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Preparation of PDMS/Piezoelectric Ceramic Composite Flexible Sensing Material
and Its Application in Strain Monitoring of Hydraulic Structures
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Abstract: A PDMS-PZT flexible composite sensing material was prepared using addition-cure polydimethylsiloxane
(PDMYS) as the flexible matrix and lead zirconate titanate (PZT) piezoelectric ceramic powder as the piezoelectric filler.
The effects of PZT content on the mechanical properties, dielectric properties, piezoelectric properties, and strain-voltage
response behavior of the composites were systematically investigated. The results showed that with increasing PZT
content, the elastic modulus and dielectric constant of the composites increased significantly, whereas the elongation at
break gradually decreased, indicating a trade-off between reinforcement effect and flexibility retention. The PDMS-PZT20
sample exhibited a balanced performance in terms of mechanical stability and dielectric loss control. Under the conditions
of 5 Hz and 30 kPa, its peak output voltage reached +11.8 V, which was significantly higher than that of the other samples,
and it maintained 89.2% of its voltage retention after 5 000 loading cycles. In the tensile mode, the PDMS-PZT20 sample
demonstrated a good linear strain-voltage response relationship over a strain range of 1%~30%, with fast response speed
and a voltage retention of approximately 91.0% after 2 000 cycles. The incorporation of an appropriate amount of PZT not
only preserved the flexibility of the material but also significantly enhanced its piezoelectric response capability. 20% PZT
was identified as the optimal filler mass fraction for achieving the best overall performance.
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