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ABSTRACT

In this work, the effect of composite couplings and mass distributions on hub loads of a hingeless
rotor in forward flight is investigated. The hingeless composite rotor is idealized as a laminated
thin-walled box-beam. The nonclassical effects such as transverse shear and torsion warping are
considered in the structural formulation. The nonlinear differential equations of motion are obtained by
applying Hamilton's principle. The blade responses and hub loads are calculated using a finite element
formulation both in space and time. The aerodynamic forces acting on the blade are calculated using
the quasi-steady strip theory. The theory includes the effects of reversed flow and compressibility.
The magnitude of elastic couplings obtained by MSC/NASTRAN is compared with the classical
pitch-flap(83) coupling. It is observed that the elastic couplings and mass distributions of the blade
have a substantial effect on the behavior of Ns/#ev hub loads. About 40 % hub loads is reduced by
tailoring or redistributing the structural properties of the blade.
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Table 1 Maln rotor propertxes

Number of Blades, Ny 4

Rotor Radius, R, in 52.8
Chord, ¢, in 3.70
Rotor Speed, 2, RPM 660
Lock Number, v 6.5
Solidity Ratio, o 0.089
Thrust Ratio, C7/0 0.08
Hub Vertical Offset, A/R 0.2
CG. Offset, Xeo/R, Yoo/ R 0.0, 0.0
Precone Angle, fp 1°
Blade Pretwist, 65" -5’
Mass per Unit Length, slug/ft 0.00866
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Table 2 Different composite box-beam cases

Base-| Top [90/012s [90/0]12 [90/012s

line |Bottom| [90/072 [90/0]zs £90/012

Case| Top |[152/(90/0):][{152/(90/0)3] | [152/(90/0)5]

A |Bottom | [152/(90/0)3] | [152/(90/0)3] | [152/(9070)3]
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B | Bottom | [-15,/(90/0)5] | [15,/(90/0)51 | [-152/(90/0)3]

Case| Top | [152/(90/0)3]| [152/(90/0)s]| [152/(90/0)s]

C | Bottom | [15:/(90/0)5] | [15:/(90/0)51 | [15:/(90/0)5]

Bl Uniform mass
1 Nonuniform mass

Mass ratio
N w E-

1

0 0.2
Blade radial position, /A
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Fig. 9 Variation of tip twist vs. azimuth angle
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