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Effects of Thickness, Elastomer Types and Thinner Content on Actuation
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Performance of Electro Active Dielectric Elastomers

Bin Li*, Zheng-Jie Lin*, Sang-Ryeoul Ryu**, Dong-Joo Lee**’

ABSTRACT: The actuation performance of an EADE (Electro-active dielectric elastomer) is studied as functions of
thinner content, thickness and types of the dielectric elastomer such as natural (NR), acrylonitrile-butadiene (NBR),
and silicon (KE-12) rubbers. With a decrease in elastomer thickness (1—0.5—0.25—0.1—0.05 mm) and an increase in
thinner content (0—30—50 phr), the actuating displacement of KE-12 elastomer is increased, however their breakdown
occurs at low voltage. For the same thickness (1 mm), the displacement of KE-12 elastomer shows a higher value
(2.24 mm) compared to that of NR or NBR at the same applied voltage of 25 kV. The KE-12 has the lowest elastic
modulus and the NBR has the highest one among the tested elastomers. However, the displacement of NBR elastomer
is higher compared to that of NR because of high dielectric constant. It is found that the important factors of EADE
actuator are a thickness, modulus and dielectric constant of the elastomer.
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Fig. 1. Structure and working principle of EADE
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Table 1. Compounding formulation of NBR and NR

Content (phr)
NBR NR

Rubber 35H 100 STR 5L 100
Activator ZnO 5 ZnO 5
Accelerator T L2 b 07
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Sum. 109.2 Sum. 109.2
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Fig. 2. A schematic of the tensile specimen
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Fig. 4. A schematic of a displacement measurement for the
actuator
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Table 2. Mechanical and electrical properties of elastomers

7147 g2 Table

KE-12 NBR NR
Hardness (Hs. A) 38 52 41
Tensile strength (MPa) 1.84 3.06 6.40
Elongation (%) 140 321 588
Tensile modulus (MPa) 0.57 2.07 1.17
Volume resistance (Q-cm) 3.3x 10" | 1.6 X 10° | 2.6 x 10'°
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Fig. 5. Effects of frequency and elastomer type on the dielectric
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Fig. 6. Effects of frequency and thinner content on the dielectric
constant of KE-12 elastomer
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Fig. 7. Effects of elastomer type and voltage on the actuating
displacement
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Fig. 8. Comparison of tensile modulus, dielectric constant and
displacement for the various elastomers
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Fig. 10. Effects of elastomer thickness, thinner content and
voltage on the actuating displacement
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Fig. 12. Electro active images of (a) KE-12 and (b) KE-12 with
thinner 50 phr
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Fig. 13. Effects of elastomer thickness, thinner content and
voltage on the actuating displacement
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