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Abstract

he aim of this studly is to investigate the influence of some important parameters in composite forming

T using a hybrid discrete hypoelastic computational model developed for simulation of the deformation

behaviour of fibres materials. This model is based on elementary cell of shell or membrane type

reinforced by nonlinear connectors. Moreover, it can follow the rotation of the fiber during the forming process.

The constitutive model has been implemented in a commercial FE code (Abaqus Explicit) via a user material

subroutine VUMAT. It has been shown that the forming simulation is affected by the process parameters like the
binder force, the coefficient of friction and forming speed on the shear angle distribution.
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1. Introduction

The shaping processes of composite materials of woven reinforcement are numerous and varied. Among these,
LCM processes (Liquid Composite Molding) allow to shape composite parts with woven reinforcements and
polymer matrix [1]. This family is dissociated from other processes, the most used are the RTM (Resin Transfer
Molding) and the Vacuum Infusion Process [2]. The RTM process has three phases. A first preform step comprises
shaping the reinforcement. The shaping of the material can be done in one-step or in several steps up to constitute
the complete architecture of the product. Moreover, the preform undergoes a compacting pressure to obtain the
desired reinforcement volume ratio. In order to avoid wrinkling during stamping, side clamps can be used by
adding a slight tension in the locks. The second step is the injection of resin into the fibrous medium. Finally, after
polymerization of the resin (crosslinking or baking), the piece is removed from the mold. The development of LCM
processes requires a large number of design variables to improve the performance of these processes, such as
mold temperature, inlet pressure, reinforcement deformation, injection point positions. The simulation of the first
performing step is necessary to determine the feasibility of the forming process and the fiber orientations in the
final composite component. In this context, two different approaches are being used for performing simulation of
woven: the geometric and the mechanical approach. The first is based on the kinematic models and considers the
yarns to be pinned together at the crossover points of the weave. The second concerns mechanical approaches
which are classified into three broad categories: continuous, discrete and semi-discreet. The continuous approach
considers the reinforcement as a continuous solid on the macroscopic scale. It takes into account the homogenized
global behavior of the reinforcement. The discrete approach represents the reinforcement as an elementary
physical cell, which uses structural finite elements like truss, beams, membranes or shell. This approach is modeled
at the mesoscopic scale [3]. The semi-discrete approach is an intermediate way between continuous and discrete
methods. The approach used in the present work is based on a hybrid discrete approach. The advantage of this
approach is to justify some global behavior of fabric from its internal structure. This model has been developed to



simulate the stamping of woven fabric and to predict yarn orientation of deformed shape. Here, to analysis the
influence of process parameters on the shear angle distribution.

2. Hybrid discrete approach

The hybrid discrete hypo-elastic model description of the fabric is built using a mesh of connectors’ elements and
shell elements of unit cell of the fabric (figure 1). The behaviour of the shell element is hypo-elastic, and then in
which the four vertices are connected by non-linear. The nonlinear connectors control the tensile stiffness in the
fabric especially at the being of tensile tests, and naturally capture the anisotropy evolution of the textile media
during deformations. The shell element control the in-plane shear stiffness and manages the contact phenomenon.
The linear elements do not necessarily to materialize the structure of the single locks, but a rigidity equivalent of
a set of locks. The Shell element behaviour is identified using a bias extension test and an inverse optimization
method. The stiffness of connector behaviour (Fc=K (uc)), is identified by a polynomial equation fitted using the
uniaxial tensile test.
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Figure 1: Hybrid discrete finite element modelling approach: Unit cell of the fabric

3. Parametric sensitivity study: Results and discussion

The used stamping set-up is consistent with those presented in [4]. The punch has a hemispherical head with a
radius of 50 mm. The die cavities have spherical radius of 6 mm each, and it has a hole diameter of 55.4 mm which
allow a gap between punch and die of 2.7 mm. The square composite blank has a dimension of 260 mm X 260 mm
and a thickness of 0.62 mm. The binder, die and punch are represented by analytical rigid bodies with respective
reference nodes allowing to define boundary and loading conditions. The reinforcement is modeled as four node
shell elements S4R (figure 2). Figure 3 shows examples of results for the influence of the variation of the
parameters on the distribution of the shear angles. For the Binder force, these variations are more visible in the
transition zone. As a result, the maximum shear angle decreases as the blank greenhouse forces increases.
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Figure 2: Hemispherical stamping simulation of Hybrid discrete finite element
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Figure 3: Evolution, along the edge, of shear angle computed with several forming parameters of model

4. Conclusions

The computational model used in this numerical sensitivity study exploits a hybrid discrete approach for forming
of woven composite based on the hypoelastic behaviour of the shell element. This model is implemented in a
commercial FE code (ABAQUS/Explicit) via a user material subroutine VUMAT. The effect of the sensitivity of the
shear angle to the process parameters (blank holder, punch velocity and the coefficient of friction) has also been,
studied. This parametric study gives results in good agreement with the literature [4].
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