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Anti-disturbance attitude control of a dragonfly-like flapping wing-body model by the IB-LBM
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Free frights under a disturbance like a sudden gust with the three-axis control of a dragonfly-like flapping wing-body

model are numerically investigated by using the immersed boundary-lattice Boltzmann method (IB-LBM). First, in order

to recover the roll angle of the body in a horizontal position at a hovering condition, we try to control the roll motion of

the model by changing the flapping periods of the left and right wings. Second, we find a way to control the yawing

motion by dynamically changing the stroke angle f(t). Finally, we simulate the free frights under a sudden disturbance

while hovering with the control of rolling, yawing, and pitching angles, and obtain the stable flights recovering a

horizontal altitude.
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Fig. 1. A dragonfly-like flapping wing-body model and the
set of the axes fixed to the body (0-x)z).
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Fig. 2. The domain of computation and the initial position of
a dragonfly-like flapping wing-body model.
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Fig. 3. Time variations of the roll angle 0., for various
values of the ratio of the flapping-periods of the left and right
wings.
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Fig. 4. Time variations of the roll angle @,;; with the roll

angle control to 0° by the ratio of the flapping-periods, and

the dots indicate the roll angle when the all wings are at top

dead point.
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Fig. 5. Time variations of the yaw angle @,,, for various

values of the maximum of the difference of the stroke angles
of the left and right wings when the target yaw angle is 0°,
and the dots indicate the position when the all wings are at top
dead point.
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Fig. 6. Time variations of (a) the roll angle 6., (b) the yaw
angle Oy, and (c) the pitch angle Opj¢cpy in free frights
under a disturbance without the control of rolling and yawing
angles (red) and with the three-axis control (blue), and the
dots indicate the position when the all wings are at top dead
point.
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Fig. 7. The appearances of the free flights given disturbance
and the isosurfaces of the vorticity (|V X u|c/u;,q, = 1.0,
t = 10T around the flapping wing-body model; (a) without
the control of rolling and yawing angles, (b) with the three-

axis control.
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