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DESIGN AND PROTYPING OF NEW CATEGORY SMALL AIRCRAFT
- EXAMINATION AND EVALUATION OF THE MAIN WING STRUCTURE -
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A new category of small aircrafts called LSA (Light Sport Aircraft) has been rapidly getting popular and making
huge markets. Although no category such as the LSA has been established in Japan yet, people in general aviation are
interested in this kind of aircraft due to its easiness and high performance. In addition, in the technical point of view,
the knowledge and experience of manufacturing small aircraft are quite less in Japan. The LSA requires the easiness
of flying, safe and simple structure as well as low cost. In order to establish the design methodologies of the LSA,
the structural design of the main wing section was examined by comparing the conventional strength calculation and
the structural analysis (FEM).
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Fig.2 Character of aircraft categories around LSA
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Fig.3 Main dimensions of ML-11
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Structure evaluation by mock-up

Detaled parts design

Parts manufacturing

Parts assembly

Strength test / Flight test

C Registered as LSA aircraft )

Fig.4 Flow chart of LSA manufacturing
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Table.1 Specifications of ML-11

Overall length 7.0 [m]
Dimension Overall width(wing span) 8.3 [m]
Overall height 2.7 [m]
Wing length 3.6 [m]
Chord length 1.3[m]
Wing Wing area 10.8[ ]
Aspect ratio 6.38 [-]
Dihedral angle 6.5[degree]
288 [k
Empty weight [kal
(635[1b])
. 192 [kq]
Weight Payload
(423[Ib])
: . 480 [kg]
Maximum takeoff weight
(1058[1b])
Power plant | Output 80 [PS]

Wing
- Instrument panel
- Canopy
Cockpit L1 - Seats
- Elevator
Moving surface || Alleron
- Rudder
- Flap
Control | - Trimtab
oy
0
&
R - Forward fuselage
2 ] - After fuselage
«©
= Fuselage 1 - Center wing
[av]
© - Plastic parts
o
- Engine or
Electric motor
Power plant L | . Auxiliaries
- Propeller
Landing gear
Fuel/Qils&Fats
Electrical wiring

Fig.5 Parts design
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Fig.6 Structure of wing
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Fig.7 3D model of ML-11
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Fig.10 Share force affecting to skin and spar
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Fig.11 strength affecting on the flange
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Table.2 Calculation condition

Calculation condition

Max Speed Vb 120 kt
Force Ngmax 4 G
Lift Clmax 1.60 -
Max angle Olmax 16 °
Moment Cmo.2s -0.035 -
Wing span b 8.3 m
Chord c 1.3 m
Max gross weight W 480 kg
Wing planform area S 10.79 m?
Wing loading WIS 44.49 kg/m?
Aspect ratio A 6.38 -
Wing weight Ww 42.16 kg
Wing weight per unit WS 301 kg/m?
area
Fuel weight Wi 0 kg
Moment arm Im 1.8 m
The length -of the single a5 m
wing
Density p 0.125 | Kgf-s?m?
Central rib average wing
thickness A 0092 m
Height of main spar re 0.207
Height of sub spar R 0.127
Distance from main spar o 08 m

to sub spar

Table.3 Calculation result

Calculation result

F 614.68 | kg
shearing force R 4586 | kg
U 212.44 | kg
L 378.30 | kg
F 922.01 | kg
shearing force x R 68.79 | kg
safety factor(1.5) U 318.66 | kg
L 567.45 | kg
P1 5800.06 | kg
P2 -5874.93 | kg

Flange load
P3 -1547.49 | kg
P4 1495.99 | kg
P1 8700.10 | kg
Flange load x safety P2 8812.40 | kg
factor(1.5) P3 2321.24 | kg
P4 2243.98 | kg
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Modification

Skin thickness
0.5

Main spar
reinforcement(Upper)
155%15.5

Sub spar
thickness
15

Main spar
thickness
tl5

Main spar
reinforcement(lower)
16 %X 16

Fig.12 Wing modification
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Fig.13 3D Model
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Fig.14 Result of FEM (stress)

Fig.15 Result of FEM (displacement.)
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