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A Flight Model for Butterflies
Taking into Account the Force Caused by Flapping the Wings

YuicHl ANzALt KAZUNOBU MURAOKA,t NORISHIGE CHIBATt
and NOBUJI SAITOft

Recently, a study of animal computer graphics is made extensively for image representation
such as virtual reality; however, a study of insects such as butterfly is less. In this paper,
we propose a flight model and how to control it simply for real-time butterfly flight. This
technique makes butterflies fly with a flap of the wings. It can represent the typical flight of
real butterflies by controlling the model’s parameters.
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Fig.1 Example of typical flight form of butterfly.
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Fig.2 Motion of the wing and the body of a butterfly.
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Fig.3 Forces acted on a wing.
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Fig.4 Angle of attack.
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Fig.5 Charactalistic function of the lift and drag

coefficents.
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Fig.6 Relative velocity of air flow to a wing.
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Fig.7 Movement velocity of a wing.
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Fig.8 Movement velocity of the position p on a wing.
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Fig.9 Flapping angle function.
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Fig.10 Forces acted on a butterfly.
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F(t) = M -a(t) (6)
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Fig. 11

Patterns of turning motion.
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Table 1 Effects of feathering and pitching motion.
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Table 2 Parameters for flight simulation.
ooo oooo ooood goooooog

oooo ooo ooo ooo ooo
oo lg] 0.319 0.024 0.187 0.031
00000000  [em?] 13.75 8.25 6.5 1.5
ooo [cm?] 5.5 2.8 3.0 2.0
ooooo 0.58 0.54 1.07 0.69
oooooo [deg] | +30,—20 | +30,—20 | 410,—10 +40, —20
ooooooDoood 1.0 0.5 1.0 0.7
oooooo [rps] 166 83 166 249
Hmax [deg] 30 30 10 10
000000000 [deg] 490, -75 490, —80 +90, —45 +80, —45
000000000 [deg] | +5,—5 | +50,—40 | +45,—10 +60, —20
goooooo [deg] +20, =5 +30, —20 +30, =30 +20, —20
0000000000 [Hz] 15,7 22,15 25,20 35,31
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0ooooo [cm)] 1.0 1.0 5.0 5.0
Pup [deg] 160 160 145 445
Ydown [deg] —80 —25 0 —225
Ydrop [deg] - —60 — —
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Fig.14 Simulation of flight.
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Fig.15 Simulation of behavior control.
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