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In aeronautics and competitive sports fiber-reinforced plastics are used since decades to 
design parts of superior strength, stiffness and durability compared to conventional metal-
based layouts at substantially reduced part weights. The fabrication of such parts is 
accomplished either by handcrafting or by processes involving numerous stages, which results
in very long cycle times per part. In order to explore the benefits of these advanced materials 
in the automotive industry, manufacturing technologies suitable for mass production need to 
be established and constantly refined. When aiming at mass production, the resin-transfer-
molding method (RTM) is a promising option. With this method dry fiber materials are placed
within a rigid mold. By closing the mold the originally more or less plain fabrics are deformed
into the final shape of the part. After closure resin is injected through ports and wets the fiber 
material. After a curing period the part has reached its final strength and can be removed from
the mold.

Besides the draping of the fiber materials during closure of the mold, the resin injection stage 
is crucial for a high part quality. The resin injection stage can also be optimized in order to 
reduce the overall cycle time and enhance productivity. Numerical simulations of resin flow 
within the mold reveal valuable information, e.g. on the total time needed for fully filling the 
mold, whether there are areas of the part remaining non-wetted, and also whether fiber 
displacements occur, e.g. due to excessive flow shear or large pressure differences at resin 
flow fronts.

To be able to investigate the resin injection into parts like car roofs or engine hoods by 
numerical simulation, the materials can not be discretized at the fiber level, but suitable 
models for its heterogeneous properties have to be employed. Therefore, the fiber lay-up is 
modeled as a porous media possessing a spatially inhomogeneous distribution of porosity and 
orthotropic permeabilities. By using this material model in combination with Darcys law for 
flows through porous media, injection simulations also of large parts can be performed with 
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reasonable efficiency. However, a prerequisite to using this material model is the knowledge 
of the permeabilities of the specific fabric under consideration. In general, the permeability of 
a fabric depends on the direction of the flow relative to fiber orientation, and also on the level 
of strain, e.g. due to draping a plain woven fabric into a mold of complex shape. To obtain 
permeability tensors, detailed simulations of the resin flow through a unit-cell being 
characteristic for the layout of the fabric are conducted. In these investigations the rovings of 
the fabric, as well as cavities and sewing threads are discretized. Yet, for the internal roving 
flow the model of a porous media for unidirectional yarn-bundles is employed, rather than 
discretizing each individual filament.

Hence we investigate the resin injection for RTM processes employing a two-step procedure:

1. Generation of a database of permeabilities for different fabrics at different states of 
strain by simulations of flows through fabrics at a 'meso'-scale, which features an 
increased level of fabric detailing.

2. Simulation of the resin injection process for the technical component of interest, where
the fabric lay-up is modeled by a porous medium exhibiting spatially varying 
porosities and permeability tensors.

We will present details on the numerical methods and setups employed for the 'meso'-scale 
simulations of unit-cells of fabrics, as well as for the investigations of injection processes of 
technical components on a 'macro'-scale. The results obtained so far show, that permeability 
tensors can be determined with sufficient accuracy compared to the few available semi-
empirical models. Also preliminary injection simulations of generic parts having dimensions 
as found in the automotive industry confirmed the expected potential of the method for 
optimizing the RTM manufacturing process.


