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1-Context
State of the art:

e Only 2 projects have succeeded in taking off a
NAV with a mass of 100 mg: Shanghai [Zou
2018] and Harvard [Wood 2019].

e [hey are both based on passive twisting to im-
itate insect flight.

Insect flight [Dickinson 1999]

e |t Is a complex mechanism that can be re-
duced to a combination of flapping and twisting
modes.

e It generates the larger lift when flapping and
twisting are in phase quadrature.

2-Modal Superposition

We are looking for a combination of the flapping and
twisting modes that gives maximum amplitude to the

guadrature.
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Dimensionless motion equations (2 degree of free-

dom):

T1 + 2671 + (1 + pw®)z, — pw?as = cos(Qt), (1)

To + 26000 + 0% (T — T1) = 0, (2)
Criteria:

e two resonances close together and at the
same amplitude

e anti-resonance with a not too low amplitude

e ratio between the amplitude of the leading
edge and the magnet of ~ 2

/-Future Work

Optimisation, fabrication and testing of a new gener-
ation of NAV.
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2-The Generations

Previous work [Faux 2019]: Actual Work [Colin 2021];

e Structure with fully flexible wings | | | o |
e Structure with compliant links and rigid bodies

¢ Optimised by an of Euler-Bernoulli beam model o | |
. e Optimised by equivalence with a 0D model

Prototype

Modelling

Leading edge
Magnet :

Multibody model

Real system with compliant link

| . \, iy ' F z
W A A _"’,,
, oo 2 [ Y Ty §
I : 3 !3 < (\ i
. ; g
Membrane !
| N
i LI
] 4 i
| *: i |

LB
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4-NAV Architectures

Two NAV architectures and their simplified models:
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Frequency difference for the two geometries:
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5-Optimisation

Study of pp = 22 Study of w3 and us :
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o-First Validation
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. | o ~snapshots of the large amplitude motion of a simple prototype
e The rigid bodies assumption is valid:

only the compliant links deform.

e We can achieve high amplitudes: an-
gles of 70° peak to peak.
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