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Prediction on permeability of 2.5D fabric using multi-scale simulation technology
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(1. Nanjing Fiberglass R&D Institute Co.,Ltd.,Nanjing 210012, China;
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Abstract : Current methods of predicting the permeability of a three-dimensional fabric cannot completely consider internal
complex micro structure and fluid dynamic behaviors in a three-dimensional fabric, not being able to realize a multi-scale analysis
from micro to macro. A new multi-scale numerical model that can comprehensively analyze the permeability process of a three-
dimensional fabric from fibre bundle to unit cell and to flat fabric was proposed and then the effect mechanisms of the internal micro
constructure of a three-dimensional fabric on permeability performance was disclosed. By the transferring of each direction permea-

bilities of K_, K

xx o Py

»» K. from fibre bundle to unit cell and to flat fabric, the model realizes the three-scale transmissions of data and
simulation from fibre bundle to unit cell and to flat fabric was achieved. At the same time, the correction factor of permeability was
provided by comparing the experimental values and the calculated values of model, furtherly improving the prediction accuracy of
the model. Based on this model, the study of influencing principles of constructure parameters of fabric on permeability was carried
out. It is found that increasing the numbers of strands and densities of warp and weft all can increase the volume fraction of fabric.
The permeability in the direction of weft is always the highest and that in the direction of warp is always the lowest. The increases of
the densities of warp and weft cause the declines of permeabilities in the directions of warp, weft and unit cell thickness, the increase
of the number of strands of weft results in the increase of permeability in the direction of weft and the drop of permeability in the
direction of warp, and the increase of the numbers of strands of warp results in the increase of permeability in the direction of warp
and the drop of permeability in the direction of weft.
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Fig. 1 Schematic diagram of multi-scale model calculation
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Tab.1 Simulation conditions of fabric bundle permeability

Volume

Number Diameter . K K,

fraction 1 2
10 dl x%
25 d2 x%
50 d3 x%
100 d4 x%
d x%

n dn x% K predicted value K, predicted value
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Fig. 2 Calculation of anisotropic permeability of fabric using unit cell
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Tab.2 Structure information of 2.5D bundle edge (shallow cross straight-interlacing) fabric

Warp density/ Weft density/ Molding Fibre volume
No (Ends+cm ™) Strand number (Picks-cm ") Strand number thickness/mm fraction/%
HS5 6 2 3 0.35 50.0
®3 EXMKSH 12
—e— Semi-major axis
Tab.3 Basic test parameters 10~ —e— Semi-minor axis
=
Item number 2 8
S gt
Fabric porosity/% 50.0 b=
Resin viscosity/(mPa-s) 550 §~ 6
Radius of inject glue entrance/mm 4.5 é 41
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Fig. 9 Resin flow situation on surface structure of H5 fabric
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Tab. 4 Permeabilities of fabric

0 50

Item 2.5D shallow cross straight-interlacing(H5)
K /m® 2.21x107"°
K, /m’ 2.36x107"
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straight-interlacing structure
x5 BEXRFEER

Tab.5 Simulated results of permeabilities

Item 2.5D shallow cross straight-interlacing(HS5)
K /m’ 2.73x107"
K /m’ 2.87x10"
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Tab. 6 Comparison between simulation and experiment results of

permeabilities of shallow cross straight-interlacing HS fabric

Simulated Experimental Correction
It K*/K
em value K/m? value K*/m* coefficient C
K, 2.73x107°  2.21x107"° 0.809 0.815
K 2.87x107" 2.36x107" 0.821 ‘
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Fig. 12 Permeabilities in all directions and volume fraction of 2.5 D

unit cell with 7-9/cm densities of weft
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