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Figure 5b: Damping (y-axis) and wing-speed (x-axis) plot at sea level
and Mach 0
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Figure 6: Wing flutter at sea level
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Similar analysis was done at 65,000 ft altitude and different Mach number.
The result is given in Figure 7.
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Figure 7: Wing flutter at 65,000 ft

The coupling mode of flutter at 65,000 ft altitude and Mach 0 were mode
1; which is the first bending mode, and mode 7; which is the first torsion mode.
The flutter speed is found to be 1,500 m/s. The flutter speed at 65,000 ft for each
Mach number which is far above the 15% speed margin line. Therefore, it can be
concluded that in 65,000 ft altitude, the wing was also safe from flutter phenomenon.

Conclusion

The buckling analysis for the internal configuration given by static strength
analysis was found that the intial upper panel thickness was not safe from buckling.
Therefore, the upper panel thickness should be increased in order to satisfy the
buckling requirement. The thickness addition led to the increase of the wing
structure weight for 23% from the initial configuration. This final configuration
then was used in flutter analysis. Flutter of this wing occurred as a result of the
interaction between first bending mode and first torsion mode of the wing. Flutter
analysis showed that at two levels of altitude, flutter speed of the wing was higher
than the aircraft cruising speed.Therefore, it can be concluded that thecomposite
wing was safe from flutter, as well as buckling and static strength constraints. It
can also be concluded that for the case of high-aspect-ratio-wing, such as HALE
UAV, there is no couple between bending and torsion. Therefore, flutter was not
the problem.
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