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Figure 5 shows flutter analysis result at sea level and Mach 0 for the first 10 
modes. Mach 0 indicates a very low speed. Later, during the flutter analysis, the 
Mach number will be increased repeatedly. Figure 5a is the frequency-velocity plot 
in which it shows the different modes that interact to create flutter, while Figure 5b 
is the damping-velocity plot. Flutter phenomenon is indicated by the approaching 
of the frequency of two or more modes. As shown in Figure 5, there are two modes 
in which its frequency are getting closer with increasing speed. They aremode 
no 2, which is the first mix vertical and in-plane bending mode, and mode no 7, 
which is the first torsion mode. The flutter speed can be determined from Figure 5 
in which it is shown by the speed at damping value that equal or larger than 0.03. 
In this case, the flutter speed is 444 m/s. These two plots are only for one particular 
altitude and Mach number. For flutter analysis at sea level, flutter analysis should be 
performed for several Mach number until the maximum cruising speed is reached. 
Thus, these similar analyses were performed and repeated again and the result is 
showed in Figure 6. 

In order to make sure that the wing structure is safe from flutter phenomenon, 
the regulation says that the margin of safety between the flutter speed and the true 
air speed should be more than 15% at all points on the envelope of the airplane. 
The result of the analysis in sea level indicates that the flutter speed was higher 
than the line of 15% speed margin. Thus, it can be said that flutter phenomenon 
will not occur in sea level altitude. 

_i ^_i i i i i i i 
100 200 300 400 500 600 700 800 

Speed (m/s) 

Figure. 5a: Frequency (y-axis) and wing-speed (x-axis) plot at sea level 
and Mach 0 
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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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