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Design of Lightweight Composite Main Wing and Aileron
by the Panel Analysis

Tae-Eun Chung* and Seung-Un Yang**

ABSTRACT

Evaluation of aerodynamic characteristics and flight load determination were conducted for
advanced trainer by the panel analysis. Eight flight load conditions according to the federal
aviation regulations are determined and these conditions are considered as the design load
conditions of the advanced trainer. This paper performed design of lightweight composite wing
and aileron considering the results of optimization and manufacturing. The calculation and

design procedure by the panel method are a good fool for the conceptive design of the trainer.
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Fig. 1. Configuration of the advanced composite
trainer.

Table 1. Dimension and configuration of applied air~

craft
Item Detailed Item Design Value
Overal Length 1115 m
Overal Height 427 m
Overal Width 1060 m
frde | o
ing Span .60 m
Shape Wing Root Chord 264 m
Wing Tip Chord 132 m
Incidence Angle 15 deg
Sweep Angle 1.72 deg
Dihedral Angle 2.0 deg
e Root Airfoil SCl4 %
Airfol Tip Airfoil SC10 %
Maximum Takeoff Weight 6800 kg
Weight Maximum Fuel Weight 1000 kg
Empty Weight 3643 kg
Operating Weight 4043 kg
Maximum Load Factor +75¢g
Minimum Load Factor -3 g
Performance | Maximum Mach Number 0.75
Range 2500 km
Engine Thrust 2880 kef
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(a) Global coordinates

(b) Local coordinates

Fig. 2. Configuration of the advanced trainer. Fig. 5. Aerodynamic model and main components.
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Table 3. Mass distribution of the advanced trainer

Item Mass [FOSnk2) ppoge
Main Wing 410 kg - Mass Panel
Horizontal Tail 65 kg - Mass Panel
Vertical Tail 60 ke - Mass Panel
Body 719 kg - Mass Panel
Engine 767 kg | x=4.6~89 | Mass Beam

Nose Landing Gear | 46.5 kg | (092, 0) |Lumped Mass

Main Landing Gear {2084 kg| (5.02, 1.3) |Lumped Mass

Fig. 8. Cross section of the aileron.

Graphite/Epoxy %3418 AH-a15ch
o] Z4HE the} 2ok

o] )

Table 2. Material properties of graphite/epoxy

Pilot 1 100 kg | (245, 0) |Lumped Mass

Pilot 2 100 kg | (39, 0 |Lumped Mass
System Equipment |1167 kg| (5.8, 0) |Lumped Mass
Fuel Tank 400 kg | (5.8, 25) |Lumped Mass

Total Operating Weight | 4043 kg - -

Elastic-mass lst Level model

Item Value
Modulus of elasticity, E, 46.63 GPa
Modulus of elasticity, E, 46.63 GPa
Shear modulus, Gr. - 17.37 GPa
Poisson’s ration, Ve 0.33 GPa
Density. p 1522 kg/m®
Longitudinal strength of tension, ¢,," 246 MPa
Longitudinal strength of compression. ¢, 246 MPa
Transverse strength of tension, ¢,.* 246 MPa
Transverse strength of compression, o2 246 MPa
Shear strength, 1,»* 120 MPa
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Table 4. Design load conditions of the advanced

trainer
. . i Roll
Design | Velocity Dynamic Load Control
Case \Y% PfeksPE:)re Factor (m%tsZc) Survace
1 V. 10.35 15 0 Elevater
2 Va 10.35 -3 0 Elevater
3 Va 10.35 5 4 Ele.+Ail.
4 V. 10.35 5 -4 |Ele.+Ail
5 Ve 16.06 75 0 Elevater
6 V. 16.06 -3 Elevater
7 V. 16.08 5 4 Ele.+Ail.
8 V. 16.06 5 -4 |Ele.+Ail
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Fig. 12. Flight loads~(d) lift coefficient diagram.
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Table 5. Results of the optimization after 5 itera-

tions
Parel No. Thickness ‘mm | Stress | Buckling | Load
(Beam No) | 1YPe (Area:mm? |Factor| Factor | case
. Upper Skin 459 0.11 0.99 5
Lower Skin 3.11 0.17 0.9 5
5 Upper Skin 4m 007 | 099 7
Lower Skin 3.82 0.08 1.00 7
Upper Skin 316 004 | 100 5
3 Lower Skin 224 0.06 1.00 5
) Beam (100) 0.21 - 5
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Table 6. Results of the final calculation
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