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SUMMARY: SEP Division de SNECMA manufactures new Carbon/Carbon materials
reinforced with an original multidirectional texture. A first series of [0,90]n satin composite
made of non-continuous fibres has been tested. A model written at a mesoscopic scale (ply
scale) is used in order to understand and predict the different degradation mechanisms.
Experimental results are compared to simulations. New tests using an optical displacement
measurement have then been performed on another type of [0,90]n satin composite. This
technique allows estimating strain field heterogeneities and localising degradations. A finite
element modelling is finally proposed in order to understand the influence of manufacture
onto the mechanical behaviour.
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INTRODUCTION

Sepcarb® are Carbon/Carbon composites manufactured by SEP Division de SNECMA.
These materials, especially designed for thermo-structural applications, are composed of both
a carbon preform and a carbon matrix.

This work deals with modelling the thermo-mechanical behaviour of the plane Mulrirex®
family for any in plane complex loading. The temperature influence will be taken into account
by an extension of the room temperature models. After recalling the first model described in
[3] [4], we focus on further developments involving new performed tests

MATERIAL

Multirex® preforms can be plane or axisymetric. They are obtained by stacking either
unidirectional plies or satin layers made of carbon yarns. Yarn fibres can be continuous or
non-continuous. A needling process transfers some fibres into the third direction,
perpendicular to the layer (see Fig. 1). These fibre reinforcements forbid delamination



propagation. A Chemical Vapour Infiltration (or a similar technique) lays down the matrix
into the preform. In this paper, we study satin composites made of non-continuous fibres.

Fig. 1: Manufacture of plane fibrous preform ([0,90]n satin)

Both tension and compression tests in different directions have been performed on a [0,90]n
satin composite. Loading/unloading cycles allow to separate damage and plastic or
viscoplastic responses. Longitudinal and transversal strains are measured using gages. 0° and
90° directions correspond to both fibres directions of the satin. Experimental longitudinal
responses of four tests (tension and compression tests at 0° and 45° off axis) are presented
Fig. 2. These results reveal:
• an anisotropic behaviour with damage and inelastic strains for tension tests at 0° and 45°

off axis;
• a difference of damage evolution between tension and compression for both loading

directions.

Fig. 2: Tensile and compressive test at 0° and 45° off axis on a [0,90]n satin

MODELLING

Fibre reinforcement avoids interface damage propagation. But, because of satin geometry
and/or the needling process, fibres are not completely straight. For a high level of this default,
a flexion degradation mode appears at the meso level and can lead to local delaminations. A
study of the influence of this default on damage for axisymetric composites made of
unidirectional plies is presented in [14] [15] [17].

The difficulty is to define a simple damage kinematics that reproduces the main experimental
results for all the composites tested. Damage seems complex to be modelled because of the
occurrence of several simultaneous degradation mechanisms. We apply an approach
developed in [11] based on:
• anisotropic damage mechanics [10];
• the use of the meso-scale (ply scale) to model the main mechanisms [1];
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• the use of simulations to understand how the macroscopic loading is distributed in the
different constituents of the tested specimens. Then, we can choose tests leading to
dissociate the degradation mechanisms and define an experimental identification method
[6].

In a first step, we assume that degradation is anisotropic and dictated by the fibres direction.
We consider two mechanisms: a microcracking orthogonal and another parallel to fibres.
Therefore, we have applied an anisotropic damage meso-model [11] in the ply coordinate
system (1: fibre direction; 2: transversal direction). Two constituents are taken into account:
plies composed of continuous fibres and plies composed of non-continuous fibres. For layers
composed of continuous fibres, an approach previously implemented for other laminates, such
as Carbon/Epoxy [1] or Carbon/Carbon [5], is used herein. For layers composed of non-
continuous fibres, an additional damage variable (d11) is introduced in the fibre direction [9].
As shown in [13], such models are able to predict a degradation distribution for the various
configurations being tested. Damage kinematics are then described using the strain energy of
the damaged layer:

Ed =
1

2

< σ
11

>+
2

E
1

0 (1 − d
11

)
+

< σ
11

>−
2

E
1

0
+

<σ
22

>+
2

E
2

0 (1 − d
22

)
+

< σ
22

>−
2

E
2

0
− 2

ν
12
0

E
1

0
σ

11
σ

22
+

σ
12

2

G
12

0 (1 − d
12

)

 
 
 

 
 
 
 (1)

Damage variables are assumed to be piecewise constant within the different plies. The
difference between tension and compression behaviour is attributed to the opening and
closure of micro-cracks. This aspect is taken into account by splitting the longitudinal and
transversal strain energies into a tension energy (< . >+) and a compression energy (< . >-).

A complete identification requires subjecting the ply to various loading modes.  However, the
number of sequences available for each type of material is small. Thus, the identification is
limited to the more significant terms of the strain energy [3]. It can be shown that the overall
characteristics of composites formed of unidirectional layers are well reproduced by this kind
of approach. Other approaches can be found in [2], [8] and [16].

The identification has been achieved in two steps. Elastic coefficients for both meso-
constituents have been identified performing tensile tests on [0,90]n hybrid composites made
of both continuous fibres and non-continuous fibres. An extension of this modelling is used to
describe satin composite behaviour. Satin plies are firstly approximated by a stacking of two
orthogonal unidirectional elementary plies (see Fig. 3) made of non-continuous fibres.

Fig. 3: Modelling of [0,90] satin layers

Non linear coefficients have been identified thanks to tensile tests on this [0,90]n satin
composite made of non-continuous fibres [13].
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SIMULATION/TEST COMPARISON

As shown in [3], after an identification procedure, such a model is able to predict a
degradation distribution for the different tension tests and for compression test at 0°.

