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Abstract

In our preceding study, we reported that the use of light, composite-material wings in long-endurance
Solar-Powered UAVs is a critical factor. Ribs are critical components of wings, which prevent buckling and
torsion of the wing skin. This study was undertaken to design and manufacture optimal composite ribs. The ribs
were manufactured by applying laminated-layer patterns and shapes, considering the anisotropic properties of the
composite material. Through the finite element analysis using the MSC Patran/Nastran, the maximum load and
the displacement shape were identified. Based on the study results measured by structural tests, we present an
optimal design of ribs.
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@ Flange/Spar cross part
@ Main spar part

Fig. 1 Layer pattern of rib

@ Rib flange part
® Rear spar part
® Rib web part
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Table 1 Layer-patten of Type 1 shape of rib

® @) ® O) ®

Ub9o* CFo° CF

uDo® uDo® UD90° | CF/CF/ [0%]

CFO° CFO° UDO® | CF/UD Web

CFO° CFO° CF0° [90°]s 5/75/
CFO° CFO° .

10mm

2.2.3 A& 1 &Il 2|2 M Ef
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Table 2 Layer-patten of rib with increased web thickness

no ©) ® ® @ ®
UD90° | CFO°
Web | UDO" | UDO® | UD9O® | CF/CF/ | .
2ply | CFO° | CFO° | UDO® | CF/UD [0°]
add | CFO° | CF0° | CFO° | [90°]s 8
CFO° | CFO°
UD90° | CFO°
Web | UDO® | UDO® | UDSO® | CF/CF/ |
3ply | CFO° | CFO° | UDO® | CF/UD [0°0]
add | CFO° | CF0° | CFO° | [90°]s 10
CFO° | CFO°
UD90° | CFO°
Web | UDO" | UDO® | UD9O® | CF/CF/ | .
4ply | CFO° | CFO° | UDO® | CF/UD [0°,,]
add | CF0° | CFO° CF0° [90°]s 12
CFO° | CFO°

Table 3 Layer-patten of rib with increased flange

thickness
no @ @ ® O) ®
UD90° | CFO°
Flan | UDO® | UDO® | UDSO® | CF/CF
. | cFo* | cFo* | upo® | /CF/U | CF
29 .| CFo* | CcFo* | CFO° D | [0%]
PY' | cro° | cFo° | CFO° | [90°]s
CFo° | CFo°
UD90° | CFO°

ubo® | UDO® | UD90°

Flan | CFO° CFoO° uDo°® ?g,é?'j CF
ge | CF0° | CFO° CFo0° D [0%]
3ply | CFO® | CFO" | CFO° | oo !
CF0° CF0° CFO°
CFO° | CFO°
uD90° CFoO°
uDO® uDO® uD90°
CFoO° CFo0° uDo°®
Flan | CFO° CFo0° CFo° ?('):IQ?L'J: CF
ge | CF0° | CFO° CFo0° D [0%]
° ° ° 4
5ply | CFO CFO CFO [90°]s

CFO° | CFO° | CFO°
CFO° | CFO° | CFO°
CFO° | CFO°
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Fig. 2 Four types of rib shapes
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Table 4 Layer-patten of Type 2 shape of rib

® ® ® ® ® ® ©)
. . | CF/
uDO CFO .
upo® | ubgo® | ubgoe | CF/ ub [CFOD /
. . . | CF/ | CF 0 CF0°/
CFO CFO uDO uo | [0%] | ub | upoe]
CFO° | CFO° | CFO° (90 4 o s
CF0° | CFO° Is

Table 5 Layer-patten of Type 3 shape of rib

® ® ® ® ® ® ©)
. . CF/
uDO® | CFO .
ubo® | ubeo® | upgos | CF/ ub | [CFO™/
. . . | CF/ CF | 0° | CFo/
CF0° | CFO° | UDO U | [0 | up | UDo°]
CF0° | CFO° | CFO° [90°] N o s
CF0° | CFO° .
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Type 4

