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Additive manufacturing (AM) had a significant influence on the geometry design of products. It became possible to replace
the full solid material with cellular structures for the optimal design of AM parts. Various types of cellular structures have
been developed and studied for different purposes. However, many studies have focused on an optimal design using
cellular structures having near-isotropic properties, such as cube or honeycomb structures. This paper presents the effect of
the anisotropic material property on the optimal design by generating cellular structure with anisotropic material property
induced by internal void geometry. Kriging metamodel-based material property model is proposed for modeling anisotropy
induced by the rotation of internal void. This material model is then applied to the optimal design process. Three types of
void geometry, circular, non-rotating, and rotating elliptical void, are considered to demonstrate the effect of anisotropic
cellular structure on the optimal design. Due to the anisotropy induced by complex internal void geometry, Kriging
metamodel-based material property models are utilized as the material property model. The effect of the anisotropic
property and the material property model on the optimized structures is confirmed through two numerical examples in the
perspectives of structure performance and density distribution.
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NOMENCLATURE e = Element Index
x = Design Variables in Vector Foam
a and b = Length of Axis of an Elliptical Void Y = Predicted Value of Kriging Metamodel
6 = Rotation Angle of an Elliptical Void ¢ = Total Compliance of Structure
B = Strain-Displacement Matrix K = Stiffness Matrix of Elements
= Identification Matrix U = Displacement Matrix of Elements
o = Stress Vector N = Total Number of Elements
& = Strain Vector V = Total Volume of Elements
C = Stiffness Matrix v = Volume of Elements
C" = Effective Elastic Matrix v = Volume Constraint
Coiy=Material Property Model based on Polynomial Regression
Model
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Table 1 Effective elastic matrix of a unit cellular cell with rotations
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o . Effective elastic matrix
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Fig. 4 Comparison of the predicted elastic properties of Kriging-based (Black) and polynomial-based (Red) material property model and the
homogenization results (Blue) according to & when a and b equal to 0.4 and 0.8, respectively
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Fig. 5 Boundary conditions of two numerical tests
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Table 3 Constraints of variables
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Table 4 Structural compliance of the optimal design with respect to two material property models and three different cellular types

Total compliance of optimal design

Numerical test and

Polynomial-based material property model

Kriging-based material property model

voud e Model-based = Homogenization-based Diff. [%] Model-based Homogenization-based Diff. [%]
Three points Circle 6143.6 6155.4 0.19 6071.7 6080.7 0.15
bending Ellipse 6134.0 6102.7 0.51 5878.7 5900.3 0.37
beam Rotating ellipse 4829.9 6498.3 25.67 5700.8 5729.0 0.49
Circle 28043.2 28072.9 0.11 27655.8 27796.2 0.51
Cal;‘gz’er Ellipse 28599.2 28532.2 0.23 26729.4 26741.4 0.04
Rotating ellipse 21641.5 28140.5 23.09 26418.4 26458.4 0.15
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Table 5 Topology optimization results of two numerical tests

Optimized cellular structures with different void shapes

Numerical test

Circle Ellipse Rotating ellipse
XXX XX XX XXX
)OO ¢ XX iXXX
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bending beam
> © ¢ XK
XXX X XXX LX XXX XXX
POOOO XXX ) 00000 ¢ XXX

Cantilever beam

300

I Circle
[ Elipse
[ IRotating ellipse | -

Number of elements
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Relative density interval

(a) Three points bending beam

I Circle
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Relative density interval

(b) Cantilever beam

Fig. 6 Relative density histograms of optimized structures with three
different cellular shapes
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