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 Employing piezoelectric systems is one of the suitable methods for harvesting energy from mechanical 
vibrations available in the environment. In this work,single degree of freedom model for cantilever 
beam with piezoelectric layer is considered. Simulation contains nonlinear coefficients like: stiffness, 
damping and coupling coefficient. Governing system of equations is solved by multiple scales method. 
First, by assuming one term in approximate response, the effects of all nonlinear parameters on 
frequency curve are investigated. Results show that assuming only one term in response evaluates the 
effect of nonlinear damping correctly. Increasing this coefficient leads to reducing the range of 
excitation frequency and maximum harvested power. But one term assumption could not assess the 
effects of nonlinear stiffness and coupling coefficient logically. In this case, the peak of frequency 
response curve is independent of nonlinear coefficients. So for obtaining accurate results assuming at 
least two terms of response is necessary. Results show increasing nonlinear stiffness coefficient 
increases the maximum harvested power and the range of excitation frequency. The effect of nonlinear 
coupling coefficient is a decrease in the maximum power because this coefficient increases the stiffness 
of the system. 
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Fig.1 Electromechanical SDOF model of unimorph beam 
piezoelectric energy harvester 
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Table 1 Dimensionless coefficients in equations (10) and (11) 
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Table 2 Physical parameters of the case study 

    
  

Meq(kg) 
0.0112   

R(Kohm) 
990 

m)(XB 
0.0041 

d1(N/V) 
0.0019 

  
b1(N/m) 

183.8207   
(Hz) 

10-33 

a1(Ns/m) 
1.2   

T(s) 
1 

  
Cp(nF) 

0.8 
 

0.1 

 
  

Zm(mm) 

10 

(V) 

100 

  

 
Fig 2 Effect of nonlinear damping coefficient on frequency response 
curve 

2 . 

 
Fig 3 Effect of nonlinear damping coefficient on harvested power 

3 . 

  

6 -2 -  
4 

  . 

 . .
) 48 (  

)48( 

=
0.5

+
( )

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
27

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
9-

19
 ]

 

                               5 / 7

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.27.6
https://mme.modares.ac.ir/article-15-6430-fa.html


    

       

1395164  359  

5   .
4 

 . 
 

 .

 .
)   (

  

 .
6  

 
 

7 - 
  

 .

 
 

) 49)  (50 (  
= ( , , ) + ( , , ) + ( , , ) 

)49(  
= ( , , ) + ( , , ) + ( , , ) 

)50(  
 

 
Fig 4 Effect of nonlinear stiffness coefficient on frequency response 
curve 
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Fig 5 Effect of nonlinear stiffness coefficient on harvested power 
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Fig 6 Effect of nonlinear coupling coefficient on frequency response 
curve 
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Fig 7 Effect of nonlinear coupling coefficient on harvested power 
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