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Approximate simulation research on the hovering control
of an insect flapping flight mimicking bee

ZHANG Xrjin, FANG Zong de; YANG Xiag hui
(School of M echatronics, Northwestern Polytechnical U niversity, X1'an 710072, China)

Abstract: Based on the quaststate aerodynamic force model, th'e paper deduced the aer-
odynamic force and moment approximate equations of -an inseet flapping flight mimicking
bee, and developed kinematic functions of flapping~wing Then, the insect flapping flight
mimicking bee\was regarded as'rigid body moving-in the sky, Based on its dynamic equation,
hovering control\was investigated-by means of hierarchical control. External control was po-
sition control, PD, (proportion difféerentiation) controller was used for positions of X and Y,
switching controllér was employed for position of Z; switching control strategy was also used
for internal<attitude-control, and a set of kinematic parameters were selected for switching
control. Finally, hovering control of the insect flapping flight mimicking bee was simulated.
The result shows that the proposed control method is effective, when the insect flapping
flight is disturbed and departs from balanced position, it can return near its balanced position

by means of self regulation.
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Fig. 1 Aerodynamic force of an insect flapping flight

mimicking bee
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Foi(t,r) == Fu(t,r)sin i — Fu(t, r)cos ai

Fac(t) = Foi(t, r)cos(h(t)) +
Foi(t,r)cos(#(t))
Fay(t)= Fu(t,r)+ Fu(tr)
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Fo:(t, r)sin((t))

M (t) = Fu(t,r)L cos(b(t)) -
Fu(t,r)L cos(h(t))

Ma (t)= - Fu(t,r)L sin(%(t)) -
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Table1 Combination of kinematic parameters

Pua! e P! - - . M./ M,/ M./
arls bils ar/ s bp/s F,/mN F,/mN F./mN ’
rad rad rad (mN * mm) (mN * mm) (mN * mm)
1 m/3 W4 W4 S5T/16 11T/16 5T/ 16 11T/ 16 0. 163 0 0.756 0 - 0. 139 0 A
2 W3 w4 W4 3T/16 13T/16 3T/ 16 13T/16 — 0.163 0 0.756 0 0.139 0
3 mw/3 W4 W4 5T/16 11T/16 3T/ 16 13T/ 16 0 0 0.756 0 0 - 1.383
4 TW/3 W4 T4 3T/16 13T/16 5T/ 16 11T/ 16 0 0 0.756 0 0 1.383
5 W3 W4 W3 4T/ 16 12T/16 4T/ 16 12T/ 16 0 - 0.003 0.770 0.200 0 0 C
6 W3 W3 W4 4T/16 12T/16 4T/ 16 12T/ 16 0 0.003 0.770 - 0.200 0 0
7 W3 W4 W4 4T/ 16 12T/16 4T/ 16 12T/ 16 0 0 0.806 0 0 0
8§ W4 T4 T4 4T/ 16 12T/16 4T/ 16 12T/ 16 0 0 0.466 0 0 0 D
9 T6 W4 W4 4T/ 16 12T/16 4T/ 16 12T/ 16 0 0 0.219 0 0 0
4.3 0.00095 m, Y 0. 001 55 m,Z
M atlab/ sim ulink , 0.001 28 m. 4 ’ (=0.0L,
Q 015, 0.01) < 5s , X
5 0.000-083 m, Y 0.000 24 m, Z
i 3 4 0. 00049 m. R
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Fig.3 Hovering flight control (Original position( 0. 015,- 0.02, 0. 03))
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Fig. 4 Hovering\ flight-control ( Original position (- 0.01,0.015,0.01))

2
Table 2 Simulation parameters
5
m/ 10” *kg 0.475 8 1) ’
o (kg/ m?) 1.225 ’
2) .
f/Hz 100
R/mm 10 ’
¢(r)/mm 3 3) M atlab/ sim ulink ,
J.110-3(kg* m?) 0.19 ,
J,/ 107 ¥ (kg * m?) 0.19
J.107 % (kg m?) 0.38 >
Co 15 ’
C 1 ’ ’
K, 1.5 ’
K 0.3
K, 1.5 :
Ka 0.3 [ 1] Dickinson M H, Lehmann F O, Sane S P. Wing rotation

and the aerodynamic basis of insect flight [J]. Science,
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