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Abstract

Robots are typically controlled by electrical signals. Resistive heating is an
option to electrically trigger actuation in thermosensitive polymer systems. In
this study electrically triggerable poly|ethylene-co-(vinyl acetate)] (PEVA)-
based fiber actuators were realized as composite fibers as well as polymer
fibers with conductive coatings. In the coated fibers, the core consists of |
crosslinked PEVA (cPEVA), while the conductive coating shell was achieved via : IAL |
a dip coating procedure with a coating thickness between 10 and 140 pm. The |
conductivity of coated fibers o = 300-550 S'm™ was much higher than that of
the composite fibers ¢ = 5.5 Sm™. A voltage (U) of 110 V was required to heat
30 cm of coated fiber to a targeted temperature of ~65 °C for switching in
less than a minute. Cyclic electrical actuation investigations revealed ¢, =
5x1 % reversible change in length for coated fibers. The fabrication of such
electro-conductive polymeric actuators is suitable for upscaling so that their
applications potential as artificial muscles can be explored in future studies.
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Figure 1: Change in length during electrical actuation Figure 2: Microscopic image of the cross-section and

of the fiber as a function of applied weight for coated surface of the coated fiber (top) and electrical
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Figure 3: Schemaitic illustration of joule heating in coated and composite fibers. In the coated fiber, heating takes Distance [cm] _ _
place in the conductive coating shell (at fiber surface) and heat then transfers to the actuating fiber core. In 1500 Coating thickness [um|
composite fibers, heating is achieved by the embedded conductive materials in the fiber core and heat transfer to ' ' U=52V U- - 60 {/ ' 6 T
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Figure 4: Fabrication involved mixing of crosslinker and polymer pallets by extrusion followed by Figure 6: Changes in the required voltage (with change in fiber Iength) to reach the required temperature for coated
irradiation crosslinking at ambient temperature and coating by dip coating. fiber (top left). Change in the resistance and conductance of the coated fibers with change in coating thickness over 10
cm fiber length (top right). Cyclic change in strain for in stress-free electrical actuation experiments by switching
- Carbon black (CB), carbon nanotubes (CNTs) and graphene nano-platelets were voltage source ON and OFF (bottom left). Change in length during electrical actuation of the fiber as a function of
used to prepare composite and coated conductive fibers applied weight for coated fiber (bottom right).
+ Coating solutions were prepared with CB and PEVA with 1:1, 2:1, 3:1 and 4:1 ratio * Anincrease in resistance with increase in length of the fiber
using toluene as a solvent - A voltage of 40 V was needed to achieve required actuation temperature for a fiber of 10
+  Filler content in composite fibers were varied between 5 and 30 wt%. cm length, while 110 V for 30 cm long coated fiber
- Composite fibers were excluded from actuation investigations due to their poor + A decrease in actuation magnitude (¢, = 51 %) in coated fibers compared with non-
heating capabilities (Fig. 5) coted fibers (&', = 101 %)

- Best heating and actuation results were obserevd from coated fibers with 2:1 ratio tor
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0 >0 100 150 200 Figure 7: A textile construct from coated conductive fibers as warp and wool as weft (left). IR images of this textile with
Voltage [V] voltage ON and OFF (middle). Reversible actuation by switching the voltage source ON and OFF reversibly (right).
Figure 5: Surface temperature of the fibers due to joule heating by applied voltage for coated and composite fibers / S——
(left). The data i tative of fi les ( + standard deviation). SEM i f -sections of GRO 7 neLmHoOLTZ AR | Bundesministerum
eft). The data is representative of five samples (mean * standard deviation). images of cross-sections o 2 | GEMEINSCHAFT irBidung

coated (i-ii) and of composite (iii-iv) (right).
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