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Design and experiment of PVDF piezoelectric film 3-D heavy load force sensor

Wang Guicong Zhao Peng Li Yingjun Yang Zhikang Chen Si

(School of Mechanical Engineering, University of Ji'nan, Ji'nan 250022, China)

Abstract ; Facing the urgent need of dynamic measuring force sensor for heavy load, multi-dimensional, high-frequency and strong impact
load in the field of high-performance bearing rolling element forming quality monitoring, a new structural form and measurement principle
of piezoelectric film three dimensional heavy load force sensor are proposed. The sensing element of the sensor is composed of upper,
middle and lower piezoelectric films. The change of three-dimensional force causes the change of charge of piezoelectric films cut in
different regions of each group, so as to realize the calculation of three-dimensional force. The sensor support shell plays the role of load
sharing, so as to realize heavy load measurement. The quasi-static calibration experiment of the sensor prototype is carried out. The
experimental results show that the sensor has the advantages of good linearity. The nonlinear error is less than 2%. It can meet the
dynamic measurement requirement under heavy load. Therefore, it provides an important reference basis for the design, development and
application of piezoelectric thin film force sensor in the field of heavy load multi-dimensional load dynamic measurement.
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Fig. 1 Schematic diagram of sensor structure
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Fig.2 Three-dimensional force measurement

of piezoelectric film
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Fig.3  Mechanical analysis of axial load of sensor
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Fig. 4 Mechanical analysis of sensor transverse load
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Fig.5 Sensor static model
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Fig. 6  Sensor model and grid division
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Table 1 Material parameters of sensor components

PR, B/ -
B aEs HEL/N =4 B
3
Pa (kg - m™)

Feik AISI 130 2.06x10" 0.30 7850  Solid186
JERL I PVDF 2.50x10° 0.35 1780  Solid226
AR A Cu 2.03x10" 0.33 8900  Solid186
%% )2 PET 2.96x10° 0.37 1420  Solid186
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JERLHE e ] (107 C/m*) WIF

%36 %
0 0 1.036
0 0 - 1.153
0 0 - 2.788
el=1 0 0
0 - 1.215 0
|- 1.224 0 0 |
XA RBIEME 0] (107" F/m) 0T .
7.324 0 0
[e']=| 0 9.244 0
0 0 7.640
PP RBOEE ¢ ] (10°N/m*) W .
M3.61 1.61 1.42 0 0 0
.61 3.13 1.31 0 0 0
|42 131 162 0 0 0
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Table 2 Output potentials of electrode under X load

Hfif/kN = = EE?’VDV = =
65 = 35 45 25

2 4.510 -4.574 -0.035 -0.033 -0.034

4 9.021 -9.147  -0.071  -0.066 —0.067

6 13.531  -13.721 -0.106  -0.099 -0.101

8 18. 042 -18.294  -0.141 -0.132  -0.135

10 22.552 —-22. 868 -0.177 -0.164 -0.168
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Table 3 Output potentials of electrode under Y load

A%
HA /N 65 75 35 4% 2%
2 -0.002  -0.001 5.091 -5.096  —0.002
4 -0.004  -0.003  10.182  —10.191  —0.004
6 -0.006  -0.004  15.274  -15.287 -0.006
8 -0.009  -0.005  20.365 -20.383 -0.005
10 -0.011  -0.006  25.456  -25.479 -0.009
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Table 4 Output potentials of electrode under Z load

i /kN 5 5 EE? Al - 5

6 75 35 4= 25
20 21.3 21.5 21.6 21.6 21.5
40 42.5 43.1 43.2 43.2 43.1
60 63.8 64.6 64.8 64.8 64.6
80 85.1 86.2 86.3 86.4 86. 1
100 106. 4 107.7 107.9 108.0 107.7
120 127.6 129.3 129.5 129. 6 129.2
140 148.9 150. 8 151.1 151.1 150.7
160 170.2 172.4 172.7 172.7 172.2
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Fig.7 Simulation cloud diagram of piezoelectric film

under 160 kN load in Z direction
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Fig. 10  Piezoelectric film test loading platform
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Table 6 Main technical indexes of sensor

HARSER F, F, F.

Lk iR 2 FSO 1.970 1.710 1.785
LR R A%/ (V/KN) 3. 164 4. 007 1. 621
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all directions after calculation
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Fig. 13 Sensor simulation application experiment
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