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Introduction

The characteristic stage of Liquid Composite Molding (LCM) technologies, such as Resin
Transfer Molding (RTM) and its variants, is represented by the resin injection or infusion
into a cavity with a fibrous preform. The resin flow is governed by process conditions, mold
geometry and material properties [1, 2]. Concerning the latter, a key influencing parameter is
the textile permeability. Accurate permeability characterization allows trustworthy
prediction of cavity filling times and simulation of flow patterns, which can improve LCM
process design and reduce development times [1, 3].

Textile permeability is generally a direction-dependent property and varies strongly with the
fiber volume content (FVC). Permeability characterization has been a matter of intensive
research in the last decades and several approaches have been outlined [4]. They can be
classified according to the type of flow established through the fibrous preform: fully
saturated or partially saturated (commonly referred to as unsaturated). A further
classification stems from the test direction; for example, it is usual to distinguish between
radial and unidirectional experiments in case of in-plane permeability measurements.
Although a standard procedure is still missing to date, recent efforts by the scientific
community have led to agreed guidelines for unidirectional unsaturated permeability
measurements, used in an international benchmark exercise [3]. The majority of the
procedures proposed for permeability measurements rely on experiments performed at a
given FVC. Since a minimum of three experiments in each direction at each FVC is
recommended, numerous material samples and time-consuming tests are typically needed
for a full characterization.

The present work investigates a novel method for unsaturated permeability characterization
as a function of FVC in a single test. This method, which relies on a simple experimental set-
up with only two sensors, allows improving the measurement efficiency and reducing
efforts, times and costs of a complete permeability characterization.

Methodology

The methodology is based on a single unidirectional experiment, in which a preform with
different FVC sections is impregnated. The experiment can be carried out in the same
experimental set-up described in the benchmark exercise [3], with the simple addition of a
second pressure transducer embedded in the mold. An algorithm was developed to
elaborate the pressure data from the inlet sensor and the cavity sensor, in order to



reconstruct the textile permeability distribution in real time during the impregnation.
Therefore, the evaluation time after the test to extract full permeability curves is virtually
equal to zero. Another major advantage of this approach is that the permeability can be
assessed in conditions similar to the real industrial environment (e.g., elevated injection
pressures, flow rates and fiber volume contents), because no visual flow-front observations
are required and, thus, a rigid metal mold can be used. Furthermore, the methodology is
independent from the adopted injection technique (i.e.,, constant flow rate or constant
injection pressure) and from any information regarding the spatial variation of FVC. It is
applicable also in case of continuous changes of fiber volume content along the preform.

Experimental results

The methodology has been validated through series of tests with random mat and woven
fabrics. Preforms with three sections of different FVC were impregnated and the
permeability of the various sections determined. An example of the resulting permeability
distribution is depicted in Figure 1. The obtained results were consistent with permeability
values calculated following the guidelines for the benchmark exercise [3], indicating that
accurate permeability characterization can be achieved for both kinds of textiles.
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Figure 1: Permeability reconstruction during the impregnation of a random fiber mat preform with three FVC sections.
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