wo 2015/091600 A1 |11 I 0FV 00O R O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

25 June 2015 (25.06.2015)

(10) International Publication Number

WO 2015/091600 A1

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
B29D 99/00 (2010.01) B29C 33/40 (2006.01)
B29C 70/50 (2006.01) B291 31/30 (2006.01)

International Application Number:
PCT/EP2014/078139

International Filing Date:
17 December 2014 (17.12.2014)

Filing Language: English
Publication Language: English
Priority Data:
102013 226 739.8

19 December 2013 (19.12.2013) DE

Applicant: AIRBUS OPERATIONS GMBH [DE/DE];
Kreetslag 10, 21129 Hamburg (DE).

Inventors: BACKHAUS, Sascha; Hans-Dewitz-Ring 16,
21075 Hamburg (DE). LENARTOWICZ, Krysztof,
Buschhorn 12 B, 21683 Stade (DE). GAITZSCH, Robert;
Rapsweg 103, 04207 Leipzig (DE). FUERSTE, Christi-
an; Bukpostrasse 4, 38820 Halberstadt (DE).

Agent: SCHICKER, Silvia; Schweigerstrasse 2, 81541
Miinchen (DE).

(84)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
Bz, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: SHAPING TOOL, SHAPING APPARATUS AND METHOD OF FORMING A SEMI-FINISHED PRODUCT CON-
TAINING REINFORCING FIBRES

FIG 4

CION
3

ﬁ
wl
=
o
(=]

(57) Abstract: A shaping tool (48) for forming a semi-fin-
ished product (16) which contains reinforcing fibres and is
fed to said shaping tool (48) in a continuous process com-
prises a first shaping-tool element (48a) and a second shap-
ing-tool element (48b) which is located opposite said first
shaping-tool element (48a). The shaping- tool elements (48a,
48b) have shaping faces (49a, 49b) which face towards the
semi-finished product (16), at least in certain operating
phases of the shaping tool (48), and which are curved and/or
inclined, at least in certain sections, in a direction of convey-
ance (F) of said semi-finished product (16) through the shap-
ing tool (48), and/or curved and/or inclined, at least in certain
sections, in a direction perpendicular to said direction of con-
veyance (F) of said semi-finished product (16).
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Shaping tool, shaping apparatus and method of forming a semi-finished product
containing reinforcing fibres

The invention relates to a shaping tool, a shaping apparatus and a method of
forming a semi-finished product containing reinforcing fibres in a continuous process.
The invention also relates to a device for the continuous production of components,
in particular structural components for aircraft, made of fibre-reinforced composite
materials.

In aircraft construction, attempts are being made to increasingly use, as load-bearing
components, components which consist entirely or partly of fibre-reinforced
composite materials, for example carbon fibre-reinforced plastics (CFP's). For
example, DE 10 2007 062 111 Al describes a cross-member structure which consists
of carbon fibre-reinforced plastic and which serves to support the individual panels of
an aircraft floor system for separating a passenger cabin from a cargo compartment
arranged underneath said passenger cabin. It is also known, for example from DE 10
2004 001 078 Al or CN 100418850, to provide segments of an aircraft fuselage with
a skin and also reinforcing elements (for example, frames, stringers, etc.) made of
fibre-reinforced composite materials.

In a method of manufacturing structural components for aircraft made of fibre-
reinforced composite materials, a multilayer laminate may first of all be built up from
fibre prepregs. Said fibre prepregs may comprise a woven or honwoven made of
reinforcing fibres which are provided with a surface layer made of an uncured plastic
material, for example an epoxy resin material. The building-up of the laminate may
take place manually or in an automated manner. The fibre prepregs may then be
brought into a desired shape for a surface section which forms the outer skin of an
aircraft or for a reinforcing section which forms a frame or stringer. Finally, the
plastic material which has been applied to the surfaces of the fibres is cured in an
autoclave cycle under pressure and/or elevated temperature, so that a composite
material having a matrix made of a cured plastic and reinforcing fibres embedded in
said matrix is brought into being. An autoclave process is particularly well suited to
the individual production of components having even a complex shape.

In contrast to this, EP 1 819 503 B1 describes a method for the continuous
production of structural profiles which are suitable for use as structural components
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for aircraft. In this method, a multilayer fibre-plies arrangement is produced first of
all. For this purpose, dry fibre plies are unwound from suitable rolls and fed to a pre-
forming tool which brings said fibre plies into a desired preform under pressure. The
pre-formed stack of fibre plies produced in the pre-forming tool is impregnated with
a mixture of an epoxy resin and a curing agent, which mixture is brought, by
supplying heat, to a partial reaction which brings about an increase in the viscosity of
the resin. The resin-impregnated stack of fibre plies is then heated further in a cycle
press and subjected to pressure so that the resin gels, that is to say the crosslinking
of the resin proceeds until dimensional stability is achieved. Finally, the complete
curing of the resin takes place in a tunnel oven.

Throughout the process, the fibre plies, the stack of fibre plies or the resin-
impregnated stack of fibre plies are continuously conveyed to, and through, the
individual stations of the process by means of suitable take-off devices. The cycle
press is movably mounted so that it can be moved, together with the resin-
impregnated stack of fibre plies to be pressed, over a specific distance. As soon as
the treatment of one section of the resin-impregnated stack of fibre plies in the cycle
press has been completed, said cycle press is opened and moved, counter to the
direction of movement of the resin-impregnated stack of fibre plies, until it has
reached a suitable position in which the cycle press can be closed again for treating
another section of the resin-impregnated stack of fibre plies. The continuous method
described in EP 1 819 503 B1 is suitable for manufacturing structural profiles with a
constant cross-section in large numbers.

The object of the invention is to indicate a shaping tool, a shaping apparatus and a
method which make it possible to bring a semi-finished product containing
reinforcing fibres into a curved shape. Another object of the invention is to indicate a
device which makes possible the continuous production of curved components, in
particular structural components for aircraft, made of fibre-reinforced composite
materials.

This object is achieved by means of a shaping tool having the features in Claim 1, a
shaping apparatus having the features in Claim 6, a method having the features in
Claim 14 and a device having the features in Claim 19.

A shaping tool for forming a semi-finished product which contains reinforcing fibres
and is fed to said shaping tool in a continuous process comprises a first shaping-tool



10

15

20

25

30

35

WO 2015/091600 PCT/EP2014/078139

-3-

element and also a second shaping-tool element which is located opposite said first
shaping-tool element. The semi-finished product containing reinforcing fibres may be
fed to the shaping tool at a constant or varying speed. However, it is also
conceivable to convey the semi-finished product containing reinforcing fibres step-
wise and/or with conveying pauses in its direction of conveyance, in which case
interruptions in conveyance may be used, for example, for subjecting the semi-
finished product to pressure and thereby forming it.

The shaping-tool elements have shaping faces which face towards the semi-finished
product, at least in certain operating phases of the shaping tool, and which are
curved and/or inclined, at least in certain sections, in the direction of conveyance of
said semi-finished product, and/or curved and/or inclined in a direction perpendicular
to said direction of conveyance of said semi-finished product. The shaping faces of
the shaping-tool elements may be rigidly shaped and may consequently always be
curved and/or inclined in the direction of conveyance of the semi-finished product,
and/or curved and/or inclined in the direction perpendicular to said direction of
conveyance of said semi-finished product. As an alternative to this, however, it is
also conceivable to equip the shaping tool with shaping-tool elements whose shaping
faces are merely temporarily curved and/or inclined in the direction of conveyance of
the semi-finished product, and/or curved and/or inclined in the direction
perpendicular to said direction of conveyance of said semi-finished product, whereas
they have no curvature or inclination in other operating phases of the shaping tool.
In addition or as an alternative to this, a configuration of the shaping-tool elements is
conceivable with shaping faces which have at least one section which is curved
and/or inclined in the direction of conveyance of the semi-finished product, and/or
curved and/or inclined in the direction perpendicular to said direction of conveyance
of said semi-finished product, and also another section which is neither inclined nor
curved.

