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Paper

Comparative Analysis and Factor Investigation of Multi-scale
Homogenization Models for Effective Properties of
Unidirectional Composites

Junbeom Bang*, Myungjun Kim*"

ABSTRACT: The effective properties of composites are strongly governed by the microstructural factors such as fiber
and matrix properties, fiber volume fraction, and fiber arrangement. In this study, multi-scale homogenization is
applied to unidirectional composites to predict effective properties using analytical models and RVE-based finite
element analysis, and the predictive accuracy of each method is compared. Pearson correlation analysis is conducted
to evaluate the sensitivity of constituent properties on the composite response, and local stress distributions are
examined to identify the characteristics and limitations of each model. These findings provide a basis for selecting
appropriate property prediction methods in composite structural design.
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Fig. 1. Multi-scale representation of composites structures
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Fig. 2. RVE models with different fiber arrangements
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Table 1. Periodic boundary conditions

PBCI11 11=0.001, €, = €, =0
(longitudinal direction) Y =Y3=Y13=0
g 12= Y23 = Y13
PBC22 €, =0.001,€,=¢;=0
(transverse direction) Yi2=Y23=Y13=0
PBC33 €,;,=0.001,¢,=¢,,=0
(transverse direction) Yi2=Y23=Y13=0
PBC12 Y, = 0.001, v, =7v,3 =
(in-plane shear) €,=6,=€3=0
PBC23 Y23 =0.001, 7, =3 =
(out-of-plane shear) €,=6,=€3=0
PBC13 Y13=0.001,Y,, =v,;=0
(out-of-plane shear) €,=6,=€3=0

(PBC1Y) (PBC22) (PBC33)

A

Fig. 4. RVE models with applied periodic boundary conditions
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Table 2. Material Properties

E E G
M t . 1 11 22 12
ateria [GPa] | [GPa] | [GPa] | '©
IM7 (Fiber) | 303 | 152 | 9.65 | 0.20
MAT#1 CERP ( )
(14] K3B (Matrix) | 3.31 | 3.31 | 1.23 | 0.34
MAT#2 GERP E-glass (Fiber)| 74 74 30.8 | 0.20
[15] Dy063 (Matrix)| 3.35 | 3.35 | 1.24 | 0.35
# Boron (Fiber 379 379 172 | 0.10
MAT#3 MMC ( )
(16] Al (Matrix) | 68.3 | 683 | 26.3 | 0.31
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Fig. 8. Linear correlation analysis between constituent properties and effective properties of unidirectional composites
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