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INTRODUCTION 
Drape of dry fabrics or prepregs was recognised as 
an important feature in composites forming 
operations from the start. In the 1950s the first 
mathematical models were developed based on 
purely kinematic arguments. The assumption of zero 
fibre strains and trellis deformations led to the so-
called fishnet approach. Typically, these methods 
require certain arbitrary constraints to reach a 
unique solution.  

In recent years, automated processing of 
especially thermoplastic composite laminates (as in 
Fig.1) has provided an incentive for further 
development of CAE tools including more elaborate 
analyses of the forming processes.  

 
Figure 1 Press formed stiffener rib. 

 
CONSTITUTIVE MODELLING 
Firstly, the actual shear resistance of textiles or 
textile composites is non-zero, contrary to the 
fishnet approach. Even more, the actual deformation 
mechanisms in these materials are quite complex, 
requiring multiscale approaches respecting not just 
the macroscopic deformations, but also the 
phenomena on the mesoscopic bundle level, as well 
as the microscopic phenomena between the 
filaments within the bundles.  

Various models have been proposed to describe 
the behaviour of the composite layers in forming 
conditions, with full continuum models or with 
discrete additions of matrix and fibre (or fabric) 
contributions. Rigid, elastic, plastic, viscous and 
viscoelastic formulations can be used to describe the 
various contributions to these constitutive models.  

Characterisation experiments (such as in Fig.2) 
need to be performed to feed the models with the 
required material property data. These experiments 
themselves are already subject of intensive 
discussions [1] due to the multiscale, highly 
anisotropic nature of the materials, let alone the 
consensus on ‘the preferred constitutive model’.  

 
Figure 2 Picture frame for shear characterisation. 
 
The more elaborate constitutive models typically 

find their use in Finite Element simulations of 
composites forming operations, which are suited to 
take into account the boundary conditions imposed 
by the tooling and the process conditions.   
 
FINITE ELEMENTS FOR COMPOSITES 
Although a wide range of FE results of composite 
forming processes has been published, many of the 
researchers have struggled to reach convergent 
results, due to the inherent highly anisotropic nature 
of the particular materials. The large differences in 
stiffnesses lead to poorly conditioned systems of 
equations, typically leading to seemingly negligible 
unbalances in the approximate solutions, which do 
not disappear by continuing the iteration process. 
Due to the relatively low stiffness for the matrix 
dominated deformations, these low unbalances can 
lead to spurious element distortions which do not 
represent the actual composite behaviour.  

Further inaccuracies can be generated by 
linearization or averaging of strains, strain 
increments and the rotations of fibres and the stress 
state over time, as the forming process is usually 
tracked with an incremental simulation procedure. 
Seemingly small inconsistencies in fibre orientations 
versus stress states will degrade the simulation 
results. Inaccuracies in these matters typically cause 
unrealistically high fibre stresses which 
subsequently dominate the rest of the simulation 
process.  

Finally, the use of non-aligned meshes (in which 
the fibre directions do not coincide with element 
edges) often leads to a particular form of shear 
locking. This phenomenon leads to totally incorrect 
predictions of the deformations. Certain types of 
shear-locking-free elements have been identified, 
typically using higher order displacement fields with 



a lower order field (or additional degrees of 
freedom) for the fibre stresses. 

 
Figure 3 FE representation of press forming (courtesy 

Aniform). 
 
Careful discretisation can solve all three problems 

for elements describing a single composite layer [2]. 
 
MULTILAYER MODELLING 
The actual forming process generally concerns 
laminates consisting of multiple layers, often of 
different fibre orientations. Modelling each layer 
with a single element will lead to huge systems of 
equations, with corresponding efforts to describe the 
contact logic between the layers. So far, this is still 
too much to be used for design purposes where 
various alternatives need to be evaluated in limited 
time.  

Combining the layers into one multilayer element 
can alleviate this issue. This inherently eliminates 
the inter-ply contact logic evaluations. Such a 
multilayer description implies that material has to 
flow into and out of the element, as the different 
layers will slip and deform differently with respect 
to the frame of reference chosen. This requires the 
implementation of an Arbitrary Lagrangian Eulerian 
method. Additional degrees of freedom can be used 
to respect the element problems described 
previously. Apart from the increased complexity of 
the code, this of course leads to additional 
computational cost [3].  

A further reduction in solution time can be 
achieved by a reduction of degrees of freedom, e.g. 
by local condensation methods by which the 
additional layer degrees of freedom are eliminated. 
This reduces the solution time of the global system 
but increases the time spent on element level. A case 
by case evaluation needs to be performed to assess 
whether which multilayer approach is profitable. 
The outcome depends on external factors such as the 
effectiveness of solvers, contact evaluations and 
hardware developments in complex instruction 
parallel CPUs.   

 
FRICTION 
The impact of friction on composite forming 
processes is large: even if the shear friction stresses 
are relatively low, the area on which they work is 
orders of magnitude larger than the laminate 

thickness in which the (higher) fibre stresses act. 
The resistance to slip between layers and between 
the laminate and the tooling depends on 
temperature, velocity and pressure, in addition to the 
fibre orientations. In addition, friction experiments 
show a clearly time dependent response where a 
steady state is reached only after a significant slip 
distance. A single coefficient of (dry) friction would 
seem to be an oversimplification, and the same 
holds for a single resin film thickness when turning 
to hydrodynamic lubrication. 
 

 
Figure 4 Set-up for friction characterisation. 

  
Again, there is intensive discussion on 

experimental characterisation methods (such as 
fig.4). Many of those are labour intensive, and all 
have to be performed at forming temperatures which 
complicates the experimental procedures. Multiscale 
methods are being developed to reduce the amount 
of material property data down to basic resin, fibre 
and fabric data.  
 
CONCLUSION 
Finite Element based CAE tools for Composites 
Forming are in a stage of rapid development. The 
complexity in of the materials does however pose 
severe challenges for material characterisation, 
constitutive and numerical modelling, which require 
significant development over the years to come, in 
order to improve the level of understanding and the 
accuracy of model predictions. 
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