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Structural Analysis of Thin-Walled, Multi-Celled Composite Blades with Elliptic
Cross-Sections

Il-Ju Park’, Sung Nam Jungm'

ABSTRACT

In this study, a refined beam analysis model has been developed for multi-celled composite blades with
elliptic cross-sections. Reissner's semi-complimentary energy functional is introduced to describe the beam theory
and also to deal with the mixed-nature of the formulation. The wall of elliptic sections is discretized into finite
number of elements along the contour line and Gauss integration is applied to obtain the section properties. For
each cell of the section, a total of four continuity conditions are used to impose proper constraints for the
section. The theory is applied to single- and double-celled composite blades with elliptic cross-sections and is
validated with detailed finite element analysis results.
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Fig. 1 Cantilevered blade with two-cell, elliptic cross-section.
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Fig. 2 Shear flow components of two-cell section.
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Fig. 3 Section modeling for 2-cell elliptic section.
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Fig. 4 Definition of section coordinates.
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Table 1 Material properties of AS4/3501-6 graphite/epoxy lamina
Properties Values
Ey 141.9 GPa
Ey 9.8 GPa
Gy 6.13 GPa
Viy 0.42
t 0.127 mm
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Fig. 6 2D FE mesh of single-cell elliptic-section beam.
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Fig. 7 Comparison of axial displacement under axial load.

-9
3.010

—O—Present
=X¥— NASTRAN 2D

st (rad)
~ N
o [3,]
3 3

-
(4]
=
o
o

Induced Tip Twi

0 {

30 45 60 75 90
Ply Angle (degree)

Fig. 8 Comparison of induced tip twist under axial load.
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Fig. 9 Geometry of a beam with double-cell elliptic-section.
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Fig. 10 2D FE mesh of two-cell elliptic-section beam.
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Fig. 11 Comparison of tip twist under tip torque.
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Fig. 12 Comparison of induced tip displacement under tip torque.
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Fig. 13 Comparison of tip bending slope under tip shear.
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Fig. 14 Tip twist deformation under tip torque.



W74 8 4 3 2004, 8 gEAEz 749 &

¥ U8 ve 23 Sdolse Tasd 31

8 105
—C— Present
- e

— 105 NASTRAN 2D
~N

£

4

-

>

x

b

o

14

©

c

£

[

)

[«

|_

0 i 1 L i I

0 15 30 45 60
Ply Angle (degree)

Fig. 15 Comparison of torsional rigidities under tip torque.
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