Finite element simulation of composite reinforcement draping using a
three node semi discrete triangle
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ABSTRACT: Continuous and discrete approaches for forming simulations of textile performs both involve
difficulties and drawbacks. The semi-discrete method is an alternative based on a meso-macro approach. It is
based on specific finite elements made of a discrete number of the components of the textile at lower scale.
Their strain energy in the interpolated displacement field leads to the nodal interior loads of the element. In
this paper a new three node element is proposed. It is made up of warp and weft fibres, the tensile and in
plane shear energy of which are considered. The directions of the warp and weft yarns are arbitrary with
regard to the element sides. That is very important in case of simultaneous multiply draping simulations and
when using remeshing. The determination of the material data necessary to the simulation from standard
tensile and bias tests is straightforward. A set of elementary tests and mono and multi-ply draping shows the
efficiency of the approach.
Key words: Instructions Fabrics/textiles, Composites, Forming, Finite element, Meso-macro.

1 INTRODUCTION
The increase in the usage of textile composites,
especially in aeronautic applications, due to their
high mechanical properties leads to develop
adequate design and analysis methods and especially
validated simulation tools in this domain (for
instance the European project ITOOL : Integrated
tool for simulation of textile composites [1]).
Among the different codes developed in this
framework, draping simulation plays a large part.
First, the simulation can give the conditions (for
instance loads on the tools, initial orientation, type
of material etc) that will make the forming of the
textile reinforcement possible, and also describe
possible defects after forming (wrinkles, porosities,
yarn fractures etc). Secondly, and unique to
composite forming analysis, is the need to know at
any point the directions and density of the fibres
after forming. These directions and densities are
very important for analyzing how the composite part
will behave in use, with regards to stiffness, damage,
fatigue etc [2]. They also strongly influence the

permeability of the textile reinforcement and must
be taken into account in case of LCM Processes [3].
For a physical (or mechanical) analysis of a
composite forming process, the complete model
must include all the equations for the mechanics,
especially equilibrium, constitutive equations, and
boundary conditions. These equations must be
solved numerically, with some approximations.
Finite Element analysis of the composite forming
process includes modelling the tools, the contact and
friction between the different parts, and above all,
the mechanical behaviour of the composite during
forming [4].
2 SPECIFIC MECHANICAL BEHAVIOR
2.1 Tension and in plane shear
The mechanical behaviour of textiles used as
reinforcement for composites is very specific [5-9].
During a forming process, there is no matrix (first
stage of the RTM process for instance) or the resin is
very weak and play a second order role. The textile

composite reinforcements are made of fibres
(usually carbon, glass or aramid), the diameter of
which is very small (5 to 7 µm for carbon, 10-20 µm
for aramid, 5-25 µm for glass). Consequently these
fibres can only be submitted to tensile loads in the
fibre direction. The assembly of yarns (or fibres) in
fabrics, NCF (Non Crimp Fabrics), knitted or
braided materials leads to different mechanical
properties of the resulting textile material, but the
tensile stiffness in the fibre directions remain the
most important. Nevertheless, for some types of
analysis, it can be necessary to take the second order
rigidities into account because those play a
significant role. For instance, it has been shown that
the in-plane shear stiffness play a main role in
wrinkle development in draping simulations when
the shear angle become large [10]. In the present
work, tensile and in plane shear rigidities and
corresponding strain energies will be considered.
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where nwa and nwe are the number of warp and
weft fibres in the domain under consideration Ω,
ncell is the number of unit cells. εαα are the axial
components of the symmetrical gradient of the
virtual displacement (α and β are indexes taking
values 1 and 2):
α
β
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k , k are the contravaiant vectors associated to k1, k2
and such as kα. kβ=δαβ.

2.2 Simplified dynamic equation
The textile composite reinforcement under
consideration has two fibres directions (warp and
weft). It can be a woven textile or a biaxial NCF
(Non-Crimp Fabric) (Figure1). Material coordinates
r1 and r2 along warp and weft fibre directions define
the material covariant vectors k1 and k2 (Figure 1):
∂x
∂x
k1 = 1
k2 = 2
(1)
∂r
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For a fibre in direction k1, the tension on a fibre is
defined by :
T = T11 k1 ⊗ k1
(2)
where T11 = ∫ σ11dS , σ is the tensile Cauchy stress
S1

γ(η) is the variation of angle between warp and weft
yarns in the virtual displacement field.
The form (4) of the virtual work of interior loads
leads to a simplified dynamic equation that will be
used in a dynamic explicit approach :
nwa

tensor ( σ = σ k1 ⊗ k1 ), and S is the section of the
fibre.
In the same way for a fibre in direction k2 :
T = T 22 k 2 ⊗ k 2
(3)
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where

