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Multidisciplinary Design Optimization of Silent Supersonic Transport

with Efficient Optimization Techniques
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Abstract : In this study, high efficient design tool is developed with several informatics approaches for Multidisci-
plinary Design Optimization (MDO) and knowledge discovery of supersonic wing design. In this design, Multi-Objective
Genetic Algorithm (MOGA) is applied as an optimizer, while Kriging model is also used to reduce computational cost.
To obtain the information of the design space, functional ANalysis Of VAriance (ANOVA) and Parallel Coordinate
Plot (PCP) is applied. For Kriging model construction, 107 sample points are evaluated. This tool is applied to the
multidisciplinary design problem of supersonic wing. The objective functions are to maximize lift to drag ratio and
to minimize sonic boom intensity at supersonic cruise, and to minimize wing weight. According to the results, there
are trade-off relationships among three objective functions. The ANOVA results indicate that the cambers of the wing
section at the root and the kink have an influence on the lift to drag ratio, the inner wing sweep back angle affects the
sonic boom intensity, and the camber of wing section at the kink and aspect ratio affect the wing weight. The design
space information could be visualized quantitatively from the sampling results with PCP technique. Since the design
space exploration using MOGA is carried out based on Kriging surrogate models, the proposed MDO process is effective

in terms of computational cost.
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Design variable

Lower bound  Upper bound

dvl Sweepback angle at inboard section 57(°) 69 (°)
dv2 Sweepback angle at outboard section 40 (°) 50 (°)
dv3 Twist angle at wing root 0(°) 2(°)
dv4 Twist angle at wing kink —1(°) 0(°)
dvb Twist angle at wing tip —-2(°) —-1(°)
dv6 Maximum thickness at wing root 3%c 5%c
dv'7 Maximum thickness at wing kink 3%c 5%c
dv8 Maximum thickness at wing tip 3%c 5%c
dv9 Aspect ratio 2 3

dv10  Wing root camber at 25%c —1%c 2%c
dvll  Wing root camber at 75%c —2%c 1%c
dv12  Wing kink camber at 25%c —1%c 2%c
dv13  Wing kink camber at 75%c —2%c 1%c
dvl4  Wing tip camber at 25%c —2%c 2%c
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43 PCPIC&BEHEROARIE  AWFECIro 724
YTNVEEE, PCPIZ &0 & HBEIIH LT BAZ 5 Ak
VY —bLWHILL7:. ZOREZE 11 KIRT.

811 X (a) 1& L/D wAALIZE$ 5 PCP 27R9. 20
KLY L/D A EIcB LTy, F5EmTckarElar s
HTWRMR - 27 F 1 V3 (dvl0~dvl3) O#EP % #Y)
REIPHICAL D DS B . F 125 G FEIRIT DGR 513557
SoahroleiF y 7Y EEREE (dvd, 6) 13T IRAEIZE
FoTHY, @ L/D #1525 O\ il B et 22/ o

13

TRRIZHL EEZOND. UEOZ Ehs, PCP 2LES
N7RE R ARBFZE TRkE L 7cRkET 22N TR L/D R
EEGTTABICIE, U 7Y dvd & —0.8 EEfhE, EARE
2 dv6 % 3%c i, BAREF D 7 F v o N%ET dvl0~
dvl3 & ZNZFN —0.5%c, —0.64%c, 0.75%c, 0.22%c 1}
IROIUTE L/D #1555 ERTREITE 5.

4114 (b) 13 AP /MBI 5 PCP 2757, Zo
L0 AP L CiE, NEZBMA (dvl) ZRELL,
F 7 TOFY T (dvd) /NS <5 LR AP 2%
ENpMEmER L £72, SRR S I EK &
WHNRERMIORE (dv6, 7) R 7 AT b (dv9) FEIZOWT
LMY RO NT D, Do brs, Ko
FHZRHINT AP 2V S W R 2 3G L 72wigh, WNEERR
£ (dvl) % 66 12, %> 7 TOWD FIF (dod) % —0.9 Feft
W, BAREF Y 7 ORE (dvb, 7) & 3%c fHit, TANRY
M (dv9) & 2.3 FHEICT 5 2 EHICL DK AP SN
HETFHMTES.

