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Abstract: A new water energy harvester module, which is composed of piezoelectric bimorph cantilevers,
harvesting circuit and a shaft with 16 impellers at a center axis, was fabricated for energy harvesting
application. High energy density Pb(ZrosiTios)Os + 0.2 wt% Cr:03 + 1.0 wt?6 Nb20s (PZT-CN) thick film
obtained by tape casting method was used for the bimorph cantilever. The PZT-CN bimorph cantilever
with a proof mass of 49 g exhibited extremely high output power of 225 mW (24 mW//cm®) at resonance
frequency of 11 Hz. In addition, the fabricated water energy harvester has a cylindrical structure with 48
bimorph cantilevers clamped at inner surface. A significantly high output power of 433 mW was obtained
at a rotation speed of 120 rpm with a resistive load of 500 @ for the water energy harvester.
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Fig. 1. Schematics of piezoelectric cantilever structure
for (a) unimorph and (b) bimorph.
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Table 1. Dielectric & piezoelectric properties of PZT-CN
bulk & thick film.

Sintering . i ke d:\:;;g:ng
Type temperature £x e 3 (10 "m?/
(T) (pC/N) (%) N)
bulk 1,200 1572 460 595 15,180
Bk 1,100 1060 365 14072

film
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Fig. 2. Schematic diagram of fabricated piezoelectric
PZT-CN bimorph harvester unit module.
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Fig. 3. (a) Top view and (b) front view images of the
designed and fabricated water energy harvester and (c)
an illustration of operating energy harvester in stream.
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Fig. 4. The output voltage of PZT-CN piezoelectric
harvester unit module for various cantilever types; (a)
bimorph, (b) unimorph (piezo film on substrate), and (c)
unimorph (piezo film under substrate).
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Fig. 5. The output power of PZT-CN bimorph
piezoelectric energy harvester unit module with various

load resistances.
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Fig. 6. Output voltage of the fabricated water energy
harvester at rotation speed of shaft (120 rpm).
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Fig. 7. Output power of the fabricated water energy
harvester with a variety of load resistance.
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Fig. 8. Output power of the fabricated water energy
harvester with a variety of rpm of shaft.
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