®
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Table 6 Layer-patten of Type 4 shape of rib
(UD0°/UD90°/CF45°/CF0°)
® @ ® ® ® ®
[CFOO" UDO*
CFO UDo*
UDO0°]s
CFO0° .
ubo® | CFo° gg [CFOO UD90
UDO° | UD90° | UD90° . uD90°
o o o CF/ uD90 ]S
CFO CFO uDo UD -
CFO" | CFO° | CFO° | oy [gFF(g, CF45°
CFO0° CF0° o
s CF45°]s CF45
[CFO: CFo0°
CFO OFO°
CF0°]s
Table 7 Material Property
PROPERTY CF-1114 CU-0753
Density (g/cri) 1.44 1.52
E, (GPa) 58.92 112.8
E, (GPa) 56.17 8.443
V1o 0.06 0.308
G, (GPa) 3.96 3.875
01 (MPa) 653.59 1887.57
09 (MPa) 644.14 31.60
1 Ply thickness(mm) 0.15 0.12
¥ 1. Axial, 2: Transverse, t: Tension
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(@) Type 1

(b) Type 2

(c) Type 3

(d) Type 4

Fig. 3 FEM modeling result for four types of rib shapes
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Fig. 4 Analysis results of rib with increased web

thickness

Web 7.5mm
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Fig. 5 Analysis results of rib with changes in web
length

Web Smm

Q%l%qwl

Fig. 6 Analysis results of rib with increased flange
width (10 mm=> 15 mm)
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Web 5mm

Total Web

Fig. 7 Analysis results of Type 2 shape of rib

Web Smm
Total Web Flange I
Fig. 8 Analysis results of Type 3 shape of Rib

Web i Flange

Fig. 9 Analysis results of Type 4 shape of Rib
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Table 8 Test result of rib with increased thickness

Sample Weight(g) | Load(N)

Basic rib (CF[0°4]) 4.72 31.86
2ply(CF[0°%]) 5.25 49.15

Web | 3ply(CF[0°10]) 5.88 63.45
4ply(CF[0°12]) 6.55 89.02

1ply = 5.50 36.51

1ply #*x* 5.35 37.88

2ply * 6.26 35.32

Flange

2ply s 5.90 33.41

3ply * 7.81 35.32

3ply *x 6.94 37.74

* front, rear rib each lay-up
** front, rear rib join together lay-up

Table 9 Test result of rib with increased flange width

Sample Weight(g) | Load(N)
Basic rib | eh 5mm 4.72 31.86
Fl
(Flange I 0 75mm | 5.15 56.64
wide
10mm) web 10mm 5.81 71.59
Basic rib | weh 5mm 6.26 32.51
Fl
(Flange o 7 5mm | 7.04 58.81
wide
15mm) web 10mm 7.73 75.57

Table 10 Test result of various shapes of ribs

Sample Weight Load
(g) (N)
web Smm 4.98 87.82
Tyzpe web 7.5mm 565 | 118.41
web 10mm 6.29 146.30
web 5mm 5.37 127.50
Tépe web 7.5mm 6.01 | 106.97
web 10mm 6.64 195.97
web Smm 8.89 228.74
ub
0° web 7.5mm 8.17 177.47
web 10mm 8.87 211.03
web 5mm 9.07 199.84
[)0)
90° web 7.5mm 8.26 244.08
Type web 10mm 8.76 231.83
4 web 5mm 6.31 | 141.35
i_i web 7.5mm 7.29 202.60
web 10mm 7.86 271.74
web 5S5mm 6.24 168.13
%lj web 7.5mm 7.35 168.72
web 10mm 7.42 228.44

Table 11 Test result of strengthened ribs

Sample Weight Load
P (2) (N)
Basic Rib (web 5mm)
(Flange wide 10mm) 472 31.86
Web 2ply Strengthened 5.25 49.15
Flange Strengthened
(CF-1114 1ply) 5.36 32.32
web Smm 4.17 25.88
Total
web 7.5mm 4.83 28.72
CF45°
web 10mm 5.46 47.89
Total CF45° web bmm 5.40 24.97
i web 7.5mm | 5.87 71.75
Flange
CE 45 web 10mm | 6.65 | 95.35
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