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Cross-sectional Constants of Thin-walled Composite Blades
with Elliptical Profiles
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Abstract

In this work, a closed-form analysis is performed to obtain the stiffness coefficients of
thin-walled composites beams with elliptical profiles. The analytical model includes the effects
of elastic couplings, shell wall thickness, torsion warping and constrained warping. Reissner’s
semi-complementary energy functional is used to derive the beam force-displacement
relations. The theory is validated against MSC/NASTRAN results for coupled composites
beams with single-cell elliptical sections. Very good correlation has been noticed for the test
cases considered.
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Fig. 1. Geometry and coordinate systems of
an elliptical section beam.
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Fig. 2. Geometry of elliptical section beam.
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Table 1. Material Properties of AS4/3501-6
Graphite/Epoxy lamina.

Properties Values
Ey 141.9 GPa
EQQ 978 GPa
Glg 6.13 GPa
Y12 042
t 0.127 mm

Fig. 3. FE mesh for 2D NASTRAN analysis.
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Fig. 4. Comparison of axial rigidities with ply
angle changes.
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