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Abstract: A piezoelectric ceramic fiber composite (PCFC) was successfully fabricated using 0.69Pb(Zrq47Tios3)Os-
0.31[Pb(Zng.4Nige)1sNbys] O3 (PZT-PZNN) for use in small-scale wind energy harvesters. The PCFC was formed using
an epoxy matrix material and an array of Ag/Pd-coated PZT-PZNN piezo-ceramic fibers sandwiched by Cu interdigitated
electrode patterned polyethylene terephthalate film. The energy harvesting performance was evaluated in a custom-made
wind tunnel while varying the wind speed and resistive load with two types of flutter wind energy harvesters. One had
a five-PCFC array vertically clamped with a supporting acrylic rod while the other used the same structure but with a
five-PCFC cantilever array. Stainless steel (thickness: 50 um) was attached onto one side of the PCFC to form the
PZT-PZNN cantilever. The output power, in general, increased with an increase in the wind speed from 2 m/s to 10
m/s for both energy harvesters. The highest output power of 15.1 W at 14 k&2 was obtained at a wind speed of 10 m/s
for the flutter wind energy harvester with the PZT-PZNN cantilever array. The results presented here reveal the strong
potential for wind energy harvester applications to supply sustainable power to various |oT micro-devices.
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Fig. 1. Schematics of conventional piezoelectric ceramic fiber
composites: (a) longitudinal mode and (b) transverse mode.
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Table 1. Comparison of piezoelectric properties of the 0.69Pb
(Zro.47Ti0.53)03-0.31[Pb(ZnQANiO.G)]jngz/s]03 ceramics between a
bulk disk and a thick film, both sintered at 1,050°C for 1 h.

Piezoelectric properties Bulk Thick film
Sintering temperature 1,050C 1,040C
Piezoelectric charge 526x10*2 365x10*

constant (da3) CIN CIN
Piezoelectric voltage 30x10° 32x1073
constant (gss) VMmN Vm/N
Coupling coefficient (kp) 74.2% 50%
Mechanica quality factor (Qm) 64 74
£33'/e0 1,993 1,292.5
tans 1.9% 1.8%
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Fig. 2. Schematic of the PZT-PZNN piezoelectric ceramic fiber
composite fabricated in this work.
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Fig. 3. lllustrated schematics of (a) the flutter wind energy harvester
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Fig. 6. Rea images of the flutter wind energy harvesters. (a)
PCFC array and (b) PCFC cantilever array.
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Table 2. Comparison of energy harvesting performance a wind
speed of 10 nvs between the PCFC array and the PCFC cantilever
array for flutter wind energy harvesting.

Array type PCFC PCFC cantilever
Wind speed (m/s) 10 10
Load resistance (k<) 25 14
Output power (UW) 0.2 15.1
Power density (uW/cm?®) 0.15 9.2
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