How do Insects Fly and Turn?
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Fiz, 9, — Zootrope dans lequel sont disposéos 10 images on relioe d'nn zodtand
dans les ottitides successives du vol.

See also:

Weis-Fogh and Jensen (1956)
Ellington (1984)

Fry, Sane, Dickinson (2003)

difference, that an insect allowed to take flight
after a string is tied to its leg can remain in the
air without difficulty, while a bird similarly treat-
ed will fall to the ground as soon as the string is
stretched. The apparatus of Professor Marey,
as improved by him, is sufficient to determine,
with the greatest precision, the number of beats
of the wing per minute, as well as the particular
curve of flight; and, among other observations,
he informs us that, while the sparrow makes
thirteen movements of the wing in a second, and
the wild duck nine, the buzzard (Huteo vul-
garis) beats its wings only three times in the
same interval,  As a general rule, he finds that
the time occupied in depressing the wing is al-
ways decidedly longer than that of clevation, ex-
cepting in birds of a small wing area, in which
case the two periods are almost equal. At start-
ing the bird appears to make fewer strokes, but
with a greater amplitude of stretch than subse-
quently. ‘The rapidity of the stroke, on the other
hand, appears to diminish anew when the bird
has obtained a high degree of velocity,

The comparison of the two modes of flight may
be summed up by saying, that in the bird the
extremity of the wing describes a simple helix,
while in the insect a serics of lemniscates is
traced. ‘The difference in the two curves will
be appreciable by an examination of the dia-
grams,

FLIGUT OF AN INSECT.

Harper Magazine
1870
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mirror

marker based tracking

........

1600fps,1024x1024

L~ 1cm
Freq ~ 40Hz
Re =UL/v ~ 3000

David Russell (2004, PhD Thesis)
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Dragonfly Hovering
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Ristroph and Cohen
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Subtle change of wing kinematics
Lots of data

--> high accuracy & statistics
in tracking
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Automatic Tracking of
Wing and Body Motions
(without using markers)
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Automatic Tracking of
Wing and Body Motions

1. Visual hull (maximal volume encompassing the fly)
2. Clustering Algorithm (separate body and wings)
3. Centroid (position)

* Principal axes (orientation)

hours
reduced to

minutes
Ristroph et. al, J. Exp. Biol.(2009)
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Why the

S, Observed Motions?
A

Angle of Attack, a (%)
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Aerodynamics
Governing Equations

Navier-Stokes equations for incompressible flows:

aa—LtJ+u-Vu:—Vp+RieV2u

Veu=0

Boundary condition (no-slip) (wing kinematics):

u, =V,
Dynamics of the wing coupled to the fluid:

fluid T+ Fext
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Wang, Physical Review Letters, 2000
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Fore-Hind Wing Interactions Can Save Power

Wang and Russell, Phys. Rev. Lett. 2007
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Passive Wing Pitching
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Bergou, Xu, Wang, J. Fluid Mech., 2007
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sensory feedback loops

mechanical
visual

time scales

fast compared to ?
slow
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Perturbed by Magnetic Field

top view

- y
‘k Start
. finish

Reset
orientation

Ristrohph et al, PNAS (2010)
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How do fruit flies control their wing to
Turn?

X

b

Bergou et al.,Phys. Rev. Lett. 2010
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Body and Wing Kinematics
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How Is the wing controlled?

Back and forth motion:
Driven by large indirect muscles

Pitching:
Controlled by steering muscles
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Inferring (Pitching) Torque

Measure wing kinematics
wing mass, shape, axis of rotation

Calculate aerodynamic torque
wing inertia

Deduce torque at the wing base

7_-‘ﬁy — Icm 'Q - Fb X mwd’cm + (Fb - Fc) X Faero
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Torsional Spring at the Wing Base
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Determining ¥, ,C from experimental data
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Predicts Body Trajectory

Back and forth motion: prescribed
Wing pitch: passive with one control variable

10 20 30 40 50 60 70 80 90
t(ms)

Loy + 2C, 0y, = 2C, %A
damping driving
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Putting It Together

body trajectory

]

wing kinematics

]

‘muscle-wing’
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Dissecting Insect Flight

Aerodynamics
Energetics

Vortex structure

Dynamics

Maneuvering Flight wing motion
Fruit fly

Turning

Wing Control Solutions

d order models
Stabilit

Optimization
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http://dragonfly.tam.cornell.edu
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