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Electrostatic actuators have the advantages of light weight, flexibility, and high energy
efficiency, which make them suitable for use as artificial muscles. However, a traditional
electrostatic actuator cannot generate long strokes and a high force density at the same
time because such actuator would excessively widen the gap between the electrodes
because of its structure.

This paper presents a newly developed large—scale stacked—type electrostatic actuator
(LSEA) intended for use as an artificial muscle for robots. An LSEA is a multi-stacked
electrostatic actuator that can be linearly contracted by the application of a voltage. It has
a unique structure that prevents overextension of the gap between the electrodes. It can
therefore generate a large force.

In this study, two different prototypes were made to experimentally determine the
spring characteristics, the relationship between the contractive force and the stroke, and
power consumption. The findings showed that LSEA prevents the overextension of the gap
between the electrodes and has a high contraction ratio that is equivalent to that of a
mammalian skeletal muscle. The force density (or the actuation energy density) was
hundredth smaller than that of muscles, but it can be improved by applying short and thin
hinge parts. The experiment in vacuum shows the effect of air drag. The effect was not
change the performance of the prototype although it might be not negligible when the air
gaps between the electrodes are short considerably.

As an additional study, fundamental concept of a physics engine was proposed as a
method to simulate the performance of LSEAs. In this simulation, the hinge parts were
considered as compounds of linear springs and torsion springs in order to simplify the hinge
model and reduce the calculation cost. This concept enables us to calculate more complex
LSEA models in less time in comparison with FEM model. The result example of calculation
of spring characteristics showed the adequacy of the spring hinge model in the case of a
6—layered 3 x 1 LSEA model.
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