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ABSTRACT

The subject matter of the invention is a method for draping on
a form, which includes a step of deposition on the form of a
first fold support in the form of one or more polymer non-
woven fabrics. The invention further relates to a thermoplas-
tic nonwoven material manufactured with a nonwoven fabric
of polymer fibers.
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METHOD FOR DRAPING COMPOSITE
MATERIALS ON A FORM AND MATERIAL
SUITABLE FOR SAID METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is the National Stage of Interna-
tional Application No. PCT/EP2013/051565, having an Inter-
national filing date of, 28 Jan. 2013, which designated the
United States of America, and which International Applica-
tion was published under PCT Article 21 (s) as WO Publica-
tion 2013/113653 Al and which claims priority from, and
benefit of French Application No. 1250861, filed on 30 Jan.
2012, the disclosures of which are incorporated herein by
reference in their entireties.

BACKGROUND

[0002] The presently disclosed embodiment relates to a
process of drape forming composite materials and to a mate-
rial suitable for this process.

[0003] It applies to the use of thermoplastic composite
materials in drape forming to produce large structural parts of
complex shape.

[0004] Within the context of the drape forming of compos-
ite materials, it is necessary to enable the coupling of a first
layer of composite material to the tool in order to enable the
drape forming of the part.

[0005] The solutions that enable the drape forming must
also be compatible with an automated drape forming using
laser heating of the composite.

[0006] Thermoplastic materials do not have a tacky nature
at ambient temperature. This state prevents the coupling
thereof to a tool during the use thereof. Although simple
means, for example adhesive tape, exist for small flat formers,
the problem has not been solved in order to allow the coupling
of'sheets laid up on complex formers. If the first ply cannot be
coupled to the tool, this will prevent the production of the part.
[0007] In order to solve this problem, it is advisable to
develop a technical solution that will enable the coupling of a
first ply to a complex tool during the laying up thereof. This
solution must also enable the part to be removed from the
mold atthe end of the drape forming or consolidation. Finally,
this solution must make it possible to retain the drape-forming
precision of the machine, specifically excessive deformation
of'the first ply could disturb the lay-up and lead to gaps and/or
overlaps of the laid up sheets which would adversely affect
the soundness of the final material and also the mechanical
performances thereof.

[0008] The problems that must be solved by the solutions to
the problem of drape forming large parts, in particular of
complex or non-developable shape, using a tool that repre-
sents a former of the part, are the following:

[0009] deformation/conformation on tool;
[0010] compatibility with the matrix of the composite;
[0011] coupling of the composite to the solution;
[0012] stability during the drape forming;
[0013] ability to be removed from the mold after consoli-
dation.
[0014] Among the solutions identified in the past are:
[0015] the production of a hoop,
[0016] applying a vacuum,
[0017] the use of a polymer film and in particular of a

PEEK film.
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[0018] A hoop consists in carrying out winding around the
tool on which the drape forming is desired. The fact of having
a continuity of fibers around the tool combined with periph-
eral mechanical clamping (adhesive tape for example) makes
it possible to hold the material on the drape forming zone.
This first layer enables the whole of the part to be laid up, but
generates many losses on the rear face of the tool since the
material of the winding on this face will be unused thereby.
This solution nevertheless remains a reference solution for
rotational parts such as cylinders.

[0019] The technique of applying a vacuum consists in
holding the material on the drape-forming zone by means of
a vacuum created by suction. For this, the drape forming is
carried out on a perforated surface connected to a suction
circuit. When the drape forming begins, the suction circuit is
activated and the material is held on the working zone. How-
ever, the material, for example, carbon fibers, penetrates into
the suction orifices which deforms it and leads to a degrada-
tion of the properties of the final material. This solution fur-
thermore has a cost premium for the process since it requires
the production of a complex tool with integrated vacuum
circuit.

[0020] Finally, the use of polymer films is not very well
suited to the drape forming of complex shapes since the latter
will lead to creases of the film that will generate variations in
accuracy during the drape forming and local overthicknesses
in the material. The use of a film requires a complex assembly
in order to ensure it is held in position.