The shaping tool is suitable for providing a semi-finished product, which contains
reinforcing fibres and which may be fed to the shaping tool, for example in the form
of an endless strand, with a complex curved or twisted shape in a continuous
process. In particular, the shaping tool is suitable for bringing elongated structural
profiles, for example frames, stringers or the like which can be used as primary
structural components in an aircraft, into a desired curved and/or twisted shape. It is
thus possible to manufacture even complexly curved and/or twisted components, in
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particular structural components for aircraft, in large numbers with short production
times.

In one embodiment of the shaping tool, the shaping face of at least one of the
shaping-tool elements consists of an elastically deformable material. If desired, the
shaping faces of both shaping-tool elements may consist of an elastically deformable
material. For example, the shaping tool may be designed in the form of an elastically
deformable sleeve which receives the semi-finished product. A shaping face
consisting of an elastically deformable material may, for example, be produced from
an elastomer material or be formed by a surface of a flexible container which is filled,
for example, with a granular material or a fluid. A shaping face consisting of an
elastically deformable material can easily be brought temporarily into a curved and/or
inclined or twisted shape and is preferably designed in such a way that it distributes
pressure applied to the shaping-tool element as evenly as possible.

In one embodiment, the shaping tool may comprise a shaping-tool element with a
shaping face made of a rigid material. For manufacturing a shaping face made of a
rigid material, use may be made, for example, of a metal such as, for example, steel
or aluminium or an aluminium alloy. However, it is also conceivable to use a rigid
plastic material for manufacturing the shaping face. A shaping-tool element which
comprises a shaping face made of a rigid material can be combined, in a particularly
advantageous manner, with a shaping-tool element which comprises a shaping face
consisting of an elastically deformable material. Said shaping face consisting of an
elastically deformable material can then be adapted in a flexible manner to the
curved and/or inclined or twisted shape of the shaping face consisting of a rigid
material, for example when the shaping tool is subjected to pressure. In addition, the
shaping face consisting of an elastically deformable material may then have a shape
which substantially corresponds to the shape of the shaping face consisting of a rigid
material. For example, in a shaping tool in which one of the shaping-tool elements
has a shaping face which consists of a rigid material and has the contour of an
omega profile, the other shaping-tool element should comprise a shaping face which
consists of an elastically deformable material and which likewise has an omega-
profile contour.

A shaping face belonging to a shaping-tool element and consisting of a rigid material
preferably has a plurality of sections which differ with regard to a curvature and/or
inclination in the direction of conveyance of the semi-finished product through the
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shaping tool and/or in the direction perpendicular to said direction of conveyance of
said semi-finished product. The shaping-tool element having the shaping face
consisting of a rigid material and the other shaping-tool element, which preferably
has a shaping face consisting of an elastically deformable material, may also be
movable, relative to one another, in order to bring different sections of the shaping-
tool element into contact with the semi-finished product to be formed. The shaping-
tool elements can then be moved, relative to one another, in order to bring the
shaping face of the one shaping-tool element, which shaping face consists of an
elastically deformable material, into coincidence with different sections of the shaping
face, which consists of a rigid material, of the other shaping-tool element, and to
thereby shape differently, in certain sections, a semi-finished product which is guided
between the shaping faces.

The shaping tool may also comprise a heating apparatus which is adapted to heat the
semi-finished product which is arranged between the shaping-tool elements, at least
in certain sections. Such a configuration of the shaping tool is particularly appropriate
if the semi-finished product containing reinforcing fibres comprises a plastic material
which forms, in @ component which is to be produced from said semi-finished
product, a matrix in which said reinforcing fibres are embedded. The reinforcing
fibres may be present in the semi-finished product in the form of individual fibres or
in the form of a fibre nonwoven or a woven. In addition to reinforcing fibres, the
semi-finished product may contain other components which influence the properties
of the material, such as, for example, binding threads, impact strength modifiers,
binder particles, surface materials, such as peel-ply for example, for subsequent
surface activation, or general functional elements, such as electrical or optical lines
for example. The plastic material in question may be a thermoplastic plastic material
or a curable plastic material, for example a resin, in particular an epoxy resin. As a
result of the supplying of heat by the heating apparatus, the viscosity of the plastic
material contained in the semi-finished product can be reduced and the formability of
the said product thereby improved. As an alternative to this, however, the heating
apparatus may also be used for curing, at least partly or else completely, a plastic
material which is contained in the semi-finished product. As the heating apparatus,
use may be made, for example, of electric resistance heating. As an alternative or in
addition to this, the heating apparatus may comprise fluid ducts through which a
heating fluid can flow.
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In addition or as an alternative to this, the shaping tool may also comprise a plastic-
feeding apparatus which is adapted to impregnate the semi-finished product
arranged between the shaping-tool elements with a plastic material, at least in
certain sections. Said plastic-feeding apparatus may comprise, for example, an
injection duct which is routed through at least one of the shaping-tool elements and
through which plastic material can be conducted to the semi-finished product. For
example, a pressurising operation within the shaping tool may be used for forcing air
which is enclosed in a dry reinforcing-fibre woven, that is to say one which is not
impregnated with a plastic material, out of said reinforcing-fibre woven, and
replacing said air by a plastic material which is poured over said reinforcing-fibre
woven before said woven is subjected to pressure.

A shaping apparatus for forming a semi-finished product containing reinforcing fibres
comprises a shaping tool, which has been described above, and a press having a first
pressing element and a second pressing element which is located opposite said first
pressing element, the first and second pressing elements being adapted to subject
the semi-finished product, which is fed to the shaping tool in a continuous process
between the first and second shaping-tool elements, to pressure in a direction
perpendicular to a direction of conveyance of said semi-finished product. For
pressurising the semi-finished product, the two pressing elements may be movable,
relative to one another. Furthermore, it is also possible, depending upon the
geometry of the component to be produced, to make use of a press which exerts
pressure on all sides and has one fixed pressing jaw and three movable pressing
jaws. The press may comprise a suitable driving apparatus such as, for example, a
hydraulic or pneumatic apparatus or an electric driving apparatus with an electric
motor and a driving spindle.

The pressing elements preferably have pressing faces which face towards the semi-
finished product, at least in certain operating phases of the shaping apparatus, and
which are curved and/or inclined, at least in certain sections, in the direction of
conveyance of said semi-finished product, and/or curved and/or inclined in a
direction perpendicular to said direction of conveyance of said semi-finished product.
The pressing faces of the pressing elements may therefore be rigidly shaped and
consequently always curved and/or inclined in the direction of conveyance of the
semi-finished product, and/or curved and/or inclined in the direction perpendicular to
said direction of conveyance of said semi-finished product. As an alternative to this,
however, it is also conceivable to equip the press with pressing elements whose
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pressing faces are merely temporarily curved and/or inclined in the direction of
conveyance of the semi-finished product, and/or curved and/or inclined in the
direction perpendicular to said direction of conveyance of said semi-finished product
while, in other operating phases of the shaping tool, they have no curvature or
inclination. In addition or as an alternative to this, a configuration of the pressing
elements is conceivable with pressing faces which have at least one section which is
curved and/or inclined in the direction of conveyance of the semi-finished product,
and/or curved and/or inclined in the direction perpendicular to said direction of
conveyance of said semi-finished product, and also another section which is neither
inclined nor curved.