For compression test at 45° off axis, it is shown that the first model does not fit exactly the
experimental curves [4] [13]. It appears that the jamming of degradation in the fibre direction
is not sufficient to simulate the difference of behaviour between tension and compression. A
traction/compression test at 45° shows a modification of elastic stiffness depending on the
sign of loading (Fig. 4).

Fig. 4: Compression/tension test at 45° off axis on a [0,90]n satin

Our conclusion is that another matrix degradation mode occurs: a micro-cracking mechanism
orthogonal to the loading direction. A complete set of tests has been achieved on a second
type of [0,90]n satin in order to define an improved model following [12] for carbon/carbon
satin composites.

MECHANISMS IDENTIFICATION

To identify the mechanisms responsible for both the non-linear behaviour in tension in the
fibre direction and for the difference of behaviour between tension and compression at ±45°,
we performed new tensile tests on a second type of [0,90]n satin composite made of non-
continuous fibres. We used both gages and optical strain field measurements.

The natural material texture allows following surface degradations while measuring strain
fields [14]. We took many pictures of one specimen surface while performing the test. By



using a correlation method [15] [17], it is possible to calculate the displacement of many
regions of this surface. Lastly the strain field is calculated. In this case, this field information
is useful for at least two reasons:
• because the material is porous and pre-cracked, it is rather difficult to observe the

degradation evolution. A surface strain field measurement can indicate some regions of
interest (see Fig. 5);

• gages located in the same area give different responses. This may indicate that the gage
dimension and/or the specimen section are too small in comparison with material defects.
Therefore, the results are difficult to interpret without any other information. With this
optical technique, it is possible to appreciate the homogeneity of strain fields, at least
beneath or near gages (see Fig. 5). This technique can therefore be a good tool to
determine gage length when the specimens are large enough.

Fig. 5: Damage location using strain field measurement

For this material, the main features are:
• an elastic behaviour for tensile tests at 0° and 90°;
• a non-linear behaviour with damage and inelastic strains for tension tests at ±45°;
• an elastic behaviour for compressive tests at ±45° (no damage appears);
• an equivalent maximum failure stress in tension and compression at ±45°;
• large scatters on failure stresses for the same loading direction;
• some degradation locations occur out of gage regions (See Fig. 5).
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The morphology of this [0,90]n satin composite is very different from the previous one. For
example, some significant yarn deflections are observed in contrast to the previous satin
composite only small periodic waves are present (satin aspect). These geometrical defects can
involve locations and changes of degradation mechanisms [14]. As shown previously, no non-
linearities appear when measuring with gages in a “straight” area. But non-linearities appear
when using an extensometer (SEP results). For the first type of satin composite, because of
the small level of yarn deflection, gage responses are very similar. New tensile test could be
performed on this previous material by using the same optical technique. But the region of
interest should be smaller.

For composites [0y,+45y,-45y]n made of unidirectional plies of non-continuous fibres with no
major defects, the behaviour is also linear in the fibre direction. Furthermore, we assume that
needles can not cut yarns and transfer a small percentage of fibres in the third direction. Thus,
non-continuous fibres are not directly responsible for the non-linearities observed in some
composites. The origin of these non-linearities may be linked to yarn deflection dependent
upon its architecture. The aim of the next section is to address this point.

MANUFACTURE SIMULATION

The needling process (see Fig. 1), by pulling down some fibres, may affect preform properties
like the geometry. In order to understand the influence of satin geometry and of needling
parameters onto the preform characteristics, we developed a Finite Element model (in
CASTEM 2000) of the needling process. In a first step, we consider only one stitch and we
assume that only the first ply is affected by needling. We do not consider any yarn transverse
deformation [7]. In this model:
• Yarns are circular section beams made of a homogeneous, isotropic and elastic material.

Beam quadratic inertia is adjustable in order to represent bending flexibility;
• Fill yarns are straight;
• The satin is balanced.
An initial geometry of a satin stitch is shown Fig. 6.

Fig. 6: FE model of the satin stitch and the base



Contacts can be taken into account by writing distance conditions between beam neutral axes.
In the FE modelling, in order to limit problem size, a procedure looks for the nearest nodes
and applies the condition only between these nodes.

Because of the loading, the problem is not periodic but a pseudo-periodicity is introduced in
the plane directions. Both the inferior layer and the base are represented by a homogeneous,
isotropic and elastic media cantilevered at its basis. Contact with the satin is introduced in
order to support the satin stitch when loading.

First calculations have been performed in the small perturbation hypothesis. The contact
procedure is validated and a first qualitative influence of needling on yarn deflection is
obtained (see Fig. 7). An extension to large displacements is under progress to take yarn
tension into account. The geometry and the contacts are updated. Friction between yarns is
taken into account in order to restrain instabilities. The first results have been obtained for a
few yarns.

Fig. 7: FE calculation result for a satin stitch subjected to 4 point displacements

CONCLUSION

A meso-modelling, including damage in fibre direction, is proposed for [0,90]n satin
composites, identified using both an hybrid [0,90]n (elastic coefficients) and a satin [0,90]n
(non-linear coefficient) and implemented in a simulation software.

For a first type of [0,90]n satin composite, the main plane characteristics are reproduced and
the elastic behaviour is well modelled. Simulations of compression at 45° out of axis reveal a
new mechanism.

A second type of [0,90]n satin composite also made of non-continuous fibres has been tested.
No macroscopic damage appears in fibre direction. Qualitative information has been obtained



using an optical strain field measurement. Some important strain heterogeneities are observed.
The degradations look like delaminations and appear for high crimp angles.

These observations suggest that the loss of rigidity in fibre direction may be linked to the
needling process. A Finite Element model of this procedure has been developed. A satin stitch
supported by a flexible base is considered. Calculations have been performed under the small
perturbation hypothesis. An extension to large displacements is in progress.
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