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Abstract: To explore the flexible measurement technology of low-intensity shock wave, the sensitivity calibration experiment
was performed on PVDF (polyvinylidene fluoride) filmed pressure gauges by using a shock tube. The measurement reliability
of flexible PVDF pressure gauge for low intensity shock wave was evaluated. To improve the measurement stability and
sensitivity, the filmed pressure gauge was modified based on the microstructure design and obtained a flexible gauge with high
force-electric sensitivity, which was more suitable for low-intensity shock wave measurement. It was found that the effective
output charge caused by the out-of-plane shock wave and the signal-noise ratio were too low when the pressure gauge was in
an individual piezoelectric mode that was mostly used in high intensity pressure measurement. The measurement results were
significantly influenced by the nonlinear force-electric response of the piezoelectric membrane, the deformation and vibration
of the structural surface, and the packaging factors inside the gauge. The effects of these factors led to unstable piezoelectric

sensitivity and large discrepancy among different gauges when the gauges were used under low intensity pressure. By using the
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micro-structure design with circumferential fixed constraint on the filmed gauge, the low-intensity out-of-plane shock can be
transformed into a high-amplitude in-plane tensile stress field in the PVDF filmed gauge, causing a coupling piezoelectric
working mode. The coupling piezoelectric effect produced by the micro-structure can greatly improve the nominal sensitivity
coefficient of the gauge and reduce the individual difference. The nominal sensitivity of the developed flexible gauge is about
900—1350 pC/N within the 0.2—0.7 MPa pressure range, which is about 40 times higher than that in the individual piezoelectric
working mode. In addition, the relative measurement error can be controlled within +13% under the coupling piezoelectric
mode. The proposed flexible measurement method of low-intensity shock wave can provide effective design technique for the
development of high-sensitive flexible devices which are suitable for shock wave monitoring of personnel equipment.

Keywords: shock wave; flexible measurement; polyvinylidene fluoride (PVDF); coupling piezoelectric effect; sensitivity
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Fig. 1 PVDF filmed pressure gauges
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Fig. 2 Experimental setup of shock wave measurement
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Fig.3 Shock wave measurement results and pressure-electric response of JYC15 gauges
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Fig. 5 Shock wave measurement results and pressure-electric response of CPT gauges
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Fig. 6 Coupling piezoelectric effect and DSP pressure gauge
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Fig. 8 Mechanical response of DSP pressure gauge subjected to out-of-plane shock
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Fig. 9 Experimental setting of in-plane dynamic stretching for DSP and the typical testing result
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Fig. 12 Shock wave measurement of DSP on flexible target
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