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Abstract

In this work 1s introduced an alternative approach to simulate flight of
insects. Based in the set of equations (Newton-Euler equations with
four variables: position of the insect, horizontal and vertical velocity
and angular velocity) to simulate a 2D flight which is similar to the one
used for simulation of airplanes or helicopters. However, there is a
significant difference in the part regarding to the production of forces.
Basically, in this work are considered forces from wing flapping which
will be considered in a simulation of a longitudinal flight. Data were
taken from experiments; these data were fitted in Fourier series until
the eight harmonic order. Once the Fourier series were representing
forces, then the set of equations to simulate a flight were plugged with
these Fourier series. A first simulation is done including the zero
(Nonlinear time invariant model) and eight order harmonics(Nonlinear
time periodic model). Simulation 1s starting at the quasi-static
equilibrium adding a small perturbation in order to check stability.
Finally, for the nonlinear time invariant system is being showed
through a 3D plot how the position of the insect is changing with
reference to the other three variables considered in the system.

Introduction

Many investigations have been done to analyze stability of aircraft
which has been explored from different approaches. These approaches
can be split in three ways: the first one based in experiments
commonly cited as flow visualization and the second one based in a

theoretical frame wusually called computer fluid dynamics. Flow
visualization requires of using complex and well-designed set up in
order to recover information wanted while computer fluids dynamics
requires of representative values in the coetficients which are part of
the equations to simulate the system. In both ways a strong
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How Insects Fly

Based in the paper:
“Nonlinear time-periodic models of the longitudinal flight dynamics of the desert locust

Schistocerca gregaria”, Graham K Taylor and Rafal Zbikowski

Newton-Euler Equations

This set of equations 1s important to say that simulation is going to
consider a 2D simulation flight which is going to be longitudinal with
respect to the insect. Formally, u and w are the velocity with respect to
the horizontal and vertical axis correspondingly, g means the angular
velocity with respect to the center of mass of the insect and 6 is the
angle with respect to the horizontal axis.
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Some assumptions

dCenter of mass is fixed

dBody is symmetric in the longitudinal axis
dFour state variables

dConstant mass, moment of inertia and gravity
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Locust

Force balance
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Results

dincomplete data in
locust that tailed in the
experiment were
discarded

A systematic variation
in wing beat frequency
will alter the dynamics
dData from experiments
can be well fitted in
Fourter series using until
the eight harmonics
order.

Original data
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Fourier series data

(d) R
T e T

'
1
!
1)
!
1
)
&
—

[ B N

o O C O

X (1072 N)

o

% 2
~ e
27

ra )

~

-"5*-\ s - pes
o, (deg) 0 ¢ (rad)

Plot reproduced for the X and Z forces and M moment for one
wing beat period

At different angles (x)
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At different values of U velocity
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Response for locust type “R” to minimum changes in the horizontal
velocity for the Nonlinear time invariant model (NLTI)

Two perturbations

Response to two different locusts to minimum changes in the initial
value of time for the Nonlinear time periodic(NLTP) model.
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Locust type “R” Locust type “G”
How the value 0 is changing with respect to the other

variables (u, w and g):
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