Martin van Hecke

The Mechanical Metamaterials group designs, creates and studies flexible
mechanical metamaterials. We use a condensed-matter perspective,

using concepts from spin-ices, frustration and glasses, holography and
topology, to venture into unexplored design spaces of geometrically
complex, rationally designed materials. In particular we are spearheading
the evolution of mechanical metamaterials towards ‘machine materials’
with unprecedented properties that far exceed those of ordinary materials,
including programmability, shape-morphing, and information processing.
Our research, carried out both at AMOLF and at Leiden University, combines
experimental, theoretical, and numerical approaches.

Highlights

We designed and created the first metamaterial
that autonomously executes self-folding via

a mechanical pathway with embedded error
correction [1].

We uncovered a characteristic length scale in
mechanical metamaterials and showed how
to manipulate and leverage it for enhanced
functionalities [2].

We developed a combinatorial design method for
pluripotent origami metamaterials [3].

We realized non-trivial sequential pathways,
memory effects and elementary counting in
experiments on frustrated sheets [5]

Plans

Our current work, partly supported by an ERC-
Advanced grant, investigates the emergent informa-
tion processing capabilities of frustrated media, and
develops metamaterials for targeted computations.
A key concept are interacting material bits called
hysterons, which generically occur in materials with

local bistable elements. Driving such a material —such

as a frustrated crumple or a carefully designed meta-
material — leads to complex deformation pathways.
These encode finite state machines, the paradigm of

sequential computing. We are now developing design,

training and learning strategies to firmly establish
a new class of matter which we term finite state
materials.
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The complex pathways of a ‘crumpled metasheet’ (inset) encode

elementary computations.

The rubber computer
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