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Research and experiment of the three-dimensional force sensor for
aerodynamic testing of flapping wing vehicles

,Zhou Lin®,Zhao Quanliang'

(1. School of Mechanical and Material Engineering, North China University of Technology, Beijing 100144, China;
, Lid. , Beijing 100041, China)

Hu Ziyang' ,He Guangping',Zhang Zhonghai’
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Abstract ; Aerodynamic testing plays an important role in evaluating the design method and optimizing the significant system characteristic
parameters of flapping-wing vehicles. This article presents a newly developed three-dimensional force sensor with simple structure, low
cost and high performance, which is used in the aerodynamic testing system of flapping-wing vehicles. It focuses on the design and
calibration method of the three-dimensional force sensor. Firstly, the feasibility of the structure design is verified by the model of the
micro-variation kinematics of the elastic mechanism. Then, the decoupling calibration experiment of the sensor shows that the nonlinear
error of the sensor is smaller than 1.19% , the coupling error is smaller than 3.21% , and the sensitivity is larger than 1.1 V/N.
Finally, by testing the aerodynamic force of a small flapping-wing vehicle, the quantitative evaluation data of the main wing aerodynamic
force of the flapping-wing vehicle with the influence of the parameters are obtained, which can provide an effective help for the vehicle to
achieve indoor and outdoor maneuverable flight.
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Fig. 1 The structure diagram of the sensor
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Fig.2 Structure and elastic mechanism model of

force measuring unit
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Fig.3 Diagram of the elastic mechanism model of the

three-dimensional force sensor
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calibration system
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Table 1 Static performance index of the sensor
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Table 3 Performance index of the experimental platform
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Table 4 Technical parameters of the flapping-wing vehicle
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Table 5 Diagram of experimental wing structure
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