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• Virtual Insect Flight Simulator (VIFS): A software testbed for insect flight. L. Schenato, X. Deng, W.C. Wu, 
S. Sastry (IEEE Int. Conf. Robotics and Automation, pp. 3885-3892, Seoul Korea, May 21-26, 2001)

•“ Simulation model of a flapping-wing Micro Air Vehicle” , Thomas Rakotomamonjy and Thierry Le Moing, M 
Ouladsine, (EMAV 2004, Braunschweig, Germany)

•“ An Investigation into the longitudinal dynamics and control of a flapping wing micro air vehicle at 
hovering flight” , K. Loh, M. Cook, P. Thomasson (The Aeronautical Journal of the Royal Aeronautical 
Society, December 2003)

•“ Dynamic flight stability of a hovering bumblebee” , M. Sun and X. Yan (The Journal of Experimental 
Biology, 2005)
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K inematics
� Wing rotation angles, 
� body kinematics

Equations of motion
Aerodynamic Model

� Robotic flapper Experiments
� comparison of Experimental and Model results

Open Loop Simulation Results
� Hovering flight
� Forward flight
� Pendulum stability
� Spiral instability

Conclusions
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Translational kinematics

State vector

Translational Dynamics

Rotational Dynamics

= Rotation matrix between the earth and the body frame

= Inertia matrix of the body. 

Rotational kinematics

Position Orientation
Linear 
velocity

Pitch, roll and 
yaw rates.
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Multi axis force torque sensor

Dynamically scaled wing

Main drive shaft

Veins made of Carbon rods

Membrane made of cellophane
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“ Force and Moment Characterization of Flapping wings for Micro Air 
Vehicle Application” , (American Controls conference ACC-2005).
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•Wing inertia is ignored in the model.
•Wing is rigid. 
•Wing motion is confined to the stroke plane.
•Virtual Mass effect is not taken into account.
•Aerodynamic model is not verified for forward flight.

Assumptions in Modeling
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Simulation Model Parameters

At the center of 
Ellipsoid

C.G Location

20 cycles/secFlapping Frequency 
(Hovering)

EllipsoidBody Shape

8 cmBody Length

14 cmWing Span

6 cmWing Length

2.5 gMass

Hawkmoth

23-26 cycles/secFlapping Frequency 

4.83 cmWing Length

1.58 gMass



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 

' � ( 	 � � � � � � � � � 
 �



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 

bz

by

bx

$ � � � 	 # � � � � � � 	 � � � � � � � � � � " � � � � �



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 

� 	 � � � � � � � � � � " � � � � �



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 

� � � %� � � � � � � � 
 �



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 


 # �� � � � � � � � � " � � � � �



ASME International Design Engineering Technical Conference,
(DETC), 2005, Long Beach, California, September 24-28 

$ � � � � � � � � � �

• Successfully implemented flight simulator for insect-like Flapping wing micro air vehicle.
• Aerodynamic model was experimentally validated for hovering flight only.
• Simulation results show that the longitudinal degrees of freedom can be separated from 

rest of the DOF. Therefore the longitudinal dynamics can be investigated independently of 
the complete system.

• Pendulum stability can be exploited to improve attitude stabilization and could be an 
interesting design feature.

• Highly parameter sensitive system. Wing and body geometry, size, flapping frequency 
effect the system. 
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