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Optimal Structural Design of Composite Helicopter Blades using a
Genetic Algorithm-based Optimizer PSGA

Se Hoon Chang*, Sung Nam Jung**"

ABSTRACT: In this study, an optimal structural design of composite helicopter blades is performed using the genetic
algorithm-based optimizer PSGA (Particle Swarm assisted Genetic Algorithm). The blade sections consist of the skin,
spar, form, and balancing weight. The sectional geometries are generated using the B-spline curves while an open-
source code Gmsh is used to discretize each material domain which is then analyzed by a finite element sectional
analysis program Ksec2d. The HART II blade formed based on either C- or D-spar configuration is exploited to verify
the cross-sectional design framework. A numerical simulation shows that each spar model reduces the blade mass by
7.39% and 6.65%, respectively, as compared with the baseline HART II blade case, while the shear center locations
being remain close (within 5% chord) to the quarter chord line for both cases. The effectiveness of the present
optimal structural design framework is demonstrated, which can readily be applied for the structural design of
composite helicopter blades.
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Fig. 1. Geometric model approximated by B-spline with control
points

Fig. 2. Generated finite element model using a Gmsh
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Table 1. Constraints for the values in the optimized design

No Constraint Lower bound | Upper bound
! O =yl -0.05 0.05
2 Ve =Yadle -0.05 0.05
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Table 2. Mechanical material properties for optimization

Material ((fﬁa) (Cf;a) (g;’za) aeg?f:%
Skin 14.2 14.2 15.2 1860
Spar 56.4 56.4 3.59 1480
Foam 0.035 0.035 0.025 60

Nose weight 16.0 16.0 5.6 11342

Fig. 9. Optimized result of HART Il blade ((a) 0.16R (b) 0.75R (C
spar model [11]) (c) 0.75R (D spar model)
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