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A CT-Informed Multiscale Material Characterization for C/C
Composites with Chaos Firefly Algorithm

Ji-Hoon Kang*, Gun Jin Yun*****'

ABSTRACT: A CT-informed multiscale material characterization framework is proposed to identify the effective
mechanical properties of carbon/carbon (C/C) composites used as thermal protection systems (TPS) for reusable
launch vehicles. C/C composites exhibit highly heterogeneous and multi-scale microstructures — tow architecture,
carbon matrix, and a wide pore distribution — so that single-scale analysis cannot accurately describe their effective
properties across length scales. To address this, three-dimensional digital microstructures of C/C composites are
reconstructed from high- and low-resolution micro-CT images, and microscale and mesoscale representative volume
elements (RVEs) are constructed accordingly. Computational homogenization is performed at the microscale to obtain
the effective properties of fiber tows, which are subsequently transferred to the mesoscale RVE consisting of tow,
matrix, and voids. The homogenized mesoscale properties are finally used as the macroscale specimen-level material
input. A chaotic firefly algorithm (CFA) based inverse characterization scheme is integrated into the framework to
identify constituent properties that cannot be obtained from direct bulk experiments. The proposed framework
provides a CT-informed multiscale characterization route that delivers consistent effective mechanical properties of C/C
composites from microstructure to specimen scale, providing a basis for future thermo-mechanical and ablation analyses.
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Fig. 1. 2D Woven C/C Composite Specimen

Table 1. Material Properties of T300 Carbon fiber [19]

Fiber T300 T700
Density 1.76 g/cm® 1.80 g/cm’
Tensile Strength 3.53 GPa 4.9 GPa
Young’s Modulus 230 GPa 230 GPa
Fiber Diameter 7 um 7 um

A ) ? 1 e i )
(b) High-magnification CT

(a) Low-magnification CT

Fig. 2. CT image of C/C composite

Table 2. Volume fractions of constituents quantified from micro-
and meso-scale CT images

Scale Fiber [%] Tow [%] Matrix [%] Void [%]
Micro 52.4 - 34.2 134
Meso - 64.7 27.1 8.2
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Fig. 3. Micro/Meso RVE

Table 3. Specifications of the microscale and mesoscale RVEs

Micro RVE Meso RVE
Domain size 30x30x30 um 21.25x12x2.42 mm
Element size | 1x1x1 (uniform level) |~0.52 (avg. edge length)
Mesh type Hex voxel Tetra
Element type C3D8 C3D4
# Nodes 29791 13903
# Elements 27000 71695
# DOF 89373 41709
Constituents Fiber/Matrix/Void Tow/Matrix/Void
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Table 4. Search bounds of identified matrix parameters

Min Max
E, 45000 MPa 80000 MPa
- 0 0.45
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Table 5. Hyperparameters of the chaotic firefly algorithm

Population size N 20
Maximum number of generations G,,,, 50
Total number of objective function
; 1000
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Final randomization parameter o 1.0x10°¢
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Fig. 5. Flowchart of the proposed CT-informed multiscale
framework
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Table 6. Material Properties of C/C composite at 300K

E,, [GPa] E,, [GPa] E,; [GPa] n, Ny, ny, G,, [GPa] G,; [GPa] G;, [GPa]
Fiber 230 18 18 0.2 0.49 0.2 8.7 5.8 8.7
Tow 174.9 56.49 59.78 0.131 0.127 0.308 30.35 32 22.47
Matrix 67.56 67.56 67.56 0.1693 | 0.1693 | 0.1693 28.89 28.89 28.89
Macro 110.35 117.12 77.44 0.078 0.184 0.17 37.93 32.75 33.40
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