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Aeroelastic Stability Analysis of Composite Bearingless Rotor Blades in Hover

In-Gyu Lim, Ji-Hoon Choi, In Lee and Jae-Hung Han
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ABSTRACT

The aeroelastic stability analysis of composite bearingless rotors is investigated using a large deflection
beam theory in hover. The bearingless rotor configuration consists of a single flexbeam with a wrap-around
type torque tube and the pitch links located at the leading edge and trailing edge of the torque tube root. For
the analysis of composite bearingless rotors, flexbeam is assumed to be a rectangular section made of
laminate. Two-dimensional quasi-steady strip theory and Loewy’s aerodynamic theory with the lift deficiency
function are used for unsteady aerodynamic computation. The finite element equations of motion for beamns
are obtained using Hamilton's principle. Numerical results of selected bearingless rotor configurations are
obtained for the lay-up of laminae in the flexbeam and pitch links location.
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Fig. 1 Bearingless rotor blade configuration.
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Fig. 2 Geometry and coordinate systems of a rotor
blade before and after deformation.
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Fig.3 Lag damping as a function of collective pitch.
(2) leading edge and (b) both pitch link
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Table 1 Bearingless rotor blade and material properties.
L ]

Rotor Blade AFSIZ;(;; g ir_l 6
Ny 4 Length (in) 7.2
R (in) 36 D (in) 0.18
C/R 0.0847 Width (in) 2.5
a, 5.73 | Ply Thickness (irn)| 0.005
C,o 0.01 E, (Msi) 20.59
o 0.1079 E, (Msi) 1.42
Y 8.357 G,, (Msi) 0.87
K, /mQR | 58.606 G,y (Msi) 0.47
d/R 0.03111 Vi 0.42
MMy 0 Vo 0.5
O, (deg) 4 p(lb, lin*y | 0.0522
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Fig.4 Lag damping vs. rotor speed for both pitch link.
(a) Quasi-steady and (b) Loewy theory
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Fig.5 Root locus plots for the first lead-lag mode.
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Fig.6 Root locus plots for the first flap mode.
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Fig.7 Root locus plots for the first torsion mode.
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