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Prediction and Evaluation of Power Output for Energy Scavengers
using the Piezoelectric Material

[=3VI=N

=y *
eI

= * *%
a8l OlE&

Jae-Eung Oh, Seong-Hyeon Kim, Hyoun-Jin Sim, Jung-Yoon Lee

Key Words: Piezoelectric Material($ % A &), Self Powered Device(RF7} ¥F & 7]), Vibration Energy(3 5 ol L4 3}),
Electric Energy( 7] ©}}142]), Energy Converting(ell 1] %] ¥ &)

ABSTRACT

With recent advanced in portable electric devices, wireless sensor, MEMS and bio-Mechanics device, the new typed
power supply, not conventional battery but self-powered energy source is needed. Particularly, the system that harvests
from their environments are interests for use in self powered devices. For very low powered devices, environmental
energy may be enough to use power source. In the generality of cases, these energy harvesting systems are used in the
piezoelectric materials as mechanisms to convert mechanical vibration energy into electric energy. Through the
piezoelectric materials, the ambient vibration energy could be used to prolong the power supply or in the ideal case
provide endless energy for the devices. Therefore, the piezoelectric power harvesting cantilever beam is developed.
Also, the output voltage and power are predicted in this study. We also discuss the developing system of the
piezoelectric energy scavenger. An experimental verification of the model is also performed to ensure its accuracy.
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Fig. 1 Euler Bernoulli model of PZT and structure ?

HZol Qe dBHAAY B WFES e

o o
g, = ———M—(zs —ti) (2)
(EJ1,+E]I) 2
A7IM 1,1, £ tHE3 Zo] FHr)

I,= f:_’abzzdz=%b[zg—(zs—ta)3] (3)

O T [T N [

21—l

W MRES A ()olH F& 2, 2 4 (2ol
teleted e Zo] fEHct

e :O'_a= 6MEbtb(ta+tb)
E, b[Eft;' X+ 2E 0, Bty (22 430,05 + ,3)]
(5)
B HEEH 0,=E, 9 VAZTEH Bd o9
< 78 F AL, ol T FA AN LI
He A%e 08T 2t
V= 8311.0,
+L
6g3ltathaEb(ta+tb)J: Max (6)

3ty + Eyty +2E,t,Eyty (213 + 31,1y + 21,3)

2.2 3c_|r_H X-IE:( X—ll:l-
gutzloz A AmE UF JdAE e
ACHPog wdy & 4 gt}

Fig. 2 PZT generator circuit model
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Fig. 3 Cantilever beam model
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Table 1. Dlmensmns and propertles of the beam and PZT

(sinh Bix—sin ,B,-x)

: \ Umts
m
52e-3 m
beam | thickness 3e-3 m
density 2700 kg/m®
elastic modulus 70.56 GPa
length 52e-3 m
width 52e-3 m
thickness 0.27e-3 m
PZT elastic modulus 66 GPa
ks) 0.35
ds) -190e-12 m/V
g3 -11.6e-3 Vm/N
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Fig. 4 Power output by External load
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Fig. 5 PZT voltage calculated from analytical
beam model
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Fig. 6 (a) Piezoelectric attached beam
(b) Test facility set up
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Fig. 7 PZT voltage calculated form simulation and
experiment
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Fig. 8 Power output about excitation.
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