[0021] Itisalso possible to use a multi-perforated tool with
an integrated vacuum circuit that is expensive or else to use
the polymer film as a vacuum cover which requires the use
and installation of drainage fabrics and of sealing mastic.
[0022] The latter option combines the drawback of requir-
ing several hours of manual labor, which is detrimental to the
operating efficiency of an automated drape forming machine,
adding increased sensitivity in the case of a problem during
the production of the first ply. This sensitivity is illustrated
when it is necessary to remove the laid up rovings which are
welded to the surface of the film, the latter tearing or having
to be cut in order to carry out this operation. The system thus
loses its leak tightness and can no longer meet the dimen-
sional stability constraints nor those of the holding of the
composite at the surface of the tool. It is thus necessary to
replace the film or effect a repair in order to be able to carry
out the drape forming, with, as a result, new manual opera-
tions which will be all the more costly in terms of time and
materials when this occurs on a large-sized part.

SUMMARY

[0023] In view of this prior art, the presently disclosed
embodiment proposes a novel solution that enables the cou-
pling of a first ply made of a carbon/thermoplastic composite
for producing parts of complex geometry using an automated
drape-forming machine.
[0024] The objective of the presently disclosed embodi-
ment is therefore to define a process and products that make it
possible to manufacture parts made of thermoplastic compos-
ite materials:
[0025] that enable the coupling of the first ply,
[0026] without giving rise to creasing including during
positioning on a complex, in particular unregulated,
shape,

[0027] with a brief positioning time,
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[0028] that do not deform the preform and ensure its
geometrical integrity,

[0029] by forming a thermal barrier between the metal
tool (the mold, cold) and the part being melted which
optimizes the coupling phenomenon even more.

[0030] The following requirements have also been consid-
ered:
[0031] need for a deformable solution in order to allow

the production of parts with complex geometry,

[0032] need for using a material that is compatible with
the manufacturing cycle of the composite part and com-
patible with the processing temperature of the thermo-
plastic material, that is to say that melts at the same
temperature, and therefore in the case where the thermo-
plastic is PEEK, of the order of 400° C.,

[0033] smallest possible impact on the total mass of the
part,

[0034]
tions.

[0035] Within this context, the presently disclosed embodi-
ment proposes a process of drape forming on a former which
comprises a step of laying up on the former a first ply support
in the form of one or more polymer nonwoven fabrics.
[0036] The process advantageously comprises a step of
needlepunching the nonwoven fabric(s) prior to the lay-up.
[0037] The needlepunching step is preferably a nee-
dlepunching of 50 to 130 strokes/minute and preferably of the
order of 110 strokes/minute.

[0038] Advantageously, the process additionally or alterna-
tively comprises a step of hydroentangling the nonwoven
fabric(s) prior to the lay-up.

[0039] The prior hydroentangling step is advantageously
carried out at a pressure of the order of 40 to 80 bar and
preferably of the order of 60 bar.

[0040] Advantageously, the process additionally or alterna-
tively comprises a step of calendering the nonwoven fabric(s)
prior to the lay-up.

[0041] According to one aspect of the disclosed embodi-
ment, the process comprises needlepunching, hydroentan-
gling and calendering steps prior to the lay-up, the order of the
steps being needlepunching then hydroentangling then cal-
endering.

[0042] According to one aspect of the disclosed embodi-
ment, the nonwoven fabric(s) comprise(s) polymer fibers of a
first nature.

[0043] The term “nature” is understood to mean material
compatible with the matrix of the composite material to be
drape formed.

[0044] Compatible means in particular, but not only, mis-
cible, that is to say that the mixture thereof with the matrix of
the composite material is single phase between ambient tem-
perature and the melting points thereof.

[0045] The material of the nonwoven may in particular be
the same as that of the matrix of the composite.

