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 Broadband energy harvesting Low frequency enhanced response 

In view of the principle of stochastic resonance, a multi-

stable nonlinear model is proposed to validate that the 

phenomenon of stochastic resonance can occur at the 

rotating environments, is exploited to enhance the 

energy harvesting under practical automobile tire.  

 

The suggested application for this harvester is to provide 

electrical power for a tire pressure monitoring system. 

Paved road 

Rotation direction 

Tire 

Road noise excitation 

Periodic rotational force 

Tyre rim 

sinG t

t
G

N(t)  

Gravity Tire rim 

Energy harvesting device 

 3

03
( ) sin

2
 

 
       

 

M M
T T T T

F F
mx cx k x x N t G t

d d

 3

0sin ( )      T T T Tmx cx ax bx G t N t

When the proposed energy harvester model revolves 

with a radius of    at the frequency of    , the motion 

equation is derived as follows: 

r 

Ambient noise 

excitation 

Duffing equation: 

Periodically 

rotational gravity  

stochastic resonance is easy to occur at which 

the frequency of modulation force is smaller 

than 7 Hz.  
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Beam dimensions: 42 mm×10 mm ×4 mm 

PZT dimensions: 22.9mm×10mm×0.1mm  

Experimental setup 

Results 

Conclusions and future works 
The phenomenon of stochastic 

resonance can occur at the low-

speed automobile driving. 

 

Enhancement of the energy 

harvesting efficiency with a valid 

bandwidth of 25 km/h ~ 50 km/h. 

 

The proposed system realized a 

high-performance of energy 

harvesting from 25 km/h ~ 129 

km/h. 
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Sinsweep + Road noise

Sinsweep

① Ambient noise +    ② Periodical force  +    ③ Nonlinear multi-stable 

Valid bandwidth of 

stochastic resonance 


RMS PZT

P V

The effective power per volume: 

                         13.6 mW/cm3 

Introduction Stochastic Resonance:  

Schematic of the system 
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 Stochastic resonance

Gravitational acceleration

Real-world road noise

Noise measurement  
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