The first and/or the second pressing element may be movably mounted via a
plurality of movable mounting elements. Said mounting elements may be movable by
means of an active driving apparatus in order to bring the pressing face(s) of the first
and/or the second pressing element into the desired shape. For example, the first
and/or the second pressing element may be mounted via mounting elements which
can be brought into a desired position by means of a suitable pneumatic, hydraulic or
electric driving apparatus. Basically, the two pressing elements may be mounted via
a plurality of movable mounting elements which can be moved by means of an active
driving apparatus. As an alternative to this, however, it is also conceivable to provide
an active driving apparatus only for mounting elements belonging to one pressing
element, and to mount the other pressing element via passive, movable mounting
elements which are then moved as well in a suitable manner when the mounting
elements connected to an active driving apparatus are brought into a desired
position.

The first and/or the second pressing element may comprise a plurality of rollers or
pairs of rollers which are arranged one behind another in the direction of conveyance
of the semi-finished product. At least some of the rollers may be displaceable in a
direction perpendicular to the direction of conveyance of the semi-finished product,
in order to impart a desired curvature to said semi-finished product, which is guided
between the first and second pressing elements, in its direction of conveyance. In
addition or as an alternative to this, an axis of rotation of the rollers which extends
perpendicularly to the direction of conveyance of the semi-finished product and
perpendicularly to the direction of displacement of said rollers may be tiltable,
relative to the direction of conveyance of said semi-finished product. It is thereby
possible to achieve a shape of the semi-finished product which is inclined, relative to
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its direction of conveyance, or, in combination with a curvature, a twist within said
semi-finished product.

The first and/or the second pressing element may be constructed in the form of a
conveyor belt. Said conveyor belt may be mounted via a plurality of rollers. A
pressing element which is constructed in the form of a conveyor belt can be brought
into a curved and/or twisted shape temporarily by means of a suitable driving
apparatus in a comparatively simple manner.

The semi-finished product may be conveyed by means of a conveying apparatus
which can be operated independently of the shaping apparatus. A conveying
apparatus of this kind may be constructed, for example, in the form of a toothed-rack
drive or comprise a first and a second gripping device. Said first and second gripping
devices may each be adjustable between an open position, in which they free the
semi-finished product, and a closed position, in which they grip said semi-finished
product fast between two gripping jaws, and may be movable, in the direction of
conveyance or counter to the direction of conveyance of said semi-finished product,
between a gripping position and a releasing position. The operation of the first and
second gripping devices may be controlled in such a way that the first gripping
device is located in its open position and is moved, counter to the direction of
conveyance of the semi-finished product, out of its releasing position and into its
gripping position, relative to said semi-finished product, when the second gripping
device is located in its closed position and is moved in the direction of conveyance of
said semi-finished product, together with said semi-finished product, out of its
gripping position and into its releasing position. Conversely, the first gripping device
may be located in its closed position and be moved in the direction of conveyance of
the semi-finished product, together with said semi-finished product, out of its
gripping position and into its releasing position, when the second gripping device is
located in its open position and is moved, relative to the semi-finished product,
counter to said direction of conveyance of said semi-finished product, out of its
releasing position and into its gripping position. Consequently, in the case of a
conveying apparatus which is constructed in this way, the first and second gripping
devices alternately ensure movement of the semi-finished product in the direction of
conveyance.

The shaping apparatus may also comprise a fixing apparatus which is adapted to fix
the shaping tool in a form-locking manner, at least in certain operating phases of
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said shaping tool. Said fixing apparatus may, for example, comprise a housing
consisting of a rigid material for receiving a shaping face which consists of an
elastically deformable material. Said fixing apparatus may also comprise a toothed-
rack drive which may then fulfil the double function of, on the one hand, moving the
shaping tool, relative to the semi-finished product which is conveyed through it and,
on the other hand, fixing the shaping-tool elements in a form-locking manner until
they are sufficiently dimensionally stable. The use of a fixing apparatus is particularly
advantageous if the shaping-tool elements contain an elastomer material, for
example a PTFE material, which has a coefficient of thermal expansion which is not
constant and is difficult to monitor. The fixing apparatus may then ensure that the
shaping-tool elements are forced into the desired shape until the semi-finished
product has the desired shape and also has sufficient dimensional stability, if
necessary as a result of suitable (partial) curing of the plastic material contained in
said semi-finished product.

The shaping apparatus may also comprise a control apparatus which is adapted to
control the shaping-tool elements into a closed position in order to subject a first
section of the semi-finished product, which first section is arranged between said
shaping-tool elements, to pressure. The control apparatus may also be adapted to
move the shaping-tool elements, together with the first section of the semi-finished
product, in the direction of conveyance of said semi-finished product, as long as the
shaping-tool elements are subjecting said first section of the semi-finished product to
pressure. For this purpose, the shaping-tool elements may, for example, be mounted
so as to be movable along a guiding apparatus. Finally, the control apparatus may be
adapted to control the shaping-tool elements into an open position and move them,
relative to the first section of the semi-finished product, counter to the direction of
conveyance of said semi-finished product until said shaping-tool elements are
arranged in a position in which they can be controlled into a closed position again, in
order to subject a second section of the semi-finished product, which second section
is arranged behind the first section of said semi-finished product, referred to the
direction of conveyance of said semi-finished product, to pressure. In other words,
after the subjection of the first section of the semi-finished product to pressure has
been terminated, the shaping-tool elements may be moved, relative to said semi-
finished product, counter to its direction of conveyance until they can be controlled
into their closed position again and, in the process, subject the second section of said
semi-finished product to pressure.
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A shaping tool which is configured in this way may also serve as part of a conveying
apparatus. Said shaping tool then forms one of the gripping devices of a conveying
apparatus which has been described above and downstream of which, or upstream
of which, the other gripping device is incorporated. The shaping tool that forms a
gripping device, and the other gripping device, can then be operated as described
above in order to convey the semi-finished product containing reinforcing fibres.

The control apparatus may also be adapted to cause a movement of the shaping-tool
elements, relative to one another, when said shaping-tool elements are located in
their open position. As a result, different sections of the shaping-tool element can be
brought into contact with the semi-finished product which is to be formed. For
example, shaping-tool elements can be moved, relative to one another, in order to
bring a shaping face of one shaping-tool element, which shaping face consists of an
elastically deformable material, into coincidence with different sections of a shaping
face, which consists of a rigid material, of the other shaping-tool element, and
thereby shape differently, in certain sections, a semi-finished product which is guided
between the shaping faces.

In a method of forming a semi-finished product containing reinforcing fibres, said
semi-finished product is fed to a shaping tool which comprises a first shaping-tool
element and also a second shaping-tool element which is located opposite said first
shaping-tool element. The semi-finished product is subjected to pressure, in a
direction perpendicular to a direction of conveyance of said semi-finished product, by
means of a press which comprises a first pressing element and a second pressing
element which is located opposite said first pressing element. The semi-finished
product is subjected to pressure via shaping faces of said first and second shaping-
tool elements, which shaping faces, at least in certain operating phases of the
shaping tool, are curved and/or inclined, at least in certain sections, in a direction of
conveyance of the semi-finished product through the shaping tool, and/or curved
and/or inclined, at least in certain sections, in a direction perpendicular to said
direction of conveyance of said semi-finished product.

