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Multi-scale Process-structural Analysis Considering the Stochastic
Distribution of Material Properties in the Microstructure

Kyung Suk Jang*, Tae Ri Kim*, Jeong Hwan Kim*, Gun Jin Yun**"

ABSTRACT: This paper proposes a multiscale process-structural analysis methodology and applies to a battery
housing part made of the short fiber-reinforced and fabric-reinforced composite layers. In particular, uncertainties of
the material properties within the microscale representative volume element (RVE) were considered. The random
spatial distribution of matrix properties in the microscale RVE was realized by the Karhunen-Loeve Expansion (KLE)
method. Then, effective properties of the RVE reflecting on spatially varying matrix properties were obtained by the
computational homogenization and mapped to a macroscale FE (finite element) model. Morever, through the hybrid
process simulation, a FE (finite element) model mapping residual stress and fiber orientation from compression
molding simulation is combined with one mapping fiber orientation from the draping process simulation. The
proposed method is expected to rigorously evaluate the design requirements of the battery housing part and
composite materials having various material configurations.
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Fig. 1. Composite lay-up configuration of the battery housing
structure
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, I
a) (240x240x80)[um]

L
b) (400x400x120)[um]
Fig. 2. Microstructure models and domain sizes; a) the short

fiber-reinforced composite layer, b) the fabric-reinforced
composite layer

Table 1. Mechanical properties for the short fiber-reinforced
composite layer

Constituents E [GPa] v 1)

E-Glass fiber 72.30 0.220 0.275

C-Glass fiber 68.90 0.220 0.275
Matrix (Polypropylene) | 1.95122 0.2 0.45

Table 2. Mechanical properties for the fabric-reinforced composite

layer
Constituents E [GPa] v [
Carbon fiber 640.00 0.270 0.55
Matrix (Polypropylene) | 1.95122 0.2 0.45
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Table 3. Statistical parameters for fabric-reinforced composite
layer (unit of E: GPa)

7, C.O.V. L, [pm] L, (um] | L, [pum]
E 1.9512 0.105 39.52 33.43 22.29
0.4 0.015 105.17 92.38 42.23

Table 4. Statistical parameters for short fiber-reinforced composite
layer (unit of E: GPa)

7 C.O.V. L, [pm] L, [um] | L, [um]
E 1.9512 0.105 0.285 0.134 0.182
0.4 0.035 2.070 1.080 2.200
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E distribution nu distribution

o vl

Fig. 3. Matrix distribution for fabric reinforced composite layer
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Fig. 6. Data mapping of results of compression molding for
short fiber reinforced composite layer; a) fiber orienta-
tion and b) residual stress
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Fig. 9. Finite element modeling reflecting composite lay-up
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