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Abstract

Recently, carbon fiber-reinforced composite is widely used in many aerospace applications. Among most of the aerospace vehicles,
human-powered aircraft essentially uses it for minimizing the weight of the vehicle and gaining high stiffness to increase its
efficiency. In this paper, main wing spar of the human-powered aircraft is investigated. Finite element models were created based on
the baseline model built in 2013 to make analysis of cross—section of the spar with varying ply angles of each layer of the spar.
Objective function, which is affected from bending rigidity, torsional rigidity, and strength ratio, was evaluated for every cases. The
model of 2013 and present cases were put into comparison by values evaluated from objective function. From the comparison, it was
concluded that there are more chances to improve the baseline model to make the vehicle better in stiffness and weight than the
model of 2013.
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Table 1 Material properties of each prepreg (Lee, 2013)

s 5|2 7§<HEDISON) &

Uni-Directional Fabric
Elastic £ 131 65.4
Modulus E, 8.2 65.4
(GPa) E, 8.2 -
Shear Gy 4.5 3.59
Modulus G, 4.5 -
(Gpa) Gy 3.5 -
) , Vs 0.281 0.058
Polss?n S vy 0.231
Ratio
Vo 0.47
Tensile Xy 2,000 959.1
Strength Y, 61 929.1
(MPa) Z, 61 -
Shear Sy 70 118.6
Strength Sy 70 -
(MPa) Shy 40 -
Thickness ¢ 0.255 0.23
(mm)
Density
(ke/m®) P 1,580 1,580

2.1 239 AY

2.1.1 gagdy 94 B4%

d A7t T8 A7) NAEA HF HA (Lee,

S ZH2)

2013)cl wWEw 3 IR Wi 4L Fig 29 Zr}.
9HeS Mid-Line 7l£o® ®Ex|Ee] 5cmeolx FA7F
1.94 mm¢ 938 ddeltt. & 8719 FZEFH(lamina) &

5] don, AFRe F FHoIT stvbe &
g4 A 4249 Uni-Directional Preprege]i, ©
shvbe A= He] AR &A% Fabric Prepregelt.
A o] g A w2 Fof Hrylo|EE FA gt

e o fu

Z
Layer 1

Name of Material

Uni-Directional
Prepreg

Fabric Prepreg

Fig. 2 Cross section of main wing spar
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Table 3 Ply angle arrangement of spar

Layer Ply Angle (deg) | Material

1 Fixed to 0 Uni-Directional Prepreg
2 Fixed to 90 Fabric Prepreg

3 =75 ~ 90 Uni-Directional Prepreg
4 Fixed to 90 Fabric Prepreg

5 -75 ~ 90 Uni-Directional Prepreg
6 Fixed to 90 Fabric Prepreg

7 -75 ~ 90 Uni-Directional Prepreg
8 Fixed to 90 Fabric Prepreg

2.3.2 2R 4%
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M2 o, 12468 29 A27e wAGoH A
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g7l Fo MR AE YEH 75 B 153 A4
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subject to the constraints:

R>1 (4)
with bounds for design variables as:

6, = 0(deg)

0, =0,=0,= 0, =90 (deg)

—75 <6, 0 6, < 90(deg)

0. 0, 0, 7 BN A3%E, 0] HHAR

HAFES 432 wde] (0°0/90°),91 7IERd #= o

A% o] 2 54ge 2 ZE Fig. 73 2

_12_

178



M5z HE AMO|AA-nE ofE 4L (EDISON) F=5t ZTUC]

Objective Function

Objective Function Value
w
N
L

200 400 600 800 1000 1200 1400 1600 1800
Ply Angle Case

Fig. 7 Objective function values with
respect to each case
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Table 4 Ply angle arrangement at minimum objective
function cases

Layer Case 629 (deg) Case 943 (deg)
1 0 0
2 90 90
3 -15 15
4 90 90
5 -15 15
6 90 90
7 -15 15
8 90 90
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