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Proposal of the search method by clustering

for the optimized fiber orientation model representing curved fiber CFRP

O% Wt @7,
A BEST, fE oEm, AKpEEEsL
Shun NAKAMURA™,
Yoshiro SUZUKI"!, Akira TODOROKI ', Yoshihiro MIZUTANI
TR TR THBE  Tokyo Institute of Technology

In recent years, 3D-printed Carbon Fiber Reinforced Plastic (CFRP) composites is receiving a lot of attention in additive
manufacturing field. This method can make CFRP composites containing curved fiber by 3D printer''. In order to apply
it to mechanical structure, it is important to reveal mechanical properties of 3D-printed CFRP composites. In this study,
we conduct modal and buckling analysis by FEM in a lot of plate models containing curved fiber and investigate the
similarity of mapping data in 2-dimensional data by the statistical method with results obtained from buckling and modal
analysis. Specifically, we reduced data such as buckling loads and natural frequencies onto 2-dimensional features by
machine learning algorithm and it is mapped by clustering on 2-dimensional plane. It demonstrates we can explore the
model having desired properties when we design the curved fiber CFRP composites plate by considering the relation

between the mapping visualization and each model.
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Table 1 Mechanical properties of the CFRP *

Modulus of elasticity in fiber direction 134GPa
Modulus of elasticity in transverse to fiber direction 8.62GPa
Modulus of elasticity in out of plane direction 8.20GPa
In plane share modulus 4.68GPa
Out of plane shear modulus in fiber direction 3.78GPa
Out of plane shear modulus in transverse to fiber direction 2.36GPa
In plane Poisson’s ratio 0.338
Out of plane Poisson’s ratio in fiber direction 0.318
Out of plane Poisson’s ratio in transverse to fiber direction 0.571
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Table 2 Analysis conditions of both linear buckling analysis and modal analysis

Linear buckling analysis Modal analysis
Element type Shell (8-node secondary element) Shell (8 8-node secondary element)
Element number 2500 2500
Model size 100x100x3[mm] 100x100x3[mm]
Boundary condition Fixed on all edges Fixed on all edges
Mode number 1~6 1~6
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Fig.1 (a) Three clusters and curved fiber layouts in four representative CFRP models used in the linear buckling analysis, and

(b) Clusters and fiber layouts in four representative CFRP models used in the modal analysis.
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Fig.2 (a) Clusters based on the results of the linear buckling analysis, (b) buckling load in the t-SNE pattern,
(c) Clusters in the modal analysis, (d) natural frequency in the t-SNE pattern.
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