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Table 2. Shell and skeleton properties for wings A and B 

wing Shell 
material 

Shell 
thickness 

(mm) 

Skeleton 
material 

Skeleton 
diameter 

(mm) 
A Plastic 0.03 Carbon 2 
B Plastic 0.09 Carbon 2 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3. Marking the wing dimension on a schematic of a  

prototype wing 
 

 

 
Fig. 4. The measured thrust versus the flapping frequency for 

wing A 

 

 
Fig. 5. The measured thrust versus the flapping frequency for 

wing B 

 
4- Results and Discussion 
As it can be seen in Figures 4 and 5, the measured thrust 
forces versus the flapping frequency are illustrated for 
wings A and B in different flapping angles including 40, 
50, 60 and 70 degrees. It is noted that the wing angle of 

attack is equal to zero in all of the tests. Having 
scrutinized the data attentively, we can clearly assert that 
the amount of thrust force increases as flapping 
frequency and flapping angle increase so that a second 
order polynomial can be fitted in these data.   

In order to compare the aerodynamics results of the 
two wings including generated thrust and power 
consumption, the endurance factor can be defined by 
T/P as a unique parameter. Figures 6 and 7 reveal the 
endurance factor for two flapping angles of 40 and 50 
degrees in the flapping frequency of up to 5 Hz. 
 

 
Fig. 6. The endurance factor versus the flapping frequency for 

wings A and B in the flapping angle of 40 degrees 
 

 
Fig. 7. The endurance factor versus the flapping frequency for 

wings A and B in the flapping angle of 50 degrees 
 
5- Conclusion 
In this research, the flapping amplitude effect and 
flexible shell on the MAV aerodynamic performance in 
the hovering flight are experimentally investigated. For 
this purpose, a flapping membrane wing mechanism and 
an experimental measurement setup for measuring the 
generated thrust were designed and constructed. In these 
tests, for two wings with different flexibilities, the 
generated thrust and power usage were measured in the 
range of the flapping frequency and the amplitude. In 
general, flapping wing which generated thrust increases 
with a raising flapping amplitude. The thrust force for a 
more flexible wing is more than other wings in the 
flapping amplitude of below 50 degrees, but for an 
amplitude of more than 50 degrees this trend becomes 
reversed. 
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