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Abstract
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BAEHL o] 87 Roe o Edx BF WS A
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221 9FHF 4 E3 {822 (9-node shell

mixed finite element)

02y d T3 fF8AE 7 FFF 349 W
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' Figure 1. 3-D Wing Grid (O-H type)
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Figure 2. Finite Element Model of Wing
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A5 7IHe2s 9 H7IM(RSM, Response
Surface Methodology)& ©]-&3}3r) vhgH 7 gL
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E4% 58408 BAY F U=E BATGEHY
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Table 1. Ranges of Design Variable

M Baseline Maximum
Sweep Angle(®) 25 30 35
Aspect Ratio 25 35 45
Twist Angle(®) 0 3 5
U Surfa t
pper Surface Roo 0 0.1 02
Skin Thickness(in)
U Surface Ti
pper Surtace 11p 0 0.1 02
Skin Thickness(in)
Lower Surface Root
. . . 0 0.1 02
Skin Thickness(in)
L Surface Ti
0?ver u e Alp 0 0.1 02
Skin Thickness(in)

33 MA™M ¢ HdA=SH

HAE7| 7 A ZE ol BEFEA 7R Dash &
AEZ A £ FIAI7 dsiAe 4EE
Ho] Jasrl a7HH, AFIL AFE0E &
FT A FE AZRE o7 AdXT FIHE
Ho)z} shedol &, HF7IZF) Dog Flight A
A& B ALE 7BATE FF A7) A
E awgdeA FFulE Huigste A%t @
T8, A9 AR AALTARE BEXIE
AAAT 4A 53L& the Table 2 of A5
T}, o] Table oA Aold FHZE Gl Fd
ZRGor Y AY 2= 199X NN SHE
A= ZAoFE AFola 59 AeE oHI=E Ao
FE AL vErdt.

Table 2. Design Points and Design Objectives of

Multi Point Design
Maximum Cruise High Angle of
Speed Speed Attack Flight
(dpl) (dp2) (dp3)
Mach 15 0.87 0.9
a 2° 2° 10°
Flap Angle 2° 2° -10°
Aerodynamic Minimize o o
Design Maximize L/D  Maximize L/D
A Pressure Drag
Objective
Structural
Design Minimize Weight
Objective
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dz FH%E FPsgen LAY F¢ o
3 ¢ FHE SAFFE A3 olE A
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+Wa*Weight,,, +W5*Weigh,,, + W6*Weight,,;
A E-ETAAA dpl, dp2, dp3 & A A& E,
&g&e, APLZUY AAFHANMY gE ve
W Wi oA we & 2z &l FallAE 7HeAE
vepdth 3ERE a8 AAE v3Y F9
E 74 s5EE oo FHAE TAE 0 2=
T BAYSE Hasdn oda 377
dEdE AL HH3E HdExe] AAHAA
T4 FAroe w1 & wa & A Urx 7}
FAEL B 022 Fi BHYTE Hos Ik

AgzAL e B¢ 7 AAHANN FHol
Z1AEAR FHEG A HES, | 71A
gAe] FERY FA Yo xES Jdu ¢d E1
EHEZ} o HA TAHES Fosdnh TxE
obg AT BEA AAY BS EAED £
o] Z1AEMNY EHRY ¥ FHA HEF =
TEAGEAE FIHEH.

X

X3t 21

foh

4. =z
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41 3H3N3 Ay

FTEHE 18 F9 dAESIL 3 NEA A
AzZy, St A2, EQ2E)lmR % 20 3 FE
o e AEH ANE 3 w FE u3H
£+ THE F AR A9 BE FEATd S
Bk2 1 9] Adjusted R?= 0.98 o] A} 0.2 -9 A &3
ghgHol TAENE S A & UJUTE Table 3
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Table 3. Design Results of Aerodynamic Optimization

