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ABSTRACT

A circular composite spar in the wing of ultra-light aircraft is subjected to both bending
moment and transverse shear loads. However, the beam being used in the aircraft may be
inefficient because the design would not take into account the characteristics of the circular
tube that supports the bending moment in top and bottom arc parts and the transverse load in
left and right ones. Therefore, it is necessary to efficiently fabricate the circular tube beam by
properly selecting the stacking sequences or the laminated composite structure. In order to
increase both bending and transverse shear strengths of the beams, in this study, a
cross-section of circular tube is divided into four arcs: top, bottom, left and right ones. The
commercial program, MSC/NASTRAN is used to calculate vertical displacement and the normal
and shear strains with variation of parameters such as division angle of arc and fiber
orientation. Based on the results, the effective parameters for the new circular composite beam
are presented to increase its bending and shear strengths.
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Fig. 1. The use of composite in modern
civil(black) and military(blue) airframes [2]
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Fig. 2. Circular cross—section supporting shear
load
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Fig. 4.

Finite element model and load

Property UD prepreg Fabric prepreg
E 131 GPa 65.4 GPa
E, 8.2 GPa 65.4 GPa
G, 45 GPa 3.59 GPa
Uiy 0.281 0.058
Xy 12,210 pe 117,30 pe
Y, 5,950 pe 117,30 pe
Sig 12,440 pe 14,050 pe
t 0.125 mm 0.23 mm
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Table 2. Stacking sequence of composite tubes
for HPA spar

Spar Stacking sequence Thickness
HPA [0,/45%/0%]¢ 1.61mm
top/bottom | [07/0,/0,/45%]¢
A 1.61mm
sides 0770,/ + 45/45%]¢
top/oottom | [0%/0,/0,/0]4

B 1.585mm

sides 0770,/ +45/0]4
top/bottom | [07/0,/0,]¢
1.46mm
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Fig. 12. Max. vertical deflection w of new
composite tubes for HPA
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