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A Study on Conceptual Structural Design for the Composite Wing of
A Small Scale WIG Flight Vehicle

Changduk Kong, Hyunbum Park, Juil Kim, Kukjin Kang and Miyoung Park
Abstract

In the present study, conceptual structural design of the main wing for the 20 seats WIG(Wing in
Ground Effect) flight vehicle, which will be a high speed maritime transportation system for the next
generation, was performed. The high stiffness and strength Carbon-Epoxy material was used for the
major structure and the skin-spar with a foam sandwich structural type was adopted for improvement
of lightness and structural stability, As a design procedure for this study, firstly the design load was
estimated with maximum flight load, and then flanges of the front and the rear spar from major
bending load and the skin structure and the webs of the spars were preliminarily sized using the
netting rules and the rule of mixture. In order to investigate the structural safety and stability, stress
analysis was performed by Finite Element Codes such as NASTRAN/PATRAN[6] and NISATI[7].
From the stress analysis results, it was confirmed that the upper skin structure between the front spar
and rear spar was very unstable for the buckling. Therefore in order to solve this problem, a middle
spar and the foam sandwich structure at the upper skin and the web were added. After design
modification, even thought the designed wing weight was a little bit heavier than the target wing
weight, the structural safety and stability of the final design feature was confirmed. Moreover, in order
to fix the wing structure at the fuselage, the insert bolt type structure with six high streng,th bolts was
adopted for easy assembly and removal.

Key Wonds: Composite wing, WIG flight vehicle, Conceptual structural design and analysis,

Skin-spar-foam sandwich structure
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Figure 1 Flow of structural design and analysis

Figure 2 3d-model shape and wing spar structure
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Table 1 Aerodynamic design results of wing

Item Value
Wing root chord(mm) 7500
Wing tip chord(mm) 3000
Wing span(mm) 9000
Target weight(kg) 383
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Table 2 Nomal force, shear force, bending moment
of wing about designed maximum speed flight status

- Nomal Shear Bending
force(kN) | force(kN) | moment (kN-m)

5-6 5125 5.25 3.94
4-5 712 13.37 17.15
3-4 9.00 21.87 42.46
2-3 9.97 31.34 81.99
1-2 10,50 41.84 136.88
0-1 11.02 52.86 207.90
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Table 3 HT145-RS1222 UD-HSCFEP material
properties of for the present study

Item Value
Longitudinal modulus(GPa) 140
Transverse modulus(GPa) 10
Shear modulus(GPa) 5
Poisson ratio 0.3
Longitudinal tensile strength(MPa) 1500
Longitudinal compressive strength(MPa) | -1200
Transverse compressive strength(MPa) -250
In plane shear strength(MPa) 70
Density(g/cm’) 15
UD prepreg thickness(mm) 0.125
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Figure 3 Acting stress for spar flange and web

Table 4 Conceptual design of spar flange and web

Front spar
Station flange plying sequence
thickness(mm)
0-1 7.00 [ 2(+45,04,90,+45,0,90) Is
1=2 525 [ +45,0,,90,+45,0,90,£45,0:90 Is
2-3 275 [ +4590,0,%45900 ls
3-4 175 [ 450490 Is
4-5 125 [ +450,90 Js
56 1.25 [ +450:90 Is
Rear spar
Station flange plying sequence
thickness(mm)
0-1 11.50 [ 2(+45,90,04,+45,90,04,%45,90,04,+45) ]s
=g 775 [ 2(+4590,04,+45,90,02,#4590 Js
2-3 525 [ +45,04,90,+45,04,90,+450.,90 s
3-4 3.50 [ +45,0,90,+4504,90 Js
4-5 1.25 [ +450,90 Js
5-6 125 [ 450,90 Is
Spar web
Station thickness plying sequence
(mm)
all 400 [ 2(+45,0,90,+45,0,90) Is
¥ Front and rear spar [lange width @ 225mm
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Figure 4 Shear flow of wing section
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Figure 8 First buckling mode shape and load
factor for firstly designed wing structure

Figure 5 Joint part shape of wing and fuselage
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Figure 9 Stress contour of finally
structure

Figure 10 Displacement contour of finally designed
wing structure

Figure 11 First buckling mode shape and load
factor of finally designed wing structure
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Table 5 Structural analysis results
Item Value

Max. stress | Tension 187
[MPa] Compression 237
Max. deflection at wing tip [mm)] 90

S.F. by Tsai-Wu failure criterion 1/0.18
First buckling load factor 137
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Figure 12 Design modification of wing structure

with three spars and foam sandwich

Table 5 Design modification of wing structure

Front spar
Station flange plying sequence
thickness(mm)
0-1 450 [ +45,0,,90.04,+45,0.90 ls
1-2 4.00 [ +45,0.,90,445,0,,90,+45 Is
23 225 [ +450,,+450ls
34 2.00 [ +45,04,90,0 Is
4-5 200 [ +450.90.0 Js
56 2.00 [ 44504900 Is
Middle spar
Station flange plying sequence
thickness(mm)
all 200 [ +4504,+450 Is
Rear spar
Station flange plying sequence
thickness(mm)
0-1 6.00 [ +45,90,04,+45,90,04,£45,04,£450: s
1-2 450 [ +4590,0.,+45,90,0:+450; Is
2-3 4.00 [ +45,04,90,44504,90,445 Is
-4 225 [ +450,,4450 Is
4-5 200 [ +450,90.0 Js
56 200 [ £45,0,90,0 Is
Spar web and
Station v plying sequence
thickness
(mm)
all 12.00 2(+45,0,90),foam,2(+45,0,30)
# front and rear spar [lange width @ 225mm
# Thickness of web and skin including foam sandwich thickness of 10mm
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Table 6 Structural design modification history
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