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Optimization Study of a Helicopter Rotor Blade Section
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Abstract

In this paper, an optimization study on a helicopter rotor blade cross—section was made. Generalization was made to the baseline
cross—section to simplify the analysis. To have better performance in aeroelastic response, with the aerodynamic center being the
origin of the baseline, the distance between aerodynamic center and shear center, and the distance between mass center and shear
center of the blade were minimized. For efficient searching of optimum solutions over the design space, grid search method, which is
a method of graphical search was used. Two design variables, radius of balancing weight at leading edge, and offset of the spar
from leading edge were selected for the study. Cubic spline interpolation method was used to accommodate searching of the optimum
solution. 2-Leveled searching system was devised in accordance with the interpolation method. Optimum solution was found to show
6% decrease in both distance between aerodynamic center and shear center, and mass center and shear center to the baseline.
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Fig. 1 Schematic of cross-section of the baseline
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Table 1 Material properties for cross-section of the

baseline
Material FE .q/m?
Part ateria , p(kg/m
Used (GPa) )
Aluminum 73 0.33 2800
Lead 160 0.44 11340

Yy

55mm

Table 2 Specification and flight condition of baseline

rotor
Weight( W) 2.29 kg
Chord(c) 55 mm
Rotor radius(R) 600 mm
Rotor speed(£2) 2000 rpm
Rotor tip speed( V) 125.6 m/s
Angle of attack(a) 1 deg
Air density(p) 1.227 %10 *kg/mm® (sea level)

Table 3 Loading conditions
F.(N) M, (N'm)

253.16 -0.0636

M, (N-m) M, (N-'m)
4.9931 0.4
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with bounds for design variable as:
03mm < r < 12mm , 445bmm <y < 45.5mm (3)
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Fig. 3 FE model of baseline cross-section
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Fig. 6 Cross—section after optimization
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Fig. 7 Comparison of non-dimensionalized elastic
stiffness between baseline and optimum design
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