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ABSTRACT

Electromechanical model for analyzing a multimodal piezoelectric energy harvester comprising three

connected beams is presented in this paper. This system consists of three beams which are connected

alternately. The piezoelectric layer is only attached to the middle beam. With this special structural

configuration, the first, second, and third natural frequencies are congregated so that the energy har-

vester can generate meaningful amount of power consistently when the main frequency component of

the excitation varies around the lowest three natural frequencies of the harvester. To investigate the

dynamic and electric response of the piezoelectric energy harvester, an electromechanical model is

developed using the Kane's method and the accuracy of the model is validated by comparing the re-

sults obtained with the model with those obtained with the commercial software ANSYS. The results

show that the piezoelectric energy harvester comprising three connected beams has much broader

power generating frequency range than that of the conventional piezoelectric energy harvester.
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Table 1 Geometric, material, electric properties

Parameter Value(unit) Parameter Value(unit)
L, 100(mm) t 2.5(mm)
L, 100(mm) E, 193E9(Pa)
L 100(mm) E, 65E9(Pa)
L, 85(mm) Py 7800(kg/m")
e 0.6(mm) s, 7600(kg/m”)
hf 0.2(mm) My 25(g)

K 0.7(mm) me 1(g)
h, 0.2(mm) mp 0(g)
b 16(mm) e, -12.35(C/m’)
h 15(mm) &5 2.1E-8(F/m)

Table 2 Analysis results of resonance frequencies un-
der short-circuit condition

Resonance frequency
under short-circuit
condition

Ist N.F. 8.7
2nd N.F. 11.0
3rd N.F. 12.8

Developed
model
[Hz]

9.2
11.4
12.8

ANSYS
[Hz]

Error
[%]

5.7
3.6
0.0

20
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Frequency [Hz] Frequency [Hz]
@ (b)
Fig. 4 Open-circuit voltage from (a) the derived

equations and (b) ANSYS at the frequency
domain
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Table 3 Frequency ranges exceeding normalized pow-
er and their sum for three PEH types

Normalized power
[mW. /Cmg] 0.0035(-6 dB) | 0.0070(-3 dB)
Corresponding 9.22-9.69 9.35~9.60
frequency ranges and | 117, 1 79 11.43~11.66
theér();‘;‘;‘is;’nfgt}t‘grezEH 1258~1339 | 12.76~13.25
connected beams [Hz] (1.97) 0.97)
Corresponding
frequency ranges and 17.97~19.14 18.28~18.85
their sum of the (1.17) (0.57)
reference PEH 1 [Hz]
Corresponding
frequency ranges and 16.84~18.04 17.17~17.79
their sum of the (1.20) (0.62)
reference PEH 2 [Hz]
R
(a)
R
(b)

Fig. 7 (a) Reference PEH 1 and (b) reference PEH 2

g3 Fej7) Fig. 79l dERt ok

HE7F 294 gl Bl PEH
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