Fig. 1. Material coordinates along the fibre directions and
associated material vectors

T 22 = ∫ σ22 dS and σ = σ22 k 2 ⊗ k 2
S2

Considering a textile unit cell submitted to in plane
shear strain such as shown figure 1, the warp fibres
exert loads on weft fibres that can be due to weaving
or to stitching in case of NCF. Their resultant is a
shear torque Cs.
Taking these definitions and assumptions into
account, the work of the interior load in a virtual
displacement field η takes the following form. :
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&u& is the acceleration of the point P, ρ is the mass per
volume.
In this dynamic equation, the quantities are not those
of continuum approaches. We have seen that those
are delicate for fibrous material at large strains
especially because quantities such as stresses are not
well defined and because the continuity of the
displacement field with the fibrous material is not
clear. In equations (4)(6) the quantities such as
tensions in a fibre and the torque due to the shear of

a set of warp fibres on weft ones within a unit cell,
are clearly defined and simple. We shall speak for
this approach and for the finite element developed
further of semi-discrete approach. The domain or
element is not a continuum. It is composed of fibres
in tension and shear.
3 SEMI-DISCRETE THREE NODE FINITE
ELEMENT

3.1 Tensile elementary nodal interior load
Taking the form of the virtual displacement gradient
into account :
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(7)
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the elementary tensile virtual work can be written :
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3.2 In plane shear nodal interior loads
In this section, the in plane shear interior load vector
due to in plane shear Fintes (equation 11) is calculated
in function of the shear torque resulting of actions of
warp yarns on weft yarns in a unit cell and of shear
strain interpolation.
ncell
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4 NUMERICAL TESTS
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where nwae et nwee are the number of fibres in
warp and weft directions in the element
Because of the linear interpolation, the strain
interpolation terms B1ij are very simple and
constants in the element. The strains and
consequently the tensions are constant in the
element:
(9)
( Fintetwa )ij = 12 k1 nwae B1ijT11
In the same way in the weft direction :
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As it has been done in equation (26), accounting for
the interpolation in the triangle, the components of
the gradient of η can be expressed in function of the
components of the virtual displacement ηij.
Consequently :
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The nodal interpolation of γ(η) is known. Bγi1 is
constant in the triangle finite element, therefore:
(14)
( Fintes ) = ncell BγijCs

(11)
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The virtual shear angle γ(η) (variation of angle
between warp and weft directions) in the virtual
displacement η is given by the gradient of η [10]:

4.1 Single ply forming

Fig. 2. Draping on a dome. (a) woven shear stiffness (b)
without shear stiffness (c) isotropic shear stiffness

An initially flat square fabric is draped on a dome
(figure 2). The mesh is made of 2×100×100
triangles). The yarns are parallel to the sides of the
square fabric. Three different behaviours are
considered for the woven reinforcement. In figure 2a
the tensile and shear behaviour presented above in
the present paper is used. The draped shape is
correct. The membrane assumption (the element
does not involves any bending stiffness) leads to
wrinkles that are numerous in the corners but that
are small. Some bending stiffness would increase the
size of the wrinkles and decrease their number. In
figure 2b, the shear stiffness is neglected. The
draping is easily obtained but there is no wrinkle
because the shear angle can be infinitely large in the
corners of the sheet. This solution is close to those
that would be obtained by a fishnet algorithm that
appears to be unsuitable in this case.
In figure 2c, an isotropic behaviour is used for the
sheet. For instance it could be a paper sheet. The

draping is not possible. The required large shear
angles in the corners are not allowed by this
behaviour. That show the very important role of the
in plane shear behaviour in draping/forming of
membrane. A textile can be shaped on a double
curved surface because there are possible large
rotations between warp and weft fibres and in plane
shear stiffness is weak. In the case of an isotropic
membrane that is not possible. On the other hand the
shear stiffness that increases when the shear angle
becomes large leads to wrinkles. If this shear
stiffness is neglected there will be no wrinkle in any
case.

4.2 Simultaneous forming of three plies

difficult. It also reduces the size of the computations
in comparison to discrete approaches.
Bending stiffness is actually very small for most
textile fabrics. It can modify the wrinkling shape. It
will be interesting to associate the semi-discrete
membrane approach developed in the present paper
to bending stiffness such as taken into account in
three node plate or shell elements. The bending
rigidity will have to be very specific to textile
material. Then it will be possible to analyse its
influence and in which case it is necessary.
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