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Mathematical model of a mode sequence reversed vibration energy harvester 
with a tuned mass-spring unit
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Fig. 1 (a) A mode sequence reversed vibration energy 
harvester and (b) its equivalent model 

.

( )
1 1 1 1 1 1 1

1 1 1 1

  ( , ) ( , )
( ) ( )b t

Y I w x t m w x t

w t m M x L
(1)

( )
2 2 2 2 2 2 2

2 2 2

2 2 2 2

 ( , ) ( , )
                   ( ) ( ) ( )

                ( ) ( )b t

Y I w x t m w x t

v t x x L

w t m M x L

(2)

m , tM YI
,
, v , w bw

.
,

.

31 2 p se b h h          (3)

2b , ph sh
.

, 1w 2w
,

2 1x x L , 1

.

-329-



   
 

2( ) 2 ( ) ( ) ( ) ( )r r r r r r r r bt t t v t F w t  (4) 

  r  r     r

   2r      

. 

2 2 2( ) (0)r r rL           (5) 

 (4)        

. 

1

1

1 1 1 1 10

2 2 1 2 2 2

( ) ( )

( ) ( )b

L

r r t r
L

r t rL

F m x dx M L

m x L dx M L
  (6) 

,      

       

      . 

1

( )( ) ( ) 0p r r
rl

v t
C v t t

R
       (7) 

 pC    . 

 33 2 22 S
p pC b L h             (8)  

,  (4)  (8)     

       

    . 

2 2
1

2

2 2
1

2( )
1

2

r r

r j tr r r

r
p

rl r r r

j F
j

v t e
j

j C
R j

(9) 

33..        

       

     ANSYS  

   .   

       

     Fig. 2  
.        
 100 k    ,    52. 

5 Hz  2)2, ANSYS   53.0 Hz 
 107.1 2)2       

.  2.8 %   . ,  

       

        

 34.9 2)2 ,      

30 35 40 45 50 55 60 65 70
0

20

40

60

80

100

120
Power Response

2 )2 ]

frequency [Hz]

 

 

(Single PEH)

Mathematical model
(Reversed PEH)
ANSYS model

 
Fig. 2 Power outputs predicted by the developed 
mathematical model and by ANSYS with external 
resistance of 100  
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