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Static Aeroelastic Optimization of a Composite Wing
Using Genetic Algorithm

Dong-Hyun Kim* and In Lee”*

ABSTRACT

Today, the use of composite materials become an essential part in the design and manufacturing process
of the flight vehicles to reduce the structural weight. Since the structural properties can be varied largely
due to the stacking sequence of ply angles. it is very important problem to determine the optimized ply
angles under a design objective. Thus, in this study, the analysis of static aeroelastic optimization of a
composite wing has been performed. An analytical system to calculate and optimize the aero-structural
equilibrium position has been developed and incorporated with the genetic algorithm. The effects of
stacking sequence on the structural deformation and aerodynamic distribution have been studied and cal-
culated with the condition of minimum structural deformation for a swept-back composite wing. For the
set of practical stacking angles, the design results to maximize the performance of static aeroelasticity are
also presented.
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Fig. 1. Load map of the load-distribution analysis of a compos-
ite wing
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Fig. 3. Load map for the optimization process using genetic
algorithm
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Table 1. Material properties of T300/5208 Graphite/Epoxy

Properties Aluminum T300/5208
opert (6061-T6) Gr/Ep
E, (GPa) 73.0 138.0
E, = E5(GPa) 73.0 9.7
G, = G13(GPa) 274 55
G1(GPa) 274 4.1
Vi 0.33 0.28
p(kg/m’) 2700 1580
toy(mm) . 0.125
08 © Experiment [Yang et al., 1993]
—— Present VLM (10x20)
(5' 0.6 Xanswap; Tapered Wing
E m:g.'e
é.: 04 U=~ 15.4 nvsec
8 2 U-‘ﬁw&c
5
Planform Shape of Model Wing
0.0 -
o 2 4 6 8 10
Angle of Attack (deg.)

(a) AERO(VLM) (15 x15) (b) FEM (10X 10)
Fig. 5. CFD and FEM mesh on the wing surface
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Fig. 6. Comparison of total wing lift coefficients between present
VLM and experiment (AR = 6.0, TR = 0.6, U = 15.4 m/s)
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Table 2. Design results for the minimum tip deflection of a com-
posite tail wing

Case Best stacking sequence Objecf Fn. =
(45/90/-45/6/01s Min(0)
0.128m
g =
1 0/45/0/45/45/45/0/0/0/0 (CL=0.462)
2 6 = 30/30/30/0/30/30/45/ 0.109 m
30/30/45 (CL=0.457)
. 0.0m
Rigid None (Cu=0.44)
Al- None 0.3l m
2024 {(CL=0.485) |
14
Population Size = 30

Crossover Probability = 0.5
Mutation Probability = 0.02
Selection Parameter = 6

—0— Average
—B - Maximum

0.6
12345867889 101112131415
Generation

Nondimensiona! Fitness
o

Fig. 9. Convergence iteration of fitness value
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Fig.9% Table 22] CASE 2¢] digr #3=(fit-
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e
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Fig. 10. Deformed shape of wing at leading and trailing edge

(b) Case 2

Fig. 11. Deflected wing shape at the minimum deflection condition
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Fig. 12. Contour plot of pressure difference between upper and
lower surface
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