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Fibrous laminate and process for producing the same

The invention relates to a process for producing a
fibrous laminate comprising several fibrous layers with
reinforcing fibres extending in each instance in a
preferential direction and/or comprising several
multiaxial laminates consisting of reinforcing fibres of
differing contour, and also to fibrous laminates of such
a type and to a process for producing a construction
element for turbo-machines, in particular for gas

turbines.

Composite construction elements in which reinforcing
fibres of the most diverse materials are embedded in a
matrix are commonly employed nowadays where the
properties of high tensile strength drive out steel and
other materials. 1In order in this connection to produce
construction elements, on the one hand there is the
possibility of interweaving fibres in braiding machines
in such a manner that the fibrous braided fabric exhibits
the desired fibre flow and corresponds to the shape of
the construction element to be formed. On the other
hand, with less effort it is also possible to build up
the construction element in layers from individual
fibrous layers in which the reinforcing fibres extend in
a preferential direction and to create, with differing
orientations of the fibre alignment in the various
layers, a fibre blank that is adapted to the construction
element and that exhibits the desired properties. 1In
this regard the various layers or, to be more exact,
fibrous layers exhibit a differing contour, corresponding

to the section through the construction element.

For the purpose of simplifying production, it is also
possible for the fibrous layers with reinforcing fibres
extending in a preferential direction to be replaced -
partially or entirely - by multiaxial laminates in which
several directions of orientation of the reinforcing

fibres are realised in one layer.



With this process, according to the state of the art the
individual fibrous layers or multiaxial laminates are cut
to size with templates in accordance with their position
in the construction element and in accordance with their
corresponding size or outline, or are punched out using
stamping tools. After this, the individual, cut-to-size
layers (fibrous layers or multiaxial laminates) are laid
down in the appropriate sequence and are positioned
before the laminate is infiltrated with the matrix in a

mould.

With a process that is operated in such a manner there is
a disadvantageous effect, inasmuch as the cut-to-size
layers have to be laid down and positioned individually
in the apparatus or mould in the correct sequence. This
involves a considerable expenditure of time. In
addition, inaccuracies in the course of laying and
positioning can only be avoided by taking special care.
Should the low tolerances not be complied with here, the
construction elements manufactured in this way cannot be

used.

The object of the invention is to specify a process for
producing a fibrous laminate from several fibrous layers
with reinforcing fibres extending in each instance in a
preferential direction and/or from several multiaxial
laminates consisting of reinforcing fibres of differing
contour, which process requires little expenditure of
time and with which process the prescribed tolerances can
be better complied with. 1In addition, a process for
producing a construction element from fibrous laminates
of such a type, which is as simple, economic and
tolerance-free as possible, and also a fibrous laminate
consisting of several fibrous layers with reinforcing
fibres extending in each instance in a preferential
direction and/or of several multiaxial laminates
consisting of reinforcing fibres of differing contour,
which can be processed as simply as possible, are to be

specified.



The object relating to the process for producing the
fibrous laminate of the type described in the
introduction is characterised, according to the
invention, in that the fibrous layers and/or multiaxial
laminates are fixed, one below the other, superimposed
along at least one region, and are subsequently

contoured.

Consequently, with the process according to the invention
firstly a stack of the requisite number of fibrous
laminates and/or multiaxial laminates is made available.
But before a contouring of the individual layers (fibrous
layer or multiaxial laminate) takes place all the layers
are fixed, one below the other, along one region, so that
they can no longer be displaced relative to one another.
Subsequently the contouring of the individual layers is
then carried out, by the individual layers being "leafed
through" for this purpose. The deformability of the
fibrous laminate produced in this way is preserved, so
construction elements having complex contours and

surfaces can also be produced.

With the process according to the invention, the precise
positioning of the individual cut-to-size layers is
dispensed with, by virtue of which considerable costs can
be saved. 1In addition, the quality of the construction
elements rises, since the positioning of the individual
layers relative to one another becomes more precise,
inasmuch as the precision corresponds to that of the
stamping tools which can be produced with a much narrower

tolerance.

For the purpose of fixing, the individual layers can be
connected in pointwise manner within a certain region,
but this is preferably done along a line. This is
technically easy to effect; in addition, the easy
accessibility of each individual layer is thereby

guaranteed.



It is expedient if glass fibres, carbon fibres or aramide
fibres are employed by way of reinforcing fibres
pertaining to the fibrous layers or multiaxial laminates.
This offers a broad range of possible applications by
optimal adaptation of the reinforcing fibres to the

respective requirements.

