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In this study, soft actuators comprising conductive fibers, flexible polymers, and shape memory alloys, which can be used
as textile products, are introduced. Conductive fibers play an important role because they can be used as sensors in
wearable devices. The conductive fiber introduced in this study is a form that can be combined with a polymer, and it
comprises a form wrapped around a flexible polymer. When an electric current is applied to the shape memory alloy
embedded in the polymer, macroscopic deformation occurs due to phase transformation from the Martensite to the
Austenite phase. Conductive fibers used in soft actuators are affected by resistive heat generated by the shape memory
alloy and bending deformation of the actuator. Accordingly, changes in the conduction properties of conductive fibers were
observed due to bending deformation and temperature changes. We also fabricated soft actuators with different types of
polymers and observed the differences. The soft actuator presented in this study is a one-piece combination of a conductor
and an actuator using a textile-type conductor, and it is likely to be used in smart clothing applications.
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Fig. 1 Conceptual view of specimen

Table 1 Properties of materials [14-16]

Properties Sm‘;‘;tg S ppwms SMA

Density [g/cm’] 1.24 0.97 6.45

The”n[a\‘i;ﬁf%“my 026 0.5 0.18
Viscosity [cps] 30,000 35,000 -
Shore A hardness [A] 50 54 -

Tensile strength [Mpa] ~ 5.00 224 -

Martensite 6.6 x 10

Austenite 11.0 x 107
Martensite 80
Austenite 100

Thermal expansion
coefficient [°C]

Electrical resistivity

[M€2-cm]
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(b)

Electricwire TestSpecimen Electricwire

(d)

Fig. 2 Manufacturing process of the soft actuator, (a) Mold modeled
by 3D CAD tool, (b) Positioning conductive fabric and SMA
before pouring polymer, (¢c) Completed specimen, and (d)
Electric wire connection to the actuator
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Fig. 3 Schematic diagram of experiments
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(a) Measurement of the resistance
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(b) Smooth Sil-matrix based soft actuators
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Fig. 4 Changes in resistance over time with respect to current
application
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Fig. 5 Temperature changes over time with respect to current
application
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(a) Experimental setup for measuring blocking force
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(c) PDMS-matrix based soft actuators

Fig. 6 Results of the force measurement experiment using a load
cell
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and PDMS specimen
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