
  

 

Abstract— Soft robots consist almost entirely out of flexible 

polymers that can resist high impacts. However their soft 

membranes are easily damaged by sharp objects. In this 

research soft robots were given a self-healing ability by 

constructing them out of Diels-Alder elastomers. They can heal 

realistic damages in their membranes using a healing 

procedure that involves mild heating. In the manufacturing 

process of these soft robots, noted “shaping-through-folding-

and-self-healing”, the self-healing ability is essential. This 

technique allows developing complex 3D polygon structure out 

of 2D sheets by combining folding and healing steps.  

 

New generation robots will be increasingly introduced in the 

open world we humans live in. Predefined and static 

environments are exchanged for dynamic, unstructured ones. 

To perform safely, a compliant mechanism is often 

introduced in the actuator design. Soft robotics takes the 

integration of compliance to the extreme. These robots 

consist almost entirely out of (hyper) flexible elastomers 

(moduli 10
4
-10

7
 Pa). Because of their flexibility they allow 

safe human-robot interactions. Their compliance matches the 

one of organism (moduli 10
4
-10

9
 Pa), making them good 

candidates for social robots and food grippers.  

 

Soft robots are resilient to high mechanical impacts resulting 

for example from collisions. However, being extremely soft, 

they are susceptible to damages caused by sharp objects, like 

broken glass, rusty metal and even paper edges, all present in 

unstructured environments. In addition, pneumatic soft 

robotic actuators get easily punctured due to overpressure and 

wear. To solve this problem we developed soft robots out of 

self-healing elastomeric polymers [1][2]. Three self-healing 

soft robotic applications (Fig. 1 A, B and C) were designed 

and prototypes were developed of a soft gripper, a soft hand 

and artificial muscles. Their membranes were developed 

entirely out of Diels-Alder self-healing polymers. Realistic 

macroscopic cuts and perforations in these membranes can be 

healed entirely using a healing procedure, which involves 

heating the part to 80 °C. The properties of the prototypes 

were recovered after the healing procedure [1].  

 

In the search for new manufacturing techniques, the SH-

ability of Diels-Alder polymers can be beneficial in the 

manufacturing phase, as illustrated by the “shaping-through-

folding-and-self-healing” approach (Fig. 1D) used to 
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construct the prototypes [1]. Flexible Diels Alder sheets are 

first folded into 3D polygon structures. The creases can be 

made permanent and the joints airtight by subjecting the part 

to a mild heating procedure. This technique allows 

constructing complex 3D parts, such as the finger actuators 

(Fig. 1A), starting from thin 2D sheets. In addition, the Diels-

Alder elastomers are fully recyclable [1], since self-healing 

parts can be dissolved and solvent casted again into sheets, 

which can be folded into new recycled soft actuators.  
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Fig. 1: Prototype of self-healing soft robotic applications [1]. The yellow 

parts are made entirely out of Diels-Alder elastomer (A) soft hand. (B) soft 
gripper. (C) Artificial muscle [2]. (D) Shaping-through-folding-and-self-

healing; using the self-healing ability in the manufacturing. 
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