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Soft Actuator Development for Artificial Muscle
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Abstract: Soft robot research has been actively conducted due to the advantages of soft materials that
have less motion restrictions and higher energy efficiency compared to rigid robots. In particular, soft
robots are being applied in more and more diverse fields, and the need for soft robots is increasing,
especially when dealing with soft or deformable objects that rigid robots cannot perform. Various soft
robots are being developed, and studies on artificial muscles with versatility, seamless integration with
sensing, and self-healing capabilities are being proposed. In this study, we propose one of the most
simple rectangular shaped HASEL (Hydraulically amplified self-healing electrostatic) actuators and
compare the performance according to shape deformation such as the size or ratio of actuators and
electrodes. Developing these actuators can be used in many ways for artificial muscles in soft robotics.
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[Fig. 1] Schematic for rectangular shape HASEL soft actuator:
(a) front side view, (b) operation from side view
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[Fig. 2] Concept of calculating volume of expansion part of
HASEL actuator: (a) pre-expansion condition, (b) post-expansion
condition

[Table 1] Required dielectric liquid amount for volume (Vc)
change

L (mm) s (mm) d (mm) Ve (@ml) |0.5 Ve (ml)
10 5 6.4 0.2 0.1
10 10 6.4 0.3 0.2
10 20 6.4 0.6 0.3
20 5 12.7 0.6 0.3
20 10 12.7 1.3 0.7
20 20 12.7 2.5 1.3
40 20 25.5 10.2 5.1
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[Fig. 3] 7 types of HASEL actuator prototypes
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[Fig. 5] Peak displacement for x = 10 mm according to square
wave: (a) 1 Hz, (b) 2 Hz

[Fig. 4] HASEL actuator prototypes with different vertical
length: 10 x 10 mm, 10 x 20 mm, 10 x 40 mm

[Fig. 6] HASEL actuator prototypes with different vertical
length: 20 x 10 mm, 20 x 20 mm, 20 x 40 mm
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[Fig. 7] Peak displacement for x = 20 mm according to square
wave: (a) 1 Hz, (b) 2 Hz
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[Fig. 8] HASEL actuator prototypes with different vertical
length: 10 x 20 mm, 20 x 20 mm
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[Fig. 9] Peak displacement for y = 20 mm according to square
wave: (a) 1 Hz, (b) 2 Hz
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[Fig. 10] HASEL actuator prototypes with different vertical
length: 10 x 40 mm, 20 x 40 mm, 40 x 40 mm
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[Fig. 11] Peak displacement for y = 40 mm according to square
wave: (a) 1 Hz, (b) 2 Hz
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