The pressing elements may have pressing faces which face towards the semi-
finished product, at least in certain operating phases of the press, and which are
curved and/or inclined, at least in certain sections, in a direction of conveyance of the
semi-finished product through the shaping tool, and/or curved or inclined in a
direction perpendicular to said direction of conveyance of said semi-finished product.



10

15

20

25

30

35

WO 2015/091600 PCT/EP2014/078139

-11 -

The first and/or the second pressing element may be mounted via a plurality of
movable mounting elements, said mounting elements being moved by means of an
active driving apparatus in order to bring the pressing face(s) of the first and/or the
second pressing element into the desired shape.

The first and/or the second pressing element may comprise a plurality of rollers
which are arranged one behind another in the direction of conveyance of the semi-
finished product, at least some of the rollers being displaced in a direction
perpendicular to the direction of conveyance of said semi-finished product and/or an
axis of rotation of the rollers being tilted, relative to said direction of conveyance of
said semi-finished product.

The first and/or the second pressing element may be constructed in the form of a
conveyor belt.

The shaping tool may be fixed in a form-locking manner, at least in certain operating
phases of said shaping tool, by a fixing apparatus.

A control apparatus may control the operation of the shaping-tool elements in such a
way that said shaping-tool elements are controlled into a closed position in order to
subject a first section of the semi-finished product, which first section is arranged
between the shaping-tool elements, to pressure, said shaping-tool elements are
moved, together with the first section of the semi-finished product, in the direction of
conveyance of said semi-finished product as long as the shaping-tool elements are
subjecting said first section of the semi-finished product to pressure, and said
shaping-tool elements are controlled into an open position and moved, relative to
said first section of the semi-finished product, counter to the direction of conveyance
of said semi-finished product, until the shaping-tool elements are arranged in a
position in which they can be controlled into a closed position again, in order to
subject a second section of said semi-finished product, which second section is
arranged behind the first section of said semi-finished product, referred to the
direction of conveyance of said semi-finished product, to pressure.

The control apparatus may also cause a movement of the shaping-tool elements,
relative to one another, when said shaping-tool elements are located in their open
position. It is also conceivable to heat the semi-finished product arranged behind the
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shaping-tool elements, at least in certain sections. In addition, the semi-finished
product arranged between the shaping-tool elements may be impregnated, at least
in certain sections, with a plastic material.

A device for the continuous production of components made of fibre-reinforced
composite material comprises a conveying apparatus which is adapted to convey a
semi-finished product containing reinforcing fibres through said device. The device
also comprises a shaping apparatus which is described above.

Preferred embodiments of the invention will now be explained in greater detail with
reference to the appended diagrammatic drawings, in which:

Figure 1 shows a general representation of a device for the continuous
production of components made of fibre-reinforced composite
materials,

Figure 2 shows a first variant of a conveying apparatus which may be

used in a device for the continuous production of components
made of fibre-reinforced composite materials according to Figure
1,

Figures 3a to ¢ show an alternative variant of a conveying apparatus which may
be used in a device for the continuous production of components
made of fibre-reinforced composite materials according to Figure
1,

Figures 4a and b show, in a side view, a first embodiment of a shaping apparatus
which may be used in a device for the continuous production of
components made of fibre-reinforced composite materials
according to Figure 1,

Figure 5 shows, in a three-dimensional representation, an alternative
embodiment of a shaping apparatus which may be used in a
device for the continuous production of components made of
fibre-reinforced composite materials according to Figure 1,
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Figure 6 shows a shaping tool which may be used in a shaping apparatus
according to Figure 4 or 5 and makes it possible to integrate an
impregnating step into a shaping step, and

Figure 7 shows an example of a component which may be manufactured
by means of a shaping apparatus according to Figure 4 or 5 in a
continuous production method.

Figure 1 shows a device 10 for the continuous production of components 12 made of
fibre-reinforced composite materials. Said device 10 comprises a feeding apparatus
14 for feeding in a semi-finished product 16 containing a reinforcing-fibre material.
In particular, the feeding apparatus 14 comprises a plurality of rollers 18, onto each
of which an endless strand of a reinforcing-fibre material is wound. The reinforcing-
fibre material in question is a dry reinforcing-fibre woven, the reinforcing fibres of
which are not saturated with a plastic material. The reinforcing-fibre wovens wound
onto the individual rollers 18 may differ from one another with regard to the nature
and orientation of the reinforcing fibres contained in the woven. In particular, the
reinforcing fibres in the individual reinforcing-fibre wovens may be oriented in a
unidirectional or bidirectional manner or in any desired manner.

The plies of reinforcing-fibre woven unwound from the rollers 18 are stacked one
above another in a sequence which depends, for example, upon the desired
mechanical properties of the component 12 to be manufactured. In particular,
reinforcing-fibre wovens with different fibre orientations may be stacked one above
another in order to selectively control the mechanical properties of the component 12
to be produced. The rollers 18 of the feeding apparatus 14 may comprise an
orientating device (not shown in Figure 1) for orientating the rollers along their axes
of rotation. Said orientating device may comprise a detecting apparatus constructed,
for example, in the form of a light barrier or the like, which preferably continuously
detects a position, on the roller 18, of the reinforcing-fibre woven which is wound
onto said roller 18. Depending upon the measurement results supplied by the
detecting apparatus, a suitable control apparatus may then ensure displacement of
the position of the rollers 18 along their axis of rotation, so that the plies of
reinforcing-fibre woven unwound from said rollers 18 can be arranged one above
another in a precise manner when they are unwound from said rollers 18. Said rollers
18 may, for example, be displaced along their axis of rotation by means of an electric
motor and a spindle drive. By configuring the feeding apparatus 14 in this way, it is
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possible to prevent, or at least significantly reduce, the formation of creases in the
individual plies of reinforcing-fibre woven.

The feeding apparatus may also comprise a guiding and/or smoothing device (not
shown in Figure 1) which comprises rollers or sliding shoes and which guides and
smoothes the plies of reinforcing-fibre woven unwound from the individual rollers of
the feeding apparatus when stacking them one above another. If desired, it is
possible to also provide a heating apparatus (likewise not shown in Figure 1) which
serves to activate a binder, for example a thermoplastic binder, contained in the plies
of reinforcing-fibre woven, in order to join said plies of reinforcing-fibre woven, which
are stacked one above another, to one another. The heating apparatus may, for
example, comprise a heat source constructed as an infrared radiator or some other
suitable heat source.

The plies of reinforcing-fibre woven unwound from the rollers 18 are stacked one
above another in a sequence which depends, for example, upon the desired
mechanical properties of the component 12 to be manufactured. The stack of plies of
reinforcing woven is then fed to a pre-forming apparatus 20. Said pre-forming
apparatus 20 comprises a pre-forming tool, of which no further details are illustrated
in Figure 1 and in which there is constructed a cavity through which the stack of plies
of reinforcing-fibre woven can be passed. Said cavity has a cross-section which varies
along a direction of conveyance F of the stack of plies of reinforcing-fibre woven
through the pre-forming apparatus 20. In particular, the cavity has, in the region of
an inlet to the pre-forming tool, a shallow cross-section which substantially
corresponds to the shape of the stack of plies of reinforcing-fibre woven. In the
region of an outlet, on the other hand, the cavity constructed in the pre-forming tool
has a cross-section which already approximates to a cross-section of a component 12
which is to be manufactured from the semi-finished product 16.