[0046] According to an aspect of the disclosed embodi-
ment, the nonwoven fabric(s) comprise(s) polymer fibers of
two different natures.

[0047] In this case, one of the materials is a material com-
patible with the matrix of the composite, it being possible for
the other to have a higher melting point and to act in particular
as reinforcement.

[0048] Advantageously, the process comprises a step of
clamping the nonwoven fabric(s) to the former.

reduction and simplification of manual opera-
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[0049] The clamping step preferably comprises a clamping
selected from a mechanical clamping using screwed or
clamped blocks, an electromagnetic clamping with the aid of
a magnet, clamping by means of adhesive tapes or clamping
by coupling strips.

[0050] Advantageously, the process comprises a step of
melting the material of the nonwoven fabric(s).

[0051] According to an aspect of the disclosed embodi-
ment, the process comprises a step of introducing resin by
partial melting of polymer fibers of the nonwoven fabric(s).
[0052] The presently disclosed embodiment also relates to
a material for producing a first drape-forming ply, said mate-
rial being a thermoplastic nonwoven manufactured with a
nonwoven fabric of polymer fibers.

[0053] According to an aspect of the disclosed embodi-
ment, the polymer fibers comprise PEEK.

[0054] According to an aspect of the disclosed embodi-
ment, the polymer fibers comprise PEI.

[0055] According to another aspect, the polymer fibers
comprise polyamide.

[0056] The material advantageously comprises from 60%
to 70% of PEEK fibers.

[0057] According to an aspect of the disclosed embodi-
ment, the polymer fibers consist of 100% PEEK fibers.
[0058] According to an aspect of the disclosed embodi-
ment, the material preferably consists of a needle-punched
nonwoven.

[0059] According to an aspect of the disclosed embodi-
ment, the material consists of a hydroentangled nonwoven.
[0060] According to the disclosed embodiment, the mate-
rial consists of a calendered nonwoven.

[0061] The aspects of the disclosed embodiment also relate
to a thermoplastic nonwoven material characterized in that it
is manufactured with a successive implementation of nee-
dlepunching, hydroentangling and calendering of a non-
woven fabric of polymer fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] Other features and advantages of the disclosed
embodiment will become apparent on reading the description
which follows of exemplary aspects of the disclosed embodi-
ment with reference to the drawings which represent:

[0063] FIG. 1: shows an example of a tool or former for
producing a non-developable composite part;

[0064] FIG. 2: shows a view of a lay-up of three strips
forming a first ply according to the invention on the former
from FIG. 1;

[0065] FIG. 3: shows a view of an example of clamping of
a first ply according to the invention to the former from FIG.

[0066] FIG. 4: shows a view of a drape forming produced
on the first ply from FIG. 3.

DETAILED DESCRIPTION

[0067] The presently disclosed embodiment proposes the
use of a nonwoven based on polymer fibers as a base layer for
the drape forming of a part on a former 1, an example of which
is given in FIG. 1.

[0068] The solution mainly envisaged in the presently dis-
closed embodiment is the use of a first ply in the form of
nonwoven polymer fabric(s). The latter meet(s) the two-fold
constraint of deformability and compatibility with the matrix
of the composite.
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[0069] Unlike a woven fabric where the arrangement of
fibers is defined by a weave, a nonwoven has a random
arrangement of fibers. This enables it to have a more homo-
geneous behavior in the plane compared to a woven fabric
which has two favored directions (warp and weft yarns).
Depending on its construction, a nonwoven is more deform-
able than a woven fabric, it thus conforms to complex shapes
without generating creases, unlike woven fabrics. This prop-
erty makes it possible to eliminate the risks of inaccuracies of
lay-up or of deviation of the sheets in different zones.

