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Study on Preliminary Structural Design of Light Weight
Small Scale WIG Craft

Changduk Kong* - Hyunbum Park** - Juil Kim** - Seunghyeon Lee**

ABSTRACT

This study was performed on preliminary structural design of a small scale WIG craft which has
been developed as a next generation high speed maritime transportation system in Korea. A
composite structure design using the foam—sandwich for main wing and tail fins and the honeycomb
sandwich and skin-stringer-ring frame for fuselage was applied for weight reduction as well as
structural stability. A commercial FEM code, NASTRAN for was utilized to confirm the structural
safety for the reiterate design modifications to meet design requirements including the target
weight. Each main wing was jointed with the fuselage by eight high strength insert bolts for easy
assembling and disassembling as well as for assuring the required 20 years service life. For

control surface structural design, the channel type spar, the foam sandwich skin and the lug joint
were adopted.

Key Words: Preliminary Structural Design, WIG(Wing-In-Ground effect) Craft, Sandwich
Composite Structure
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Fig. 1 FEM Model of Small Scale(?0 seats) WIG Craft
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Fig. 3 Shear Force and Bending Moment Diagram of
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Fig. 4 Shear Force and Bending Moment Diagram of
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Fig. 6 Stress Contour on Skin and Deformed
Configuration of the Modified Main Wing

Fig. 7 Natural Frequency(ist flap mode) and Forced
Vibration Analysis Results
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Fig. 9 Stress Contour on Skin and Deformed
Configuration of Whole WIG Craft Structure
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Table 1. Design Results of Main Wing Structure

. Front spar flange .
Station X Stacking sequence
thickness(mm)
0-1 425 [ +45,04,90,04,+45,03,90 Is
1-2 375 [ +45,04,90,%45,05,90,%45 Is
2-3 2.00 [ +45,05,+450]s
3-4 1.75 [ +45,05900 Is
4-5 1.75 [ +45,0900 Is
5-6 1.75 [ 4505900 Is
. Middle spar flange .
Station i Stacking sequence
thickness(mm)
all 2.00 [ +45,05,245,0]s
R fl
Station ee.lr spar flange Stacking sequence
thickness(mm)
0-1 6.00 [ +45,90,04,445,90,04,+45,04,245,0, Is
1-2 4.25 [ $45,04,90,04,245,05,90 Is
2-3 3.75 [ +45,04,90,%45,05,90,%45 |s
3-4 2.00 [ +45,05,245,0]s
4-5 1.75 [ £45,05900 Is
5-6 1.75 [ +45,0590,0 Is
X Spar web and .
Station . . Stacking sequence
skin_thickness(mm)
all 16.75 (+45,0,90,+45,0),foam, (0, F45,90,0, F-45)

% Front and rear spar flange width : 225mm

% Foam sandwich thickness of web and skin : 15mm
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Table 2. Design Results of Fuselage Structure

Part Thickness Ply Orientation
Fabric[£45°5,0°/90°,£45° ]+¢c
. 4ply+core+ oreq
Skin 8.6t 4ply | 7mme+Fabric[£45°,0°/90°, £4
5%]
UD[0°;,45°,0%2,-45°,0°2,90°,0
) 11ply+core 2]+core;
Stringer 26.2t +11ply | 20mm+UD[0%,90°,0°5,-45°,0°
2,45°,0%]
Fabric[£45°,,0°/90°,£45°]+¢c
ores5mm-+Fabric[ £45°,,0°/90°
Font| 9.4t | *PYC0T"| 445" 1+UD[90" 0°,,45",0%5,~4
PY  15°,0%,90°,0%,45°,-45°,90°5, -
45°,45°,0°]
. UD[0°,,45°,0°5,-45°,90°,0% 4
\?gi‘:f’ 22.24t 103'%;;”9 5°T+core20mm+UD[0°,45°.9
Frame 0°,-45°]
UD[0°,90°,45°,0°,-45°,0° ]+co
Rear | 24.8t 28PN e pomm+UD(0" ~a5",0",45",
Py 90°,0°]
UD2[0°,,45°,0%,90°,0°5,-45°]
. 28ply+core| [-45°,0°4,45%,0°2,45°,]+core,
Tail | 46.26 | " ysoly | 40mm+UDL0,90%,0° -45°,0°,
45°,0°3,45%,0%,45%]
) Fabric[0°/90°,+45°,0°/90°, +4
Skin 1t 5ply 5°.0°/90°]
Core 30t - -
Floor
UD[0°,45°,0°,-45°,90° +core;
5ply+core+| 5mm+UD[0°,45°,0°,-45°,90°]
Bond | 17.8t 10ply  |+Fabric[0°/90°, £45°,0°/90°,+
45°,0°/90°]
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