After passing through the pre-forming apparatus 20, the semi-finished product 16 is
fed to an impregnating apparatus 22. In said impregnating apparatus 22, the
reinforcing fibres of the reinforcing-fibre woven are impregnated with a plastic
material, in particular a curable plastic material, such as a resin for example. The
impregnating apparatus 22 may comprise an impregnating bath through which the
stack of reinforcing-fibre woven is drawn. As an alternative to this, however, the
impregnating apparatus 22 may also comprise an impregnating shaping tool into
which the plastic material can be injected at a specific pressure. If an impregnating
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shaping tool is used in said impregnating apparatus 22, said impregnating shaping
tool is preferably provided with a cavity, the shape of which already substantially
corresponds to the desired shape of a component 12 which is to be produced. As will
be explained in still greater detail later, however, it is also possible to integrate the
impregnating step into a shaping step for forming the semi-finished product 16.

Said semi-finished product 16 is conveyed through the device 10 by means of a
conveying apparatus 24. Said conveying apparatus 24, which is illustrated in greater
detail in Figure 2, comprises a first and a second gripping device 26, 28, which can
each be adjusted between an open position, in which they free the semi-finished
product 16, and a closed position, in which they grip said semi-finished product 16
fast between two gripping jaws 26a, 26b, 28a, 28b. The gripping devices 26, 28 can
also be moved through the device 10, as indicated by the arrows Pgy, Pk in Figure 2,
in a direction of conveyance F of the reinforcing-fibre material 16 or counter to the
direction of conveyance of the semi-finished product 16, between a gripping position
and a releasing position.

The operation of the conveying apparatus 24 is controlled, just like the operation of
the other components of the device 10, by means of a central electronic control
apparatus 30. As an alternative to said central control apparatus 30, however, use
may also be made of a number of separate control apparatuses. The control
apparatus 30 controls the operation of the two gripping devices 26, 28 in such a way
that the first gripping device 26 is located in its open position and is moved, relative
to the semi-finished product 16, counter to the direction of conveyance of said semi-
finished product 16, out of its releasing position and into its gripping position when
the second gripping device 28 is located in its closed position and is moved, in the
direction of conveyance F of said semi-finished product 16, out of its gripping
position and into its releasing position, together with said semi-finished product 16.

Conversely, the first gripping device 26 is located in its closed position and is moved,
together with the reinforcing-fibre material 16, out of its gripping position and into its
releasing position in the direction of conveyance F of the semi-finished product 16,
when the second gripping device 28 is located in its open position and is moved,
relative to the semi-finished product 16, counter to said direction of conveyance F of
said semi-finished product 16, out of its releasing position and into its gripping
position. This oppositely directed operation of the two gripping devices 26, 28 is also
illustrated in the diagrammatic chart in Figure 2.
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As an alternative to the variant of a conveying apparatus 24 illustrated in Figure 2,
said conveying apparatus 24 may also be constructed in a manner integrated with a
shaping apparatus 36 to which the reinforcing-fibre material, which has been
impregnated with a curable plastic material in the impregnating apparatus 22, is fed
by means of said conveying apparatus 24. In the shaping apparatus 36, the
reinforcing-fibre material 16 impregnated with a curable plastic material is brought
into a desired shape, as will be explained in still greater detail below.

If desired, the device 10 may also comprise a pre-heating apparatus (not shown in
Figure 1) which serves to pre-heat the semi-finished product 16 impregnated with a
plastic material, before it is fed to the shaping apparatus 36. The operation of the
pre-heating device is preferably controlled in such a way that the viscosity of an
impregnating material consisting of a curable plastic material is increased, but there
are still no substantial cross-linking reactions taking place in said curable plastic
material. The pre-heating apparatus may comprise, for example, a convection-tunnel
oven, a device for irradiating the reinforcing-fibre woven impregnated with a plastic
material with electron beams, or an infrared radiator.

The device 10 also comprises a curing apparatus 44 which serves to partly or
completely cure the curable plastic material with which the reinforcing-fibre material
is impregnated. The curing apparatus 44 may comprise, for example, a tunnel oven,
an infrared radiator, a heating device that works inductively or a microwave-type
heating device. The operation of the curing apparatus 44, that is to say the operation
of a heating apparatus belonging to the curing apparatus 44, is preferably controlled
by the control apparatus 30 in such a way that the curable plastic material with
which the reinforcing-fibre material is impregnated is completely cured by the
supplying of heat from the heating apparatus. If desired, however, it is also possible
for only a partial curing of the plastic material to take place in the curing apparatus
44,

Finally, there is a cutting device 46 which cuts the semi-finished product 16
discharged from the curing apparatus 44 to a desired length in order to finally
produce the components 12. Said cutting device 46 may, for example, comprise a
band saw which is mounted in @ movable manner, so that it can be moved, together
with the semi-finished product 16 to be cut, through the device 10 in the direction of
conveyance F of said semi-finished product 16, in order to produce a cut which
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extends perpendicularly to said direction of conveyance F. The cutting device 46 may
also comprise a guiding and/or holding apparatus (not shown in Figure 1) which may
be arranged upstream or downstream of the saw, referred to the direction of
conveyance F of the semi-finished product 16, and may serve to avoid undesired
displacements of said semi-finished product or vibrations in said semi-finished
product 16. The position of the guiding and/or holding apparatus may be controlled
by means of a control apparatus 30 in dependence upon a varying shape of the
semi-finished product 16 which is to be cut.

As an alternative to the variant of a conveying apparatus 24 illustrated in Figure 2,
the conveying apparatus 24 may also comprise two mutually opposed conveyor belts
or, as represented in Figure 3, a toothed-rack drive with two mutually opposed
toothed racks 32, 34. Said toothed racks 32, 34 can be adjusted, in @ manner similar
to the gripping devices 26, 28 of the conveying apparatus 24 shown in Figure 2,
between an open position, in which they are not in contact with one another, and an
engaging position, in which they are in engagement with one another. A first toothed
rack 32 can also be moved, as indicated by the arrow P, in Figure 3, through the
device 10 in a direction of conveyance F of the reinforcing-fibre material 16 or
counter to said direction of conveyance F of said reinforcing-fibre material 16,
between an engaging position and a releasing position. The operation of the toothed-
rack drive takes place as has been described above with regard to the gripping
devices 26, 28 of the conveying apparatus 24 shown in Figure 2.

Figures 4 and 5 show various embodiments of a shaping apparatus 36 which may be
used in the device 10. The shaping apparatus 36 illustrated in Figures 4a and b
comprises a shaping tool 48 which has a first shaping-tool element 48a and also a
second shaping-tool element 48b which is located opposite said first shaping-tool
element 48a. The two shaping-tool elements 48a, 48b each consist of an elastically
deformable material, for example PTFE, and consequently have shaping faces 49a,
49b which face towards the semi-finished product 16 and which likewise consist of
an elastically deformable material. A press 38, which comprises a first pressing
element 50 and also a second pressing element 52 which is located opposite said
first pressing element 50, serves to subject the semi-finished product 16, which is
arranged between the first and second shaping-tool elements 48a, 48b, to pressure
in a direction perpendicular to a direction of conveyance F of said semi-finished
product, see arrow Pp in Figure 4a. For this purpose, the press 38 comprises a
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suitable driving apparatus (not shown in the Figures). The pressing elements 50, 52
of the press 38 are each constructed in the form of a conveyor belt.

The conveyor belts which form the first and pressing elements 50, 52 can be moved
in opposite directions and exert a gripping force on the shaping tool 48 arranged
between said conveyor belts, such that said shaping tool 48 can be moved in the
direction of conveyance F of the semi-finished product 16 or counter to said direction
of conveyance F of said semi-finished product 16 as a result of the conveying
movement of the conveyor belts.

