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Performance Study of Dielectric Elastomer Actuators with Varying
Thickness of Carbon Nanotube Electrodes and Pre-stretch Ratios
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This study examines how two key design parameters—the pre-stretch ratio and the thickness of the carbon nanotube
(CNT) electrode—affect the actuation performance of dielectric elastomer actuators (DEAs). DEA samples are created with
varying pre-stretch levels (50% and 125%) and different amounts of CNT spray coating (4 and 8 mg), and their threshold
voltages and areal strains are quantitatively assessed. The experimental results indicate that higher pre-stretch ratios result
in lower threshold voltages and greater areal deformations, while increased CNT thickness typically reduces actuator
deformation due to enhanced mechanical stiffness. The combination of a high pre-stretch ratio and low CNT loading
demonstrates improved electro-mechanical responsiveness at moderate voltages. These findings underscore the
interconnected effects of structural and electrode design on DEA performance, offering practical design guidelines for
optimizing soft actuator systems. This research lays a solid foundation for future applications of DEAs in haptic interfaces,
wearable actuators, and soft robotics.
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Fig. 1 (a) Schematic illustration of the DEA fabrication process, (b)
Top-view images of the pre-stretched elastomer layers with
different pre-stretch ratios (50% and 125%), and (c)
Photograph of the fully assembled DEA with CNT electrodes
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Function
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Fig. 2 (a) Experimental setup for DEA actuation tests, consisting of
a function generator, high-voltage amplifier, and oscilloscope.
Inset shows the connected DEA sample, and (b) Schematic
illustration of the DEA actuation principle under voltage
OFF and ON states
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Fig. 3 3D laser confocal microscope images of CNT-coated
electrodes prepared with (a) 4 and (b) 8 mg of CNT solution.
The cross-sectional lines A-A’ indicate the regions used for
height profile analysis
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Fig. 4 Height profiles along the A-A’ cross-sections of CNT
electrodes shown in Fig. 3: (a) 4 mg-coated sample with an
average surface roughness (S,) of 2.986 um and (b) 8 mg-
coated sample with an S, of 10.630 pm. Increased CNT
deposition leads to higher surface irregularity and roughness
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Threshold votlage (kV)

Fig. 6 3D bar graph of threshold voltages measured for DEA
samples with different pre-stretch ratios and CNT masses.
Higher pre-stretch ratios reduce the threshold voltage, while
thicker CNT electrodes increase it due to enhanced
mechanical stiffness
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