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Design of six-axis force piezoelectric sensor with spoke structure
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Abstract: Aiming at the robot’s feedback to the working environment for realizing automatic operation, a
piezoelectric six-axis force sensor was designed. Specifically, an eight-fulcrum spoke six-axis force sensor
structure combined with the principle of multipoint measurement was proposed herein. Quartz was em-
ployed as the piezoelectric material in the force-sensing device. The advantage of such a sensor is its strong
decoupling, light weight, large range, and high natural frequency. The parametric modeling of this sensor
was carried out using the ANSYS finite element software. The measurement principle of the eight-fulcrum
sensor’ s feasibility was verified through a six-axis force quasi-static simulation. Moreover, a quasi-static
and dynamic calibration experimental platform was built to conduct the calibration experiment. The experi-
mental results show that for the proposed sensor, the nonlinearity is less than 0. 5%, inter-dimensional in-
terference is more than 4% , and natural frequency is over 6 kHz. From the theoretical analysis and experi-
mental results, we confirmed that the sensor structure could complete the six-axis force measurement and
that the coupling between the dimensions was eliminated. The demand for dynamic measurement was thus

fulfilled. The proposed sensor’s structure provides the theoretical and design bases for the design of light-
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weight large range sensors, which is of important reference significance for the design and development of

other types of piezoelectric six-axis force sensors.
Key words: piezoelectric quartz;

mensional coupling
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Fig.1 Schematic diagram of eight-fulcrum space layout
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Fig.2 Three dimensional model of six-axis force piezo-

electric sensor with stroke structure
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Tab. 1 Model material and element parameters

EE/ SRR AR

E I ‘ HEL /N A ESTve
(kg'm®)  #®/GPa
PIIE-%5 7 850 175 0.300  Solid186
% 7900 206 0.243  Solid186
i 7900 206 0.243  Solid186
FaE T 2210 77.8 0.170  Solid186
G 8930 82.7 0.330  Solid186
A 1380 3.50 0.340  Solid186
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®2 ERSESHE

Tab. 2 Modal data of six-axis force piezoelectric sensor
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Tab. 3 Comparison of main indicators of sensors
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