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Abstract

Phononic crystal point defects can form localized defect modes within the bandgap, and confine
elastic wave energy in the vicinity of piezoelectric patches, which serves as a critical approach to
improving the performance of piezoelectric energy harvesting. In addition to defect modes and the
dimensions of piezoelectric patches, the number of periods of a finite supercell directly affects the
bandgap confinement capability, the attenuation degree of evanescent waves, and the stability of
defect modes. Based on a petal-shaped point defect phononic crystal piezoelectric energy harvest-
ing system, this paper fixes the position of the point defect on the basis of the optimized parameters
that the piezoelectric patch has a diameter of 10 mm and a thickness of 2.3 mm, and investigates the
effects of the number of periods in the x-direction and y-direction on the vibration mode, output
voltage and output power of the system, respectively. The results show that the number of periods
in the x-direction plays a dominant role in the system performance. As the supercell increases from
5x 7to 9 x 7, the peak output voltage increases from 26.495 V to 86.302 V, and the maximum output
power increases from 17.228 mW to 32.257 mW; when the supercell is further increased to 10 x 7,
the output performance basically tends to be saturated. The number of periods in the y-direction
functions for adjustment and optimization, and the output performance exhibits a non-monotonic
variation that first increases and then decreases as the number of periods increases, with the 9 x 7
supercell achieving the optimal performance. Under this dimension, the system obtains a peak out-
put voltage of 86.302 V and a maximum output power of 32.257 mW at a load resistance of 100 MQ,
and the electromechanical energy conversion efficiency reaches 30.36%. The research findings in-
dicate that a reasonable number of supercell periods can avoid structural redundancy while guar-
anteeing the energy localization effect, which provides a reference for the dimension design of point
defect phononic crystal piezoelectric energy harvesters.
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Figure 1. Unit cell stereogram and its energy band structure
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Figure 2. Point defect supercell and its energy band structure
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Figure 3. PnC-Based PEH system with excitation source and PMLs
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Figure 4. The vibration modes in the z-direction at different peak frequencies for different
supercell sizes when the external resistance is 100 MQ (Variation in x direction)
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Figure 5. Output voltages and frequency response curves of mechanical displacements at defect
locations for different-sized supercell systems (Variation in x direction)
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Figure 6. The variation of the output voltage and output power of the system with respect to the
external resistance (Variation in x direction)
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Figure 7. The output voltage and output power of the system vary with the change of the supercell
size in the x direction
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Figure 8. The vibration modes in the z-direction at different peak frequencies for different supercell
sizes when the external resistance is 100 MQ (Variation in y direction)
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Figure 9. Output voltages and frequency response curves of mechanical displacements at defect
locations for different-sized supercell systems (Variation in y direction)
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Figure 10. The variation of the output voltage and output power of the system with respect to the
external resistance (Variation in y direction)
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Figure 11. The output voltage and output power of the system vary with the change of the supercell
size in the y direction
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