712 B2 T B R

Eﬁ I J. of The Korean Society for Aeronautical and Space Sciences 46(9), 712-722(2018)
DOILhttps://doi.org/10.5139/JKSAS.2018.46.9.712
ISSN 1225-1348(print), 2287-6871(online)

A ENE Agde 25 23 v gAY @7 Y qF
G, o E, Ao, ASRT, oA, AES

Parametric Study on Wing Design of Insect-mimicking Aerial

Vehicle with Biplane Configuration

Heetae Park”, Dongmin Kim", Hyemin Mo", Lamsu Kim",
Byoungju Lee", Inrae Kim", Seungkeun Kim"™, Jaeha Ryi" and Jong-Soo Choi”

Department of Aerospace Engineering, Chungnam National University™”

ABSTRACT

This paper conducts parametric studies on flapping wing design, one of the most
important design parameters of insect-mimicking aerial vehicles. Experimental study on
wing shape was done through comparison and analysis of thrust, pitching moment, power
consumption, and thrust-to-power ratio. A two-axis balance and hall sensor measure force
and moment, and flapping frequency, respectively. Wing configuration 1is biplane
configuration which can develop clap and fling effect. A reference wing shape is a
simplified dragonfly’s wing and studies on aspect ratio and wing area were implemented.
As a result, thrust, pitching moment, and power consumption tend to increase as aspect
ratio and area increase. Also, it is found that the flapping mechanism was not normally
operated when the main wing has an aspect ratio or area more than each certain value.
Finally, the wing shape is determined by comparing thrust-to-power ratio of all wings
satisfying the required minimum thrust. However, the stability is not secured due to
moment generated by disaccord between thrust line and center of gravity. To cope with
this, aerodynamic dampers are used at the top and bottom of the fuselage; then, indoor
flight test was attempted for indirect performance verification of the parametric study of the
main wing.
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Fig. 1. Design wheel of an insect-sized
flapping wing based on the
forewing of a dragonfly
(Sympetrum vulgatum) [7]

Fig. 2. Wing geometry

Table 1. Wing materials [8]

Part Material Specification
) D-shaped
Leading edge carbon rod 1.4 mm
Stiffener Round 0.25 mm
carbon rod
Wing surface Mylar film 5 um
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Fig. 6. Calibration result of the applied
load for lift force (N) [9]
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Fig. 10. Hall sensor and magnet position

Table 2. Specification of hall sensor

Parameter Specification

24~26 V

Supply voltage

Operating

Temperature ~40~125 T

* Operation with north or
south pole

» Magnetic field :
Output low

* No magnetic field :
Output high

Characteristics
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Parameter Unit | Formula | Value
Mass g m 22
Flapping frequency Hz n 13-14
Amplitude ° o} 100
Wing span cm B 36.6
Mean wing chord cm c=S/B 45
Wing area cm? S 167.9
Aspect ratio - AR=B?/S 79
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Table 5. Comparisons of wing paramters [8, 10, 11]
Flaooing robot Mass Span Aspect ratio Area Thrust / Power
poing (9 (cm) (cm?) (N/W)
CNU flapping robot 21.8 36.6 79 167.9 0.088
DelFly 11 [8] 17.0 28.0 3.5 223.90 0.085
Nano-hummingbird [10] 19.0 16.5 - - Approx. 0.068 or more
ASL robot [11] 17.2 18.0 9.3 35.00 0.056
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