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Structural Behavior of Thin-Walled, Pretwisted Composite Beams

II-Ju Park’, Sung Nam Jung~ ", Danbi Hong

ABSTRACT

In this work, the structural response of thin-walled, composite beams with built-in twist angles is analyzed
using a mixed beam approach. The analytical model includes the effects of elastic couplings, shell wall
thickness, and torsion warping. Reissner's semi-complimentary energy functional is used to describe the beam
theory and also to deal with the mixed-nature in the beam kinematics. The bending and torsion related
warpings introduced by the non-zero pretwist angles are derived in closed-form through the proposed beam
formulation. The theory is validated with available literature and detailed finite element analysis results for
rectangular solid section beams with elastic couplings. Very good correlation has been obtained for the cases
considered.
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Table 1 Geometry and Material Properties of Rectangular Solid Section

Beam.
Properties Values

E 203.4 GPa

G 75.1 GPa
v 0.3532
Pr 68.8°
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Fig. 2 Rectangular Solid Beam with Pretwist Angle.
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Fig. 3 Comparison of Response for Pretwisted Rectangular-solid Beam
under Tip Tension (22,250 N).
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Fig. 4 Comparison of Response for Pretwisted Rectangular-solid Beam
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Table 2 Material Properties of AS4/3501-6 Graphite/epoxy Lamina.

Properties Values
B, 142 GPa
N 9.8 GPa
Gy 6.14 GPa
Vg 0.42
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Fig. 5 Effect of Pretwist Angles on Tip Twist for Composite Beams  Fig- 7 Induced tip response of composite rectangular solid section

Subjected to unit Tip Torque Load([30/-30s]). beams undergoing unit tip torque load with changing fiber
orientation angles (5r=0°).

(x10%) (x10%)
6
—s— Present (/#=0°) 9.0
--=--Present (/#=60°) —e—Present
--8--MSC/Nastran

<

F §

= L 5

- c

w

2 2

= o

2 @

- 2 g
°
£

n 1 1 1 1 1 0.0 Il 1 Il 1 1
0 15 30 45 60 75 90 0 15 30 45 60 75 90
Ply Angle (deg) Ply Angle (deg)

Fig. 6 Response of tip twist for composite rectangular solid section Fig. 8 Induced tip response of composite rectangular solid section
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