The fixing of the layers one below the other is
preferably realised by fibre technology, particularly
preferably by stitching of the layers or by tufting of
the layers among themselves. This is easy, cost-
effective and sufficient for a lasting fixing of the
layers for further processing. 1In addition, the
fibriform structure of the fibrous layers or multiaxial
laminates accommodates this processing step, since by
reason of their structure the layers can be connected
with threads of the same material.

Alternatively it may be advantageous to connect or to fix
the layers one below the other mechanically, in a
particularly advantageous manner by clipping or by
adhesion bonding. These connection methods are an
advantage when a point-wise or planar region for the

fixing is chosen.

After the fixing of the layers one below the other, the
individual layers are brought into shape - that is to
say, contoured. For this purpose, the layers that are
not being machined are preferably protected during the
machining of the layer to be contoured, this preferably
being done, in particular, by the fibrous layers or
multiaxial laminates to be protected being mechanically
protected, for example by means of a metal sheet, or by
the layers that are not to be machined being folded away
along the fixing. As a result of the fixing, the
individual layers can be contoured in any sequence
without the position of the individual layers in relation
to one another being changed. In this way the desired

contour of the respective layer can be adjusted in



accordance with the set values. This is also guaranteed
in the case of complex contours and in the case of
fibrous laminates to be deformed later. In this
connection the tolerance of the fibrous laminate produced
that is attained corresponds to the tolerance of the
tools for the purpose of contouring, which can be

produced - and which work - with very narrow tolerances.

The most varied methods may be employed for the purpose
of contouring the individual layers, but the layers are
preferably cut with knives or shears, punched or detached

from the original layer by laser.

The solution to the object relating to the process for
producing a construction element for turbo-machines, in
particular for gas turbines, in particular for turbine
blades, is characterised, according to the invention, in
that several fibrous layers with reinforcing fibres
extending in each instance in a preferential direction
and/or several multiaxial laminates consisting of
reinforcing fibres are superimposed, the fibrous layers
and/or multiaxial laminates are fixed, one below the
other, along at least one region, individual fibrous
layers and/or multiaxial laminates are contoured in such
a manner that the shape of the fibrous laminate
corresponds to the shape of the construction element, the
fibrous laminate is introduced into a mould having a
cavity that is complementary to the contour of the
construction element, the cavity is filled by
impregnating the fibrous laminate with a fluid matrix,

and the matrix is solidified.

In this connection the laminated structure and the
contouring are chosen in such a way that the geometry of
the fibrous laminate corresponds, flat or curved, to the
shape of the construction element - for example, a stator
blade or moving blade with or without shroud band or a
casing part - and the desired ratio of fibrous

constituent to cavity - i.e. matrix - arises.



As a result of the fixing of the individual superimposed
layers (fibrous layers or multiaxial laminates), it may
happen that an unintentional fibre direction
perpendicular to the layers arises or that, as a result
of a mechanical fixing (e.q. gluing), defects are
introduced into the construction element to be produced.
Consequently it is an advantage if the region of fixing
is laid down outside the mould in the course of producing
the construction element. This has the result that this
region is not jointly processed in the construction
element, so that it can be detached after the
solidification of the matrix. The construction element
then contains only the laminated structure that was
desired as a result of the stacking of the individual

fibrous layers or multiaxial laminates.

The solidification of the flowable matrix which has been
introduced is advantageously carried out by means of a
chemical or physical reaction. By this means the
hardening can be controlled precisely, by virtue of which
it is ensured that the entire cavity between the
reinforcing fibres is filled out with a matrix and no

voids are introduced.

For the matrix use is preferably made of curable
synthetic resins, in particular €poxy resins,
bismaleimides or polyimides. In interaction with the
materials for the reinforcing fibres (glass fibres,
carbon fibres or aramide fibres), construction elements
having high tensile strength and breaking strength are

produced by this means.

The solution to the object with regard to the fibrous
laminate is characterised, according to the invention, in
that fibrous layers and/or multiaxial laminates are fixed

along a line, superimposed on one another.

As a result of the fixing of the individual superimposed

fibrous layers and/or multiaxial laminates along a line,



the fibrous laminate with the variably contoured layers
is easy to handle during further processing (for example,
placing into a mould). As a result of the fixing, the
individual layers no longer change their position
relative to one another during further processing, so

slippage can be ruled out.

