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Dynamic stability for maneuver flight of bumblebee

ZHU Dan'?, HU Ming-lang”?, WANG Qiang”

(1. Department of Commanding, Army Aviation Institute, Beijing 101123, China;
2. The Engineering Institute, Air Force Engineering University, Xi’an 710038, China)

Abstract: In allusion to the fact that current flight dynamic analysis of insect is limited
to steady flight, the maneuver flight stability of bumblebee is analyzed with bifurcation anal-
ysis. The coupling stability of saccade and turning in maneuver flight is studied by analyzing
the stability and stability field of different equilibrium point. Then get the global stability of
saccade and turning at different forward speed. As the results have put it, turning at hove-
ring is global stability and existing only and one stable focus when 14. 23rad/s<< | » | <{23. 8
rad/s; turning at flying velocity are 2 5m/s and 4. 5m/s is unstable, which explains why
the insects are to reduce speed before turning; the bumblebee saccade at different forward
speed are unstable and enter sharply unstable oscillation. However, there exists a transition

time of 30 flapping period, which is enough for bumblebee to adjust.
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Table 1 Aerodynamic derivatives

/(m/s)

0 1 2.5 4.5
X, /107! —5.1 —4.8 —4.5 —5.8
Z, /107" —0.7 —1.9 —3.1 —3.63
M, /10°° 1. 88 1.47 1.11 2.0
Y, /1077 1.07 1.02 4. 38 8. 34
L,/107° —1.9 —3.1 —2.27 —0.56
N, /1077 —1.4 —1.46 —1.49 —1.58
X, /1077 —1.1 —2.7 —6.8 —14.8
Z, /107" —3.76 —4. 84 —5.9 —6.5
M, /1077 —0.97 —4.8 —8.2 —3.45
Y, /1077 2.6 1.2 1.77 4.8
L,/107% —4.7 —4.9 —5.6 —6.1
N, /107° —4.2 —2.5 2.5 11.2
X, /1077 7.2 5.75 4.8 6. 88
Z, /1077 —2.4 —8.5 —14 —9.4
M, /107" —1.79 —2.45 —3.67 —2.11
Y, /107° 0.29 0.955 2.5 4. 36
L,/10°*¢ 0. 495 1.1 2.48 3.94
N, /107* —3.7 —3.6 —3.8 —5.23
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