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Development of RVE Reconstruction Algorithm for SMC
Multiscale Modeling

ABSTRACT: This paper presents a novel algorithm to reconstruct meso-scale representative volume elements (RVE),
referring to experimentally observed features of Sheet Molding Compound (SMC) composites. Predicting anisotropic
mechanical properties of SMC composites is challenging in the multiscale virtual test using finite element (FE)
models. To this end, an SMC RVE modeler consisting of a series of image processing techniques, the novel
reconstruction algorithm, and a FE mesh generator for the SMC composites are developed. First, micro-CT image
processing is conducted to estimate probabilistic distributions of two critical features, such as fiber chip orientation
and distribution that are highly related to mechanical performance. Second, a reconstruction algorithm for 3D fiber
chip packing is developed in consideration of the overlapping effect between fiber chips. Third, the macro-scale
behavior of the SMC is predicted by the multiscale analysis.
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Fig. 1. Micro-CT image of SMC composites
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Fig. 2. Image gradient method with preprocessing
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Fig. 3. Calculation for the fiber volume fraction of pu-CT image
using random sampling point
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Table 1. Input list of SMC reconstruction algorithm

Description Parameter
Plate size Ly
Number of the plates 1p
Fiber chip width We
Fiber chip length L
Fiber chip volume fraction Vi
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1) Condition #1: maximum overlapping
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2)C 'anﬂi[l_a_n__ﬁl: check local target volume fraction

Estimation of
local volume fraction

In-plane view Cross-sectional view

Before overlap-sinking After overlap-sinking

Fig. 6. Chip packing and deformation

Fig. 7. Flowchart of SMC reconstruction algorithm
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Table 2. Input data of SMC reconstruction algorithm (unit: mm)

Description Parameter
Plate size 300
Number of the plates 3
Fiber chip width 25
Fiber chip length 10
Fiber chip volume fraction 0.55
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Fig. 8. Results of SMC reconstruction model
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Stack of images

SMC meso-scale RVE model 1.ocal orlentation of fiber chip

Fig. 9. FEA models of a SMC reconstruction and the geometry
of meshed fiber chip
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Fig. 10. Configuration of SMC tensile specimens
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Fig. 11. Experiment’s setting and stress-strain curve
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Table 3. Material properties for micro-scale RVE[6]

Constants Carbon fiber Resin
(T700) (Vinyl ester)
Volume fraction 0.5 0.5
E, (GPa) 245 3.48
E, (GPa) 19.8 -
G,, (GPa) 29.19 -
v 0.28 0.34
Ve 0.25

Fig. 12. Micro-scale RVE model for fiber chip
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Table 4. Material properties for meso-scale SMC RVE

Constants Fiber chip Resin (Vinyl ester)
E, (GPa) 129.73 348
E, (GPa) 11.43 -
G,, (GPa) 6.4 -
v, 0.29 0.34
Ve 0.27 -
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; 1w
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Fig. 13. Location of specimens in SMC plate and comparison
between elastic modulus in simulation and experiment
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