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Dielectric elastomer actuators (DEAS)

A Dielectric i insulator. Can be polarized by applying electric field;

A Electro active polymers that can deform in an electric field;

A Artificial muscles;
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Compliant electrodes (on
top and bottom surfaces)
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Haptic displays
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Antagonistic
spring
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artificial muscle Tendons
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Inflatable Circular
Dielectric Elastomer Generator
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Hydrogel electrodes

_. Front view

Keplinger , 2013, 29%8:
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Motivation

There are alot 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.

https://courses.lumenlearning.com/physics/chapter/18 -7-conductors -and -
electric -fields -in-static -equilibrium/

5 DTU Chemical Engineering, Technical University of Denmark Annual Polymer Day 2019 3/22/2019

iE



Materials

A Silicone elastomer (Sylgard 184) i dielectric;

A PAAmM hydrogel with different concentration LiCl- electrode;

A Conductive carbon grease i electrode;

https://Aww. cC 215033 https://www.fishersci.com/shop/products/sylgard - /
new - hydrogel -can-keep -stem -cells -alive - for -heart - 184/50366794
repair https://www.amazon.com/MG
Chemicals -Carbon -Conductive -
Grease /dp/BOOSMRNSRO
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Sample preparation

A 250um thick silicone elastomer films
pre - stretched on rigid frame.

A Elastomer sandwiched between
PAAmM hydrogel or carbon grease
electrodes on top and bottom.

A 500pm 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

HE

T=0,001s

A Sinusoidal voltage, 1kHz frequency.

A Breakdown strength determined by v v
increasing voltage 300 V/s speed

until DEA was broken down.

Voltage, V
o

Time, s

A Lifetime 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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OCarbon grease electrqde. Breakdown on the side
® Carbon grease electrode. Breakdown in the middle
© 4 mol/L LiC electrode. Breakdown on the side
4 4 mol/L LiCl electrode. Breakdown in the middle
%12 mol/L LiCl electrode, breakdown on the side
® 12 mol/L LiCl electrode. Breakdown in the middle
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Lifetime, cycles

11 mol/L LiCl electrode. Breakdown on the side
1 mol/L Li(Cl electrode. Breakdown in the middle

A8 mol/L LiCl electrode. Breakdown on the side
A 8 mol/L LiCl electrode. Breakdown in the middle
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Salting out  phenomenon

1kHz, 80% of breakdown strength.

: . 1 hour after
10min experiment :
experiment
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Temperature monitoring: PAAM

1kHz, 80% of breakdown strength.

experiment

21.9¢ €0.9515(0.1C £:0.95066.6C £:0.95421.5C £:0.95

Thermal camera (FLIR TG165)
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Drying out experiment

a) 21_2'0 £:0.95048.4C £:0.95@50,7¢C ¢£:0.9505
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Time, h
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Temperature monitoring: CG

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