��

X��6Q�-®mx{�¼6Q�-�NX�X�½lt�è

��sa)®�NX�`m\Óa�tè�s6Q�-eP�s

ä�pÈ]kNX�������

�©s©sG,Pt��mÂ�mºµl4�nM�¼6LPSOH

*$Ñ6*$Ò½��ahê�Âahês��s�P�oàsah

ê���©pa^¼(OLWLVW 5HFRPELQDWLRQ �(5�½�b\k�è

�mÂè��3�`da�©s�P��-ÈÒsÀpè��	

�»shê���©pa^¼&+&½ÑaÒÑ>�-v<Á�mxu

��Xm�G�Ò�;Id�

�d�®sÒrû�=�^�d�p�aúõs0(&X��

�\d�hêQ�è\kI�w»pÊÃ^�hês-ÈÒ��

W�¼:�(-2�����OX��)6��½Ñ̀ Òm��ÒØs¼>

Ã%�X½s9×�Ó;\�hê���qmø�p»Vk®�

K�T»vZ`�Km^�¼&61 �½Ñ�ÒlG��¼&61½t�

��qt��ÒTsø��è��d�p�Xqs��ioIÇ

�pö¯\�ø�tnXl�Ðùs��8�Q�V���o�

u��*IkI�È�<{mIKÈW�G,P�\kI��

bbÔÔ+�-+�-ííçç

oÍp�©s©m0(&X�s��piIk�Òy%o-�

p-\dþ�3�`�1»oN��±lº�d�+�-íçm

\k«�so-�íç�oM��

Ý¼ÅN

àÊºµ 10 << x � 10 << y

y%GN ³ oÚ�

XXlt�N�GNo-�sd�p�N��,�X��;I

�Xmp\�àÊºµQ1»�lR��Kp,Ó��;Ik�

�,�X�\d�satJN�;Id&×­Ðm^��

�_�©s©G,PpG\k¼6*$½�¼(5½�¼&+&½��

B^��0(&X�pt )6�;I�����©�s
è��`

pv^�6*$�(5 t6Q�-®lG�Uisùw\P#�M

��_�®sÒrûQGd�kIoI�ù��&+& tUi�

yx,

122 <+ yx

yx,



��ùrpUi��#�M�XmQlR�oOPi�¸�éP

hd�

�p0(&X�pG\k¼)6½m¼&61½m��B^��


è�� �pv^��_�©s©G,Pp¼6*$½�;Id�

^�m¼&61½t¼)6½m�B\kt�Pp®sÒrû�G

iXmQlR�¼6*$½msþ�3�`lt¼)6½���¼&61½

Q��kI�XmQ�Phd��d�¼&+&½m¼&61½�þ

�3�`dK3�
èt¼6*$½m¼&61½sK3��%�

Z�kI�Q�¼&+&½m¼)6½�þ�3�`dK3��t�

¬�¸Q_Phd�

¼)6½�¼&61½m�p«Z�Îþ^�d�s6NF�$�

¿ym^���;�tXs6NF�$sÔ��Qíçmo�Q�

¼)6½piIkt\\Ñ�Òs��l�B%K�TÔ��Xm

QlR��\P\¼&61½t�\I��osl�VÈ^�6N

F�$sÔþ�p=ZZ�d��QoT���%àsðÇQG

�mIM�K�

ccÔÔ¡¡±±ééÂÂ,,hhss­­eeoooo--��ííçç

»*Âso!�Ôþ^��l�,h��P��d­eosÝ

¼t7êp~¹��M�a�p×yoíçlG��bsÝ¼l

t�*!û	�õ��eVltoT�iêDÒ��d`�ù�

l×Ù�Þ�\�\P�hTs«i$X�´s�Âû�oð^

�¿yQG�on�Z�[�oyº��d^¿yQG���p

o«+yZ�kI���©¡±é��ÂsÝ¼lt�hsê�

Q*!Éºp�]G0^�d�hê��Þ�bKm^�uiê

��ÂsMlíçQ2]�Xmpo��o�~T==p*!m

iês-Q�.�:�oð^�¿yQG��

bXl�p�+�-íçl��B%àI
è�¤��d¼&+&

¤)6½�;Ik�¡±éÂ,hs­eoso-��ÈK�Ý¼

ºµt�«�smO�lG��

�Èºµ T»C(4N ���ÑarûV��­þÒ

Ý¼ÅN hWm�X�ä�lsð��Î©�

h��<s�X�ä�Ñ¼bÅNÒ

àÊºµ hW* ���� IW

�¨� ����

ð��Î© ����á����ÑGHJÔÒ

y%GN *fÉº

h×Ù ³ og�

��?�-�ÑiêDÒ�¤üÒ

Éº�×Ùsö%pt�*!�iêsa»Øp�d�®à�

�.Q¿ymo�Q�Xs¼âltÒy%o-�sþ��p×

M�OTd��co�Z�d*!¼â����mh×Ù`þs�±

����
p��a�p»Ú�Z�dG,P�oM��*!¼âlt

hæ�m�\k­Ôhm�o^� hkê%Éºtoð`_�

*fÉºs��¼â^��×Ù¼âlthWsoÚhæ�h3

*s �¡m\�h~s �¡�lcopÞiZ`d��d��Á

piêDÒ�¼â^�n��p���?�-�QgZV�ui

êDÒQDTo�m­þ\d�*$pt���hê�;Id�

�¸«J�NX�s­Ð��;Ik�bpv^�N�©l7

è�QNX�`pÚ�\kI�Q�0(&X�sd�NX�`

mas>l�¸Q¢Y^���d�NX�`}s�¸Q6Q�

-®}s�¸mt��oIQ�³u¸ltX�p©�����

I�¸s��t=ZZ�kIoI�

o-�
è�� ��� pv^��cty%GN*>pOV�

6Q�-®s»v�v\kI��6Q�-eso!�«Ý%p

Ü\kI��Xses]cP�-Q�.�:�þÙ%pº��

XmQlR���dpt�6Q�-eP�b�c�*fº!o

