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Residual Mechanical Anisotropy in ultra-soft hMREs
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Shape programming of ultra-soft hMRES
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Sylgard 184 (≈2 MPa)
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Dowsil CY52-276 (≈3 kPa)
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Computational framework
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Physics-augmented neural networks constitutive model
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Staggered solver for magneto-mechanics in vacuum
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The numerical resolution of the coupled magneto-mechanical problem was performed 
via a custom finite element implementation using a staggered scheme.

The scalar magnetic potential 𝜑 was computed in the entire domain (hMRE and vacuum).
Continuity and boundary conditions were imposed across interfaces and on the boundary.
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Staggered solver for magneto-mechanics in vacuum
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The numerical resolution of the coupled magneto-mechanical problem was performed 
via a custom finite element implementation using a staggered scheme.

The deformation mapping 𝝓 was computed in the solid domain by solving the equilibrium
equation. Dirichlet and Neumann boundary conditions were applied as appropriate, and H is
taken from Step 1.

hMRE

The numerical resolution of the coupled magneto-mechanical problem was performed 
via a custom finite element implementation using a staggered scheme.



Staggered solver for magneto-mechanics in vacuum
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The numerical resolution of the coupled magneto-mechanical problem was performed 
via a custom finite element implementation using a staggered scheme.

A nonlinear elastic problem was solved in the vacuum region using a potential 𝝓v, enforcing
continuity with the solid deformation and applying clamped boundary conditions on its
boundary.

vacuum

The numerical resolution of the coupled magneto-mechanical problem was performed 
via a custom finite element implementation using a staggered scheme.



Mesh movement stabilization
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1) Fictitious energy model

2) Stabilization of the elasticity tensor
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Examples
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Optimization framework
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Optimization framework
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Optimization formulation
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Optimized Dowsil C-shape
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Optimized Dowsil C-shape
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Topology and material optimization
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Staggered Approach
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HyperFEM (julia)
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https://github.com/MultiSimOLab/Adv_Mater_Ultra_Soft_Magnet



HyperFEM (julia)
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• High-level multiphysics framework within the Gridap ecosystem for nonlinear
hyperelastic materials

• Designed to bridge the gap between continuum-level modeling and algorithms
based on PDEs (optimization, control, ML, UQ...).

• Rapid prototyping of thermo-electro-magneto-mechanical-acoustic-fluid
problems using analytically derived constitutive models

• Dedicated abstractions for monolithic and staggered solution schemes in
nonlinear solid mechanics



HyperFEM (julia)
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TensorAlgebra: high-level tensor operations generated through multiple dispatch and
metaprogramming
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PhysicalModels: a high-level abstraction for constitutive models, providing analytically defined 
continuum energy functions and consistent derivatives
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HyperFEM (julia)
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ComputationalModels: an abstraction of numerical problem classes (e.g., static linear, static
nonlinear, dynamic nonlinear, staggered schemes) designed to encapsulate PDE solvers and
enable their integration within outer-loop workflows such as control, optimization, and machine
learning
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