
How do Insects Fly and Turn?

   Jane Wang
Cornell University

Tuesday, September 21, 2010



I. Kinematics and Aerodynamics

• Energetics and Optimization

II.  Dynamics and Control

Taking It Apart
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E. J. Marey 
1830-1904
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Harper Magazine 
1870

See also:
Weis-Fogh and Jensen (1956) 
Ellington (1984)
Fry, Sane, Dickinson (2003)
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Camera

mirror

1600fps,1024x1024

L ~ 1cm
Freq ~ 40Hz
Re =UL/ν ~ 3000

marker based tracking

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)

      + camera calibration and etc.…

hours
         reduced to
                    minutes

Ristroph et. al, J. Exp. Biol.(2009)
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         Why the 
  Observed Motions?

dragonfly

fruitfly
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= F fluid + Fext

Governing Equations

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

� 

ub = vb

Navier-Stokes equations for incompressible flows:

Dynamics of the wing coupled to the fluid:

Aerodynamics
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Wang, Physical Review Letters, 2000
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Wang and Russell,  Phys. Rev. Lett. 2007

Fore-Hind Wing Interactions Can Save Power
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Passive Wing Pitching

 Bergou, Xu, Wang, J. Fluid Mech., 2007
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I. Kinematics and Aerodynamics

II. Energetics and Optimization

II.  Dynamics and Control

Taking It Apart
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time scales

 fast     compared to ?
 slow

sensory feedback loops

mechanical
visual
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top view

Reset 
orientation

Start

Perturbed by Magnetic Field 

finish

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

Bergou et al.,Phys. Rev. Lett. 2010
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Body and Wing Kinematics
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Back and forth motion:
           Driven by large indirect muscles 

Pitching: 
           Controlled by steering muscles
           

How is the wing controlled?
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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
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Torsional Spring at the Wing Base

κ~ 3 to 5 10-2 dyne cm/rad

time
torque

stroke angle

torque
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Determining                 from experimental data
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κ,Ψ0,C
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Predicts Body Trajectory 

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

damping driving
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Putting It Together

‘muscle-wing’

wing kinematics

body trajectory
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Dissecting Insect Flight

Dragonfly

Fore-Hind Wing Interactions

Passive Wing Pitching 

Wing - Fluid

Aerodynamics
Energetics 

Vortex structure

‘Optimal’ wing motion

Passive Wing 
Pitching 

Dynamics
Maneuvering Flight

Muscles
torsional 
spring

brain

Unsteady 
flow

Navier-Stokes Solutions

Fluttering Plates

Reduced order models

Optimization

Control Algorithms 

Stability of Flapping Flight

Fruit fly

Turning

Wing Control
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Collaborators:
Dragonfly Flight: David Russell

Fruitfly Flight: Leif Ristroph, Attila Bergou, Gordon Berman
                       Itai Cohen, John Guckenheimer 

Papers:
Annual Review of Fluid Mechanics, 2005

Physics Today, Oct. 2008

HRMT (auto-tracking), J. Exp. Biology 2009

Magnetic Field Perturbation, PNAS 2010

Wing Pitch Control, Phys. Rev. Lett.  2010

http://dragonfly.tam.cornell.edu
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