% 11 K (c) 1& Waing ®/MUICEIT 5 PCP 2R, 2
DL Wying BIICBI L TlE, FEERTCERLL
BURRE, 7 AT M, 7% %3 (dv6, 9, 12, 13)
DABIZNE LR (dvl) L ER 25%c TOF v > /¥ (dv10)
MY AFNTVD, IO Ens, NREZEMDIE
KT AR MDD S AP EREE 2 BERT 5 &)
— )z R oM, BEETHEREILIC X 2 N 022 )1 E
ZWYNAT) SEPRLETH L I EDEERICHFETE 5.
Dbz &rn, KFFEOKFZEMHNT Wying 2V/H S W
fEfk % &Gt L7z wiie, WEZRBM (dvl) & 57.3 FEfHE,
BIR 25%c TOF v ¥ /% (dul0) % —0.48%c HH3512, FIR
W, 727 ML %37 %% 208 (du6, 9, 12, 13) *
e 4%e, 2.1, —0.9%c, —0.18%c fHTIZFEET 5 2
DY TH L ETFMENDD, TOL) REEHEITH &
£ 11K (c) DAERD S 7 — AEHIFR o TLE o T
BRETIERT 2LEND L.

44 WRICEZBHNEHANOFE F12KICEKEHYH
BICOWTIR GBS & o 72 (BIRE) OF T & £~
F#E (FER - ¥ 7 - Bim) TOREWE, Cp 70fi, BR
Wi, 77— AP ERT. 812X (a) 1d L/ D AROEAEK
(Design A), 512X (b) 1 AP /b (Design B),
12 M (c) FERERER/DOMEME (Design C) TH D,
HUR SN RRIE AR COS IR TH 5 S3TD 2.5
KIEIRD S DTH Y, WKL L7z S3TD 2.5 kiikic
DWTEH 13 KUZFI@RT. % 2 £I21d Design A~C KU
S3TD 2.5 IR & HIBAEME % 7R L, 45 3 #121& Design
A~C OELFTERMER R, F72, 4 14 [ Design A
~C IO W T OIS 2 R L T 5.

1214 (a) £H 3K LD, Design A ld dvl AVNS (R
MCHEEATHL. T2, dwl0HBETH DT L0 LREREN
TIHEF Y ONELoTWL I ELGH 5. 2, a—F
EORVWHRZHLIL, BEZHECL, FYonN28125
CETRICNE TOERIPZ B L 7R EEZEZON 5.

#1214 (b) L5533 LY, Design Bid dvl 75KE <, %



14 H AL 2255 2 S S0k
LI )
|mm|< | » I
- = -0.3-0.2-0.1 0 0.1 0.2 0.3
S b, [
Root [ Tail
/_71 Upper
" ﬁ Lower
id I
0.8
i ==Design A
: = 2.5th design
0.0
Z \
—
04 =
-0.8
-10 0 10 20 30 - 50 60 70 80 90
Time[ms]
(a) Design A
L] [T )
o 17 = 7 € I 1 |
T e = o -0.3-0.2-0.1 0 0.1 0.2 0.3
ST T
S i SN :
Root — ! Tail
] Tpper
//‘.--':/
2 ./ Lower \‘ ‘
0.8
0.4 ==Design B.
- = =2.5th design
0.0
g \m\
~-0.4
3
-0.8
-10 0 10 20 30 - 50 60 70 80 90
Time[ms]
(b) Design B
T -
STy
;—.\5\7“ -0.3-0.2-0.1 0 0.1 0.2 0.3
=S Tail
T TRest = [ it ]
— Upper
77 —_— -
Lower o
=2l
0.8
==Design C
0.4 S = =2.5th design
g 0.0 ;
0.4 \~ |
ﬁ o o
0.8 B
-10 0 100 20 30 S0 60 70 80 90
Time[ms]
(c) Design C
5512 % HIY BB B 5 MR O B RS R
WIEIRMATH L. TORIRIZE 14 KITRT & 9 12 Darden
Gy AR A BRI 7 S T T AR AR 2 SEBLL TV B AT,