The first pressing element 50 comprises a number of rollers 54 which are arranged
one behind another in the direction of conveyance F of the semi-finished product 16.
Accordingly, the second pressing element 50 likewise comprises a number of rollers
56 which are arranged one behind another in the direction of conveyance F of the
semi-finished product 16, said rollers 54, 56 of the pressing elements 50, 52 being
positioned opposite one another in each case. The rollers 54, 56 can be displaced, in
a direction perpendicular to the direction of conveyance F of the semi-finished
product 16, in the direction of an arrow P, in Figures 4a and b, and thereby form
movable mounting elements for the first and second pressing elements 50, 52.

As is illustrated, in particular, in Figure 4b, the rollers 54 of the first pressing element
50 can be displaced, by means of an active driving apparatus (not shown in the
Figures) which is constructed, for example, in the form of a hydraulic apparatus, in a
direction perpendicular to the direction of conveyance F of the semi-finished product
16, that is to say in the direction of the arrow P, in Figures 4a and b. The movably
mounted rollers 56 of the second pressing element 52 are entrained when a
movement of the rollers 54 of the first shaping-tool element 50 occurs, and are
likewise displaced in a direction perpendicular to the direction of conveyance F of the
semi-finished product 16, that is to say in the direction of the arrow P, in Figures 4a
and b. Axes of rotation Ra of the rollers 54 of the first pressing element 50 can also
be actively tilted by an angle of, for example, 10°, relative to the direction of
conveyance F of the semi-finished product 16, by means of the active driving
apparatus, while the rollers 56 of the second pressing element 52 once again follow
this tilting movement passively.

It is thereby possible for a first pressing face 58 belonging to the first pressing
element 50 and facing towards the semi-finished product 16 to be curved temporarily
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in the direction of conveyance F of said semi-finished product 16, and also to be
curved, that is to say twisted, with regard to the direction of the pressing force
applied to said semi-finished product. A second pressing face 60, which is
constructed on the second pressing element 52 and faces towards the semi-finished
product 16, assumes a corresponding curved and twisted shape. This deformation of
the pressing faces 58, 60 of the pressing elements 50, 52 is transferred, because the
shaping-tool elements 48, 50 are configured from an elastically deformable material,
to said shaping-tool elements 48, 50, so that those shaping faces 49a, 49b of the
shaping-tool elements 48a, 48b which face towards the semi-finished product 16 are
likewise temporarily curved in the direction of conveyance F of said semi-finished
product 16 and also curved, that is to say twisted, with regard to the direction of the
pressing force which is applied to said semi-finished product. This shape of the
shaping faces 49a, 49b of the shaping-tool elements 48a, 48b is then accordingly
transferred to the semi-finished product 16.

The shaping tool 48 also comprises a heating apparatus 66 which may be designed,
for example, as electric resistance heating and which serves to heat the semi-
finished product 16 arranged between the shaping-tool elements 50, 52, at least in
certain sections. As a result of the supplying of heat by the heating apparatus 66, the
viscosity of the plastic material contained in the semi-finished product 16 can be
reduced and the formability of said semi-finished product 16 thereby improved.
Furthermore, the heating apparatus 66 may also be used for curing, at least partly or
else completely, the plastic material contained in the semi-finished product 16.

In an alternative embodiment of a shaping apparatus 36 which is shown in Figure 5,
the first shaping-tool element 48a of the shaping tool 48 consists of a rigid material,
whereas the second shaping-tool element 48b consists of an elastically deformable
material. The first shaping-tool element 48a may, for example, consist of metal, such
as, for example, steel or aluminium or an aluminium alloy. The second shaping-tool
element 48b, which consists of an elastically deformable material, may, for example,
be produced from an elastomer material or be formed by a flexible container which is
filled, for example, with a granular material or a fluid. The shape of the shaping face
49b of the second shaping-tool element 48b that consists of an elastically deformable
material can then be adapted, as shown in Figure 5, to the curved or twisted shape
of the shaping face 49a of the first shaping-tool element 48 that consists of a rigid
material, when the semi-finished product 16 arranged between the shaping-tool
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elements 48a, 48b is subjected to pressure by means of a press, of which no further
details are illustrated.

The shaping face 49a of the shaping-tool element 48a, which face consists of a rigid
material, has a first section 49a' which differs from a second section 49a" of said
shaping face 49a with regard to a curvature in the direction of conveyance F of the
semi-finished product 16 through the shaping tool 48. In particular, the first section
49a’ of the shaping face 49a is curved in the direction of conveyance F of the semi-
finished product 16, whereas the second section 49a" of said shaping face 49a has
no curvature. The shaping-tool element 48a having the shaping face 49a that
consists of a rigid material and the shaping-tool element 48b having the shaping face
49b that consists of an elastically deformable material can be moved, relative to one
another, in order to bring different sections of the shaping-tool element 483, that is
to say the different sections 49a’, 49a" of the shaping face 49a of said shaping-tool
element 48a, into contact, as required, with the semi-finished product 16 which is to
be formed.

By means of the control apparatus 30, the operation of the shaping tool 48 is
controlled in such a way that the shaping-tool elements 48a, 48b are controlled into
a closed position in order to subject a first section of the semi-finished product 16,
which first section is arranged between the shaping-tool elements 48a, 48b, to
pressure. The control apparatus 30 also controls the operation of the shaping tool 48
in such a way that the shaping-tool elements 48a, 48b are moved, together with the
first section of the semi-finished product 16, in the direction of conveyance F of said
semi-finished product 16, as long as the shaping-tool elements 48a, 48b are
subjecting said first section of the semi-finished product 16 to pressure. For this
purpose, the shaping-tool elements 48a, 48b are mounted so as to be movable along
a guiding apparatus, which is not shown. Finally, the shaping-tool elements 48a, 48b
are guided by the control apparatus 30 into an open position and are moved, relative
to the first section of the semi-finished product 16, counter to the direction of
conveyance F of said semi-finished product 16 until said shaping-tool elements 48a,
48b are arranged in a position in which they can be controlled into a closed position
again, in order to subject a second section of the semi-finished product 16, which
second section is arranged behind the first section of said semi-finished product 16,
referred to the direction of conveyance of said semi-finished product 16, to pressure.
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A shaping tool 48 which is configured in this way may also serve as part of a
conveying apparatus 24. The shaping tool 48 then forms one of the gripping devices
26, 28 of a conveying apparatus 24, which has been described above and
downstream of which, or upstream of which, the other gripping device 28, 26 is
incorporated. The shaping tool 48 that forms one gripping device 26, 28, and the
other gripping device 28, 26 can then be operated, as described above, in order to
convey the semi-finished product 16 through the device 10.

In addition, the control apparatus 30 causes, if necessary, a movement of the
shaping-tool elements 48a, 48b relative to one another, when said shaping-tool
elements 48a, 48b are located in their open position, in order to bring the different
sections of the shaping-tool element 48a into contact with the semi-finished product
16 which is to be formed. This is illustrated in Figure 5, in which, in the first
representation of the shaping apparatus 36 at the top left, a left-hand end of the
shaping-tool element 48a is in contact with the semi-finished product 16 which is to
be formed, while in the other representations, sections of the shaping-tool element
48a for forming the semi-finished product 16 which are located further to the right
are used in order to shape said semi-finished product differently in certain sections.

The shaping tools 48 shown in Figures 4 and 5 may comprise a plastic-feeding
apparatus 70 which is adapted to impregnate the semi-finished product 16 arranged
between the shaping-tool elements 48a, 48b with a plastic material, see Figure 6.
Said plastic-feeding apparatus 70 comprises a plurality of injection ducts 72 which
are routed through the shaping-tool elements 48a, 48b and through which plastic
material can be conducted to the semi-finished product 16. The pressurising
operation within the shaping tool 48 may be used for forcing air which is enclosed in
a dry reinforcing-fibre woven, out of said woven, and replacing said air by a plastic
material which is conducted through the injection ducts 72 into the reinforcing-fibre
woven before said woven is subjected to pressure.

