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Abstract: Piezoelectric ceramic fiber composite (PCFC) was fabricated using a planar electrode printed piezoelectric
ceramic fiber driven in transverse mode for small-scale wind energy harvester applications. The PCFC consisted of an
epoxy matrix material and piezoelectric ceramic fibers sandwiched by interdigitated electrode (IDE) patterned polyimide
films. The PCFC showed an excellent mechanical performance under a continuous stress. For the fabrication of PCB
cantilever harvester, five -PCFCs were vertically attached onto a flexible printed circuit board (PCB) substrate, and then
PCFCs were serially connected through a printed Cu circuit. The energy harvesting performance was evaluated applying
an inverted structure, which imples its free leading edge located at an open end but the trailing edge at a clamped end,
to enhance strain energy in a wind tunnel. The output voltage of the PCB cantilever harvester was increased as the wind
speed increased. The maximum output power was 17.2 pW at a resistance load of 200 k&2 and wind speed of 9 m/s.
It is considered that the PCB cantilever energy harvester reveals a potential use for wind energy harvester applications.
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Table 1. Dielectric and piezoelectric properties of soft-PZT piezoelectric
ceramic plate for piezoelectric ceramic fiber composite.

Piezoelectric properties Values
Coupling coefficient (k;) 59.2%
Mechanical quality factor (Qm) 50
Piezoelectric charge constant (ds;) 396 pC/N
Piezoelectric voltage constant (gs;) 12x10° V - m/N
£33/¢0 3,853
tans 1.8%
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Fig. 1. Schematics of fabrication process for piezoelectric ceramic

fiber composite.
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Fig. 2. Experimental set-up of wind tunnel to evaluate the wind

energy harvesting performance.
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Table 2. Various structural parameters of PCFC and various

PCB cantilevers.

Dimension (mm) PCFC I.)CB I.DCB I.DCB
cantilever 1 cantilever 2 cantilever 3

PCFC (w x L x hp) 20x68%0.34

Width (w) 20 20 20
pcB Length (L) N/A 160 160 150
shim "

Thickness (hs) 0.45 0.65 0.8

Natural frequency

(kHz) 18.6 6.4 6.6 8.8
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Table 3. Comparison of wind energy harvesting performance
for PCB cantilever energy harvester under various wind speed
from 1 m/s to 9 m/s.

Properties PCB cantilever energy harvester

Wind speed (m/s) 1 3 5 7 9
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Fig. 9. Energy curve of PCB cantilever energy harvester at optimal

resistive loads.

Table 4. Summary of generated energy of PCB cantilever
energy harvester under various wind speed from 1 m/s to 9
m/s at optimal resistive loads.

PCB cantilever energy
harvester

Wind speed (m/s) 1 3 5 7 9
Maximum energy (mlJ) 0.2 1.3 32 81 146

Properties

Energy generation rate

(mJ/min) 001 01 02 06 1.1
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