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Highly Efficient Structural Optimization of Composite Rotor Blades
Using Bézier Curves

Jae-Seong Bae*, Sung-Nam Jung*'

ABSTRACT: In this work, a contour-based section analysis method incorporating the use of Bézier curves is attempted
for the construction of optimal structural design framework of composite helicopter blades. The suggested section
analysis method is able to analyze composite blades with solid cores made of arbitrary materials and geometric shapes.
The contour-based section analysis method is integrated into a blade structural optimization framework to confirm
the efficiency of the present approach. The numerical simulation result demonstrates that the optimized blade
configurations are obtained with a reduction in mass by 52%, compared to the baseline blade. For the structural
optimization of composite blades with 19 subsections, it takes about one hour for the successful optimization while
satisfying all the design constraints considered in this study, which reveals the efficiency of the present approach.
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Table 1. Material properties used for the optimization

E, E, G, v Density

(GPa) | (GPa) | (GPa) 12 (kg/m?)
CFRP 177 9.1 5.1 0.28 1580
GFRP 45.2 12 4.1 0.24 2008

Foam 0.08 0.08 0.03 0.49 52

Titanium 113.8 113.8 44 0.34 4430
Stainless steel 205 205 77 0.3 7798
Tungsten 93.9 93.9 36.7 0.28 17798
Resin 34 3.4 1.3 0.33 1124
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Table 2. Material properties used in the example cross-section

E, E, Gy, v Density

(GPa) | (GPa) | (GPa) 12 (kg/m?)
Boron 231.0 17.5 4.7 0.23 2000
Titanium 113.8 113.8 44.0 0.34 4430
GFRP 8.4 8.4 8.9 0 1770
Polyurethane 1.0 1.0 1.3 0 1125
Lead 16.0 16.0 5.6 0.44 11340

Foam 0.04 0.04 0.14 0.30 60
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Table 3. Comparison of sectional properties with neglecting the

core
Ksec2d-AE Present Difference (%)
EA (N) 1.540E+08 1.489E+08 -3.35
GJ (Nm?) 1.077E+04 1.065E+04 -1.10
EIL, (Nm?) 1.799E+04 1.737E+04 3.49
EIL (Nm?) 8.106E+05 7.917E+05 2.32
m (kg/m) 5.720E+00 5.708E+00 -0.21
Iy (kgm) 6.526E-02 6.529E-02 0.05
1, (kgm) 6.577E-02 6.580E-02 0.05

Table 4. Comparison of sectional properties including the core

Ksec2d-AE Present Difference (%)

EA (N) 1.605E+08 1.561E+08 -2.71
GJ (Nm?) 1.131E+04 1.091E+04 3.52
EI, (Nm?) 1.817E+04 1.760E+04 3.11
EL (Nm?) 8.153E+05 8.189E+05 0.44
m (kg/m) 1.038E+01 1.054E+01 1.47

Iy (kgm) 7.043E-02 7.046E-02 0.04

I, (kgm) 7.107E-02 7.110E-02 0.05
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