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In this study, we designed and fabricated a spherical two-dimensional airflow vector sensor using
Micro Electro Mechanical Systems (MEMS) differential pressure sensors that can be mounted on a
drone. The sensor consists of two enclosures and a single substrate with three MEMS differential
pressure sensor chips. The enclosure was fabricated using a 3D printer, and three-dimensional
flow paths were formed in the enclosure. The diameter of the sphere was designed to be 12.5 mm.
The total length of the sensor is 87 mm and it weighs 4.4 g. The enclosure has three sets of holes,
two of which are 180° symmetrical in the upper and lower planes, and each hole is 60° apart in the
same plane. The three sets of holes provide the pressure difference generated on the sphere to
the three sensor elements independently. As a calibration experiment, we measured the response
of each air hole when a pressure difference from -60 Pa to +60 Pa was applied in 10 Pa
increments. The fractional resistance change against the pressure difference was linear and
showed the same sensitivity in all the holes. A wind tunnel experiment was also conducted as a
calibration experiment. As a response to wind speed and direction, the output of the sensor was
evaluated when the wind speed and direction were applied from 2 to 10 m/s in 1 m/s increments
and from -180° to +180° in 15° increments. The relationship between wind speed and differential
pressure was measured when the center of each hole and the center of the wind tunnel were on
the same line, and it was confirmed that the resistance change of the sensor was close to the
relationship proportional to the square of the speed. In addition, the output changed depending on
the wind direction, and it was shown that the wind direction and wind speed could be calculated
backward from the output of the three sets of differential pressure sensors. In the future, we will
construct an algorithm to calculate the wind direction and speed backwards from the experimental
data, and evaluate whether it is possible to measure the wind speed and direction during flight by
actually installing it on a drone.
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In this study, we designed and fabricated a spherical two—dimensional airflow vector sensor using Micro Electro Mechanical Systems
(MEMS) differential pressure sensors that can be mounted on a drone. The sensor consists of two enclosures and a single substrate
with three MEMS differential pressure sensor chips. The enclosure was fabricated using a 3D printer, and three—dimensional flow
paths were formed in the enclosure. The diameter of the sphere was desighed to be 12.5 mm. The total length of the sensor is 87 mm
and it weighs 4.4 g. The enclosure has three sets of holes, two of which are 180° symmetrical in the upper and lower planes, and
each hole is 60° apart in the same plane. The three sets of holes provide the pressure difference generated on the sphere to the
three sensor elements independently. As a calibration experiment, we measured the response of each air hole when a pressure
difference from —60 Pa to +60 Pa was applied in 10 Pa increments. The fractional resistance change against the pressure difference
was linear and showed the same sensitivity in all the holes. A wind tunnel experiment was also conducted as a calibration experiment.
As a response to wind speed and direction, the output of the sensor was evaluated when the wind speed and direction were applied
from 2 to 10 m/s in 1 m/s increments and from —180° to +180° in 15° increments. The relationship between wind speed and
differential pressure was measured when the center of each hole and the center of the wind tunnel were on the same line, and it was
confirmed that the resistance change of the sensor was close to the relationship proportional to the square of the speed. In addition,
the output changed depending on the wind direction, and it was shown that the wind direction and wind speed could be calculated
backward from the output of the three sets of differential pressure sensors. In the future, we will construct an algorithm to calculate
the wind direction and speed backwards from the experimental data, and evaluate whether it is possible to measure the wind speed
and direction during flight by actually installing it on a drone.
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