[0070] The steps of manufacturing a nonwoven comprises
the following steps:

[0071] opening of the fibers or blending of the fibers;
[0072] carding;

[0073] lapping;

[0074] needlepunching, hydroentangling and/or calen-

dering, the calendering being carried out hot at a tem-
perature that makes it possible to melt the nonwoven;
[0075] conditioning.
[0076] The drape forming tests were carried out on a %
sphere tool or former 1 as represented in FIG. 1. Two refer-
ences of materials were tested during this session:

Needle- Hydro-  Calen- Cou- defor-
ID PEEK punching entangling dering pling mation
1 100% 55 strokes/min no no very good  poor
2 100% 55 strokes/min 40 bar no very good  good
[0077] The nonwoven No.1 measures 1.10 m wide; it is

therefore possible to cover the whole of the quarter sphere
tool with this material. Clamping is provided at the periphery
of the tool using polyimide adhesive tape.

[0078] If the coupling is good, the intrinsic deformation of
the nonwoven ID1 associated with the peripheral clamping
appears large, and it is not optimal when there are great
requirements of accuracy of lay-up of the rovings. This ref-
erence of nonwoven must then be improved.

[0079] The nonwoven was modified by hydroentangling, a
method of mechanically binding individual fibers which uses
high-pressure water jets; this led to the nonwoven 1ID2 by
increasing its mechanical strength and decreasing its deform-
ability.

[0080] The hydroentangling machine used for the tests
measures 500 mm wide which limits the width of nonwoven
strip to 400 mm.

[0081] For the tests, as represented in FIG. 2, three strips
2a, 2b, 2¢ of this new nonwoven are positioned side-by-side
on the tool to enable the drape forming.

[0082] Various clamping configurations were then tested
and the one offering the best guarantees is based on a double-
sided adhesive tape positioned at the periphery of the part but
under the drape forming zone in the overlength zone of the
part. For this clamping, several squares of double-sided adhe-
sive tape are positioned between the strips to prevent them
sliding relative to one another.

[0083] FIG. 3 gives an example of gripping of the non-
woven 2 by peripheral anchoring 3 with an adhesive tape, for
example a thermalimide adhesive tape.

[0084] The positioning is carried out by stretching the fab-
ric over the former. The deformability of the nonwoven on a
non-developable former is sufficient and it is positioned with-
out creating creases. In the case of a surface that is more
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complex, bigger or associated with a more pronounced cur-
vature, provision is made for cuts and assembling by welding.
[0085] Atthe end of the drape forming on the configuration
from FIG. 2, as represented in FIG. 4, no gap greater than 1
mm is visible between sheets 4 and no defect is visible during
the drape forming of six supplementary plies 5. This refer-
ence of nonwoven associated with this clamping method
therefore constitutes a satisfactory solution for coupling a
first ply.

[0086] A second series of tests was carried out, to better
specify the conditions for manufacturing a satisfactory non-
woven, by evaluating in particular the deformability of the
products and the coupling function.

[0087] Inorderto achieve this objective, three aspects were
more particularly studied, the first consisting in increasing the
mechanical anchorage by doubling the needlepunching fre-
quency, the second relating to the hydroentangling conditions
and the third consisting in calendering the nonwoven in order
to melt the fibers at the surface.

[0088] In order to reduce the calendering temperature
below the melting point of PEEK (T° m=340° C.), fibers of
PEI and of PEEK were mixed. This new nonwoven was then
calendered at 300° C. in order to melt the PEI fibers.

[0089] A nonwoven was also manufactured with black
PEEK fibers in order to demonstrate a possible improvement
in behavior during laser lay-up.

[0090] The various references produced are presented in
the table below:

D PEEK PEI  Needlepunching Hydroentangling Calendering

2 100% 0 55 strokes/min 40 bar no

3 66%  34% 110 strokes/min 60 bar yes

4 66%  34% 55 strokes/min 60 bar no

5 0 100% 55 strokes/min 40 bar yes

6 85% 15% no
black

[0091] The drape-forming tests were carried out on a flat

tool. Three sheets each composed of eight rovings of struc-
tural composites containing carbon fibers and having a poly-
mer matrix, known for example under the reference AS4/
PEKK FC, of Y4 inch, were draped side-by-side over the
various nonwovens.

