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Aircraft Wing Spar Cross-section Area Optimization
with Response Surface Method

Chanwoo Park*

ABSTRACT

The solution of the aircraft wing spar cross-section area optimization problem is obtained by the response surface

method. The object function of the problem is wing total weight, design variables are spar cross-section areas,

constraints are the conditions that the stresses at the each spar is less than the allowable stress. D-Optimal condition is

utilized to obtain the experimental points to construct the response surfaces. D-Optimal experimental points are obtained

by the commercial software "Design-Expert". Response values for the object function and constraints for each

experimental point are calculated by the NASTRAN. Response surfaces for object function and constraints are

approximated from the response values by the least square method. The optimization solution is obtained by the DOT

for the response surfaces of object function and constraints. The optimization results obtained from the response surface
are compared with the results obtained by the NASTRAN SOL200.

Key Words : Response surface(}

71549
y" = response value of object or constraint
functions
x; = design variables
£; = constraints
X = experimental points matrix for regression
B = regression coefficient matrix
by, b;, bv = regression coefficients
O xial, max = Maximum axial stress
O atiowabie = allowable stress
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Table 2. Comparison of the optimized design variable
by RSM 1o the result by NASTRAN

NAST- RSM 27}

RAN 4% | n=50 | n=80 | n=120
£ 0.100 0.100 | 0.100 | 0.100
fato ] 1.385 1.849 | 1747 | 1.791
25} 3 2.194 2.358 | 2328 | 2.405
A3} 4 2.404 2576 | 2470 | 2.543
Ea¥oi ] 3311 2.797 | 2.870 | 2922
S 2987 2689 | 2.657 | 2.753
>3t 7 1.597 2.005 | 1.985 | 2.083
R A
o e 0 0.113 | 0.087 | 0.096

Table 3. Comparison of the constraint values
at the optimal point

NASTRAN RSM
oo | -0.20309 -0.21754
23} 2 +0.00105 -0.08285
23 3 +0.00027 -0.04578
223} 4 +0.00012 -0.03727
Eatoi +0.00027 +0.06551
>3}t 6 +0.00017 +0.03193
23 7 -0.00008 -0.09426
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