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Abstract: This paper reviews recent developments and applications of dielectric elastomers (DEs) and suggests various
techniques to improve DE properties. DEs as smart materials are a variety of electro-active polymers (EAPs) that convert
electrical energy into mechanical energy and cause a large deformation when a voltage is applied. The dielectric constant,
modulus, and dielectric loss of DEs determine the efficiency of deformation. Among these, the dielectric constant signifi-
cantly affects their performance. Therefore, various recent approaches to improve the dielectric constant are reviewed,
including the enhancement of polarization, introduction of microporous structures in the matrix, and introduction of fer-
roelectric fillers. Furthermore, the basic principles of DEs are examined, as well as their various applications such as actu-

ators, generators, sensors, and artificial muscles.
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Figure 2. Schematic diagram of the driving principle of a dielectric
elastomer actuator (DEA)."
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Figure 3. Description of micro-capacitor structure of PDA@SIO,
@GO/PDMS composite.'®
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Table 1. Dielectric Properties of PDMS by Filler®'
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PDMS PDA@SiO,@GO 9 vol% 10 0.021
PDMS Dipole 13 wt% 5.9 0.002
PDMS TiO, (oriented) 11 vol% 5.5 0.035
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PDMS rGO 0.5 vol% 9.6 0.41
PDMS Ag@SiO, 2 wt% 6.9 0.0.1
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Figure 6. Reaction mechanism between barium titanate (BaTiO3)
and silane coupling agent (KH845-4).°
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Table 2. Dielectric Properties of NBR by Filler

Table 3. Dielectric Properties of PU by Filler
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: ' 3 3 : y 3 3

Elastomer Filler Content  ¢@10°Hz tand@10°Hz Elastomer Filler Content e@10°Hz tand@10°Hz
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Table 4. Dielectric Properties of PVDF by Filler

Base . , 3 3
clastomer Filler Content ¢@10°Hz tand@10°Hz
PVDF BT nanofiber 20 vol% 21 0.06
PVDF SiC-CNT 1.5 vol% 806 50
PVDF CNT 15 wt% 71 0.003
PVDF T102@3g§T102@ 10 vol% 13 02

Applications of Dielectric Elastomers
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Table 5. Comparison of the Properties between Natural Muscles
and Artificial Actuators.*®

. Actuation . . Speed
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Dielectric Elastomer @ ) ) ° ®
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\»
The position of
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Figure 8. Multi-finger robotic hand with TSA.®'
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Figure 9. MERbot-a six-legged robot with spring rolls.*
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Figure 11. Dielectric elastomer marine wave generator based on
articulated dielectric elastomer roll transducer (top left), connected
roll of generator module (bottom left) and sea tests (right).®
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Conclusions
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