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Abstract

In this study, conceptual structural design of the main wing including aileron
for a small scale WIG(Wing in Ground Effect) Flight Vehicle among high speed
ship projects, which will be a high speed maritime transportation system for the
next generation in Rep. of Korea, was performed. The Carbon/Epoxy material
was selected 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 the present study, firstly the design load was
estimated through the critical flight load case study, and then flanges of the front
and rear spars from major bending loads and the skin and the spar webs from
shear loads were preliminarily sized using the netting rule and the rule of
mixture. Stress analysis was performed by a commercial FEA code,
NASTRAN/PATRAN. From the stress analysis results for the first designed wing
structure, it was confirmed that the upper skin between the front spar and the
rear spar was unstable for the buckling. Therefore in order to solve this
problem, a middle spar and the foam sandwich type structure at the skin and the
web were added. After design modification, the structural safety and stability for
the final design feature was confirmed. In addition to this, the insert bolt type
structure with eight high strength bolts to fix the wing structure to the fuselage
was adopted for easy assembly and removal as well as in consideration of more
than 20 years fatigue life. Additional design on aileron including joint structure

between main wing and control surface was performed. The channel type spar,



the foam sandwich skin structure and the lug joint were adopted for aileron

design.
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Investigation of design requirements

-Aerodynamic configuration design results
-Aerodynamic loads
-Structural design requirements

\ 4 \ 4
Structural design Material mechanical
load estimation properties

\ 4 \ 4

‘ Structural design using netting rule

»i
<

\ 4
‘ Structural design using rule of mixture

v Design
modification

Evaluation of structural safety, stability and weight
by finite element method A

\ 4
‘ Check target weight = Design weight

\ 4
‘ Finalize design

Fig. 1 Structural design procedure of WIG vehicle

Table 1 Specification of small scale WIG vehicle

Design requirements

Crusing speed 150 km/h
Maximum speed 170 km/h
Gross weight 8500 kg
Empty weight 6500 kg
Load factor 2

Engine thrust 1000 hp X 2
Aerodynamic configuration

Length 23.5 m
Height 7.75 m

Wing area 108 m?
Wing span 20.4 m

Root chord 7.5 m

Tip chord 3.0 m

Airfoil Modified NACA 7409
Target weight of wing 383 kg




Fig. 2 3-D CATIA model for whole WIG vehicle and main wing structure
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Fig. 3 Shear force diagram of main wing
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Table 2 Mechanical properties of materials used in main wing design

Material
Carbon/Epoxy UD Prepreg

Property
Longitudinal modulus(GPa) 140
Transverse modulus(GPa) 10
Shear modulus(GPa) 5
Poisson ratio 0.3
Longitudinal tensile strength 1500
Longitudinal compressive strength(MPa) -1200
Transverse compressive strength(MPa) -250
In plane shear strength(MPa) 70
Density(g/cm®) 1.5
Ply thickness(mm) 0.125
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Table 3 Conceptual design results of spar flanges and webs

Front spar flange

Station thickness(mm) Layup sequence
1 7.00 [ 2(£45°,04°,90°,£45°,047,90) Is
2 5.25 [ £45°,04°,90°,+45°,04°,90°,£45%,04°,90" Is
3 2.75 [ £45°,90°,04°,£45°,90°,0" 1s
4 1.75 [ £45°,04°,90" Is
5 1.256 [ £45°,04°,90" Is
6 1.256 [ £45°,04°,90° Is

. Rear spar flange
Station

Layup sequence

thickness(mm)
1 11.50 [ 2(£45°,90°,04",£45°,90°,04",£45°,90°,04",£457) 1s
2 7.75 [ 2(£45°,90°,04°,£45°,90°,047),£45°,90° 1s
3 5.25 [ £45°,04°,90°,£45°,0,°,90°,£45%,04°,90" Is
4 3.50 [ £45°,04°,90°,£45%,04,90" Is
5 1.25 [ +£45°,02°,90° Is
6 1.25 [ £45°,02°,90° Is
Station Spar web Layup sequence
thickness(mm)
all 4.00 [ 2(£45°,0°,90°,£45°,0°,90°) Is

¥ Front and rear spar flange width @ 225mm




Fig. 5 Configuration of main wing structure
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Fig. 10 Stress contour on skin and spar of final modified main wing
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Fig. 11 Deformed configuration and the first buckling mode shape of final
modified wing
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Fig. 12 The 1st flap mode shape and the 1st lead-lag mode shape vibration
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Fig. 13 Final modification of main wing structure with three spars and foam
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Table. 4 Design modification results of main wing structure

. Front spar flange
Station . Layup sequence
thickness(mm)
1 4.25 [ £45°,0,°,90°,04°,2£45°,05°,90° Is
2 3.75 [ £45°,04°,90°,£45°,05°,90°,+45° 1s
3 2.00 [ £45°,05°,£45°,0° 1s
4 1.75 [ £45°,05°,90°,0° Is
5 1.75 [ £45°,05°,90°,0° Is
6 1.75 [ £45°,05°,90°,0° Is
. Middle spar flange
Station . Layup sequence
thickness(mm)
all 2.00 [ £45°,05°,£45°,0° 1s
. Rear spar flange
Station . Layup sequence
thickness(mm)
1 6.00 [ £45°,90°,0,°,£45°,90°,0,",£45°,04°,£45°,05° 1s
2 4.25 [ £45°,04°,90°,04°,£45°,03°,90° Is
3 3.75 [ £45°,04,90°,£45°,05°,90°,£45° 1s
4 2.00 [ £45°,05°,£45°,0° Is
5 1.75 [ £45°,05°,90°,0° Is
6 1.75 [ £45°,05°,90°,0° Is
. Spar web and skin
Station . Layup sequence
thickness(mm)
all 16.75 (£45°,0°,90°,£45°,07),foam,(0°,+45°,90°,0°,F 45°)

¥ Front and rear spar flange width : 225mm
¥ Foam sandwich thickness of web and skin : 15mm
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Fig. 14 Shear force diagram of aileron
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Fig. 17 Stress contour on skin and spar of modified aileron
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