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Dielectric elastomer actuators (DEAs)

ÅDielectric ïinsulator. Can be polarized by applying electric field;

ÅElectro active polymers that can deform in an electric field;

ÅArtificial muscles;
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DEA
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Hydrogel electrodes
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Motivation

There are a lot challenges in integrating hydrogel and elastomer into 
stretchable transparent devices. 

One of them: electric field will concentrate at the edges of hydrogels where 
the surface are sharply curved .

Study the field concentration and its influences on the behaviors of 
hydrogel -elastomer devices. 
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https://courses.lumenlearning.com/physics/chapter/18 -7-conductors -and -
electric - fields - in -static -equilibrium/
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Materials

ÅSilicone elastomer (Sylgard 184 ) ïdielectric;

ÅPAAm hydrogel with different concentration LiCl- electrode;

ÅConductive carbon grease ïelectrode;

3/22/20196

https://www.amazon.com/MG -
Chemicals -Carbon -Conductive -

Grease/dp/B00SMRNSR0

https://www.fishersci.com/shop/products/sylgard -
184/50366794

https://www.extremetech.com/extreme/215033 -
new -hydrogel -can -keep -stem -cells -alive - for -heart -

repair
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Sample preparation

Å250µm thick silicone elastomer films 
pre -stretched on rigid frame.

ÅElastomer sandwiched between 
PAAm hydrogel or carbon grease 
electrodes on top and bottom.

Å500µm thick PAAm films were made 
with different LiCl salt 
concentrations (1mol/L; 4mol/L; 
8mol/L and 12mol/L).
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a) Top view; b) Side view; c) Digital photo of a device
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Measurements
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ÅSinusoidal voltage, 1kHz frequency.

ÅBreakdown strength determined by 
increasing voltage 300 V/s speed 
until DEA was broken down.

ÅLifetime tests were made by applying 
96 %, 93%, 90%, 87% and 80% of 
breakdown strength voltage until 
elastomer was broken.
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Results
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Salting out phenomenon
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Before experiment 5min experiment 10min experiment
1 hour after 
experiment

1kHz, 80% of breakdown strength.
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Temperature monitoring: PAAm

3/22/201911

Before experiment 5min experiment 10min experiment
1 hour after 
experiment

Thermal camera (FLIR TG165)

1kHz, 80% of breakdown strength.
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Drying out experiment
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Temperature monitoring: CG
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Before experiment 5min experiment
After breakdown (7min

in experiment)

1kHz, 80% of breakdown strength.
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Temperature monitoring: CG
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