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(57) Abrégée/Abstract:

The Invention relates to a guiding device 1 for a device for producing fibre preforms by the TF

14

P process for composite components

by laying and attaching a fibre strand 3 on a backing layer with virtually any desired path curve, the guiding device 1 serving
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(57) Abrege(suite)/Abstract(continued):

substantially for guiding the fibre strand 3. According to the invention, the guiding device 1 has a through-opening 2 with a variable
cross-sectional geometry for leading through the fibre strand 3, wherein the guiding device 1 can be fitted in the region of a sewing
head of the device for carrying out the TFP process. As a result of the variable cross-sectional geometry of the through-opening 2,
the width of the fibre strands 3 to be laid and attached can be Iincreased, for example Iin portions of the path curve with small radil of
curvature, so that undesired local thickenings are avoided In these portions of the path curve. Here, an open-loop and closed-loop
control device preferably undertakes both the path control of a sewing head of a device that is used for the TFP process and the
control of the variation of the cross-sectional geometry of the guiding device 1. By means of the guiding device 1 according to the

Invention, already known devices for producing fibre preforms for composite components by the TFP process can be retrofitted In
a simple way.
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Abstract

The i1nvention relates to a guiding device 1 for a
device for producing fibre preforms by the TFP process
for composite components by laying and attaching a
fibre strand 3 on a backing layer with virtually any
desired path curve, the guiding device 1 serving

substantially for guiding the fibre strand 3.

According to the invention, the gulding device 1 has a
through-opening 2 with a variable cross-sectional
geometry for 1leading through the fibre strand 3,
wherein the guiding device 1 can be fitted 1n the
region of a sewing head of the device for carrying out

the TFP process.

As a result of the variliable cross-sectional geometry of
the through-opening 2, the width of the fibre strands 3
to be laid and attached can be 1ncreased, for example
in portions of the path curve with small radii of
curvature, so that undesired 1local thilickenings are
avoided in these portions of the path curve. Here, an
open-loop and closed-loop control device preferably
undertakes both the path control of a sewing head of a
device that 1s used for the TFP process and the control
of the variation of the cross-sectional geometry of the

gulding device 1.

By means of the guiding device 1 according to the
invention, already known devices for producing fibre
preforms for composite components by the TFP process

can be retrofitted 1n a simple way.

Figure 1
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P21329
Alrbus Deutschland GmbH
24 .07 .2006

Guiding device for a device for producing fibre

preforms by the TFP process for composite components

The invention relates to a guiding device for a device
for producing fibre preforms by the TFP process
("Tailored Fibre Placement") for composite components
by laying and attaching a fibre strand on a backing
layer with wvirtually any desired path curve, the
guiding device serving substantially for guiding the

fibre strand.

In lightweight construction, 1n particular 1n aircraft
construction and 1n aerospace, fibre-reinforced
composite components, which have a high weight-saving
potential on account of thelir high strength with at the
same time low mass, are 1ncreasingly being used for

load-bearing structural components.

The alignment of the reinforcing fibres in the finished
composite component has a decisive 1nfluence on the
achievable rigidity and strength. The reinforcing
fibres should, as far as possible, follow the direction
of loading, not have any wave formations and be

subjected to uniform loading.

With conventional semifinished products, such as, for
example, woven  or laid fibre fabrics, not all
concelivable fibre orientations can be realized, since
the reinforcing fibres are always fixed there 1n a
specific orientation. SO there are, for example,
individual cases 1n some conventional semifinished
products where all the orientations of reinforcing
fibres between 0° and 360° are each represented with an
approximately equal probability, so that only composite

components that are substantially exposed to the same
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mechanical loads in all spatial directions - "quasl
isotropically” - can be effectively reinforced with

them.

In the case of a circular disc that 1s subjected to
torsional loading, however, the path followed by the
force follows specific 1nvolutes, which consequently
indicate the optimum path for the fibres. In this
case, for example, it i1s required that the reinforcing
fibres are laid 1n an area-covering mannner and
alternating at angles of +45° and -45°, wherein the
component thickness at the i1nner edge should be greater
than at the outer edge, since the highest loads occur
there. These fibre orientations consequently cannot bDbe
formed with conventional mats or woven fabrics ot

reinforcing fibres.