g�h×Ùog���?�-�oglG�hêm�6Q�-e

�áshê���¯\�bshês�i­eo�v^�Éºo

gm×Ùogso!t�TÝkO��nf���Î©QÚRT�

he�QgZI�ù����?�-�ogsht��Î©Qg

ZT�he�QÚRI�6Q�-e�ált�b�c�so-

�y%so�àT�d\d­eos/·®Q¤��kI�Xm

Q�P��

ddÔÔ�m�m��

ITiPs�©s©G,Pm0(&X��þ�3�`k�1

»�Z�dÒy%o-�íç�®Id�bs�P��¼&+&

�)6½Q02*$pt?lG�XmQ�Phd�

Z�pXs����¡±é��Â,hs­eo�cos*!

®àmiê×Ùs�±%`þ�p��<3o-�^�íçp-

;\�r�o6Q�-®�¤�XmQlRd�h�s®sKf�

�p»ùsy%p-\d®tbsy%pPohdo�\kO��

�d6Q�-e�ás®tb��s�I/·®��MkI�X

mQ�Phd�

��t�*!�iês®àG,PsQ>P�GW��d�Ý

¼ÅN�~�\ko!s�DÒ��W����;%oÝ¼��

�k�dI�

��ÔÔüüoo\\\\

`ÔFonseca C. M., and Fleming, P. J.: Genetic algorithms for
multiobjective optimization: formulation, discussion and
generalization, Proceedings of the 5th International
Conference on Genetic Algorithms, Morgan Kaufmann
Publishers, Inc., San Mateo, 1993, pp. 416-423.

aÔEshelman, L. J.: The CHC adaptive search algorithm:
How to have safe search when engaging in nontraditional
genetic recombination, Foundations of Genetic
Algorithms, Morgan Kaufmann Publishers, Inc., San
Mateo, 1991, pp. 265-283.

bÔGoldberg, D. E. and Wang, L.: Adaptive niching via
coevolutionary sharing, Quagliarella, D., Periaux, J.,
Poloni, C. and Winter, G. (Eds.), Genetic Algorithms and
Evolution Strategies in Engineering and Computer
Science, John Wiley and Sons, Chichester, 1998, pp. 21-
38.

cÔCarlson, H. W. and Middleton, W. D.: A numerical
method for the design of camber surfaces of supersonic
wings with arbitrary planforms, NASA TN D-2341, June
1964.

dÔTorenbeek, E.: Synthesis of Subsonic Airplane Design,
Kluwer Academic Publishers, Dordrecht, 1982.



�

���

���

���

���

�

� ��� ��� ��� ��� �

a) Pareto solutions obtained from SG + FS
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b) Pareto solutions obtained from ER + FS
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c) Pareto solutions obtained from CHC + FS

Fig 1. Comparison of the generational models using FS.
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a) Pareto solutions obtained from SG + CSN
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b) Pareto solutions obtained from CHC + CSN

Fig 2. Comparison of the generational models using CSN.

Generation

Rank

Fig. 3 Rank-based convergence history.
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Fig. 4 Pareto solutions in objective function space.

a) Minimum drag
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