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Motivation 

Due to their proximity to natural muscles and their ability to be processed into textiles and 
integrated into the reinforcement structure of intelligent fiber-rubber composites, fiber-shaped 
electroactive polymer (EAP) actuators are particularly promising. Furthermore, in numerous 
cases the mechanisms of actuation and sensing are nearly identical, allowing fibrous or textile 
actuator structures to also function as structurally compatible sensors, thereby enabling the 
real-time detection of strain, deformation, and degradation.  

State of the art and previous research 

Within the first cohort, straight dielectric elastomer actuator (DEA) fibers were developed [1]. 
In the second cohort, fiber-based actuators using the ionic EAP actuator principle were inves-
tigated and developed [2]. The actuation of these conducting polymer (CP) actuators is 
achieved  at low activation voltages of <1.5 V leading to repeatable linear actuation strain of 
approximately 1.8% (max. 2.5%) and actuation stresses of ca. 1 MPa for a single fiber. Since 
the actuation of CP actuators is a bulk actuation, textile processing like knitting or twisting and 
coiling of CP actuator fibers can amplify the actuation strain of a single fiber by several orders 
[3, 4] reaching actuation strains of >10 % (max 33%) and 5 MPa actuation stress. This renders 
the linear actuator textiles based on the in the second cohort developed linear actuating fibers 
highly promising for use in intelligent fiber-elastomer composites in a further developed, textile 
configuration. Another promising actuator class based on textile structure integration are so-
called twisted coiled polymer actuators (TCPAs), driven by heat are gaining high mechanical 
actuation properties [5].        

Scientific questions and project objectives 

The objective of SP 1 is to develop fiber-based textile actuators with a particular focus on the 
relationship between the structure or morphology of the textile and the actuation performance, 
with the aim of enhancing the mechanical actuation properties for use in I-FRC. 

In particular, the mechanical properties of the previously developed CP fibers or suitable fibers 
for usage as TCPAs like polyamide 6 are tailored (including adjusted spinning methods and 
the use of additives or fillers) for subsequent textile processing using various tailored and spe-
cifically adapted textile technologies, such as braiding, coiling or knitting.  

In conjunction with SP 3, a suitable rubber formulation is investigated with the objective of 
creating a composite of the developed textile actuators, sensor networks and rubber matrix, 
which could serve as a performant interactive fiber-elastomer composite soft robot demonstra-
tor. A control system is developed in cooperation with SP 9. A model of the actuator and soft 
robot is investigated in cooperation with SP 2, 5 and 10.     

 
Schematic representation of potential textile structures to determine the relation between fiber- and 
textile structure and actuator performance, targeting an actuator performance enhancement for use in 
I-FRC. 
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