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Alternatives to external polarization source for dielectric elastomers 
generators: electrets versus piezoelectric materials 

 

Among the different technologies for kinetic energy harvesting, dielectric elastomers generators (DEGs) may represent a promising solution for supplying power to wearable low power 
consumption sensors and devices. These electrostatic generators provide a low-cost and lightweight solution to harvest high electrical energy densities from the mechanical deformation of an 
elastomeric membrane. The main disadvantage of these structures is the need of an external high voltage supply to perform the energetic cycle. In order to overcome this limitation and have 
a completely autonomous energy scavenger, our research group has been working since 2012, on coupling dielectric elastomers with electret materials (i.e. insulator materials that can 
hold a permanent electric charge over a long period of time). In the present work, a new hybrid solution for wearable energy harvesters based on DEG will be presented. This new 
autonomous device is based on the combination of a DEG with a piezoelectric material, which is used as new polarization source for the DEG energetic cycle. The working principle and 
the first results obtained on this new prototype are presented and a comparison between the two polarization solutions (electret and piezoelectric materials) is discussed. 
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New polarization source: PIEZOELECTRIC materials 

Experimental results  
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OBJECTIVE 
Conceive fully autonomous  

DEG devices  

Electrodes DE 

Frame 

PZT Mass Arc 

Spacer 

DEG 

PIEZO BUZZER=  
DEG Polarization source  

ELECTRET materials (electric charges 

reservoirs) as DEG polarization source [1] 

Comparison between ELECTRET and PIEZOELECTRIC materials as polarization 
sources for autonomous DEG devices  
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• New AUTONOMOUS hybrid device based on a trapezoidal  structure 
• POLARIZATION SOURCE for the DEG energetic cycle represented by a PIEZOELECTRIC BUZZER which is located in the lower part of 

the structure 
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DEG POLARIZATION  
 

VPZT MAX = VDEG MIN 

ELECTRICAL ENERGY 
GENERATION 

 

VDEG MAX = VDEG MIN * λ2    

STRETCHED STATE 
CDEG MAX = CDEG MIN * λ2  
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Governing DEG device EQUATIONS 

TESTING CONDITIONS:     
• An uni-axial deformation λ equal to  50%  was imposed to the 

device with a mechanical test bench 
• The deformation frequency was set to 1 Hz, corresponding to 

the step frequency while walking  

ENERGY STORED on a CAPACITOR (1 nF) : Comparison between the piezoelectric buzzer alone  
                  and the hybrid PZT+DEG device    

PZT DEG Rectifier Storage  

HYBRID DEVICE (PZT + DEG)  Only PIEZOELECTRIC  

The voltage output generated by 
the compression force on the 
piezoelectric material is further 
boosted by the DEG energy cycle, 
thus increasing the harvested 
energy output 

  
ELECTRET PIEZOELECTRIC 

 POLARIZATION VOLTAGES 
Depends on the final air gap value between 

the DEG and the electret material and on 
the surface potential of the electret  

Depends on the deformation force acting on 
the piezoelectric element and on the number 

of buzzers used (stack configurations) 

MAXIMAL POLARIZATION VALUES Up to 210 V [1] Up to 170 V (stack of 2 buzzers)  

ADVANTAGES  
• Lightweight 

• Simpler design  
 Longer life-time 

DISADVANTAGES  
Sensitive to external environmental 

conditions 
 Higher encumbrance  
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Conclusions  

   Abstract 
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This value of energy represents the FINAL useful energy at the end of the energy harvesting 
cycle (Energy transduction + Power management unit)  