By means of a shaping tool 48, the semi-finished product 16 containing reinforcing
fibres can be provided, in a continuous process, with a complex curved or twisted
shape, for example in order to manufacture a structural component 12 for an
aircraft, which component is shown in Figure 7.

If desired, the shaping apparatus 36 may also comprise an fixing apparatus which is
adapted to fix the shaping tool in a form-locking manner, at least in certain operating
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phases of said shaping tool. Said fixing apparatus may, for example, comprise a
housing consisting of a rigid material for receiving a shaping-tool element 48a, 48b
which consists of an elastically deformable material. Said fixing apparatus may also
comprise a toothed-rack drive which is illustrated in Figures 3a to ¢ and which may
then fulfil the double function of, on the one hand, moving the shaping tool relative
to the semi-finished product which is conveyed through said tool, and on the other
hand, fixing the shaping-tool elements 48a, 48b in a form-locking manner until they
have sufficient dimensional stability.

Although various features of the invention have been described here with reference
to specific forms of embodiment of said invention, these features can be combined
with one another in any desired manner.
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Patent claims

1. Shaping tool (48) for forming a semi-finished product (16) which contains
reinforcing fibres and is fed to said shaping tool (48) in a continuous process, which
shaping tool comprises:

- a first shaping-tool element (48a) and

- a second shaping-tool element (48b) which is located opposite said first shaping-
tool element (48a),

characterised in that the shaping-tool elements (48a, 48b) have shaping faces (49a,
49b) which face towards the semi-finished product (16), at least in certain operating
phases of the shaping tool (48), and which are curved and/or inclined, at least in
certain sections, in a direction of conveyance (F) of said semi-finished product (16)
through the shaping tool (48), and/or curved and/or inclined, at least in certain
sections, in a direction perpendicular to said direction of conveyance (F) of said semi-
finished product (16).

2. Shaping tool according to Claim 1,
characterised in that the shaping face (49a, 49b) of at least one of the shaping-tool
elements (48a, 48b) consists of an elastically deformable material.

3. Shaping tool according to Claim 2,
characterised in that the shaping face (49a) of one of the shaping-tool elements
(48a) consists of a rigid material.

4, Shaping tool according to Claim 3,

characterised in that the shaping face (49a) of the shaping tool-element (48a), which
consists of a rigid material, has a plurality of sections (49a’, 49a") which differ with
regard to a curvature and/or inclination in the direction of conveyance (F) of the
semi-finished product (16) through the shaping tool (48) and/or in the direction
perpendicular to said direction of conveyance (F) of said semi-finished product (16),
and that the shaping-tool element (48a) having the shaping face (49a) consisting of
a rigid material and the other shaping-tool element (48b) may be movable, relative
to one another, in order to bring different sections of the shaping-tool element (48a)
into contact with the semi-finished product (16) to be formed.



10

15

20

25

30

35

WO 2015/091600 PCT/EP2014/078139

-24 -

5. Shaping tool according to one of Claims 1 to 4,

characterised by a heating apparatus (66) adapted to heat the semi-finished product
(16) which is arranged between the shaping-tool elements (48a, 48b), at least in
certain sections,

and/or a plastic-feeding apparatus (70) adapted to impregnate the semi-finished
product (16) arranged between the shaping-tool elements (48a, 48b) with a plastic
material, at least in certain sections.

6. Shaping apparatus (36) for forming a semi-finished product (16) containing
reinforcing fibres, which apparatus comprises:

- a shaping tool (48) according to one of Claims 1 to 5, and

- a press (38) having a first pressing element (50) and a second pressing element
(52) which is located opposite said first pressing element (50), said first and second
pressing elements (50, 52) being adapted to subject the semi-finished product (16),
which is fed to the shaping tool (48) in a continuous process between the first and
second shaping-tool elements (48a, 48b), to pressure in a direction perpendicular to
a direction of conveyance (F) of said semi-finished product.

7. Shaping apparatus according to Claim 6,

characterised in that the pressing elements (50, 52) have pressing faces (58, 60)
which face towards the semi-finished product (16), at least in certain operating
phases of the press (38), and which are, at least in certain sections, curved or
inclined in a direction of conveyance (F) of the semi-finished product (16) through
the shaping tool (48), and/or curved or inclined in a direction perpendicular to said
direction of conveyance (F) of said semi-finished product (16).

8. Shaping apparatus according to Claim 7,

characterised in that the first and/or the second pressing element (50, 52) is/are
movably mounted via a plurality of movable mounting elements, said mounting
elements being movable by means of an active driving apparatus in order to bring
the pressing face(s) (58) of the first and/or the second pressing element (52) into
the desired shape.

9. Shaping apparatus according to one of Claims 6 to 8,

characterised in that the first and/or the second pressing element (50, 52)
comprise(s) a plurality of rollers (54, 56), which are arranged one behind another in
the direction of conveyance (F) of the semi-finished product (16), at least some of
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the rollers (54, 56) being displaceable in a direction perpendicular to said direction of
conveyance (F) of said semi-finished product (16), and/or an axis of rotation (Ra) of
the rollers (54, 56) being tiltable, relative to said direction of conveyance (F) of said
semi-finished product (16).

10.  Shaping apparatus according to one of Claims 6 to 9,
characterised in that the first and/or the second pressing element (50, 52) is/are
constructed in the form of a conveyor belt.

11.  Shaping apparatus according to one of Claims 6 to 10,
characterised by a fixing apparatus adapted to fix the shaping tool (48) in a form-
locking manner, at least in certain operating phases of said shaping tool (48).

12.  Shaping apparatus according to one of Claims 6 to 11,

characterised by a control apparatus (30) adapted to:

- control the shaping-tool elements (48a, 48b) into a closed position in order to
subject a first section of the semi-finished product (16), which is arranged between
said shaping-tool elements (48a, 48b), to pressure,

- move the shaping-tool elements (48a, 48b), together with the first section of the
semi-finished product (16), in the direction of conveyance (F) of said semi-finished
product (16), as long as the shaping-tool elements (48a, 48b) are subjecting said
first section of said semi-finished product (16) to pressure, and

- control the shaping-tool elements (48a, 48b) into an open position and move them,
relative to the first section of the semi-finished product (16), counter to the direction
of conveyance (F) of said semi-finished product (16) until said shaping-tool elements
(48a, 48b) are arranged in a position in which they can be controlled into a closed
position again, in order to subject a second section of the semi-finished product (16),
which is arranged behind the first section of said semi-finished product (16), referred
to the direction of conveyance (F) of said semi-finished product (16), to pressure.

13.  Shaping apparatus according to Claim 14,

characterised in that the control apparatus (30) is further adapted to cause a
movement of the shaping-tool elements (48a, 48b), relative to one another, when
said shaping-tool elements (48a, 48b) are located in their open position.

