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Multidisciplinary Aerodynamic/ Sructural Design Optimization for High

Subsonic Transport Wing Using Approximation Technique
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Abgract : Multidisciplinary aerodynamic/ structural design optimization is carried out for high subsonic trans-
port wing using approximation technique. The framework of Multidisciplinary Desgn Optimization (MDO)
based on approximation is presented and analyzed. The aerodynamic performance of wing-body combination in
transonic flow is calculated with full-potential equation in conjunction with viscous correction method. Struc-
tural analysisis performed usng finite element method to obtain stress and strain characteristics. The span,
taper ratio, sweep angle and linear twist angle are chosen as desgn variables that define the aerodynamic con-
figuration of the wing, and another four representing thicknesses of spars and skin are selected as the design
variables for structural discipline. Uniform Design method is used to provide sample points, and approximation
model s for aerodynamic and structural discipline are constructed usng quadratic response surface method
(RSM) , Kriging model (KM) and neutral networks (NN) , respectively. The accuracy of each set of approxi-
mations is compared through numerical error analyss. The objectiveisto investigate whether KM and NN can
construct more accurate global approximations than RSM in a real aerospace engineering application and finally
choose that of best accuracy to be used in the present wing design optimization problem. It isfound that KM
and RSM have comparative high accuracies and both are more accurate than NN. Multi-objective optimization
for the wing is performed based on RSM , with lift-to-drag ratio and weight as targets, and with lift , reference
area, deform and equivaent stress as constraints. The optimum wing is proven to have better integrated per-
formance and that the presented method is applicable in engineering for multidi sciplinary aerodynamic/ structur-
a design optimization of high subsonic transport wing.

Key words: aircraft design; wing; multidisciplinary design optimization; response surface method; Kriging
model ; neural networks; high subsonic transport
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Fig 2 Configuration of wing body combination ,
1 N-S ,
Table1 Design variables N-S ,
B/ m 26 34 ,
TR 02 04 ,
0/ (°) -35 -25 0
N/ (°) 25 35 2%
Trs/ mm 2 6 42
Tes/ mm 2 6
Tes/ mm 3 7
Tus/ mm 3 7
\ 20 %
(4) 70 %
/ y 1
,L/ D0 Weving ’ ¥ !
L] [2 !3]
: L/D- 1/D%°? Waing = Weing ,
m ”[ Cl[ L/ D° J " CZ[ Wing :
s.t. L =55 (10° kg) ANSYS A PDL
100 < Swing < 110 (m?)
Omex <O (10° Pa) :
Omx < 1.5 (m) 2
(4) 2
G,GC (0sCG, <1, G+C = Table 2 Attributes of aluminum alloy
1) , , / Pa o,/ Pa
G=1 G =1 Ly12 72 x 10° 03 0 412 x10°
, G=G=05
, O max 4
, O e 15m,
5 m’ 8 100
) , 10,
Kriging (L)
(L/ D) (s) O max)
4 /
(6max) (Wwing)
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Table 3 Precision analysis of approximation model s ), 3
E Ge 1 L
RSM 0. 004 55 0 002 89 1 73%
L Kriging 0. 004 41 0. 002 92
0,
NN 0. 038 65 0. 028 30 20. 26 %, /
RSM 0. 005 63 0. 004 46
L/ D Kriging 0. 005 99 0. 004 18 0.025
NN 0033 81 0022 77 i
RSM 0. 006 84 0. 004 47 0.020
Swing Kriging 0. 007 02 0. 004 50 =
& 0015
NN 0. 047 34 0. 030 48 =
RSM 0 058 97 0 056 98 E 4010
Omax Kriging 0. 059 52 0. 056 63 -
NN 0297 14 0197 14 0.005
RSM 0. 093 56 0 139 95 N
O max Kriging 0. 095 84 0 141 42 4 8 12 16 20 24 28
NN 0223 26 0 14177 AL
RSM 0 014 70 0. 012 04 3
Wing Kriging 0 01511 0 011 80 Fig 3 Iteration history of wing optimization
NN 018773 0. 169 35
,RSM Kriging NN , 5
Kriging Kriging ) ,
Matlab
newgrnn , )
, Kriging
Kriging
19
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' ' Fg 4 Equivalent stress cloud map of wing
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Table 4 Optimization results L
Kriging
) A Trs  Tes  Tis

B/m TR /) /) /mm /mm /mm )

3400 0244 -28332944 3333 3778 6 556
3317 0200 -33532939 2000 2000 4725 /

Tus L LD Swing  Omx  Omax  Wuing
/ mm / (103kg) /P [ (10°Pa) /m / (103kg)

3.880 6047 2889 1119 0364 15 385 ;
3.737 5549 2839 1100 0338 152 307 , Kriging
5502 2857 1085 0329 150 301
| % 08 062 135 273 151 210
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Fig 5 Pressure Distribution Map of Wing

KimY, KimJ,Jeon Y, et al. Multidisciplinary aerodynam-
icstructural design optimization of supersonic fighter wing
using response surface methodology[ R]. AIAA 2002-0322,
2002.
Kim Y, LeeD H, Kim Y, et a. Multidisciplinary desgn
optimization of supersonic fighter wing using response sur-
face methodology[ R]. AIAA 2002-5408, 2002.
Wakayama S, Kroo I. The challenge and promise of blend
wing-body optimization[ R]. AIAA-984736, 1998.
Shi G, Renaud G, Yang X, et a. Integrated wing desgn-
with three disciplines| R]. AIAA 2002-5405, 2002.

, , ;. /

(6]

(7]

(8l

(9]

[3]. , 2004, 34(1) :
82-86.
Xue F, YuX Q, Yao W X, et d. Integrated aerodynamic/
structural design of a wing usng collaborative optimization
[J]. Aeronautical Computer Technique, 2004, 34(1) : 82
86. (in Chinese)
, . [M].

, 2001.

Fang K T, Ma C X. Orthogona desgn and uniform desgn
[M]. Beijing: Science Press, 2001. (in Chinese)

Smpson T W, Mauery T M, KorteJ J, et a. Kriging
model sfor globa approximation in smulation-based multi-
disciplinary desgn optimization[J]. AIAA Journd , 2001,
39(12) : 2233-2241.

Chung H S, Alonso J J. Comparison of approximation mo-
dels with merit functions for desgn optimization [ R].
AlAA 2000-4754 , 2000.

[3]. , 2005, 23(1) :102-106.
Zhang K S, Li WJ, Li X. A more éficient and practical
multidisciplinary integrated optimization method for aircraft
conceptua design[J]. Journa of Northwestern Polytechni-
cal University, 2005, 23(1) : 102-106. (in Chinese)

(1978 - ) , ,

E mail :icewoods @mail . china.
:(029) 88491415

(1977 - ) , ,

E-mail : hanzh @nwpu. edu. cn,
:(029) 88491144
(1939- ) , ,

i



