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The Effect of Strain Nodes on the Energy Harvesting of the Cantilever

Piezoelectric Beam with the Vibration Mode Excitation
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ARTICLE INFORMATION ABSTRACT

The energy harvesting of a piezoelectric cantilever beam is obtained from the excitation of vibration
modes. Vibration modes have strain nodes where the strain distribution changes in the direction of the
beam length. Covering the strain nodes of the vibration modes with continuous electrodes effects a
cancellation of the voltages outputs. The use of segmented electrodes prevents voltage cancellations for
multi-mode vibration. The theory of Gauss law is presented for the voltage response due to the electro
mechanic coupling. The effective parameter in the voltage response is the modal coupling term. This
parameter depends on geometry, material, piezoelectric coefficients and the Eigen function of bending
slope. If the slopes of the electrodes boundaries are close together, the electric response of vibration
mode is very small. The resistive load affects the voltage and generated power. The optimum resistive
load is considered for segmented and continuous electrodes, and then the power output is verified. One
of the effective parameters on energy harvesting performance is the existence of concentrated mass.
This topic is studied in this paper. Resonance and off-resonance cases are considered for the harvester.
In this paper, both theoretical and experimental methods are used for satisfactory results.
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electrodes and the continued electrode at the third natural frequency
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Table 3 The results of the amplitude of the voltage response

o 5o 5kdg asels 5o 5kdg asals Sg0 50 5Ly asels
(MV) Jol 550 (MV) pgd 590 (MV) pgs
1 12.2 5.09 1.61
2 6.0 0.89 -0.49
3 14.3 -5.59 -3.3
4 8.1 -10.04 5.38
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Fig. 5 The amplitude of the voltage response of the segmented
electrodes and the continued electrode at the second natural frequency
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Fig. 7 the voltage amplitudes of the continues electrode and the
segmented electrodes for excitation frequencies of 240, 1250 and
4350Hz

oddlaz g dlwgn sloog Sl 5Ly slaaiels 7 JSCi

x10-11
# Combination of Individual Electrodes
5 = Continuous electrode
—~4 ]
=
5 3
3
)
2o

—
1

% %
0o L% %

240Hz 1250Hz 4350Hz
Fig. 8 The generated power between the continuous electrode and
combination of segmented electrodes

oz slosg Sl oS 5 5 Ay 395501 (s oitsi ol 8 JSU

O b (S0 W Slell 50 I ik p > D929 Sl -6
ey
S GleS Cosdse ot cel 3 skl o St e S5z
w85 Sl 5o 5 sl )3 &Bly )5 04 059 b 635 ke oz 935 (o0
55 30 e atals b o506 (59, 45 el o BB 435 ) sl 0t
Sundg ool 50 gbioe Jlosl 5 p 3 ek 02 g g p2 G979 >
po 090 Sln 902427 pgd 390 lp (L85 Slao)S (ond CunaBye
Cloogas e JSbes 5 5 sl oad Jol> 05369 5 0.1436
5o oablaz slaog xSl s S Sl Y (oSl il g ool
el 0 1,1 7 o

S reie prz 392y Sl (6l ool Jleel S 25 g9 b Wy by
25 sl )3 3 peke py2 392y el 00l Lo B Jgaz 53 55 slel s
580 (sl (Wl B 09s ds (gl (sln 5 Gl 53 S e

S slao)S Coxbgs )3 i Zel S yele o> S929 4z S
L ooadlas sloog miSUl > g0 () 5y Galidl cows o (s 0gd o0
St prz Oeh Sundg bopow 350 9 p9d Sge 0 (wgm 3925l
25 Sl 3 St prr 2929 I S 0 S el ol (S
Ao yp 50 (795 Sy el Al )0 g od wuts Ll B 1l e

oadlaz glaog xSl (S sl cod )b g golnl Slhogas 7 Jous
Table 7 The dimensions and the electrical capacitance of the divided
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Table 4 The results of the generated power in the optimum resistive
load at the first off-resonance frequency

Jol 090y acien ol

Jologe 9 OlF ggemme

5y, 85 ID
i X107 (W) x1071 (W)
1 0.065
R 2 0.01
TEE 3 019 0.3825
aog 2SI :
4 0.1175
il e 5.534 5.534
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Table 5 The results of the generated power in the optimum resistive
load at the second off-resonance frequency

P93 090 ) Apden OlgF P93 390 0 Ll Egeme

5y, 85 ID
i X107 (W) x1071 (W)
1 0.06
Ol by, 2 0.0012
3 0.146 107
oo 2SI :
4 0.86
il e 1.55 1.55
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Table 6 The results of the generated power in the optimum resistive
load at the third off-resonance frequency

o D50 0 dledin Gl pgas 390 )0 GleT Egae

electrodes o9 & ID 10 (W) X107 (W)
ID % B(mm) b(mm)  hp(mm) ¢ (nF) i s, ; 00.60021
1 0.1436 5.744 7.1 0.38 2.28 g 5 3 018 1.04
2 0.2427 3.964 7.1 0.38 1574 4 0.842
3 0.5369 11.768 7.1 0.38 4.673 SR KEPRY 0.591 0.591
4 1 18.524 7.1 0.38 7.354
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Table 8 The voltage responses of the segmented electrodes and
continuous electrode for the existence of concentrated mass at the tip of
beam
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