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Abstract

In this study, we devised a parametric analysis workflow for efficiently analyzing the material properties of 3D woven materials. The
parametric model uses wire spacing in the woven materials as a design parameter; we generated 2,500 numerical models with various
combinations of these design parameters. Using MATLAB and ANSYS software, we obtained various material properties, such as bulk
modulus, thermal conductivity, and fluid permeability of the woven materials, through a parametric batch analysis. We then used this large
dataset of material properties to perform a regression analysis to validate the relationship between design variables and material properties, as
well as the accuracy of numerical analysis. Furthermore, we constructed an artificial neural network capable of predicting the material
properties of 3D woven materials on the basis of the obtained material database. The trained network can accurately estimate the material

properties of the woven materials with arbitrary design parameters, without the need for numerical analyses.
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Fig. 1 Geometry of 3-D woven materials (Kim et a/, 2022)

Table 1 Material property (Kim et a/, 2022)

. Density Young’s Poisson’s Themlla%
Material kg modulus ratio conductivity
(hg/m) (GPa) (W/m-k)
Copper 8,900 106 0.33 387.6
SnAgCu 7,400 50 0.36 60
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In the MATLAB Loop,

* Generate random design parameter sets

Run ANSYS Workbench :
¢ Launch Design Modeler module

- load and update the parametric model

Run APDL :
* Generate FE mesh
* Perform homogenization for bulk

modulus and thermal conductivity

Run Fluent :
* Generate CFD mesh

* Apply boundary conditions

« Solve CFD and calculate permeability

Fig. 2 Workflow for parametric batch analysis
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Table 2 Database from parametric analysis

N k k k Density Bulk modulus Thermal conductivity Permeability

© v (kg/m?’) (GPa) K, (Wim-K) (<1071 m?)
1 0.7560 0.6935 1.5971 2,843.93 4387 53.41 28.8444
2 2.8978 2.7514 2.1966 2,101.31 2.827 37.25 64.2422
3 0.8823 2.6165 1.6627 2,650.12 3.980 46.01 36.4456
2,499 1.4470 2.1270 0.6343 2,118.58 2.808 38.96 60.6494
2,500 2.9801 1.3775 2.6718 2,845.22 4.445 53.71 29.0951
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By 3.0145 0.0154 0.2581 0.8444 Fig. 3 Actual values versus predicted values from the regression
By 12.8818 0.0438 0.3803 -0.2445 analysis
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Table 4 Training condition setting 60 ,.-/
3 e
Training condition Setting ; d
Total number of dataset 2,500 i //
Number of training dataset 2,000 s
Number of test dataset 500 g 40
Number of input 3
Number of target 1 5 )
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d)P bilit
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Mini-batch size 256 Fig.4 Actual values versus predicted values from the trained
Validation data rate 0.25 artificial neural network
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