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Piezoelectric energy harvesting from bridge vibrations under moving
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Harvesting energy by piezoelectric materials is nowadays an efficient way for powering low-power
Received 17 April 2016 electronic devices. Required energy for sensors, used in condition and health monitoring of bridges and
Accepted 13 May 2016 other civil infrastructures, can be examples of the energy harvesters. This study aimed to improve the

Available Online 14 June 2016 piezoelectric-based energy harvesting on civil infrastructures, especially on bridge structures. In this

investigation, harvesting energy from the vibrations of a bridge under moving consecutive masses is

E?:;Vg?/rg;vesting studied. Harvesting energy is carried out through a cantilever beam with piezoelectric patch which is
Piezoelectric installed at the middle of a simply supported bridge. Governing equations for vibration of an Euler-
Bridge vibrations Bernoulli beam under moving consecutive masses are derived. The inertial effects, including centrifugal
Moving consecutive masses and coriolis forces are considered. For verification, the results of the numerical solution of the moving

mass problem are compared to the experimental tests data of the literature. The harvester is modelled by
a cantilever beam with piezoelectric patch under base excitations which are calculated from vibrations
of the bridge mid-point. The obtained equations are then solved in MATLAB environment by using the
fourth order Runge-Kutta method. The calculated induced voltages are compared with those obtained
from experiment. A good degree of accuracy is observed.
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Table 1 Comparison of basic types of vibrational energy harvesters
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Fig. 1 Schematic diagram of an Euler-Bernoulli beam under a
moving concentrated mass
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Table 2 The maximum deflections of the beam at x;, =
7Ly,/16 derived from experimental and numerical methods
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Fig. 3 Schematic diagram of the cantilevered beam type
piezoelectric energy harvester
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Table 5 Lumped model parameters of the harvester
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2 Half-power bandwidth method

®B&K PM Vibration Exciter Type 4808
* B&K Power Amplifier Type 2719

® PCB Piezotronics Model 356B08

® B&K Data Acquisition Sys. 3560D
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Fig. 7 Variation of the power output versus load resistance for
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open-circuit boundary conditions

S Ll s s saSealsy gyt s oS8 ol i 5 JS

~107
%
S 4 | A
Z 10 ‘\AM‘ Mﬂ /A / 3
= VO e e
Z "\’f |M“‘H r.» o | /
49 6 ' | \‘ N
510 ‘
S
©
S
10° * *
10° 10! 10°

SIBIES

Frequency (Hz)
Fig: 6 The harvester voltage output frequency response function at
short-circuit boundary conditions

S Lolps 0 eanSedlyy (o2g > 3y (8wl &b 6 U
oS sl

At (S Sl anglite -6-4
pb e (Sl Cunglio w5 gl Ul cnytier O 50 & (Seslie
OB 4 Seop e dp S 8 )98 Spgets 3l
iy y25 (27) abaly 1o a5 X oy ey ISl (92 el s Jgl (crdo
Jol b A L plp Sopod a8 0 e (Sl Canslie
d.al.: ol (PTE D Hgeody Al L;’J"S” WBLE.O Qa”k;_.ma.) 6‘)”
Coglie 4y Cod oy oailed 7SS 0l ool i 4y (SO 2SI
L ool ools u,....:Lm) S (.la> L ool eols wﬁ_\l&_\) G55 O ygody
51 ol 1, 200 kQ ogo (glarge (Ko Sl Canglino 7 IS ol (alais
SOt 69 &S Gl Swglie 4 &S WS e anie (025 @S
Ol Gialesl yo ol STy Cand 4 260 kQ 30> ((24) alul)) wiS e
Pout = Vins/R1 alasly b ooadiol aly Gy 5l sasS el g5
Jsl sl S 3 b Sy il 3 bl 50 (57 sl o dlone
JSs 4 [25,24] (cesl 00 ools lis >yl )o) ails S udlS B g0 as
5 b (sloi s 5l Jol 5y S B uly 5 o sl 8
IS 85 555 e 3] 0m Aty St Canglin jp 55 (25
A0S o JWd amlio CBo L 1) 58 bl (e85 o Caslagy
4 i (5HZ-0) ol logmils B 50 2295 5 (hedos laosls
0aisly ) cplpls el 10 kHZ B 5 Hz 5l &S el sasly J il sl Judo

Bl S o5 Wilgd a3 5 HZ I 5 nl o yuls 3 s

6 o lots 16 0555 1395 55 s AN Adbles Sh bid


www.sid.ir

Ve 9 (5095 Sgrumo 353819 53 g Sl 0 Slakuwl by lgie S E D Jgae i Sy bibilas)l )l S5l bl S yo
0.02 T : .
—Theoretical
~Experimental N
__001f B 2
2 N
o 2z
g 0 g
S a0
-0.011 4 @
0025 0.5 1 15 0 10 20 30 40 50
Time (s) Frequency (Hz)
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