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Abstract

The development and deployment of DEAs have been severely limited by the slow
and laborious design and manufacturing pipeline used to produce them. I have developed
several elements of a pipeline that accelerates design and fabrication by standardizing and
modularizing them. This allows for the easy development of task-specific devices, enhances
their performance, and makes them scalable enough to be deployed in commercial products.
Splitting elastomer deposition and assembly into modular processes allowed me to accel-
erate throughput, scale actuator size and quantity, and incorporate a variety of elastomer
dielectrics by decoupling the interactions between materials and successive steps. Similarly,
by spatial patterning of NP inks, I was able to decouple the advantages and disadvantages
of each ink, allowing for modular, independent tuning of each ink to suit a single purpose.
This allowed for faster development and higher-performance devices. My work automat-
ing the pre-clearing possible made it possible for each newly-designed device to be cleared
quickly and with minimal labor, and my quantification and standardization of the process

delivers the reliability necessary for an industrial process and product.
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Chapter 1

Introduction

1.1 Motivation

Dielectric elastomer actuators (DEAS) are a promising motor technology: they are
strong enough to lift 50 their own weight [1], fast enough to operate at tens of thousands of
Hz [2], and soft enough to withstand shocks and impacts that would destroy other actuators
[3]. Their direct electromechanical transduction mode also allows easy integration with
electronics { when a voltage is applied to electrodes sandwiching a thin elastomer membrane,
a Maxwell stress compresses the membrane through its thickness and expands it in-plane,

as shown in Fig 1.1.

Figure 1.1: Operating principle of a DEA. A dielectric elastomer membrane (blue) is sand-
wiched by two compliant electrodes (black). When a voltage is applied, the Coulombic
attraction between the electrodes compresses the elastomer layer and expands it in-plane.

These capabilities could enable a range of applications (Fig 1.2): DEAS' softness
and strength could enable safer and more mobile space suits [4], and their strength and

high frequency bandwidth could shrink audio and haptic drivers into compact consumer
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