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Abstract: 

 

Cosserat rod theory is the popular approach to modeling ferromagnetic soft robots as 1-

Dimensional (1D) slender structures in most applications, such as biomedical. However, recent 

soft robots designed for locomotion and manipulation often exhibit a large width-to-length ratio 

that categorizes them as 2D shells. For analysis and shape-morphing control purposes, we develop 

an efficient coordinate-free static and dynamic model of hard-magnetic shells found in soft 

magnetic grippers and walking soft robots. The approach is based on a novel formulation of the 

Cosserat shell theory on the special Euclidean group (SE3).  

The shell is assumed to be a 2D manifold of material points with six degrees of freedom (position 

and rotation) suitable for capturing the behavior of a uniformly distributed array of spheroidal hard 

magnetic particles embedded in the rheological elastomer. The shell's configuration manifold is 

the space of all smooth embeddings ℝ2 → SE3. According to a novel definition of local 

deformation gradient based on the Lie group structure of  SE3, we derive the strong and weak 

forms of equilibrium equations, following the principle of virtual work. We extract the linearized 

version of the weak form for numerical implementations.  The resulting finite element approach 

can avoid well-known challenges such as singularity and locking phenomenon in modeling shell 

structures. 

The proposed model is analytically and experimentally validated through a series of examples that 

demonstrate its superior efficacy, particularly when the shell undergoes severe rotations and 

displacements. 
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