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Context

Paper industry consumption

= 15-25 m3 of water / ton of paper

= 2.9 kWh / ton of paper

= 2-3 ton of wood / ton of paper

- Two approaches to reduce the use of resources :
1. Lighten packaging

2. Increase the use of recycled pulps

- Both raise an issue of mechanical strength

Ribbed structure

= High bending stiffness to weight ratio

= Ribs networks depend on the solicitation and
geometry of the structure to reinforce

-> Could the printing of ribs of polymer on cardboard
boxes be a virtuous way to stiffen them, addressing
the above issue of strength ? p—
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Printing stiffeners on the surface of folding or corrugated boards: a bio-
inspired approach to lighten packaging and optimize resource consumption

Impression de renforts a la surface d’emballages cartons: une approche bio-inspirée pour alléger les

emballages et optimiser la consommation des ressources.

Objectives

1. Finding the best printing process &

stiffening materials

= Lowest environmental impact

= Suitable adhesion of the printed patterns on boards

= Maximum mechanical properties, especially bending
stiffness

2. Characterizing the mechanical behavior of
boxes

= Printing different types of rib pattern and identifying
which one best stiffen a given geometry of box
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3. Developing a numerical tool
= QOptimizing the rib pattern to be printed depending
on the geometry of the boxes
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Methods

3D Printing

® Fused Deposition Modelling = 3D printing from a
fused filament

—-> Materials : PLA, Thermoplastic starch, ...

= Liquid Deposition Modelling : 3D printing from a
paste

—> Materials : cellulose ester suspension, potentially
adding CNC / CNF, ...

Characterizations

= On corrugated board plates :

- 4 points bending, compression (ECT), DST

= On boxes :

—-> Compression (BCT), cyclic loading, creep , digital
image correlation (DIC) to measure the strain field

on panel surfaces and observe how they are locally
deformed

Towards the numerical tool :

® Calculation of stress maps from DIC strain maps
using plate theory, then encoding an algorithm to
calculate an optimized stiffening pattern from those
maps
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A picture of one of
my own boxes
taken by myself
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