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Abstract. The extensive use of composite materials in automotive structural components with high mechanical 

requirements is today limited by production rates amongst others. The compressive resin transfer molding process 

could overcome this limitation enabling car manufacturers to reduce the cycle time of composite parts production.  

This paper will present new modelling techniques used to simulate the complex 3-dimensionnal resin flow occurring 

during compression RTM process: inter-penetrant meshes and Fluid/Solid coupling.  

1 Introduction 

As lightweight design becomes a critical concern, 

automotive industry struggles to be more weight efficient 

and achieve lower levels of emissions mandated by 

continuously evolving regulations worldwide.  

Vehicle weight reduction is often achieved by 

introducing new materials and assembly techniques. Car 

designers are using combination of metal alloys, such as 

high strength steel and hot formed steel, as well as lighter 
materials, such as continuous fibres reinforced 

composites.  

The extensive use of composite materials in 

automotive structural components with high mechanical 

requirements is today limited by different concerns such 

as production rates. The compression resin transfer 

molding process (C-RTM) is one amongst others 

composites manufacturing processes which could 

overcome this limitation enabling the reduction of the 

production time of composite parts.  

2 Compression Resin Transfer Molding  

Today, several simulation tools are used in the industry to 

perform LCM process simulations based on Darcy 

equation [1] such as PAM-RTM [2; 5].  

Nevertheless, some functionalities are still missing to 

address advanced manufacturing processes such as 

compression RTM (figure 1). 

 

Figure 1. Compression RTM process schematics. 

 

The main difference of compression RTM resides in 

the facts that this manufacturing process can be phased in 

two stages:  

1. Resin injection in gap 

2. Resin compression and reinforcement preform 

impregnation as gap vanishes. 
If resin injection simulation is considered as standard 

in LCM (Liquid Composites Molding) manufacturing 

process simulation tools, it is not the case for the second 

step on the C-RTM process. Indeed, no simulation 

software solution exists on the market to solve precisely 

the compression phase with vanishing gap and preform 

deformation due to tool compression. 

Even though a dedicated C-RTM module exist in 
PAM-RTM since 2010, it is limited to 2D shells only and 

does not permit to model through thickness flows which 

are of prime importance during compression stage.  

The objective of our work is to develop advanced 

functionalities allowing the use of 3 dimensional volumic 

elements. 

3 Inter-Penetrating meshes  

A new functionality called Inter-Penetrating Meshes was 

developed in order to model the compression phase of the 

process. It uses two independent meshes (figure 2), one 

mesh representing the solid tool and another mesh 

modelling the gap and the preform to be filled. The tool 

mesh can move through the fluid mesh and displace the 

resin as it moves. The position of the tool face needs to 

be very accurately determined so as to identify which 
elements of the fluid mesh are supposed to be filled by 

the resin or not. Also, it is required to calculate the 

available fluid volume for the partially cut elements.  
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Figure 2. Inter-Penetrating Meshes technology. 

One of the main assumption resides in the fact that the 
resin flow in the gap is governed by Darcy equation as it 

is in the preform region. Some recent work tend to show 

that this assumption is not valid in all cases. 

4 Fluid/Solid coupled solver  

Moreover, during compression stage, the preform itself 

can be compressed by the resin in the gap or by the tool 

itself once the gap has vanished.  
Several projects have been studying the effect of resin 

pressure on mechanical behaviour and geometry of the 

perform [3, 4]. It appears that when the preform thickens 

due to resin arrival, the permeability values arise 

inducing an increase of flow front velocities. In C-RTM 

process, the effect is usually inverse and with gap 

closing, the preform tends to reduce its thickness. This 

thickness reduction causes a reduction of in-plane and 
transverse permeabilities slowing the flow front 

progression. 

In order to take into account this mechanical 

behaviour of the preform, we have developed a 

Fluid/Solid coupling algorithm enabling fluid solver of 

PAM-RTM to exchange informations with an ESI solid 

mechanics solver. With this Fluid/Solid coupled solver, 

we are able to capture the deformation of preform mesh 
during compression stage and send back to the fluid 

solver updated permeability values for the deformed 

elements of the 3D mesh used in the simulation. The fluid 

solver can then use those updated permeability values to 

compute the flow front velocities in 3 dimensions. 

5 Conclusion 

Future steps of this work include industrialization of 
those development in order to make it possible to use 

them on large parts and industry acceptable computation 

times.  

Overcoming the current limitation of Darcy 

description of resin flow in the gap should also be carried 

out in the coming months using advanced Stokes-Darcy 

coupling. 

Simulation of several other LCM processes might also 
benefit from those new functionalities. During infusion 

process, the resin is not pushed by a moving tool 

controlled by an external pressure applied on a 

deformable membrane. Resin arrival often causes a 

thickening of the preform with unneglectable effect on 

permeability values, resin flow velocities and filling 

times.  
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