
 

Bat-flight inspires unique design for micro
air vehicles
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Southampton-Imperial MAV. Credit: University of Southampton.

Researchers from the University of Southampton have designed
innovative membrane wings inspired by bats, paving the way for a new
breed of unmanned Micro Air Vehicles (MAVs) that have improved
aerodynamic properties, can fly over long distances and are more
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economical to run.

The wings work like artificial muscles, changing shape in response to the
forces they experience and have no mechanical parts, making MAVs
incorporating them easier to maintain.

The unique design of the wings incorporates electro-active polymers that
makes the wings stiffen and relax in response to an applied voltage and
further enhances their performance.

By changing the voltage input, the shape of the electroactive membrane
and therefore aerodynamic characteristics can be altered during flight.
The proof of concept wing will eventually enable flight over much
longer distances than currently possible.

The wings have been developed and successfully tested in-flight through
a unique combination of hands-on experimental work at the University
of Southampton and computational research at Imperial College London,
with funding from the Engineering and Physical Sciences Research
Council (EPSRC). The United States Air Force, through their European
Office of Aerospace Research and Development (EOARD), provided
additional support.
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Sometimes as small as 15cm across, MAVs are increasingly used in a
wide variety of civil and military applications, such as surveying remote
and dangerous areas. One emerging trend among MAV developers is to
draw inspiration from the natural world to design vehicles that can
achieve better flight performance and that offer similar levels of
controllability to small drones but use the efficiency provided by wings
to fly much further.

The Southampton-Imperial team have focused on mimicking the
physiology of bats – the only type of mammal naturally capable of
genuine flight. To inform and speed up the design process, the Imperial
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team built innovative computational models and used them to aid the
construction of a test MAV incorporating the pioneering 'bat wings'.

The Southampton team incorporated some of these findings into a 0.5m-
wide test vehicle, designed to skim over the sea's surface and, if
necessary, land there safely. After extensive wind tunnel testing, the
vehicle was put through its paces at a nearby coastal location.

  
 

  

Professor Bharath Ganapathisubramani of Southampton's Aerodynamics
and Flight Mechanics Group, who has led the overall project, says:
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"We've successfully demonstrated the fundamental feasibility of MAVs
incorporating wings that respond to their environment, just like those of
the bats that have fuelled our thinking. We've also shown in laboratory
trials that active wings can dramatically alter the performance. The
combined computational and experimental approach that characterised
the project is unique in the field of bio-inspired MAV design."

The next step is to incorporate the active wings into typical MAV
designs, with deployment in real-world applications potentially
achievable over the next five years.

"This is a paradigm shift in the approach to MAV design. Instead of a
traditional approach of scaling down existing aircraft design methods,
we constantly change the membrane shape under varying wind
conditions to optimise its aerodynamic performance," said Dr Rafael
Palacios of Imperial's Department of Aeronautics, who led Imperial's
aspect of the project.

  More information: Stefano Buoso et al. Electro-aeromechanical
modelling of actuated membrane wings, Journal of Fluids and Structures
(2015). DOI: 10.1016/j.jfluidstructs.2015.08.010 

R. Bleischwitz et al. Aspect-Ratio Effects on Aeromechanics of
Membrane Wings at Moderate Reynolds Numbers, AIAA Journal
(2015). DOI: 10.2514/1.J053522

A Barbu, R. de Kat, and B. Ganapathisubramani. "Aero-electro-
mechanical Coupling of Electro-Active Membrane Wings", 24th
AIAA/AHS Adaptive Structures Conference, AIAA SciTech, (AIAA
2016-0820).
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https://phys.org/tags/wings/
https://phys.org/tags/aircraft+design/
http://dx.doi.org/10.1016/j.jfluidstructs.2015.08.010
http://dx.doi.org/10.2514/1.J053522
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