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The paper proposes a simple analytical model for calculation of permeability of preforms, consisting 
of fibrous layers with "channels" or "gaps" in them. This geometry is characteristic for non-crimp 
fabrics (NCF), where the channels are created by fibres distortions, caused by the stitching, and for 
dry tape laying (DTL) preforms, where the gaps can be caused by not-that-precise tape placement or 
created artificially to enhance the preform permeability. The model is applied to these two types of 
preforms and is validated against experimental data.  

1 Introduction 
The idea of representation of the pores in textile laminates as a system of straight channels, which 
allows easy calculation of its permeability has been exploited for a decade now [1-4]. In a recent 
paper [5] the formulae for channel permeability are revisited and consistent formulae for intra- and 
inter-bundle permeability are derived. These formulae are summarised in Table 1. The present paper 
investigates the application of these formulae to non-crimp fabrics (NCF) and dry tape laying (DTL) 
preforms. 

Table 1 Intra- and inter-bundle permeability [5] 

Permeability of a bundle Permeability of a channel 
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w, h – channel width and height 

The permeability of a ply in the fibre direction is calculated as a weighted (by the bundle and gap 
wodth) sum of the bundle and channels (gaps) permeability, and the permeability of a laminate – a 
weighted (by the ply thickness) sum of plies permeability, with the tensors rotated to the global 
coordinate system. 

2 NCF 
NCF is a laminate of fibrous plies, with unidirectional arrangement of the fibres distorted by the 
stitching yarn. The parameters of the modelled fabric, as modelled by WiseTex [6, 7] are shown in 
Figure 1a. The results of the modelling of permeability in comparison with the permeability data for 
different NCFs, collected in [3] are shown in Figure 1b. 

 
 
Figure 1 Parameters of the modelled NCF (WiseTex model, a) and results of the permeability calculation (b) 

The channel model well represents the trend of the permeability for the bulk of the data. In 
analysing the results in Figure 2b one has to take into account that the experiments shown were not 
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done in accordance with the results of the benchmark exercise and hence the outliers should be 
most probably discarded. 

3 DTL 
For DTL laminates the gaps in the layers can be partially closed by bending of the overlying layers [8]. 

Figure 2a shows the scheme for the gap closing. To calculate bending  a simple model of bending of 
the upper layer of the width w over a gap with the width wg at the applied pressure p is used (see 
notations in Figure 2a): 
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where B is the bending stiffness of a bundle of Nf fibres with diameter df and Young modulus Ef. 
Calculations with formulae of Table 1 for experimental data in [9] for permeability of DTL preforms 
are shown in Figure 2b.  The prediction error lies within two times overestimation of the 
permeability 

 
Figure 2 A scheme for calculation of the gap closing (a) and the calculation results (b) 

4 Conclusion 
The channel permeability model for NCF and DTL preforms gives rough estimation of permeability 
which can be used for preliminary parametric studies. 

5 Acknowledgement 
The work reported here combines results of research funded by EC FP7 projects HIVOCOMP, CANAL 
and by Skoltech under MRA-335 with KU Leuven. 

 
1. Nordlund, A., T.S. Lundstrom, V. Frishfelds, and A. Jakovics, Permeability network model for non-crimp 
fabrics. Composites Part a-Applied Science and Manufacturing, 2006. 37(6):  826-835. 
2. Nordlund, M. and T.S. Lundstrom, Numerical study of the local permeability of noncrimp fabrics. 
Journal of Composite Materials, 2005. 39(10):  929-947. 
3. Loendersloot, R., Permeability of non-crimp fabric preforms, in Non-crimp fabric composites: 
manufacturing, properties and applications, S.V. Lomov, Editor. 2011, Woodhead Publishing: Oxford. 166-215. 
4. Laine, B., G. Hivet, P. Boisse, F. Boust, and S.V. Lomov, Permeability of the woven fabrics: a parametric 
study, in Procedings of the 8th ESAFORM Conference on Material Forming. 2005: Cluj-Napoca. 995-998. 
5. Endruweit, A., X. Zeng, and A.C. Long, Multiscale modeling of combined deterministic and stochastic 
fabric non-uniformity for realistic resin injection simulation. Advanced Manufacturing: Polymer & Composites 
Science, 2014. 1:  3-15  
6. Lomov, S.V., E.B. Belov, T. Bischoff, S.B. Ghosh, T. Truong Chi, and I. Verpoest, Carbon composites 
based on multiaxial multiply stitched preforms. Part 1: Geometry of the preform. Composites part A, 2002. 
33(9):  1171-1183. 
7. Lomov, S.V., ed. Non-crimp fabric composites: manufacturing, properties and applications. 2011, 
Woodhead Publisher Ltd: Cambridge. 
8. Li, X., S.R. Hallett, and M. Wisnom, Modelling the effect of Gaps and Overlaps in Automated Fibre 
Placement (AFP) manufactured laminates. Science and Engineering of Composite Materials 2015. 22:  115-129. 
9. Belhaj, M., M. Deleglise, S. Comas-Cardona, H. Demouveau, C. Binetruy, C. Duval, and P. Figueiredo, 
Dry fiber automated placement of carbon fibrous preforms. Composites Part B-Engineering, 2013. 50:  107-111  

a b 