[0092] Thedimensions ofthe draped plies are therefore 305
mm wide by 1100 mm long. The dimensions of the nonwov-
ens were 500 mmx1200 mm.

[0093] The clamping of the nonwovens was provided by
adhesive tape at the periphery. The various configurations
tested and the results obtained are presented in the table
below:

D Coupling Deformation
2 very good good
3 very good very good
4 very good good
5 very good poor
6 very poor /

[0094] These results show:

[0095] thata PEEK nonwoven or a PEEK/PEI nonwoven

comprising from 60% to 70% of PEEK constitutes a
material that is adequate for the application;
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[0096] that needlepunching and in particular nee-
dlepunching of 50 to 130 strokes/minute and preferably
of 110 strokes/minute with a tolerance of 5% to 10%
gives a greater strength to the nonwoven;
[0097] that hydroentangling of the order of 40 to 80 bar
and more specifically of 60 bar with a tolerance of 5% to
10% is advantageous.
[0098] The drape-forming tests have brought to light the
importance of clamping the nonwovens. Specifically,
depending on the positioning of the clamping, the accuracy of
the drape forming varies.
[0099] It was therefore necessary to develop effective
clamping solutions. Several types of clamping can be used:

[0100] mechanical clamping using screwed or clamped
blocks;

[0101] electromagnetic clamping using a magnet;

[0102] clamping with coupling strips, for example known

under the trademark Velcro.

[0103] During the drape forming, it is advisable to take into
account the movements of the lay-up head over and around
the drape forming zone. This is why block clamping systems,
which create overthicknesses, are positioned at the periphery
of the tool.

[0104] This arrangement limits their effectiveness.

[0105] One alternative solution is based on the use of poly-
mer (in this case PEEK) coupling strips positioned as close as
possible to the part without disturbing the drape forming
thereof.

[0106] The use of such coupling strips makes it possible to
distribute the coupling zones of the nonwoven over the
former, certain coupling strips being positioned under por-
tions intended to receive the drape forming which makes it
possible in particular to produce parts with concave or convex
shapes.

[0107] Thetests carried out show that the nonwovens there-
fore represent a suitable solution for the coupling of the first
ply of drape-formed thermoplastic composites.

[0108] Various nonwovens were manufactured and tested
and several proved to be applicable for this application. The
main advantages of polymer nonwovens are:

[0109] adaptation to all tool geometries,

[0110] limited additional mass on the final part;

[0111] total compatibility with the manufacturing
matrix;

[0112] constitute a solution for enriching the surface

with polymer for subsequent welding operations;
[0113] simplicity of use (no vacuum cover to manufac-
ture, etc.).
[0114] The effectiveness of the solution of the presently
disclosed embodiment nevertheless remains linked to the
effectiveness of its clamping to the tool.
[0115] For the present application, the fibers of the non-
woven are advantageously of the same material as the ther-
moplastic material to be used, in particular PEEK, or use a
material having a lower melting point in order to facilitate the
coupling of the first ply to the nonwoven.
[0116] Theuseof PEEK fibers or of a mixture of PEEK/PEI
fibers makes the solution compatible with drape forming and
consolidation of the part. Furthermore, PEEK will melt at the
surface during drape forming in the same way as the matrix of
the laid-up prepreg and promote the adhesion of the sheet to
the tool. It will finally blend perfectly with the resin of the
composite during the consolidation of the part to give a com-
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posite and thus provide a surface rich in resin that will be able
to be of use for possible subsequent welding operations.
[0117] The prepreg material must be by nature “compat-
ible” with the matrix of the composite material.

[0118] As seen previously, compatible means in particular,
but not only, miscible, that is to say that the mixture of the
prepreg material with the matrix of the composite material is
single phase between ambient temperature and the melting
points thereof.

[0119] According to a first solution, the material of the
nonwoven is advantageously the same as that of the matrix.
[0120] Inthedescription, PEEK isused fora PEEK matrix.
[0121] It is also possible to use PEEK/PEI blends, the PEI
making it possible to decrease the melting point and to facili-
tate calendering.

