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New wind sensor uses smart materials to
improve drone performance

August 8 2022, by Tatyana Woodall
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Notional schematic of a low-drag, smart tether system. The inset shows the
concept of an airfoil-shaped anemometer instrumented with a conformable
pressure sensor and a magnetometer for wind speed and direction measurements,
respectively. Credit: Arun K. Ramanathan et al, Frontiers in Materials (2022).
DOI: 10.3389/fmats.2022.904056
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Engineers have designed and successfully tested a more efficient wind
sensor for use on drones, balloons and other autonomous aircraft.

These wind sensors—called anemometers—are used to monitor wind
speed and direction. As demand for autonomous aircraft increases,
better wind sensors are needed to make it easier for these vehicles to
both sense weather changes and perform safer take-offs and landings,
according to researchers.

Such enhancements could improve how people use their local airspace,
whether it be through drones delivering packages or passengers one day
flying on unmanned aircraft, said Marcelo Dapino, co-author of the
study and a professor in mechanical and aerospace engineering at The
Ohio State University.

"Our ability to use the airspace to move or transport things in an
efficient manner has huge societal implications," said Dapino. "But to
operate these flying objects, precise wind measurements must be
available in real time whether the vehicle is manned or unmanned."
Besides helping aerial objects cross long distances, accurate wind
measurements are also important for energy forecasting and optimizing
the performance of wind turbines, he said.

Their research was published in the journal Frontiers in Materials.

Conventional anemometers vary in how they collect their data, but all of
them have limitations, said Dapino. Because anemometers can be
expensive to make, consume high amounts of energy, and have a high
aerodynamic drag—meaning the instrument opposes the aircraft's
motion through the air—many types are ill-suited for small aircraft. But
the Ohio State team's anemometer is lightweight, low-energy, low-drag
and more sensitive to changes in pressure than conventional types.
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Leon Headings, co-author of the study and a senior research associate in
mechanical and aerospace engineering at Ohio State, said the instrument
was fabricated from smart materials—matter with properties that can be
controlled, enabling them to sense and react to their environment. The
team used an electric polymer called polyvinylidene fluoride (PVDF).
Used extensively in architectural coatings and lithium ion batteries,
PVDF can be piezoelectric, which means that it produces electrical
energy when a pressure is applied to it. This energy can be used to power
the device. The measured voltage or change in capacitance of a piece of
flexible PVDF film can be correlated to the wind speed.

The PVDF sensor is incorporated into an airfoil, similar to an airplane
wing, which reduces aerodynamic drag. Because the airfoil is free to
rotate like a wind vane, it can be used to measure the direction of the
wind.

But to test how their device would fare once subjected to Earth's
atmosphere, researchers designed a two-pronged experiment. First, the
pressure sensor was tested in a sealed chamber to determine its
sensitivity. Then, the sensor was incorporated into an airfoil and tested in
a wind tunnel. The results showed that the sensor measures both pressure
and wind speed extremely well. A small digital magnetometer compass
integrated into the airfoil provides precise wind direction data by
measuring the absolute orientation of the airfoil relative to the Earth's
magnetic field.

But more research needs to be done to move the wind sensor concept
from a controlled research environment to commercial applications. As
his team continues to work with PVDF and other advanced materials to
improve sensor technology, Dapino hopes that their work will eventually
lead to technology that can be used outside of aircraft, such as for wind
turbines for clean, efficient and readily available energy for the public.
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"These are very advanced materials and they can be used in many
applications," said Dapino. "We would like to build on those applications
to bring compact wind energy generation to the home."

More information: Arun K. Ramanathan et al, Airfoil Anemometer

With Integrated Flexible Piezo-Capacitive Pressure Sensor, Frontiers in
Materials (2022). DOI: 10.3389/fmats.2022.904056
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