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Favorable electrical breakdown strengths of elastomers with and without
volume conservation

Zakaria Shamsul, Anne Ladegaard Skov

Technical University of Denmark, Department of Chemical and Biochemical Engineering, Lyngby, Denmark

Large actuation strains may be achieved using dielectric elastomers but they must firstly be prestretched. The effects of prestretch
on the actuation performance of DEA have been studied [1-4]; for instance, for the most common studied dielectric elastomer, the
acrylic elastomer produced by 3M corporation, VHB, it has been reported that the breakdown field increases from 18 to 218
V/um when biaxially prestretched up to 6 times [3]. It is believed that defects introduced through fatigue or during manufacture or
processing are generally seen as a factor strongly related to premature electrical breakdown of DEA. The defects turn the
breakdown strength in particular area lower which can lead to localized or permanent device failure. Furthermore, the maximum
actuation strains for DEA are limited by the electrical breakdown. Therefore the effect of thickness on electrical breakdown
strength is practical importance especially in prestretch condition or during actuation. From a practical perspective, the variation
of thickness in response to prestretch poses a challenge to how to measure the electrical breakdown field accurately. Tréls and
coworkers [4] investigated the effect of different configurations of electrodes on electrical breakdown strength of acrylic VHB
elastomers supplied by 3M which have been prestretched up to 5 times. They reported that the breakdown strengths were
increased from 100 V/um to 163 V/um and 25 V/um to 143 V/um for rigid electrodes and compliant electrodes, respectively, as
the elastomers were radially prestretched up to 5 times. Noticeably in their study the tested volumes were not conserved during
the measurements of electrical breakdown. Therefore the results may be not telling the entire truth since the tested volumes were
plummeting into 35 times lower than initial tested volumes. For this reason, the effects of volume conservation on the electric
breakdown strength as function of prestretch were studied on two types of (Polydimethylsiloxane) PDMS materials with different
size of permittivity enhancing fillers (titanium dioxide). The volumes were conserved by enlarging the areas of applied fields
according to the percentages of prestretch by sputtering silver electrodes within the areas on the top and the bottom of the films.
The different approaches for electrical breakdown measurements for with or without volume conservation are shown in figure 1.
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Figure 1: How the breakdown measurements were performed on the film before stretching (A) and after stretching; (B) without
volume conservation and (C) with volume conservation.

From the study, we found that breakdown fields increase as films were stretching to certain percentages for either with or without
volume conservation. However there are prominent differences for the breakdown fields for both conditions where with
conservation of the volume, the breakdown fields are significantly lower contrast to without conservation of the volume.
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