14.  Method of forming a semi-finished product (16) containing reinforcing fibres,
said method comprising the steps:
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- feeding the semi-finished product (16) to a shaping tool (48) which comprises a
first shaping-tool element (48a) and a second shaping-tool element (48b) which is
located opposite said first shaping-tool element (48a),

- subjecting the semi-finished product (16) to pressure, in a direction perpendicular
to a direction of conveyance (F) of said semi-finished product (16), by means of a
press (38) which comprises a first pressing element (50) and a second pressing
element (52) which is located opposite said first pressing element (50),
characterised in that the semi-finished product (16) is subjected to pressure via
shaping faces (49a, 49b) of said first and second shaping-tool elements (48a, 48b),
which, at least in certain operating phases of the shaping tool (48), are curved
and/or inclined, at least in certain sections, in a direction of conveyance (F) of the
semi-finished product (16) through the shaping tool (48), and/or curved and/or
inclined, at least in certain sections, in a direction perpendicular to said direction of
conveyance (F) of said semi-finished product (16).

15.  Method according to Claim 14,

characterised in that the pressing elements (50, 52) have pressing faces (58, 60)
which face towards the semi-finished product (16), at least in certain operating
phases of the shaping apparatus (36), and which are curved and/or inclined, at least
in certain sections, in a direction of conveyance (F) of said semi-finished product (16)
through the shaping tool (48), and/or curved or inclined in a direction perpendicular
to said direction of conveyance (F) of said semi-finished product (16),

and/or

that the first and/or the second pressing element (50, 52) is/are mounted via a
plurality of movable mounting elements, said mounting elements being moved by
means of an active driving apparatus in order to bring the pressing face(s) (58) of
the first and/or the second pressing element (52) into the desired shape,

and/or

that the first and/or the second pressing element (50, 52) comprise a plurality of
rollers (54, 56) which are arranged one behind another in the direction of
conveyance (F) of the semi-finished product (16), at least some of the rollers (54,
56) being displaced in a direction perpendicular to the direction of conveyance (F) of
said semi-finished product (16) and/or an axis of rotation (Ra) of the rollers (54, 56)
being tilted, relative to the direction of conveyance (F) of said semi-finished product
(16),

and/or
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that the first and/or the second pressing element (50, 52) is/are constructed in the
form of a conveyor belt.

16.  Method according to either of Claims 14 or 15,
characterised in that the shaping tool (48) is fixed in a form-locking manner, at least
in certain operating phases of said shaping tool (48), by a fixing apparatus.

17.  Method according to one of Claims 13 to 16,

characterised in that a control apparatus (30) controls the operation of the shaping-
tool elements (48a, 48b) in such a way that

- said shaping-tool elements (48a, 48b) are controlled into a closed position in order
to subject a first section of the semi-finished product (16), which first section is
arranged between the shaping-tool elements (48a, 48b), to pressure,

- the shaping-tool elements (48a, 48b) are moved, together with the first section of
the semi-finished product (16), in the direction of conveyance (F) of said semi-
finished product (16) as long as the shaping-tool elements (48a, 48b) are subjecting
said first section of said semi-finished product (16) to pressure, and

- the shaping-tool elements (48a, 48b) are controlled into an open position and
moved, relative to the first section of the semi-finished product (16), counter to the
direction of conveyance (F) of said semi-finished product (16), until said shaping-tool
elements (48a, 48b) are arranged in a position in which they can be controlled into a
closed position again, in order to subject a second section of said semi-finished
product (16), which second section is arranged behind the first section of said semi-
finished product (16), referred to the direction of conveyance (F) of said semi-
finished product (16), to pressure.

18.  Method according to Claim 17,

characterised in that the control apparatus (30) also causes a movement of the
shaping-tool elements (48a, 48b) relative to one another, when said shaping-tool
elements (48a, 48b) are located in their open position,

and/or

that the semi-finished product (16) arranged between the shaping-tool elements
(48a, 48b) is heated, at least in certain sections,

and/or

that the semi-finished product (16) arranged between the shaping-tool elements
(48a, 48b) is impregnated with a plastic material, at least in certain sections.
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19.  Device (10) for the continuous production of components made of fibre-
reinforced composite materials, said device having:

- a conveying apparatus (24) which is adapted to convey a semi-finished product
(16) containing reinforcing fibres through said device (10), and

- a shaping apparatus (36) according to one of Claims 6 to 13.



WO 2015/091600 PCT/EP2014/078139

1/6

1
/

24

14

10
J
28

26

D/BO

20

18
18

FIG 1



WO 2015/091600 PCT/EP2014/078139

2/6

closed
open
forwards
backwards
closed
open
forwards
backwards

aogl\apvﬁugdduﬁ éo!Aep"SugdngB
1841 puUoOas

-

O

~

1T~28a

28
s
Y VY Y| -28b

]
| I
7—'
Pk2

26\
2601

1
0 26a-"

FIG 2



WO 2015/091600 PCT/EP2014/078139

3/6
FIG 3
a) P7
1 - 34
RNV 7 7 AW
’ )
7 T VANAVAV) VA VA VAVANVAVAVAV AFp )
482
b) c)
D w o e
Y, B L

48b—~L —+—48b
—rﬂl— —ﬂ—
=

48a—~}- —+— 483




WO 2015/091600 PCT/EP2014/078139

4/6
FIG 4
a) @PD e .
490 X \‘ E’ = 42y 48
\ 10 ()() (D () J
- e e e e e e e s - 48
NOIONNNOIONET
493 \a / \ \ 48a
7Y » u
b)
gy F o0
o O,

b
— e,




WO 2015/091600 PCT/EP2014/078139

5/6

FIG 5

48 49 16
\
493

49b 482

Fo——

el
- % %



PCT/EP2014/078139

WO 2015/091600

6/6

i N
'
[
]
o R T A
N~ B
/ .
]
]
]
“ S
N e
o ~
oy ]
“
]
]
L7 “
]
i
]
]
e e L
]
B
[
i
i
B
]
]
]
S
i
1
)
H
~
M~ B
N
mnnnnu,\ s e’
© 1
]
]
[}
© | —<
)
&2 -
o N

FIG 7

12\



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/078139

A. CLASSIFICATION OF SUBJECT MATTER

INV. B29D99/00 B29C70/50
ADD. B29L31/30

B29C33/40

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B29D B29C B29L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2013/142997 Al (HOFMANN PETER [DE]) 1,2,6-8,
6 June 2013 (2013-06-06) 10,11,
14-16,
18,19
paragraphs [0082], [0088] - [0096],
[0102], [0105]; figures
X US 2007/175575 Al (RUBIN ALEXANDER M [US] 1-4,6,7,
ET AL) 2 August 2007 (2007-08-02) 14,15,19
paragraphs [0043], [0047], [0048],
[0057] - [0065]; figures 4,7a-18
X US 2010/059169 Al (LENGSFELD HAUKE [DE] ET 1,3-7,9,
AL) 11 March 2010 (2010-03-11) 10,
14-16,
18,19
paragraphs [0059] - [0076], [0084];
figures

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

18 March 2015

Date of mailing of the international search report

26/03/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bibollet-Ruche, D

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/078139
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013142997 Al 06-06-2013  CN 102933379 A 13-02-2013
DE 102010002988 Al 22-09-2011
EP 2547512 Al 23-01-2013
US 2013142997 Al 06-06-2013
WO 2011113755 Al 22-09-2011

US 2007175575 Al 02-08-2007 CN 101528446 A 09-09-2009
EP 2089216 A2 19-08-2009
ES 2390240 T3 07-11-2012
HK 1133232 Al 16-11-2012
JP 5184542 B2 17-04-2013
JP 2010506768 A 04-03-2010
KR 20090071579 A 01-07-2009
RU 2009118821 A 27-11-2010
US 2007175575 Al 02-08-2007
US 2013126076 Al 23-05-2013
WO 2008073164 A2 19-06-2008

US 2010059169 Al 11-03-2010 DE 102008041832 Al 11-03-2010
US 2010059169 Al 11-03-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

