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Abstract: In order to address the problem of complex structures such as random fiber layers in
needled composites that make it difficult to assign periodic meshes, a periodic boundary condition
imposition method for non-periodic meshes was developed based on the local radial point interpolation
model (LRPIM). First, X-ray tomography tests were carried out to analyze the material microstructure,
from which three typical characteristic structures of un-needling region, needling bypass region and
needling through region were extracted. Subsequently, considering the complex composition of needled

composites, a hierarchical modeling method based on multiple feature structures was proposed to
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decompose the complex microscopic feature structures into single material phases for refinement modeling,

and homogenization by level was achieved to obtain the material ’s elastic properties. Finally, the

mechanical properties tests of the needled composites were carried out. The results showed that the

prediction errors of the x-direction tensile modulus and in-plane shear modulus were 1.5% and 6.4%,

respectively, which verified the accuracy of the proposed modeling approach.

Keywords: C/C-SiC composite; needled composite; microstructure; hierarchical modeling;

periodic boundary conditions; elastic properties
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Fig. 3 Typical microstructures of needled composites
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Fig. 4 Hierarchically modeling and equivalent process
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Table 3 Prediction of equivalent elastic properties

fEiy E/GPa E/GPa E./GPa U, v, Uy G,/GPa G./GPa G,./GPa
AeEH- T LA 81.45 21.69 21.69 0.231 0.231 0.268 13.06 13.06 5.54
AEE- 9 iR 20.59 20.37 19.65 0.215 0.221 0.216 7.96 7.52 6.85
ARl X 3 59.93 59.90 20.02 0.230 0.251 0.255 14.27 11.01 10.95
gt - T A 78.36 33.76 37.67 0.223 0.231 0.251 15.59 15.44 7.89
EFRISEE - P AG 18.64 18.61 22.87 0.254 0.220 0.219 7.07 745 6.89
Gt i 53.24 53.01 25.65 0.232 0.226 0.240 14.94 15.34 7.66
BT ZF 1 A5 A 42.82 4278 28.11 0.198 0.180 0.182 12.40 12.74 12.75
TR 53.15 58.15 24.59 0.117 0.090 0.116 13.27 10.21 10.30
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