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Introduction

Distance between two point Euclidean distance in a mould geometry is a common technique used
in LCM processes in the design and manufacturing phases.

In the design phase, this distance is used to compute the optimal vent and gate location for RTM,
see [1], and for resin infusion processes, see [2],[3],[4]. Moreover, the it is also used in the design
process as a process performance index where the optimal flow front for each time instant is defined
as vent oriented, that is, if the distance between each flow front point and the vent is the same, see [5].

In the manufacturing phase, this distance is commonly used as an on-line control strategy. For

instance, in [6], the optimal vent point is selected between a predefined set of vent points using a vent
oriented flow criteria. In [7], a square mould with an outlet located in the square centre and one inlet in
each corner is proposed for the on-line control. The shortest flow front distance for each mould size to
the outlet is used to control the flow rate of the inlets.
The main drawback using distance is the computational costs. When the mould geometry is restricted
to 2D moulds without holes or obstacles, Euclidean distance could be used but, when the mould has
holes or obstacles and/or the mould is 2.5D, a geodesic distance is required. LCM researchers tend to
avoid the geodesic distance computation, as it is not a cost-effective solution in comparison to FEM
simulation. However, real world geometries are, in most of the cases, 2.5D with holes and obstacles.

The exact and fast computation of Geodesic distance is a current topic for research. For instance,
in [8], the geodesic distances of Michelangelo’s David, composed by 400 K FE, would be computed in
75.13 s, using a 1.6 GHz Pentium M. Recently, in [9], a new approach to compute geodesic distance is
proposed. This method uses the heat flow equation to compute it. In [9], the geodesic distances for a
lion with 353K FE, would be computed in 5.49 s, on a 2.4 GHz Intel Core 2 Duo. Also in [9]
compares heat method with fast marching method. As a result, heat method is twice fast.

PGD for Geodesic distance computation

The use of the heat flow equation to compute geodesic distances, allow us to introduce PGD (Proper
Generalized Decomposition) framework. In the PGD framework, the resulting model is solved once in
life in order to obtain a set that includes all the solutions for every possible value of the parameters,
that is, a sort of computational vademecum, [10]. Consider the solution of the Poisson equation

Au(x,y) = f(x,y) 1)

In the case proposed here, we need to assume that a constant source term f in the equation (1) is in
really a non-uniform source term f(Qy, s, Qr) Where Oy = Q, X Qy, Qg = Q. X Qg, Q7 = Q. X Q.
In this definition, the inlet point S and the outlet point T are defined a Gaussian model with variance
and mean S = (r,s), T = (r,t), where r is the variance and s,t are the median value located in an
specified point X = (x, y) in each separated space Qg, Q. The PGD-Vademecum to construct is;
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where R;(X), W;(S), K;(T) are the matrices for each separated space and N is the number of PGD
terms. Each PGD component is computed by a fixed-point iteration technique as;

u™(X,8,T) = u*(X,5,T) + Ry (X) - W (S) - K7 (T) 3)

For instance, if we compute the PGD-Vademecum for a square mould with an obstacle in the middle
and 50x50 nodes, the residual error that approximates the Poison equation for all inlet and outlet
combination is depicted in Figure 1.
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Figure 1: Residual error.

Conclusions
The present paper shows, for the first time how to compute geodesics in real-time. It could be used in
LCM processes for optimization and control in 2.5D moulds and 2D moulds with obstacles.
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