One possible way of complying with a requirement for a
layer of fibres in accordance with loading 1s the so-
called TFP process ("Tailored Fibre Placement"). This
involves the laying of at least one fibre strand along
any desired path curve and fixing of 1t on a backing
layer with the aid of an attaching thread, whereby the
position and orientation of the individual reinforcing
fibres 1in a fibre preform that 1s formed 1n this way
can be adapted in a virtually i1deal way to the flux of
force prevailing in the later composite component. The
fibre strand or strands to be 1laid ("rovings") are
formed here by a multiplicity of individual reinforcing
fibres running parallel to one another ("filaments").
The i1individual reinforcing fibres may be formed, for
example, by glass fibres, carbon fibres, aramid fibres

or the like.

The fibre strand 1s laid as flat as possible, ¢to
achieve a high packing density 1in the fibre preform.
The minimum layer thickness to be laid is restricted by
the thickness of the fibre strand. The thickness of

the fibre preform or of the finished component can be
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set by way of the number of 1laid layers with fibre
strands. The maximum number of layers to be arranged
one on top of the other is limited here substantially
by the length of the needle used 1in the TFP process.
The feeding of the fibre strands i1s performed by means
of a guiding device ("lever") substantially
tangentially in relation to the path curve and 1n
relation to the backing layer on which the filbre
preform is built up by laying the fibre strands 1n a

number of layers.

The production of the fibre preforms from fibre strands
in the TFP process is performed with known devices, 1n
particular with modern, computer-controlled automatic
sewing and embroidering machines. Devices of this type
for carrying out the TFP process generally have a
sewing head, which can be freely positioned 1n two
spatial dimensions under computer control.
Furthermore, the guiding device for the fibre strand to
be laid 1s arranged 1n the region of the sewing head.
Once all the required layers of fibre strands have been
laid, the finished fibre preform 1s cut out from the
backing layer and 1impregnated with a curable polymer

material and cured, for example by means of the known

RTM process ("Resin Transfer Moulding"), to form a
finished composite component. Epoxy resins, polyester
resins or the 1like are used, for example, as the

curable polymer material.

A disadvantage of the known devices for carrying out
the TFP process 1s that the guiding device used for
laying the fibre strand on the backing layer has a
through-opening with an 1nvariable cross-sectional
geometry. As a result, the fibre strand, which has a
generally approximately rectangular cross-sectional
geometry, can only ever be laid with the same cross-
sectional geometry, that 1s to say with a constant
width or height. It follows from this that under some

circumstances the thickness of the component 18 not
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quite uniform over the entire surface area of the fibre
preform due to undesired 1local deviations 1in the
material thickness of the fibre preform. For example,
such thickenings of the component may occur 1n the
region of relatively small laying radii of the fibre
strand, since the height of the fibre strand 1s

increased when laying with small radii.

DE 101 23 064 Al discloses a method for producing a
three-dimensional TFP preform with a fibre alignment

that 1is, with preference, 1in accordance with the flux

of force.

In the course of the method known from document El, a
reinforcing fibre laid in a multiplicity of loops, or a
reinforcing fibre strand ("roving") , 1S tufted
(attached) by means of a sewling thread on the surtace
of a block of foam material to form the TFP preform.
After the fixing of the TFP preform by means of a
binder, the TFP preform is pulled off from the block of
foam material and impregnated with a curable polymer

material for the production of a finished composite

component . Tt is of disadvantage in the case of this
method that the reinforcing fibre strand is always laid
wlth the same wldth, which leads e undesired
fluctuations in thickness, 1n particular 1n the case of

small laying radil.

JP 6-210 751 A does disclose a device for the wvariable
cross-sectional changing of a reinforcing fibre strand,
wherein the reinforcing fibre strand 1s already
preimpregnated with a curable polymer material (so-
called "prepreg" material) . To be able to change the
cross-sectional geometry of the reinforcing fibre
strand, the reinforcing fibre strand 1s passed through
a guiding frame with a quadrangular cross-sectional
geometry, the inner wall surfaces of which are
respectively formed by a cilrculating conveyor belt.
Attachment of the ©preimpregnated reinforcing fibre

strand 1in the guiding frame 1s prevented Dby the
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conveyor belts. At least three of the total of four
conveyor belts are formed such that they are

displaceable transversely in relation to a longitudinal
axis of the reinforcing fibre strand, so that the
cross-sectional geometry of the reinforcing fibre
strand can be varied. Arranged upstream of the guiding
frame are a height regulating means and a width
regulating means for the guidance of the reinforcing
fibre strand. A disadvantage 1in the case of this
refinement is its complex construction with a number of
conveyor belts for the guiding and forming of the fibre
reinforcing strand by changing the cross-sectional
geometry, with the running belts also being formed such
that they are displaceable perpendicularly in relation
to a longitudinal axis of the reinforcing fibre strand,
making it difficult for the device known from JP 6-210
751 A to be arranged directly at a sewing head used for

the TFP process.