By this means, a subsequent positioning of the individual
layers is dispensed with, by virtue of which costs can be
saved. 1In addition, as a result of the fixing of the
layers, one below the other, the quality of the
construction elements to be produced rises, because the
positioning of the individual layers relative to one
another is more precise. The deformability of the
fibrous laminate is also preserved as a result of the
fixing, so that construction elements having complex
contours and geometries can also be produced from fibrous

laminates of such a type.

The reinforcing fibres of the fibrous layers or of the
multiaxial laminates are preferably glass fibres and/or

carbon fibres and/or aramide fibres.

The fibrous layers and/or multiaxial laminates are
advantageously fixed, one below the other, by sewing,
tufting, clipping or adhesive bonding. These are
techniques which are easy to manage; in addition, these
fixings have the least influence on the laminated

structure and the strength properties of the structure.

The invention will be described in more detail in the
following on the basis of exemplary embodiments
represented in drawings, from which further particulars,

features and merits will become clear.

Shown are:

Fig. 1 a fibrous laminate 10 which consists of

several superimposed fibrous layers 1 and



which was produced in accordance with the

process according to the invention;

Fig. 2 a construction element 20 of a turbo-machine,
in particular of a gas turbine, which was
produced from two fibrous laminates 10 by the

process according to the invention.

In the case of the fibrous laminate 10 shown in Fig. 1,
use was made exclusively of fibrous layers 1 for the
purpose of production. However, in addition to the
fibrous layers 1 it is also possible to use multiaxial
laminates. The fibrous layers 1 used here comprise glass
fibres by way of reinforcing fibres 2, which for each
fibrous layer 1 extend in a respective preferred
direction. The alignment of the reinforcing fibres 2 is
influenced by the forces on the fibrous laminate 10 that

arise later in operation.

The individual fibrous layers 1 have been modified in
their contour 3 in such a manner that the entire fibrous
laminate 10 exhibits the desired geometry which is
required for the subsequent construction element. The
individual fibrous layers 1 are connected, one below the

other, via a seam 4 along a line.

For the purpose of producing the fibrous laminate 10, the
requisite number of fibrous layers 1 with the respective
alignment of the reinforcing fibres 2 are superimposed,
without paying attention to the ultimate contour of the
fibrous laminate 10. 1In the present case the stack of
fibrous layers 1 constitutes, prior to the machining of
the contour, an outer overall contour which is indicated
by the dashed lines 5.

Now, however, instead of lifting the individual fibrous
layers 1 off and machining them, separated from the other
fibrous layers, all of the fibrous layers 1 are fixed,
one below the other, by means of a seam 4 along a line,

so that they have no latitude for movement relative to



one another. Subsequent to this fixing, the individual
fibrous layers 1' are subjected to a machining for the
purpose of attaining their contour. To this end, the
respective fibrous layer 1 to be machined is lifted off
from the others (as in the case of fibrous layer 1°',
indicated) and is brought to the definitive contour in a
stamping tool. The other fibrous layers 1 to be machined
are meanwhile folded away for the purpose of protection.
All the fibrous layers 1 are dealt with in this way until
the entire fibrous laminate 10 exhibits the desired
contour. To this end, the stamping tool exhibits several
nested templates which are able to machine the individual
fibrous layers 1 with a very low tolerance. Since, as a
result of the fixing along the seam 4, the fibrous

layers 1 can no longer be moved relative to one another,
the low tolerance is transferred to the fibrous

laminate 10.

Figure 2 shows, by way of construction element of a
turbo-machine, a stator-blade segment 20 with two stator
blades 30 of fibre-composite construction and with an
inner shroud band 22 and an outer shroud band 21 which
are each connected to the stator blades 30 by material
closure. The entire stator blade of a low-pressure
compressor is composed of segments 20 of such a type so
as to form a whole.

Each of the two stator blades 30 is manufactured from a
fibrous laminate 10 corresponding to Figure 1. The

production of the stator-blade segment 20 in accordance
with the process according to the invention proceeds as

follows:

A fibrous laminate 10 is produced from several
superimposed fibrous layers 1 in accordance with the
process described above, the contour of the fibrous
laminate corresponding substantially to the contour of a
stator blade 30. These fibrous laminates 10 which are
still fixed to the seam 4 are then placed together into a



10

mould exhibiting two cavities that are complementary to
the contour of the stator blades 30. The cavities are
bounded at the sides by walls, and at the inner and outer
end faces by laminates which in the finished state
constitute the shroud bands 21, 22.

The region 6 of fixing which is still present in the
original fibrous laminate 10 is drawn through a slot-type
opening in the shroud bands, in order to achieve a
materially closed and positive connection between the
individual components in the finished state. However, it
is also possible to lay down the region 6 outside the
mould and consequently not to fill it with matrix, so
that it can be separated after the hardening of the
matrix, with the result that the seam 4 is not introduced

into the construction element 20.

