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Harvesting energy by piezoelectric materials is nowadays an efficient way for powering low-power 
electronic devices. Required energy for sensors, used in condition and health monitoring of bridges and 
other civil infrastructures, can be examples of the energy harvesters. This study aimed to improve the 
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 
studied. Harvesting energy is carried out through a cantilever beam with piezoelectric patch which is 
installed at the middle of a simply supported bridge. Governing equations for vibration of an Euler-
Bernoulli beam under moving consecutive masses are derived. The inertial effects, including centrifugal 
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 =
7 16 derived from experimental and numerical methods 

 

)mm( )mm( 
[20] )mm( 

 )m/s(  

0.775 0.772 0.747 0.85 
0.777 0.781 0.756 1.14 
0.789 0.789 0.736 1.29 
0.798 0.797 0.739 1.59 
0.794 0.799 0.712 1.76 
0.795 0.787 0.743 1.92 
0.814 0.812 0.787 2.11 

1 Runge-kutta 
2 MATLAB 
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Fig.  2 Deflection time histories of the beam at = 7 16 
with and without the movig mass acceleration components  
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Fig.  3 Schematic diagram of the cantilevered beam type 
piezoelectric energy harvester 
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Table 3 The bridge specifications 

 
4  [22] 

Table 4 Material properties of the piezoelectric harvester [22] 

  

(kg m )  7800 
(kg m )  7515 

(kg m )  7515 
(GPa)  61 

(GPa)  193 
(F m )  1700  
(F m )  1451  

(F m )  8.854×10-12 

(C N )  -190×10-12 

(C m )  -11.6 
  

1 Midé 

  

 3730 kg/m 
 0.02 

 210 GPa 
 0.47 m  

 16 m 
 13.5 Hz 
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1 Curve fitting Toolbox 
2 Half-power bandwidth method 
3 B&K PM Vibration Exciter Type 4808 
4 B&K Power Amplifier Type 2719 
5 PCB Piezotronics Model 356B08 
6 B&K Data Acquisition Sys. 3560D 

5   
Table 5 Lumped model parameters of the harvester 

 
(nF) 

 
(gr) 

 
(N V ) 

 
(N s m )

 
(N m )

 
(gr)

45.34 10.5 5.85×10-5 0.05 51.81 7.3 
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Fig. 4 Measurement equipment 
4  

7 Frequency resolution 
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Fig.  5 The harvester voltage output frequency response function at 
open-circuit boundary conditions 
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Fig.  6 The harvester voltage output frequency response function at 
short-circuit boundary conditions 
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Fig.  7 Variation of the power output versus load resistance for 
excitation at the resonance frequency 
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Fig.  8 The analytical and experimental voltage output FRFs 
with optimum resistive load 
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Fig. 9a Displacement time history of the bridge at the mid-span 
under 3 moving consecutive masses at velocity equal to 20 
(m/s) 

9           
20 (m/s) 
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Fig. 9b PSD function of the bridge acceleration at the mid-span 
under 3 moving consecutive masses at velocity equal to 20 
(m/s) 

9              
  20 (m/s) 

 

Fig. 9c Comparison of the voltage output of the harvester with 
presence of optimum load for 3 moving consecutive masses at 
velocity equal to 20 (m/s) 

9           
   20 (m/s) 

 

Fig. 10a Displacement time history of the bridge at the mid-
span under 3 moving consecutive masses at velocity equal to 
25 (m/s) 

10           
25 (m/s) 

 

Fig. 10b PSD function of the bridge acceleration at the mid-
span under 3 moving consecutive masses at velocity equal to 
25 (m/s) 

10              
  25 (m/s) 

 

Fig. 10c Comparison of the voltage output of the harvester with 
presence of optimum load for 3 moving consecutive masses at 
velocity equal to 25 (m/s) 

10           
   25 (m/s) 

 

Fig. 11a Displacement time history of the bridge at the mid-
span under 3 moving consecutive masses at velocity equal to 
30 (m/s) 

11           
30 (m/s) 

 

Fig. 11b PSD function of the bridge acceleration at the mid-
span under 3 moving consecutive masses at velocity equal to 
30 (m/s) 

11              
  30 (m/s) 

 

Fig. 11c Comparison of the voltage output of the harvester 
with presence of optimum load for 3 moving consecutive 
masses at velocity equal to 30 (m/s) 

11           
   30 (m/s) 
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