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Fig. 1. Cantilever beam structure models: (a) Piezoelectric
cantilever beam; (b) piezoelectric cantilever beam with a
waterproof layer; (c) U-shaped piezoelectric cantilever
beam.
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Fig. 2. (a) Schematic and photo of the energy harvester;
(b) schematic of MFC.
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Fig. 3. Impact force curves under different (a) droplet dia-

meters and (b) impact velocities.
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Fig. 4. Frequency domain of water droplet impact force.
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147701-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 14 (2025)

147701

ATLVE ), bR AW IR S R R R, &
S BE 2 P, RO T eh RE i,
EH) T2 PMIRAE ], BEOR T IRShFE, T
FOEE T B HR AR, B2 R ETE 1 mm B,
W AE T 3% ML TR O AR FEN 13.0%, 1 7E 2 mm J&
I, WEEAE T % S B AR 46.2%. TESEBRI IR,
WA e B2 2 AR RN 1 mm. X —JR AT
PRAUER; K B A RIS, e A PR B s/ N 1 i sl e
PR A, DTS T 4 50 Y B B A A8

IARWEFE A, S1 FI S2 2544 H RIS PR —11)
TEHRATR, 1T AR T 7K A ARk BB A K, X LA S
IR K BE AR, 7E S1 4548 i — BV B i LAt
b, BB MGE Ly, Ly, AT LA E] U BS54 1% S3
SEMEREAT. A BRIC B, AT T gt
ST X7 RE A5 T % F R 052 ), S i AR S3 (45 14
Bk MERE, BREMZE: L KEFERFTFR L K
FE 200 mm, {ii AR WA 7 s,

25

(a) Ly =40 mm
[ Ly=60 mm
20
15
>
~
)
g
£ 10 |
)
>
5 -
0
0 20 40 60 80
Frequency/Hz
25
(b) [] L3=200 mm
[] L3=250 mm
20 [ L; =300 mm

Voltage/V

0 20 40 60 80
Frequency/Hz
P&l 7 S3 S F A ] B AR R K B AR O3 A1 14
Fig. 7. Frequency-domain of U-shaped cantilever beam with

additional beams.
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Table 1.  Performance of the droplet energy harvesting devices from studies.
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Abstract

With the continuous growth of global demand for renewable energy, the utilization of rainwater resources
has gradually become a focal point of research. Piezoelectric energy harvesting has received significant attention
because the harvester has simple structure, high energy conversion efficiency, and self-powering capability.
However, traditional piezoelectric energy harvesters are limited by the narrow resonance frequency bandwidth
and the insufficient waterproofing ability, which restricts the adaptability of energy conversion to variable
environmental excitations. To solve this problem, a broadband piezoelectric cantilever energy harvester for
rainwater energy harvesting is designed in this work. The influence mechanisms of droplet impact parameters,
waterproof encapsulation technology, and MFC cantilever structure on the electrical output performance are
studied through theoretical analysis, numerical simulation, and experimental validation. It reveals that the
droplet’s Weber number exhibits a direct proportionality with the impact force, which is distributed within the
0-80 Hz frequency range. Simulations and experimental results demonstrate that the U-shaped piezoelectric
energy harvester significantly outperforms other designs in terms of broadening the resonant frequency range
and extending oscillation duration, achieving an oscillation time of 23.7 s, a charge transfer of 2.82 nC, and an
output power density of 37.76 W/m? under a single impact. It demonstrates its efficient energy harvesting
capability in a wide resonance frequency range. Additionally, the U-shaped design also improves its waterproof
performance, thus further enhancing its applicability in rainwater environments. This study provides a novel,
universally applicable approach for collecting rainwater energy, expands the application scenarios of
piezoelectric energy harvesting technology, and provides theoretical references and practical guidance for
designing and applying broadband energy harvesters.
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