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Multidisciplinary Multi-Point Design Optimization of

Supersonic Fighter Wing Using Response Surface Methodology

Y. S. Kim and J. M. Kim

In this study, the multidisciplinary aerodynamic-structural optimal design is carried out for the
supersonic fighter wing. Through the aeroelastic analyses of the various candidate wings, the
aerodynamic and structural performances are calculated such as the lift coefficient, the drag coefficient
and the deformation of the wing. In general, the supersonic fighter is maneuvered under the various flight
conditions and those conditions must be considered all together during the design process. The
multi-point design, therefore, is deemed essential. For this purpose, supersonic dash, long cruise range

and high angle of attack maneuver are selected as representative design points. Based on the calculated
performances of the candidate wings, the response surfaces for the objectives and constraints are
generated and the supersonic fighter wing is designed for better aerodynamic performances and less
weights than the baseline. At each design point, the single-point design is performed to obtain better
performances. Finally, the multi-point design is performed to improve the aerodynamic and structural
performances for all design points. The optimization results of the multi-point design are compared with
those of the single-point designs and analyzed in detail.
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Table 1 4AH= 44 &3
Maximum Cruise Speed High AOA
Speed (dp2) Maneuver
(dpl) (dp3)
Mach 1.5 0.87 0.9
AOA 2° 2 10°
Flap Angle 2° 2° -10°
Design 35,0001t 40,0001t 8,000t
Altitude
Aerodynamic Minimize
Deign Maximize L/D | Maximize L/D
.. Pressure Drag
Objective
Structural
Design Minimize Weight
Objective

718
é! (1)

B
b
o
i
+
M o
o
HeS
% g
aor
a2 A
0,
X
A&
oh‘,
—‘o ol

Fo=wy * Dragg, +w, « D/Ly,
Wy * D/LdP3+w4 - Weight

A EAHgrolA dpl, dp2, dp32 2z HUi4E,
cUEE, NS s AAANNY #E Yz
AA w72 Fol FAAE AZAE ek

Agze 399 49 24 AAPAN Lol 7]
AN FHEn A YRR, §Eo] 7|4 7
9 ¥gHEG A JexE Rt v+ A4
dAED ol 7IAENY ¥R o A ve
£% de FRA%Ee ¥AG.

)]

4. 2 X35t 2

B wge AA5 BA A7 WLt & 13700
o 249 duden mUUSE A9
105749] ol AT metd 160708 APA AN
: zue 59, 291 #F

M 4 HEY 175 {}

I EEECE R e

of e weHe FAALH, Adjusted RV R
E % 098014 o= wgHe] vl AEE FAH
AL AT # o

Baseline

------- Optimjzed

Fig.2el tt&A7t oy #H3eE E49 Planform
o] vEl} gk FFHE Foly]) Y& oA AHD
o) AR, 25 H| P ¢H FHE Fo|7] ¥
8] 2o FolAe FFEL BALH

Baseline Root Alrfoil
— — — — Optimized Root Airfoil
Baseline Tip Airfoil

— = = - Optimized Tip Airfoil

0.04 - - -

0.03f

0.02
o
0.0
0
-0.01fF
~ -
TR T SO 1
0025 0.25 0.5 075 1
X/C

Fig3 oherat o AE @l o8 wa
Fig3e AAsha whe w9 2 2w 92
4Fm Q. 42U Folu FguE
e el e gl ww, g
FRAYS PASI) A3 wIY A4
£ 2eYoz By AHE FAY £
Table 201 HH3t 2xg Fstach
RE REE 1AYYY oz TAY zz}
2 4%l W B £l A%z
1094 ujstol cha THEsAl 245
WAZ AGEdS T wEsH FAYES ¢YA



Py 176 X 4 HEY FRAMATYS
EENCE R EEE J
qAz AGzds F w53y TEAFS FYA
gl 4 FZE A 25%0N HA 6%BRE A 5.8 =
A7IL dEE 898 5 Ut
Table 2 ©t&tA| 7t A4 4A A= B dFHE 3Y-T2E 453 T84 A4S
: o ) B3 284 AE7] @9 UEAL FH3E £
Lift | Drag | LD |y lacement | VoM stglnh. BYwe melste 2uiE AAstd FzA
g?ﬁ 1.00480.7429(13526| 10890 |0.7418 FRE nsA ga HAHSE FYEE, 4A
P A4 FTE4d A4S FYPARAE G B 5ol
Maximum 87 2 1.0362 | 1.0556 | 0.9817 1.1592 0.9348 UH‘?‘ }1‘:]'5‘}7“ ‘3—_,_‘/%}?3‘]—01 FZe !ﬂ"sé]—r _\‘j].—l a]._t_;_ _E_;.]]
Speed - -
{dpl) z:j;z‘i 07896 | 1.0107 | 07812| 03362 | 09257 g st 1A FAY {ER 9FE Fo 9
a4 T3 ASE 23] oJEgA v=EEs 8oz g
a4 |0-9880{0.96501.0238| 11063  |0.93%0 sk, weEbA J)A 72 d"AS nAsy 2
chof 2l —ools
);32‘1 08176|08922109164| 07620 | 0.7418 BEoAFdn fIol 72 HHY HAR 2o oF
h=N 3} A 7} prs o] AR 5
cruse | ¥23 )1 0034/09357(1.0723] 11374 |0.9348 G A A Tl SrEsrdses
a7 2 - : : : Azt e ot
Seeed 593
(dp2) | 5, 5|09193)09372|09809| 08821 | 09257
xS
gfﬁ 1.0050{0.9772|1.0285| 10595 | 0.9390 g
EOE]
0.8386|0.8328 | 1.0069| 08440 {07418
- ’i:j xj [1] Zang, T.A., and Green, L.L., "Multidisciplinary
AgA ,; A2 10251109963 [1.0289] 11753 0.9348 Design Optimization Techniques: Implications
Maneuver | 993 1.003210.933111.07511  0.9950 0.9957 and Opportunities for Fluid Dynamics,” AIAA
(dp3) |[AA 3 Paper, AIAA 99-3798.
;};‘3 0.997210.9509{1.0487|  1.0105 | 0.9390 [2] Sobieszczanski-Sobieski, J., and Haftka, R.T.,

/

Initial Wing

Fig.4 18275 ZA-AA stz
g A" 47 E Ed E¥

TESAANE AAGAN ALY DAL A
HAE e M T4 WHel Figdol vheht
Sich Aol £¥E wAE 27) @Alel uls o
052MtAE WA el B3 IEE AAY & Uk

"Multidisciplinary Aerospace Design
Optimization: Survey of Recent Developments,”
AIAA Paper, ATAA 96-3798.

{3] Guinta, A.A., "Aircraft Multidisciplinary Design
Optimization Using Design of Experiment
Theory and Response Surface Modeling
Methods,” Ph. D. Dissertation, Department of

Virginia Polytechnic

University,  (1997),

Aerospace Engineering,
Institute  and  State
Blacksburg, VA.

[4] Kim, Y., Yee, K., and Lee, D.H., "Aerodynamic
Shape Design of Rotor Airfoils Undergoing

Unsteady  Motion,”  Journal of Aircraft,
Vol.41-2, (2004), p.247-257
[5] Myers, R. H., and Montgomery, D. C.,

Response Surface Methodology: Process and
Product Optimization Using Designed
Experiments, John Wiley & Sons, New York,
(1995).



