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Abstract— Natural organisms have a unique property not
yet available in robotics, a self-healing (SH) ability. This
powerful biological healing function has inspired chemists to
impart similar properties to synthetic materials to create “self-
healing materials”. Recent development in SH-polymers made
us investigate the potential of using these materials in robotics,
and more specifically in soft pneumatic actuators.
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In the last 15 years a broad range of SH-materials
has been studied and although SH-concepts are currently
used in some commercial applications (e.g. the SH-paints
of Nissan and AkzoNobel), the SH-technology is not yet
exploited in robotics. Most developed applications are
SH-coatings [1] which can be easily applied on future
robotic skeletons and covers, permitting the healing of
scratches. Recently a stretchable SH-film [2] was developed
having a large potential for artificial skin applications in
robotics. This work concentrates on SH-systems dealing
with damages due to large macroscopic perforations and
cracks due to sharp objects. Therefore, the focus is on the
introduction of a SH-concept in actuators.
The focus of this work is concentrated on the introduction
of a SH-concept in soft actuators. Compliant, soft actuators
are increasingly used to reach energy efficiency and safety
during interaction with humans or unstructured, dynamic
environments. As robots are finding more and more
applications in these environments and as these actuators
resemble more closely to biological muscle systems, the
SH-implementation was done in compliant actuators.
In general, soft actuators, in particular soft pneumatic
actuators (SPA), are susceptible to damage by sharp objects
found in unstructured environments. The SPAs, which are
constructed out of soft hyper elastic material, can be easily
ripped, perforated or cut. This problem can be solved by
constructing the actuators entirely out of SH-materials.
Through prototyping, a feasibility study was conducted, in
which soft pneumatic actuators were investigated, focusing
on the implementation of a SH-mechanism. The results are
published in the ICRA paper [3] and a recently submitted
paper [4]. The self-healing relies on dynamic covalent
polymer network systems based on the reversible Diels-
Alder (DA) reaction [1]. Macroscopic damages in these
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Fig. 1. a,b) Bending SPA. c) SH-SPC design. d) SH-SPC prototype: internal
over-pressure 0 bar. e) SH-SPC prototype: internal over-pressure 0.36 bar.
f) Incision in the SPC prototype, which was healed using a SH-procedure.

non-autonomous DA-polymers can be healed in a couple of
hours using relatively low temperatures (70 ◦C).
To evaluate the potential of creating a soft pneumatic actuator
entirely out of SH-polymers, a single soft pneumatic cell
(SPC) (Fig. 1 c) was build entirely out of the DA-polymers
[4]. From this single-cell prototype it is straight-forward to
build the first SH-multi-cell SPA (Fig. 1 a,b), one that can
self-heal damages caused by sharp objects.
For the prototype (Fig. 1 d,e,f), the mechanical properties
of the SPC were recovered after the complete healing of
macroscopic damages, proving the potential for further
investigation on the use of DA-polymers and other
SH-polymers in soft robotic applications.
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