Internship proposal
Title
Microstructure design for the fabrication of flexible plates.

Brief
We are looking for talented students with strong motivation in the field of 3D printing, computer graphics
and physical simulation to study the design of bending plates covered with microstructures. The candidate
should be proficient with C++, have a strong background in physics and ideally some experience with 3D
printing and computer graphics.
• Advisors:
– Jonàs Martı́nez, Inria Nancy Grand-Est (jonas.martinez-bayona@inria.fr)
– Mélina Skouras, Inria Grenoble Rhône-Alpes (melina.skouras@inria.fr)
• Location: Inria Nancy, with visits to Inria Grenoble (cost covered).
• Monthly stipend: 500 euros.
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Figure 1: A plate designed to create the letters C or U depending on in which direction it is bent.

Topic
3D printing allows detailed microstructures to be embedded into shapes. By precisely controlling the geometry
of the inner structures and their variations, the mechanical properties of the final shape can be modified. For
instance, a shape can be made more or less flexible in different areas or directions.
In recent works [2, 3] we have focused on defining stochastic (randomized) microstructures that are akin
to foams. They are very efficient to generate, as they build on techniques from Computer Graphics known
as procedural textures. Their parameters can be varied in space to change rigidity and weight (see Figure 2).
Our research led us to an interesting observation: when the structures are 3D printed (or laser cut) on a
flat piece of material, they significantly change the bending behavior, as illustrated in Figure 1 and 3. This
internship will be dedicated to further studying this particular aspect of our microstructures.
The main objective of the topic is to create a design tool where a user can paint microstructures through
their parameters (density, orientation, stretch) on plates, and simulate the expected result.
The first part of the internship is thus to propose an interactive interface and involves 3D graphics. The
second part of the internship will be dedicated to the main challenge: the efficient, accurate simulation of the
plate bending behavior. The microstructures are extremely detailed, and we will therefore rely on numerical
homogenization [1] to abstract away the details and reason at a coarser scale. We will fabricate plates using
our 3D printers and laser cutters, and use our mechanical testing machine to compare experimental and
simulated results.
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Figure 2: This 3D model is filled with a microstructure that is more rigid at the bottom and more flexible
at the top [2]. The object is 3D printed on a resin SLA/DLP printer.
This has many potential applications, e.g. medical (orthopedics), soft robotics, architecture (paneling),
fashion (sportswear). We will work with some of our partners to explore potential practical applications of
the design application.

How to apply
Send the following documents to jonas.martinez-bayona@inria.fr in a single ZIP file:
• CV.
• Your degree certificates and transcripts for Bachelor and Master (or the last 5 years if not applicable).
We encourage candidates to submit a motivation letter describing your interest in this topic, and a
recommendation letter from the person who supervises(d) your Master thesis (or research project). The
recommendation letter should be sent directly by their author to jonas.martinez-bayona@inria.fr.

About us
Jonàs Martı́nez is a full time researcher at Inria, studying procedural microstructures for additive manufacturing [2, 3]. Mélina Skouras is a full time researcher at Inria with expertise in plate simulation, computational
fabrication and microstructure design [5, 4].

About Inria
The INRIA Nancy - Grand-Est center conducts sustained activity in the sector of information science and
technologies, including computer science, applied mathematics, control engineering and multidisciplinary
themes situated at the crossroads between information science and technologies and other scientific areas,
including life sciences, physics and human and social sciences. We also have strong commitments linked
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Figure 3: Two discs with different orientation of orthotropy and same stretch parameters. (b) Tangential
orientation; the plate bends smoothly when a weight is applied in its center. (d) Radial orientation; the plate
folds as the stress bends it radially.
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to technology transfer. Our establishment at the heart of a major cross-border region, together with our
industrial and university partnerships, constitute a major advantage in achieving these commitments.
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