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Vibratory Hub Loads of Helicopters due to Uncertainty of

Composite Blade Properties
Young-Hyun You* and Sung-Nam Jung**

ABSTRACT

In this work, the behavior of vibratory hub loads induced due to the uncertainties of
composite material properties for each of the participating rotor blades is investigated.
The random material properties of composites available from the existing experimental
data are processed by wusing the Monte-Carlo simulation technique to obtain the
stochastic distribution of sectional stiffnesses of composite blades. The coefficients of
variation (standard deviation divided by the mean) obtained from the sectional stiffness
constants are used as an input to the comprehensive aeroelastic analysis code that can
evaluate the hub loads of a rotor system. It is found that the uncertainty effects of
composite material properties inevitably bring a dissimilarity to the rotor system. The
influence of hub vibration response with respect to the individual stiffness (flatwise
bending, chordwise bending and torsion) changes is also identified.
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Fig. 1. Monte-Carlo simulation for the
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Table 1. Stochastic material properties of
graphite/epoxy laminal14]

Material Mean Coefficient of N
) L Distribution
properties value variation, %
E, (GPa) 141.96 3.39 Normal
E, (GPa) 9.79 427 Normal
G, (GPa) 5.99 427 Normal
Viy 0.42 3.65 Normal

Table 2. Statistics of cross—sectional
stiffness values

Material Mean Coefficient of N
) L Distribution

properties value variation, %

EI (GPa) | 114.87 3.053 Normal

EI (GPa) 182.9 3.052 Normal

GJ (GPa) 5481 2.678 Normal

[0, /(x15), /(£30),],

_“;_\
WV

Fig. 2. Thin—walled composite box-beam model
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Properties Values oo
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Solidity, o 0.10 0
CT/O' 007 1/rev 2/rev 3/rev 4/rev 5/rev
Lock Number, y 6.34 Fig. 4. Nondimensional hub loads of flap
EI [miSPR' 0.007763 bending (Z£7) uncertainty case
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