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Abstract: The structure and measurement principles of a high-frequency dynamic piezoelectric
shock wave pressure sensor based on piezoelectric effect are proposed in response to the increasing
demand for fast measurement of shock wave pressure signals. The performance requirements of
the high-frequency dynamic piezoelectric pressure sensor are determined by analyzing the time-
frequency characteristics of shock wave signal. The measurement principle of the high-frequency
dynamic piezoelectric pressure sensor is used to analyze the proposed shock wave pressure
measurement. Based on the principle of deformation coordination and consistency, static and
dynamic models are established to analyze the influence of sensor structural parameters on
sensitivity and natural frequency. The optimized three-dimensional model of the sensor is
imported into ANSYS for static, dynamic, and piezoelectric coupling analyses, and the feasibility

of the sensor structure and its measurement principle is verified. Through quasi-static and
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dynamic calibration experiments, the measurement performance indicators of the sensor, such as

voltage sensitivity, nonlinearity, and natural frequency, are obtained. The experimental results

show that the developed prototype of the high-frequency dynamic piezoelectric shock wave

pressure sensor has high sensitivity: 3. 19 mV/kPa, high natural frequency characteristic: 95. 625

Hz, and short rise time :

10. 45 ps, which can meet the requirements in actual tests.

Keywords: mechanical model; pressure sensor; shock wave; calibration experiment; piezoelectric

ceramics
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Fig. 1 Schematic diagram of shock wave propagation process
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Fig. 2 Schematic diagram of the shock wave signal
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Table 1 Parameters of shock wave signals corresponding to different types of flying bodies

AT d/mm y/m Ma P /Pa T, /ms fo/Hz 3fo/Hz
1 5.80 1.25 1.5 796. 8 1.4 72777 21 833.1
2 7.62 1.25 2.0 1092.6 1.5 6 789.5 20 368.5
3 14.50 1.25 2.9 1947.6 2.3 4407.9 13 223.7
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Fig. 3 Schematic diagram of sensor structure
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Fig. 4 Schematic diagram of sensor load transfer process and

mechanical model establishment
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Fig. 5 The influence of sensor structural parameters on static

and dynamic measurement performance
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Table 2 Optimized structural parameters of sensor

28 B S8 K
hi/mm 0.5 d,/mm 7.5
h,/mm 0.5 d,/mm 6.5
h;/mm 0.5 d;/mm 6.0
h,/mm 0.5 d,/mm 2.2
h;/mm 4.2
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Table 3 Material parameters of sensor components

g g CTERES L T
GPa (kg * m™*)
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Fig. 7 Stress simulation cloud diagram of pressure sensor
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