[0122] These materials are also suitable fora PEKK matrix.
[0123] For a polyamide matrix of PA-12 type, a nonwoven
made of polyamide will be used.

[0124] The nonwovens used enable the coupling of the first
ply without giving rise to creasing including during position-
ing on a complex, in particular unregulated, shape, their posi-
tioning time is brief, they do not deform the preform and
ensure its geometrical integrity and they form a thermal bar-
rier between the metal tool of the mold and the part being
melted which optimizes the coupling phenomenon even
more.

[0125] The material of the thermoplastic nonwoven type
manufactured by successive implementation of needlepunch-
ing, hydroentangling and calendering is part of the presently
disclosed embodiment.

What is claimed is:

1. A process of drape forming on a former comprising a
step of laying up on the former a first ply support in the form
of one or more polymer nonwoven fabrics.

2. The drape-forming process as claimed in claim 1, further
comprising a step of needlepunching the one or more polymer
nonwoven fabrics prior to the lay-up.

3. The drape-forming process as claimed in claim 2,
wherein the needlepunching step is a needlepunching of 50 to
130 strokes/minute and preferably of the order of 110 strokes/
minute.

4. The drape-forming process as claimed in claim 1 further
comprising a step of hydroentangling the one or more poly-
mer nonwoven fabrics prior to the lay-up.

5. The drape-forming process as claimed in claim 4,
wherein the prior hydroentangling step is carried out at a
pressure of the order of 40 to —80 bar and preferably of the
order of 60 bar.

6. The drape-forming process as claimed in claim 1, further
comprising a step of calendering the one or more polymer
nonwoven fabrics prior to the lay-up.

7. The drape-forming process as claimed in claim 1, further
comprising needlepunching, hydroentangling and calender-
ing steps prior to the lay-up, the order of the steps being
needlepunching then hydroentangling then calendering.

8. The drape-forming process as claimed in claim 1,
wherein the one or more polymer nonwoven fabrics comprise
polymer fibers of a first nature.

9. The drape-forming process as claimed in claim 1,
wherein the one or more polymer nonwoven fabrics comprise
polymer fibers of two different natures.

10. The drape-forming process as claimed in claim 1, fur-
ther comprising a step of clamping the one or more polymer
nonwoven fabrics to the former.
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11. The drape-forming process as claimed in claim 10,
wherein the clamping step comprises a clamping selected
from a mechanical clamping using screwed or clamped
blocks, an electromagnetic clamping with the aid of a magnet,
clamping by means of adhesive tapes or clamping by cou-
pling strips.

12. The drape-forming process as claimed in claim 1, fur-
ther comprising a step of melting the material of the one or
more polymer nonwoven fabrics.

13. The drape-forming process as claimed in claim 1, fur-
ther comprising a step of introducing resin by partial melting
of the polymer fibers of the one or more polymer nonwoven
fabrics.

14. A thermoplastic nonwoven material, comprising a non-
woven fabric of polymer fibers.

15. A material for producing a first ply for drape forming on
a former, consisting of a nonwoven fabric of polymer fibers.
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16. The material as claimed in claim 15, wherein the poly-
mer fibers comprise PEEK.

17. The material as claimed in claim 15, wherein the poly-
mer fibers comprise PEI.

18. The material as claimed in claim 16, wherein the poly-
mer fibers consist of 100% PEEK fibers.

19. The material as claimed in claim 16, wherein it com-
prises from 60% to 70% of PEEK fibers.

20. The material as claimed in claim 15, wherein the poly-
mer fibers comprise polyamide.

21. The material as claimed in any claim 15, wherein it
consists of a needlepunched nonwoven.

22. The material as claimed claim 15, wherein it consists of
a hydroentangled nonwoven.

23. The material as claimed in claim 15, wherein it consists
of a calendered nonwoven.
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