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Abstract 

 

We made high-speed film of a hovering donefly, which showed that the insect could be 

treated as a three-segment body (body with two-wings rotating about the wing-roots). The 

equations of motion of the insect were derived. 

 

Froquet theory and average-model theory were developed to solve the equations. The 

theories showed that there is an unstable oscillatory mode (longitudinal) and an unstable 

slow divergence mode (lateral). Due to the unstable modes, the hovering flight of the insect 

is dynamically unstable. However, the instability might not be a great problem to the insect 

that tries to stay hovering. The time for the initial disturbances to double is more than 8-10 

times the wingbeat period and the insect has plenty of time to adjust its wing motion before 

the disturbances grow large. Approximate analytical expressions of the eigenvalues, which 

give physical insight into the genesis of the natural modes of motion, were derived. The 

expressions identify the speed derivative Mu and the forward-and-backward tilting of the 

vertical force as the primary source of the longitudinal unstable oscillatory mode and the 

side-speed derivative Lv and the side tilting of the vertical force as the primary sources of 

the unstable divergence mode. The flight is numerically simulated by coupling the full 

equations of motion with Navier-Stokes equations. The validity of the linear theories was 

tested using the solution of the full equations. Controllability analysis shows that although 

unstable, the flight is controllable. 
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