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Abstract

The focus of this research is to develop a Dielectric Elastomer Generator (DEG) able to harvest energy from the stretch of the backpack straps without providing additional load as the present energy
harvesting systems mostly do [1]. After having proved that the mechanical energy available in the backpack straps is high enough to scavenge significant power (stretch 45% for 11Kg), different mechanical
DEG configurations have been compared in term of energy output in order to evaluate which one allows to optimally exploit the stretch of the backpack straps during walking. Auxetic frames, converting
the uniaxial stretch in a biaxial deformation of the DEG, have been proved to significantly increase the DEG performance (26.8uW at 1kV). A silicon based DEG with compliant electrodes has been
fabricated and characterized. The use of the same matrix for all the DEG layers and rubber electrodes enables a great structural stability that allows the integration of such generators into real systems [2].
The mechanical behaviour has been determined with stress-strain measurements performed on a uniaxial testing machine aided by a video extensometer inferring a maximal deformation of 73% and low
viscous losses. The electrical behaviour has been evaluated performing dielectric spectroscopy over a frequency range of 10! to 10° Hz at 23°C. In the range typical of human motions (1-2Hz), the dielectric
permittivity is slightly decreased and the loss tangent is halved comparing to the reference values.

Backpack Characterization DEG configuration comparison
Test on an instrumented backpack to prove that the mechanical energy available in the backpack straps is high * Stretch on the vertical direction fixed (A, = 1.15)
enough to scavenge significant power. * Maximum device size fixed (2x6 cm) _—
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Theoretical evaluation: 26.8uW at 1kV
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DEG Mechanical Characterization

Uniaxial Tests + Video Extensometer
 Test sample dimensions: Size standard ISO 527-2
* Dielectric material: PDMS Sylgard 184 (+ Graphene NanoPlatelets (GNP) for the electrodes)

Amax = 1.73; €max = 73%; — €max > 45% DEG sample Deformation up to A = 1.5

omax= 11.9 MPa; Y =6 MPa Neglegible viscous losses (6.16% in 1’)
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DEG Electrical Characterization Conclusion and future developments
Dielectric spectroscopy The available mechanical energy in the backpack straps during
| | | | ?agmeter Bef DqF-F walking is high enough to be scavenged by a DEG.
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