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A Novel 3D Printing Technique for Fabricating Lightweight and High-Stiffness Structures through
Optimized Infill Distribution Based on Stress Analysis
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[Abstract]

In Material Extrusion (MEX) 3D printing, slicing software converts a 3D model into fabrication data, which consists of
outer shells and an internal lattice structure known as infill. However, conventional infill typically has a uniform density,
posing a challenge of inefficiency in terms of material consumption and fabrication time. This study proposes a method
for locally optimizing infill density based on stress distribution derived from structural analysis. To implement this method,
we have developed a software tool named "Strecs3D." This software generates fabrication data by assigning a dense infill
to high-stress regions and a sparse infill to low-stress regions. Evaluation of fabricated parts demonstrates that the
proposed method can significantly improve stiffness while simultaneously reducing both material usage and fabrication

time.
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Fig.1. Screenshot of Strecs3D
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Fig.2. An example of an FEA simulation in FreeCAD
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Fig.3. Slicing the data output from Strecs3D
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Fig.5. Compression test setup: (a) Strecs3D—applied infill,

(b) uniform infill
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