The object of the invention 1S to avoid  the
disadvantages described above of the known embodiments
of guiding device for devices for carrying out the TFP
process and to provide a guiding device which allows
variation of the cross-sectional geometry of the
reinforcing fibre strand and, moreover, 1s sultable on
account of a simplified construction for arrangement 1in

the region of a sewing head used for the TFP process.

This object 1s achieved by a guiding device with the

characterizing features of Patent Claim 1.

The fact that the guiding device has a through-opening
with a wvariable cross-sectional geometry for 1leading
through the fibre strand, wherein the gulding device
can be fitted 1n the region of a sewlng head of the
device for carrying out the TFP process,

allows, for example, a width of the fibre strand that
is to be laid to be varied 1n dependence on the radius

of curvature of the path curve at any given time.
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A further advantageous refinement of the guiding device
according to the 1invention provides that the through-
opening is formed such that it i1is curved, 1in particular
in an elliptical, oval or circular manner, at least 1in
certain portions.

As a result, Jjamming of the fibre strand within the
sleeve-like through-opening formed in this way 1s

largely avoided.

In accordance with an advantageous refinement of the
guiding device according to the 1nvention, the through-
opening 1s formed 1n a substantially quadrangular
manner.

As a result, the wvariation of the cross-sectional
geometry of the through-opening can be constructionally

realized relatively easily.

A further advantageous refinement of the gulding device
provides that a width and/or a height of the through-

opening 1s variable.

It is possible by means of this refinement to vary the
cross-sectional geometry of the through-opening, for
example, Jjust by changing the width o©f the through-

opening.

According to a further advantageous embodiment of the
guiding device, 1t 1s provided that, 1n portions of a
path curve with small radii of curvature, the width of
the through-opening can be increased and/or the height
of the through-opening can be reduced, 1n order to
avolid undesired thickenings of the fibre preform 1in
these portions of the path curve.

This has the overall result of a more uniform
distribution of the material thickness of the fibre
preform, which corresponds substantially to a preset
value for the material thickness 1n virtually all

regions of the path curve.
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Further advantageous reflinements of the arrangement are

presented in the further patent claims.

In the drawing:

Figure 1 shows a representation of the guiding device.

Figure 1 shows a schematic representation of a first
variant of the guiding device 1 according to the
invention, which represents part of a device that 1s

not represented for carrying out the TFP process.

The device for carrying out the TFP process has a
sewlng head, which can Dbe freely positioned 1n
preferably two spatial dimensions by means of an open-
loop and closed-loop control device. The guiding
device 1 according to the invention for guilding the
fibre strand to be 1laid on the backing layer 1s
preferably arranged in the region of the sewing head or
directly at the sewing head. Under the control of the
open-loop and closed-loop control device, the fibre
strand can be laid in virtually any desired path curves
on the backing layer and attached by fixing threads by
means of the sewing head, so that fibre preforms with
an orientation of the reinforcing fibres that 1s
substantially in accordance with the flux of force can
be formed. The spatial position of the fibre strands
is secured here by attachment with fixing fibres on the
backing layer, so that the fibre preform can be taken
out from the device for carrying out the TFP process
and, for example by placement 1n a closable mould and
subsequent impregnation or saturation with a curable
polymer material, can be cured to form a finished
composite component. The i1mpregnating and subsequent
curing with the curable polymer material or a resin

system that can be cured by crosslinking, in particular

an epoxy resin, a polyester resin, a BMI resin or the
like, may be performed, for example, by means of the

known RTM process ("Resin Moulding Transfer").
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The guiding device 1 has a through-opening 2 for
guiding and passing through a fibre strand 1. The
through-opening 2 1is formed here Dby the longitudinal
sides 4 to 7. The fibre strand 3 1s formed by a
multiplicity of individual reinforcing fibres, which
are not provided with reference numerals for a Dbetter
overview of the drawing, but are 1ndicated by circles.
The longitudinal axes of the 1ndividual reinforcing
fibres run perpendicularly here 1n relation to the
plane of the drawing. The reinforcing fibres may be
built up, for example, by carbon fibres, glass filbres,
aramid fibres or the like. In the position of the
guiding device 1 that is represented by the solid black
line, the longitudinal sides 4 to 7 form a through-
opening 2 with a square cross-sectional geometry. In a
corresponding way, a width 8 and a height 9 of the
guiding device 1 are 1n this state substantially the

Same .

