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Abstract
Dielectric elastomer actuators (DEAs) are widely studied due to their extraordinary properties. Research and development on DEAs is conducted in order to generate and optimize the elastomeric materials, flexible 

electrodes, preparation processes of films and layers as well as to build up film, roll and stacked actuators. A broad variety of applications is developed for different kind of actuators. Recently, huge developments 

were performed in stacked actuators. Such actuators consist of several tens or hundreds of single elastomer layers with flexible electrodes which are processed or aligned on top of each other. Actuator modules with 

heights of e.g. some millimeters to centimeters are fabricated which provide a deflection in transversal direction in the range of some hundred micrometers to e.g. some millimeters. Here, we present the 

manufacturing of stacked actuator modules which is performed in a semi-automatic processing line. The elastomeric layers are processed from the liquid phase by doctor-blading which allows the deposition of a 

homogeneous layer on a substrate with the size of 20cm x 20cm. In the next step the elastomer is cured by thermal or UV treatment. Carbon-particle electrodes are deposited by an air-brush technique. This 

procedure is repeated in order to process stacked actuator modules with e.g. 10 layers which can be combined to larger stacked actuators. Finally, stacked actuators were characterized regarding their geometrical 

and electrical properties.

Elastomer materials

Different kind of polyurethanes and silicone-polymers

IAP-developments: dipole-modified silicones:

Synthesized dipole

Used silicone-matrices:

DMS-V25 (M = 17200 g/mole)

DMS-V31 (M = 28000 g/mole)

DMS-V41 (M = 62700 g/mole)

Used cross linker:

HMS-301 (M = 1900-2000 g/mole, F=7.5)

HMS-993 (M = 2250 g/mole, F=36)
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Processing of DEA-stack submodules with about 10 layers
Procedure:
Processing of elastomer layers

doctor-blading of elastomer layers

curing by heat treatment or UV radiation

layer thicknesses of about 10 to e.g. 50µm

Processing of electrodes

spray-coating of elastomers with conductive particles (CB, CNTs)

drying or curing by heat treatment

Processing repeated until sub-module with e.g. 10 layers is processed

Electrodes
Spray-coated electrodes based on CB or CNTs via shadow masks
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Result: silicones with adjustable mechanical and dielectric properties Result: flexible electrodes and their processing developed

Result: Preparation of 10-layer submodules with varied thicknesses

Processing of DEA-stacks from submodules
Procedure:
Stacking of submodules, currently manual

Electrical contacting

Encapsulation with an elastic polymer film

Submodules processed on a substrate

Cross section of a submodule

Within 

processing line
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Electrical and mechanical characterizations

Piezoelectric table-tennis racquet

Processing and application of  piezoelectric / ferroelectric polymers
Ultrasonic transducersLarge-area sheet processing and characterization

in co-op. with Fraunhofer ENAS

Piezo. polymer-ceramic composites

Piezoelectric polymer foams

Combination DEA / optical devices
DEA/DOE

Processing of elastomer layer

Polymer dispensing

Heating / curing

Deposition of electrodes