C, Cp Cy L/D

Maximum Baseline Wing 00772 00185 00328 35547
Speed Single Point Design 00774 00166 00326 46539
(dpl) Muiti Point Design 0.0775 00169 00327  4.5840
Cruise Baseline Wing 02629 00072 01195 364979
Speed Single Point Design 02640 00060 01079  43.9708
(dp2) Multi Point Design 02766 0.0068  0.1153  40.6794
High Baseline Wing 10475 01673 04626 62622
AOA Single Point Design 10403 01515 04210 68670
(dp3) Multi Point Design 1.0677 01630 04336 6.5516

Table 3 oA GIALAE 2 HANA FHA

Fuhe M3 HAHgE £IF AFoln o4
Ae ZE AAAANNY FHAFE AL B
Hoxe AFzAE DFHA7IE AdM FA@
EAYSTE AL Aol ZE AAZAIL
At zde F VFsn g AUWEEY B¢
g 7avh £FEES UL HPY B4
Fgu) FUH7k Z1AGAY Aspel ws AA=
4%01 4 BAE 17%74A] doidtt. BdA e 4
£ AT Fgol gdF A vis) DoiR=
olfrE Al HAARANMY ZE ANTUE VFH3
of &17] WFel dAWSF] WspEo] 1 wF A
oFFoly] wEolth v ©dd HAE T
dojn EAE T HARFNA HMHEE GA
A HlE Aol BoiAx AR Altxzv}
AE wEaA] R3ts 2dE BU

Baseline Wing

\ Optimized Wing

Figure 3. Planform of Aerodynamic Multi-Point
Designed Wing
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o] ¢ AXE o x2E& A FZNA &
g AFPL 07 A&A olm, ALEE FR94
o] ulE Eol7l A8 ZIZAEN I 71A EA
o vl AR aEln ol & B3 dAHE A
£y 2HE9 ZUE Aty Al EQ2EV}
0 Z718le A4S 24
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28 F9 36 AY o] APt wetA
72 A8 AEAE ANL B3 FEAcY A F
ol £9, 1311 35l EH??} H-EHE %“éé}
Fon FH E%'«‘ﬂ *5_741«1 A9 vpg7A
2 Adjusted R 7} EE A 098 oo ® vy
o] wl¢ A3 FAHHAUC} Table 4 9 Table 5 9
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Table 4. Design Results of Multi-Disciplinary
Optimization (1)

Cy, Cy Cux

Maximum Baseline Wing 0.071810 0.018393 0.030750
Speed Single Point Design ~ 0.071483 0.017036 0031012
(dpl) Mullti Point Design 0.071258 0.017897 0.030433
Cruise Baseline Wing 0.259811 0.007046 0..117954
Speed Single Point Design ~ 0.262356 0.006524 0.112640
(dp2) Multi Point Design 0.260897 0.006902 0.116531
High Baseline Wing 1.034126 0.162383 0.456827
AOA Single Point Design 1.033619 0.156081 0.431894
(dp3) Multi Point Design 1.037528 0.161051 0.450857

Table 5. Design Results of Multi-Disciplinary

Optimization (2)
. Tip Displace- Weight
ment (in) (ib)
Maximum Baseline Wing 3.904079 0.464770 1341.4838
Speed Single Point Design 4196135 0.43.9894 1237.7857
(dp1) Multi Point Design 3.981490 0.472841 1325.7983
Cruise Baseline Wing 36.873959 0.305072 13414838
Speed Single Point Design ~ 40.212999 0.315048 12391003
{dp2) Mudlti Point Design  37.798065 0314370 1325.7983
High Baseline Wing 6.368418 1.539058 1342.5164
AOA Single Point Design ~ 6.622337 1.467333 1285.9682
(dp3) Multi Point Design  6.442244 1.539173 1327.2981
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Converged Wing

N Initial Wing

Figure 4. Tip Displacement of MDO Designed Wing
(High Angle of Attack Flight)

Baseline Wing

Optimized Wing

Figure 5. Planform of Aero-Structure
MDO Designed Wing
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