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Actuator development based on snail tentacles  
 
 

ABSTRACT 
 

The observation of the snail (helix pomatia L.) provides the biological inspiration for a new compliant 
mechanism realized with silicone. After identifying the advantages an analytic model was developed. The 
influence of the design parameter on the motion behavior of the center of the structure under internal 
pressure was investigated with the finite element method (FEM). The motion behavior of the first prototype 
shows similar quantitative and qualitative characteristics compared to the simulated model. 

 

INTRODUCTION 
 

The snail tentacle creates an upstroke movement by increasing the pressure in the snail 

body (Fig.1). This principle, which enables remarkable upstroke-diameter ratios, can be 

used for coherent technical structures (consisting of one part). The integration of the 

drive in the structure or the material, respectively, as well as the protection of the 

possibly integrated sensory in the retracted state promise high potential for technical 

applications such as sensor placements. 

Inspiration: Simulation:

Prototype:

Fig. 1: Snail with tentacles (l.), finite element model and prototype under increasing internal pressure load (r.) 

 

MATERIALS AND METHODS 
 

First, an analytical model with geometrical parameters was obtained. The finite element 

method was applied to investigate the displacement of the center of the structure in 

consideration of the internal pressure load for different geometric ratios between radius 

and thickness. The rubber-like silicone material was implemented into the model using 

the 3rd order constitutive law of Yeoh based on data from experimental uniaxial tension.  



RESULTS AND DISCUSSION 
 

Fig. 2 (l.) shows the displacement of the center of the structure with constant radius as a 

function of internal pressure load by varying thickness. Depending on the chosen 

geometric ratio the compliant structure is able to create continuous movement of the 

center of the structure or fast snap through characteristics with monostable or bistable 

behavior. The comparison of the real behavior of the first prototype with the simulated 

predicted behavior shows a similar qualitative and quantitative characteristic (Fig. 2 (r.)). 

In simulations, the mechanism proved scale invariant and can be miniaturized if the 

geometrical ratios are kept constant. 
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Fig. 2: (l.) Different characteristic curves of the compliant structure by varying thickness; (r.) characteristic curve 

of one prototype according to the simulated model by equal geometrical ratio (r.) 

 

CONCLUSION 
 

The biological principle (upstroke movement by increasing the pressure) was put into 

practice for the preparation of technical applications. The compliant mechanism has a 

sustainable capability for sensor positioning. The compliance and biocompatibility of the 

used material enable further applications in biomedical engineering. 
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