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2Dof Energy Harvester 
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Vibrations Harvester: electromagnetic transducer 



Faraday’s Law 

N = number of turns 

B = strength of the magnetic field 

l = length of the wire 

α=Bzl/Rl : electric coupling factor; 

δc=Bzl : conversion factor; 

ωc=RL/Le: characteristic cut frequency; 

Le=μ0N
2πR2/hb : coil inductance. 
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Vibrations Harvester: electromagnetic transducer 
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2Dof Energy Harvester 
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• Two masses connected by springs; 

• A coil is embedded in the secondary mass and 4 magnets are inside the primary mass; 

• Impacts between the masses and between each mass and the housing are allowed; 

• Velocity of the secondary mass is increased by exploiting velocity amplification 
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Velocity amplification 
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•   Velocity amplification is achived by utilizing sequential collisions in a series of free 

    moving masses; 

 

•  The energy lost in the impact is accounted for through the coefficient of restitution; 

 

•  The coefficient of restitution, e, for the impact between m1 and m2 is defined as 
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• Labview is used to supply a voltage signal to the shaker through a power amplifier; 
 

• An accelerometer, mounted on the head of the shaker, provides a feedback control of the 

acceleration; 
 

• The voltage signal of the harvester is measured across a variable load RL. 
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Experimental setup 
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Experimental setup 



Cap heigth = 81.65 mm Cap heigth = 77.58 mm 

Harvester Power Output 
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Theoretical model 

2 Dof system 
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Check the position of the mass: 

 

• If it is connected to the lower spring  

 

              oscillator equations 

      
 

• If it is not connected to the spring 

       

            free motion equations 

 

• If it connected to the spring on the top 

 

              oscillator equations 
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Theoretical model 
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Cap Height = 77.56mm 

 

Excitation: 

• Sine Wave 

• f=20 Hz 

• arms=0.4 g 



Theoretical model 
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Theoretical model 

Sh=81.65mm 
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Conclusion 

• Description of a 2-Dof velocity amplified energy harvester 

 

• Experimental results show two peaks at low acceleration amplitude and a 

wider response at higher acceleration. 

 

• Theoretical model of a 2-Dof energy harvester 

 

• Simulations show velocity amplification 

Future work 

Miniaturization of the harvester 
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