The reinforcing fibres of a fibre strand 3 fill the
through-opening 2 virtually completely and are guided
by the longitudinal sides 4 to 7. The fibre strand 3
must not lie too firmly against the longitudinal sides
4 to 7 here, 1n order to avoid Jjamming within the

gulding device 1.

In this first position, the fibre strand 3 1s laid with
the greatest ©possible thickness, that 1s to say

approximately with the height 9, on the backing layer.

If the sewing head moves, for example 1in a portion of a
path curve that has a smaller radius of curvature, 1t
1s desirable to reduce the heights 9 to be laid of the
fibre strands 3, or 1ncrease the width, 1n order to
prevent undesired thickenings 1n this reglon.
Furthermore, other influencing factors are conceivable,
for example the amblent temperature, the speed at which
the fibre strand 3 runs through or the like, 1in respect

of which it appears advisable to reduce the height 9 of
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the guiding device 1, and consequently the thickness ot

the fibre strand.

For this purpose, the longitudinal sides 4 to 7 are
moved 1n the direction of the arrows 10 to 13 1nto a
second position, represented by a dashed line, by means

of adjusting means not represented any more

specifically. As a result, the width 8 i1ncreases to a
width 14 and the height 9 is reduced to the height 15,
the area content of the rectangle that 1s defined by
the longitudinal sides 4 to 7 preferably remalning
approxilmately unchanged however, SO that alwavys
approximately the same number of reinforcing fibres can
be passed through the guiding device 1. The first and
second positions of the guiding device, symbolized by
the solid 1line and the dashed line, merely represent
end positions. A large number of 1ntermediate
positions are possible between the first position and
the second position. Furthermore, 1t 1s not necessary
for the width 8 and the height 9 of the guiding device
1 to be changed simultaneously. It 1s also possible to
have only adjustability of the width 8 1n the direction
of the arrows 11, 13 or only adjustability of the
height 9 of the guiding device 1 1n the direction of

the arrows 10, 12.

It 1is also evident in this connection from the
representation of Figure 1 that the cross-sectional
area  of the through-opening 2 1S substantially
constant, since the number of circles 1n the first
position o©of the guiding device 1 (square through-
opening) that 1is represented by the solid line 1s equal
to the number of circles 1n the second position of the
guiding device 1 (rectangular through-opening) that 1is

represented by the dashed line.

Furthermore, 1t 1s not necessary for the reinforcing
fibres of the fibre strand 3 to be enclosed by the

longitudinal sides 4 to 7 on all sides. Rather, 1t may
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be provided that there 1s an empty space Dbetween the
fibre strand 3 and the longitudinal side 4. This
reduces the possibility of the fibre strands 3 or
individual reinforcing fibres (filaments) that form the
fibre strands 3 becoming jammed 1n the through-opening
2 of the guiding device 1, 1in particular 1n the corner
regions of the quadrangle defined by the 1longitudinal
sides 4 to 7.

The adjusting means may act mechanically, electrically,
pneumatically, hydraulically, thermally or 1n some
other way. The movement of the adjusting means 1n the
direction of the arrows 10 to 13 1s controlled here by
an open-loop and closed-loop control device that 1s not
represented. The open-loop and closed-loop control
device, for example 1n the form of a known CNC
controller, preferably controls at the same time the
position of the sewing head in at least two spatial
dimensions, that is to say for example 1n the xy plane.
This refinement has the advantage that a small radius
of curvature of the path curve can be determined by the
open-loop and closed-loop control device wilithout delay
on the basgis of the path coordinates of the path curve
of the sewing head at any given time, so that the
adaptation of the cross-sectional geometry of the
through-opening 2 1s instigated by the 1longitudinal
sides 4 to 7 being moved correspondingly by means of

the adjusting means.

The adjusting means may be formed, for example, as
electromotively driven gear spindles or the 1like, the
path of movement of which can be controlled by means of
the open-loop and closed-loop control device. Guiding
device 1 1s formed here with preference 1n such a way
that 1t can be easily attached or exchanged by means ot
standardized connecting elements 1n the region of a
sewing head or directly at a sewing head of a device

for carrying out the TFP process.
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ITn a second variant of the guiding device that 1s not

shown, the through-opening may be curved, at least 1n

certaln portions. In this case, the through-opening
has, for example, a c¢ircular, elliptical or overall
cross-sectional geometry. This refinement provides the
advantage in particular that the fibre strand 3 running
through cannot become jammed in the corner regions of
an angular through-opening in accordance with the first
variant (cf. Figure 1). To provide a guliding device
with a curved through-opening or a guiding sleeve of
this type, it is possible, for example, to connect both
ends of a strip of elastic material to each other, so
as to obtain a guiding device or a guiding sleeve with

a cCcross-sectional geometry that 1s substantially

annular 1n the basic state. Metal strips, plastic
strips or the 1like come 1into consideration, for
example, as strips of elastic material. Alternatively,

an elastic round material may also be used.