Subsequently the porosity of the cavity which is filled
with the fibrous laminate 10 is evacuated and filled with
an epoxy resin by way of matrix, in order to form the
stator-blade segment. After the epoxy resin has
hardened, the finished construction element can be

removed.

In the present examples the fibrous laminates 10 were
built up from the individual fibrous layers 1. However,
it is also possible to replace individual fibrous layers,
or all of them, by multiaxial laminates which combine in
themselves several fibre directions in respect of
reinforcing fibres. 1In addition, some of the matrix that
is needed later may also already be located in the
fibrous layers or multiaxial laminates, by virtue of
which the latter are then present in the form of

prepregs.
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Claims

A process for producing a fibrous laminate (10)
comprising several fibrous layers (1) with
reinforcing fibres (2) extending in each instance in
a preferred direction and/or comprising several
multiaxial laminates consisting of reinforcing

fibres (2) of differing contour (3), characterised in
that the fibrous layers (1) and/or multiaxial
laminates are fixed, one below the other,
superimposed along at least one region (6), and are

subsequently contoured.

Process according to Claim 1, characterised in that a

line is selected by way of region (6).

Process according to Claim 1 or 2, characterised in
that glass fibres and/or carbon fibres and/or aramide

fibres are used by way of reinforcing fibres (2).

Process according to one or more of the preceding
claims, characterised in that the fibrous layers (1)
and/or multiaxial laminates are fixed by fibre

technology.

Process according te Claim 4, characterised in that

the fixing is effected by means of sewing or tufting.

Process according to one or more of the preceding
Claims 1 to 3, characterised in that the fibrous
layers (1) and/or multiaxial laminates are fixed

mechanically.

Process according to Claim 6, characterised in that
the fixing is effected by clipping or adhesive
bonding.

Process according to one or more of the preceding
claims, characterised in that all the fibrous

layers (1) except that/those to be contoured or the
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11.
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multiaxial laminate(s) to be contoured are protected

during the contouring.

Process according to Claim 8, characterised in that
the fibrous layer(s) (1) to be protected or the
multiaxial laminate(s) to be protected are shielded
mechanically, in particular by means of a metal
sheet, or are folded away.

Process according to one or more of the preceding
claims, characterised in that the contour (3) of the
fibrous layers (1) and/or multiaxial laminates is

produced by cutting, punching or laser action.

A process for producing a construction element (20)
for turbo-machines, in particular for gas turbines,

in particular for turbine blades (30), wherein

- several fibrous layers (1), with reinforcing
fibres (2) extending in each instance in a
preferred direction, and/or several multiaxial
laminates consisting of reinforcing fibres (2)

are superimposed,

- the fibrous layers (1) and/or multiaxial
laminates are fixed, one below the other, along

at least one region (4) [sic],

- individual fibrous layers (1) and/or multiaxial
laminates are contoured in such a manner that the
shape of the fibrous laminate corresponds to the

shape of the construction element,

- the fibrous laminate (10) is introduced into a
mould having a cavity that is complementary to
the contour of the construction element,

- the cavity is filled by impregnating the fibrous

laminate with a flowable matrix, and

- the matrix is solidified.
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17.

18.
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Process according to Claim 11, characterised in that
the region of fixing is laid down outside the

construction-element mould.

Process according to Claim 11 or 12, characterised in
that the matrix is solidified by chemical or physical

reaction.

Process according to one or more of the preceding
Claims 11 to 13, characterised in that a curable

synthetic resin is used by way of matrix.

Process according to Claim 14, characterised in that
epoxy resins, bismaleimides or polyimides are used by

way of synthetic resin.

A fibrous laminate (10) comprising several fibrous
layers (1) with reinforcing fibres (2) extending in
each instance in a preferential direction and/or
comprising several multiaxial laminates consisting of
reinforcing fibres of differing contour (3),
characterised in that the fibrous layers (1) and/or
multiaxial laminates are fixed, superimposed along a
line (4).

Fibrous laminate (10) according to Claim 16,
characterised in that the reinforcing fibres (2) are
glass fibres and/or carbon fibres and/or aramide

fibres.

Fibrous laminate (10) according to Claim 16 or 17,
characterised in that the fibrous layers (1) and/or
multiaxial laminates are fixed by sewing, tufting,

clipping or adhesive bonding.