K E BB L > TERMASEOWTEREE IZ 5 i
BLhokEBbNs, H10H (b) I2BVTh, WRKE
9 AP ISV EGZRT S LB S TE Y, Bk S
LR RADEE LT A — 5 Th o EHRTE D,
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131 2.5 WIBARD B B RGT AR
B2k EMEITT 54 BB O EAR
L/D AP (psf)  Wying (kg) AoA (°)

Design A 7.02 1.19 612 2.5
Design B 6.08 0.97 502 2.7
Design C 5.61 1.53 276 2.6
2.5th design  6.90 0.98 691 2.1

3% REMEIKT b KREEIEKIE

Design A Design B Design C
dvl 59.8 (°) 64.9 (°) 57.3(°)
dv2 47.7(°) 46.3 (°) 41.7(°)
dv3 0.57 (°) 1.80(°) 1.30(°)
dvd  —0.84(°) —0.98(°) —0.79(°)
dv5  —1.31(°) —1.20(°) —1.95(°)
dv6 3.06%c 3.00%c 4.02%c
dv'7 4.18%c 3.00%c 4.77%c
dv8 3.58%¢ 4.95%c 3.16%c
dv9 2.33 2.37 2.01
dvl0 —0.65%c —0.21%c 0.00%c
dv1l 0.17%c  —0.80%c 0.98%c
dv12 0.34%c 0.79%c  —0.98%c
dvl3 —0.03%c 0.88%c  —0.44%c
dvl4  —0.33%c 1.25%c  —0.35%c

512K (c) &4 3% XD, Design C i3 Design A, B &
HART dol, 9WVNS WP E o7z, ZHUZ L) &EHE
Wi o a— FEAZKE 7% ) EZEOREMHORE S KX
W Fdul2, 14 BETHADOT, ¥ - Binhmgik
WCBWTIEAT Yy U NE o TWD, i, KRB
IMOIIRE R D IEOH 25T 2 L) hAEL 2o
T3, Design A, B TIZERTHAEEL X 50T
BN RFEEL, KRPRBREIIES M) ALEEZNL DI
Ao Twb, Design CIZ2oWTIEFEREMSEERZH

RBIZOIZZEITEIVNS o o, EERTOHIR
NS, KRPRETARRE L7204 T b 2 L 2R

wa 29 Lz L3 EHEHA T LMY A
ExXHE U CRBRRETZITo 7R TH D, SRR
;ﬂ'?&'@%}\ Lo T TEONIHRESZ S,
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Rf7E CIEERIR TIUREO EV SST @ MDO v — )V %
RS L7z, Zofdaket 7’0 & 212 Kriging £ 7V % v
5ZLT, BEOEHSTEBL, MOGA |2 X % K070
R FH L QLA GETEIEE Y — v & L7z, MOGA
2 &0 g CREIL, & HMBE® Kriging €7 VISK LT
ETNOREEZRE L CEFR S NS Bl fEOFEFRKILIE
& L7z F72, Z=2)iEFiE CAPAS TfFH 2 & T, #tHEo
A MO E Y, EHE CORRRHIRIES L L7

Ry — N EHWT, S3TD 2.5 KILIROD EEIRZ 5512
BETERATo 72, BBEUIEILoRKILE 7 — A5RED
oMb, FREEOR/MEOL HRELMETH L. F
72, WEMOZEALIZ X B N A REDHER T & 2 HlR Stk &
LCTHHS- L7z, MOGA 124 ) & BN EI fif kit
MEZ BN RD» S K HBEEO L — P+ 715 %
BAFL7-. F72, DHURITIC X 28R 2, BREF V2
¥y ONHPGEIIC, NREGRAD T — ATREIC, ERE
EIINEBZEAE T AR MEDPKELEboTWEZ E
e EDHERRTE 7.
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72, IRTCORF SRR L2 5 ELEREICL S
KIBRE AT 2 o 5 Z L IFHE I A MR EL R
M7 =27 A7 =2 a Y TREENTE 20D, KI5 T
# L7z Kriging 70V & CAPAS (2 X B5%5TY — v & Hw
L&Y, HHGREHEREBIENLFHE I X P THE
HIENTET.
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