Acting on the outer surface area of the strip of
material are, for example, four adjusting means, which
are respectively arranged offset by 90° and by means of
which the c¢ross-sectional geometry of the through-

opening formed in this way, which 1s substantially

annular 1in the basic state - that 1s to say 1n the
relaxed state - can be varied by moving the adjusting
means, controlled by the open-loop and closed-loop
control device. If, for example, the upper adjusting

means and the lower adjusting means press the strip of
elastic material together, while the adjusting means
arranged on the 1left side and the right side at the
same time pull the strip of material apart, 1t 1s
possible, for example, to create a through-opening with
an elliptical cross-sectional geometry, the width of

which 1s greater than 1ts height.

Alternatively, instead of the external adjusting means,
it 1s possible to lend the strip of material 1itself

actuatory capabilities, at least 1n certaln regions.



10

CA 02615876 2008-01-17

- 12 —

For example, piezoelectric actuators, actuators with
"memory metal" or the 1like may be applied to the outer
surface area of the strip of material. If the strip of
material is formed, for example, by a metal strip, the
memory metals may also be 1integrated directly in the
metal strip to form the actuators, that 1s to say the
metal strip is formed with "memory metals" of 1ts own,
at least in certain portions. This refinement has the
advantage of a very compact structural form and, 1n
addition, allows very quick and largely delay-free

variation of the c¢ross sectional geometry of the

through-opening.
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Patent claims

Guiding device (1) for a device for producing fibre
preforms by the TEP process for composite
components by laying and attaching a fibre strand
(3) on a backing layer with virtually any desired
path  curve, the guiding device (1) serving
substantially for guiliding the fibre strand (3),
characterized 1n that the guiding device has a
through-opening (2) with a variable cross-sectional
geometry for leading through the fibre strand (3),
wherein the guiding device (1) can be fitted 1n the
region of a sewing head of the device for carrying
out the TFP process.
Guiding device (1) according to Claim 1,
characterized 1n that the through-opening (2) 1s
formed such that i1t 1s curved, 1n particular 1n an
elliptical, oval or circular manner, at least 1in
certaln portions.
Guiding device (1) according to Claim 1,
characterized 1in that the through-opening (3) 1s

formed such that 1t 1s substantially gquadrangular.

Guiding device (1) according to one of Claims 1 to
3, characterized 1in that a width (8, 14) and/or a
height (9, 15) of the through-opening 1s variable.

Guiding device (1) according to one of Claims 1 to
4, characterized 1n that, 1n portions of a path
curve with small radii of curvature, the width (8,
14) of the through-opening can be increased and/or
the height (9, 15) of the through-opening (2) can
be reduced, 1n order to avoild undesilired thickenings
of the fibre preform 1n these portions of the path

curve.
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Guiding device (1) according to one of Claims 1 to
5, characterized 1n that, in portions of a path
curve with great radii of curvature, the width (8,
14) of the through-opening can be reduced and/or
the height (9, 15) of the through-opening (2) can

be increased, 1n order to achieve a specific

material thickness of the fibre preform more

quickly 1n these portions of the path curve.

Guiding device (1) according to one of Claims 1 to
6, characterized 1in that the cross-sectional
geometry of the through-opening (2), 1in particular
the height (9, 15) and/or the width (8, 14) of the
through-opening (2), can be varied by adjusting

mearls.

Guiding device (1) according to one of Claims 1 to
7, characterized 1in that the adjusting means can be
controlled by an open-loop and closed-loop control
device, 1in particular in dependence on the radius
of curvature of the portion of path curve at any

gliven time.

Guiding device (1) according to one of Claims 1 to
8, characterized in that the position of the sewlng
head for attaching the fibre strand (3) on the
backing layer can be controlled 1n at least two
spatial dimensions by means of the open-loop and

closed-loop control device.

Guliding device (1) according to one of Claims 1 to
9,  characterized 1n that a cross-sectional area of
the through-opening (2) 1s substantially constant,

irrespective of its width and/or height.
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