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Sensitivity laws and prediction of piezoelectric force sensors at
different loading points
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Abstract: A multi-point supported piezoelectric force sensor was designed to measure a wide range of vec-
tor forces with variable application points. More specifically, this study focused on analyzing and predict-
ing sensitivity variations of the force sensor at various application points to ensure precise measurements of
vector forces at different loading points. The factors that cause sensitivity variations of the force sensor at
different test positions were analyzed, and the relationship between the sensitivity at such points within the
working surface of the force sensor and the force-electricity conversion coefficient of the force measuring
unit was derived. A least-squares support vector machine (LS-SVM) prediction model was established.
Verification experiments showed that this model accurately predicts sensitivity values for the force sensor
at different application points, with an error below 3% compared to actual values. The L.S-SVM model of-
fers the advantages of speed, reliability, and high precision in predicting sensitivity for multi-point support-
ed piezoelectric force sensors at various application points, indicating its efficacy in quantitatively analyzing

complex variable relationships.
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Fig. 3 Schematic diagram of main loading point

ST AL E R AR RE N E S L
Ko R R G K A ALK A ﬁ%ﬁﬁ)‘,ﬂﬂlﬁ] 4 M55 1%
iy PR A 32 AR e A R AR B SR AR R

s el —s]minocs Ht&;@%%%l——’%ﬂﬂ
K4 Scu sk i R RS L

Fig.4 Experimental device and signal transmission process
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Fig.5 Schematic diagram of sensitivity experimental
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Tab.1 Sensitivity of dynamometer with changed position
Coordinate/mm —100 —50 0 50 100

100 3.98 3.74 3.85 3.8 3.82
50 3.88 3.94 3.83 3.81 3.80
0 3.84 3.84 3.92 3.82 3.82
—50 3.88 3.89 3.87 3.79 3.79
—100 3.83 3.81 3.84 3.78 3.76
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Fig. 6 Schematic diagram of lateral loading point
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Tab.2 Sensitivity of dynamometer with changed position

Loading position X X X, X X

Sensitivity/(mV-N"') 7.82 7.99 8.08 8.17 8.29
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Tab. 3 Sensitivity of dynamometer with changed position
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Tab.4 Calculation error and standard deviation of sensi-

Loading position" Y, Y, Y, Y, Y. tivity
Sensitivity/(mVeN"") 7.97 8.06 7.81 7.90 7.88 Loading direction D% % 7
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Fig.7 Schematic diagram of lateral loading point
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Fig. 8 Flowchart of changed position sensitivity prediction
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Fig.9 Prediction of main direction sensitivity
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Tab.5 Prediction deviation and standard deviation of sen-

sitivity
Optimization GA ACO GWO
method e/% o /% o /% o
X 5.13 2.80 3.76 2.63 2.72 1.03
Y 3.20 3.05 6.80 7.13 1.97 2.12
z 0.61 0.37 0.86 0.47 0.47 0.25
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Fig. 11 Prediction deviation and standard deviation of

sensitivity
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