INTERNATIONAL SEARCH REPORT

Ini Application No

PC17DE2004/001636

A. CLASSIFICATION OF SUBJECT MATTER
ST ey B20C70/48  B29D31/00

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)

(
IPC 7 B29C B29B B29D

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

EPO-Internal, WPI Data, PAJ

Elecironic data base consulted during the international search (name of dala base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ® | Chation of document, with indication, where appropriate, of the relevant passages Relevant to clalm No.
X DE 199 52 443 A (INST VERBUNDWERKSTOFFE 1-6,10,
GMBH) 3 May 2001 (2001-05-03) 16-18
Y column 2, line 56 - column 3, line 6; 11-15
figures
Y US 5 921 754 A (HURLEY JR WILLIAM J ET 11-15
AL) 13 July 1999 (1999-07-13)
column 4, 1ine 51 - column 7, line 45;
claims 4,13
X US 5 203 059 A (OLRY PIERRE ET AL) 1-6,
20 April 1993 (1993-04-20) 8-10,
16-18
claim 1
- /....
m Fusther documents are listed in the continuation of box G. E Patent famiiy members are listed in annex.
° Special categories of cited documents : - b’“m"&!‘ép“”m?mmmm”“”m%ﬁ'ﬁ
A dgg:mem delt:,n::;g ;fhe general :ﬁ‘e’ gctge art which is not :d",v%'z(ﬁ:nﬂm&"m the Erlon.:llple or theory mﬂym tll\le
*E* arller document but published on or after the Iniernational *x* document of pasticular relevance; the ciaimed Invention
filing date cannot be considerad novel or cannot be considered to
b i dow?lx‘m g.melglt\orr:y lhmw‘ggu:ll’s on kl’i:;r‘ljtgm cl:th':l(lg) “?;r . involve an inventive s!:: when th:‘ do:l;ﬁun;?: Ib tal:: alone
citation o other special reason (as specifled) v dgacgggn l:edm to Invotve an inventive s':;nwhgn the
*0* document referring to an oral disclosure, use, exhibition or document Is combined with one or more other such docu--
. other means me‘;'n:h'stuw combination being obvious to a person skilled
" d&ugmna:ﬂggnswtggﬂd& géoch”?.ﬁled nal filing date bt g+ document member of the same patent family
Date of the aciual compietion of the international search Date of mafling of the international search report
20 December 2004 28/12/2004
Name and malling address of the ISA Authorized officer
European Patent Office, P.B. 5818 Patentiaan 2
NL — 2280 HV Rijswijk \
To (+31-70) 402040, T. 31 651 opor Van Wallene, A

Fomm PCT/ISA/210 {second shest) (January 2004)

page 1 of 2




INTERNATIONAL SEARCH REPORT

PC

nal Application No

DE2004/001636

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citallon of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

P,X

DE 102 52 671 C (KARL MAYER MALIMO
TEXTILMASCHI) 4 December 2003 (2003-12-04)

paragraphs ‘0021!, ‘0041!, °0049!

US 5 217 766 A (BRACE MICHAEL W ET AL)
8 June 1993 (1993-06-08)

column 1, line 17 - column 2, line 23

[RvEE———

1-6,
8-10,
16-18

1-10,
16-18

Form PCTASA/210 (continuation of sscond sheet) (January 2004)

page 2 of 2




INTERNATIONAL SEARCH REPORT

‘ormation on patent family members

Int

nal Application No

PCT/DE2004/001636

Patent document Publication Patent family Publication

clted In search report date member(s) date

DE 19952443 A 03-05-2001 DE 19952443 Al 03-05-2001
AU 1140201 A 14-05-2001
WO 0132406 Al 10-05-2001

US 5921754 A 13-07-1999 EP 0920574 A2 09-06-1999
JP 2000501474 T 08-02-2000
WO 9808370 A2 05-03-1998

US 5203059 A 20-04-1993 FR 2669854 Al 05-06-1992
CA 2056754 Al 04-06-1992
DE 4139848 Al 04-06-1992
GB 2250472 A ,B 10-06-1992

DE 10252671 c 04-12-2003 DE 10252671 C1 04-12-2003

US 5217766 A 08-06-1993 US 5080851 A 14-01-1992
CA 2050144 Al 07-03-1992
DE 69111538 D1 31-08-1995
DE 69111538 T2 18-01-1996
EP 0475883 A2 18-03-1992
JP 4261810 A 17-09-1992

Fom PCTASA/210 (patent tamily annex) (January 2004)




	Abstract
	Bibliographic
	Drawings
	Description
	Claims
	Search_Report

