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Abstract

In this paper, we present the regression analysis and design optimization for improving the permeability of 3D woven materials based on
numerical analysis data. First, the parametric analysis model is generated with variables that define the gap sizes between each directional wire
of the woven material. Then, material properties such as bulk modulus, thermal conductivity coefficient, and permeability are calculated using
numerical analysis, and these material data are used in the polynomial-based regression analysis. The Pareto optimal solution is obtained
between bulk modulus and permeability by using multi-objective optimization and shows their trade-off relation. In addition, gradient-based
design optimization is applied to maximize the fluid permeability for 3D woven materials, and the optimal designs are obtained according to
the various minimum bulk modulus constraints. Finally, the optimal solutions from regression equations are verified to demonstrate the

accuracy of the proposed method.
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Fig. 1 Geometry of 3-D woven materials
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Table 1 Material property

. Density Young's Poisson’s Them?a%
Material kg modulus ratio conductivity
(kg/m") (GPa) (W/m-k)
Copper 8,900 106 033 387.6
SnAgCu 7,400 50 0.36 60.0

Table 2 Reference wire spacing of woven materials (1m)
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Fig. 2 Results of mechanical(a, d), thermal(b, e), and fluidic(c, f) properties for each parameterized model(Sim and Ha, 2020)
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Table 3 Result for regression analysis

. Density Bulk Them?a! Permeability
Coefficient ki modulus | conductivity 10~ 102
(kg/m") (GPa) (Wim-K) |¢ m)
By 3694.30 6.56 76.57 14.40
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Table 4 Results for the optimized models

K. .
L A
Reference 1.00 1.00 1.00 0.3476
3.0 3.00 3.00 2.23 0.2547
4.0 1.76 3.00 0.78 0.3113
5.0 0.75 1.20 0.93 0.3577

Table 5 Material properties of the optimized models

K . Density Themlla% Permeability
GPa) (kg/m") conductivity (107 10m?)
( g (W/m-K)
Reference 2,983.3 57.42 28.79
3.0 2,151.2 38.47 66.79
4.0 2,647.0 47.43 40.54
5.0 3,073.3 59.14 26.78

Table 6 Material properties for the optimized models calculated
from direct analysis

K Bulk Density Them?al. Permeability
GP Modulus kg conductivity 10" 102
3.0 2.9359 2,151.9 38.35 66.55
4.0 3.9696 2,650.1 47.80 40.41
5.0 5.0131 3,070.0 58.90 26.50
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