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Abstract 

 This work presents an innovative design of a simple crawling locomotion 

machine, which is a bilayer beam and crawls forward through periodically bending 

and unbending of the beam. Here, the beam has different friction coefficients at the 

two ends of contact surface between the beam and the substrate. During bending and 

unbending of the beam, the friction force distribution at the contact surface is 

asymmetrical, thus a net forward speed (towards the high friction coefficient direction) 

is generated. Both finite element method (FEM) simulation and theoretical model are 

employed to clarify the crawling mechanism and to achieve an optimal crawling 

performance. The effects of geometrical and mechanical parameters of the bilayer 

beam, as well as the periodically bending actuation on the crawling performance are 

investigated. A better crawling performance could be achieved with larger beam 

length, larger bending angle, and higher actuation frequency. An optimum value of the 

frictional coefficient gradient is found to be ~0.05 m
-1

. Besides the asymmetry of the 

friction coefficient, our results have shown the asymmetry of the geometry of the 

bilayer beam can also achieve the locomotion. The simple locomotion mechanism 

presented in this work is applicable not only for macroscale, but also for nanoscale, 

which may inspire a series of new architectures of soft robot from macroscale to 

nanoscale. 
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